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1 Executive summary 

This Report documents measurements of protection ratio (PR) and overload threshold (Oth) against 

interference from other broadcasts or mobile broadband services in the 800 MHz band. 

The types of interference used in the tests and the actual tests themselves varies with the different 

broadcasting systems and mobile technologies used around the world. 

The aim of the Report is to establish test procedures together with measurement results to assist in 

network planning and sharing studies for the co-existence of TV broadcasting, with either mobile 

services, or other services and applications. 

The original test details and measurement data, together with information on which particular 

Recommendation and its version number was updated with this data are contained in the following 

annexes: 

Annex 1 – DVB-T receiver performance in the presence of interfering signals from DVB-T, UMTS, 

and LTE 

Annex 2 – DVB-T2 receiver performance in the presence of interfering signals from DVB-T2 

and LTE 

Annex 3 – ATSC receiver performance in the presence of interfering signals from ATSC and LTE 

2 Abbreviations 

ACLR Adjacent channel leakage ratio 

ACS Adjacent channel selectivity 

AGC Automatic gain control 

BER Bit error rate 

BS Base station 

DTT Digital terrestrial television 

ESR5 Erroneous-Second Ratio with one (1) out of 20 seconds (5%) with errors 

LTE Long Term Evolution, 4th generation mobile standard 

MPEG Motion Picture Expert Group 

OFDMA Orthogonal frequency-division multiple access – a multi-carrier modulation system 

used for the long term evolution (LTE) downlink. 

Oth Overload threshold 

PR Protection ratio 

PSD Power spectral density 

QEF Quasi-error-free 

RB Resource block – a unit of data transmission in LTE, represented by a certain number 

of carriers in an uplink or downlink symbol in the frequency domain. 

SC-FDMA Single carrier frequency division multiple access – a multi-carrier modulation system 

used for the LTE uplink. 
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SFP Subjective failure point 

TPC Transmit power control 

UE User equipment – the mobile handset 

UMTS Universal Telecommunications System, 3rd generation mobile standard 

3 Useful definitions 

3.1 Radio frequency signal-to-interference ratio (S/I) 

It is the ratio, generally expressed in dB, of the power of the wanted signal to the total power of 

interfering signals and noise, evaluated at the receiver input (see Recommendation ITU-R V.573). 

The power of the wanted signal is measured in a bandwidth equal to the wanted signal bandwidth, 

while the total power of interfering signal and noise is measured in a bandwidth equal to the 

interfering signal bandwidth. 

3.2 Radio frequency protection ratio (PR) 

It is the minimum value of the signal-to-interference ratio required to obtain a specified reception 

quality under specified conditions at the receiver input (note that this differs from the definition in 

Recommendation ITU-R V.573). In this Report, the “specified reception quality” and the “specified 

conditions” have been defined separately by each entity that has undertaken measurements. 

Usually, PR is specified as a function of the frequency offset between the wanted and interfering 

signals over a wide frequency range. In this Report, PR specified in this way is referred to as “PR 

curve”. PR curves show the ability of a receiver to discriminate against interfering signals on 

frequencies differing from that of the wanted signal. 

3.3 Receiver (front-end) overload threshold 

Overload threshold (Oth) is the interfering signal level expressed in dBm, above which the receiver 

begins to lose its ability to discriminate against interfering signals at frequencies differing from that 

of the wanted signal (i.e. the onset of strong non-linear behaviour). Therefore, above the overload 

threshold the receiver will behave in a non-linear way, but does not necessarily fail immediately 

depending on the receiver and interference characteristics. 

3.4 Adjacent channel leakage power ratio 

Adjacent channel leakage power ratio (ACLR) is the ratio of the filtered mean power centred on the 

assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. 

The requirements shall apply whatever the type of transmitter considered (single carrier or 

multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification. For 

a multi-carrier base station (BS), the requirement applies for the adjacent channel frequencies below 

the lowest carrier frequency transmitted by the BS and above the highest carrier frequency transmitted 

by the BS for each supported multi-carrier transmission configuration. The requirement applies 

during the transmitter ON period. 



 Rep.  ITU-R  BT.2215-6 5 

 

3.5 “Can” tuners 

“Can” tuners are classical superheterodyne tuners housed in a metal enclosure containing discrete 

components. Classically, there are fixed and tunable circuits made up from discrete inductors and 

transistors usually with varactor diode frequency control. The metal enclosure should minimize RF 

interference and eliminate crosstalk and stray radiation. 

3.6 “Silicon” tuners 

“Silicon” tuners are IC-based tuners integrating all tuner circuitry into a small package directly to be 

fitted onto main boards. The tuned circuits may be completely absent or can be integrated onto the 

silicon. The silicon chip may be protected from external electromagnetic interference by a metallic 

cover. Silicon tuners have different characteristics to can tuners and their performance can be better 

and worse at some frequency offsets compared to can tuners.  

4 References 

4.1 Broadcasting technology characteristics 

The following references explain the characteristics of the different broadcast systems including 

transmitter spectrum masks. 

− DVB-T system characteristics: Recommendation ITU-R BT.1306, ETSI EN 300 744 

− DVB-T2 system characteristics: Recommendation ITU-R BT.1877, ETSI EN 302 755 

− ISDB-T system characteristics: Recommendation ITU-R BT.1306, ARIB STD-B31 

− ATSC system characteristics: Recommendation ITU-R BT.1306, ATSC A/53 

− DTMB system characteristics: Recommendation ITU-R BT.1306, GB20600-2006. 

4.2 Mobile technology characteristics 

The following references explain the characteristics of the different mobile broadband systems. 

− UMTS system characteristics: ETSI TS 125.101, ETSI TS.125.104 

− LTE system characteristics: ETSI TS 136.101, ETSI TS.136.104.  

5 Measurement methodology 

5.1 Example test setup  

An example basic test setup for protection ratio and overload threshold measurements for digital 

terrestrial television (DTT) is depicted in Fig. 1. 
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FIGURE 1 

Example test setup 

 

 

It is necessary to insert an adjustable band-pass filter between the interfering signal generator and the 

combiner. The objective of this filter is to eliminate the noise generated by the interfering signal 

generator and adjust the interfering signal to the correct interference transmission mask and ACLR 

values. In fact, most of the RF signal generators have a wide frequency range (from several hundred 

of kHz to several GHz) prohibiting the use of an internal adjustable RF channel filter over their whole 

frequency range. Consequently, depending on the generated signal level, a non-negligible wideband 

noise may be observed at the generator output. The higher the generated interfering signal level, the 

higher the noise level. The reduction of the undesired wideband noise by filtering at the output of 

interfering signal generator is shown as an example in Fig. 2. If this noise is not reduced by filtering, 

it is impossible to measure the actual protection ratios of the receiver under test. This is due to the 

wideband noise generated by the interfering signal generator, falling into the wanted signal channel, 

which cannot be reduced by the receiver filter. In this particular case, the receiver loses its ability to 

discriminate against interfering signals on frequencies differing from that it is tuned to. This 

phenomenon is shown in Fig. 3. It is also advisable to insert an isolator between the combiner and the 

DTT signal generator to keep the power from the interfering signal generator returning to the DTT 

signal generator output. 
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FIGURE 2 

The benefit of band-pass filtering at the interfering signal generator output 
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FIGURE 3 

The benefit of band-pass filtering at the output of the interfering signal generator  

(wanted signal level = Rx sensitivity +10 dB) 
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5.2 Wanted signal levels 

Protection ratios and overload thresholds of a receiver are derived from its C(I) curves (see § 5.11). 

The measurements should be carried out by using different wanted signal levels to cover the range 

from weakest to strongest signals. The following wanted signal levels relative to the receiver 

sensitivity are advised as a possible range: receiver sensitivity +5, +10, +20, +30, +40, +50, +60, +70 

and +80 dB. This range could be extended if the overload threshold of the receiver is not reached. At 

low wanted signal levels the protection ratio limit is usually reached before the overload threshold. 

Therefore it is necessary to use higher wanted signal levels to reach the onset of overload. 
 

  P = 10 log (nc–1) 
 

5.3 Frequency offsets between interfering signal and wanted signal  

It is usual to use the following frequency offsets:  

 0, N, (N+BWI), (N+2 BWI), (N+3 BWI), (N+4 BWI), …  

 and 9 BWW (DVB-T/T2 image channel), 

 or ±14 BWW and ±15 BWW (ATSC image channels). 

Where: 

 N : (BWW + BWI)/2 

 BWW: wanted signal bandwidth 

 BWI: interfering signal bandwidth 

However, regional specific frequency offsets could also be used, and smaller steps where more 

detailed investigation is required. 

5.4 Measurements in the presence of a time varying interfering signal 

An important difference between existing interference by other broadcast signals, and mobile signals 

is that in many cases the mobile signal power can exhibit significant time variation which can degrade 

the PR and Oth performance of some DTT receivers due to interfering with automatic gain control 

(AGC) and channel estimation algorithms. It is important to test against such types of interference. 

Time variation occurs in (at least) the following circumstances. 

5.5 UMTS uplink 

The UE can use transmit power control (TPC) to improve performance in mobile reception conditions 

where the channel can be rapidly changing. The effect of this is for the UE to vary its transmit power 

rapidly over time in response to feedback messages from the BS. 

5.6 LTE – downlink 

The base station output power can vary over time if only some resource blocks (RB) are used in each 

OFDMA symbol, or if some OFDMA symbols are completely empty. This tends to happen when the 

BS traffic loading is zero or at low levels. Consequently, in the presence of a BS interfering signal, it 

is recommended to carry out the measurements with different network traffic loadings of 0% (idle), 

50% and 100%. 
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5.7 LTE – uplink 

The uplink signal can vary considerably in both the time and frequency domains depending upon the 

traffic loading required. In the frequency domain the number of RBs allocated for each SC-FDMA 

symbol can vary rapidly. In the time domain, there can be long periods where the UE does not transmit 

at all, leading to an irregular pulse like power profile. 

Consequently, in the presence of a UE interfering signal, it is recommended to carry out the 

measurements with different data rates on the uplink. The modes should include both fully loaded 

continuous operation and time division multiplexed i.e. pulsed operation. 

5.8 Interferer reference power level 

Signal level variation can be from level reductions or time division occupancy. In order to be able to 

see the degradations caused by time variation in the interfering signal, it is necessary to set the 

appropriate rms power or power spectral density (psd) of the active portions of the time varying 

interference signal relative to the rms power or psd of the interferer with a 100% traffic loading (time 

invariant power condition). 

5.9 Characterization of the interfering signal 

Protection ratios and overload thresholds of a receiver strongly depend on the frequency and time 

domain characteristics of the interfering signal used in the measurements. Therefore, it is necessary 

to record the psd, the adjacent channel leakage power ratio as well as the amplitude as function of 

time of the interfering signal. These pieces of information allow comparisons of different 

measurement results from different measurement campaigns. 

5.10 Failure point assessment methods 

Initial studies of the protection ratios for the DVB-T system were based on a target bit error rate 

(BER) of 2  10–4 measured between the inner and outer codes, before Reed-Solomon decoding. For 

the case of a noise-like interferer, this has been taken to correspond to a quasi-error-free (QEF) picture 

quality with the BER < 1  10–11 at the input of the MPEG-2 demultiplexer. 

For domestic receivers it may not be possible to measure the BER and therefore a new method called 

the subjective failure point (SFP) method has been proposed in Recommendation ITU-R BT.1368 for 

protection ratio measurements in a unified manner. The quality criterion for protection ratio 

measurements is to find a limit for a just error-free picture at the TV screen. The RF protection ratio 

for the wanted DVB-T signal is a value of wanted-to-unwanted signal ratio at the receiver input, 

determined by the SFP method, and rounded to the next higher integer value. 

The SFP method corresponds to the picture quality where no more than one error is visible in the 

picture for an average observation time of 20 s. The adjustment of the wanted and unwanted signal 

levels for the SFP method is to be carried out in small steps, usually in steps of 0.1 dB. For a 

“noise-like” interferer the difference in a value of wanted-to-unwanted signal ratio between the QEF 

method with a BER of 2  10–4 and the SFP method is less than 1 dB. It is proposed that the SFP 

method should be adopted for assessment of all DTT systems. 

5.10.1 ESR5 Criterion for the Assessment of DTT Transmission Quality 

The “erroneous-second ratio” or ESR5 criterion is used to assess the DTT (e.g. DVB-T) transmission 

quality at portable and mobile reception. It is used instead of the “quasi error-free” (QEF) or the 

“subjective failure point” (SFP) criterion.  
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The bit error rate (BER) after the Viterbi decoder given in the DVB-T standard for quasi error-free 

DVB-T reception is 2*10-4. This transmission quality assessment criterion is suitable for fixed 

reception using a roof antenna, where the transmission channel transmitter – receiver is of type Gauss 

or Rice. The bit error rate is quite constant with time and can be easily measured.  

The QEF criterion is not suitable for portable or mobile reception. The transmission channel is mostly 

of type Rayleigh (multipath). The BER fluctuation is very large and averaging over a longer time 

period is necessary. An average BER of 2*10-4 after the Viterbi decoder is nevertheless no guaranty 

for an error free reception.  

The impairments at DVB-T transmission in Rayleigh channels occur in bursts. Even if the average 

BER after the Viterbi decoder is well below 2*10-4 (QEF), the BER peaks during error bursts are so 

high from time to time, that there are visible errors and also some losses of MPEG-2 transport stream 

synchronization. Synchronization losses generate serious video errors.  

For transmission quality assessments at portable and mobile DVB-T reception other criterion than 

QEF have to be used. One such alternative criterion used is called “subjective failure point” (SFP). 

The TV program received is observed on a monitor. The quality of the received signal fulfils the SFP 

criterion if, in a 20-seconds time interval, there is no visible failure in the picture. The measurement 

has the drawback, that it cannot be made automatically, and a person has to monitor permanently the 

picture quality. It is not very accurate and gives different results for different observation times.  

A more accurate criterion used to assess the transmission quality at portable and mobile DVB-T 

reception is the “erroneous second ratio” criterion, also called ESR5 criterion. Compared to the SFP 

criterion it has the advantage, that its accomplishment can be checked automatically, without the need 

for a measuring engineer, and it can therefore be analyzed over a large time span. The errors in a 

MPEG 2 transport stream, which generate visible failures of the picture, are the packet uncorrectable 

errors signalled by a flag set by the Viterbi decoder, and the transport stream synchronization loss.  

The ESR5 criterion is fulfilled if, in a time interval of 20 seconds, there is at most one second with 

packet uncorrectable errors. If there is a transport stream synchronization loss, the ESR5 criterion is 

not fulfilled for the corresponding 20 seconds time interval.  

The ratio second with errors to all seconds in the 20-seconds time interval is 5 %, explaining the index 

5 in ESR5.  

The ESR5 and the SFP criteria are somehow equivalent. The time interval for the basic assessment is 

20 seconds for both. The smallest time interval for the error assessment at ESR5 is the second. One 

or more errors in the transport stream during one second have the same subjective influence on the 

video quality and are perceived at a SFP measurement as one error. Not all transport-stream errors 

are producing visible errors, and for this reason, in contrast to SFP, at ESR5 one erroneous second in 

a 20 second interval is allowed.  

The description of the transmission quality is correct and accurate if the assessment is done for a 

larger time span, for example 15 to 60 minutes. In this case the measurement time is segmented in 

20 seconds intervals, and in every interval the fulfilment of the ESR5 criterion is tested. The ratio 

number of 20-second intervals fulfilling the ESR5 criterion to the number of all 20-second intervals 

shows an average of the transmission quality. The averaging is important because a Rayleigh 

transmission channel has big fluctuations in time.  

In a Gaussian or Rice channel the receiving quality is poor if the carrier to noise (C/N) value is only 

so high, that the SFP or the ESR5 criterion is just fulfilled. One possible error each 20-seconds interval 

is too much. The criteria are nevertheless suitable for quick measurements, and a 1-2 dB carrier power 

increase enhances the transmission quality considerably. This is due to the low power variation in 

time in Gaussian and Rice channels.  
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In a Rayleigh channel the power variation with time is remarkably higher. The DVB-T transmission 

quality is good, if the ESR5 criterion is fulfilled for at least 99% of time. The BER variation is quite 

high, and if only 1% of the 20-second intervals have more than one erroneous second within, most of 

the other intervals will have no erroneous second at all within. The assessment of the transmission 

quality takes now also its time variation into account.  

The segmentation of the measurement time in 20 second intervals for the assessment of the 

compliance with the ESR5 criterion is an arbitrary process. For short time intervals, the position of 

the starting point can influence the results, for large time intervals, there is a statistical smoothing of 

the results.  

The ESR5 criterion is less demanding than the QEF criterion. For the mode 16 QAM 2/3 the signal 

to noise ratio C/N in a Gaussian channel for 99% of time good quality transmission in accordance to 

the ESR5 criterion is 1.2 dB lower than for the QEF-criterion.  

In a Rayleigh channel, especially at mobile reception, the QEF criterion cannot be fulfilled for all the 

time, even for unrealistically high field strength levels. The only realistic requirement is the 

compliance to the ESR5 criterion.  

In conclusion, the “erroneous-second ratio”- or ESR5-criterion is a suitable criterion to assess the 

longtime, average DTT transmission quality at portable and mobile reception. It states that, if in a 

time interval of 20 seconds there is at most one erroneous second, the transmission quality for this 

20-seconds interval is good. The average, longtime transmission quality is good, if the ESR5 criterion 

is fulfilled for at least 99% of time. 

5.11 Method for determining protection ratios and overload thresholds 

It should be stressed that the protection ratios are generally considered and used as independent of 

the wanted signal level. That is C(I) is supposed to be a linear function with unity slope (a straight 

line with unity slope). The protection ratio of the receiver is obtained by subtracting I from C(I) at 

any point on this line and can be used for all wanted signal levels. Figure 4 illustrates the C/I curve 

of an ideal receiver in the presence of an interfering signal. The ideal receiver has perfectly linear 

behaviour under all circumstances without overload. Figure 5 illustrates the C(I) plots for the ideal 

receiver described in Fig. 4. The ideal receiver has identical C/I curves. Consequently, unity slope 

C(I) lines show that the receiver protection ratios depend neither on the wanted nor the interfering 

signal levels, but only C/I. 
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FIGURE 4 

C/I curve of an ideal receiver in the presence of an interfering signal 

(Rx sensitivity = −80 dBm) 

 

FIGURE 5 

C(I) plots of an ideal receiver 

(Wanted signal levels = −75, −65, −55, and −45 dBm) 

 

 

However, the measurement results show that in most cases the protection ratios of wideband TV 

receivers vary as a function of the wanted signal level. Consequently, C(I) is not a straight line with 

unity slope with some variation with the interfering signal strength. Figure 6 illustrates a receiver 

which behaves badly in the presence of a strong interfering signal. Figure 7 illustrates the C(I) plots 

from the receiver shown in Fig. 6. Nevertheless, for interfering signals below the overload threshold 
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such C(I) curves can always be approximated by a straight line with unity slope with an acceptable 

error. This method has been used in this report for determining the PR of DTT receivers. 

FIGURE 6 

C/I curves of a receiver behaving badly in the presence of a strong interfering signal 

(Rx sensitivity = −80 dBm) 

 

FIGURE 7 

C(I) plots of the receiver described in Figure 6 at various wanted signal levels 

(−75, −65, −55, −45 dBm) 
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The method used for determining protection ratios and overload thresholds is composed of two steps: 

1) The measured C(I) curve is approximated by a straight line with unity slope which represents 

the ideal linear behaviour of the receiver front-end (constant PR case). The protection ratio 

of the receiver is obtained by subtracting I from C(I) at any point on this line. The protection 

ratio obtained can be used for all wanted signal levels. 

2) A strong deviation of the measured C(I) curve from the straight line with unity slope indicates 

where the interfering signal reaches the overload threshold; i.e. the onset of strong non-linear 

behaviour. The deviated segment of C(I) curve is approximated by a line vertical to I-axis 

(constant I case). The value of I at the point of intersection between the straight line with 

unity slope and the line vertical to I-axis is considered to be the receiver overload threshold 

(I = Oth). 

This two steps procedure is depicted in Fig. 8. 

FIGURE 8 

Determination of the receiver protection ratio and overload threshold  

from its C(I) curve; PR = −46 dB, Oth = −2 dBm 
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In some cases the approximation of a measured C(I) curve by a straight line with unity slope and a 

line vertical to I-axis may seem not to be very straight forward, but it is always possible to do it with 

an acceptable approximation error that should be in favour of the victim receiver. 

Examples of approximations are shown in Figs 9 to 16. These examples use a wanted signal level 

range starting at −70 dBm, but lower levels are possible depending upon the sensitivity of the receiver 

mode being tested. 
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FIGURE 9 

A well approximated C(I) curve; PR = −12 dB; overload  

threshold is not reached 
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FIGURE 10 

A well approximated C(I) curve; PR = −53 dB; Oth = 10 dBm 
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FIGURE 11 

Some difficulties to determine the overload threshold;  

PR = −39dB; Oth = −6 dBm 
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FIGURE 12 

A well approximated C(I) curve; PR = −61 dB; Oth = 4 dBm 
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In the following example the receiver appears to behave in a non linear fashion when the interfering 

signal level reaches −21 dBm, but is quite linear for higher interfering signal levels up to 3 dBm. 

 

FIGURE 13 

A well approximated C(I) curve; PR = −39 dB; Oth = 4 dBm 
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In the following example the Oth is reached at an interfering signal level of −24 dBm. However, the 

measured C(I) curve shows that an increase of the wanted signal level by about 30 dB allows the 

receiver to behave linearly once again but with a reduced PR (−16 dB instead of −48 dB). 
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FIGURE 14 

C(I) with recovery after an increase of 40 dB of the wanted signal level; 

PR = −47,5 dB, Oth = −24 dBm 
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In the following examples the Oth is reached before the PR having been reached. In such cases the PR 

is obtained by subtracting I from C(I) at the lowest intersection point between the straight line with 

unity slope representing the constant PR case and the line vertical to I-axis representing the constant 

I case. 

FIGURE 15 

C(I) early reached overload threshold; PR = −62 dB, Oth = −8 dBm 
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FIGURE 16 

Early reached overload threshold; PR = −39 dB, Oth = −29dBm 
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6 Conclusions and further work required 

The results included in the annexes to this Report are being used to improve and update 

Recommendation ITU-R BT.1368. They are also an opportunity to stimulate new areas of 

investigation for example the effects of time variation in interfering signals. Other Recommendations 

could also be considered as candidates for the material as required and a note added when required. 

Where relevant the material in the annexes has a note indicating the version of 

Recommendation ITU-R BT.1368 which is amended, or another Recommendation where relevant. It 

is recommended that any future updates to this report add material together with similar notes of any 

particular version of a recommendation which relied on this information. 

Additional results of receiver measurement tests are always welcome and are in some cases urgently 

needed for all digital TV broadcasting standards including DVB-T2, ISDB-T, ATSC, DTMB, so that 

the appropriate sections of Recommendation ITU-R BT.1368 can be filled with suitable PR and Oth 

data for assistance in network planning activities.  



20 Rep.  ITU-R  BT.2215-6 

Annex 1 

 

DVB-T receiver performance in the presence of interfering signals 

from DVB-T, UMTS, and LTE 

Annex 1 contains measurements of protection ratios and overload thresholds for DVB-T receivers 

in the presence of various interfering signals including DVB-T, base stations (BS) and user 

equipment (UE) for UMTS, and BS and UE for LTE. 

A.1.1 Measurements of protection ratios and overload thresholds for DVB-T receivers under 

interference from DVB-T in adjacent channels 

Annex 1A contains measurements of protection ratios and overload thresholds for eight DVB-T 

receivers (four with “can” tuners and four with silicon tuners) under interference from DVB-T in 

adjacent channels. This information was used in the generation of Recommendation ITU-R 

BT.1368-8. 

Annex 1A

 

A.1.2 Measurements of protection ratio and overload threshold for DVB-T receivers under 

interference from UMTS BS and UE in co- and adjacent channels 

Annex 1B contains measurements of protection ratios and overload thresholds for seven DVB-T 

receivers (four with “can” tuners and three with silicon tuners) under interference from a UMTS BS 

and UE in adjacent channels. This information was used in the generation of Recommendation ITU-R 

BT.1368-8. 

Annex 1B

 

Annex 1C contains graphical plots of protection ratios for DVB-T under interference from a UMTS 

BS and UE with and without TPC in co- and adjacent channels and with different TPC speed profiles. 

Only can tuners were tested. Note the test methodology may differ from the recommended 

methodology used for other measurements in this report, and for future measurements. 

Annex 1C

 

Annex 1D contains measurements of protection ratios and overload thresholds for ten DVB-T 

receivers (all with “can” tuners) under interference from a UMTS BS and UE in co- and adjacent 

channels. Note the test methodology may differ from the recommended methodology used for other 

measurements in this report, and for future measurements. 

Annex 1D
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A.1.3 Measurements of protection ratios and overload thresholds for DVB-T receivers under 

interference from LTE BS and UE in co- and adjacent channels 

Annex 1E contains measurements of protection ratios and overload thresholds for 13 DVB-T 

receivers (nine with “can” tuners and four with silicon tuners) under interference from an LTE BS 

and UE in adjacent channels. These measurements use the recommended test methodology. This 

information was used in the generation of Recommendation ITU-R BT.1368-8. 

Annex 1E

 

Annex 1F contains measurements of protection ratios and overload thresholds in adjacent channels 

for 20 DVB-T receivers (ten “can” tuners and ten silicon tuners) under interference from an LTE BS 

with three traffic loadings (idle, 50%, and 100%). These measurements use the recommended test 

methodology. This information was used in the generation of Recommendation ITU-R BT.1368-8. 

Annex 1F

 

Annex 1G contains measurements of protection ratios in co- and adjacent channels for five DVB-T 

receivers (two “can” tuners and three silicon tuners) under interference from an LTE BS with two 

traffic loadings (idle and 100%). These measurements use the recommended test methodology.  

Annex 1G

 

Annex 1H investigates the adjacent channel interfering effect of an LTE BS and UE in 17 DVB-T 

receivers. Protection ratios were measured for transmission channels which included Gaussian, static 

Rayleigh, and time-varying Rayleigh. Results for 90th percentiles are tabulated. Note the tests used 

the ESR5 methodology which may differ from the recommended methodology used for other 

measurements in this report, and for future measurements. 

Annex 1H

 

Annex 1I contains measurements of protection ratios and overload thresholds in adjacent channels 

for 14 DVB-T receivers (seven “can” tuners and seven silicon tuners) under interference from an LTE 

BS and UE with three traffic loadings (idle, 50%, and 100%). The measurements consider the reduced 

ACLR performance of the UE, compared to the BS, and the resulting increase in the protection ratios.  

Annex 1I
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Annex 1J contains measurements of protection ratios and overload thresholds in adjacent channels 

for five DVB-T receivers with silicon tuners under interference from an LTE UE with traffic loadings 

of 1 Mbps, 10 Mbps, and 20 Mbps. The measurements use the recommended test methodology and 

is the same as that used in Annex 1F. 

Annex 1J

 

Annex 1K contains an updated analysis of the protection ratios and overload thresholds in adjacent 

channels from measurements made in Annexes 1I and 1J for DVB-T receivers under interference 

from an LTE UE. This analysis provided revisions to Tables 38 and 38A in Recommendation  

ITU-R BT.1368-9. 

Annex 1K

 

Annex 1L contains measurements of protection ratios and overload thresholds for five DVB-T 

receivers under interference from an LTE UE in an adjacent channel with a 9 MHz guard band. The 

measurements were made with an LTE UE ACLR of 60 and 70 dB as well as a continuous and a 

discontinuous LTE UE transmission. The impact of a bandpass filter centred in the DVB-T channel 

was also measured.  

Annex 1L

 

 

 

Annex 2 

 

DVB-T2 receiver performance in the presence of 

interfering signals from DVB-T2 and LTE 

Annex 2 contains measurements of protection ratios and overload thresholds for DVB-T2 receivers 

in the presence of various interfering signals including DVB-T2, base stations (BS) and user 

equipment (UE) for LTE, and wireless broadband access systems. 

A.2.1 Measurements of protection ratios and overload thresholds for DVB-T2 receivers 

under interference from DVB-T2 in other channels 

Annex 2A contains measurements of protection ratios and overload thresholds for 14 DVB-T2 

receivers, three with “can” tuners and eleven with silicon tuners, under interference from DVB-T2 in 

adjacent channels. 

Annex 2A
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A.2.2 Measurements of protection ratios and overload thresholds for DVB-T2 receivers 

under interference from LTE BS in co- and adjacent channels 

Annex 2B contains measurements of protection ratios and overload thresholds for 14 DVB-T2 

receivers under interference from an LTE BS in adjacent channels. The measurements were made 

with the same receivers as those used in Annex 2A. The protection ratios have been corrected for the 

actual LTE BS ACLR values. 

Annex 2B

 

Annex 2C compares the protection ratios and overload threshold measurements of DVB-T2 receivers 

at 690 MHz, 754 MHz and 786 MHz with LTE BS interference in adjacent channels. Four DVB-T2 

receivers (two with “can” tuners and two with silicon tuners) and the test setup described in Annex 

2B were used. 

Annex 2C

 

Annex 2D contains measurements of protection ratios for nine DVB-T2 receivers (four with “can” 

tuners and five with silicon tuners) under interference in co- and adjacent channels from an LTE BS 

with traffic loadings at idle and 100 percent. Measurements were made at three DVB-T2 signal levels 

(−70, −50, and −30 dBm). The test setup and interfering signals are described in Annex 1G. 

Annex 2D

 

A.2.3 Measurements of protection ratios and overload thresholds for DVB-T2 receivers 

under interference from LTE UE in adjacent channels 

Annex 2E contains measurements of protection ratios for three DVB-T2 receivers (two “can” and 

one silicon) under interference in two adjacent channels from a gated “LTE UE signal” using an 

arbitrary signal generator as described in Annex 1I. The ACLR was better than 50 dB and no 

corrections were made to the protection ratios. 

Annex 2E

 

Annex 2F contains measurements of protection ratios and overload thresholds for 14 DVB-T2 

receivers under interference in adjacent channels from an LTE UE with traffic loadings of 1 Mbps, 

10 Mbps, and 20 Mbps. The measurements were made with the same receivers as those used in 

Annex 2A. The degradation of the protection ratios due to the ACLR (75, 85, and 90 dB) of the 

LTE UE was evaluated. 

Annex 2F

 

Annex 2G contains measurements of protection ratios for three DVB-T2 receivers with different 

silicon tuners under interference in adjacent channels from an LTE UE with full traffic loading. The 

tests evaluated the performance with and without filtering at the DVB-T2 receiver input as well as 



24 Rep.  ITU-R  BT.2215-6 

the LTE UE output. The results include calculation of the receiver adjacent channel selectivity (ACS) 

as well as calculation of the minimum separation distance for fixed rooftop and portable indoor DTT 

reception. 

Annex 2G

 

Annex 2H contains measurements of protection ratios and overload thresholds for five DVB-T2 

receivers under interference from an LTE UE in an adjacent channel with a 9 MHz guard band. The 

measurements were made with an LTE UE ACLR of 60 and 70 dB as well as a continuous and a 

discontinuous LTE UE transmission. The impact of a bandpass filter centred in the DVB-T channel 

was also measured. The test setup and LTE UE signals are described in Annex 1L. 

Annex 2H

 

A.2.4 Measurements of protection ratios and overload thresholds for DVB-T2 receivers 

under interference from wireless broadband access systems in co- and adjacent 

channels 

Annex 2I contains measurements of protection ratios for three DVB-T2 test receivers under 

interference from a simulated wireless broadband access system operating in co- and adjacent 

channels. Field measurements were made in addition to the initial laboratory tests.  

Annex 2I

 

 

 

Annex 3 

 

ATSC receiver performance in the presence of 

interfering signals from ATSC and LTE 

Annex 3 contains measurements of protection ratios and receiver desensitisation for ATSC receivers 

in the presence of various interfering signals including ATSC. 

A.3.1 Measurements of protection ratios and receiver desensitisation for ATSC receivers 

under interference from ATSC on adjacent channels 

Annex 3A contains measurements of protection ratios and receiver desensitization for 48 ATSC 

receivers (26 “can”, 18 silicon, and four indeterminate) under interference from ATSC signals on 

adjacent channel pairs. Protection ratios for specific wanted ATSC signal levels (Weak: -68dBm and 

Moderate: −53 dBm) are interpolated. 

Annex 3A
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Annex 3B contains measurements of protection ratios for 12 ATSC receivers under interference from 

single and multiple ATSC signals on adjacent channels. Protection ratios at wanted ATSC signal 

levels of −68 dBm (Weak) and -78 dBm (Very Weak) were measured. The results confirm that ATSC 

receivers, in general, meet the ATSC performance targets. In addition, the selectivity of ATSC 

receivers can be degraded by the presence of third order intermodulation products. 

Annex 3B

 

Annex 3C contains measurements of protection ratio thresholds and receiver desensitization for 24 

ATSC receivers (six “can”, 14 silicon, and four indeterminate tuners) under interference from ATSC 

signals on adjacent channels. The results demonstrate that the protection ratios in Recommendation 

ITU-R BT.1368 are adequate except for weak wanted signals. Significantly increases in signal field 

strength are required in order to maintain reception in the presence of adjacent channel interference. 

Annex 3C

 

Annex 3D contains the results of measurements made on 12 ATSC receivers under interference from 

various interference sources including multiple ATSC signals on adjacent channels. Based on the 

unit sales data and the manufacturer input, it was determined that 12 receivers carefully selected 

from specific manufacturers would represent approximately 85% of the DTV shipments in the 

United States market in 2012-2013. A subset of six were used for more extensive testing and 

represents approximately 75% of the DTV shipments in the United States market. 

Annex 3D

 

Annex 3E contains an analysis of the measurements contained in Annexes 3A through 3D. Protection 

ratios at threshold were considered for 60 ATSC receivers at wanted ATSC signal levels of –53 dBm 

(moderate), –68 dBm (Weak) and –78 dBm (Very Weak). The results provide planning factors based 

upon the 90th percentile of receivers being able to maintain reception under multiple interference 

conditions. 

Annex 3E

 

A.3.2 Measurements of protection ratios for ATSC receivers under interference from LTE 

BS in co- and adjacent channels 

Annex 3D contains measurements of protection ratios for 12 ATSC receivers under interference from 

an LTE BS in co-channels. The Annex also contains the results of measurements made on a single 

ATSC receiver under interference from LTE BS sources including multiple signals on adjacent 

channels. 

Annex 3F contains measurements of protection ratio thresholds made on 21 ATSC receivers (four 

“can”, 13 silicon, and four indeterminate tuners) under interference from pairs of 10 MHz LTE signals 

on adjacent channels. The LTE signals were obtained off-air. These off-air signals demonstrate the 

variability of the power levels being transmitted from an LTE base station and the impact on the 

performance of a DTV receiver. 
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The results demonstrate that the protection ratios in Recommendation ITU-R BT.1368 are adequate 

for interfering ATSC signals which are “noise-like” and maintain a constant power level. Signals 

from an LTE base station, on the other hand, adjust their power levels every one millisecond. 

Consequently, some DTV receivers appear to have difficulty handling these power variations even 

with significant frequency separation. In addition, LTE signal pairs adversely impact the performance 

of all DTV receivers by generating third-order intermodulation in the DTV receiver even though there 

is substantial frequency separation between the DTV and the LTE signals. 

Annex 3F
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Measurements of protection ratios and overload thresholds for DVB-T receivers under interference from DVB-T in other channels
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[bookmark: _Toc396315815]1	Introduction

This investigation concentrated on measuring protection ratio and overload threshold on a number of modern mass produced DVB-T receivers including set top boxes (STB), integrated digital TVs (iDTVs) and personal video recorders (PVRs), employing a selection of conventional “can” and more recent “silicon” tuners that are being increasingly used in modern TV designs.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Toc252203433]Four receivers with silicon tuners and four receivers with conventional can tuners were tested.  All receivers use tuners designed for cost effective high volume mass production designs.  There was no high cost “niche market” product tested.

[bookmark: _Toc253141629][bookmark: _Toc253141988][bookmark: _Toc253142065][bookmark: _Toc253142405][bookmark: _Toc253143930][bookmark: _Toc252986706][bookmark: _Toc255311727][bookmark: _Toc258914825][bookmark: _Toc396315816]2	Signal Definitions

The wanted signal was DVB-T 8K CR2/3, GI ¼ with an 8MHz bandwidth.  The wanted signal was swept over the range -70dBm to -30dBm. The interferer signal details are shown in  Table 1.

[bookmark: _Ref252526264]Table 1

Interference Signal Definition

		INTERFERER

		DESCRIPTION

		RELEVANT STANDARD

		DESIGNATION IN TESTS



		8MHz DVB-T 

		8MHz 2KFFT, 64QAM, 2/3CR 1/4GI

		ETSI EN 300 744

		(DVB-T)





[bookmark: _Toc252986707][bookmark: _Toc255311728][bookmark: _Toc258914826][bookmark: _Toc396315817]3	Frequencies Tested

The wanted DVB-T signal was fixed in frequency at 786MHz and the interferer swept from N-10 to N+10, in multiples of the DVB-T channel raster spacing. 

[bookmark: _Toc252986708][bookmark: _Toc255311729][bookmark: _Toc258914827]


[bookmark: _Toc396315818]4	Measurement Setup and Technique

Figure 1 shows the test rig used for DVB-T into DVB-T measurements.  

[bookmark: _Ref252987820]Figure 1

Test Equipment Setup for DVB-T Interferer
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A Rohde and Schwarz SFU modulator was used to generate the interference signal which was amplified with an RF power amplifier and filtered with a band pass filter  (5% 3dB BW and a 22:1 30dB to 3dB shape factor) to remove out of band interference from the modulator.  Figure 2 shows the interference signal after amplification and band pass filtering alongside the DVB-T mask from ETSI EN 302 296.  The power amplifier used shows some signal distortion ranging from -35dBc to -65dBc outside the very stringent DVB-T mask which might affect N+/-1 protection ratio measurements slightly.

[bookmark: _Ref252893609]Figure 2

DVB-T interference signal after maximum amplification and filtering
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All measurements were made with ATE software using the Rohde and Schwartz DVQ picture analyzer to detect when 60 seconds of error free picture reception is achieved. The C/I figure was recorded at this point. The “Diver” MPEG2 transport stream was used for all tests.

The I vs. C characteristic for each tuner was plotted to determine the overload thresholds at each interferer frequency offset.  The value of Oth was set at lower I levels if there was a significant non-linear I/C characteristic at lower signal levels than that required to achieve the normal ‘saturation’ characteristic (where the I/C curve becomes flat and remains flat even if the wanted signal level is increased).  This was seen to occur in some tuners particularly with pulsed interference such as LTE or UMTS with TPC, but this was behaviour seldom occurred with DVB-T interference which has constant power levels.  See examples in FIGURE 3.

[bookmark: _Ref254343366]FIGURE 3

Examples of Overload Threshold Oth Determination
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Measurement data is listed in Appendix A to allow further analysis of C/I and overload thresholds if required.

[bookmark: _Toc252986712][bookmark: _Toc255311733][bookmark: _Toc258914828][bookmark: _Toc396315819]5	DVB-T Interferer Measurement Results 

[bookmark: _Toc252986713][bookmark: _Toc255311734][bookmark: _Toc258914829][bookmark: _Toc396315820]5.1	Protection Ratio 

The following plots show C/I performance for C=-70dBm to C=-30dBm.  A full set of data for all signal levels is given in Appendix A.  These results confirm the findings of other studies which show the protection ratio for silicon tuners has a different characteristic to that of can tuners at certain interferer frequency offsets.  Points to note are:



· At low wanted signal levels such as C=-70dBm, silicon tuners generally perform better than can tuners for N+/-1 and N+/-2, worse for N+/-3 to N+-8, and better for N+9 – a known image channel weak point for can tuners using an IF frequency of 36MHz.

· As the wanted signal level is increased, the difference in performance between these two tuner technologies decreases in the N+/-3 to N+/-8 range as can be seen in Figure 6 
(C=-50dBm) and Figure 7 (C=-40dBm), where most of the silicon tuners have very comparable performance with the can tuners, with one silicon tuner performing at C=-40dB significantly better than all the can tuners, even though it had the worst performance at 
C=-70dBm.  The same tuner showed a very high overload threshold (Oth).  Can tuner performance at N+3 generally degrades as the wanted signal is increased.

· Another characteristic of the silicon tuner C/I performance is that the C/I curves are very smooth and predictable across different interference frequencies, as can be seen by comparing the C/I plots at the start of Appendix A.

Figure 4

DVB-T Interference into DVB-T C=-70dBm

[image: ]

Figure 5

DVB-T Interference into DVB-T C=-60dBm

[image: ]



[bookmark: _Ref252456418]Figure 6

DVB-T Interference into DVB-T C=-50dBm
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[bookmark: _Ref252456421]Figure 7

DVB-T Interference into DVB-T C=-40dBm

[image: ]

Figure 8

DVB-T Interference into DVB-T C=-35dBm
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Note: some receivers were not tested at this level of interference as they had already reached overload.

Figure 9

DVB-T Interference into DVB-T C=-30dBm

[image: ]

Note: some receivers were not tested at this level of interference as they had already reached overload.
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The protection ratios for C=-70dBm are summarised in Table 2. Figures for other wanted signal levels are given in Appendix A.

Table 2

DVB-T Interferer Protection Ratio – C=-70dBm

		

		DVB-T Interferer Protection Ratio C=-70dBm (dB)



		Interferer Offset N

		Si Tuner E 

		Si Tuner A 

		Si Tuner F 

		Si Tuner B 

		Can Tuner A 

		Can Tuner D 

		Can Tuner E 

		Can Tuner F 



		-10

		-61.1

		-59.6

		-53.3

		-54.2

		-67

		-68.8

		-70

		-69.5



		-9

		-59.7

		-57.4

		-53

		-51.8

		-65.8

		-62.4

		-68.9

		-68.7



		-8

		-58.1

		-55.5

		-52.1

		-51.5

		-64.6

		-64.5

		-68.2

		-67.6



		-7

		-56.3

		-53.9

		-51.4

		-51.2

		-68.3

		-62.5

		-69.7

		-65.6



		-6

		-55

		-53.5

		-50.7

		-51

		-65.9

		-58

		-68.3

		-63



		-5

		-53.9

		-52.7

		-49.6

		-50.5

		-65

		-54.5

		-66.6

		-67.1



		-4

		-52.9

		-51.6

		-48

		-49.5

		-56.5

		-51.1

		-62.6

		-64



		-3

		-52

		-50.9

		-47.2

		-50.3

		-51.3

		-45.4

		-55

		-60.1



		-2

		-50.1

		-49.3

		-46

		-43.7

		-46.6

		-43

		-50.2

		-49



		-1

		-47.8

		-46.1

		-44.1

		-41

		-41

		-36.3

		-37.7

		-35.6



		0

		

		

		

		

		

		

		

		



		1

		-45.1

		-43.6

		-37.3

		-40.4

		-43.4

		-38.2

		-40.7

		-43.4



		2

		-47.6

		-47.2

		-43.5

		-46.5

		-43.6

		-47.3

		-38.5

		-55.6



		3

		-51.5

		-50.6

		-46.7

		-49

		-49.4

		-45.9

		-42.7

		-61.7



		4

		-52.9

		-51.8

		-47.8

		-49.3

		-59.1

		-57.5

		-57.3

		-60.2



		5

		-53.9

		-52.6

		-49

		-49.3

		-64.7

		-60.3

		-63.8

		-62.8



		6

		-54.9

		-53.3

		-50.1

		-49

		-66.7

		-64

		-68.7

		-65.6



		7

		-56.3

		-54.2

		-51.3

		-49

		-68.1

		-73.3

		-72.2

		-68



		8

		-57.7

		-54.2

		-52.3

		-49

		-69.2

		-73.8

		-72.9

		-69.2



		9 image

		-59.3

		-56.9

		-53.4

		-52.1

		-55.3

		-43.1

		-50.7

		-52.3



		10

		-61.1

		-58.2

		-54.3

		-51

		-68.8

		-75.8

		-74.5

		-72.1







Table 3 shows the 10%, 50% and 90% percentiles of the above protection ratios.  These are plotted in Figure .  It is suggested that the Recommendation ITU-R BT.1368 PR mask should be the 90% tuner percentile measured in this document, as shown in Table 3 and Figure .  This allows representative silicon tuner performance to be taken into account as well as the known weaknesses of can tuners.
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Table 3

DVB-T Interferer Protection Ratio Percentiles and Suggested PR Mask

		Interferer
Offset N

		Tuner 10%
percentile

		Tuner 50%
percentile

		Tuner 90
percentile

		Suggested
PR Mask



		-10

		-70

		-64

		-54

		-54



		-9

		-69

		-61

		-53

		-53



		-8

		-68

		-61

		-52

		-52



		-7

		-69

		-59

		-51

		-51



		-6

		-67

		-57

		-51

		-51



		-5

		-67

		-54

		-50

		-50



		-4

		-63

		-52

		-49

		-49



		-3

		-57

		-51

		-47

		-47



		-2

		-50

		-48

		-43

		-43



		-1

		-47

		-41

		-36

		-30



		0

		

		

		

		



		1

		-44

		-42

		-38

		-30



		2

		-50

		-47

		-42

		-42



		3

		-55

		-49

		-45

		-45



		4

		-59

		-55

		-49

		-49



		5

		-64

		-57

		-49

		-49



		6

		-67

		-59

		-50

		-50



		7

		-73

		-62

		-51

		-51



		8

		-73

		-63

		-51

		-51



		9 image

		-58

		-53

		-48

		-40



		10

		-75

		-65

		-53

		-53










Figure 10

DVB-T Interferer Protection Ratio Percentiles and Suggested PR Mask
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6.1	Overload Threshold Measurements and Proposal for ITU-R BT.1368

The overload threshold was derived from the C/I measurement data that swept C = -70dBm to 
C= -30dBm in 5 dBm steps.  Figure  summarises the result.  From this test, the overload threshold differences between the tuners tested cannot be attributed solely to the tuner technology, as silicon tuners are both the best and worst performers in this test at large offsets, and can tuners show a serious weakness at N+3.

Table 5 tabulates the 10%, 50% and 90% percentiles and it is suggested that the 10% percentile is used for the ITU-R BT.1368 recommendation.
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Overload Threshold for DVB-T Interferer
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Table 4

DVB-T Interferer Overload Threshold

		

		DVB-T Interferer - Overload Threshold Oth (dB)



		Interferer Offset N

		Si Tuner E 

		Si Tuner A 

		Si Tuner F 

		Si Tuner B 

		Can Tuner A 

		Can Tuner D 

		Can Tuner E 

		Can Tuner F 



		-10

		-0.2

		-1.6

		-7.6

		11.6

		-3

		-1.2

		0

		-0.5



		-9

		-0.7

		-1.1

		-6

		11.5

		-4.2

		4

		-1.1

		-1.3



		-8

		-1.8

		-1.8

		-6.2

		-2.1

		-5.4

		1.5

		-1.8

		-2.4



		-7

		-2.5

		0

		-6.4

		-2.2

		-1.7

		0.6

		-0.3

		-4.4



		-6

		-1

		0.4

		-6.6

		-12

		-4.1

		-2.2

		-1.7

		-7



		-5

		-1.2

		2.3

		-7

		-12

		-5

		-1.9

		-1.3

		-2.9



		-4

		-1.9

		2.3

		-8

		-11.3

		-4.9

		-3.6

		-1.4

		-6



		-3

		-3.2

		1.8

		-8.8

		-11.8

		-5.3

		-3.8

		-2.3

		-9.9



		-2

		-5.5

		1.1

		-10.2

		-9.3

		-7.8

		-5.3

		-5

		-10.9



		-1

		NR

		NR

		NR

		NR

		NR

		NR

		NR

		NR



		0

		 

		 

		 

		 

		 

		 

		 

		 



		1

		NR

		NR

		NR

		NR

		NR

		NR

		NR

		NR



		2

		-5.1

		5.7

		-11.6

		-6.7

		-10.3

		-2.6

		-3.6

		-5.1



		3

		-2.1

		6.5

		-10

		-14

		-20.6

		3.2

		-27.3

		-2.4



		4

		-0.9

		3.2

		-8.8

		-12.7

		-10.9

		-12.5

		-12.7

		-9.8



		5

		-0.5

		3

		-7.8

		-12.6

		-5.3

		-9.7

		-6.2

		-7.2



		6

		0.2

		3.4

		-7.2

		-12.5

		-3.3

		-6

		-1.3

		-4.4



		7

		1

		1.4

		-7

		-12.2

		-1.9

		3.3

		2.2

		-2



		8

		1.5

		1.7

		-8.5

		13.8

		-0.8

		3.8

		2.9

		-0.8



		9

		0.1

		0.2

		-8

		12.2

		-2

		8.3

		3

		3.9



		10

		1.2

		1

		-7.3

		12.7

		-1.2

		5.8

		4.5

		2.1








Table 5

DVB-T Interferer Overload Threshold Percentiles
 and Proposed Values for ITU-R BT.1368

		Interferer
Offset N

		10%
Percentile

		50%
Percentile

		90%
Percentile

		Proposed
Oth (dBm)



		-10

		-4.4

		-0.9

		3.5

		-4.4



		-9

		-4.7

		-1.1

		6.3

		-4.7



		-8

		-5.6

		-2.0

		-0.8

		-5.6



		-7

		-5.0

		-2.0

		0.2

		-5.0



		-6

		-8.5

		-3.2

		-0.6

		-8.5



		-5

		-8.5

		-2.4

		-0.2

		-8.5



		-4

		-9.0

		-4.3

		-0.3

		-9.0



		-3

		-10.5

		-4.6

		-1.1

		-10.5



		-2

		-10.4

		-6.7

		-3.2

		-10.4



		-1

		NR

		NR

		NR

		NR



		0

		

		

		

		



		1

		NR

		NR

		NR

		NR



		2

		-10.7

		-5.1

		-0.1

		-10.7



		3

		-22.6

		-6.2

		4.2

		-22.6



		4

		-12.7

		-10.4

		0.3

		-12.7



		5

		-10.6

		-6.7

		0.5

		-10.6



		6

		-8.8

		-3.9

		1.2

		-8.8



		7

		-8.6

		-0.5

		2.5

		-8.6



		8

		-3.1

		1.6

		6.8

		-3.1



		9

		-3.8

		1.6

		9.5

		-3.8



		10

		-3.0

		1.7

		7.9

		-3.0
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Protection ratio and overload threshold measurements have been made on a variety of modern can and silicon tuners used in high volume TV receivers.  Weaknesses in protection ratio and overload threshold have been identified in both can and silicon tuners.  In the case of silicon tuners this occurs between (N+3 to N+8).  For can tuners this weakness is at N+3 and N+9 (8MHz can tuners).

Whilst can tuners generally had better protection ratios than silicon for small wanted signal levels, this difference becomes less at higher wanted signal levels.

Overload threshold performance between silicon tuners and can tuners was quite varied with silicon tuners performing at the best and worst limits of the measured results.

A new proposal for a suitable PR mask for ITU-R BT.1368 was made based on the higher of the 90% percentile measurements in this study.

A proposal for an overload threshold mask was based on 10% percentile measurements of the tuners in this study.

[bookmark: _Toc258914833][bookmark: _Toc396315824]8	Recommendations

It is proposed that the PR and Oth figures provided in this document be included in ITU-R BT.1368.  In particular, the network planning PR mask needs to take into account the different protection ratio weaknesses of silicon and ‘can’ tuner technology as reported in this document for (N+3 to N+8) (silicon tuners) and N+3, N+9 (8MHz can tuners).  (Note that although no results are presented here for 7MHz can tuners, the weak points are at N+5, N+10.)  Silicon tuners are widely used in modern DVB-T receivers and their characteristics need to be taken into consideration for network planning.

Overload threshold masks should be based on a measurement approach that is inclusive of a majority of tuners, and values based on a 10% percentile of the tuners (can and silicon) measured in this study are proposed.

Proposed values for PR and Oth meeting the performance of the majority of can and silicon tuners measured are shown in Table 6 below.

Table 6

Proposed DVB-T Interferer PR and Oth

		Interferer Offset N

		Proposed PR

		Proposed Oth 



		-10

		-54

		-4.4



		-9

		-53

		-4.7



		-8

		-52

		-5.6



		-7

		-51

		-5.0



		-6

		-51

		-8.5



		-5

		-50

		-8.5



		-4

		-49

		-9.0



		-3

		-47

		-10.5



		-2

		-43

		-10.4



		-1

		-30

		NR



		0

		

		



		1

		-30

		NR



		2

		-42

		-10.7



		3

		-45

		-22.6



		4

		-49

		-12.7



		5

		-49

		-10.6



		6

		-50

		-8.8



		7

		-51

		-8.6



		8

		-51

		-3.1



		9 image for can tuners

		-40

		-3.8



		10

		-53

		-3.0
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This appendix shows additional raw measurement data not included in the main body of this document.   Note some tuners were not tested at -30dBm and -35dBm as they had already reached the overload condition.
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Figure 1

DVB-T Interferer - C/I for Silicon Tuner E
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Figure A.2

DVB-T Interferer -C/I for Silicon Tuner A
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Figure A.3

DVB-T Interferer -C/I for Silicon Tuner F
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Figure A.4

DVB-T Interferer -C/I for Silicon Tuner B
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Figure A.5

DVB-T Interferer -C/I for Can Tuner A
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Figure A.6

DVB-T Interferer -C/I for Can Tuner D
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Figure A.7

DVB-T Interferer -C/I for Can Tuner E
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Figure A.8

DVB-T Interferer -C/I for Can Tuner F
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Table A.1

DVB-T Interferer Protection Ratio (dB) ; C=-70dBm

		Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F



		-10

		-61.1

		-59.6

		-53.3

		-54.2

		-67

		-68.8

		-70

		-69.5



		-9

		-59.7

		-57.4

		-53

		-51.8

		-65.8

		-62.4

		-68.9

		-68.7



		-8

		-58.1

		-55.5

		-52.1

		-51.5

		-64.6

		-64.5

		-68.2

		-67.6



		-7

		-56.3

		-53.9

		-51.4

		-51.2

		-68.3

		-62.5

		-69.7

		-65.6



		-6

		-55

		-53.5

		-50.7

		-51

		-65.9

		-58

		-68.3

		-63



		-5

		-53.9

		-52.7

		-49.6

		-50.5

		-65

		-54.5

		-66.6

		-67.1



		-4

		-52.9

		-51.6

		-48

		-49.5

		-56.5

		-51.1

		-62.6

		-64



		-3

		-52

		-50.9

		-47.2

		-50.3

		-51.3

		-45.4

		-55

		-60.1



		-2

		-50.1

		-49.3

		-46

		-43.7

		-46.6

		-43

		-50.2

		-49



		-1

		-47.8

		-46.1

		-44.1

		-41

		-41

		-36.3

		-37.7

		-35.6



		0

		

		

		

		

		

		

		

		



		1

		-45.1

		-43.6

		-37.3

		-40.4

		-43.4

		-38.2

		-40.7

		-43.4



		2

		-47.6

		-47.2

		-43.5

		-46.5

		-43.6

		-47.3

		-38.5

		-55.6



		3

		-51.5

		-50.6

		-46.7

		-49

		-49.4

		-45.9

		-42.7

		-61.7



		4

		-52.9

		-51.8

		-47.8

		-49.3

		-59.1

		-57.5

		-57.3

		-60.2



		5

		-53.9

		-52.6

		-49

		-49.3

		-64.7

		-60.3

		-63.8

		-62.8



		6

		-54.9

		-53.3

		-50.1

		-49

		-66.7

		-64

		-68.7

		-65.6



		7

		-56.3

		-54.2

		-51.3

		-49

		-68.1

		-73.3

		-72.2

		-68



		8

		-57.7

		-54.2

		-52.3

		-49

		-69.2

		-73.8

		-72.9

		-69.2



		9 image

		-59.3

		-56.9

		-53.4

		-52.1

		-55.3

		-43.1

		-50.7

		-52.3



		10

		-61.1

		-58.2

		-54.3

		-51

		-68.8

		-75.8

		-74.5

		-72.1








Table A.2

DVB-T Interferer Protection Ratio (dB) ; C=-65dBm

		Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F



		-10

		-61.6

		-58.6

		-53.3

		-54.4

		-62.2

		-65.4

		-65

		-64.5



		-9

		-60

		-56.7

		-52.7

		-54.2

		-61.1

		-61.1

		-64.4

		-63.9



		-8

		-58.2

		-54.9

		-51.6

		-54

		-59.7

		-63.2

		-63.6

		-62.6



		-7

		-56.7

		-53.5

		-51.1

		-53.7

		-64.3

		-62.3

		-65.6

		-60.6



		-6

		-55.5

		-52.9

		-50.3

		-53

		-62.8

		-57.4

		-65.1

		-58.2



		-5

		-54.4

		-52

		-49.2

		-53

		-61.6

		-54.3

		-63.7

		-62.9



		-4

		-53.1

		-51

		-48.1

		-53.7

		-56.5

		-51

		-61.6

		-59.8



		-3

		-52.5

		-50.4

		-47.5

		-53.2

		-51.3

		-45.5

		-54.9

		-56.8



		-2

		-50.7

		-49.7

		-46.3

		-42.5

		-47

		-43.3

		-50.6

		-50.1



		-1

		-45.5

		-45.7

		-44.1

		-39.5

		-42.4

		-36.3

		-38.3

		-35.9



		0

		

		

		

		

		

		

		

		



		1

		-43.8

		-43.9

		-39.4

		-42.1

		-43.4

		-39.8

		-41.4

		-44.1



		2

		-49.4

		-48.8

		-45

		-46.1

		-45.8

		-49.1

		-40.2

		-56.2



		3

		-52.1

		-51

		-46.6

		-51

		-46.3

		-44.8

		-39.6

		-60



		4

		-53.2

		-52.1

		-47.7

		-52.3

		-54.4

		-53

		-53.3

		-55.5



		5

		-54.1

		-52.7

		-48.7

		-52.4

		-59.8

		-55.2

		-59

		-58



		6

		-55.2

		-53.5

		-49.8

		-52.5

		-62.5

		-60

		-64.9

		-60.9



		7

		-56.6

		-54.3

		-51.1

		-52.8

		-63.8

		-69.8

		-68

		-63.2



		8

		-58.1

		-55.4

		-52

		-53

		-64.7

		-70.1

		-69

		-64.5



		9 image

		-59.5

		-57.2

		-53.7

		-52.9

		-55

		-42.6

		-50.7

		-52.2



		10

		-61.3

		-58.7

		-53.8

		-53

		-65.3

		-71.9

		-70.5

		-67.2








Table A.3

DVB-T Interferer Protection Ratio (dB); C=-60dBm

		Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F



		-10

		-59.8

		-58.4

		-52.4

		-54.1

		-57.2

		-61.4

		-60

		-59.5



		-9

		-59.3

		-56.7

		-52

		-53.7

		-56.3

		-59.2

		-59.6

		-58.8



		-8

		-58.2

		-55

		-51.4

		-51.7

		-54.8

		-61.5

		-58.6

		-57.7



		-7

		-57.5

		-53.7

		-50.8

		-51.7

		-60.1

		-60.6

		-61.9

		-55.6



		-6

		-56.5

		-53.1

		-50.5

		-49.2

		-59.2

		-57.8

		-61

		-53.7



		-5

		-56.1

		-52.1

		-49.5

		-48.9

		-57.8

		-54.4

		-60.2

		-58.4



		-4

		-55

		-51.5

		-46.7

		-47.8

		-55.1

		-51.3

		-58.6

		-55.6



		-3

		-54

		-51

		-46.8

		-48

		-51.6

		-45.3

		-54.8

		-52.6



		-2

		-52.2

		-50

		-46.4

		-43.6

		-46.9

		-44.2

		-51

		-49.1



		-1

		-45.3

		-44.3

		-44.3

		-39.5

		-42.8

		-36.7

		-38.4

		-36.4



		0

		

		

		

		

		

		

		

		



		1

		-43.5

		-43.8

		-40

		-39.1

		-41

		-40.4

		-41.2

		-42.9



		2

		-50.6

		-49.5

		-45.6

		-46

		-45.5

		-49.3

		-39.6

		-54.9



		3

		-53.8

		-51.5

		-46.7

		-47

		-42.7

		-45.5

		-36.6

		-57.6



		4

		-54.7

		-52.5

		-47.7

		-47.3

		-49.6

		-48.1

		-49.3

		-50.5



		5

		-55.5

		-53.1

		-48.5

		-47

		-54.8

		-50.2

		-54.3

		-53



		6

		-56.7

		-54

		-49.5

		-48

		-58.1

		-56

		-61.1

		-56.2



		7

		-57.9

		-54.8

		-50.8

		-47.4

		-59.6

		-66.3

		-64

		-58.3



		8

		-59.2

		-55.5

		-51.5

		-50

		-60.1

		-66.6

		-64.8

		-59.2



		9 image

		-60.1

		-57.2

		-52

		-51.5

		-54.9

		-43

		-50.7

		-52.2



		10

		-61.2

		-58.9

		-52.7

		-50.1

		-60.6

		-68

		-66.5

		-62.2










Table A.4

DVB-T Interferer Protection Ratio (dB) ; C=-55dBm

		Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F



		-10

		-55.7

		-55.2

		-49.2

		-53

		-52.2

		-57

		-55.1

		-54.3



		-9

		-55.4

		-53.9

		-49

		-53

		-51.3

		-56.5

		-54.8

		-53.7



		-8

		-54.8

		-53.2

		-48.8

		-52.9

		-49.9

		-57.8

		-54.2

		-52.7



		-7

		-54.4

		-52.5

		-48.6

		-52.8

		-55.6

		-56.3

		-58.2

		-51.8



		-6

		-54

		-52.5

		-48.4

		-52.8

		-55.1

		-54.7

		-57.3

		-52.2



		-5

		-53.8

		-52

		-48

		-52.7

		-54.2

		-53.1

		-56.3

		-54.3



		-4

		-53.1

		-51.3

		-47

		-52.4

		-51.8

		-51.4

		-54.8

		-51.7



		-3

		-51.8

		-50.6

		-46.2

		-52.2

		-49.7

		-46

		-52.7

		-48.5



		-2

		-49.5

		-49.6

		-44.8

		-45.7

		-47.2

		-44.7

		-50

		-46



		-1

		-43.1

		-42.6

		-42.5

		-39.3

		-40.5

		-36.6

		-38.1

		-35.4



		0

		

		

		

		

		

		

		

		



		1

		-41.4

		-42.8

		-37.6

		-39.5

		-38.3

		-39.5

		-39.3

		-40.5



		2

		-49.9

		-49.1

		-43.4

		-48.3

		-44.7

		-49.4

		-40.3

		-51.7



		3

		-52.9

		-51

		-45

		-50.8

		-38.3

		-45.5

		-33.2

		-54.2



		4

		-54.1

		-52

		-46.2

		-51.3

		-45.3

		-43.2

		-45.1

		-48.3



		5

		-54.5

		-52.5

		-47.2

		-51.1

		-49.7

		-45.8

		-49.1

		-50.2



		6

		-55.2

		-53.4

		-47.8

		-51.5

		-53.4

		-53.6

		-56.8

		-53.9



		7

		-56

		-54.1

		-48

		-51.7

		-54.9

		-62.5

		-59.4

		-55.4



		8

		-56.5

		-54.5

		-48.2

		-51.7

		-55.5

		-63.2

		-60.6

		-56



		9 image

		-57.1

		-55.2

		-48.4

		-51.7

		-53

		-42.2

		-50.7

		-51.5



		10

		-57.7

		-56

		-48.6

		-51.7

		-55.7

		-63.5

		-62.4

		-57.9










Table A.5

DVB-T Interferer Protection Ratio (dB) ; C=-50dBm

		Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F



		-10

		-51

		-51.1

		-43.9

		-50.5

		-47.1

		-52.4

		-50.2

		-51.6



		-9

		-50.6

		-50.5

		-44.4

		-50

		-46.1

		-54

		-49.6

		-51.3



		-8

		-50.1

		-50.1

		-44

		-49.7

		-45.3

		-53.5

		-50.3

		-50.7



		-7

		-50.1

		-50

		-44.2

		-49.6

		-51.1

		-51.9

		-55

		-50.1



		-6

		-49.8

		-50.4

		-44.2

		-49.1

		-50.7

		-50.1

		-53.7

		-49.7



		-5

		-49.8

		-50.2

		-44

		-49.8

		-50.2

		-49.2

		-52.5

		-50.1



		-4

		-49.2

		-49.6

		-43

		-47.2

		-48

		-48

		-51.1

		-48.2



		-3

		-48

		-49.1

		-42.6

		-46.9

		-46.3

		-46.2

		-49.2

		-44.3



		-2

		-45.9

		-48.3

		-41

		-42.2

		-44

		-44.7

		-46.7

		-42



		-1

		-40.1

		-40.2

		-37.9

		-40.3

		-38

		-36

		-36.8

		-32.4



		0

		

		

		

		

		

		

		

		



		1

		-39.2

		-41.2

		-36.6

		-40.4

		-34.8

		-38

		-36.8

		-37.8



		2

		-46.5

		-47.7

		-39.8

		-45.2

		-41.5

		-47.4

		-39.6

		-47.1



		3

		-49.5

		-50.2

		-41.2

		-46.3

		-33.5

		-45.4

		-29.7

		-50.6



		4

		-50.6

		-50.6

		-42.2

		-47.5

		-39.6

		-42.5

		-40.1

		-48.8



		5

		-51.2

		-50.9

		-43.2

		-48.4

		-44.8

		-44.8

		-43.4

		-50.1



		6

		-51.5

		-51.1

		-43.6

		-48.6

		-48.5

		-50.4

		-52.2

		-52.8



		7

		-51.9

		-51.4

		-43.4

		-49.3

		-49.9

		-58.5

		-54.7

		-54.1



		8

		-52.3

		-51.7

		-43.4

		-49.9

		-50.5

		-59.8

		-56.5

		-54.6



		9 image

		-52.7

		-52.1

		-43.8

		-50.2

		-49.7

		-39.8

		-50.5

		-50.9



		10

		-53.1

		-52.6

		-43.8

		-50.5

		-50.5

		-59.1

		-57.7

		-55.7










Table A.6

DVB-T Interferer Protection Ratio (dB) ; C=-45dBm

		Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F



		-10

		-46.1

		-47.1

		-39

		-49.5

		-43.8

		-47.6

		-44.8

		-49



		-9

		-45.8

		-46.7

		-39

		-49.6

		-43.4

		-49.9

		-44.6

		-48.8



		-8

		-45.4

		-46.3

		-38.8

		-49.5

		-43.3

		-49

		-45.7

		-48.3



		-7

		-45.1

		-46.4

		-38.6

		-49.5

		-46.4

		-47.5

		-51.2

		-47.3



		-6

		-45.1

		-46.9

		-38.6

		-48.5

		-46.2

		-45.7

		-49.8

		-46.3



		-5

		-45.1

		-47.3

		-38.8

		-48.6

		-45.9

		-44.7

		-49

		-46.1



		-4

		-44.7

		-47.3

		-37.8

		-48.4

		-44.4

		-43.5

		-47.3

		-44.5



		-3

		-43.9

		-46.8

		-37.6

		-46.2

		-42.6

		-42.6

		-45.4

		-40.1



		-2

		-42.1

		-46.1

		-36.4

		-42.8

		-40.2

		-41.2

		-47.2

		-37.9



		-1

		-37.3

		-37

		-34.9

		-39.7

		-34.6

		-34.6

		-34.9

		-30.1



		0

		

		

		

		

		

		

		

		



		1

		-36.6

		-39.3

		-34.1

		-40.1

		-31.6

		-35.8

		-34.1

		-34.9



		2

		-42.6

		-45.8

		-35.8

		-43.2

		-37.8

		-43.9

		-39.2

		-43.5



		3

		-45.4

		-48

		-37

		-46.6

		-34.6

		-45.7

		-28.2

		-46.6



		4

		-46.3

		-48.2

		-37.9

		-48.6

		-39.8

		-41.6

		-36.1

		-47.1



		5

		-46.7

		-48

		-39

		-49

		-42.6

		-43.3

		-39.7

		-48.7



		6

		-47

		-48.4

		-39.1

		-48.7

		-44.6

		-47.5

		-47.6

		-51.1



		7

		-47.4

		-48.2

		-38.8

		-49.2

		-45.3

		-54.7

		-49.8

		-52



		8

		-47.7

		-48.1

		-38.8

		-49.1

		-45.6

		-55

		-51.6

		-52.5



		9 image

		-48

		-48.3

		-38.8

		-49.5

		-45.4

		-39.1

		-48

		-48.9



		10

		-48.4

		-48.5

		-38.9

		-49.7

		-46

		-55

		-53.2

		-52.5








Table A.7

DVB-T Interferer Protection Ratio (dB) ; C=-40dBm

		Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F



		-10

		-41.2

		-43.4

		-34

		-51.6

		-41.2

		-43.3

		-43

		-45.5



		-9

		-40.8

		-42.6

		-34

		-51.5

		-40.9

		-45.4

		-42.8

		-45.7



		-8

		-40.4

		-42.7

		-33.8

		-50.5

		-40.7

		-44.3

		-43.3

		-45.7



		-7

		-40.1

		-42.7

		-33.7

		-50.4

		-41.6

		-42.8

		-47.2

		-45



		-6

		-40.2

		-42.8

		-33.9

		-48.9

		-41.4

		-41.3

		-45.7

		-44



		-5

		-40.1

		-44.2

		-34

		-48.4

		-41.1

		-40.1

		-45.2

		-43.3



		-4

		-39.7

		-43.8

		-33

		-45.9

		-40.3

		-39.2

		-43.6

		-40.3



		-3

		-39.5

		-43.3

		-33.3

		-43.3

		-38.7

		-38.4

		-44.4

		-36.2



		-2

		-38

		-42.8

		-32.3

		-40

		-36.2

		-37.1

		-41.1

		-33.8



		-1

		-33.8

		-33.9

		-30.8

		-35.8

		-31.3

		-32

		-32.2

		-26.9



		0

		

		

		

		

		

		

		

		



		1

		-34.3

		-36.7

		-31.3

		-36

		-28.2

		-32.9

		-30.9

		-31.7



		2

		-38.6

		-43.3

		-31.8

		-39.8

		-33.9

		-40.1

		-36.4

		-39.3



		3

		-41

		-44.9

		-32.9

		-43.3

		-34.6

		-43.2

		-27.8

		-42.5



		4

		-41.6

		-44.9

		-33.2

		-46.3

		-38.4

		-39.8

		-35.4

		-43.9



		5

		-41.7

		-44.9

		-34.2

		-48.7

		-39.4

		-41

		-38.8

		-45.7



		6

		-42.1

		-44.5

		-34.2

		-49.7

		-40.3

		-44.6

		-44.2

		-47.6



		7

		-42.4

		-44.1

		-34

		-50.9

		-40.6

		-50

		-45.6

		-47



		8

		-42.8

		-44.1

		-33.9

		-51.6

		-40.8

		-50

		-46.6

		-46.8



		9 image

		-43.1

		-44.2

		-33.9

		-52.2

		-40.6

		-39.2

		-44.7

		-44.9



		10

		-43.4

		-44.6

		-34

		-52.7

		-41.1

		-50

		-47.9

		-46.4








Table A.8

DVB-T Interferer Protection Ratio (dB) ; C=-35dBm

		Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F



		-10

		-36.2

		-40

		N/A

		-48

		-37

		-40.2

		-42.6

		N/A



		-9

		-35.8

		-39.4

		N/A

		-47.5

		-37.1

		-40.2

		-42.6

		N/A



		-8

		-35.4

		-39.2

		N/A

		-46.9

		-37

		-39.6

		-42.5

		N/A



		-7

		-35.1

		-39.2

		N/A

		-46.6

		-36.9

		-38.1

		-42.7

		N/A



		-6

		-35.1

		-39.3

		N/A

		-46.5

		-36.4

		-36.7

		-41

		N/A



		-5

		-35.1

		-39.8

		N/A

		-45.8

		-36.3

		-35.7

		-41.1

		N/A



		-4

		-34.8

		-39.6

		N/A

		-43

		-35.7

		-34.5

		-39.3

		N/A



		-3

		-34.8

		-39.8

		N/A

		-39.6

		-34.4

		-33.7

		-37.2

		N/A



		-2

		-33.9

		-39.2

		N/A

		-36.3

		-32.2

		-32.8

		-35.1

		N/A



		-1

		-30.2

		-30

		N/A

		-33.3

		-27.6

		-29

		-29.1

		N/A



		0

		

		

		

		

		

		

		

		



		1

		-30.9

		-33.7

		N/A

		-33.8

		-24.8

		-30.2

		-27.7

		N/A



		2

		-34.6

		-40.7

		N/A

		-36.5

		-29.8

		-36.5

		-32.9

		N/A



		3

		-36.3

		-41.5

		N/A

		-40.2

		-32.5

		-39.8

		-27.6

		N/A



		4

		-36.6

		-41.5

		N/A

		-43.6

		-34.4

		-38.8

		-34.6

		N/A



		5

		-36.9

		-41.5

		N/A

		-45.6

		-34.5

		-39.2

		-37

		N/A



		6

		-37.2

		-40.9

		N/A

		-47.6

		-35.4

		-44.4

		-40.5

		N/A



		7

		-37.5

		-40.6

		N/A

		-48.8

		-35.5

		-47.4

		-41.1

		N/A



		8

		-37.7

		-40.3

		N/A

		-48.8

		-35.8

		-47.1

		-41.7

		N/A



		9 image

		-38.1

		-40.4

		N/A

		-48.8

		-35.8

		-39.5

		-40.9

		N/A



		10

		-38.5

		-40.8

		N/A

		-48.8

		-36.2

		-45.3

		-43.4

		N/A






Table A.9

DVB-T Interferer Protection Ratio (dB); C=-30dBm

		Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F



		-10

		-30.7

		N/A

		N/A

		N/A

		-31.4

		-36.1

		-39.4

		N/A



		-9

		-30.9

		N/A

		N/A

		N/A

		-32

		-35.6

		-39.2

		N/A



		-8

		-30.4

		N/A

		N/A

		N/A

		-32

		-34.6

		-38.6

		N/A



		-7

		-30.1

		N/A

		N/A

		N/A

		-32.1

		-33.3

		-38

		N/A



		-6

		-30.2

		N/A

		N/A

		N/A

		-31.7

		-31.9

		-36.2

		N/A



		-5

		-30.1

		N/A

		N/A

		N/A

		-31.5

		-30.8

		-36.2

		N/A



		-4

		-29.8

		N/A

		N/A

		N/A

		-30.9

		-29.8

		-35

		N/A



		-3

		-29.9

		N/A

		N/A

		N/A

		-30

		-29.1

		-32.9

		N/A



		-2

		-29.7

		N/A

		N/A

		N/A

		-28.3

		-28.5

		-30.8

		N/A



		-1

		-26.5

		N/A

		N/A

		N/A

		-24.2

		-25.8

		-25.8

		N/A



		0

		

		

		

		

		

		

		

		



		1

		-27.1

		N/A

		N/A

		N/A

		-21.2

		-27.2

		-23.9

		N/A



		2

		-30.4

		N/A

		N/A

		N/A

		-25.6

		-32.3

		-29

		N/A



		3

		-30.1

		N/A

		N/A

		N/A

		-28.5

		-36.2

		-27.1

		N/A



		4

		-31.7

		N/A

		N/A

		N/A

		-29.8

		-38.2

		-32.1

		N/A



		5

		-31.8

		N/A

		N/A

		N/A

		-29.3

		-36.7

		-33.9

		N/A



		6

		-32.2

		N/A

		N/A

		N/A

		-30.3

		-41.7

		-35.4

		N/A



		7

		-32.5

		N/A

		N/A

		N/A

		-30.4

		-41.3

		-36.2

		N/A



		8

		-32.8

		N/A

		N/A

		N/A

		-30.8

		-40.1

		-36.9

		N/A



		9 image

		-33.1

		N/A

		N/A

		N/A

		-30.8

		-38.3

		-36.9

		N/A



		10

		-33.4

		N/A

		N/A

		N/A

		-31.1

		-40.2

		-38.4

		N/A










[bookmark: _Toc258914838][bookmark: _Toc396315829]A.3	C versus I Plots

Figure A.9

DVB-T Interferer - C/I for Silicon Tuner E
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Figure A.10

DVB-T Interferer -C/I for Silicon Tuner A
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Figure A.11

DVB-T Interferer -C/I for Silicon Tuner F
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Figure A.12

DVB-T Interferer -C/I for Silicon Tuner B
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Figure A.13

DVB-T Interferer -C/I for Can Tuner A
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Figure A.14

DVB-T Interferer -C/I for Can Tuner D
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Figure A.15

DVB-T Interferer -C/I for Can Tuner E
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[bookmark: OLE_LINK3]Figure A.16

DVB-T Interferer -C/I for Can Tuner F
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DVB-T into DVB-T - 8k 64QAM 2/3, ITU Method. C=-70dBm


-80


-70


-60


-50


-40


-30


-20


-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7 8 9 10


Interferer Channel Offset (8Mhz Channels)


C/I dB


Si Tuner E


Si Tuner A


Si Tuner F


Si Tuner B


Can Tuner A


Can Tuner D


Can Tuner E


Can Tuner F




image5.emf
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DVB-T into DVB-T I/C - 8k 64QAM 2/3, ITU Method,  C=-40dBm 
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DVB-T into DVB-T I/C - 8k 64QAM 2/3, ITU Method,  C=-30dBm 
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Si Tuner F 786MHz 
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Can Tuner A 786MHz
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[bookmark: _Toc385489759]
1	Introduction

Most TV tuners are capable of tuning to a large frequency range (40/174-862MHz), and will continue to do so in the future because of the requirement to receive DVB-C cable services (which will continue to operate in the 790-862MHz range) as well as DVB-T services in the band below 790MHz.  Therefore this investigation concentrated on measuring protection ratio and overload threshold for UMTS BS(TPC off) and UMTS UE(TPC on) on a number of modern mass produced DVB-T receivers  shown in Table 1 including set top boxes (STB), integrated digital TVs (iDTVs) and personal video recorders (PVRs), employing a selection of conventional “can” and more recent “silicon” tuners that are being increasingly used in new TV designs.

The interferer configurations used are shown in Table 1 with coloured noise added on the UE signal to simulate worst case handset transmitter conditions allowed by the 3GPP mask from TS 125.101 (V 8.6.0) (see Reference 1).

All the measurement data has been placed in Appendix A to allow further analysis if necessary.

[bookmark: _Toc252986705][bookmark: _Toc253148652][bookmark: _Toc385489760][bookmark: _Toc252203433]2	Receivers Tested

Three receivers with silicon tuners and four receivers with conventional can tuners were tested. All receivers use tuners designed for cost effective high volume mass production designs.  There was no high cost “niche market” product tested.

[bookmark: _Ref257373972]Table 1

Receiver types tested

		Receiver Designation

		Channel Raster

		Interference Tests Made



		Rx with Silicon Tuner E

		5 MHz

		[bookmark: OLE_LINK1][bookmark: OLE_LINK2]5MHz UMTS BS & UE (with TPC on)



		Rx with Silicon Tuner F

		5 MHz

		5MHz UMTS BS & UE (with TPC on)



		Rx with Silicon Tuner B

		5 MHz

		5MHz UMTS BS & UE (with TPC on)



		Rx with Can Tuner E

		5 MHz

		5MHz UMTS BS & UE (with TPC on)



		Rx with Can Tuner F

		5 MHz

		5MHz UMTS BS & UE (with TPC on)



		Rx with Can Tuner G

		5 MHz

		5MHz UMTS BS & UE (with TPC on)



		Rx with Can Tuner A

		5 MHz

		5MHz UMTS BS & UE (with TPC on)





[bookmark: _Toc253141629][bookmark: _Toc253141988][bookmark: _Toc253142065][bookmark: _Toc253142405][bookmark: _Toc253143930][bookmark: _Toc252986706][bookmark: _Toc253148653][bookmark: _Toc385489761]3	Signal Definitions

The wanted signal was DVB-T 8K CR2/3, GI ¼ with an 8MHz bandwidth[footnoteRef:1].  The wanted signal was swept over the range -70dBm to -30dBm. The interferer signal parameters are tabulated in Table 2. [1:  Which conforms to the reference modulation parameters used in DTTB planning by many administrations] 






[bookmark: _Ref257736611]Table 2

UMTS interfering signal parameters

		UMTS (3GPP version 6)



		Access technique

		Modulation

		Modulation filter



		CDMA/FDD

		QPSK single carrier

		Root raised cosine =0.22



		Channel raster

		Chip rate

		Data rate DL DPCH/
UL DPDCH&DPCCH



		5 MHz

		3,84 Mbps

		30 ksps / 60&15 ksps1



		Mode DL/UL

		Scrambling mode

		UL TPC pattern length/step



		DPCH/DPDCH&DPCCH

		Long

		7320 bits (488 frames)/1 dB





[bookmark: _Toc252986707][bookmark: _Toc253148654][bookmark: _Toc385489762]4	Frequencies Tested

The wanted signal was fixed at 786MHz (channel 60) whilst the interferer was swept according to Figure 1 and Table 3 .  This frequency spacing was chosen to match other UMTS test procedures.  There is no guard band between the UMTS and DVB-T signals.

[bookmark: _Ref258851054]Figure 1

Arrangement of Wanted and Interference Signal Frequencies for 5MHz Channel Raster






Table 3

Frequencies tested for 5MHz channel raster

		Wanted signal 

8MHz DVB-T 8K 2/3 ¼ fixed at 786MHz (N)

		Interferer Offset 

Fi-Fc centre frequencies, MHz

		Interferer RF Centre Frequency

MHz



		N+1

		6.5

		792.5



		N+2

		11.5

		797.5



		N+3

		16.5

		802.5



		N+4

		21.5

		807.5



		N+5

		26.5

		812.5



		N+6

		31.5

		817.5



		N+7

		36.5

		822.5



		N+8

		41.5

		827.5



		N+9

		46.5

		832.5



		N+10

		51.5

		837.5



		N+11

		56.5

		842.5



		N+14

(image for can tuners)

		71.5

		857.5





[bookmark: _Toc252986708][bookmark: _Toc253148655][bookmark: _Toc385489763]
5	Measurement Setup and Technique



Figure 2 shows the test rig used for UMTS into DVB-T measurements.  

[bookmark: _Ref257374341]Figure 2

Test Equipment Setup for UMTS Interferer

[image: ]



The UMTS BS signal was generated from an Agilent ESG E4438c vector signal generator programmed with waveforms for various UMTS signal configurations created using Agilent Signal Studio for WCDMA software.  No additional noise was added to this signal.  The resulting spectrum at maximum power after filtering by a band pass filter is shown in Figure 3.

[bookmark: _Ref257738028]Figure 3

UMTS BS Signal with Mask from ETSI TS 125.104 V8.14.0 release 8 section 6.6.2.1 Table 6.5

[image: ]



The BS signal in the N+/-1 channels is 50dB down but still 10dB above the mask which might affect the N+1 PR results, however the actual results were still inside the PR masks of CEPT ECC Report 138 (see Reference 3).

The UMTS UE signal was generated using the ESG E4438c internal UMTS generator that was capable of reproducing the 3km/h transmit power control (TPC) profile when controlled by an external ARB generator (not shown in diagram) programmed with suitable step up/down TPC signals for this profile.  This profile was designed to match the 3km/h TPC profile shown in CEPT ECC Report 138. The zero span spectrum analyser plot of the generated 3km/h profile is shown in Figure 5, which can be compared with the reference profile given in the CEPT ECC Report 138 shown in Figure 4.  Taking into account the difference in vertical scale between the two figures, the profiles are very similar. 

[bookmark: _Ref257405774][bookmark: _Ref259174283]
Figure 4

UE 3Km/h Transmit Power Control Profile Used in CEPT ECC Report 138

[image: ]

[bookmark: _Ref257405772]Figure 5

Measured Power Variation at E4438c RF Output with spectrum analyser set to zero span

[image: ]

For the UE interference tests, a Rohde and Schwarz SFU was used as an additional arbitrary waveform generator, supplying a suitably shaped noise spectrum (generated by Matlab) to simulate the effects of out of band emissions from a UMTS UE operating at the limit of the out of band emission specification.  This noise signal was combined with the UMTS signal before amplification. Figure 6 shows the interference signal after amplification and band pass filtering alongside the mask from 3GPP TS 125.101 V8.6.0, Section 6.6.2.1.1.  The UE signal slightly exceeds the mask at N+/-1 which might affect N+1 test results reported in this study.

[bookmark: _Ref257374380]Figure 6

UMTS UE signal at maximum power after amplification and filtering compared with 3GPP mask from TS 125.101 V8.6.0
(Note Signal is set to max output power with TPC enabled and TPC control set to maximum)

[image: ]

All measurements were made with ATE software using the Rohde and Schwartz DVQ picture analyzer to detect when 60 seconds of error free picture reception is achieved. The “Diver” MPEG2 transport stream was used for all tests.  The C/I figure was recorded at this point.

The I vs. C characteristic for each tuner was plotted to determine the protection ratio and overload thresholds at each interferer frequency offset.  The method used is based on the test methodology described in Section 5 of Report BT.2215.

Measurement data is listed in Appendix A to allow further analysis of C/I and overload thresholds if required.

[bookmark: _Toc252203434][bookmark: _Toc252986711][bookmark: _Toc253148658][bookmark: _Toc385489764]5.1	UMTS Signal Level Calibration

The power of the UMTS UE signal with TPC was calibrated by setting the signal to maximum power (peak of TPC profile).  The protection ratios for the UMTS UE measurements are relative to this power level.

[bookmark: _Toc252986715][bookmark: _Toc253148662][bookmark: _Toc385489765][bookmark: _Ref252897380]6	UMTS Interference Measurements

[bookmark: _Toc252986716][bookmark: _Toc253148663][bookmark: _Toc385489766]6.1	Protection from UMTS UE Interferer

Figure 7 shows the measured protection ratio.

[bookmark: _Ref289772963]Figure 7

Protection Ratio for UMTS UE interferer TPC on

[image: ]



Figures 7 to 13 show the C/I achieved with different wanted signal levels. The minimum wanted signal is at -70dBm – far enough above receiver sensitivity to avoid receiver noise floor issues.  Points to note are:

· In Figure 7, at some points all the silicon tuners PR lie outside the 90% percentile mask for UMTS UE in CEPT ECC Report 138, but the can tuner PR measurements fall inside the mask.  An explanation for this might be that the Report 138 mask is based on can tuner measurement results only.

· Can tuners showed a common weak point at 36MHz offsets compared to silicon tuner PR which was fairly flat across frequency.  This weak spot could be due to the use of a 36MHz IF and the presence of a strong interference at N+7 (36.5MHz offset) overlaying the local oscillator signal resulting in an in band interference.   Silicon tuners generally use low IF or zero IF which avoids this problem.

· The normal can tuner 2xIF image channel weakness is also seen in the figures at the 71.5MHz frequency offset points.

· The spread of tuner performance generally decreases for higher wanted signal levels, with a few exceptions.






[bookmark: _Ref257383702]Figure 8

C/I for UMTS UE interferer TPC on, C=-70dBm
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[bookmark: _Ref257383714]Figure 9

C/I for UMTS UE interferer TPC on, C=-60dBm
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Figure 10

C/I for UMTS UE interferer TPC on, C=-50dBm

[image: ]

Figure 11

C/I for UMTS UE interferer TPC on, C=-40dBm
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Figure 12

C/I for UMTS UE interferer TPC on, C=-35dBm

[image: ]

[bookmark: _Ref257818320][bookmark: _Ref257887249]Figure 13

C/I for UMTS UE interferer TPC on, C=-30dBm

[image: ]

Protection ratios from Figure 7Figure 7 are tabulated in Table 4 below for the UE interferer.  Grey shading represents known weak points in can tuner designs.  Red text represents PR points that are higher than the 90th percentile PR mask in Reference 3.

Table 4

Protection ratio for UMTS UE interferer TPC On

		Interferer Offset N / (MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A

		ECC REP138 90th%



		

		

		

		

		

		

		

		

		



		1  (6.5MHz)

		-28

		-16

		-27

		-31

		-18

		-32

		-31

		-15



		2  (11.5MHz)

		-31

		-32

		-28

		-40

		-27

		-44

		-45

		-26



		3  (16.5MHz)

		-31

		-32

		-29

		-43

		-37

		-45

		-46

		-26



		4  (21.5MHz)

		-33

		-33

		-29

		-47

		-46

		-52

		-43

		-28



		5  (26.5MHz)

		-33

		-34

		-30

		-51

		-51

		-56

		-57

		-36



		6  (31.5MHz)

		-35

		-35

		-30

		-62

		-51

		-65

		-62

		-40



		7  (36.5MHz)

		-35

		-36

		-31

		-47

		-44

		-47

		-59

		-16



		8  (41.5MHz)

		-36

		-37

		-32

		-71

		-67

		-70

		-70

		-54



		9  (46.5MHz)

		-37

		-38

		-33

		-72

		-68

		-69

		-71

		-54



		10  (51.5MHz)

		-36

		-38

		-32

		-76

		-70

		-73

		-72

		-56



		11   (56.5MHz)

		-38

		-39

		-34

		-77

		-71

		-73

		-73

		-57



		14  (71.5MHz)  Can tuner image channel

		-41

		-41

		-34

		-54

		-51

		-46

		-57

		-42





[bookmark: _Toc252986717][bookmark: _Toc253148664]






[bookmark: _Toc385489767]6.2	Proposed Recommendation for ITU-R BT.1368 UE PR

It is quite clear from the measurement results that can and silicon tuners have different strengths and weaknesses at different frequency offsets.  To ensure these are taken into account in network planning, the 10th, 50th, and 90th percentiles for the can and silicon tuner measurements in this Annex have been calculated, and a proposed PR selected from the highest of these percentiles or those in CEPT ECC Report 138.  This proposal is shown in Table 5 below where the changes relative to ECC Report 138 are highlighted in yellow and plotted in Figure 14.

Table 5

Proposed ITU-R BT. 1368 Recommendation for PR with UMTS UE interferer TPC On

		



		ECC REPORT 138

		Measurement Results

		This Proposal



		Interferer Offset N / (MHz)

		10th%

		50th%

		90th%

		10th%

		50th%

		90th%

		10th%

		50th%

		90th%



		1  (6.5MHz)

		-19

		-17

		-15

		-31

		-28

		-17

		-19

		-17

		-15



		2  (11.5MHz)

		-41

		-34

		-26

		-44

		-32

		-28

		-41

		-32

		-26



		3  (16.5MHz)

		-49

		-37

		-26

		-45

		-37

		-30

		-45

		-37

		-26



		4  (21.5MHz)

		-51

		-40

		-28

		-49

		-43

		-31

		-49

		-40

		-28



		5  (26.5MHz)

		-55

		-45

		-36

		-56

		-51

		-32

		-55

		-45

		-32



		6  (31.5MHz)

		-68

		-54

		-40

		-63

		-51

		-33

		-63

		-51

		-33



		7  (36.5MHz)

		-72

		-44

		-16

		-52

		-44

		-33

		-52

		-44

		-16



		8  (41.5MHz)

		-76

		-65

		-54

		-70

		-67

		-34

		-70

		-65

		-34



		9  (46.5MHz)

		-72

		-63

		-54

		-71

		-68

		-35

		-71

		-63

		-35



		10  (51.5MHz)

		-76

		-66

		-56

		-74

		-70

		-34

		-74

		-66

		-34



		11   (56.5MHz)

		-77

		-67

		-57

		-75

		-71

		-36

		-75

		-67

		-36



		14  (71.5MHz)  Can tuner image channel

		-53

		-48

		-42

		-55

		-46

		-38

		-53

		-46

		-38





[bookmark: _Ref274119815]Figure 14

Proposed ITU-R BT. 1368 Recommendation for PR with UMTS UE interferer TPC On
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[bookmark: _Toc385489768]6.3	Protection from UMTS BS Interferer

Figure 15 shows the protection ratio calculated using the methodology in section 5 of Report ITU-R BT.2215.

[bookmark: _Ref289777336]Figure 15

UMTS BS interferer protection ratio
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Figures 16 to 21 show the C/I performance with a UMTS BS signal at different wanted signal levels.  Points to note are:

· The PR difference between silicon and can tuners is much less with the BS interferer than with a UE interferer. This is thought to be due to lack of TPC.  However two of the three silicon tuners fall outside the 90% percentile mask at some frequency offsets, and the can tuners measured fall inside the mask.  An explanation for this could be that the masks are only based on can tuner measurements.

· The performance spread between the best and worst tuner decreases slightly as the wanted signal is increased from approximately 22dB at N+10 (51.5MHz), -70dBm to 12dB at N+10, -30dBm.

· The silicon tuner response is smoother; lacking the occasional peaks of the can tuners at certain points such as N+7 (36.5MHz) and N+14 (71.5MHz image issues). Silicon tuner performance is better than most can tuners at these frequencies. 

· The normal can tuner weaknesses at offsets of IF (36MHz) and 2xIF (72MHz) can be seen in the figures.

[bookmark: _Ref257384121][bookmark: _Ref259174929]Figure 16

UMTS BS interferer C/I - C=-70dBm 
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Figure 17

UMTS BS interferer C/I - C=-60dBm 
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Figure 18

UMTS BS interferer C/I - C=-50dBm 
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Figure 19

UMTS BS interferer C/I - C=-40dBm 

[image: ]

Note the maximum interferer power of +10dBm was reached in the above figure by Si-B and Can-E

Figure 20

UMTS BS interferer C/I - C=-35dBm 

[image: ]

Note the maximum interferer power of +10dBm was reached in the above figure by Si-B and Can-E

[bookmark: _Ref257384132]Figure 21

UMTS BS Interferer C/I - C=-30dBm 

[image: ]

Note the maximum interferer power of +10dBm was reached in the above figure by Si-B and Can-E

The protection ratio for C=-70dBm is tabulated in Table 6 below.  Grey shading represents known weak points in can tuner designs.  Red text represents PR points that are higher than the 90% percentile PR mask.

Table 6

Protection Ratio for UMTS BS Interferer

		Interferer Offset N /(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A

		ECC REP 138 90th%



		

		

		

		

		

		

		

		

		



		1      (6.5MHz)

		-47

		-39

		-44

		-41

		-43

		-39

		-42

		-26



		2      (11.5MHz)

		-50

		-42

		-48

		-45

		-50

		-45

		-49

		-35



		3      (16.5MHz)

		-51

		-45

		-48

		-40

		-53

		-45

		-46

		-28



		4      (21.5MHz)

		-53

		-46

		-49

		-45

		-60

		-53

		-48

		-29



		5      (26.5MHz)

		-55

		-47

		-49

		-50

		-66

		-56

		-57

		-38



		6      (31.5MHz)

		-57

		-48

		-49

		-60

		-50

		-65

		-62

		-44



		7      (36.5MHz)

		-57

		-48

		-49

		-45

		-34

		-45

		-57

		-17



		8      (41.5MHz)

		-58

		-49

		-49

		-71

		-53

		-70

		-69

		-56



		9      (46.5MHz)

		-57

		-50

		-49

		-72

		-54

		-68

		-70

		-54



		10    (51.5MHz)

		-60

		-50

		-50

		-75

		-56

		-73

		-71

		-56



		11    (56.5MHz)

		-62

		-51

		-50

		-76

		-60

		-72

		-72

		-57



		14    (71.5MHz) Can tuner image channel

		-59

		-53

		-53

		-51

		-51

		-45

		-57

		-42





[bookmark: _Toc385489769][bookmark: _Ref274202102][bookmark: _Toc252986718][bookmark: _Toc253148665]6.4	Proposed Recommendation for ITU-R BT.1368 BS PR

For the same reasons as given above for the UE interferer, it is proposed that Recommendation ITU-R BT.1368 should take into account the different strengths and weaknesses of can and silicon tuners at different frequency offsets.  The 10th, 50th, and 90th percentiles for the can and silicon tuner measurements in this report have been calculated, and a proposed PR selected from the highest of these percentiles or those in CEPT ECC Report 138.   This is shown in Table 7 below and plotted in Figure 22.  Changes compared with ECC Report 138 are highlighted in yellow.



Table 7

Proposed ITU-R BT. 1368 Recommendation for BS PR

		

		ECC REPORT 138

		Measurement Results

		Proposed PR (dB)l



		Interferer Offset N /
(MHz)

		10th%

		50th%

		90th%

		10th%

		50th%

		90th%

		10th%

		50th%

		90th%



		1      (6.5MHz)

		-36

		-31

		-26

		-45

		-42

		-39

		-36

		-31

		-26



		2      (11.5MHz)

		-46

		-41

		-35

		-50

		-48

		-44

		-46

		-41

		-35



		3      (16.5MHz)

		-55

		-41

		-28

		-52

		-46

		-43

		-52

		-41

		-28



		4      (21.5MHz)

		-61

		-45

		-29

		-56

		-49

		-46

		-56

		-45

		-29



		5      (26.5MHz)

		-64

		-51

		-38

		-61

		-55

		-48

		-61

		-51

		-38



		6      (31.5MHz)

		-71

		-57

		-44

		-63

		-57

		-49

		-63

		-57

		-44



		7      (36.5MHz)

		-73

		-45

		-17

		-57

		-48

		-41

		-57

		-45

		-17



		8      (41.5MHz)

		-75

		-66

		-56

		-70

		-58

		-49

		-70

		-58

		-49



		9      (46.5MHz)

		-72

		-63

		-54

		-71

		-57

		-50

		-71

		-57

		-50



		10    (51.5MHz)

		-76

		-66

		-56

		-74

		-60

		-50

		-74

		-60

		-50



		11    (56.5MHz)

		-76

		-67

		-57

		-74

		-62

		-51

		-74

		-62

		-51



		14    (71.5MHz)  Can  tuner image channel

		-53

		-48

		-42

		-58

		-53

		-49

		-53

		-48

		-42





[bookmark: _Ref274202090]Figure 22

Proposed ITU-R BT. 1368 Recommendation for BS PR
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[bookmark: _Toc385489770]6.5	Overload Threshold for UMTS UE Interferers

Figure 23 shows the Oth for the UE interferer. Two of the silicon tuners Oth fell well below the 10% mask in CEPT ECC Report 138.  Again this can be explained if ECC Report 138 is only based on can tuner measurements. Some of the can tuners measured also fall below this mask as shown in Table 8 where the red text indicates measurements below the 10% percentile ECC mask.  Grey shading represents known weak points in can tuner design.

[bookmark: _Ref257384194][bookmark: _Ref259174476]Figure 23

Oth for UMTS UE Interferer TPC ON

 [image: ]

[bookmark: _Ref274132458]
Table 8

Overload Threshold for UMTS UE Interferer TPC on (dBm)

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner 
B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A

		ECC REP 138 10th%



		

		

		

		

		

		

		

		

		



		1      (6.5MHz)

		NR

		NR

		-41

		-39

		-13

		0

		-9

		NR



		2      (11.5MHz)

		NR

		-34

		-41

		-30

		-7

		2

		-1

		-9



		3      (16.5MHz)

		NR

		-33

		-38

		-22

		2

		2

		0

		-6



		4      (21.5MHz)

		NR

		-32

		-38

		-18

		4

		-14

		1

		-6



		5      (26.5MHz)

		1

		-31

		-39

		-17

		7

		-11

		-12

		-7



		6      (31.5MHz)

		3

		-30

		-40

		-9

		7

		-5

		-7

		-9



		7      (36.5MHz)

		4

		-30

		-39

		-24

		-25

		-22

		-11

		-15



		8      (41.5MHz)

		4

		-31

		-39

		1

		-3

		0

		0

		-9



		9      (46.5MHz)

		5

		-28

		-37

		2

		-1

		1

		1

		-9



		10      (51.5MHz)

		5

		-29

		-36

		6

		0

		3

		2

		-9



		11      (56.5MHz)

		6

		-28

		-36

		7

		1

		3

		3

		-9



		14      (71.5MHz)  Can tuner image channel

		6

		-26

		-35

		6

		5

		4

		2

		-10





[bookmark: _Toc385489771][bookmark: _Ref274133924]6.6	Proposed Recommendation for ITU-R BT.1368 UE Oth

For the same reasons as given above for the UE and BS PRs, we propose ITU-R BT.1368 should take into account the different strengths and weaknesses of can and silicon tuners at different frequency offsets.  The 10th, 50th, and 90th percentiles for the can and silicon tuner measurements in this report have been calculated, and a proposed Oth selected from the lowest of these percentiles or those in ECC Report 138 (see Reference 3).  Changes compared to ECC Report 138 are highlighted in yellow.  This is shown in Table 9 below, and plotted in Figure 24.

Table 9

Proposed ITU-R BT. 1368 Recommendation for UE Oth

		

		ECC REP 138 10th%

		Measurement Results

		Proposed Oth



		Interferer Offset N /(MHz)

		10th%

		50th%

		90th%

		10th%

		50th%

		90th%

		10th%

		50th%

		90th%



		1      (6.5MHz)

		NR

		NR

		NR

		-40

		-13

		-4

		-40

		-13

		-4



		2      (11.5MHz)

		-9

		-2

		4

		-38

		-19

		1

		-38

		-19

		1



		3      (16.5MHz)

		-6

		-1

		4

		-36

		-11

		2

		-36

		-11

		2



		4      (21.5MHz)

		-6

		0

		6

		-35

		-16

		3

		-35

		-16

		3



		5      (26.5MHz)

		-7

		0

		6

		-34

		-12

		3

		-34

		-12

		3



		6      (31.5MHz)

		-9

		-1

		7

		-34

		-7

		5

		-34

		-7

		5



		7      (36.5MHz)

		-15

		-5

		4

		-34

		-24

		-5

		-34

		-24

		-5



		8      (41.5MHz)

		-9

		-1

		7

		-34

		0

		2

		-34

		-1

		2



		9      (46.5MHz)

		-9

		-1

		6

		-32

		1

		3

		-32

		-1

		3



		10      (51.5MHz)

		-9

		-1

		7

		-32

		2

		5

		-32

		-1

		5



		11      (56.5MHz)

		-9

		-1

		8

		-31

		3

		6

		-31

		-1

		6



		14      (71.5MHz)  Can tuner image channel

		-10

		0

		10

		-30

		4

		6

		-30

		0

		6





[bookmark: _Ref274205941]Figure 24

Proposed ITU-R BT. 1368 Recommendation for UE Oth

[bookmark: _Ref257820241][image: ]

[bookmark: _Toc385489772]6.7	Overload Threshold for UMTS BS Interferers

Figure 25 shows the Oth for the BS interferer.   The silicon tuners Oth was generally much better and smoother than the can tuners measured, all passing the ECC Report 138 10% percentile mask, whereas two can tuners failed at least at one frequency offset.  This can be seen also in Table 10 below where the red text indicates measurements below the 10% percentile ECC mask.  Grey shading represents known weak points in can tuner design.

[bookmark: _Ref274205990]Figure 25

Oth for UMTS BS Interferer 
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Table 10

Overload Threshold for UMTS BS (dBm)

		Interferer Offset N / (MHz)

		Si  
Tuner E

		Si
 Tuner F

		Si 
Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A

		ECC REP 138 10th%



		1      (6.5MHz)

		-8

		-6

		0

		-7

		-11

		-4

		-13

		-15



		2      (11.5MHz)

		2

		-3

		4

		1

		3

		1

		-5

		-9



		3      (16.5MHz)

		4

		-3

		8

		2

		4

		1

		0

		-9



		4      (21.5MHz)

		4

		-2

		10

		1

		4

		-14

		1

		-12



		5      (26.5MHz)

		5

		-3

		10

		-16

		3

		-12

		-12

		-14



		6      (31.5MHz)

		4

		-2

		10

		-8

		6

		-4

		-8

		-15



		7      (36.5MHz)

		4

		-2

		10

		-25

		0

		-25

		-12

		-14



		8      (41.5MHz)

		4

		-2

		10

		2

		8

		0

		-1

		-13



		9      (46.5MHz)

		4

		-2

		10

		4

		8

		0

		0

		-12



		10    (51.5MHz)

		5

		-3

		10

		6

		8

		3

		1

		-12



		11    (56.5MHz)

		5

		-3

		10

		8

		7

		2

		2

		-12



		14      (71.5MHz)  Can tuner image channel

		4

		-3

		10

		6

		7

		3

		1

		-12





[bookmark: _Toc385489773]6.8	Proposed Recommendation for ITU-R BT.1368 BS Oth

For the same reasons as given above for the UE and BS PRs, we propose ITU-R BT.1368 should take into account the different strengths and weaknesses of can and silicon tuners at different frequency offsets.  The 10th, 50th, and 90th percentiles for the can and silicon tuner measurements in this report have been calculated, and a proposed Oth selected from the lowest of these percentiles or those in ECC Report 138.  Changes compared to ECC Report 138 are highlighted in yellow.  This is shown in Table 11 below and plotted in Figure 26. 

Table 11

Proposed ITU-R BT. 1368 Recommendation for BS Oth

		

		ECC REP 138 10th%

		Measurement Results

		This Proposal



		Interferer Offset N / (MHz)

		10th%

		50th%

		90th%

		10th%

		50th%

		90th%

		10th%

		50th%

		90th%



		1      (6.5MHz)

		-15

		-9

		-3

		-12

		-7

		-2

		-15

		-9

		-3



		2      (11.5MHz)

		-9

		-4

		2

		-4

		1

		3

		-9

		-4

		2



		3      (16.5MHz)

		-9

		-2

		4

		-1

		2

		6

		-9

		-2

		4



		4      (21.5MHz)

		-12

		-4

		3

		-7

		1

		6

		-12

		-4

		3



		5      (26.5MHz)

		-14

		-5

		5

		-14

		-3

		7

		-14

		-5

		5



		6      (31.5MHz)

		-15

		-6

		3

		-8

		-2

		8

		-15

		-6

		3



		7      (36.5MHz)

		-14

		-6

		2

		-25

		-2

		6

		-25

		-6

		2



		8      (41.5MHz)

		-13

		-5

		3

		-1

		2

		9

		-13

		-5

		3



		9      (46.5MHz)

		-12

		-4

		4

		-1

		4

		9

		-12

		-4

		4



		10    (51.5MHz)

		-12

		-4

		5

		-1

		5

		9

		-12

		-4

		5



		11    (56.5MHz)

		-12

		-3

		6

		0

		5

		9

		-12

		-3

		6



		14      (71.5MHz)  Can tuner image channel

		-12

		-1

		9

		-1

		4

		8

		-12

		-1

		8





[bookmark: _Ref274207582]Figure 26

Proposed ITU-R BT. 1368 Recommendation for BS Oth
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[bookmark: _Toc252986723][bookmark: _Toc253148670][bookmark: _Toc385489774]7	Conclusions 

· The time varying UMTS UE(TPC on) signal caused significant degradation in silicon tuner designs compared with the constant power UMTS BS signal.

· Non linear I/C behavior at low wanted signal levels was observed with both can and silicon tuners when subjected to the time varying UE signal.

· PR did not meet the 90% percentile mask in the CEPT ECC Report 138 for two of the three silicon tuners with UE or BS interferer measurements, see Tables 4, 6, and 12.

· Oth did not meet the 10% percentile mask in the CEPT ECC Report 138 for two of the three silicon tuners with UE interferer measurements, but did meet the mask with the BS interferer.  Interestingly all the can tuners failed to meet the UE mask and two failed the BS mask at some points, see Tables 8, 10, and 12.

Table 12

Pass/Fail Status of Tuners compared with ECC REPORT 138 percentile masks

		Interferer Type

		PR  <  90% Mask Range

		Oth > 10% Mask Range



		UMTS UE (TPC On)

Can Tuners  (4 tested)

Silicon Tuners (3 tested)

		

4/4 pass

0/3 pass

		

0/4 pass

1/3 pass



		UMTS BS (TPC Off)

Can Tuners (4 tested)

Silicon Tuners (3 tested)

		

3/4 pass

1/3 pass

		

2/4 pass

3/3 pass





· Both can and silicon tuners have weak points at different interference frequency offsets.  As silicon tuners are now widely used in newer DVB-T receivers, their characteristics need to be taken into account in addition to the existing can tuner weak points in the final ITU-R BT.1368 recommendation.

[bookmark: _Toc385489775]8	Recommendations

The results of this study are proposed for the development of the ITU-R BT.1368.  In particular, the network planning PR mask needs to take into account the different protection ratio weaknesses of silicon and ‘can’ tuner technology as reported in this document for (N+3 to N+13) (5 MHz raster on silicon tuners) and N+7, N+15 (5 MHz raster on can tuners).  The CEPT ECC Report 138 appears to be based only on can tuners which does not fully represent today’s TV receiver population.  This study proposes new masks for PR and Oth that include silicon and can tuner characteristics.  These are proposed in Tables 5, 7, 9, and 11.

It is proposed that due consideration be given to the differing behaviour and wide performance variation of tuners in the presence of time varying interference, and to make adequate allowance for this variation when finalising ITU-R BT.1368 to prevent widespread TV reception problems.

This study encourages the definition of worst case and typical UMTS configurations for testing purposes, and for better assessment of the risks in deploying UMTS near broadcast channels.  This study shows that the time varying nature of the UMTS UE signal in particular is critical to PR and Oth performance, and further study at other speed profiles than 3km/h is required.
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Appendix A ‑ UMTS Interferer into DVB-T Measurement Data

This appendix shows additional raw measurement data not included in the main body of this Annex 1B. 
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Figure A.1

UMTS UE Interferer C/I – TPC On For Silicon Tuner E
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Figure A.2

UMTS BS Interferer C/I - For Silicon Tuner E
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Figure A.3

UMTS UE Interferer C/I – TPC On For Silicon Tuner F
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Figure A.4

UMTS BS Interferer C/I - For Silicon Tuner F
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Figure A.5

UMTS UE Interferer C/I – TPC On For Silicon Tuner B
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Figure A.6

UMTS BS Interferer C/I - For Silicon Tuner B
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Note the maximum interferer power of +10dBm was reached in the above figure 
for C=-30dBm, -35dBm and -40dBm

Figure A.7

UMTS UE Interferer C/I – TPC On For Can Tuner E
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Note the maximum interferer power of +10dBm was reached in the above figure 
for C=-30dBm, -35dBm and -40dBm at some frequency points.

Figure A.8

UMTS BS Interferer C/I - For Can Tuner E

[image: ]

Note the maximum interferer power of +10dBm was reached in the above figure 
for C=-30dBm, -35dBm -40dBm and -50dBm at some frequency points, e.g N+11

Figure A.9

UMTS UE Interferer C/I – TPC On For Can Tuner F
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Note the maximum interferer power of +10dBm was reached in the above figure 
for C= -40dBm at some frequency points.

Figure A.10

UMTS BS Interferer C/I - For Can Tuner F
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Note the maximum interferer power of +10dBm was reached in the above figure 
for C=-35dBm and -40dBm at some frequency points.

Figure A.11

UMTS UE Interferer C/I – TPC On For Can Tuner G
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Figure A.12

UMTS BS Interferer C/I - For Can Tuner G
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Figure A.13

UMTS UE Interferer C/I – TPC On For Can Tuner A
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Figure A.14

UMTS BS Interferer C/I - For Can Tuner A
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A.2	Tabulated C/I Measurements UMTS UE & BS 
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Table A.1

Protection Ratio for UMTS UE Interferer TPC On, C=-70dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-32

		-28

		-27

		-31

		-21

		-30

		-31



		2      (11.5MHz)

		-33

		-32

		-28

		-40

		-29

		-43

		-45



		3      (16.5MHz)

		-36

		-32

		-29

		-43

		-41

		-45

		-46



		4      (21.5MHz)

		-34

		-33

		-29

		-47

		-51

		-52

		-52



		5      (26.5MHz)

		-33

		-34

		-30

		-51

		-60

		-56

		-57



		6      (31.5MHz)

		-35

		-35

		-30

		-62

		-63

		-65

		-62



		7      (36.5MHz)

		-35

		-36

		-31

		-47

		-44

		-47

		-61



		8      (41.5MHz)

		-36

		-37

		-32

		-71

		-67

		-71

		-70



		9      (46.5MHz)

		-37

		-38

		-33

		-72

		-68

		-69

		-71



		10      (51.5MHz)

		-36

		-38

		-32

		-76

		-70

		-73

		-72



		11      (56.5MHz)

		-38

		-39

		-34

		-77

		-71

		-74

		-73



		14      (71.5MHz)  Can tuner image channel

		-40

		-41

		-34

		-54

		-51

		-46

		-57





Table A.2

Protection Ratio for UMTS BS Interferer, C=-70dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-47

		-38

		-44

		-41

		-43

		-39

		-42



		2      (11.5MHz)

		-50

		-42

		-48

		-45

		-49

		-45

		-49



		3      (16.5MHz)

		-51

		-45

		-48

		-40

		-53

		-45

		-46



		4      (21.5MHz)

		-53

		-46

		-49

		-48

		-60

		-53

		-52



		5      (26.5MHz)

		-55

		-47

		-49

		-50

		-66

		-56

		-57



		6      (31.5MHz)

		-57

		-48

		-49

		-60

		-63

		-65

		-62



		7      (36.5MHz)

		-57

		-48

		-49

		-45

		-45

		-45

		-57



		8      (41.5MHz)

		-58

		-49

		-49

		-71

		-67

		-71

		-69



		9      (46.5MHz)

		-57

		-50

		-49

		-72

		-68

		-68

		-70



		10      (51.5MHz)

		-60

		-50

		-50

		-75

		-70

		-73

		-71



		11      (56.5MHz)

		-62

		-51

		-50

		-76

		-71

		-72

		-71



		14      (71.5MHz)  Can tuner image channel

		-59

		-53

		-53

		-51

		-50

		-45

		-57
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Table A.3

Protection Ratio for UMTS UE Interferer TPC On, C=-60dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-28

		-20

		-19

		-26

		-11

		-32

		-31



		2      (11.5MHz)

		-30

		-22

		-19

		-31

		-21

		-44

		-46



		3      (16.5MHz)

		-31

		-22

		-19

		-38

		-30

		-44

		-46



		4      (21.5MHz)

		-31

		-23

		-19

		-42

		-40

		-46

		-44



		5      (26.5MHz)

		-34

		-24

		-21

		-44

		-50

		-49

		-48



		6      (31.5MHz)

		-35

		-25

		-20

		-51

		-53

		-56

		-52



		7      (36.5MHz)

		-37

		-26

		-20

		-37

		-35

		-38

		-50



		8      (41.5MHz)

		-36

		-27

		-21

		-62

		-57

		-61

		-60



		9      (46.5MHz)

		-38

		-28

		-21

		-64

		-59

		-61

		-61



		10      (51.5MHz)

		-39

		-28

		-22

		-66

		-60

		-64

		-62



		11      (56.5MHz)

		-44

		-29

		-23

		-70

		-61

		-63

		-63



		14      (71.5MHz)  Can tuner image channel

		-45

		-31

		-25

		-53

		-51

		-46

		-57





Table A.4

Protection Ratio for UMTS BS Interferer, C=-60dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-46

		-40

		-44

		-42

		-43

		-41

		-43



		2      (11.5MHz)

		-52

		-43

		-47

		-44

		-51

		-48

		-49



		3      (16.5MHz)

		-52

		-45

		-48

		-39

		-55

		-47

		-45



		4      (21.5MHz)

		-55

		-46

		-48

		-44

		-60

		-46

		-43



		5      (26.5MHz)

		-57

		-48

		-48

		-44

		-63

		-48

		-48



		6      (31.5MHz)

		-58

		-48

		-48

		-52

		-53

		-56

		-52



		7      (36.5MHz)

		-58

		-48

		-47

		-35

		-35

		-35

		-48



		8      (41.5MHz)

		-59

		-49

		-49

		-62

		-57

		-61

		-59



		9      (46.5MHz)

		-60

		-50

		-48

		-64

		-59

		-60

		-60



		10      (51.5MHz)

		-59

		-51

		-47

		-66

		-60

		-63

		-61



		11      (56.5MHz)

		-63

		-51

		-50

		-68

		-60

		-63

		-62



		14      (71.5MHz)  Can tuner image channel

		-60

		-53

		-50

		-53

		-53

		-45

		-57
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Table A.5

Protection Ratio for UMTS UE Interferer TPC On, C=-50dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-27

		-16

		-11

		-11

		-22

		-33

		-33



		2      (11.5MHz)

		-31

		-16

		-11

		-20

		-34

		-45

		-45



		3      (16.5MHz)

		-31

		-17

		-12

		-28

		-44

		-45

		-45



		4      (21.5MHz)

		-33

		-18

		-12

		-33

		-50

		-37

		-49



		5      (26.5MHz)

		-31

		-19

		-11

		-36

		-54

		-41

		-38



		6      (31.5MHz)

		-35

		-20

		-13

		-42

		-51

		-45

		-42



		7      (36.5MHz)

		-32

		-20

		-13

		-26

		-33

		-29

		-38



		8      (41.5MHz)

		-33

		-19

		-14

		-52

		-55

		-50

		-49



		9      (46.5MHz)

		-32

		-22

		-13

		-54

		-55

		-52

		-50



		10      (51.5MHz)

		-33

		-21

		-14

		-56

		-56

		-54

		-51



		11      (56.5MHz)

		-33

		-22

		-14

		-60

		-57

		-54

		-52



		14      (71.5MHz)  Can tuner image channel

		-41

		-24

		-16

		-53

		-51

		-46

		-51





Table A.6

Protection Ratio for UMTS BS Interferer, C=-50dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-42

		-39

		-42

		-39

		-39

		-40

		-37



		2      (11.5MHz)

		-50

		-42

		-48

		-45

		-50

		-48

		-45



		3      (16.5MHz)

		-51

		-45

		-46

		-38

		-52

		-47

		-45



		4      (21.5MHz)

		-52

		-46

		-48

		-45

		-54

		-38

		-49



		5      (26.5MHz)

		-53

		-46

		-51

		-36

		-55

		-41

		-38



		6      (31.5MHz)

		-54

		-47

		-51

		-43

		-50

		-47

		-42



		7      (36.5MHz)

		-54

		-47

		-51

		-25

		-33

		-26

		-38



		8      (41.5MHz)

		-54

		-47

		-51

		-52

		-53

		-50

		-49



		9      (46.5MHz)

		-54

		-47

		-52

		-54

		-55

		-51

		-50



		10      (51.5MHz)

		-55

		-47

		-52

		-57

		-56

		-54

		-51



		11      (56.5MHz)

		-55

		-47

		-52

		-60

		-56

		-52

		-52



		14      (71.5MHz)  Can tuner image channel

		-54

		-47

		-54

		-51

		-52

		-46

		-51
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Table A.7

Protection Ratio for UMTS UE Interferer TPC On, C=-40dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-28

		-13

		-11

		-18

		-22

		-32

		-30



		2      (11.5MHz)

		-31

		-14

		-13

		-20

		-33

		-42

		-39



		3      (16.5MHz)

		-32

		-13

		-12

		-27

		-40

		-42

		-40



		4      (21.5MHz)

		-33

		-14

		-12

		-34

		-44

		-38

		-42



		5      (26.5MHz)

		-35

		-14

		-15

		-32

		-47

		-41

		-40



		6      (31.5MHz)

		-35

		-16

		-15

		-37

		-47

		-44

		-41



		7      (36.5MHz)

		-36

		-18

		-14

		-23

		-33

		-32

		-32



		8      (41.5MHz)

		-38

		-17

		-18

		-45

		-49

		-44

		-45



		9      (46.5MHz)

		-39

		-20

		-22

		-49

		-50

		-44

		-46



		10      (51.5MHz)

		-38

		-18

		-20

		-50

		-50

		-44

		-43



		11      (56.5MHz)

		-39

		-17

		-24

		-50

		-50

		-44

		-45



		14      (71.5MHz)  Can tuner image channel

		-44

		-20

		-23

		-46

		-45

		-44

		-44





Table A.8

Protection Ratio for UMTS BS Interferer, C=-40dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-36

		-34

		-40

		-33

		-32

		-36

		-30



		2      (11.5MHz)

		-42

		-37

		-44

		-41

		-43

		-41

		-37



		3      (16.5MHz)

		-44

		-37

		-46

		-39

		-44

		-41

		-39



		4      (21.5MHz)

		-44

		-38

		-49

		-41

		-45

		-38

		-40



		5      (26.5MHz)

		-44

		-37

		-50

		-33

		-47

		-40

		-39



		6      (31.5MHz)

		-44

		-38

		-50

		-37

		-48

		-43

		-41



		7      (36.5MHz)

		-44

		-38

		-50

		-22

		-34

		-30

		-28



		8      (41.5MHz)

		-44

		-38

		-50

		-44

		-50

		-44

		-42



		9      (46.5MHz)

		-45

		-38

		-50

		-46

		-49

		-44

		-42



		10      (51.5MHz)

		-45

		-37

		-50

		-47

		-50

		-44

		-42



		11      (56.5MHz)

		-45

		-37

		-50

		-50

		-50

		-44

		-42



		14      (71.5MHz)  Can tuner image channel

		-45

		-37

		-50

		-46

		-47

		-43

		-42
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Table A.9

Protection Ratio for UMTS UE Interferer TPC On, C=-35dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-30

		-12

		-11

		-20

		-20

		-31

		-26



		2      (11.5MHz)

		-31

		-16

		-18

		-20

		-28

		-37

		-34



		3      (16.5MHz)

		-32

		-14

		-17

		-24

		-37

		-39

		-35



		4      (21.5MHz)

		-33

		-16

		-17

		-32

		-39

		-37

		-36



		5      (26.5MHz)

		-36

		-16

		-18

		-32

		-41

		-39

		-37



		6      (31.5MHz)

		-38

		-17

		-19

		-38

		-42

		-40

		-38



		7      (36.5MHz)

		-36

		-16

		-18

		-22

		-32

		-34

		-24



		8      (41.5MHz)

		-37

		-15

		-20

		-44

		-44

		-41

		-41



		9      (46.5MHz)

		-37

		-17

		-19

		-45

		-43

		-38

		-39



		10      (51.5MHz)

		-38

		-17

		-22

		-45

		-44

		-39

		-38



		11      (56.5MHz)

		-39

		-19

		-23

		-45

		-43

		-39

		-40



		14      (71.5MHz)  Can tuner image channel

		-41

		-18

		-24

		-45

		-41

		-39

		-40





Table A.10

Protection Ratio for UMTS BS Interferer, C=-35dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-33

		-30

		-35

		-29

		-30

		-32

		-27



		2      (11.5MHz)

		-38

		-32

		-40

		-37

		-38

		-36

		-33



		3      (16.5MHz)

		-39

		-33

		-43

		-37

		-39

		-37

		-35



		4      (21.5MHz)

		-39

		-33

		-45

		-38

		-40

		-36

		-36



		5      (26.5MHz)

		-39

		-33

		-45

		-33

		-41

		-38

		-35



		6      (31.5MHz)

		-39

		-33

		-45

		-37

		-42

		-38

		-37



		7      (36.5MHz)

		-39

		-33

		-45

		-21

		-33

		-32

		-22



		8      (41.5MHz)

		-40

		-33

		-45

		-42

		-45

		-40

		-38



		9      (46.5MHz)

		-39

		-33

		-45

		-44

		-45

		-39

		-35



		10      (51.5MHz)

		-40

		-33

		-45

		-45

		-44

		-40

		-36



		11      (56.5MHz)

		-40

		-32

		-45

		-45

		-43

		-40

		-37



		14      (71.5MHz)  Can tuner image channel

		-40

		-32

		-45

		-43

		-42

		-39

		-37
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Table A.11

Protection Ratio for UMTS UE Interferer TPC On, C=-30dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-29

		-15

		-17

		-24

		-17

		-29

		-23



		2      (11.5MHz)

		-31

		-15

		-17

		-24

		-26

		-33

		-28



		3      (16.5MHz)

		-30

		-14

		-18

		-27

		-33

		-34

		-30



		4      (21.5MHz)

		-32

		-14

		-21

		-33

		-35

		-33

		-31



		5      (26.5MHz)

		-33

		-14

		-18

		-32

		-35

		-35

		-32



		6      (31.5MHz)

		-33

		-17

		-21

		-34

		-36

		-36

		-32



		7      (36.5MHz)

		-34

		-16

		-18

		-21

		-39

		-33

		-17



		8      (41.5MHz)

		-34

		-16

		-19

		-40

		-37

		-35

		-32



		9      (46.5MHz)

		-35

		-19

		-19

		-40

		-38

		-35

		-31



		10      (51.5MHz)

		-35

		-18

		-20

		-40

		-37

		-35

		-31



		11      (56.5MHz)

		-36

		-19

		-20

		-40

		-36

		-34

		-32



		14      (71.5MHz)  Can tuner image channel

		-37

		-20

		-24

		-40

		-37

		-34

		-31





Table A.12

Protection Ratio for UMTS BS Interferer, C=-30dBm

		Interferer Offset N /
(MHz)

		Si Tuner E

		Si Tuner F

		Si Tuner B

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner A



		1      (6.5MHz)

		-29

		-26

		-30

		-26

		-27

		-28

		-23



		2      (11.5MHz)

		-33

		-28

		-37

		-32

		-33

		-32

		-28



		3      (16.5MHz)

		-34

		-28

		-40

		-33

		-34

		-33

		-30



		4      (21.5MHz)

		-34

		-28

		-40

		-33

		-35

		-34

		-31
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Figure 1A.15

I vs. C Plot: UMTS UE TPC on – Si Tuner E
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Figure A.16

I vs. C Plot: UMTS BS – Si Tuner E
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I vs. C Plot: UMTS UE TPC on – Si Tuner F
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Figure A.18

I vs. C Plot: UMTS BS – Si Tuner F
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Figure A.19

I vs. C Plot: UMTS UE TPC on – Si Tuner B
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Figure A.20

I vs. C Plot: UMTS BS – Si Tuner B
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Figure A.21

I vs. C Plot: UMTS UE TPC on – Can Tuner E
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Figure 2

I vs. C Plot: UMTS BS – Can Tuner E
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Figure A.23

I vs. C Plot: UMTS UE TPC on – Can Tuner F
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Figure A.24

I vs. C Plot: UMTS BS – Can Tuner F
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Figure A.25

I vs. C Plot: UMTS UE TPC on – Can Tuner G
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Figure 3A.26

I vs. C Plot: UMTS BS – Can Tuner G
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Figure A.27

I vs. C Plot: UMTS UE TPC on – Can Tuner A
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I vs. C Plot: UMTS BS – Can Tuner A
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Protection ratio measurements for DVB-T interfered
 by mobile systems such as UMTS (W-CDMA)

TABLE OF CONTENTS

1	Introduction	1

2	UMTS W-CDMA Downlink (BS) into DVB-T	2

3	UMTS uplink (UE) into DVB-T	3

[bookmark: _Toc211436731][bookmark: _Toc211437977][bookmark: _Toc211661086][bookmark: _Toc211661551][bookmark: _Toc211661688][bookmark: _Toc211661804][bookmark: _Toc211661934][bookmark: _Toc211662013][bookmark: _Toc211662061][bookmark: _Toc211662109][bookmark: _Toc211662157][bookmark: _Toc211662205][bookmark: _Toc211662299][bookmark: _Toc211662419][bookmark: _Toc211662812][bookmark: _Toc211662860][bookmark: _Toc211662908][bookmark: _Toc211436664][bookmark: _Toc211436732][bookmark: _Toc211437978][bookmark: _Toc211661087][bookmark: _Toc211661552][bookmark: _Toc211661689][bookmark: _Toc211661805][bookmark: _Toc211661935][bookmark: _Toc211662014][bookmark: _Toc211662062][bookmark: _Toc211662110][bookmark: _Toc211662158][bookmark: _Toc211662206][bookmark: _Toc211662300][bookmark: _Toc211662420][bookmark: _Toc211662813][bookmark: _Toc211662861][bookmark: _Toc211662909][bookmark: _Toc211662956][bookmark: _Toc211436733][bookmark: _Toc211437979][bookmark: _Toc211661088][bookmark: _Toc211661553][bookmark: _Toc211661690][bookmark: _Toc211661806][bookmark: _Toc211661936][bookmark: _Toc211662015][bookmark: _Toc211662063][bookmark: _Toc211662111][bookmark: _Toc211662159][bookmark: _Toc211662207][bookmark: _Toc211662301][bookmark: _Toc211662421][bookmark: _Toc211662814][bookmark: _Toc211662862][bookmark: _Toc211662910][bookmark: _Toc211662957][bookmark: _Toc211392330][bookmark: _Toc211392583][bookmark: _Toc211392683][bookmark: _Toc211393370][bookmark: _Toc396916012]1	Introduction

This Annex highlights the issues for DVB-T system affected by UMTS W-CDMA system with respect to the impact of TPC (transmit power control) when compared with static conditions (without TPC). The following cases were assessed:

UMTS (W- CDMA FDD)

· Downlink: emission of the base station (BS) 

· Static (without TPC)

· With TPC

· Uplink: emission of the user equipment  (UE)

· Static (without TPC)

· With TPC
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2	UMTS W-CDMA Downlink (BS) into DVB-T
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The C/I measurements were performed by increasing the level of unwanted interference from the UMTS transmitter to just achieve picture failure for the decoded MPEG signal. 

Figure 1 below shows the measurement results for these tests. It is apparent that the introduction of interference peaks resulting from fast fading and transmit power control (TPC) increases the protection requirement beyond that in (unrealistic) static conditions. It should be noted, however, that the fading profile is in some sense a worst case since the common pilot channel and the combination of larger number of mobile stations would be expected to reduce the statistical variation of the transmit power in practice.

Figure 1

Protection ratios for DVB-T (64 QAM 2/3) interfered with by UMTS base station,
showing the static and the transmit power control modes (50 km/h)
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3	UMTS uplink (UE) into DVB-T 

The mobile interferer (UE) was subjected to fading conditions representing a static channel and with multipath fading conditions representing a UMTS UE (User Equipment) travelling at 3 km/h, 50 km/h and 120 km/h.

The C/I measurements were performed by increasing the level of unwanted interference from the UMTS UE to just achieve picture failure from the decoded MPEG signal. 

Figure 2 below shows the measurement results for these tests. Again it is apparent that fading produces a significant increase in the required protection ratios, although the protection ratio is approximately independent of mobile speed. This suggests that the dominant effect is the presence of impulse-like peaks of transmit power relative to the mean level, and the specific frequency and duration of these peaks is relatively unimportant.

Figure 2

Protection ratios for DVB-T (64 QAM 2/3) interfered with by UMTS user equipment, showing the static and the transmit power control modes.  Vertical scale is dB relative to the mean wanted signal
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This Annex presents the results of measurements carried out to determine the required DVB-T PR and Oth in the presence of UMTS base station (BS) and user equipment (UE) interfering signals with and without transmit power control (TPC). 

[bookmark: _Toc396981886]2	System parameters

[bookmark: _Toc396981887]2.1	DVB-T system parameters

The DVB-T signal parameters used are given in Table 1.

Table 1

		DVB-T signal parameters



		Modulation

		Centre

frequency

(MHz)

		Number

of carriers

		Channel

raster (MHz)

		Coding rate

		Guard interval



		COFDM-64-QAM

		786 (CH 60)

		8 000

		8

		2/3

		1/32



		Average receiver sensitivity measured (dBm)

		Wanted signal levels used (dBm)



		-81

		-75, -70, -60, -50, -40 and -30







[bookmark: _Toc396981888]2.2	UMTS system parameters

The UMTS interfering signal parameters used are given in Table 2. 

Table 2

		UMTS (3GPP version 6)



		Access technique

		Modulation

		Modulation filter



		CDMA/FDD

		QPSK single carrier

		Root raised cosine =0.22



		Channel raster

		Chip rate

		Data rate: DL DPCH

/ UL DPDCH&DPCCH



		5 MHz

		3.84 Mbps

		30 ksps / 60&15 ksps1



		Mode DL/UL

		Scrambling mode

		UL TPC pattern length/step



		DPCH / DPDCH&DPCCH

		Long

		7 320 bits (488 frames)/1 dB



		1 No impact was observed on the measurements results at lower and higher data rates







It should be noted that the generated UMTS interfering signal out-of-band power was still lower than that expected for UMTS base stations (BS) and user equipment (UE) (see Figures 1 and 2). This was due to the unavailability of UMTS BS and UE transmitter filters adjustable within the range of 790-862 MHz. The adjustable filter used for the measurements provided better out-of band attenuation than that required by current UMTS standards ETSI TS 125 101 and TS 125 104 (see References 1 and 2 respectively). Consequently, it would be expected to measure slightly worse DVB-T receiver PR as well as Oth, in particular at a frequency offset (fi-fw) of 6.5 MHz, if an interfering signal in conformity with the standardised UMTS emission mask was generated.

Figure 1
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Figure 2
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[bookmark: _Toc396981890]3.1	Measurement set-up 

The measurement set-up used is shown in Appendix A. The test equipment used is tabulated in Appendix B.  An adjustable band-pass filter was inserted between the output of the UMTS signal generator and the combiner. The objective of this filter was to eliminate the noise generated by the generator. In fact, most of the RF signal generators have a wide frequency range (from several hundred of kHz to several GHz) prohibiting the use of an internal adjustable RF channel filter over their whole frequency range. Consequently, depending on the generated signal level, a non-negligible white noise may be observed at the generator output. The higher the interfering signal level, the higher the noise level! If this noise is not reduced by filtering, it is impossible to measure the actual protection ratios of the receiver under test. Moreover, an isolator was inserted between the combiner and the DVB-T signal generator to keep the power from the UMTS signal generator returning to the DVB-T signal generator output.

[bookmark: _Toc396981891]3.2	Measurement method

The DVB-T receiver signal-to-interference ratios (C/I) were measured, in the presence of a UMTS interfering signal, at six different wanted signal levels: -75, -70, -60, -50, -40 and-30 dBm, for different frequency offsets (fi-fw) with a step of 5 MHz. The objective was to evaluate the receiver PR and Oth .

Setting the wanted signal at relatively high levels permitted feeding into the receiver under test stronger interfering signals than those fed into it at lower wanted signal levels. In principle, C/I measured at Cref are 3 dB higher than those measured at higher wanted signal levels. Actually, when the measurements are conducted at a wanted signal level close to the receiver noise floor, the impact of the receiver noise on the measurement results is not negligible. Consequently, at wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity + 3dB, 3 dB should be added to the PR.

[bookmark: _Toc396981892]3.3	Measurements under static conditions

Receiver sensitivity as well as C/I were determined to ensure the absence of picture failure during a minimum observation time of 30 s. The wanted and interfering signal levels were measured at the receiver input as the rms power in an additive white Gaussian noise (AWGN) channel. Measurement results were noted as C/I.

[bookmark: _Toc396981893]3.4	Measurements under dynamic conditions

Transmit Power Control (TPC) is one of the most important features of cellular mobile communication systems like GSM, UMTS and LTE. In particular, in UMTS, for an optimal reception in the uplink, all UE signals should reach the base station receiver with the same signal power. Actually, if the UE transmitted at a fixed power level, the cells would be dominated by users closest to BS and distant users could not be distinguished by BS (Near-Far problem). TPC  is also a very effective method to compensate the UE/BS signal amplitude variations, which are mainly due to fading, in the uplink (UEBS) as well as in the downlink (BSUE). Furthermore, TPC is an efficient method of reducing UE power consumption.

In principle, the transmitted UMTS signal subjected to TPC is received with a quasi-constant amplitude by the UMTS receiver as shown in Figure 3, ensuring a given SIR or BER/BLER at the receiver. This is particularly true for mobile speeds lower than 50 km/h.


Figure 3
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However, via a different transmission path, the same UMTS signal can be received with a time-varying amplitude by a victim receiver (e.g. by a DVB-T receiver). The range of the amplitude variation may reach several tens of dB depending on TPC profile used.

In the UMTS downlink, UMTS BS is continuously requested to vary its output power by several UMTS UE communicating with it through statistically independent time-varying transmission paths. Accordingly, UMTS BS increases or decreases the amplitude of the baseband signal intended for each UMTS UE. Then, all the baseband signals are added, including the pilot signal (CPICH) which is not subjected to TPC, to build up the complex envelope of the UMTS BS signal. Note that generally 5-15% of the total BS power is devoted to CPICH (about 10% in the case of urban/suburban deployment).The addition of all these independently varying signals has an averaging effect and thus minimises the amplitude variation of the UMTS signal fed into the BS power amplifier. Therefore, one may logically expect that UMTS BS output power variation due to TPC in the downlink is less significant than the UMTS UE output power variation due to TPC in the uplink.

DVB-T PR and Oth in the presence of a UMTS BS interfering signal were measured only under static conditions (TPC off). For DVB-T PR and Oth measurements in the presence of a UMTS UE interfering signal, the latter was subjected to a 3 km/h TPC profile that is shown in Figure 4. The objective of the measurements conducted under dynamic conditions was to evaluate the impact of the time varying UMTS interfering signal on the DVB-T receivers.

Figure 5 shows the waveform measured at the UMTS signal generator output. This waveform is quite similar to the TPC profile implemented in the generator. The profile was kept unchanged during the measurements; different UMTS interfering signal levels were obtained by means of a variable RF attenuator (see Appendix A).



Figure 4
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Figure 5
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Basic characteristics of the TPC profile used are presented in Table 3. They were derived by measuring the fading profile on a spectrum analyser for “Case 1” as defined in ETSI standards TS 125 101 and TS 125 104 (see References 1 and 2, respectively) (see Table 4).

Table 3

		Characteristics of the UMTS UE interfering signal subjected to TPC

(generator max output level)



		

		Calculated from the waveform shown in Figure 5

		Measured by a spectrum

analyser in a 5 MHz BW at the DVB-T receiver input



		Average power (dBm)

		6

		6 (Detector RMS; Mode Average)



		Max power (dBm)

		18.6

		18 (Detector RMS; Mode Max hold)



		Min power (dBm)

		-1

		-2 (Detector RMS; Mode Min hold)



		Max dynamic range

		19.6

		20







Table 4

		Case 1



		Speed for Band I, II, III, IV, IX and X:

3 km/h



		Speed for Band V, VI and VIII:

7 km/h



		Speed for Band VII:

2.3 km/h



		Speed for Band XI:

4.1 km/h



		Speed for Band XII, XIII, XIV

8 km/h



		Relative Delay (ns)

		Relative mean Power (dB)



		0

		0



		976

		-10







Under dynamic measurement conditions, PR an Oth were determined to ensure the absence of picture failure during a minimum observation time of from 30 to 60 s. The interfering signal level was measured as the rms average power in an Additive White Gaussian Noise (AWGN) channel. Measurement results were noted as C/I.

[bookmark: _Toc396981894]


4	Measurement results

Ten different DVB-T receivers (set-top boxes), which are available on the French market (circa 2009), were tested. DVB-T PR and Oth were derived from the measurements.

It should be noted that:

· based on the explanations given in Section 3.4, it was presumed that TPC in the downlink would not cause significant variation of the UMTS BS signal amplitude and it was decided not to apply TPC to the UMTS BS interfering signal in the measurements;

· at wanted signal level close to receiver sensitivity, noise should be taken into account; e.g. at sensitivity + 3dB, PR should be increased by 3 dB.

Measurement results are summarised in this section. More comprehensive results are presented in Annex 1.

[bookmark: _Toc396981895]4.1	DVB-T PR and Oth in the presence of a UMTS BS interfering signal without TPC

Figure 6 shows the minimum, average and maximum DVB-T receiver PR measured in the presence of a UMTS BS interfering signal without TPC.

Figure 6
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Figure 7 shows the minimum, average and maximum DVB-T receiver Oth measured in the presence of a UMTS BS interfering signal without TPC (see also Table C.1 in Appendix C).

Figure 7
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Table 5 presents the average DVB-T PR and Oth in the presence of a UMTS BS interfering signal without TPC in a Gaussian channel environment.

Table 5

		Average DVB-T ( 64-QAM 2/3) PR and Oth - UMTS BS TPC off



		fi-fw (MHz)

		PR (dB)

		Oth (dBm)



		0

		18

		NR



		6.5

		-31

		-9



		11.5

		-41

		-4



		16.5

		-41

		-2



		21.5

		-45

		-4



		26.5

		-51

		-5



		31.5

		-57

		-6



		36.5

		-45

		-6



		41.5

		-66

		-5



		46.5

		-63

		-4



		51.5

		-66

		-4



		56.5

		-67

		-3



		72

		-48

		-1



		NR: Oth is not reached. That is at this frequency offset PR is the predominant criterion. Consequently, the DVB-T receiver is interfered with by the interfering signal due to insufficient C/I (<PR) before reaching its Oth

Note 1: PR is applicable unless the interfering signal level is above the corresponding Oth. If the interfering signal level is above the corresponding Oth, the receiver is interfered with by the interfering signal whatever the PR.

Note 2: At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity + 3db, 3 dB should be added to the PR.










[bookmark: _Toc396981896]4.2	DVB-T PR and Oth in the presence of a UMTS UE interfering signal with TPC

Figure 8 shows the minimum, average and maximum DVB-T receiver PR measured in the presence of a UMTS UE interfering signal with TPC.

Figure 8
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Figure 9 shows the minimum, average and maximum DVB-T receiver Oth measured in the presence of a UMTS UE interfering signal with TPC (see also Table C.2 in Appendix C).

Figure 9
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Table 6 presents the average DVB-T PR and Oth in the presence of a UMTS UE interfering signal with TPC in a Gaussian channel environment; note that under dynamic conditions (TPC on) the interfering signal level was measured as the rms average power. However, in Table 6 DVB-T PR and Oth are also defined relative to the interfering signal maximum rms power.

Table 6

		Average DVB-T ( 64-QAM 2/3) PR and Oth - UMTS UE TPC on



		

		PR and Oth relative to the interfering signal rms average power

		PR and Oth relative to the interfering signal maximum rms power



		fi-fw (MHz)

		PR (dB)

		Oth (dBm)

		PR (dB)

		Oth (dBm)



		0

		30

		NR

		18

		NR



		6.5

		-5

		NR

		-17

		NR



		11.5

		-22

		-14

		-34

		-2



		16.5

		-25

		-13

		-37

		-1



		21.5

		-28

		-12

		-40

		0



		26.5

		-33

		-12

		-45

		0



		31.5

		-42

		-13

		-54

		-1



		36.5

		-32

		-17

		-44

		-5



		41.5

		-53

		-13

		-65

		-1



		46.5

		-51

		-13

		-63

		-1



		51.5

		-54

		-13

		-66

		-1



		56.5

		-55

		-13

		-67

		-1



		72

		-36

		-12

		-48

		0



		NR: Oth is not reached. That is at this frequency offset PR is the predominant criterion. Consequently, the DVB-T receiver is interfered with by the interfering signal due to insufficient C/I (<PR) before reaching its Oth.

Note 1: PR is applicable unless the interfering signal level is above the corresponding Oth. If the interfering signal level is above the corresponding Oth, the receiver is interfered with by the interfering signal whatever the PR.

Note 2: At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity + 3db, 3 dB should be added to the PR.

Note 3: DVB-T PR and Oth relative to the interfering signal maximum rms power is applicable to MCL calculation when the interfering UMTS UE signal power is kept fixed to its maximum value.





[bookmark: _Toc396981897]5	General comments

[bookmark: _Toc396981898]5.1	Validity of the measured DVB-T protection ratios and overloading thresholds

The DVB-T PR and Oth presented in the previous sections have been measured for DVB-T system variant 64-QAM 2/3 under static reception conditions (Gaussian channel):

· PR for different DVB-T system variants relative to 64-QAM 2/3 DVB-T signal and for different reception conditions can be obtained by using the correction factors given in Table A.4.4-15 of the RRC-06 Final Acts (see Reference 3). These correction factors are repeated in Table 7 and are to be added to the DVB-T 64-QAM 2/3 PR measured under static reception conditions;

· PR and Oth for different offset values can be derived from PR curves shown in Figures 6 to 9.



Table 7

		Correction factors for protection ratios (dB) for different system variants

relative to 64-QAM 2/3 DVB‑T signal and for different

reception conditions interfered with by other primary services



		DVB-T system

variant

		Gaussian

channel

		Fixed

reception

		Portable

Outdoor

reception

		Portable

Indoor

reception

		Mobile

reception



		QPSK 1/2

		−13.5

		−12.5

		−10.3

		−10.3

		−7.3



		QPSK 2/3

		−11.6

		−10.5

		−8.2

		−8.2

		−5.2



		QPSK 3/4

		−10.5

		−9.3

		−6.9

		−6.9

		−3.9



		QPSK 5/6

		−9.4

		−8.1

		−5.6

		−5.6

		−2.6



		QPSK 7/8

		−8.5

		−7.1

		−4.5

		−4.5

		−1.5



		16-QAM 1/2

		−7.8

		−6.8

		−3.6

		−3.6

		−1.6



		16-QAM 2/3

		−5.4

		−4.3

		−2.0

		−2.0

		1.0



		16-QAM 3/4

		−3.9

		−2.7

		−0.3

		−0.3

		2.7



		16-QAM 5/6

		−2.8

		−1.5

		1.0

		1.0

		4.0



		16-QAM 7/8

		−2.3

		−0.9

		1.7

		1.7

		4.7



		64-QAM 1/2

		−2.2

		−1.2

		1.0

		1.0

		4.0



		64-QAM 2/3

		0.0

		1.1

		3.4

		3.4

		6.4



		64-QAM 3/4

		1.6

		2.8

		5.2

		5.2

		8.2



		64-QAM 5/6

		3.0

		4.3

		6.8

		6.8

		9.8



		64-QAM 7/8

		3.9

		5.3

		7.9

		7.9

		10.9





[bookmark: _Toc396981899]5.2	Effect of Transmit Power Control (TPC)

Measurement results show that the DVB-T receiver performance, determined in the presence of a UMTS interfering signal at a given maximum power without TPC (base station interference), drastically reduces when the interfering signal is subjected to TPC (user equipment interference).

In UMTS, TPC is applied to the complex envelope of the modulated signal; that is to s’(t)=I(t)+jQ(t). Then, the modulated signal subjected to TPC is fed into the UMTS transmitter power amplifier. As explained in Section 3.4, TPC is a very effective method to compensate for the UMTS UE/BS signal amplitude variations due to fading in the uplink/downlink. However, it also has an important drawback. Actually, the UMTS signal subjected to TPC has a variable envelope with a fairly high dynamic range at the input of the UMTS UE power amplifier. Consequently, the non-linearity effects of the amplifier cause the “spectral re-growth” of the UMTS UE signal subjected to TPC compared to a UMTS UE signal without TPC. This phenomenon is shown in Figure 2. This seems to be the main reason why UMTS UE TPC has a negative impact on the DVB-T receiver performance (see Table 6).

It is also important to note that the UMTS UE emission mask has been defined to take into account the “spectral re-growth” of the UMTS UE signal due to TPC (see Figure 10).


Figure 10
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The impact of a UMTS signal subjected to TPC on a DVB-T receiver cannot be linked to a single parameter (i.e. max peak value of the UMTS signal). It rather depends on the overall TPC profile or more precisely on the magnitude of the amplitude variations around the average value (dynamic range of the TPC) and the relative number of occurrences (or frequency) of the high amplitude variations.

[bookmark: _Toc396981900]6	Conclusion

Extensive measurements were conducted by TDF to determine DVB-T PR and Oth for set-top boxes in fixed reception environment, in the presence of a UMTS interfering signal with and without TPC. 

DVB-T PR and Oth presented in Tables 5 and 6 could be used in sharing studies envisaged within TG 5-6 to estimate the risk of interference from the mobile service into the broadcasting service in the band 790-862 MHz.

[bookmark: _Toc396981901]7	References

1. ETSI TS 125 101: Universal Mobile Telecommunications System (UMTS), User Equipment (UE) radio transmission and reception (FDD) (3GPP TS 25.101 version 8.3.0 Release 8)

2. ETSI TS 125 104: Universal Mobile Telecommunications System (UMTS), Base Station (BS) radio transmission and reception (FDD) (3GPP TS 25.104 version 8.3.0 Release 8)

3. Final Acts of the Regional Radiocommunication Conference for the revision of the Stockholm 1961 Agreement (RRC-06-Rev.ST61), ITU-R, Geneva, Switzerland, 2006.

- 1 -
Annex 1D

25



- 14 -

Annex 1D







[bookmark: _Toc396981902]Appendix A – Test Measurement Setup
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[bookmark: _Toc396981903]Appendix B -- Test equipment used

Table B.1

		Equipment

		Type



		MPEG TS generator

		R&S digital video recorder generator - DVRG



		DVB-T signal generator

		R&S SFQ - TV Test transmitter (300 kHz-3.3 GHz)



		TV screen

		THOMSON Highfocus

32LB040S5



		RF power amplifier

		R.F.P.A

RF 18002200-20



		UMTS BS/UE signal generator

		R&S SMU 200A – Vector signal generator (100 kHz‑6 GHz)



		RF isolator

		Thomson-CSF YBU08



		RF combiner

		AZNAC T-1000

10-1000 MHz



		Adjustable band-pass filters BS/UE

		LORCH-MICROWAVE

500-1000 MHz

5TF-500-1000-1S/5TF-500-1000-3S



		Variable attenuator

		TRILITHIC

BMA-35110-N



		Impedance matching transformer

		JFW 57ZT-1G



		Spectrum analyzer

		R&S FSEA (20 Hz-3.5 GHz)







[bookmark: _Toc396981904]
Appendix C -- Measurement results

Figure C.1
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Figure C.2
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Figure C.3
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Figure C.4
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Table C.1

		DVB-T PR and Oth in the presence of a UMTS BS interfering signal without TPC



		

		Best case

		Proposed protection criteria

		Worst case



		fi-fw (MHz)

		Max Oth

		Min PR

		Average Oth

		Average PR

		Min Oth

		Max PR



		0

		NR

		16

		NR

		18

		NR

		19



		6.5

		-4

		-34

		-9

		-31

		-22

		-20



		11.5

		2

		-47

		-4

		-41

		-14

		-31



		16.5

		4

		-56

		-2

		-41

		-13

		-15



		21.5

		3

		-58

		-4

		-45

		-17

		-17



		26.5

		5

		-62

		-5

		-51

		-19

		-32



		31.5

		5

		-72

		-6

		-57

		-16

		-39



		36.5

		4

		-71

		-6

		-45

		-14

		-8



		41.5

		6

		-77

		-5

		-66

		-14

		-48



		46.5

		6

		-77

		-4

		-63

		-14

		-50



		51.5

		6

		-79

		-4

		-66

		-14

		-51



		56.5

		7

		-79

		-3

		-67

		-14

		-53



		72

		7

		-53

		-1

		-48

		-16

		-40



		NR: Oth is not reached







Table C.2

		DVB-T PR and Oth in the presence of a UMTS UE interfering signal with TPC



		

		Best case

		Proposed protection criteria

		Worst case



		fi-fw (MHz)

		Max Oth

		Min PR

		Average Oth

		Average PR

		Min Oth

		Max PR



		0

		NR

		30

		NR

		30

		NR

		31



		6.5

		NR

		-7

		NR

		-5

		NR

		-1



		11.5

		-8

		-26

		-14

		-22

		-26

		-8



		16.5

		-8

		-34

		-13

		-25

		-19

		-3



		21.5

		-6

		-41

		-12

		-28

		-21

		-6



		26.5

		-6

		-46

		-12

		-33

		-21

		-22



		31.5

		-5

		-58

		-13

		-42

		-24

		-25



		36.5

		-6

		-61

		-17

		-32

		-25

		3



		41.5

		-4

		-66

		-13

		-53

		-21

		-40



		46.5

		-5

		-65

		-13

		-51

		-22

		-41



		51.5

		-4

		-67

		-13

		-54

		-22

		-41



		56.5

		-3

		-67

		-13

		-55

		-23

		-43



		72

		-3

		-41

		-12

		-36

		-25

		-26



		NR: Oth is not reached









Table C.3

		DVB-T PR and Oth measured in the presence of a UMTS BS interfering signal without TPC



		

		Rx1

		Rx2

		Rx3

		Rx4

		Rx5



		fi-fw (MHz)

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I



		0

		NR*

		19

		NR

		17

		NR

		17

		NR

		17

		NR

		17



		6.5

		-4

		-34

		-9

		-30

		-8

		-32

		-7

		-31

		-8

		-32



		11.5

		0

		-47

		-8

		-44

		-3

		-45

		-3

		-39

		-3

		-39



		16.5

		1

		-41

		NR

		-15

		-2

		-46

		-1

		-42

		-3

		-45



		21.5

		-6

		-38

		NR

		-17

		0

		-53

		-17

		-53

		-3

		-54



		26.5

		-4

		-41

		-10

		-32

		2

		-56

		-19

		-55

		-1

		-62



		31.5

		-5

		-42

		-15

		-60

		-6

		-64

		-16

		-58

		-1

		-68



		36.5

		NR

		-8

		-14

		-60

		-5

		-69

		NR

		-16

		-3

		-71



		41.5

		-4

		-69

		-13

		-62

		-3

		-72

		-14

		-60

		-1

		-73



		46.5

		-3

		-59

		-13

		-61

		-2

		-66

		-14

		-60

		-1

		-70



		51.5

		-2

		-63

		-14

		-60

		-1

		-73

		-13

		-61

		0

		-74



		56.5

		-1

		-63

		-14

		-60

		0

		-75

		-12

		-62

		0

		-74



		72

		7

		-41

		-16

		-52

		4

		-51

		-10

		-51

		0

		-48



		

		Rx6

		Rx7

		Rx8

		Rx9

		Rx10



		fi-fw (MHz)

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I



		0

		NR

		18

		NR

		18

		NR

		16

		NR

		16

		NR

		18



		6.5

		-4

		-32

		-22

		-20

		-9

		-31

		-8

		-32

		-8

		-34



		11.5

		2

		-38

		-14

		-31

		-3

		-42

		-2

		-40

		-7

		-43



		16.5

		4

		-43

		-13

		-31

		0

		-47

		-1

		-43

		-9

		-56



		21.5

		3

		-58

		-10

		-34

		0

		-55

		-1

		-46

		-8

		-37



		26.5

		5

		-60

		-6

		-44

		3

		-61

		0

		-44

		-13

		-61



		31.5

		5

		-48

		-9

		-60

		4

		-72

		0

		-39

		-11

		-64



		36.5

		4

		-39

		-8

		-61

		3

		-39

		-12

		-23

		-12

		-62



		41.5

		6

		-48

		-6

		-66

		3

		-77

		-7

		-66

		-10

		-65



		46.5

		6

		-50

		-5

		-67

		4

		-77

		0

		-60

		-11

		-64



		51.5

		6

		-51

		-5

		-68

		5

		-79

		0

		-68

		-12

		-63



		56.5

		7

		-53

		-3

		-70

		5

		-79

		1

		-69

		-12

		-63



		72

		7

		-50

		2

		-43

		6

		-53

		1

		-40

		-14

		-49



		NR: Oth is not reached






Table C.4

		DVB-T PR and Oth measured in the presence of a UMTS UE interfering signal with TPC



		

		Rx1

		Rx2

		Rx3

		Rx4

		Rx5



		fi-fw (MHz)

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I



		0

		NR

		31

		NR

		31

		NR

		30

		NR

		30

		NR

		30



		6.5

		NR

		-6

		NR

		-1

		NR

		-6

		NR

		-6

		NR

		-4



		11.5

		-10

		-26

		-17

		-19

		-12

		-26

		-15

		-25

		-14

		-23



		16.5

		-9

		-30

		NR

		-3

		-10

		-32

		-18

		-33

		-13

		-34



		21.5

		-13

		-29

		NR

		-6

		-9

		-38

		-21

		-29

		-13

		-41



		26.5

		-12

		-25

		-17

		-22

		-7

		-41

		-21

		-29

		-13

		-46



		31.5

		-11

		-25

		-24

		-50

		-15

		-58

		-20

		-34

		-14

		-54



		36.5

		NR

		3

		-23

		-51

		-14

		-59

		NR

		-5

		-14

		-61



		41.5

		-17

		-57

		-21

		-53

		-12

		-62

		-21

		-40

		-11

		-62



		46.5

		-14

		-47

		-21

		-53

		-13

		-59

		-21

		-41

		-11

		-56



		51.5

		-12

		-47

		-22

		-53

		-11

		-62

		-21

		-41

		-10

		-60



		56.5

		-11

		-48

		-22

		-53

		-10

		-65

		-19

		-43

		-9

		-62



		72

		-5

		-30

		-23

		-38

		-3

		-39

		-16

		-34

		-11

		-34



		

		Rx6

		Rx11

		Rx8

		Rx9

		Rx10



		fi-fw (MHz)

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I

		Qth

		C/I



		0

		NR

		31

		NR

		30

		NR

		30

		NR

		30

		NR

		31



		6.5

		NR

		-4

		NR

		-7

		NR

		-4

		NR

		-6

		NR

		-4



		11.5

		NR

		-8

		-8

		-26

		NR

		-13

		-13

		-24

		-26

		-25



		16.5

		-15

		-18

		-8

		-26

		-14

		-20

		-12

		-27

		-19

		-31



		21.5

		-6

		-28

		-7

		-32

		-11

		-26

		-12

		-26

		-19

		-23



		26.5

		-6

		-39

		-8

		-36

		-9

		-33

		-12

		-26

		-19

		-36



		31.5

		-5

		-41

		-6

		-41

		-6

		-40

		-12

		-27

		-19

		-50



		36.5

		-6

		-27

		-24

		-38

		-8

		-26

		-25

		-9

		-24

		-50



		41.5

		-4

		-43

		-4

		-51

		-9

		-66

		-12

		-41

		-21

		-54



		46.5

		-5

		-43

		-5

		-49

		-9

		-65

		-12

		-44

		-22

		-53



		51.5

		-4

		-45

		-6

		-60

		-7

		-67

		-12

		-53

		-22

		-52



		56.5

		-3

		-46

		-11

		-61

		-6

		-67

		-11

		-54

		-23

		-51
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DVB-T receiver PR in the presence of a UMTS BS interfering signal 
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DVB-T receiver PR in the presence of a UMTS UE interfering signal 
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DVB-T receiver PR in the presence of a UMTS BS interfering signal 
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DVB-T receiver PR in the presence of a UMTS UE interfering signal 
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UMTS BS interfering signal without TPC; RMS detector
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Measurements of protection ratios and overload thresholds for DVB-T receivers under interference from LTE in other channels
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[bookmark: _Toc396454600]
1	Introduction

Most TV tuners are capable of tuning to a large frequency range (40/174-862MHz), and will continue to do so in the future because of the requirement to receive DVB-C cable services (which will continue to operate in the 790-862MHz range) as well as DVB-T services in the band below 790MHz.  Therefore this investigation concentrated on measuring protection ratio and overload threshold for three different types of interference on a number of modern mass produced DVB-T receivers including set top boxes (STB), integrated digital TVs (iDTVs) and personal video recorders (PVRs), employing a selection of conventional “can” and more recent “silicon” tuners that are being increasingly used in newer TV designs.

Two of the interferer configurations used conform to standard ETSI/DVB and 3GPP fixed reference model specifications, with the remaining LTE interferer based on a pulsed LTE UE signal with 10% duty cycle - the same configuration used in Figure 3 of the CEPT ECC report 148 (see Reference 1).

The 3GPP and CEPT report 30 masks for LTE out of band emissions have been used to create coloured noise, which was added to the interfering signal, to try to simulate worst case UE emissions allowed by these standards.  All the measurement data has been placed in Appendix A to allow further analysis if necessary.

[bookmark: _Toc252986705][bookmark: _Toc253148652][bookmark: _Toc396454601][bookmark: _Toc252203433]2	Receivers Tested

Four receivers with silicon tuners and nine receivers with conventional can tuners were tested.  The last three receivers with can tuners in Table 1 are used extensively in the Australian market with a fixed 7MHz channel raster, so these are reported separately due to different interferer frequency offsets used in the tests.  All receivers use tuners designed for cost effective high volume mass production designs.  There was no high cost “niche market” product tested.

[bookmark: _Ref257373972]Table 1

Receiver Types Tested

		RECEIVER DESIGNATION

		CHANNEL RASTER

		INTERFERENCE TESTS MADE



		Rx with Silicon Tuner E

		8 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Silicon Tuner A

		8 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Silicon Tuner F

		8 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Silicon Tuner B

		8 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Can Tuner A

		8 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Can Tuner D

		8 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Can Tuner E

		8 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Can Tuner F

		8 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Can Tuner G

		8 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Can Tuner B

		8 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Can Tuner H

		7 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Can Tuner J

		7 MHz

		5MHz LTE BS & UE (static and pulsed)



		Rx with Can Tuner L

		7 MHz

		5MHz LTE BS & UE (static and pulsed)





[bookmark: _Toc253141629][bookmark: _Toc253141988][bookmark: _Toc253142065][bookmark: _Toc253142405][bookmark: _Toc253143930][bookmark: _Toc252986706][bookmark: _Toc253148653][bookmark: _Toc396454602]3	Signal Definitions

The wanted signal was DVB-T 8K CR2/3, GI ¼ with either an 8MHz or 7MHz bandwidth[footnoteRef:1].  The wanted signal was swept over the range -70dBm to -30dBm. The interferer signals were used are shown in Table 2. [1:  Which conforms to the reference modulation parameters used in DTTB planning by many administrations] 


[bookmark: _Ref257374004]Table 2

Interference Signal Definitions

		INTERFERER

		DESCRIPTION

		RELEVANT STANDARD

		DESIGNATION IN TESTS



		5MHz LTE UE 

		All 10 sub-frames active in a 10ms frame, all RBs used 

		[bookmark: OLE_LINK3][bookmark: OLE_LINK4]3GPP 36.101 FRC Table A.2.2.1.1-1

		(LTE5M10S)



		5MHz LTE UE 

		1 sub-frame utilised in a 10ms frame, all RBs used          

		Same as A.2.2.1.1-1 but with 9 sub-frames inactive

		(LTE5M1SF)



		5MHz LTE BS 

		All 10 sub-frames utilised in 10ms frame, all RBs used     

		3GPP 36.101 FRC Table A.3.3-1

		(LTEDL5M1)





[bookmark: _Toc252986707][bookmark: _Toc253148654][bookmark: _Toc396454603]4	Frequencies Tested

The intention of these tests was to determine the effects of an LTE signal on DVB-T services in the first 1 to 10 channels below the LTE signal.  However to speed up testing by using existing test scripts, the wanted DVB-T signal was fixed in frequency  and the LTE signal swept from N+1 to N+10, in multiples of the DVB-T channel raster spacing. Tuner performance is relatively stable over this small range of frequencies (80MHz) so the results should be similar to sweeping the wanted signal.

For receivers with an 8MHz channel raster, the interferer was swept according to Figure 1 and Table 3.  This frequency spacing was chosen to match other LTE test procedures. This choice, however, introduces a guard band offset of 1.5MHz between the edge of the 5MHz LTE signal and the 8MHz DVB-T signal positions. This guard band needs to be taken into account when studying the results for network planning if the actual guard band used is different.




[bookmark: _Ref258847122]Figure 1

Arrangement of Wanted and Interference Signal Frequencies for 8MHz Channel Raster

[bookmark: _Ref257374065][image: ]

Table 3

Frequencies Tested for 8MHz Channel Raster

		Wanted signal 

8MHz DVB-T 8K 2/3 ¼ fixed at 786MHz (N)

		Interferer Offset 

Fi-Fc centre frequencies, MHz

		Interferer RF Centre Frequency

 MHz



		N+1

		8

		794



		N+2

		16

		802



		N+3

		24

		810



		N+4

		32

		818



		N+5

		40

		826



		N+6

		48

		834



		N+7

		56

		842



		N+8

		64

		850



		N+9 image for can tuners

		72

		858



		N+10

		80

		866





[bookmark: _Ref257374128]




For receivers with a 7MHz channel raster, the wanted signal was fixed at 788.5MHz and the LTE interferer swept over the frequencies shown in Figure 2 and Table 4.  The choice of frequency spacing introduces a guard band offset of 1MHz between the edge of the 5MHz LTE signal and the 7MHz DVB-T signal positions, which needs to be taken into account when studying the results for network planning if the actual guard band used is different.

[bookmark: _Ref258910688]Figure 2

Arrangement of Wanted and Interference Signal Frequencies for 7MHz Channel Raster

[image: ]

Table 4

Frequencies Tested for 7MHz Channel Raster

		Wanted signal 

7MHz DVB-T 8K 2/3 ¼ fixed at 788.5MHz (N)

		Interferer Offset 

Fi-Fc centre frequencies, MHz

		Interferer RF Centre Frequency,

 MHz



		N+1

		7

		795.5



		N+2

		14

		802.5



		N+3

		21

		809.5



		N+4

		28

		816.5



		N+5

		35

		823.5



		N+6

		42

		830.5



		N+7

		49

		837.5



		N+8

		56

		844.5



		N+9

		63

		851.5



		N+10 image for can tuners

		70

		858.5







[bookmark: _Toc252986708][bookmark: _Toc253148655]


[bookmark: _Toc396454604]5	Measurement Setup and Technique

Figure 3 shows the test rig used for LTE into DVB-T measurements.  

[bookmark: _Ref257374341]Figure 3

Test Equipment Setup for LTE Interferer
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The LTE BS and UE signals were generated from an Agilent ESG E4438c vector signal generator programmed with waveforms for various LTE signal configurations created using Agilent Signal Studio for LTE (FDD) software.   

For the UE interference tests, a Rohde and Schwarz SFU was used as an additional arbitrary waveform generator, supplying a suitably shaped noise spectrum (generated by Matlab) to simulate the effects of worst case permitted out of band emissions from an LTE UE.  This noise signal was combined with the LTE signal before amplification.  Figure 4 shows the interference signal after amplification and band pass filtering alongside the mask from 3GPP TS 36.101 V9.1.0, table 6.6.2.1.1-1.

[bookmark: _Ref257374380]Figure 4

LTE LTE5M10S UE signal at maximum power after amplification and filtering 
compared with 3GPP mask 20MHz span
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Figure 5 shows the UE signal on a wider span, showing the effect of the band pass filter (5% 3dB bandwidth), which at 786MHz has a 40MHz bandwidth, causing the spurious emissions to lie well below the mask in 3GPP TS 36.101 V9.1.0, table 6.6.3.1-2.  This implies that the C/I measurements for N+2 to N+10 may be optimistic compared with a real network in the situation where the dominating degradation is the LTE spurious emission noise floor falling in band instead of RF blocking or insufficient tuner filtering of the main LTE signal. 



[bookmark: _Ref257374397]Figure 5

LTE LTE5M10S UE signal at maximum power after amplification and filtering 
compared with 3GPP mask 60MHz span
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The spectrum of the pulsed LTE5M1SF signal is shown in Figure 6.  This is identical to the spectrum of the non-pulsed LTE5M10S signal in Figure 4. 

[bookmark: _Ref257890443]Figure 6

LTE LTE5M1SF (pulsed) UE signal at maximum power after amplification and filtering 
compared with 3GPP mask 20MHz span
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For the LTE BS interference tests, no additional noise was added.  The power amplifier output noise was sufficient to approximate the out of band emission mask from Table 13 CEPT report 30.

Figure 7 shows the LTE BS interference signal at maximum power after amplification and band pass filtering alongside the CEPT mask.  

[bookmark: _Ref257383505]Figure 7

LTE BS Spectrum after amplification and filtering compared with CEPT SE42 mask.  
Maximum signal level at receiver input.  20MHz span
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[bookmark: _Ref257383556]




Figure 8 shows the same signal with a wider span of 60MHz.  There is a small amount of noise power exceeding the mask at +/-3MHz to +/-6MHz when the amplifier is on maximum power.  This might affect N+/-1 protection ratios slightly in some circumstances.

[bookmark: _Ref258912776]Figure 8

LTE BS Spectrum after amplification and filtering compared with CEPT SE42 mask.  Maximum signal level at receiver input.  60MHz span
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All measurements were made with ATE software using the Rohde and Schwartz DVQ picture analyzer to detect when 60 seconds of error free picture reception is achieved. The “Diver” MPEG2 transport stream was used for all tests.  The C/I figure was recorded at this point.

The I vs. C characteristic for each tuner was plotted to determine the overload thresholds at each interferer frequency offset.  The value of Oth was set at lower I levels if there was a significant non-linear I/C characteristic at lower signal levels than that required to achieve the normal ‘saturation’ characteristic (where the I/C curve becomes flat and remains flat even if the wanted signal level is increased).  This was seen to occur in some tuners particularly with pulsed interference, such as from an LTE UE.  See examples in Figure 9.

[bookmark: _Ref257374178]Figure 9

Example Determination of Oth Used in this Study

 (
3dB
Oth=1dBm
)

Measurement data is listed in Appendix A to allow further analysis of C/I and overload thresholds.

[bookmark: _Toc252203434][bookmark: _Toc252986711][bookmark: _Toc253148658][bookmark: _Toc396454605]5.1	LTE Signal Level Calibration

The system was calibrated using the LTE5M10S UE signal which has a constant power level over the 10 sub-frames. The power used in the protection ratio for the pulsed LTE UE signal (LTE5M1SF) with one sub-frame active per frame is the same as this constant power level, corresponding to the rms power during the active sub-frame. 




[bookmark: _Toc252986715][bookmark: _Toc253148662][bookmark: _Toc396454606][bookmark: _Ref252897380]6	LTE Interference Measurements – 8MHz Raster

[bookmark: _Toc252986716][bookmark: _Toc253148663][bookmark: _Toc396454607]6.1	Protection from a LTE UE Interferer

Figures 10 and 11 compare the C/I achieved with two different types of LTE UE signal, one with constant power (LTE5M10S), the other with a pulse like variation in time (LTE5M1SF).  In both cases the wanted signal is at -70dBm – far enough above receiver sensitivity to avoid receiver noise floor issues.  Points to note are:

· The N+1 C/I figure is identical for all receivers.  This is because of the high out of band noise mask of the N+1 LTE signal, approximately 26.5dB down falling in band over half the wanted signal bandwidth at channel N, limiting performance.  

· Some of the silicon tuners behave quite differently to the pulsed LTE signal from N+2 to N+10, with the worst (silicon tuner F) showing approximately 16dB higher C/I for C=-70dBm.  This difference varies with higher levels of C, peaking at about 30dB (N+2) at C=-50dBm, as can be seen from the progression of C/I in Figures 12 to 19.  Possibly this could be some effect of AGC response.  This requires further investigation.

· At low wanted signal levels such as C=-70dBm, silicon tuners are worse than can tuners for N+3 to N+8, and better for N+9 – a known image channel weak point for can tuners using an IF frequency of 36MHz.  At higher levels of C, some of the silicon tuners performed better than the can tuners over N+3 to N+8, e.g. silicon tuners A & B for the UE signal with all sub-frames active.  These tuners also showed a very high overload threshold (Oth).  However silicon tuner A didn’t have the same high C performance with the pulsed UE signal (1 sub-frame active/frame) – compare Figures 16 and 17. 

· Several can tuners show a weak spot in protection ratio at N+3 offsets.  In some cases this protection ratio is similar to the N+9 image channel weakness.  This could be due to 3rd harmonic intermodulation effects resulting from the use of a 36MHz IF and the presence of a strong interference at N+3 (24MHz offset).  This causes a down converted interference signal to appear at 12MHz, and the 3rd harmonic of this signal would overlay the wanted signal IF at 36MHz.   Silicon tuners generally use low IF or zero IF which avoids this problem.

· Comparing protection ratios for the DVB-T interferer vs. LTE UE (all sub frames active) results (excluding N+1), the LTE protection ratio is generally 0-3dB better depending on tuner and interference frequency offset.

· Comparing protection ratios for a DVB-T interferer (results in AnnexA) vs. the time varying LTE UE (1 sub-frame active) (excluding N+1), the LTE UE protection ratio is significantly worse – up to 15dB for some tuners.

· The spread of tuner performance generally decreases for higher wanted signal levels, with a few exceptions.

[bookmark: _Ref257383702]
Figure 10

LTE UE Interferer C/I - All 10 Sub-frames Active, C=-70dBm
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[bookmark: _Ref257383714]Figure 11

LTE UE Interferer C/I - 1 Sub-frame Active, C=-70dBm [image: ]



[bookmark: _Ref257383796]Figure 12

LTE UE Interferer C/I - All 10 Sub-frames Active, C=-60dBm
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Figure 13

LTE UE Interferer C/I - 1 Sub-frame Active, C=-60dBm
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Figure 14

LTE UE Interferer C/I - All 10 Sub-frames Active, C=-50dBm
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Figure 15

LTE UE Interferer C/I - 1 Sub-frame Active, C=-50dBm [image: ]



[bookmark: _Ref257383903]Figure 16

LTE UE Interferer C/I - All 10 Sub-frames Active, C=-40dBm
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[bookmark: _Ref257383929]Figure 17

LTE UE Interferer C/I - 1 Sub-frame Active, C=-40dBm
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Figure 18

LTE UE Interferer C/I - All 10 Sub-frames Active, C=-30dBm

[image: ]

[bookmark: _Ref257383809]Figure 19

LTE UE Interferer C/I - 1 Sub-frame Active, C=-30dBm
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Protection ratios for C=-70dBm are tabulated below for the two types of UE signal configuration.

[bookmark: _Ref257399922]Table 5

Protection Ratio for LTE UE Interferer with all 10 sub-frames active, C=-70dBm

		

Interferer Offset N

		Si Tuner E 

		Si Tuner A 

		Si Tuner F 

		Si Tuner B 

		Can Tuner A 

		Can Tuner D 

		Can Tuner E 

		Can Tuner F 

		Can Tuner G

		Can Tuner B



		1

		-14

		-14

		-13

		-14

		-12

		-13

		-14

		-13

		-13

		-12



		2

		-51

		-49

		-46

		-48

		-48

		-49

		-44

		-53

		-48

		-47



		3

		-54

		-53

		-48

		-49

		-51

		-47

		-45

		-60

		-49

		-41



		4

		-56

		-55

		-49

		-49

		-62

		-60

		-60

		-62

		-64

		-58



		5

		-57

		-56

		-51

		-52

		-67

		-63

		-69

		-66

		-68

		-61



		6

		-59

		-57

		-51

		-51

		-69

		-66

		-70

		-68

		-69

		-67



		7

		-60

		-58

		-53

		-52

		-71

		-75

		-75

		-70

		-72

		-75



		8

		-61

		-59

		-53

		-54

		-71

		-70

		-75

		-71

		-70

		-73



		9 Image

		-63

		-60

		-55

		-55

		-56

		-45

		-53

		-54

		-46

		-40



		10

		-64

		-62

		-55

		-55

		-71

		-73

		-75

		-74

		-71

		-69





Table 6

Protection Ratio for LTE UE Interferer with 1 sub-frame active, C=-70dBm

		

Interferer Offset N

		Si Tuner E 

		Si Tuner A 

		Si Tuner F 

		Si Tuner B 

		Can Tuner A 

		Can Tuner D 

		Can Tuner E 

		Can Tuner F 

		Can Tuner G

		Can Tuner B



		1

		-14

		-13

		-13

		-14

		-12

		-13

		-14

		-14

		-13

		-11



		2

		-38

		-46

		-30

		-46

		-48

		-49

		-42

		-53

		-46

		-48



		3

		-40

		-48

		-32

		-46

		-51

		-47

		-44

		-58

		-49

		-43



		4

		-41

		-50

		-33

		-50

		-61

		-60

		-56

		-60

		-60

		-56



		5

		-41

		-51

		-35

		-49

		-67

		-63

		-67

		-61

		-68

		-61



		6

		-43

		-51

		-36

		-51

		-69

		-66

		-70

		-67

		-66

		-65



		7

		-45

		-53

		-37

		-51

		-71

		-75

		-74

		-69

		-72

		-70



		8

		-48

		-55

		-39

		-52

		-71

		-70

		-73

		-70

		-70

		-68



		9 Image

		-52

		-57

		-40

		-53

		-57

		-45

		-52

		-53

		-46

		-40



		10

		-52

		-60

		-41

		-55

		-71

		-73

		-74

		-73

		-71

		-66





[bookmark: _Toc252986717][bookmark: _Toc253148664]


[bookmark: _Toc396454608]6.2	Protection from a LTE BS Interferer

Figures 20 to 24 show the C/I performance with a LTE BS signal at different wanted signal levels.  Points to note are:



· The performance spread between the best and worst tuner decreases slightly as the wanted signal is increased from approximately 20dB at N+8, -70dBm to 15dB at N+8, -30dBm.

· The silicon tuner response is smoother; lacking the occasional peaks of the can tuners at certain points such as N+3 (3rd harmonic issues) and N+9 (image issues).

· Comparing protection ratios for the DVB-T interferer vs. LTE BS (excluding N+1), the DVB-T performance is quite similar with LTE PR up to 3dB better and up to 3dB worse depending on tuner and interferer offset frequency.

[bookmark: _Ref257384121]Figure 20

LTE BS Interferer C/I - C=-70dBm 
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Figure 21

LTE BS Interferer C/I - C=-60dBm 
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Figure 22

LTE BS Interferer C/I - C=-50dBm 
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Figure 23

LTE BS Interferer C/I - C=-40dBm 

[image: ]

[bookmark: _Ref257384132]Figure 24

LTE BS Interferer C/I - C=-30dBm 
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The protection ratio for C=-70dBm is tabulated below:

Table 7

Protection Ratio for LTE BS Interferer, C=-70dBm

		

Interferer Offset N

		Si Tuner E 

		Si Tuner A 

		Si Tuner F 

		Si Tuner B 

		Can Tuner A 

		Can Tuner D 

		Can Tuner E 

		Can Tuner F 

		Can Tuner G

		Can Tuner B



		1

		-45

		-44

		-39

		-42

		-41

		-36

		-40

		-43

		-39

		-41



		2

		-48

		-47

		-44

		-45

		-47

		-47

		-44

		-49

		-46

		-46



		3

		-53

		-51

		-47

		-50

		-50

		-46

		-43

		-57

		-47

		-43



		4

		-55

		-54

		-49

		-48

		-60

		-56

		-56

		-60

		-59

		-56



		5

		-56

		-55

		-50

		-49

		-66

		-63

		-67

		-63

		-67

		-60



		6

		-57

		-55

		-52

		-50

		-68

		-65

		-69

		-67

		-65

		-65



		7

		-59

		-56

		-53

		-50

		-70

		-74

		-74

		-69

		-70

		-70



		8

		-60

		-57

		-54

		-52

		-70

		-75

		-74

		-70

		-70

		-71



		9 Image

		-62

		-59

		-55

		-52

		-58

		-46

		-54

		-56

		-47

		-41



		10

		-63

		-60

		-56

		-53

		-70

		-78

		-75

		-72

		-71

		-71





[bookmark: _Toc252986718][bookmark: _Toc253148665][bookmark: _Toc396454609]6.3	Overload Threshold for LTE UE & BS Interferers

Figure 25 to 27 show the overload threshold, Oth, for the three different LTE signal combinations.  The 10%, 50% and 90% percentiles are also plotted in Figure 28 to 30.

[bookmark: _Ref257384194]Figure 25

Oth for LTE UE Interferer – (all 10 sub-frames active)
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Figure 26

Oth for LTE UE Interferer – (1 sub-frame active)
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[bookmark: _Ref257384206]Figure 27

Oth for LTE BS Interferer 
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[bookmark: _Ref257384235]Figure 28

Oth Percentiles for LTE UE Interferer – (all 10 sub-frames active)
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Figure 29

Oth Percentiles for LTE UE Interferer – (1 sub-frame active)

[image: ]


Figure 30

Oth Percentiles for LTE BS Interferer 
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It is interesting to compare the Oth between the different signal configurations as shown in Figures 31 and 32. 

[bookmark: _Ref257384244]Figure 31

Comparison of Oth: UE (all 10 sub-frames active) – UE (1 sub-frame active) [image: ]

[bookmark: _Ref257384291]Figure 32

Comparison of Oth: UE Oth (all 10 sub-frames active) – BS Oth [image: ]


Points to note are:

· The Oth degrades for the UE signal with only 1 active sub-frame per frame, compared with the UE signal with all sub-frames active.  For most tuners this is between 0 to 6dB (excluding N+1), but for Can tuners B & D and Silicon tuners A, E & F the maximum differences are much larger – up to 35dB for one tuner at N+2 as shown in Figure 31.  This requires more investigation.

· Interestingly Oth is generally better for the UE with 10 active sub-frames per frame than for the BS signal.  This may be due to the lower crest factor of the SC-FDMA UE signal compared with the OFDMA BS signal.  Excluding N+1, the 10% percentile difference is up to 4dB but the difference was larger on some tuners.  This may need further investigation.



Overload thresholds for the three different LTE signal combinations are given in the following tables.

Table 8

Overload Threshold for LTE UE Interferer with all 10 sub-frames active

		

Interferer Offset N

		Si Tuner E 

		Si Tuner A 

		Si Tuner F 

		Si Tuner B 

		Can Tuner A 

		Can Tuner D 

		Can Tuner E 

		Can Tuner F 

		Can Tuner G

		Can Tuner B



		1

		-15

		-16

		-18

		-15

		-17

		-26

		-15

		-15

		-16

		-16



		2

		0

		8

		-6

		4

		-5

		-1

		0

		0

		-2

		-4



		3

		2

		10

		-5

		8

		-19

		5

		-25

		4

		-21

		0



		4

		-2

		5

		-4

		10

		-8

		-10

		-10

		-8

		-6

		-12



		5

		-1

		6

		-4

		10

		-3

		-7

		-1

		-4

		-2

		-9



		6

		0

		6

		-4

		10

		-1

		-4

		0

		-2

		-1

		-3



		7

		1

		7

		-9

		10

		1

		-5

		5

		0

		2

		5



		8

		2

		7

		-8

		10

		1

		6

		5

		1

		0

		3



		9 Image

		3

		8

		-7

		10

		-4

		-15

		1

		3

		2

		0



		10

		3

		8

		-7

		10

		1

		3

		5

		4

		1

		6





Table 9

Overload Threshold for LTE UE Interferer with 1 sub-frame active

		

Interferer Offset N

		Si Tuner E 

		Si Tuner A 

		Si Tuner F 

		Si Tuner B 

		Can Tuner A 

		Can Tuner D 

		Can Tuner E 

		Can Tuner F 

		Can Tuner G

		Can Tuner B



		1

		-15

		-16

		-29

		-16

		-18

		-18

		-16

		-16

		-17

		-17



		2

		-32

		-24

		-40

		-2

		-6

		-30

		-1

		0

		1

		-4



		3

		-30

		-22

		-38

		6

		-19

		-23

		-26

		2

		-21

		-27



		4

		-29

		-20

		-37

		3

		-9

		-11

		-14

		-10

		-10

		-14



		5

		-29

		-19

		-35

		4

		-3

		-7

		-3

		-9

		-2

		-9



		6

		-27

		-19

		-34

		4

		-1

		-4

		0

		-3

		-4

		-5



		7

		-25

		-17

		-33

		4

		1

		2

		4

		-1

		2

		0



		8

		-22

		-15

		-31

		4

		1

		1

		3

		0

		0

		-2



		9 Image

		-18

		-13

		-30

		4

		-13

		-3

		1

		0

		2

		0



		10

		-2

		-10

		-29

		4

		1

		9

		4

		3

		1

		-4






Table 10

Overload Threshold for LTE BS 

		

Interferer Offset N

		Si Tuner E 

		Si Tuner A 

		Si Tuner F 

		Si Tuner B 

		Can Tuner A 

		Can Tuner D 

		Can Tuner E 

		Can Tuner F 

		Can Tuner G

		Can Tuner B



		1

		-10

		-7

		-12

		-2

		-13

		-5

		-12

		-10

		-11

		-12



		2

		-2

		6

		-7

		3

		-6

		3

		-1

		-2

		-4

		-6



		3

		0

		8

		-6

		6

		-20

		3

		-27

		-3

		-23

		1



		4

		-2

		10

		-11

		7

		-10

		-14

		-14

		-10

		-11

		-14



		5

		-1

		5

		-10

		7

		-4

		-7

		-3

		-7

		-3

		-10



		6

		0

		10

		-9

		6

		-2

		-5

		-1

		-3

		-5

		-5



		7

		0

		5

		-8

		1

		0

		4

		4

		-1

		0

		0



		8

		-1

		5

		-7

		1

		0

		5

		4

		0

		0

		1



		9 Image

		1

		6

		-6

		7

		-12

		7

		2

		3

		-3

		1



		10

		2

		7

		-6

		1

		0

		8

		5

		2

		1

		1







It is also interesting to compare the Oth measured with the above three LTE interference sources against the Oth for a DVB-T interferer reported in Annex 1A.  This is shown in the plots below.

[bookmark: _Ref257387270]Figure 33

Comparison of Oth: DVB-T – LTE UE (all 10 sub-frames active) 
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Figure 34

Comparison of Oth: DVB-T – LTE UE (1 sub-frame active) 

[image: ]

Figure 35

Comparison of Oth: DVB-T – LTE BS  
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The general trends from these comparisons are summarised in the table below.

Table 11

Summary of Performance Differences for Each Interferer Relative to DVB-T 

		Interferer Type

		Oth Compared With DVB-T Interferer excluding N+1



		LTE UE (all sub frames active)

		Generally 0-5dB better than DVB-T with exceptions
(tuner & offset. dependent)



		LTE UE (1 sub frame active)

		3dB better to 30dB worse with exceptions
(tuner & offset. dependent)



		LTE BS (all sub frames active)

		3dB better to 3dB worse with exceptions
(tuner & offset. dependent)







[bookmark: _Toc252986719][bookmark: _Toc253148666][bookmark: _Toc396454610]7	LTE Interference Measurements – 7MHz Raster

[bookmark: _Toc252986720][bookmark: _Toc253148667][bookmark: _Toc396454611]7.1	Protection from LTE UE Interferer 

This section is a repeat of the previous section with similar measurements made on three popular DVB-T receivers obtained from the Australian market, where a 7MHz channel raster is used.  The receivers are an IDTV, a STB, and a PVR all containing can tuners.

Figures 36 and 37 below compare the C/I achieved with two different types of LTE UE signal, one with constant power (LTE5M10S), the other with a pulse like variation in time (LTE5M1SF).  In both cases the wanted signal is at -70dBm – far enough above receiver sensitivity to avoid receiver noise floor issues.  Points to note:

· The N+1 C/I figure is identical for all receivers.  This is because of the high out of band noise mask of the N+1 LTE signal, approximately 26.5dB down falling in band over half the wanted signal at channel N, limiting performance.  

· One of the can tuners (Can tuner J) has a 10dB difference in protection ratio at N+2 between the two UE LTE signal configurations, showing some sensitivity to the time variation in the signal.  Can tuner L also degraded by 5dB at N+3 with the pulsed LTE signal.

· Two can tuners show a weak spot in protection ratio at N+5 offset (35MHz), corresponding to the IF signal of 36MHz.  Possibly this can be explained by the interferer mixing down and aliasing into the 36MHz IF signal.  Silicon tuners generally use low IF of around 5MHz or zero IF to avoid this problem

· Image channel weakness of Can tuners is now at N+10, similar C/I to N+5.

· The spread of tuner performance increases for higher wanted signal levels, in contrast to the 8MHz channel raster result.

Protection ratios for C=-70dBm are tabulated below for the two types of UE signal.




Table 12

Protection Ratio for LTE UE Interferer with all 10 sub-frames active, C=-70dBm 

		Interferer Offset N

		7MHz Can Tuner H

		7MHz Can Tuner J

		7MHz Can Tuner L



		1

		-11

		-11

		-12



		2

		-44

		-45

		-47



		3

		-55

		-51

		-56



		4

		-66

		-46

		-55



		5

		-68

		-45

		-43



		6

		-74

		-58

		-66



		7

		-75

		-61

		-68



		8

		-77

		-68

		-70



		9

		-77

		-72

		-72



		10 Image

		-53

		-50

		-43





Table 13

Protection Ratio for LTE UE Interferer with 1 sub-frame active, C=-70dBm 

		Interferer Offset N

		7MHz Can Tuner H

		7MHz Can Tuner J

		7MHz Can Tuner L



		1

		-11

		-11

		-12



		2

		-45

		-35

		-46



		3

		-56

		-40

		-51



		4

		-65

		-45

		-55



		5

		-68

		-45

		-44



		6

		-74

		-57

		-65



		7

		-75

		-61

		-68



		8

		-76

		-66

		-70



		9

		-76

		-71

		-72



		10 Image

		-53

		-50

		-43





[bookmark: _Ref257384054]
Figure 36

LTE UE Interferer C/I - All 10 Sub-frames Active, C=-70dBm 

[image: ]

[bookmark: _Ref257385140]Figure 37

LTE UE Interferer C/I - 1 Sub-frame Active, C=-70dBm
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Figure 38

LTE UE Interferer C/I - All 10 Sub-frames Active, C=-60dBm

[image: ]

Figure 39

LTE UE Interferer C/I - 1 Sub-frame Active, C=-60dBm 

[image: ]


Figure 40

LTE UE Interferer C/I - All 10 Sub-frames Active, C=-50dBm 

[image: ]

Figure 41

LTE UE Interferer C/I - 1 Sub-frame Active, C=-50dBm
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Figure 42

LTE UE Interferer C/I - All 10 Sub-frames Active, C=-40dBm 

[image: ]



Figure 43

LTE UE Interferer C/I - 1 Sub-frame Active, C=-40dBm 

[image: ]



Figure 44

LTE UE Interferer C/I - All 10 Sub-frames Active, C=-30dBm

[image: ]

Figure 45

LTE UE Interferer C/I - 1 Sub-frame Active, C=-30dBm

[image: ]



[bookmark: _Toc252986721][bookmark: _Toc253148668][bookmark: _Toc396454612]7.2	Protection from LTE BS Interferer

Figures 46 to 50 show the C/I performance with a LTE BS signal at different wanted signal levels.  Points to note are:



· The performance spread between the best and worst tuner increases slightly as the wanted signal is increased from approximately 15dB at N+5, -70dBm to 23dB at N+5, -30dBm.




· Apart from one point on Can tuner H at N+5 (where there was an 8dB difference), and excluding N+1, the C/I results for the UE signal with all frames active were usually between 0-3dB better than with the BS signal at -70dBm wanted signal, although there were a few exceptions with an opposite trend.   This may need further investigation.

[bookmark: _Ref257385282]Figure 46

LTE BS Interferer C/I - C=-70dBm 

[image: ]

Figure 47

LTE BS Interferer C/I - C=-60dBm 

[image: ]



Figure 48

LTE BS Interferer C/I - C=-50dBm

[image: ]

Figure 49

LTE BS Interferer C/I - C=-40dBm 

[image: ]




[bookmark: _Ref257385284]Figure 50

LTE BS Interferer C/I - C=-30dBm 
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The protection ratio for C=-70dBm is tabulated below:

Table 14

Protection Ratio for LTE BS Interferer, C=-70dBm

		Interferer Offset N

		7MHz Can Tuner H

		7MHz Can Tuner J

		7MHz Can Tuner L



		1

		-37

		-42

		-45



		2

		-46

		-45

		-48



		3

		-52

		-50

		-53



		4

		-63

		-45

		-55



		5

		-60

		-46

		-45



		6

		-72

		-57

		-65



		7

		-74

		-60

		-67



		8

		-74

		-66

		-69



		9

		-75

		-71

		-72



		10 Image

		-54

		-52

		-44







[bookmark: _Toc252986722][bookmark: _Toc253148669]


[bookmark: _Toc396454613]7.3	Overload Threshold for LTE UE & BS Interferers

Figure 51 to 53 show overload thresholds, Oth, for the three different LTE signal combinations. 

[bookmark: _Ref257385350]Figure 51

Oth for LTE UE Interferer – (all 10 sub-frames active)

[image: ]

Figure 52

Oth for LTE UE Interferer – (1 sub-frame active)

[image: ]




[bookmark: _Ref257385353]Figure 53

Oth for LTE BS Interferer 

[image: ]



It is interesting to compare the Oth between the different signal configurations as shown in Figures 54 and 55. 

[bookmark: _Ref257385492]Figure 54

Comparison of Oth: UE (all 10 sub-frames active) – UE (1 sub-frame active)
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[bookmark: _Ref258910786]Figure 55

Comparison of Oth: UE Oth (all 10 sub-frames active) – BS Oth 

[image: ]

Points to note are:

· For two of the three tuners, the Oth degrades for the UE signal with only 1 active sub-frame per frame, compared with the UE signal with all sub-frames active at N+2 and N+3,  as shown in Figure 54.  This needs further investigation.

· Two of the three tuners show the typical can tuner weakness in Oth at N+4, N+4.

· Interestingly Oth is generally a few dB better for the UE with 10 active sub-frames per frame than for the BS signal, although this is tuner and interference frequency offset dependent. Possibly this is due to the lower crest factor of the SC-FDMA UE signal compared with the OFDMA BS signal. This needs further investigation.

Overload thresholds for the three different LTE signal combinations are given in the following tables.

Table 15

Overload Threshold for LTE UE Interferer with all 10 sub-frames active 

		Interferer Offset N

		7MHz Can Tuner H

		7MHz Can Tuner J

		7MHz Can Tuner L



		1

		-18

		-18

		-17



		2

		2

		-5

		6



		3

		2

		-1

		7



		4

		3

		-24

		-15



		5

		-2

		-25

		-27



		6

		4

		-12

		-4



		7

		5

		-9

		-2



		8

		7

		-2

		0



		9

		7

		2

		2



		10 Image

		9

		2

		2





Table 16

Overload Threshold for LTE UE Interferer with 1 sub-frame active 

		Interferer Offset N

		7MHz Can Tuner H

		7MHz Can Tuner J

		7MHz Can Tuner L



		1

		-19

		-19

		-19



		2

		2

		-35

		-15



		3

		4

		-30

		-19



		4

		3

		-25

		-15



		5

		-2

		-25

		-26



		6

		4

		-13

		-5



		7

		5

		-9

		-2



		8

		6

		-4

		0



		9

		6

		1

		2



		10 Image

		4

		0

		2





Table 17

Overload Threshold for LTE BS

		Interferer Offset N

		7MHz Can Tuner H

		7MHz Can Tuner J

		7MHz Can Tuner L



		1

		-4

		-12

		-1



		2

		3

		-5

		5



		3

		1

		-4

		3



		4

		2

		-25

		-15



		5

		-2

		-24

		-25



		6

		2

		-13

		-5



		7

		4

		-10

		-3



		8

		4

		-4

		-1



		9

		5

		1

		2



		10 Image

		3

		2

		3
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This study aimed to show differences in performance between DVB-T, two variants of LTE UE and LTE BS interferers by using the same set of receivers for all measurements.

The time varying LTE UE signals caused significant degradation in some tuner designs compared with constant power LTE UE signals, which gives cause for concern if this type of LTE configuration is likely to occur in the field even as a  worst case condition.  More information is needed on real LTE network sub frame occupancy under different network loads.  This is particularly important in regions where the standard duplex order is used (UE adjacent to DVB-T channels) where less filtering is possible at least expense.

Approximate differences in performance are summarised in the table below.

Table 18

Summary of Performance Differences for Each Interferer Relative to DVB-T 

		Interferer Type

		PR @ C=-70dBm Compared With DVB-T Interferer, excluding N+1

		Oth Compared With DVB-T Interferer excluding N+1



		LTE UE (all sub frames active)

		0-5dB better than DVB-T
(tuner & offset. dependent)

		Generally 0-5dB better than DVB-T with exceptions
(tuner & offset. dependent)



		LTE UE (1 sub frame active)

		3dB better to 15dB worse than DVB-T                                (tuner & offset. dependent)

		3dB better to 30dB worse than DVB-T  with exceptions
(tuner & offset. dependent)



		LTE BS (all sub frames active)

		3dB better to 3dB worse than DVB-T                             (tuner & offset. dependent)

		3dB better to 3dB worse than DVB-T with exceptions 
(tuner & offset. dependent)







Whilst can tuners generally had better protection ratios than silicon for small wanted signal levels, this difference generally becomes less at higher wanted signal levels.

Overload threshold performance between silicon tuners and can tuners was quite varied with silicon tuners performing at the best and worst limits of the measured results.

[bookmark: _Toc396454615]9	Recommendations

The results of this study should be used for the development of the ITU-R BT.1368.  In particular, the network planning PR mask needs to take into account the different protection ratio weaknesses of silicon and ‘can’ tuner technology as reported in this document for (N+3 to N+8) (silicon tuners) and N+3, N+9 (8MHz can tuners).  For 7MHz can tuners the weak points are at N+5, N+10.  Silicon tuners are used widely in new TV receivers and their characteristics need to be included.

Consideration should be given to the differing behaviour and wide performance variation of tuners in the presence of time varying inteference, and to make adequate allowance for this variation when finalising ITU-R BT.1368 to prevent widespread TV reception problems.

The definition of worst case and typical LTE configurations for testing purposes should be encouraged for better assessment of the risks in deploying LTE near broadcast channels.  This study shows that the time varying nature of the LTE UE signal in particular is critical to PR and Oth performance.
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This appendix shows additional raw measurement data not included in the main body of this document. 
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Figure A.1 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Silicon Tuner E
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Figure A.2 - LTE UE Interferer C/I - 1 Sub-frame Active – For Silicon Tuner E
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Figure A.3 - LTE BS Interferer C/I - For Silicon Tuner E
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Figure A.4 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Silicon Tuner A
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Figure A.5 - LTE UE Interferer C/I - 1 Sub-frame Active – For Silicon Tuner A
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Figure A.6 - LTE BS Interferer C/I - For Silicon Tuner A
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Figure A.7 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Silicon Tuner F
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Figure A.8 - LTE UE Interferer C/I - 1 Sub-frame Active – For Silicon Tuner F
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Figure A.9 - LTE BS Interferer C/I - For Silicon Tuner F
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Figure A.10 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Silicon Tuner B
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Figure A.11 - LTE UE Interferer C/I - 1 Sub-frame Active – For Silicon Tuner B
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Figure A.12 - LTE BS Interferer C/I - For Silicon Tuner B
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Figure A.13 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Can Tuner A
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Figure A.14 - LTE UE Interferer C/I - 1 Sub-frame Active – For Can Tuner A

[image: ]

Figure A.15 - LTE BS Interferer C/I - For Can Tuner A
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Figure A.16 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Can Tuner D



Figure A.17 - LTE UE Interferer C/I - 1 Sub-frame Active – For Can Tuner D
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Figure A.18 - LTE BS Interferer C/I - For Can Tuner D

[image: ]

Figure A.19 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Can Tuner E

[image: ]

Figure A.20 - LTE UE Interferer C/I - 1 Sub-frame Active – For Can Tuner E
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Figure A.21 - LTE BS Interferer C/I - For Can Tuner E
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Figure A.22 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Can Tuner F
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Figure A.23 - LTE UE Interferer C/I - 1 Sub-frame Active – For Can Tuner F
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Figure A.24 - LTE BS Interferer C/I - For Can Tuner F
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Figure A.25 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Can Tuner G
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Figure A.26 - LTE UE Interferer C/I - 1 Sub-frame Active – For Can Tuner G
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Figure A.27 - LTE BS Interferer C/I - For Can Tuner G

[image: ]

Figure A.28 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Can Tuner B
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Figure A.29 - LTE UE Interferer C/I - 1 Sub-frame Active – For Can Tuner B

[image: ]

Figure A.30 - LTE BS Interferer C/I - For Can Tuner B
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Figure A.31 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Can Tuner H
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Figure A.32 - LTE UE Interferer C/I - 1 Sub-frame Active – For Can Tuner H
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Figure A.33 - LTE BS Interferer C/I - For Can Tuner H
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Figure A.34 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Can Tuner J
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Figure A.35 - LTE UE Interferer C/I - 1 Sub-frame Active – For Can Tuner J
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Figure A.36- LTE BS Interferer C/I - For Can Tuner J
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Figure A.37 - LTE UE Interferer C/I - All 10 Sub-frames Active – For Can Tuner L
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Figure A.38 - LTE UE Interferer C/I - 1 Sub-frame Active – For Can Tuner L
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Figure A.39 - LTE BS Interferer C/I - For Can Tuner L
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Table A.1

Protection Ratio for LTE UE Interferer with all 10 sub-frames active, C=-70dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-14

		-14

		-13

		-14

		-12

		-13

		-14

		-13

		-13

		-12

		

		-11

		-11

		-12



		2

		-51

		-49

		-46

		-48

		-48

		-49

		-44

		-53

		-48

		-47

		

		-44

		-45

		-47



		3

		-54

		-53

		-48

		-49

		-51

		-47

		-45

		-60

		-49

		-41

		

		-55

		-51

		-56



		4

		-56

		-55

		-49

		-49

		-62

		-60

		-60

		-62

		-64

		-58

		

		-66

		-46

		-55



		5

		-57

		-56

		-51

		-52

		-67

		-63

		-69

		-66

		-68

		-61

		

		-68

		-45

		-43



		6

		-59

		-57

		-51

		-51

		-69

		-66

		-70

		-68

		-69

		-67

		

		-74

		-58

		-66



		7

		-60

		-58

		-53

		-52

		-71

		-75

		-75

		-70

		-72

		-75

		

		-75

		-61

		-68



		8

		-61

		-59

		-53

		-54

		-71

		-70

		-75

		-71

		-70

		-73

		

		-77

		-68

		-70



		9 Image

		-63

		-60

		-55

		-55

		-56

		-45

		-53

		-54

		-46

		-40

		

		-77

		-72

		-72



		10 Image

		-64

		-62

		-55

		-55

		-71

		-73

		-75

		-74

		-71

		-69

		

		-53

		-50

		-43








Table A.2

Protection Ratio for LTE UE Interferer with 1 sub-frame active, C=-70dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-14

		-13

		-13

		-14

		-12

		-13

		-14

		-14

		-13

		-11

		

		-11

		-11

		-12



		2

		-38

		-46

		-30

		-46

		-48

		-49

		-42

		-53

		-46

		-48

		

		-45

		-35

		-46



		3

		-40

		-48

		-32

		-46

		-51

		-47

		-44

		-58

		-49

		-43

		

		-56

		-40

		-51



		4

		-41

		-50

		-33

		-50

		-61

		-60

		-56

		-60

		-60

		-56

		

		-65

		-45

		-55



		5

		-41

		-51

		-35

		-49

		-67

		-63

		-67

		-61

		-68

		-61

		

		-68

		-45

		-44



		6

		-43

		-51

		-36

		-51

		-69

		-66

		-70

		-67

		-66

		-65

		

		-74

		-57

		-65



		7

		-45

		-53

		-37

		-51

		-71

		-75

		-74

		-69

		-72

		-70

		

		-75

		-61

		-68



		8

		-48

		-55

		-39

		-52

		-71

		-70

		-73

		-70

		-70

		-68

		

		-76

		-66

		-70



		9 Image

		-52

		-57

		-40

		-53

		-57

		-45

		-52

		-53

		-46

		-40

		

		-76

		-71

		-72



		10 Image

		-52

		-60

		-41

		-55

		-71

		-73

		-74

		-73

		-71

		-66

		

		-53

		-50

		-43







Table A.3

Protection Ratio for LTE BS Interferer, C=-70dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-45

		-44

		-39

		-42

		-41

		-36

		-40

		-43

		-39

		-41

		

		-37

		-42

		-45



		2

		-48

		-47

		-44

		-45

		-47

		-47

		-44

		-49

		-46

		-46

		

		-46

		-45

		-48



		3

		-53

		-51

		-47

		-50

		-50

		-46

		-43

		-57

		-47

		-43

		

		-52

		-50

		-53



		4

		-55

		-54

		-49

		-48

		-60

		-56

		-56

		-60

		-59

		-56

		

		-63

		-45

		-55



		5

		-56

		-55

		-50

		-49

		-66

		-63

		-67

		-63

		-67

		-60

		

		-60

		-46

		-45



		6

		-57

		-55

		-52

		-50

		-68

		-65

		-69

		-67

		-65

		-65

		

		-72

		-57

		-65



		7

		-59

		-56

		-53

		-50

		-70

		-74

		-74

		-69

		-70

		-70

		

		-74

		-60

		-67



		8

		-60

		-57

		-54

		-52

		-70

		-75

		-74

		-70

		-70

		-71

		

		-74

		-66

		-69



		9 Image

		-62

		-59

		-55

		-52

		-58

		-46

		-54

		-56

		-47

		-41

		

		-75

		-71

		-72



		10 Image

		-63

		-60

		-56

		-53

		-70

		-78

		-75

		-72

		-71

		-71

		

		-54

		-52

		-44
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Table A.4

Protection Ratio for LTE UE Interferer with all 10 sub-frames active, C=-60dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-14

		-14

		-13

		-14

		-12

		-13

		-14

		-14

		-13

		-12

		

		-11

		-11

		-12



		2

		-51

		-49

		-46

		-47

		-47

		-49

		-43

		-52

		-48

		-48

		

		-48

		-45

		-48



		3

		-55

		-54

		-47

		-48

		-44

		-47

		-38

		-57

		-42

		-39

		

		-55

		-50

		-56



		4

		-58

		-56

		-48

		-49

		-52

		-45

		-52

		-53

		-56

		-48

		

		-63

		-37

		-50



		5

		-59

		-57

		-48

		-52

		-57

		-54

		-59

		-55

		-59

		-51

		

		-59

		-35

		-33



		6

		-60

		-57

		-50

		-51

		-60

		-58

		-63

		-59

		-59

		-57

		

		-65

		-48

		-56



		7

		-61

		-58

		-51

		-53

		-61

		-69

		-67

		-61

		-62

		-67

		

		-66

		-53

		-59



		8

		-62

		-59

		-52

		-52

		-62

		-66

		-68

		-62

		-61

		-68

		

		-68

		-58

		-62



		9 Image

		-63

		-60

		-53

		-53

		-56

		-45

		-53

		-54

		-46

		-40

		

		-69

		-63

		-64



		10 Image

		-63

		-62

		-53

		-54

		-61

		-68

		-69

		-64

		-62

		-66

		

		-53

		-51

		-43







Table A.5

Protection Ratio for LTE UE Interferer with 1 sub-frame active, C=-60dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-14

		-13

		-13

		-13

		-12

		-13

		-14

		-14

		-13

		-11

		

		-11

		-12

		-12



		2

		-31

		-38

		-21

		-45

		-46

		-49

		-40

		-52

		-44

		-48

		

		-46

		-25

		-45



		3

		-33

		-40

		-22

		-47

		-44

		-47

		-37

		-56

		-42

		-36

		

		-56

		-30

		-42



		4

		-35

		-42

		-23

		-48

		-51

		-45

		-47

		-50

		-51

		-46

		

		-63

		-35

		-46



		5

		-36

		-43

		-25

		-53

		-57

		-54

		-57

		-52

		-58

		-51

		

		-59

		-35

		-34



		6

		-37

		-45

		-26

		-52

		-60

		-58

		-61

		-57

		-60

		-55

		

		-64

		-47

		-55



		7

		-39

		-47

		-27

		-53

		-61

		-69

		-64

		-59

		-61

		-60

		

		-65

		-52

		-59



		8

		-42

		-49

		-29

		-54

		-61

		-66

		-64

		-60

		-62

		-61

		

		-66

		-57

		-61



		9 Image

		-45

		-52

		-30

		-56

		-57

		-45

		-51

		-53

		-46

		-40

		

		-66

		-61

		-63



		10 Image

		-48

		-54

		-31

		-57

		-61

		-68

		-64

		-62

		-62

		-61

		

		-54

		-49

		-43








Table A.6

Protection Ratio for LTE BS Interferer, C=-60dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-43

		-44

		-39

		-42

		-41

		-39

		-40

		-42

		-40

		-40

		

		-36

		-42

		-45



		2

		-48

		-48

		-44

		-45

		-46

		-47

		-43

		-49

		-46

		-46

		

		-47

		-45

		-49



		3

		-54

		-52

		-47

		-45

		-43

		-44

		-37

		-56

		-41

		-41

		

		-52

		-49

		-53



		4

		-58

		-54

		-49

		-46

		-50

		-49

		-47

		-51

		-50

		-46

		

		-62

		-35

		-45



		5

		-59

		-55

		-50

		-47

		-56

		-53

		-57

		-52

		-57

		-50

		

		-58

		-36

		-35



		6

		-60

		-56

		-51

		-48

		-59

		-57

		-61

		-57

		-59

		-55

		

		-63

		-46

		-55



		7

		-60

		-56

		-52

		-49

		-60

		-67

		-64

		-59

		-60

		-60

		

		-65

		-51

		-58



		8

		-59

		-57

		-53

		-50

		-60

		-69

		-65

		-60

		-61

		-61

		

		-66

		-56

		-60



		9 Image

		-61

		-59

		-54

		-49

		-57

		-45

		-54

		-55

		-46

		-43

		

		-66

		-61

		-62



		10 Image

		-62

		-60

		-54

		-51

		-60

		-69

		-65

		-62

		-61

		-61

		

		-54

		-51

		-45
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Table A.7

Protection Ratio for LTE UE Interferer with all 10 sub-frames active, C=-50dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-14

		-14

		-12

		-14

		-12

		-13

		-14

		-14

		-13

		-13

		

		-11

		-11

		-12



		2

		-50

		-49

		-44

		-47

		-45

		-49

		-42

		-50

		-48

		-46

		

		-45

		-45

		-48



		3

		-52

		-53

		-45

		-50

		-35

		-47

		-31

		-54

		-36

		-38

		

		-52

		-49

		-55



		4

		-53

		-55

		-46

		-52

		-42

		-44

		-43

		-51

		-46

		-41

		

		-56

		-38

		-52



		5

		-53

		-56

		-46

		-53

		-47

		-49

		-49

		-53

		-49

		-46

		

		-53

		-26

		-22



		6

		-54

		-56

		-46

		-53

		-50

		-52

		-54

		-55

		-51

		-53

		

		-58

		-38

		-46



		7

		-54

		-57

		-46

		-53

		-51

		-60

		-58

		-56

		-52

		-59

		

		-58

		-48

		-50



		8

		-54

		-57

		-46

		-53

		-52

		-60

		-60

		-57

		-52

		-60

		

		-60

		-53

		-53



		9 Image

		-54

		-58

		-46

		-53

		-50

		-37

		-51

		-53

		-46

		-40

		

		-60

		-54

		-55



		10 Image

		-55

		-58

		-46

		-54

		-51

		-60

		-60

		-57

		-52

		-60

		

		-53

		-52

		-43








Table A.8

Protection Ratio for LTE UE Interferer with 1 sub-frame active, C=-50dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-15

		-14

		-12

		-13

		-12

		-13

		-14

		-14

		-13

		-12

		

		-11

		-11

		-12



		2

		-31

		-30

		-14

		-48

		-44

		-49

		-40

		-50

		-40

		-46

		

		-46

		-21

		-33



		3

		-33

		-32

		-15

		-49

		-35

		-47

		-29

		-52

		-36

		-38

		

		-54

		-22

		-36



		4

		-35

		-34

		-16

		-53

		-42

		-44

		-36

		-48

		-43

		-41

		

		-56

		-27

		-36



		5

		-36

		-35

		-18

		-54

		-48

		-49

		-46

		-51

		-50

		-46

		

		-53

		-26

		-24



		6

		-37

		-37

		-19

		-54

		-50

		-52

		-52

		-54

		-51

		-47

		

		-57

		-39

		-45



		7

		-39

		-40

		-20

		-54

		-51

		-60

		-53

		-55

		-52

		-50

		

		-57

		-45

		-49



		8

		-42

		-41

		-21

		-54

		-51

		-60

		-54

		-55

		-52

		-51

		

		-56

		-49

		-51



		9 Image

		-45

		-44

		-22

		-54

		-50

		-37

		-51

		-50

		-46

		-40

		

		-56

		-53

		-53



		10 Image

		-48

		-46

		-23

		-54

		-51

		-60

		-55

		-56

		-53

		-51

		

		-54

		-50

		-43







Table A.9

Protection Ratio for LTE BS Interferer, C=-50dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-40

		-43

		-38

		-42

		-37

		-39

		-38

		-40

		-39

		-38

		

		-36

		-38

		-42



		2

		-48

		-48

		-43

		-44

		-44

		-47

		-43

		-48

		-46

		-44

		

		-46

		-45

		-49



		3

		-50

		-51

		-44

		-47

		-34

		-44

		-29

		-53

		-35

		-40

		

		-51

		-46

		-53



		4

		-51

		-53

		-44

		-49

		-40

		-44

		-37

		-49

		-41

		-41

		

		-55

		-30

		-37



		5

		-52

		-55

		-45

		-50

		-46

		-48

		-47

		-51

		-48

		-46

		

		-52

		-27

		-25



		6

		-52

		-54

		-45

		-50

		-49

		-51

		-52

		-54

		-50

		-47

		

		-56

		-39

		-45



		7

		-52

		-55

		-45

		-51

		-50

		-57

		-54

		-55

		-51

		-51

		

		-56

		-45

		-48



		8

		-53

		-55

		-45

		-51

		-50

		-60

		-55

		-56

		-51

		-51

		

		-56

		-50

		-50



		9 Image

		-53

		-56

		-45

		-51

		-50

		-42

		-52

		-53

		-47

		-41

		

		-56

		-52

		-52



		10 Image

		-53

		-57

		-45

		-51

		-50

		-59

		-55

		-56

		-51

		-51

		

		-53

		-52

		-45
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Table A.10

Protection Ratio for LTE UE Interferer with all 10 sub-frames active, C=-40dB

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-15

		-14

		-12

		-14

		-12

		-14

		-14

		-14

		-13

		-13

		

		-12

		-12

		-12



		2

		-42

		-48

		-36

		-44

		-38

		-44

		-40

		-43

		-41

		-41

		

		-42

		-39

		-46



		3

		-43

		-50

		-36

		-48

		-37

		-45

		-29

		-46

		-37

		-36

		

		-46

		-42

		-48



		4

		-44

		-49

		-36

		-50

		-40

		-43

		-38

		-47

		-42

		-43

		

		-49

		-34

		-46



		5

		-43

		-50

		-37

		-50

		-41

		-45

		-42

		-49

		-43

		-48

		

		-46

		-27

		-20



		6

		-44

		-50

		-37

		-50

		-41

		-48

		-45

		-50

		-43

		-50

		

		-49

		-40

		-41



		7

		-44

		-50

		-36

		-50

		-41

		-50

		-48

		-50

		-43

		-50

		

		-49

		-44

		-45



		8

		-45

		-50

		-36

		-50

		-42

		-50

		-50

		-50

		-42

		-50

		

		-50

		-45

		-46



		9 Image

		-45

		-50

		-36

		-50

		-41

		-41

		-46

		-47

		-42

		-40

		

		-50

		-46

		-46



		10 Image

		-45

		-50

		-36

		-50

		-42

		-50

		-50

		-50

		-43

		-50

		

		-49

		-46

		-42







Table A.11

Protection Ratio for LTE UE Interferer with 1 sub-frame active, C=-40dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-14

		-14

		-11

		-14

		-12

		-14

		-14

		-14

		-13

		-12

		

		-11

		-11

		-12



		2

		-32

		-26

		-12

		-43

		-37

		-44

		-39

		-41

		-41

		-38

		

		-42

		-19

		-24



		3

		-33

		-28

		-12

		-46

		-36

		-45

		-27

		-45

		-38

		-39

		

		-46

		-22

		-32



		4

		-34

		-30

		-12

		-47

		-40

		-43

		-33

		-44

		-42

		-36

		

		-47

		-27

		-33



		5

		-36

		-31

		-13

		-47

		-41

		-45

		-42

		-45

		-42

		-41

		

		-46

		-25

		-21



		6

		-37

		-34

		-14

		-47

		-41

		-48

		-44

		-47

		-43

		-41

		

		-46

		-39

		-41



		7

		-38

		-36

		-14

		-47

		-41

		-50

		-44

		-46

		-43

		-41

		

		-47

		-42

		-44



		8

		-40

		-38

		-15

		-47

		-41

		-50

		-45

		-46

		-43

		-41

		

		-46

		-43

		-45



		9 Image

		-41

		-39

		-17

		-46

		-41

		-41

		-44

		-44

		-42

		-36

		

		-46

		-45

		-46



		10 Image

		-41

		-40

		-18

		-46

		-41

		-50

		-45

		-45

		-43

		-41

		

		-46

		-45

		-42








Table A.12

Protection Ratio for LTE BS Interferer, C=-40dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-33

		-38

		-31

		-38

		-30

		-35

		-33

		-33

		-34

		-33

		

		-32

		-31

		-39



		2

		-40

		-46

		-34

		-43

		-37

		-43

		-39

		-41

		-40

		-37

		

		-43

		-37

		-45



		3

		-41

		-48

		-34

		-46

		-35

		-43

		-27

		-44

		-36

		-36

		

		-44

		-38

		-46



		4

		-42

		-50

		-35

		-47

		-39

		-41

		-33

		-45

		-40

		-37

		

		-46

		-30

		-40



		5

		-42

		-50

		-35

		-47

		-40

		-42

		-41

		-46

		-41

		-42

		

		-45

		-27

		-22



		6

		-42

		-50

		-35

		-46

		-40

		-45

		-44

		-47

		-42

		-41

		

		-46

		-39

		-41



		7

		-43

		-50

		-35

		-46

		-40

		-50

		-45

		-47

		-41

		-41

		

		-46

		-41

		-43



		8

		-43

		-50

		-35

		-46

		-40

		-50

		-45

		-47

		-41

		-41

		

		-46

		-43

		-44



		9 Image

		-43

		-50

		-35

		-47

		-40

		-41

		-44

		-45

		-41

		-37

		

		-46

		-44

		-45



		10 Image

		-44

		-50

		-35

		-46

		-40

		-50

		-46

		-46

		-41

		-41

		

		-46

		-44

		-43
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Table A.13

Protection Ratio for LTE UE Interferer with all 10 sub-frames active, C=-35dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-14

		-14

		-12

		-14

		-12

		-12

		-14

		-14

		-13

		-13

		

		-12

		-12

		-12



		2

		-38

		-45

		-31

		-41

		-34

		-40

		-36

		-39

		-36

		-36

		

		-39

		-34

		-42



		3

		-38

		-45

		-32

		-45

		-35

		-42

		-29

		-40

		-36

		-36

		

		-42

		-38

		-43



		4

		-39

		-45

		-31

		-45

		-36

		-41

		-37

		-42

		-38

		-38

		

		-44

		-30

		-42



		5

		-39

		-45

		-32

		-45

		-37

		-42

		-39

		-44

		-38

		-38

		

		-41

		-26

		-20



		6

		-39

		-45

		-32

		-45

		-36

		-45

		-42

		-44

		-38

		-38

		

		-43

		-35

		-40



		7

		-39

		-45

		-31

		-45

		-36

		-45

		-45

		-44

		-38

		-38

		

		-44

		-40

		-42



		8

		-40

		-45

		-31

		-45

		-37

		-45

		-45

		-44

		-38

		-38

		

		-45

		-41

		-43



		9 Image

		-40

		-45

		-31

		-45

		-36

		-40

		-42

		-42

		-38

		-38

		

		-45

		-42

		-43



		10 Image

		-40

		-45

		-31

		-45

		-37

		-45

		-45

		-43

		-38

		-38

		

		-45

		-40

		-40








Table A.14

Protection Ratio for LTE UE Interferer with 1 sub-frame active, C=-35dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-13

		-14

		-8

		-14

		-12

		-12

		-14

		-14

		-13

		-13

		

		-11

		-11

		-11



		2

		-32

		-26

		-9

		-40

		-32

		-40

		-35

		-37

		-35

		-35

		

		-38

		-19

		-21



		3

		-33

		-28

		-10

		-42

		-34

		-42

		-26

		-39

		-36

		-36

		

		-41

		-21

		-27



		4

		-34

		-30

		-13

		-42

		-35

		-41

		-33

		-40

		-38

		-38

		

		-42

		-24

		-34



		5

		-35

		-31

		-12

		-42

		-36

		-42

		-38

		-40

		-38

		-38

		

		-41

		-24

		-21



		6

		-34

		-34

		-13

		-42

		-36

		-45

		-39

		-40

		-38

		-38

		

		-41

		-31

		-40



		7

		-37

		-36

		-14

		-42

		-36

		-45

		-39

		-40

		-38

		-38

		

		-41

		-34

		-42



		8

		-38

		-37

		-15

		-42

		-36

		-45

		-40

		-40

		-38

		-38

		

		-41

		-37

		-42



		9 Image

		-38

		-38

		-16

		-42

		-36

		-40

		-39

		-39

		-38

		-38

		

		-41

		-40

		-42



		10 Image

		-39

		-39

		-17

		-41

		-36

		-45

		-40

		-40

		-40

		-40

		

		-41

		-40

		-40







Table A.15

Protection Ratio for LTE BS Interferer, C=-35dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-29

		-35

		-27

		-34

		-26

		-32

		-29

		-31

		-30

		-30

		

		-31

		-28

		-35



		2

		-35

		-44

		-29

		-40

		-32

		-39

		-35

		-36

		-35

		-35

		

		-39

		-33

		-42



		3

		-36

		-45

		-29

		-42

		-33

		-40

		-27

		-39

		-35

		-35

		

		-40

		-33

		-42



		4

		-35

		-45

		-30

		-45

		-35

		-40

		-33

		-40

		-37

		-37

		

		-41

		-26

		-38



		5

		-37

		-45

		-30

		-43

		-35

		-41

		-39

		-40

		-37

		-37

		

		-40

		-25

		-22



		6

		-37

		-45

		-30

		-42

		-35

		-44

		-40

		-41

		-37

		-37

		

		-41

		-30

		-39



		7

		-38

		-45

		-30

		-43

		-35

		-45

		-40

		-39

		-37

		-37

		

		-41

		-34

		-41



		8

		-38

		-45

		-30

		-43

		-35

		-45

		-41

		-41

		-36

		-36

		

		-41

		-38

		-41



		9 Image

		-38

		-45

		-30

		-45

		-35

		-42

		-40

		-40

		-36

		-36

		

		-41

		-40

		-41



		10 Image

		-38

		-45

		-30

		-44

		-35

		-45

		-41

		-39

		-36

		-36

		

		-41

		-39

		-40
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Table A.16

Protection Ratio for LTE UE Interferer with all 10 sub-frames active, C=-30dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-15

		-14

		-12

		-15

		-13

		-14

		-15

		-15

		-14

		-14

		

		-12

		-12

		-13



		2

		-33

		-40

		-27

		-38

		-29

		-36

		-32

		-34

		-32

		-32

		

		-35

		-30

		-38



		3

		-33

		-40

		-27

		-40

		-31

		-38

		-29

		-35

		-33

		-33

		

		-37

		-33

		-38



		4

		-34

		-40

		-26

		-40

		-31

		-40

		-34

		-36

		-34

		-34

		

		-38

		-27

		-38



		5

		-34

		-40

		-27

		-40

		-31

		-40

		-36

		-36

		-33

		-33

		

		-36

		-23

		-19



		6

		-34

		-40

		-27

		-40

		-31

		-40

		-37

		-37

		-33

		-33

		

		-37

		-32

		-38



		7

		-33

		-40

		-26

		-40

		-31

		-40

		-40

		-37

		-33

		-33

		

		-39

		-36

		-39



		8

		-35

		-40

		-26

		-40

		-32

		-40

		-40

		-38

		-33

		-33

		

		-40

		-37

		-39



		9 Image

		-35

		-40

		-26

		-40

		-31

		-40

		-40

		-37

		-33

		-33

		

		-40

		-37

		-38



		10 Image

		-35

		-40

		-26

		-40

		-32

		-40

		-40

		-38

		-33

		-33

		

		-40

		-35

		-37







Table A.17

Protection Ratio for LTE UE Interferer with 1 sub-frame active, C=-30dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-15

		-14

		-8

		-14

		-12

		-14

		-14

		-14

		-13

		-13

		

		-11

		-11

		-11



		2

		-31

		-26

		-8

		-36

		-27

		-36

		-31

		-32

		-35

		-31

		

		-34

		-18

		-19



		3

		-31

		-29

		-9

		-37

		-29

		-38

		-27

		-34

		-36

		-32

		

		-36

		-20

		-26



		4

		-31

		-31

		-10

		-37

		-30

		-40

		-32

		-34

		-38

		-33

		

		-36

		-22

		-33



		5

		-32

		-32

		-11

		-37

		-31

		-40

		-34

		-34

		-38

		-33

		

		-36

		-22

		-21



		6

		-32

		-33

		-13

		-37

		-31

		-40

		-34

		-34

		-38

		-33

		

		-36

		-28

		-38



		7

		-33

		-34

		-14

		-37

		-31

		-40

		-34

		-34

		-38

		-33

		

		-36

		-32

		-38



		8

		-33

		-35

		-15

		-37

		-31

		-40

		-35

		-34

		-38

		-33

		

		-36

		-35

		-38



		9 Image

		-33

		-36

		-16

		-37

		-31

		-40

		-34

		-34

		-38

		-33

		

		-36

		-35

		-38



		10 Image

		-34

		-36

		-17

		-37

		-31

		-40

		-35

		-35

		-40

		-35

		

		-36

		-34

		-37








Table A.18

Protection Ratio for LTE BS Interferer, C=-30dBm

		

Interferer Offset N

		Si Tuner E

		Si Tuner A

		Si Tuner F

		Si Tuner B

		Can Tuner A

		Can Tuner D

		Can Tuner E

		Can Tuner F

		Can Tuner G

		Can Tuner B

		

		Can Tuner H 7MHz

		Can Tuner J 7MHz

		Can Tuner L 7MHz



		1

		-25

		-30

		-22

		-30

		-22

		-23

		-25

		-27

		-30

		-27

		

		-27

		-24

		-30



		2

		-30

		-40

		-24

		-37

		-27

		-34

		-30

		-32

		-35

		-31

		

		-34

		-28

		-37



		3

		-32

		-40

		-24

		-40

		-29

		-36

		-27

		-33

		-35

		-31

		

		-35

		-29

		-37



		4

		-32

		-40

		-25

		-38

		-30

		-39

		-32

		-34

		-37

		-32

		

		-35

		-23

		-36



		5

		-32

		-40

		-25

		-40

		-30

		-39

		-34

		-34

		-37

		-32

		

		-35

		-23

		-22



		6

		-32

		-40

		-25

		-38

		-30

		-40

		-35

		-35

		-37

		-32

		

		-35

		-28

		-37



		7

		-33

		-40

		-25

		-40

		-30

		-40

		-35

		-35

		-37

		-31

		

		-36

		-32

		-37



		8

		-33

		-40

		-25

		-40

		-30

		-40

		-35

		-34

		-36

		-31

		

		-36

		-35

		-37



		9 Image

		-33

		-40

		-25

		-39

		-30

		-39

		-35

		-35

		-36

		-31

		

		-36

		-35

		-37



		10 Image

		-34

		-40

		-25

		-40

		-30

		-40

		-36

		-35

		-36

		-31

		

		-36

		-34

		-36
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[image: ]Figure A.40 – LTE UE 10 Active Sub-frames/frame – Si Tuner E
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Figure A.41 – LTE UE 1 Active Sub-frames/frame – Si Tuner E
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Figure A.42 – LTE BS – Si Tuner E
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Figure A.43 – LTE UE 10 Active Sub-frames/frame – Si Tuner A
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Figure A.44 – LTE UE 1 Active Sub-frames/frame – Si Tuner A
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Figure A.45 – LTE BS – Si Tuner A
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Figure A.46 – LTE UE 10 Active Sub-frames/frame – Si Tuner F
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Figure A.47 – LTE UE 1 Active Sub-frames/frame – Si Tuner F
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Figure A.48 – LTE BS – Si Tuner F
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Figure A.49 – LTE UE 10 Active Sub-frames/frame – Si Tuner B
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Figure A.50 – LTE UE 1 Active Sub-frames/frame – Si Tuner B
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Figure A.51 – LTE BS – Si Tuner B
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Figure A.52 – LTE UE 10 Active Sub-frames/frame – Can Tuner A
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Figure A.53 – LTE UE 1 Active Sub-frames/frame – Can Tuner A
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Figure A.54 – LTE BS – Can Tuner A
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Figure A.55 – LTE UE 10 Active Sub-frames/frame – Can Tuner D
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Figure A.56 – LTE UE 1 Active Sub-frames/frame – Can Tuner D

[image: ]

Figure A.57 – LTE BS – Can Tuner D
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Figure A.58 – LTE UE 10 Active Sub-frames/frame – Can Tuner E
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Figure A.59 – LTE UE 1 Active Sub-frames/frame – Can Tuner E
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Figure A.60 – LTE BS – Can Tuner E
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Figure A.61 – LTE UE 10 Active Sub-frames/frame – Can Tuner F
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Figure A.62 – LTE UE 1 Active Sub-frames/frame – Can Tuner F
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Figure A.63 – LTE BS – Can Tuner F
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Figure A.64 – LTE UE 10 Active Sub-frames/frame – Can Tuner G
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Figure A.65 – LTE UE 1 Active Sub-frames/frame – Can Tuner G
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Figure A.66 – LTE BS – Can Tuner G
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Figure A.67 – LTE UE 10 Active Sub-frames/frame – Can Tuner B
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Figure A.68 – LTE UE 1 Active Sub-frames/frame – Can Tuner B
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Figure A.69 – LTE BS – Can Tuner B
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Figure A.70 – LTE UE 10 Active Sub-frames/frame – Can Tuner H (7MHz)
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Figure A.71 – LTE UE 1 Active Sub-frames/frame – Can Tuner H (7MHz)
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Figure A.72 – LTE BS – Can Tuner H (7MHz)
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Figure A.73– LTE UE 10 Active Sub-frames/frame – Can Tuner J (7MHz)
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Figure A.74 – LTE UE 1 Active Sub-frames/frame – Can Tuner J (7MHz)
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Figure A.75 – LTE BS – Can Tuner J (7MHz)
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Figure A.76 – LTE UE 10 Active Sub-frames/frame – Can Tuner L (7MHz)
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Figure A.77 – LTE UE 1 Active Sub-frames/frame – Can Tuner L (7MHz)
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Figure A.78 – LTE BS – Can Tuner L (7MHz)
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						8			-1			5			-7			1			0			5			4			0			0			1			-2			1			5			4			-4			-1


						9			1			6			-6			7			-12			7			2			3			-3			1			-7			2			7			5			1			2


						10			2			7			-6			1			0			8			5			2			1			1			-1			2			7			3			2			3


			difference LTE5M10S minus 1 LTE5M1SF


						1			0			0			11			1			1			-8			1			1			1			1			0.3			0.5			0.9			1			1			2


						2			32			32			34			6			1			29			1			0			-3			0			27.7			4.5			4.3			0			30			21


						3			32			32			33			2			0			28			1			2			0			27			9.4			23.5			5.8			-2			29			26


						4			27			25			33			7			1			1			4			2			4			2			19.6			5.5			13.3			0			1			0


						5			28			25			31			6			0			0			2			5			0			0			22.4			5.5			7.8			0			0			-1


						6			27			25			30			6			0			0			0			1			3			2			23.7			3			6			0			1			1


						7			26			24			24			6			0			-7			1			1			0			5			20.4			1			3.3			0			0			0


						8			24			22			23			6			0			5			2			1			0			5			22.1			2.5			4.2			1			2			0


						9			21			21			23			6			9			-12			0			3			0			0			11.4			3			6			1			1			0


						10			5			18			22			6			0			-6			1			1			0			10			12.1			2.5			3.7			5			2			0


			difference LTE5M10S minus 1 LTEDL5M1


						1			-5			-9			-6			-13			-4			-21			-3			-5			-5			-4												-14			-6			-16


						2			2			2			1			1			1			-4			1			2			2			2			1									-1			0			1


						3			2			2			1			2			1			2			2			7			2			-1			2									1			3			4


						4			0			-5			7			3			2			4			4			2			5			2			3.8									1			1			0


						5			0			1			6			3			1			0			2			3			1			1			2.8									0			-1			-2


						6			0			-4			5			4			1			1			1			1			4			2			1.4									2			1			1


						7			1			2			-1			9			1			-9			1			1			2			5			-3.7									1			1			1


						8			3			2			-1			9			1			1			1			1			0			2			0.8									3			2			1


						9			2			2			-1			3			8			-22			-1			0			5			-1			-1.2									2			1			0


						10			1			1			-1			9			1			-5			0			2			0			5			0.8									6			0			-1


			DVB-T result						Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F


						1			-5.7			-1.3			-8.7			-4.9			-16.7			-2.8			-10.9			-10.1


						2			-5.1			5.7			-11.6			-6.7			-10.3			-2.6			-3.6			-5.1


						3			-2.1			6.5			-10			-14			-20.6			3.2			-27.3			-2.4


						4			-0.9			3.2			-8.8			-12.7			-10.9			-12.5			-12.7			-9.8


						5			-0.5			3			-7.8			-12.6			-5.3			-9.7			-6.2			-7.2


						6			0.2			3.4			-7.2			-12.5			-3.3			-6			-1.3			-4.4


						7			1			1.4			-7			-12.2			-1.9			3.3			2.2			-2


						8			1.5			1.7			-8.5			13.8			-0.8			3.8			2.9			-0.8


						9			0.1			0.2			-8			12.2			-2			8.3			3			3.9


						10			1.2			1			-7.3			12.7			-1.2			5.8			4.5			2.1


			DVB-T - LTE5M10S						Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F			10% percentile			90% percentile


						1			9.3			14.7			9.3			10.1			0.3			23.2			4.1			4.9			3.0			9.3


						2			-5.1			-2.3			-5.6			-10.7			-5.3			-1.6			-3.6			-5.1			-7.1			-2.1


						3			-4.1			-3.5			-5			-22			-1.6			-1.8			-2.3			-6.4			-11.1			-1.7


						4			1.1			-1.8			-4.8			-22.7			-2.9			-2.5			-2.7			-1.8			-10.2			-0.9


						5			0.5			-3			-3.8			-22.6			-2.3			-2.7			-5.2			-3.2			-10.4			-1.5


						6			0.2			-2.6			-3.2			-22.5			-2.3			-2			-1.3			-2.4			-9.0			-0.9


						7			0			-5.6			2			-22.2			-2.9			8.3			-2.8			-2			-10.6			3.9


						8			-0.5			-5.3			-0.5			3.8			-1.8			-2.2			-2.1			-1.8			-3.1			0.8


						9			-2.9			-7.8			-1			2.2			2			23.3			2			0.9			-4.4			8.5


						10			-1.8			-7			-0.3			2.7			-2.2			2.8			-0.5			-1.9			-3.6			2.7


			DVB-T - LTE5M1SF						Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F			10% percentile			90% percentile


						1			9.3			14.7			20.3			11.1			1.3			15.2			5.1			5.9			4.0			10.2


						2			26.9			29.7			28.4			-4.7			-4.3			27.4			-2.6			-5.1			-4.8			28.8


						3			27.9			28.5			28			-20			-1.6			26.2			-1.3			-4.4			-9.1			28.2


						4			28.1			23.2			28.2			-15.7			-1.9			-1.5			1.3			0.2			-6.0			28.1


						5			28.5			22			27.2			-16.6			-2.3			-2.7			-3.2			1.8			-7.2			27.6


						6			27.2			22.4			26.8			-16.5			-2.3			-2			-1.3			-1.4			-6.6			26.9


						7			26			18.4			26			-16.2			-2.9			1.3			-1.8			-1			-6.9			26.0


						8			23.5			16.7			22.5			9.8			-1.8			2.8			-0.1			-0.8			-1.1			22.8


						9			18.1			13.2			22			8.2			11			11.3			2			3.9			3.3			19.3


						10			3.2			11			21.7			8.7			-2.2			-3.2			0.5			-0.9			-2.5			14.2


			DVB-T - LTEDL5M1						Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F			10% percentile			90% percentile


						1			4.3			5.7			3.3			-2.9			-3.7			2.2			1.1			-0.1			-3			2


						2			-3.1			-0.3			-4.6			-9.7			-4.3			-5.6			-2.6			-3.1			-7			-2


						3			-2.1			-1.5			-4			-20			-0.6			0.2			-0.3			0.6			-9			0


						4			1.1			-6.8			2.2			-19.7			-0.9			1.5			1.3			0.2			-11			2


						5			0.5			-2			2.2			-19.6			-1.3			-2.7			-3.2			-0.2			-8			1


						6			0.2			-6.6			1.8			-18.5			-1.3			-1			-0.3			-1.4			-10			1


						7			1			-3.6			1			-13.2			-1.9			-0.7			-1.8			-1			-6			1


						8			2.5			-3.3			-1.5			12.8			-0.8			-1.2			-1.1			-0.8			-2			6


						9			-0.9			-5.8			-2			5.2			10			1.3			1			0.9			-3			7


						10			-0.8			-6			-1.3			11.7			-1.2			-2.2			-0.5			0.1			-3			4
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			Protection Ratio			C=-70dBm																																										7MHZ			7MHZ			7MHZ


			LTE5M10S


			Interferer Offset N			Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F			Can Tuner G			Can Tuner B			10% Percentile			50% Percentile			90% Percentile						7MHz Can Tuner H			7MHz Can Tuner J			7MHz Can Tuner L


			1			-14			-14			-13			-14			-12			-13			-14			-13			-13			-12			-14			-13			-12						-11			-11			-12


			2			-51			-49			-46			-48			-48			-49			-44			-53			-48			-47			-51			-48			-46						-44			-45			-47


			3			-54			-53			-48			-49			-51			-47			-45			-60			-49			-41			-55			-49			-45						-55			-51			-56


			4			-56			-55			-49			-49			-62			-60			-60			-62			-64			-58			-62			-59			-49						-66			-46			-55


			5			-57			-56			-51			-52			-67			-63			-69			-66			-68			-61			-68			-62			-52						-68			-45			-43


			6			-59			-57			-51			-51			-69			-66			-70			-68			-69			-67			-69			-67			-51						-74			-58			-66


			7			-60			-58			-53			-52			-71			-75			-75			-70			-72			-75			-75			-71			-53						-75			-61			-68


			8			-61			-59			-53			-54			-71			-70			-75			-71			-70			-73			-73			-70			-54						-77			-68			-70


			9			-63			-60			-55			-55			-56			-45			-53			-54			-46			-40			-60			-55			-45						-77			-72			-72


			10			-64			-62			-55			-55			-71			-73			-75			-74			-71			-69			-74			-70			-55						-53			-50			-43


			LTE5M1SF


			Interferer Offset N			Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F			Can Tuner G			Can Tuner B			10% Percentile			50% Percentile			90% Percentile						7MHz Can Tuner H			7MHz Can Tuner J			7MHz Can Tuner L																											26.5			446.683592151


			1			-14			-13			-13			-14			-12			-13			-14			-14			-13			-11			-14			-13			-12						-11			-11			-12																											17.5			56.234132519


			2			-38			-46			-30			-46			-48			-49			-42			-53			-46			-48			-49			-46			-37						-45			-35			-46																								27.0149694203						502.91772467


			3			-40			-48			-32			-46			-51			-47			-44			-58			-49			-43			-52			-47			-39						-56			-40			-51


			4			-41			-50			-33			-50			-61			-60			-56			-60			-60			-56			-60			-56			-40						-65			-45			-55


			5			-41			-51			-35			-49			-67			-63			-67			-61			-68			-61			-67			-61			-40						-68			-45			-44


			6			-43			-51			-36			-51			-69			-66			-70			-67			-66			-65			-69			-66			-42						-74			-57			-65


			7			-45			-53			-37			-51			-71			-75			-74			-69			-72			-70			-74			-70			-44						-75			-61			-68


			8			-48			-55			-39			-52			-71			-70			-73			-70			-70			-68			-71			-69			-47						-76			-66			-70


			9			-52			-57			-40			-53			-57			-45			-52			-53			-46			-40			-57			-52			-40						-76			-71			-72


			10			-52			-60			-41			-55			-71			-73			-74			-73			-71			-66			-73			-69			-51						-53			-50			-43


			LTEDL5M1


			Interferer Offset N			Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F			Can Tuner G			Can Tuner B			10% Percentile			50% Percentile			90% Percentile						7MHz Can Tuner H			7MHz Can Tuner J			7MHz Can Tuner L


			1			-45			-44			-39			-42			-41			-36			-40			-43			-39			-41			-44			-41			-39						-37			-42			-45


			2			-48			-47			-44			-45			-47			-47			-44			-49			-46			-46			-48			-47			-44						-46			-45			-48


			3			-53			-51			-47			-50			-50			-46			-43			-57			-47			-43			-53			-49			-43						-52			-50			-53


			4			-55			-54			-49			-48			-60			-56			-56			-60			-59			-56			-60			-56			-49						-63			-45			-55


			5			-56			-55			-50			-49			-66			-63			-67			-63			-67			-60			-67			-62			-50						-60			-46			-45


			6			-57			-55			-52			-50			-68			-65			-69			-67			-65			-65			-68			-65			-52						-72			-57			-65


			7			-59			-56			-53			-50			-70			-74			-74			-69			-70			-70			-74			-70			-53						-74			-60			-67


			8			-60			-57			-54			-52			-70			-75			-74			-70			-70			-71			-74			-70			-54						-74			-66			-69


			9			-62			-59			-55			-52			-58			-46			-54			-56			-47			-41			-59			-55			-46						-75			-71			-72


			10			-63			-60			-56			-53			-70			-78			-75			-72			-71			-71			-75			-71			-56						-54			-52			-44


			difference LTE5M10S minus 1 LTE5M1SF


			Interferer Offset N


			1			0			-1			0			0			0			0			0			1			0			-1															0			0			0


			2			-13			-3			-16			-2			0			0			-2			0			-2			1															1			-10			-1


			3			-14			-5			-16			-3			0			0			-1			-2			0			2															1			-11			-5


			4			-15			-5			-16			1			-1			0			-4			-2			-4			-2															-1			-1			0


			5			-16			-5			-16			-3			0			0			-2			-5			0			0															0			0			1


			6			-16			-6			-15			0			0			0			0			-1			-3			-2															0			-1			-1


			7			-15			-5			-16			-1			0			0			-1			-1			0			-5															0			0			0


			8			-13			-4			-14			-2			0			0			-2			-1			0			-5															-1			-2			0


			9			-11			-3			-15			-2			1			0			-1			-1			0			0															-1			-1			0


			10			-12			-2			-14			0			0			0			-1			-1			0			-3															0			0			0


			difference LTE5M10S minus 1 LTEDL5M1


			Interferer Offset N			31			30			26			28			29			23			26			30			26			29															26			31			33


			1			-3			-2			-2			-3			-1			-2			0			-4			-2			-1															2			0			1


			2			-1			-2			-1			1			-1			-1			-2			-3			-2			2															-3			-1			-3


			3			-1			-1			0			-1			-2			-4			-4			-2			-5			-2															-3			-1			0


			4			-1			-1			-1			-3			-1			0			-2			-3			-1			-1															-8			1			2


			5			-2			-2			1			-1			-1			-1			-1			-1			-4			-2															-2			-1			-1


			6			-1			-2			0			-2			-1			-1			-1			-1			-2			-5															-1			-1			-1


			7			-1			-2			1			-2			-1			5			-1			-1			0			-2															-3			-2			-1


			8			-1			-1			0			-3			2			1			1			2			1			1															-2			-1			0


			9			-1			-2			1			-2			-1			5			0			-2			0			2															1			2			1


			10			0			0			0			0			0			0			0			0			0			0															0			0			0


																																																-19			-4			-2


			DVB-T inteferer			Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F			10%			90%


			1			-45.1			-43.6			-37.3			-40.4			-43.4			-38.2			-40.7			-43.4


			2			-47.6			-47.2			-43.5			-46.5			-43.6			-47.3			-38.5			-55.6


			3			-51.5			-50.6			-46.7			-49			-49.4			-45.9			-42.7			-61.7


			4			-52.9			-51.8			-47.8			-49.3			-59.1			-57.5			-57.3			-60.2


			5			-53.9			-52.6			-49			-49.3			-64.7			-60.3			-63.8			-62.8


			6			-54.9			-53.3			-50.1			-49			-66.7			-64			-68.7			-65.6


			7			-56.3			-54.2			-51.3			-49			-68.1			-73.3			-72.2			-68


			8			-57.7			-54.2			-52.3			-49			-69.2			-73.8			-72.9			-69.2


			9			-59.3			-56.9			-53.4			-52.1			-55.3			-43.1			-50.7			-52.3


			10			-61.1			-58.2			-54.3			-51			-68.8			-75.8			-74.5			-72.1


			DVB-T - LTE5M10S			Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F			10%			90%


			1			-31.1			-29.6			-24.3			-26.4			-31.4			-25.2			-26.7			-30.4			-31.2			-28.2


			2			3.4			1.8			2.5			1.5			4.4			1.7			5.5			-2.6			0.3			4.7


			3			2.5			2.4			1.3			0			1.6			1.1			2.3			-1.7			-0.5			2.4


			4			3.1			3.2			1.2			-0.3			2.9			2.5			2.7			1.8			0.8			3.1


			5			3.1			3.4			2			2.7			2.3			2.7			5.2			3.2			2.2			3.9


			6			4.1			3.7			0.9			2			2.3			2			1.3			2.4			1.2			3.8


			7			3.7			3.8			1.7			3			2.9			1.7			2.8			2			1.7			3.7


			8			3.3			4.8			0.7			5			1.8			-3.8			2.1			1.8			-0.6			4.9


			9			3.7			3.1			1.6			2.9			0.7			1.9			2.3			1.7			1.3			3.3


			10			2.9			3.8			0.7			4			2.2			-2.8			0.5			1.9			-0.5			3.9


			DVB-T - LTE5M1SF			Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F			10%			90%


			1			-31.1			-30.6			-24.3			-26.4			-31.4			-25.2			-26.7			-29.4			-31.2			-28.1


			2			-9.6			-1.2			-13.5			-0.5			4.4			1.7			3.5			-2.6			-10.8			3.8


			3			-11.5			-2.6			-14.7			-3			1.6			1.1			1.3			-3.7			-12.5			1.4


			4			-11.9			-1.8			-14.8			0.7			1.9			2.5			-1.3			-0.2			-12.8			2.1


			5			-12.9			-1.6			-14			-0.3			2.3			2.7			3.2			-1.8			-13.2			2.9


			6			-11.9			-2.3			-14.1			2			2.3			2			1.3			1.4			-12.6			2.1


			7			-11.3			-1.2			-14.3			2			2.9			1.7			1.8			1			-12.2			2.3


			8			-9.7			0.8			-13.3			3			1.8			-3.8			0.1			0.8			-10.8			2.2


			9			-7.3			0.1			-13.4			0.9			1.7			1.9			1.3			0.7			-9.1			1.8


			10			-9.1			1.8			-13.3			4			2.2			-2.8			-0.5			0.9			-10.4			2.7


			DVB-T - LTEDL5M1			Si Tuner E			Si Tuner A			Si Tuner F			Si Tuner B			Can Tuner A			Can Tuner D			Can Tuner E			Can Tuner F			10%			90%


						-0.1			0.4			1.7			1.6			-2.4			-2.2			-0.7			-0.4			-2			-0


						0.4			-0.2			0.5			-1.5			3.4			-0.3			5.5			-6.6			-3			4


						1.5			0.4			0.3			1			0.6			0.1			0.3			-4.7			-1			1


						2.1			2.2			1.2			-1.3			0.9			-1.5			-1.3			-0.2			-1			2


						2.1			2.4			1			-0.3			1.3			2.7			3.2			0.2			0			3


						2.1			1.7			1.9			1			1.3			1			0.3			1.4			1			2


						2.7			1.8			1.7			1			1.9			0.7			1.8			1			1			2


						2.3			2.8			1.7			3			0.8			1.2			1.1			0.8			1			3


						2.7			2.1			1.6			-0.1			2.7			2.9			3.3			3.7			1			3


						1.9			1.8			1.7			2			1.2			2.2			0.5			-0.1			0			2








			1			1			1			1			1			1			1			1			1			1


			2			2			2			2			2			2			2			2			2			2


			3			3			3			3			3			3			3			3			3			3


			4			4			4			4			4			4			4			4			4			4


			5			5			5			5			5			5			5			5			5			5


			6			6			6			6			6			6			6			6			6			6


			7			7			7			7			7			7			7			7			7			7


			8			8			8			8			8			8			8			8			8			8


			9			9			9			9			9			9			9			9			9			9


			10			10			10			10			10			10			10			10			10			10





Si Tuner E


Si Tuner A


Si Tuner F


Si Tuner B


Can Tuner A


Can Tuner D


Can Tuner E


Can Tuner F


Can Tuner G


Can Tuner B


Intefererer Offset Nx8MHz


C/I dB


LTE UE Interference C/I  - (All 10 subframes active), C=-70dBm


-14


-14


-13


-14


-12


-13
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-13


-13


-12


-51


-49


-46


-48


-48


-49


-44
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-56
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-49
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-67


-63
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-66


-68


-61


-59


-57


-51


-51


-69


-66


-70


-68


-69


-67


-60


-58


-53


-52


-71


-75


-75


-70


-72


-75


-61


-59


-53


-54


-71


-70


-75


-71


-70


-73


-63


-60


-55


-55


-56


-45


-53


-54


-46


-40


-64


-62


-55


-55


-71


-73


-75


-74


-71


-69





			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0





Si Tuner E


Si Tuner A


Si Tuner F


Si Tuner B


Can Tuner A


Can Tuner D


Can Tuner E


Can Tuner F


Can Tuner G


Can Tuner B


Intefererer Offset Nx8MHz


C/I dB


LTE UE Interference C/I  - (1 subframe active), C=-70dBm


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0
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0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0


			0			0			0			0			0			0			0			0			0			0





Si Tuner E


Si Tuner A


Si Tuner F


Si Tuner B


Can Tuner A


Can Tuner D


Can Tuner E


Can Tuner F


Can Tuner G


Can Tuner B


Intefererer Offset Nx8MHz


C/I dB


LTE BS Interference C/I  - (All 10 subframes active), C=-70dBm


0
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0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0
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0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			1			1			1


			2			2			2


			3			3			3


			4			4			4


			5			5			5


			6			6			6


			7			7			7


			8			8			8


			9			9			9


			10			10			10





7MHz Can Tuner H


7MHz Can Tuner J


7MHz Can Tuner L


Intefererer Offset Nx7MHz


C/I dB


LTE UE Interference C/I  - (All 10 subframes active), C=-70dBm


-11


-11
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			9			9			9


			10			10			10





7MHz Can Tuner H


7MHz Can Tuner J


7MHz Can Tuner L


Intefererer Offset Nx7MHz


C/I dB


LTE UE Interference C/I  - (1 subframe active), C=-70dBm
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			1			1			1


			2			2			2


			3			3			3


			4			4			4


			5			5			5


			6			6			6


			7			7			7


			8			8			8


			9			9			9


			10			10			10





7MHz Can Tuner H


7MHz Can Tuner J


7MHz Can Tuner L


Intefererer Offset Nx7MHz


C/I dB


LTE BS Interference C/I  - (All 10 subframes active), C=-70dBm


-37


-42


-45


-46


-45


-48


-52


-50


-53


-63


-45


-55


-60


-46


-45


-72


-57


-65


-74


-60


-67


-74


-66


-69


-75


-71


-72


-54


-52


-44





			1			1			1			1			1			1			1			1			1			1


			2			2			2			2			2			2			2			2			2			2


			3			3			3			3			3			3			3			3			3			3


			4			4			4			4			4			4			4			4			4			4


			5			5			5			5			5			5			5			5			5			5


			6			6			6			6			6			6			6			6			6			6


			7			7			7			7			7			7			7			7			7			7


			8			8			8			8			8			8			8			8			8			8


			9			9			9			9			9			9			9			9			9			9


			10			10			10			10			10			10			10			10			10			10





Si Tuner E


Si Tuner A


Si Tuner F


Si Tuner B


Can Tuner A


Can Tuner D


Can Tuner E


Can Tuner F


10%


90%


Intefererer Offset Nx8MHz


C/I


Differences in PR: DVB-T - LTE5M10S


-31.1


-29.6


-24.3


-26.4


-31.4


-25.2


-26.7


-30.4


-31.19


-28.15


3.4


1.8


2.5


1.5


4.4


1.7


5.5


-2.6


0.27


4.73


2.5


2.4


1.3


0


1.6


1.1


2.3


-1.7


-0.51


2.43


3.1


3.2


1.2


-0.3


2.9


2.5


2.7


1.8


0.75


3.13


3.1


3.4


2


2.7


2.3


2.7


5.2


3.2


2.21


3.94


4.1


3.7


0.9


2


2.3


2


1.3


2.4


1.18


3.82


3.7


3.8


1.7


3


2.9


1.7


2.8


2


1.7


3.73


3.3


4.8


0.7


5


1.8


-3.8


2.1


1.8


-0.65


4.86


3.7


3.1


1.6


2.9


0.7


1.9


2.3


1.7


1.33


3.28


2.9


3.8


0.7


4


2.2


-2.8


0.5


1.9


-0.49


3.86





			1			1			1			1			1			1			1			1			1			1


			2			2			2			2			2			2			2			2			2			2


			3			3			3			3			3			3			3			3			3			3


			4			4			4			4			4			4			4			4			4			4


			5			5			5			5			5			5			5			5			5			5


			6			6			6			6			6			6			6			6			6			6


			7			7			7			7			7			7			7			7			7			7


			8			8			8			8			8			8			8			8			8			8


			9			9			9			9			9			9			9			9			9			9


			10			10			10			10			10			10			10			10			10			10





Si Tuner E


Si Tuner A


Si Tuner F


Si Tuner B


Can Tuner A


Can Tuner D


Can Tuner E


Can Tuner F


10%


90%


Intefererer Offset Nx8MHz


C/I


Differences in PR: DVB-T - LTE5M1SF


-31.1


-30.6


-24.3


-26.4


-31.4


-25.2


-26.7


-29.4


-31.19


-28.05


-9.6


-1.2


-13.5


-0.5


4.4


1.7


3.5


-2.6


-10.77


3.77


-11.5


-2.6


-14.7


-3


1.6


1.1


1.3


-3.7


-12.46


1.39


-11.9


-1.8


-14.8


0.7


1.9


2.5


-1.3


-0.2


-12.77


2.08


-12.9


-1.6


-14


-0.3


2.3


2.7


3.2


-1.8


-13.23


2.85


-11.9


-2.3


-14.1


2


2.3


2


1.3


1.4


-12.56


2.09


-11.3


-1.2


-14.3


2


2.9


1.7


1.8


1


-12.2


2.27


-9.7


0.8


-13.3


3


1.8


-3.8


0.1


0.8


-10.78


2.16


-7.3


0.1


-13.4


0.9


1.7


1.9


1.3


0.7


-9.13


1.76


-9.1


1.8


-13.3


4


2.2


-2.8


-0.5


0.9


-10.36


2.74





			-0.1			0.4			1.7			1.6			-2.4			-2.2			-0.7			-0.4			-2.26			-0.25


			0.4			-0.2			0.5			-1.5			3.4			-0.3			5.5			-6.6			-3.03			4.03


			1.5			0.4			0.3			1			0.6			0.1			0.3			-4.7			-1.34			1.15


			2.1			2.2			1.2			-1.3			0.9			-1.5			-1.3			-0.2			-1.36			2.13


			2.1			2.4			1			-0.3			1.3			2.7			3.2			0.2			0.05			2.85


			2.1			1.7			1.9			1			1.3			1			0.3			1.4			0.79			1.96


			2.7			1.8			1.7			1			1.9			0.7			1.8			1			0.91			2.14


			2.3			2.8			1.7			3			0.8			1.2			1.1			0.8			0.8			2.86


			2.7			2.1			1.6			-0.1			2.7			2.9			3.3			3.7			1.09			3.42


			1.9			1.8			1.7			2			1.2			2.2			0.5			-0.1			0.32			2.06





Si Tuner E


Si Tuner A


Si Tuner F


Si Tuner B


Can Tuner A


Can Tuner D


Can Tuner E


Can Tuner F


10%


90%


Intefererer Offset Nx8MHz


C/I


Differences in PR: DVB-T - LTEDL5M1





			


																																																						2			4			2			2			0			1


																																																						2			2			1			1			0			1


																																																						2			2			2			2			0			2


																																																						3			5			10			18			23			15


																																																			LTE5M10S			2			4			7			17			23			16


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth						-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-15			-14			-15			-14			-14			-14			-21			-15			-15			-15			-21			-25			-36			-46			-56


																																																			2			-33			-38			-42			-50			-51			-51			0			0			0			3			3			2			0			-9			-19


																																																			3			-33			-38			-43			-52			-55			-54			-5			2			2			3			3			3			2			-5			-16


																																																			4			-34			-39			-44			-53			-58			-56			-2			3			-2			4			4			4			3			-2			-14


																																																			5			-34			-39			-43			-53			-59			-57			-1			3			-1			4			4			3			3			-1			-13


																																																			6			-34			-39			-44			-54			-60			-59			0			4			0			4			4			4			4			0			-11


																																																			7			-33			-39			-44			-54			-61			-60			1			1			1			3			4			4			4			1			-10


																																																			8			-35			-40			-45			-54			-62			-61			2			2			2			5			5			5			4			2			-9


																																																			9			-35			-40			-45			-54			-63			-63			3			3			3			5			5			5			4			3			-7


																																																			10			-35			-40			-45			-55			-63			-64			3			3			3			5			5			5			5			3			-6


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth						-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-15			-13			-14			-15			-14			-14			-22			-15			-15			-15			-22			-26			-35			-46			-56


																																																			2			-31			-32			-32			-31			-31			-38			-32			1			-32			1			-3			-8			-19			-29			-32


																																																			3			-31			-33			-33			-33			-33			-40			-30			-2			-30			1			-2			-7			-17			-27			-30


																																																			4			-31			-34			-34			-35			-35			-41			-29			-1			-29			1			-1			-6			-15			-25			-29


																																																			5			-32			-35			-36			-36			-36			-41			-29			0			-29			2			0			-4			-14			-24			-29


																																																			6			-32			-34			-37			-37			-37			-43			-27			-1			-27			2			-1			-3			-13			-23			-27


																																																			7			-33			-37			-38			-39			-39			-45			-25			2			-25			3			2			-2			-11			-21			-25


																																																			8			-33			-38			-40			-42			-42			-48			-22			0			-22			3			3			0			-8			-18			-22


																																																			9			-33			-38			-41			-45			-45			-52			-18			1			-18			3			3			1			-5			-15			-18


																																																			10			-34			-39			-41			-48			-48			-52			-18			1			-2			4			4			1			-2			-12			-18


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth						-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-25			-29			-33			-40			-43			-45			-10			-7			-10			-5			-6			-7			-10			-17			-25


																																																			2			-30			-35			-40			-48			-48			-48			-2			-2			-2			0			0			0			-2			-12			-22


																																																			3			-32			-36			-41			-50			-54			-53			0			0			0			2			1			1			0			-6			-17


																																																			4			-32			-35			-42			-51			-58			-55			-2			1			-2			2			0			2			1			-2			-15


																																																			5			-32			-37			-42			-52			-59			-56			-1			-1			-1			2			2			2			2			-1			-14


																																																			6			-32			-37			-42			-52			-60			-57			0			0			0			2			2			2			2			0			-13


																																																			7			-33			-38			-43			-52			-60			-59			0			0			0			3			3			3			2			0			-11


																																																			8			-33			-38			-43			-53			-59			-60			-1			3			-1			3			3			3			3			-1			-10


																																																			9			-33			-38			-43			-53			-61			-62			1			1			1			3			3			3			3			1			-8


																																																			10			-34			-38			-44			-53			-62			-63			2			2			2			4			3			4			3			2			-7


																																																																														-30			-35			-40			-50			-60			-70


																																																																														-15			-21			-25			-36			-46			-56						-15


																																																																														3			3			2			0			-9			-19						2


																																																																														3			3			3			2			-5			-16			-16			3


																																																																														4			4			4			3			-2			-14						3


																																																																														4			4			3			3			-1			-13						3


																																																																														4			4			4			4			0			-11						4


																																																																														3			4			4			4			1			-10						4


																																																																														5			5			5			4			2			-9						4


																																																																														5			5			5			4			3			-7						4


																																																																														5			5			5			5			3			-6						5








			





-30dBm


-40dBm


-50dBm


-60dBm


-70dBm


-35dBm


N - Interferer Offset Nx8MHz


C/I dB


LTE UE Interference - 10 subframes active/frame - Si Tuner E





			





-30dBm


-40dBm


-50dBm


-60dBm


-70dBm


-35dBm


N - Interferer Offset Nx8MHz


C/I dB


LTE UE Interference - 1 subframes active/frame - Si Tuner E
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N - Interferer Offset Nx8MHz


C/I dB


LTE BS Interference - 10 subframes active/frame - Si Tuner E
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																																																			max d/u


																																																			LTE5M10S


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth						-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-14			-14			-14			-14			-14			-14			-21			-16			-16			-16			-21			-26			-36			-46			-56


																																																			2			-40			-45			-48			-49			-49			-49			8			8			8			10			10			8			-1			-11			-21


																																																			3			-40			-45			-50			-53			-54			-53			3			10			10			10			10			10			3			-6			-17


																																																			4			-40			-45			-49			-55			-56			-55			5			9			5			10			10			9			5			-4			-15


																																																			5			-40			-45			-50			-56			-57			-56			6			10			6			10			10			10			6			-3			-14


																																																			6			-40			-45			-50			-56			-57			-57			6			10			6			10			10			10			6			-3			-13


																																																			7			-40			-45			-50			-57			-58			-58			7			7			7			10			10			10			7			-2			-12


																																																			8			-40			-45			-50			-57			-59			-59			7			7			7			10			10			10			7			-1			-11


																																																			9			-40			-45			-50			-58			-60			-60			8			8			8			10			10			10			8			0			-10


																																																			10			-40			-45			-50			-58			-62			-62			8			8			8			10			10			10			8			2			-8


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth						-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-14			-14			-14			-14			-13			-13			-21			-19			-16			-16			-21			-26			-36			-47			-57


																																																			2			-26			-26			-26			-30			-38			-46			-24			-4			-24			-4			-9			-14			-20			-22			-24


																																																			3			-29			-28			-28			-32			-40			-48			-22			-1			-22			-1			-7			-12			-18			-20			-22


																																																			4			-31			-30			-30			-34			-42			-50			-20			1			-20			1			-5			-10			-16			-18			-20


																																																			5			-32			-31			-31			-35			-43			-51			-19			2			-19			2			-4			-9			-15			-17			-19


																																																			6			-33			-34			-34			-37			-45			-51			-19			3			-19			3			-1			-6			-13			-15			-19


																																																			7			-34			-36			-36			-40			-47			-53			-17			1			-17			4			1			-4			-10			-13			-17


																																																			8			-35			-37			-38			-41			-49			-55			-15			2			-15			5			2			-2			-9			-11			-15


																																																			9			-36			-38			-39			-44			-52			-57			-13			3			-13			6			3			-1			-6			-8			-13


																																																			10			-36			-39			-40			-46			-54			-60			-10			4			-10			6			4			0			-4			-6			-10


																																																			LTEDL5M1			max 30


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth						-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-30			-35			-38			-43			-44			-44			-7			-2			-7			0			0			-2			-7			-16			-26


																																																			2			-40			-44			-46			-48			-48			-47			6			9			6			10			9			6			-2			-12			-23


																																																			3			-40			-45			-48			-51			-52			-51			8			8			8			10			10			8			1			-8			-19


																																																			4			-40			-45			-50			-53			-54			-54			10			10			10			10			10			10			3			-6			-16


																																																			5			-40			-45			-50			-55			-55			-55			5			10			5			10			10			10			5			-5			-15


																																																			6			-40			-45			-50			-54			-56			-55			10			10			10			10			10			10			4			-4			-15


																																																			7			-40			-45			-50			-55			-56			-56			5			10			5			10			10			10			5			-4			-14


																																																			8			-40			-45			-50			-55			-57			-57			5			10			5			10			10			10			5			-3			-13


																																																			9			-40			-45			-50			-56			-59			-59			6			10			6			10			10			10			6			-1			-11


																																																			10			-40			-45			-50			-57			-60			-60			7			7			7			10			10			10			7			0			-10


																																																																														-30			-35			-40			-50			-60			-70


																																																																														-16			-21			-26			-36			-46			-56						-7


																																																																														10			10			8			-1			-11			-21						6


																																																																														10			10			10			3			-6			-17						8


																																																																														10			10			9			5			-4			-15						10


																																																																														10			10			10			6			-3			-14						5


																																																																														10			10			10			6			-3			-13						10


																																																																														10			10			10			7			-2			-12						5


																																																																														10			10			10			7			-1			-11						5


																																																																														10			10			10			8			0			-10						6


																																																																														10			10			10			8			2			-8						7


																																																																																													-10
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																																																						2			2			2			2			2			2


																																																						2			4			3			2			3			3


																																																						2			3			3			1			2			1


																																																						2			2			3			3			3			2


																																																			LTE5M10S			2			4			4			2			3			5


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth						-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-15			-14			-14			-14			-14			-13			-21			-15			-15			-15			-21			-26			-36			-46			-57


																																																			2			-34			-39			-43			-50			-52			-53			0			3			0			4			4			3			0			-8			-17


																																																			3			-35			-40			-46			-54			-57			-60			-3			4			4			5			5			6			4			-3			-10


																																																			4			-36			-42			-47			-51			-53			-62			-8			7			-8			6			7			7			1			-7			-8


																																																			5			-36			-44			-49			-53			-55			-66			-4			3			-4			6			9			9			3			-5			-4


																																																			6			-37			-44			-50			-55			-59			-68			-2			5			-2			7			9			10			5			-1			-2


																																																			7			-37			-44			-50			-56			-61			-70			0			6			0			7			9			10			6			1			0


																																																			8			-38			-44			-50			-57			-62			-71			1			7			1			8			9			10			7			2			1


																																																			9			-37			-42			-47			-53			-54			-54			3			7			3			7			7			7			3			-6			-16


																																																			10			-38			-43			-50			-57			-64			-74			7			7			4			8			8			10			7			4			4


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth						-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-14			-14			-14			-14			-14			-14			-21			-16			-16			-16			-21			-26			-36			-46			-56


																																																			2			-32			-37			-41			-50			-52			-53			0			0			0			2			2			1			0			-8			-17


																																																			3			-34			-39			-45			-52			-56			-58			2			2			2			4			4			5			2			-4			-12


																																																			4			-34			-40			-44			-48			-50			-60			-10			4			-10			4			5			4			-2			-10			-10


																																																			5			-34			-40			-45			-51			-52			-61			-9			1			-9			4			5			5			1			-8			-9


																																																			6			-34			-40			-47			-54			-57			-67			-3			4			-3			4			5			7			4			-3			-3


																																																			7			-34			-40			-46			-55			-59			-69			-1			5			-1			4			5			6			5			-1			-1


																																																			8			-34			-40			-46			-55			-60			-70			0			5			0			4			5			6			5			0			0


																																																			9			-34			-39			-44			-50			-53			-53			0			4			0			4			4			4			0			-7			-17


																																																			10			-35			-40			-45			-56			-62			-73			3			3			3			5			5			5			6			2			3


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth						-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-27			-31			-33			-40			-42			-43			-10			-4			-10			-3			-4			-7			-10			-18			-27


																																																			2			-32			-36			-41			-48			-49			-49			-2			1			-2			2			1			1			-2			-11			-21


																																																			3			-33			-39			-44			-53			-56			-57			-3			3			-3			3			4			4			3			-4			-13


																																																			4			-34			-40			-45			-49			-51			-60			-10			5			-10			4			5			5			-1			-9			-10


																																																			5			-34			-40			-46			-51			-52			-63			-7			1			-7			4			5			6			1			-8			-7


																																																			6			-35			-41			-47			-54			-57			-67			-3			4			-3			5			6			7			4			-3			-3


																																																			7			-35			-39			-47			-55			-59			-69			-1			5			-1			5			4			7			5			-1			-1


																																																			8			-34			-41			-47			-56			-60			-70			0			6			0			4			6			7			6			0			0


																																																			9			-35			-40			-45			-53			-55			-56			3			3			3			5			5			5			3			-5			-14


																																																			10			-35			-39			-46			-56			-62			-72			2			2			2			5			4			6			6			2			2


																																																																														-30			-35			-40			-50			-60			-70


																																																																														-3			-4			-7			-10			-18			-27						-10


																																																																														2			1			1			-2			-11			-21						-2


																																																																														3			4			4			3			-4			-13						-3


																																																																														4			5			5			-1			-9			-10						-10


																																																																														4			5			6			1			-8			-7						-7


																																																																														5			6			7			4			-3			-3						-3


																																																																														5			4			7			5			-1			-1						-1


																																																																														4			6			7			6			0			0						0


																																																																														5			5			5			3			-5			-14						3


																																																																														5			4			6			6			2			2						2
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																																																						1			1			1			2			-1			0


																																																						2			2			2			1			-2			1


																																																						2			2			2			1			-1			-1


																																																						16			18			24			30			25			16


																																																			LTE5M10S			16			20			24			28			23			16


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-12			-12			-12			-12			-13			-13			-23			-18			-18			-18			-23			-28			-38			-47			-57


																																																			2			-27			-31			-36			-44			-46			-46			-6			-6			-6			-3			-4			-4			-6			-14			-24


																																																			3			-27			-32			-36			-45			-47			-48			-5			-5			-5			-3			-3			-4			-5			-13			-22


																																																			4			-26			-31			-36			-46			-48			-49			-4			-4			-4			-4			-4			-4			-4			-12			-21


																																																			5			-27			-32			-37			-46			-48			-51			-4			-4			-4			-3			-3			-3			-4			-12			-19


																																																			6			-27			-32			-37			-46			-50			-51			-4			-4			-4			-3			-3			-3			-4			-10			-19


																																																			7			-26			-31			-36			-46			-51			-53			-9			-4			-9			-4			-4			-4			-4			-9			-17


																																																			8			-26			-31			-36			-46			-52			-53			-8			-4			-8			-4			-4			-4			-4			-8			-17


																																																			9			-26			-31			-36			-46			-53			-55			-7			-7			-7			-4			-4			-4			-4			-7			-15


																																																			10			-26			-31			-36			-46			-53			-55			-7			-7			-7			-4			-4			-4			-4			-7			-15


																																																			LTE5M1SF			-30			-35			-40			-50			-60			-70


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth						-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																794			1			-8			-8			-11			-12			-13			-13			-27			-22			-29			-22			-27			-29			-38			-47			-57


																																																802			2			-8			-9			-12			-14			-21			-30			-40			-22			-40			-22			-26			-28			-36			-39			-40


																																																810			3			-9			-10			-12			-15			-22			-32			-38			-21			-38			-21			-25			-28			-35			-38			-38


																																																818			4			-10			-13			-12			-16			-23			-33			-37			-22			-37			-20			-22			-28			-34			-37			-37


																																																			5			-11			-12			-13			-18			-25			-35			-35			-19			-35			-19			-23			-27			-32			-35			-35


																																																			6			-13			-13			-14			-19			-26			-36			-34			-17			-34			-17			-22			-26			-31			-34			-34


																																																			7			-14			-14			-14			-20			-27			-37			-33			-16			-33			-16			-21			-26			-30			-33			-33


																																																			8			-15			-15			-15			-21			-29			-39			-31			-15			-31			-15			-20			-25			-29			-31			-31


																																																			9			-16			-16			-17			-22			-30			-40			-30			-14			-30			-14			-19			-23			-28			-30			-30


																																																			10			-17			-17			-18			-23			-31			-41			-29			-13			-29			-13			-18			-22			-27			-29			-29


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth						-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-22			-27			-31			-38			-39			-39			-12			-9			-12			-8			-8			-9			-12			-21			-31


																																																			2			-24			-29			-34			-43			-44			-44			-7			-7			-7			-6			-6			-6			-7			-16			-26


																																																			3			-24			-29			-34			-44			-47			-47			-6			-6			-6			-6			-6			-6			-6			-13			-23


																																																			4			-25			-30			-35			-44			-49			-49			-11			-5			-11			-5			-5			-5			-6			-11			-21


																																																			5			-25			-30			-35			-45			-50			-50			-10			-5			-10			-5			-5			-5			-5			-10			-20


																																																			6			-25			-30			-35			-45			-51			-52			-9			-5			-9			-5			-5			-5			-5			-9			-18


																																																			7			-25			-30			-35			-45			-52			-53			-8			-8			-8			-5			-5			-5			-5			-8			-17


																																																			8			-25			-30			-35			-45			-53			-54			-7			-7			-7			-5			-5			-5			-5			-7			-16


																																																			9			-25			-30			-35			-45			-54			-55			-6			-6			-6			-5			-5			-5			-5			-6			-15


																																																			10			-25			-30			-35			-45			-54			-56			-6			-6			-6			-5			-5			-5			-5			-6			-14


																																																																														-30			-35			-40			-50			-60			-70


																																																																														-8			-8			-9			-12			-21			-31						-12


																																																																														-6			-6			-6			-7			-16			-26						-7


																																																																														-6			-6			-6			-6			-13			-23						-6


																																																																														-5			-5			-5			-6			-11			-21						-11


																																																																														-5			-5			-5			-5			-10			-20						-10


																																																																														-5			-5			-5			-5			-9			-18						-9


																																																																														-5			-5			-5			-5			-8			-17						-8


																																																																														-5			-5			-5			-5			-7			-16						-7


																																																																														-5			-5			-5			-5			-6			-15						-6


																																																																														-5			-5			-5			-5			-6			-14						-6
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																																																						1			1			1			2			2			2


																																																						1			2			1			1			1			1


																																																						1			1			1			1			1			1


																																																						1			1			0			0			1			1


																																																			LTE5M10S			0			1			0			-1			0			0


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-13			-12			-12			-12			-12			-12			-23			-17			-17			-17			-23			-28			-38			-48			-58


																																																			2			-29			-34			-38			-45			-47			-48			-5			-2			-5			-1			-1			-2			-5			-13			-22


																																																			3			-31			-35			-37			-35			-44			-51			-19			0			-19			1			0			-3			-15			-16			-19


																																																			4			-31			-36			-40			-42			-52			-62			-8			0			-8			1			1			0			-8			-8			-8


																																																			5			-31			-37			-41			-47			-57			-67			-3			1			-3			1			2			1			-3			-3			-3


																																																			6			-31			-36			-41			-50			-60			-69			-1			-1			-1			1			1			1			0			0			-1


																																																			7			-31			-36			-41			-51			-61			-71			1			1			1			1			1			1			1			1			1


																																																			8			-32			-37			-42			-52			-62			-71			1			1			1			2			2			2			2			2			1


																																																			9			-31			-36			-41			-50			-56			-56			-4			0			-4			1			1			1			0			-4			-14


																																																			10			-32			-37			-42			-51			-61			-71			1			1			1			2			2			2			1			1			1


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-12			-12			-12			-12			-12			-12			-23			-18			-18			-18			-23			-28			-38			-48			-58


																																																			2			-27			-32			-37			-44			-46			-48			-6			-6			-6			-3			-3			-3			-6			-14			-22


																																																			3			-29			-34			-36			-35			-44			-51			-19			-4			-19			-1			-1			-4			-15			-16			-19


																																																			4			-30			-35			-40			-42			-51			-61			-9			0			-9			0			0			0			-8			-9			-9


																																																			5			-31			-36			-41			-48			-57			-67			-3			-2			-3			1			1			1			-2			-3			-3


																																																			6			-31			-36			-41			-50			-60			-69			-1			-1			-1			1			1			1			0			0			-1


																																																			7			-31			-36			-41			-51			-61			-71			1			1			1			1			1			1			1			1			1


																																																			8			-31			-36			-41			-51			-61			-71			1			1			1			1			1			1			1			1			1


																																																			9			-31			-36			-41			-50			-57			-57			-3			0			-13			1			1			1			0			-3			-13


																																																			10			-31			-36			-41			-51			-61			-71			1			1			1			1			1			1			1			1			1


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-22			-26			-30			-37			-41			-41			-13			-10			-13			-8			-9			-10			-13			-19			-29


																																																			2			-27			-32			-37			-44			-46			-47			-6			-6			-6			-3			-3			-3			-6			-14			-23


																																																			3			-29			-33			-35			-34			-43			-50			-20			-2			-20			-1			-2			-5			-16			-17			-20


																																																			4			-30			-35			-39			-40			-50			-60			-10			-1			-10			0			0			-1			-10			-10			-10


																																																			5			-30			-35			-40			-46			-56			-66			-4			0			-4			0			0			0			-4			-4			-4


																																																			6			-30			-35			-40			-49			-59			-68			-2			-2			-2			0			0			0			-1			-1			-2


																																																			7			-30			-35			-40			-50			-60			-70			0			0			0			0			0			0			0			0			0


																																																			8			-30			-35			-40			-50			-60			-70			0			0			0			0			0			0			0			0			0


																																																			9			-30			-35			-40			-50			-57			-58			-12			-3			-12			0			0			0			0			-3			-12


																																																			10			-30			-35			-40			-50			-60			-70			0			0			0			0			0			0			0			0			0
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																																																						2			4			5			6			5			4


																																																						2			0			1			2			2			2


																																																						2			2			1			2			2			1


																																																						2			4			5			7			5			4


																																																			LTE5M10S			2			1			0			3			2			2


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-15			-14			-14			-14			-14			-14			-21			-15			-15			-15			-21			-26			-36			-46			-56


																																																			2			-32			-36			-40			-42			-43			-44			-8			0			0			2			1			0			-8			-17			-26


																																																			3			-29			-29			-29			-31			-38			-45			-25			-1			-25			-1			-6			-11			-19			-22			-25


																																																			4			-34			-37			-38			-43			-52			-60			-10			2			-10			4			2			-2			-7			-8			-10


																																																			5			-36			-39			-42			-49			-59			-69			-1			4			-1			6			4			2			-1			-1			-1


																																																			6			-37			-42			-45			-54			-63			-70			0			4			0			7			7			5			4			3			0


																																																			7			-40			-45			-48			-58			-67			-75			7			7			5			10			10			8			8			7			5


																																																			8			-40			-45			-50			-60			-68			-75			5			8			5			10			10			10			10			8			5


																																																			9			-40			-42			-46			-51			-53			-53			7			7			1			10			7			6			1			-7			-17


																																																			10			-40			-45			-50			-60			-69			-75			5			9			5			10			10			10			10			9			5


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-14			-14			-14			-14			-14			-14			-21			-16			-16			-16			-21			-26			-36			-46			-56


																																																			2			-31			-35			-39			-40			-40			-42			-1			-1			-1			1			0			-1			-10			-20			-28


																																																			3			-27			-26			-27			-29			-37			-44			-26			-3			-26			-3			-9			-13			-21			-23			-26


																																																			4			-32			-33			-33			-36			-47			-56			-14			2			-14			2			-2			-7			-14			-13			-14


																																																			5			-34			-38			-42			-46			-57			-67			-3			2			-3			4			3			2			-4			-3			-3


																																																			6			-34			-39			-44			-52			-61			-70			0			1			0			4			4			4			2			1			0


																																																			7			-34			-39			-44			-53			-64			-74			4			4			4			4			4			4			3			4			4


																																																			8			-35			-40			-45			-54			-64			-73			3			3			3			5			5			5			4			4			3


																																																			9			-34			-39			-44			-51			-51			-52			1			1			1			4			4			4			1			-9			-18


																																																			10			-35			-40			-45			-55			-64			-74			4			4			4			5			5			5			5			4			4


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-25			-29			-33			-38			-40			-40			-12			-7			-12			-5			-6			-7			-12			-20			-30


																																																			2			-30			-35			-39			-43			-43			-44			-1			-1			-1			0			0			-1			-7			-17			-26


																																																			3			-27			-27			-27			-29			-37			-43			-27			-3			-27			-3			-8			-13			-21			-23			-27


																																																			4			-32			-33			-33			-37			-47			-56			-14			2			-14			2			-2			-7			-13			-13			-14


																																																			5			-34			-39			-41			-47			-57			-67			-3			1			-3			4			4			1			-3			-3			-3


																																																			6			-35			-40			-44			-52			-61			-69			-1			2			-1			5			5			4			2			1			-1


																																																			7			-35			-40			-45			-54			-64			-74			4			4			4			5			5			5			4			4			4


																																																			8			-35			-41			-45			-55			-65			-74			4			4			4			5			6			5			5			5			4


																																																			9			-35			-40			-44			-52			-54			-54			2			2			2			5			5			4			2			-6			-16


																																																			10			-36			-41			-46			-55			-65			-75			5			5			5			6			6			6			5			5			5


																																																																														-30			-35			-40			-50			-60			-70


																																																																														-16			-21			-26			-36			-46			-56						-16


																																																																														1			0			-1			-10			-20			-28						-1


																																																																														-3			-9			-13			-21			-23			-26						-26


																																																																														2			-2			-7			-14			-13			-14						-14


																																																																														4			3			2			-4			-3			-3						-3


																																																																														4			4			4			2			1			0						0


																																																																														4			4			4			3			4			4						4


																																																																														5			5			5			4			4			3						3


																																																																														4			4			4			1			-9			-18						1


																																																																														5			5			5			5			4			4						4
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																																																						4			3			4			2			2			1


																																																						0			-1			0			-2			-2			-2


																																																						6			7			6			0			2			2			0


																																																						-30			-35			-40			-50			-60			-70


																																																						-40			-45			-50			-60			-70			-80


																																																			LTE5M10S


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-14			-13			-13			-13			-12			-12			-22			-16			-16			-16			-22			-27			-37			-48			-58


																																																			2			-32			-36			-41			-46			-48			-47			-4			1			-4			2			1			1			-4			-12			-23


																																																			3			-31			-35			-36			-38			-39			-41			-29			0			0			1			0			-4			-12			-21			-29


																																																			4			-39			-43			-43			-41			-48			-58			-12			8			-12			9			8			3			-9			-12			-12


																																																			5			-40			-45			-48			-46			-51			-61			-9			8			-9			10			10			8			-4			-9			-9


																																																			6			-40			-45			-50			-53			-57			-67			-3			10			-3			10			10			10			3			-3			-3


																																																			7			-40			-45			-50			-59			-67			-75			5			7			5			10			10			10			9			7			5


																																																			8			-40			-45			-50			-60			-68			-73			3			8			3			10			10			10			10			8			3


																																																			9			-32			-37			-40			-40			-40			-40			0			0			0			2			2			0			-10			-20			-30


																																																			10			-40			-45			-50			-60			-66			-69			-1			10			6			10			10			10			10			6			-1


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-13			-12			-12			-12			-11			-11			-23			-17			-17			-17			-23			-28			-38			-49			-59


																																																			2			-28			-33			-38			-46			-48			-48			-4			-4			-4			-2			-2			-2			-4			-12			-22


																																																			3			-32			-35			-39			-38			-36			-43			-27			-1			-27			2			0			-1			-12			-24			-27


																																																			4			-32			-33			-36			-41			-46			-56			-14			2			-14			2			-2			-4			-9			-14			-14


																																																			5			-31			-36			-41			-46			-51			-61			-9			1			-9			1			1			1			-4			-9			-9


																																																			6			-31			-36			-41			-47			-55			-65			-5			1			-5			1			1			1			-3			-5			-5


																																																			7			-31			-36			-41			-50			-60			-70			0			0			0			1			1			1			0			0			0


																																																			8			-31			-36			-41			-51			-61			-68			-2			-2			-2			1			1			1			1			1			-2


																																																			9			-31			-35			-36			-40			-40			-40			-4			0			0			1			0			-4			-10			-20			-30


																																																			10			-31			-36			-41			-51			-61			-66			-4			1			-4			1			1			1			1			1			-4


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-26			-29			-33			-38			-40			-41			-12			-7			-12			-4			-6			-7			-12			-20			-29


																																																			2			-28			-33			-37			-44			-46			-46			-6			-3			-6			-2			-2			-3			-6			-14			-24


																																																			3			-31			-36			-36			-40			-41			-43			1			1			1			1			1			-4			-10			-19			-27


																																																			4			-33			-36			-37			-41			-46			-56			-14			1			-14			3			1			-3			-9			-14			-14


																																																			5			-32			-37			-42			-46			-50			-60			-10			2			-10			2			2			2			-4			-10			-10


																																																			6			-31			-36			-41			-47			-55			-65			-5			1			-5			1			1			1			-3			-5			-5


																																																			7			-31			-36			-41			-51			-60			-70			0			0			0			1			1			1			1			0			0


																																																			8			-31			-36			-41			-51			-61			-71			1			1			1			1			1			1			1			1			1


																																																			9			-31			-36			-37			-41			-43			-41			1			1			1			1			1			-3			-9			-17			-29


																																																			10			-31			-36			-41			-51			-61			-71			1			1			1			1			1			1			1			1			1


																																																																																	0			0			-1			-3			-10			-20


																																																																																	1			1			1			-2			-5			-5


												Example for text


																																																																														-30			-35			-40			-50			-60			-70


																																																																														1			1			1			-2			-5			-5						-7


																																																																														2			1			1			-4			-12			-23						-3


																																																																														1			0			-4			-12			-21			-29						1


																																																																														9			8			3			-9			-12			-12						-9


																																																																														10			10			8			-4			-9			-9						-10


																																																																														10			10			10			3			-3			-3						1


																																																																														10			10			10			9			7			5						1


																																																																														10			10			10			10			8			3						1


																																																																														2			2			0			-10			-20			-30						1


																																																																														10			10			10			10			6			-1						1


																		-4			-4			-5			-9			-14			-14


																		1			1			-3			-9			-17			-29








			1			1			1			1			1			1


			2			2			2			2			2			2


			3			3			3			3			3			3


			4			4			4			4			4			4


			5			5			5			5			5			5


			6			6			6			6			6			6


			7			7			7			7			7			7


			8			8			8			8			8			8


			9			9			9			9			9			9


			10			10			10			10			10			10
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																																																						1			1			2			0			-4			4


																																																						1			1			3			1			1			0


																																																						0			1			3			1			1			1


																																																						1			3			3			-1			-4			1


																																																			LTE5M10S			1			2			5			2			1			0


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-14			-12			-14			-13			-13			-13			-23			-16			-26			-16			-23			-26			-37			-47			-57


																																																			2			-36			-40			-44			-49			-49			-49			-1			4			-1			6			5			4			-1			-11			-21


																																																			3			-38			-42			-45			-47			-47			-47			5			5			5			8			7			5			-3			-13			-23


																																																			4			-40			-41			-43			-44			-45			-60			-10			10			-10			10			6			3			-6			-15			-10


																																																			5			-40			-42			-45			-49			-54			-63			-7			7			-7			10			7			5			-1			-6			-7


																																																			6			-40			-45			-48			-52			-58			-66			-4			8			-4			10			10			8			2			-2			-4


																																																			7			-40			-45			-50			-60			-69			-75			5			9			-5			10			10			10			10			9			5


																																																			8			-40			-45			-50			-60			-66			-70			6			10			6			10			10			10			10			6			0


																																																			9			-40			-40			-41			-37			-45			-45			5			10			-15			10			5			1			-13			-15			-25


																																																			10			-40			-45			-50			-60			-68			-73			8			8			3			10			10			10			10			8			3


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-12			-7			-7			-7			-13			-13			-28			-18			-18			-18			-28			-33			-43			-47			-57


																																																			2			-32			-35			-36			-48			-27			-40			-30			0			-30			2			0			-4			-2			-33			-30


																																																			3			-35			-34			-35			-36			-41			-47			-23			5			-23			5			-1			-5			-14			-19			-23


																																																			4			-39			-38			-40			-45			-49			-59			-11			9			-11			9			3			0			-5			-11			-11


																																																			5			-39			-40			-40			-47			-53			-63			-7			9			-7			9			5			0			-3			-7			-7


																																																			6			-40			-43			-44			-51			-57			-66			-4			8			-4			10			8			4			1			-3			-4


																																																			7			-40			-45			-46			-53			-61			-72			2			10			2			10			10			6			3			1			2


																																																			8			-40			-45			-48			-53			-60			-71			1			8			1			10			10			8			3			0			1


																																																			9			-39			-34			-37			-40			-43			-43			-1			9			-3			9			-1			-3			-10			-17			-27


																																																			10			-40			-45			-50			-60			-69			-73			3			9			9			10			10			10			10			9			3


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-23			-32			-35			-39			-39			-36			-5			-5			-5			-7			-3			-5			-11			-21			-34


																																																			2			-34			-39			-43			-47			-47			-47			3			3			3			4			4			3			-3			-13			-23


																																																			3			-36			-40			-43			-44			-44			-46			3			3			3			6			5			3			-6			-16			-24


																																																			4			-39			-40			-41			-44			-49			-56			-14			9			-14			9			5			1			-6			-11			-14


																																																			5			-39			-41			-42			-48			-53			-63			-7			6			-7			9			6			2			-2			-7			-7


																																																			6			-40			-44			-45			-51			-57			-65			-5			9			-5			10			9			5			1			-3			-5


																																																			7			-40			-45			-50			-57			-67			-74			4			7			4			10			10			10			7			7			4


																																																			8			-40			-45			-50			-60			-69			-75			5			9			5			10			10			10			10			9			5


																																																			9			-39			-42			-41			-42			-45			-46			7			7			7			9			7			1			-8			-15			-24


																																																			10			-40			-45			-50			-59			-69			-78			8			8			8			10			10			10			9			9			8


																																																																														-30			-35			-40			-50			-60			-70


																																																																														-7			-3			-5			-11			-21			-34						-5


																																																																														4			4			3			-3			-13			-23						3


																																																																														6			5			3			-6			-16			-24						3


																																																																														9			5			1			-6			-11			-14						-14


																																																																														9			6			2			-2			-7			-7						-7


																																																																														10			9			5			1			-3			-5						-5


																																																																														10			10			10			7			7			4						4


																																																																														10			10			10			10			9			5						5


																																																																														9			7			1			-8			-15			-24						7


																																																																														10			10			10			9			9			8						8
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																																																						2			0			3			3			3			1


																																																						0			2			3			3			5			3


																																																						2			3			4			3			3			1


																																																						3			3			3			-1			1			-1


																																																			LTE5M10S			3			3			3			-1			-1			3


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-15			-14			-14			-14			-14			-14			-21			-18			-15			-15			-21			-26			-36			-46			-56


																																																			2			-38			-41			-44			-47			-47			-48			4			6			4			8			6			4			-3			-13			-22


																																																			3			-40			-45			-48			-50			-48			-49			8			8			8			10			10			8			0			-12			-21


																																																			4			-40			-45			-50			-52			-49			-49			10			10			10			10			10			10			2			-11			-21


																																																			5			-40			-45			-50			-53			-52			-52			10			10			10			10			10			10			3			-8			-18


																																																			6			-40			-45			-50			-53			-51			-51			10			10			10			10			10			10			3			-9			-19


																																																			7			-40			-45			-50			-53			-53			-52			10			10			10			10			10			10			3			-7			-18


																																																			8			-40			-45			-50			-53			-52			-54			10			10			10			10			10			10			3			-8			-16


																																																			9			-40			-45			-50			-53			-53			-55			10			10			10			10			10			10			3			-7			-15


																																																			10			-40			-45			-50			-54			-54			-55			10			10			10			10			10			10			4			-6			-15


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-14			-14			-14			-13			-13			-14			-21			-16			-16			-16			-21			-26			-37			-47			-56


																																																			2			-36			-40			-43			-48			-45			-46			3			3			-2			6			5			3			-2			-15			-24


																																																			3			-37			-42			-46			-49			-47			-46			6			6			6			7			7			6			-1			-13			-24


																																																			4			-37			-42			-47			-53			-48			-50			7			7			3			7			7			7			3			-12			-20


																																																			5			-37			-42			-47			-54			-53			-49			4			4			4			7			7			7			4			-7			-21


																																																			6			-37			-42			-47			-54			-52			-51			4			4			4			7			7			7			4			-8			-19


																																																			7			-37			-42			-47			-54			-53			-51			4			4			4			7			7			7			4			-7			-19


																																																			8			-37			-42			-47			-54			-54			-52			4			4			4			7			7			7			4			-6			-18


																																																			9			-37			-42			-46			-54			-56			-53			4			4			4			7			7			6			4			-4			-17


																																																			10			-37			-41			-46			-54			-57			-55			4			4			4			7			6			6			4			-3			-15


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-30			-34			-38			-42			-42			-42			-2			-2			-2			0			-1			-2			-8			-18			-28


																																																			2			-37			-40			-43			-44			-45			-45			3			5			3			7			5			3			-6			-15			-25


																																																			3			-40			-42			-46			-47			-45			-50			6			7			6			10			7			6			-3			-15			-20


																																																			4			-38			-45			-47			-49			-46			-48			7			7			7			8			10			7			-1			-14			-22


																																																			5			-40			-43			-47			-50			-47			-49			7			7			7			10			8			7			0			-13			-21


																																																			6			-38			-42			-46			-50			-48			-50			6			6			6			8			7			6			0			-12			-20


																																																			7			-40			-43			-46			-51			-49			-50			1			8			1			10			8			6			1			-11			-20


																																																			8			-40			-43			-46			-51			-50			-52			1			8			1			10			8			6			1			-10			-18


																																																			9			-39			-45			-47			-51			-49			-52			7			7			7			9			10			7			1			-11			-18


																																																			10			-40			-44			-46			-51			-51			-53			9			9			1			10			9			6			1			-9			-17


																																																																														-30			-35			-40			-50			-60			-70


																																																																														-15			-21			-26			-36			-46			-56						-2


																																																																														8			6			4			-3			-13			-22						3


																																																																														10			10			8			0			-12			-21						6


																																																																														10			10			10			2			-11			-21						7


																																																																														10			10			10			3			-8			-18						7


																																																																														10			10			10			3			-9			-19						6


																																																																														10			10			10			3			-7			-18						1


																																																																														10			10			10			3			-8			-16						1


																																																																														10			10			10			3			-7			-15						7


																																																																														10			10			10			4			-6			-15						1


																																																																																	-15			-3			-3			-5			-5
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																																																						2			1			2			5			6			5


																																																						1			1			2			1			2			1


																																																						1			1			1			1			0			4


																																																						1			0			0			3			5			4


																																																			LTE5M10S			0			0			1			-1			1			0


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-14			-13			-13			-13			-13			-13			-22			-16			-16			-16			-22			-27			-37			-47			-57


																																																			2			-32			-36			-41			-48			-48			-48			-2			1			-2			2			1			1			-2			-12			-22


																																																			3			-33			-36			-37			-36			-42			-49			-21			1			-21			3			1			-3			-14			-18			-21


																																																			4			-34			-38			-42			-46			-56			-64			-6			2			-6			4			3			2			-4			-4			-6


																																																			5			-33			-38			-43			-49			-59			-68			-2			3			-2			3			3			3			-1			-1			-2


																																																			6			-33			-38			-43			-51			-59			-69			-1			1			-1			3			3			3			1			-1			-1


																																																			7			-33			-38			-43			-52			-62			-72			2			2			2			3			3			3			2			2			2


																																																			8			-33			-38			-42			-52			-61			-70			0			0			0			3			3			2			2			1			0


																																																			9			-33			-38			-42			-46			-46			-46			2			2			2			3			3			2			-4			-14			-24


																																																			10			-33			-38			-43			-52			-62			-71			1			1			1			3			3			3			2			2			1


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-13			-13			-13			-13			-13			-13			-22			-17			-17			-17			-22			-27			-37			-47			-57


																																																			2			-31			-35			-41			-40			-44			-46			-3			1			1			1			0			1			-10			-16			-24


																																																			3			-32			-36			-38			-36			-42			-49			-21			1			-21			2			1			-2			-14			-18			-21


																																																			4			-33			-38			-42			-43			-51			-60			-10			2			-10			3			3			2			-7			-9			-10


																																																			5			-33			-38			-42			-50			-58			-68			-2			0			-2			3			3			2			0			-2			-2


																																																			6			-33			-38			-43			-51			-60			-66			-4			0			-4			3			3			3			1			0			-4


																																																			7			-33			-38			-43			-52			-61			-72			1			2			2			3			3			3			2			1			2


																																																			8			-33			-38			-43			-52			-62			-70			0			0			0			3			3			3			2			2			0


																																																			9			-33			-38			-42			-46			-46			-46			2			2			2			3			3			2			-4			-14			-24


																																																			10			-35			-40			-43			-53			-62			-71			1			2			1			5			5			3			3			2			1


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-27			-30			-34			-39			-40			-39			-11			-6			-11			-3			-5			-6			-11			-20			-31


																																																			2			-31			-35			-40			-46			-46			-46			-4			0			-4			1			0			0			-4			-14			-24


																																																			3			-31			-35			-36			-35			-41			-47			-23			0			-23			1			0			-4			-15			-19			-23


																																																			4			-32			-37			-40			-41			-50			-59			-11			0			-11			2			2			0			-9			-10			-11


																																																			5			-32			-37			-41			-48			-57			-67			-3			1			-3			2			2			1			-2			-3			-3


																																																			6			-32			-37			-42			-50			-59			-65			-5			-1			-5			2			2			2			0			-1			-5


																																																			7			-31			-37			-41			-51			-60			-70			0			0			0			1			2			1			1			0			0


																																																			8			-31			-36			-41			-51			-61			-70			0			0			0			1			1			1			1			1			0


																																																			9			-31			-36			-41			-47			-46			-47			-3			1			-3			1			1			1			-3			-14			-23


																																																			10			-31			-36			-41			-51			-61			-71			1			1			1			1			1			1			1			1			1


																																																																														-30			-35			-40			-50			-60			-70


																																																																														-3			-5			-6			-11			-20			-31						-11


																																																																														1			0			0			-4			-14			-24						-4


																																																																														1			0			-4			-15			-19			-23						-23


																																																																														2			2			0			-9			-10			-11						-11


																																																																														2			2			1			-2			-3			-3						-3


																																																																														2			2			2			0			-1			-5						-5


																																																																														1			2			1			1			0			0						0


																																																																														1			1			1			1			1			0						0


																																																																														1			1			1			-3			-14			-23						-3


																																																																														1			1			1			1			1			1						1
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																																																			max d/u			40			45			50			60			70			80


																																																			LTE5M10S


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-12			-12			-12			-11			-11			-11			-23			-18			-18			-18			-23			-28			-39			-49			-59


																																																			2			-35			-39			-42			-45			-48			-44			2			2			2			5			4			2			-5			-12			-26


																																																			3			-37			-42			-46			-52			-55			-55			2			6			2			7			7			6			2			-5			-15


																																																			4			-38			-44			-49			-56			-63			-66			-4			6			3			8			9			9			6			3			-4


																																																			5			-36			-41			-46			-53			-59			-68			-2			3			-2			6			6			6			3			-1			-2


																																																			6			-37			-43			-49			-58			-65			-74			4			4			4			7			8			9			8			5			4


																																																			7			-39			-44			-49			-58			-66			-75			5			6			5			9			9			9			8			6			5


																																																			8			-40			-45			-50			-60			-68			-77			7			7			7			10			10			10			10			8			7


																																																			9			-40			-45			-50			-60			-69			-77			7			7			7			10			10			10			10			9			7


																																																			10			-40			-45			-49			-53			-53			-53			9			9			9			10			10			9			3			-7			-17


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-11			-11			-11			-11			-11			-11			-24			-19			-19			-19			-24			-29			-39			-49			-59


																																																-1			2			-34			-38			-42			-46			-46			-45			2			2			2			4			3			2			-4			-14			-25


																																																			3			-36			-41			-46			-54			-56			-56			4			4			4			6			6			6			4			-4			-14


																																																			4			-36			-42			-47			-56			-63			-65			-5			3			3			6			7			7			6			3			-5


																																																			5			-36			-41			-46			-53			-59			-68			-2			3			-2			6			6			6			3			-1			-2


																																																			6			-36			-41			-46			-57			-64			-74			4			4			4			6			6			6			7			4			4


																																																			7			-36			-41			-47			-57			-65			-75			5			5			5			6			6			7			7			5			5


																																																			8			-36			-41			-46			-56			-66			-76			6			6			6			6			6			6			6			6			6


																																																			9			-36			-41			-46			-56			-66			-76			6			6			6			6			6			6			6			6			6


																																																			10			-36			-41			-46			-54			-54			-53			4			4			4			6			6			6			4			-6			-17


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-27			-31			-32			-36			-36			-37			-8			-4			-4			-3			-4			-8			-14			-24			-33


																																																			2			-34			-39			-43			-46			-47			-46			3			3			3			4			4			3			-4			-13			-24


																																																			3			-35			-40			-44			-51			-52			-52			1			4			1			5			5			4			1			-8			-18


																																																			4			-35			-41			-46			-55			-62			-63			2			2			2			5			6			6			5			2			-7


																																																			5			-35			-40			-45			-52			-58			-60			2			2			-2			5			5			5			2			-2			-10


																																																			6			-35			-41			-46			-56			-63			-72			2			2			2			5			6			6			6			3			2


																																																			7			-36			-41			-46			-56			-65			-74			4			4			4			6			6			6			6			5			4


																																																			8			-36			-41			-46			-56			-66			-74			4			4			4			6			6			6			6			6			4


																																																			9			-36			-41			-46			-56			-66			-75			5			5			5			6			6			6			6			6			5


																																																			10			-36			-41			-46			-53			-54			-54			3			3			3			6			6			6			3			-6			-16


																																																																														-30			-35			-40			-50			-60			-70


																																																																														-3			-4			-8			-14			-24			-33						-4


																																																																														4			4			3			-4			-13			-24						3


																																																																														5			5			4			1			-8			-18						1


																																																																														5			6			6			5			2			-7						2


																																																																														5			5			5			2			-2			-10						-2


																																																																														5			6			6			6			3			2						2


																																																																														6			6			6			6			5			4						4


																																																																														6			6			6			6			6			4						4


																																																																														6			6			6			6			6			5						5


																																																																														6			6			6			3			-6			-16						3
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																																																			max d/u			40			45			50			60			70			80


																																																			LTE5M10S


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-12			-12			-12			-11			-11			-11			-23			-18			-18			-18			-23			-28			-39			-49			-59


																																																			2			-30			-34			-39			-45			-45			-45			-4			-1			-5			0			-1			-1			-5			-15			-25


																																																			3			-33			-38			-42			-49			-50			-51			-1			2			-1			3			3			2			-1			-10			-19


																																																			4			-27			-30			-34			-38			-37			-46			-24			6			-24			-3			-5			-6			-12			-23			-24


																																																			5			-23			-26			-27			-26			-35			-45			-25			-9			-25			-7			-9			-13			-24			-25			-25


																																																			6			-32			-35			-40			-38			-48			-58			-12			0			-12			2			0			0			-12			-12			-12


																																																			7			-36			-40			-44			-48			-53			-61			-9			4			-9			6			5			4			-2			-7			-9


																																																			8			-37			-41			-45			-53			-58			-68			-2			5			-2			7			6			5			3			-2			-2


																																																			9			-37			-42			-46			-54			-63			-72			2			4			2			7			7			6			4			3			2


																																																			10			-35			-40			-46			-52			-51			-50			2			2			2			5			5			6			2			-9			-20


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-11			-11			-11			-11			-12			-11			-24			-19			-19			-19			-24			-29			-39			-48			-59


																																																			2			-18			-19			-19			-21			-25			-35			-35			-12			-35			-12			-16			-21			-29			-35			-35


																																																			3			-20			-21			-22			-22			-30			-40			-30			-10			-30			-10			-14			-18			-28			-30			-30


																																																			4			-22			-24			-27			-27			-35			-45			-25			-11			-25			-8			-11			-13			-23			-25			-25


																																																			5			-22			-24			-25			-26			-35			-45			-25			-11			-25			-8			-11			-15			-24			-25			-25


																																																			6			-28			-31			-39			-39			-47			-57			-13			-1			-13			-2			-4			-1			-11			-13			-13


																																																			7			-32			-34			-42			-45			-52			-61			-9			2			-9			2			-1			2			-5			-8			-9


																																																			8			-35			-37			-43			-49			-57			-66			-4			3			-4			5			2			3			-1			-3			-4


																																																			9			-35			-40			-45			-53			-61			-71			1			3			1			5			5			5			3			1			1


																																																			10			-34			-40			-45			-50			-49			-50			0			5			0			4			5			5			0			-11			-20


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-24			-28			-31			-38			-42			-42			-12			-9			-12			-6			-7			-9			-12			-18			-28


																																																			2			-28			-33			-37			-45			-45			-45			-5			-5			-5			-2			-2			-3			-5			-15			-25


																																																			3			-29			-33			-38			-46			-49			-50			-4			-4			-4			-1			-2			-2			-4			-11			-20


																																																			4			-23			-26			-30			-30			-35			-45			-25			-10			-25			-7			-9			-10			-20			-25			-25


																																																			5			-23			-25			-27			-27			-36			-46			-24			-10			-24			-7			-10			-13			-23			-24			-24


																																																			6			-28			-30			-39			-39			-46			-57			-13			-1			-13			-2			-5			-1			-11			-14			-13


																																																			7			-32			-34			-41			-45			-51			-60			-10			1			-10			2			-1			1			-5			-9			-10


																																																			8			-35			-38			-43			-50			-56			-66			-4			3			-4			5			3			3			0			-4			-4


																																																			9			-35			-40			-44			-52			-61			-71			1			2			1			5			5			4			2			1			1


																																																			10			-34			-39			-44			-52			-51			-52			2			2			2			4			4			4			2			-9			-18


																																																																														-30			-35			-40			-50			-60			-70


																																																																														-6			-7			-9			-12			-18			-28						-12


																																																																														-2			-2			-3			-5			-15			-25						-5


																																																																														-1			-2			-2			-4			-11			-20						-4


																																																																														-7			-9			-10			-20			-25			-25						-25


																																																																														-7			-10			-13			-23			-24			-24						-24


																																																																														-2			-5			-1			-11			-14			-13						-13


																																																																														2			-1			1			-5			-9			-10						-10


																																																																														5			3			3			0			-4			-4						-4


																																																																														5			5			4			2			1			1						1


																																																																														4			4			4			2			-9			-18						2
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																																																															7MHz


																																																			LTE5M10S


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm						Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																					visual			Origi Auto			macro									Max Interferer Levels


																																																			1			-13			-12			-12			-12			-12			-12			-23			-17			-17			-17			-23			-28			-38			-48			-58


																																																			2			-38			-42			-46			-48			-48			-47			6			6			6			8			7			6			-2			-12			-23


																																																			3			-38			-43			-48			-55			-56			-56			5			5			7			8			8			8			5			-4			-14


																																																			4			-38			-42			-46			-52			-50			-55			-15			6			-15			8			7			6			2			-10			-15


																																																			5			-19			-20			-20			-22			-33			-43			-27			-11			-27			-11			-15			-20			-28			-27			-27


																																																			6			-38			-40			-41			-46			-56			-66			-4			5			-4			8			5			1			-4			-4			-4


																																																			7			-39			-42			-45			-50			-59			-68			-2			7			-2			9			7			5			0			-1			-2


																																																			8			-39			-43			-46			-53			-62			-70			0			6			0			9			8			6			3			2			0


																																																			9			-38			-43			-46			-55			-64			-72			2			5			2			8			8			6			5			4			2


																																																			10			-37			-40			-42			-43			-43			-43			2			5			2			7			5			2			-7			-17			-27


																																																			LTE5M1SF


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-11			-11			-12			-12			-12			-12			-24			-19			-19			-19			-24			-28			-38			-48			-58


																																																			2			-19			-21			-24			-33			-45			-46			-16			-14			-15			-11			-14			-16			-17			-15			-24


																																																			3			-26			-27			-32			-36			-42			-51			-19			-4			-19			-4			-8			-8			-14			-18			-19


																																																			4			-33			-34			-33			-36			-46			-55			-15			3			-15			3			-1			-7			-14			-14			-15


																																																			5			-21			-21			-21			-24			-34			-44			-26			-9			-26			-9			-14			-19			-26			-26			-26


																																																			6			-38			-40			-41			-45			-55			-65			-5			5			-5			8			5			1			-5			-5			-5


																																																			7			-38			-42			-44			-49			-59			-68			-2			7			-2			8			7			4			-1			-1			-2


																																																			8			-38			-42			-45			-51			-61			-70			0			5			0			8			7			5			1			1			0


																																																			9			-38			-42			-46			-53			-63			-72			2			6			2			8			7			6			3			3			2


																																																			10			-37			-40			-42			-43			-43			-43			2			5			2			7			5			2			-7			-17			-27


																																																			LTEDL5M1


																																																			C			-30dBm			-35dBm			-40dBm			-50dBm			-60dBm			-70dBm			Oth			Oth			Cork			-30			-35			-40			-50			-60			-70


																																																			N																																				Max Interferer Levels


																																																			1			-30			-35			-39			-42			-45			-45			-8			-1			-1			0			0			-1			-8			-15			-25


																																																			2			-37			-42			-45			-49			-49			-48			5			5			5			7			7			5			-1			-11			-22


																																																			3			-37			-42			-46			-53			-53			-53			6			6			3			7			7			6			3			-7			-17


																																																			4			-36			-38			-40			-37			-45			-55			-15			3			-15			6			3			0			-13			-15			-15


																																																			5			-22			-22			-22			-25			-35			-45			-25			-8			-25			-8			-13			-18			-25			-25			-25


																																																			6			-37			-39			-41			-45			-55			-65			-5			4			-5			7			4			1			-5			-5			-5


																																																			7			-37			-41			-43			-48			-58			-67			-3			6			-3			7			6			3			-2			-2			-3


																																																			8			-37			-41			-44			-50			-60			-69			-1			4			-1			7			6			4			0			0			-1


																																																			9			-37			-41			-45			-52			-62			-72			2			5			2			7			6			5			2			2			2


																																																			10			-36			-40			-43			-45			-45			-44			3			3			3			6			5			3			-5			-15			-26


																																																																														-30			-35			-40			-50			-60			-70


																																																																														0			0			-1			-8			-15			-25						-1


																																																																														7			7			5			-1			-11			-22						5


																																																																														7			7			6			3			-7			-17						3


																																																																														6			3			0			-13			-15			-15						-15


																																																																														-8			-13			-18			-25			-25			-25						-25


																																																																														7			4			1			-5			-5			-5						-5


																																																																														7			6			3			-2			-2			-3						-3


																																																																														7			6			4			0			0			-1						-1


																																																																														7			6			5			2			2			2						2


																																																																														6			5			3			-5			-15			-26						3
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LTE UE Interference C/I  - (All 10 subframes active), C=-70dBm
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LTE UE Interference C/I  - (1 subframe active), C=-70dBm
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LTE UE Interference C/I  - (All 10 subframes active), C=-60dBm
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LTE UE Interference C/I  - (1 subframe active), C=-60dBm
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LTE UE Interference C/I  - (All 10 subframes active), C=-50dBm
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LTE UE Interference C/I  - (1 subframe active), C=-50dBm
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LTE UE Interference C/I  - (All 10 subframes active), C=-40dBm
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LTE UE Interference C/I  - (1 subframe active), C=-40dBm
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LTE UE Interference C/I  - (All 10 subframes active), C=-30dBm
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LTE UE Interference C/I  - (1 subframes active), C=-30dBm
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LTE BS Interference C/I  - (All 10 subframes active), C=-70dBm
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LTE BS Interference C/I  - (All 10 subframes active), C=-60dBm
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LTE BS Interference C/I  - (All 10 subframes active), C=-40dBm
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LTE BS Interference C/I  - (All 10 subframes active), C=-30dBm
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LTE UE Interference Oth - (All 10 subframes active)
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LTE UE Interference Oth - (1 subframe active)
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LTE BS Interference Oth - (All 10 subframes active)


-30


-25


-20


-15


-10


-5


0


5


10


15


1 2 3 4 5 6 7 8 9 10


Intefererer Offset Nx8MHz


Oth dBm


Si Tuner E 


Si Tuner A 


Si Tuner F 


Si Tuner B 


Can Tuner A 


Can Tuner D 


Can Tuner E 


Can Tuner F 


Can Tuner G


Can Tuner B




image28.emf

Percentiles: LTE UE Interference Oth - (All 10 subframes active)
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Percentiles: LTE UE Interference Oth - (1 subframe active)
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Percentiles: LTE BS Interference Oth - (All 10 subframes active)
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Differences in Oth: 


UE Oth (all subframes active) - UE Oth ( 1 subframe active)
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Differences in Oth: 


UE Oth (all subframes active) - BS Oth
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Differences in Oth: DVB-T - LTE5M10S


-30


-20


-10


0


10


20


30


1 2 3 4 5 6 7 8 9 10


Intefererer Offset Nx8MHz


Oth dBm


Si Tuner E 


Si Tuner A 


Si Tuner F 


Si Tuner B 


Can Tuner A 


Can Tuner D 


Can Tuner E 


Can Tuner F 


10% percentile


90% percentile




image34.emf

Differences in Oth: DVB-T - LTE5M1SF
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Differences in Oth: DVB-T - LTEDL5M1
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LTE UE Interference C/I  - (All 10 subframes active), C=-70dBm
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LTE UE Interference C/I  - (1 subframe active), C=-70dBm
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LTE UE Interference C/I  - (All 10 subframes active), C=-60dBm
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LTE UE Interference C/I  - (1 subframe active), C=-60dBm
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LTE UE Interference C/I  - (All 10 subframes active), C=-50dBm
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LTE UE Interference C/I  - (1 subframe active), C=-50dBm
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LTE UE Interference C/I  - (All 10 subframes active), C=-40dBm


-60


-50


-40


-30


-20


-10


0


1 2 3 4 5 6 7 8 9 10


Intefererer Offset Nx7MHz


C/I dB


7MHz Can Tuner H


7MHz Can Tuner J


7MHz Can Tuner L




image43.emf

LTE UE Interference C/I  - (1 subframe active), C=-40dBm
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LTE UE Interference C/I  - (All 10 subframes active), C=-30dBm
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LTE UE Interference C/I  - (1 subframes active), C=-30dBm
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LTE BS Interference C/I  - (All 10 subframes active), C=-70dBm
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LTE BS Interference C/I  - (All 10 subframes active), C=-60dBm
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LTE BS Interference C/I  - (All 10 subframes active), C=-50dBm
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LTE BS Interference C/I  - (All 10 subframes active), C=-40dBm
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LTE BS Interference C/I  - (All 10 subframes active), C=-30dBm
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LTE UE Interference Oth - (All 10 subframes active)
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LTE UE Interference Oth - (1 subframe active)
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LTE BS Interference Oth - (All 10 subframes active)
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Differences in Oth: 


UE Oth (all subframes active) - UE Oth ( 1 subframe active)
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Differences in Oth: 


UE Oth (all subframes active) - BS Oth
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LTE UE Interference - 10 subframes active/frame - Si Tuner E
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LTE UE Interference - 10 subframes active/frame - Si Tuner F
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LTE BS Interference - 10 subframes active/frame - Si Tuner F
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LTE UE Interference - 10 subframes active/frame - Si Tuner B
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LTE UE Interference - 1 subframes active/frame - Si Tuner B
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LTE BS Interference - 10 subframes active/frame - Si Tuner B
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LTE UE Interference - 10 subframes active/frame - Can Tuner A
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Measurements of DVB-T receiver protection ratio and overload threshold under LTE BS interference with different LTE traffic loadings
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[bookmark: _Toc396725594]1	Introduction

A real commercial LTE base station RF output with a 10 MHz bandwidth has been captured and analysed in the time and frequency domains on a symbol by symbol basis using a vector signal analyser.  Different distributions of resource blocks were observed in both time and frequency at different traffic loads ranging from an idle condition with no significant data transfers (zero percent loading), to 50% loading and 100% loading.  These captured waveforms were further filtered to remove impairments from the recording process, and formatted for replay from standard laboratory vector signal arbitrary waveform generators to represent realistic interference signals for receiver measurements.  These waveforms and are now used by the Digital TV Group (DTG)[footnoteRef:1] as a standard set of interference signals for receiver testing and are also used for the tests in this contribution [1:  www.dtg.org.uk] 


Twenty-one DVB-T TV receivers from various manufacturers using both can and silicon tuners were measured for DVB-T protection ratio and overload threshold against these standard LTE BS interference signals which have three different traffic loadings. The tests were made with different wanted signal levels and a range of interference frequency offsets corresponding to the interferer being at multiples of 8 MHz TV channel spacings of  N+1 up to N+9 (image channel for can tuners), starting with a 1MHz guard band between the DVB-T and LTE signals.  

[bookmark: _Toc396725595]2	Receiver performance tests

[bookmark: _Toc396725596]2.1	Receivers tested

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The receivers tested are all mass production models from different manufacturers purchased (circa 2011) in the UK containing conventional ‘can’ and silicon tuners shown in Table 1.  All but Rx3 are the latest dual mode DVB-T/T2 designs.  Receiver Rx4 was found to be unreliable and is not included in the data analysis.  The receivers Rx10 through Rx13 used silicon tuner ICs which were different from those in receivers Rx1 to Rx3 and Rx7 to Rx9.  Rx10 and Rx11 used the same IC and Rx12 and Rx13 used a different IC.  Each receiver had a different circuit board design and layout.  The receivers with can tuners (Rx14-Rx21) are from receivers purchased over a few years prior to 2011 because upon examination, all the new set top boxes purchased for this study contained silicon tuners.  The receivers with can tuners used still represent the legacy receiver population using can tuners.

[bookmark: _Ref273945818]Table 1

Receivers tested

		Receiver name

		Rx1

		Rx2

		Rx3

		Rx4

		Rx5

		Rx6

		Rx7

		Rx8

		Rx9



		Tuner Type

		Silicon

		Silicon

		Silicon

		Silicon

Unreliable so not tested

		Can

		Can

		Silicon

		Silicon

		Silicon



		Rx Name

		Rx10

		Rx11

		Rx12

		Rx13

		

		

		

		

		



		Tuner Type

		Silicon

		Silicon

		Silicon

		Silicon

		

		

		

		

		



		Rx Name

		Rx14

		Rx15

		Rx16

		Rx17

		Rx18

		Rx19

		Rx20

		Rx21

		



		Tuner Type

		Can

		Can

		Can

		Can

		Can

		Can

		Can

		Can

		





[bookmark: _Toc396725597]2.2	Receivers test setup

Figure  shows the test setup using an R&S SFU ARB generator replaying the LTE BS signals as an interferer to a DVB-T wanted signal configured as shown in Table 2.   The LTE signal was 10 MHz wide (9 MHz occupied bandwidth when fully loaded ).

The average power meter was an Agilent thermal power sensor (8481A sensor with E4418 EPM meter).

[bookmark: _Ref273737263]Figure 1

Test equipment setup

[image: ]



[bookmark: _Ref289322239][bookmark: _Ref289373031]Table 2

DVB-T signal parameters

		Overall

		Parameter Value



		FFTSIZE

		8K



		GI

		1/32



		Bandwidth

		8MHz



		Modulation

		64QAM



		Code rate

		2/3







[bookmark: _Toc396725598]2.3	Test signals

Since receivers Rx1 through Rx9 were tested at different times than receivers Rx10 through Rx21, the spectrum of the test signals vary slightly.  

[bookmark: _Toc396725599]2.3.1	Test signals for receivers Rx1-Rx9

The spectrum of the test signals for receivers Rx1 through Rx 9 are shown in Figures 2, 3, and 4 for traffic loadings of zero, 50, and 100 percent, respectively.  The measured ACLRs are shown in Table 3.  The BS out of block emission mask from CEPT Report 30 (see Reference 1) is also shown in Figure 4. 

[bookmark: _Ref289334835]Figure 2

Spectrum of LTE BS idle test signal (0% traffic loading) for receivers Rx1-Rx9

[image: ]

[bookmark: _Ref289334836]Figure 3

Spectrum of LTE BS test signal (50% traffic loading) for receivers Rx1-Rx9

[image: ]

[bookmark: _Ref289334838]Figure 4

Spectrum of LTE BS test signal (100% traffic loading) for receivers Rx1-Rx9

[image: ]



Table 3

LTE Interferer ACLR for receivers Rx1-Rx9

		Centre Frequency 
Spacing MHz

		0% Traffic loading
ACLR - dB

		50% Traffic loading
ACLR - dB

		100% Traffic loading
ACLR - dB



		10

		60.9

		60.3

		58.9



		18

		73.7

		82.9

		78.8









[bookmark: _Toc396725600]2.3.2	Test signals for receivers Rx10-Rx21

Similarly, the spectrum of test signals for receivers Rx10 through Rx21 are shown in Figures 5, 6, and 7 for traffic loadings of zero, 50, and 100 percent, respectively.

The measured ACLRs are shown in Table 4.  The BS out of block emission mask from CEPT Report 30 (see Reference 1) is also shown in Figure 6. 



Figure 5

Spectrum of LTE BS idle test signal (0% traffic loading) for receivers Rx10-Rx21

[image: ]

Figure 6

Spectrum of LTE BS test signal (50% traffic loading) for Rx10-Rx21

[image: ]

Figure 7

Spectrum of LTE BS test signal (100% traffic loading) for Rx10-Rx21

[image: ]



Table 4

LTE Interferer ACLR for receivers Rx10-Rx21

		Centre Frequency 
Spacing MHz

		0% Traffic loading
ACLR - dB

		50% Traffic loading
ACLR - dB

		100% Traffic loading
ACLR - dB



		10

		59.6

		60.5

		59.1



		18

		62.1

		69.2

		80.6











[bookmark: _Toc396725601]2.4	Reference power level

The reference power level, with 0 dB setting on the attenuator, was measured at maximum BS traffic (i.e. 100% load) using the thermal power sensor to give a true rms measurement. All protection ratios were referenced to this level. It was confirmed that the average power of the LTE signal reduces with traffic by approximately 8.3dB for the idle (0% load), but the peak power during the active portion of the signal remains the same as for the 100% loaded signal.

[bookmark: _Toc396725602]2.5	Picture failure criterion

For all testing, the picture failure (PF) threshold was used as the QEF point. Picture failure was determined by examining the moving picture for approximately 20 seconds and checking for MPEG2 macro block artifacts. The recorded point was made at the limit where there was an error free picture for 20 seconds.

[bookmark: _Toc396725603]2.6	Description of tests

For each of the LTE BS traffic loadings of 0% (idle), 50% and 100%, the protection ratio was measured for wanted signal levels fixed at -70, -60, -50, -40,  -35 and -30dBm.  The overload threshold was then calculated visually using the recommended method described in Section 5.11 of this Report. 

To reduce testing time, the re-scanning of the receivers for each test point was avoided by fixing the wanted signal frequency at CH56 (754MHz) and shifting the LTE interferer centre frequency offset in 8MHz increments from N+2 to N+9.  The initial N+1 interference used a 10MHz centre frequency offset which allows a 1MHz guard band between the wanted and interferer channels.  This is equivalent to testing for interference from a 10MHz LTE interferer centred at 796MHz into channels 52 to 60.  The frequencies tested are summarised in Table 5. 



[bookmark: _Ref273950713]Table 5

Test definitions

		Channel Offset N
(8MHz Channels)

		Centre Frequency Offset MHz

		DVB-T Centre Freq, MHz

		LTE Centre

Freq. MHz

		LTE

BW, MHz

		DVB-T Power dBm



		1

		10

		754

		764

		10

		-70, -60, -50, -40,-35, -30



		2

		18

		754

		772

		10

		-70, -60, -50, -40,-35, -30



		3

		26

		754

		780

		10

		-70, -60, -50, -40,-35, -30



		4

		34

		754

		788

		10

		-70, -60, -50, -40,-35, -30



		5

		42

		754

		796

		10

		-70, -60, -50, -40,-35, -30



		6

		50

		754

		804

		10

		-70, -60, -50, -40,-35, -30



		7

		58

		754

		812

		10

		-70, -60, -50, -40,-35, -30



		8

		66

		754

		820

		10

		-70, -60, -50, -40,-35, -30



		9

		74

		754

		828

		10

		-70, -60, -50, -40,-35, -30










These tests are shown pictorially in Figure 8 below.

[bookmark: _Ref273951842]Figure 8

Test Frequency Arrangement

[image: ]


[bookmark: _Toc396725604]2.7	Protection Ratio Test Results

[bookmark: _Toc396725605]2.7.1	Protection Ratio Test Results for receivers Rx1-Rx9

Figures 9, 10, and 11 show the protection ratio as a function of centre frequency offset for zero, 50, and 100 percent traffic loading, respectively.  There were large degradations in PR (particularly Rx2 (30dB), Rx3 (16dB), Rx7 (25), Rx8(31dB) and Rx9 (18dB)) for 0% loading compared to 50% traffic loading for the worst performing receivers, whilst for in general for all receivers the PR for 50% loading was slightly better (0-3dB) compared to 100% loading.  Figure 12 shows the 90th percentile protection ratio at various traffic loadings.

For some of the better performing receivers, the 0% idle condition was not the worst case.  The distribution of worst case PR vs. traffic loading is shown in Table 6. 

For network planning purposes the traffic loading is unknown, so the maximum PR of each receiver for any traffic pattern is plotted in Figure 13. 

Figure 9

Protection ratio for 0% traffic loading for receivers Rx1-Rx9

[image: ]

Figure 10

Protection ratio for 50% traffic loading for receivers Rx1-Rx9

[image: ]

Figure 11

Protection ratio for 100% traffic loading for receivers Rx1-Rx9

[image: ]



Figure 12

90th percentile protection ratio v.s. traffic loading for receivers Rx1-Rx9

[image: ]

[bookmark: _Ref289332467]Table 6

Traffic loading giving the highest PR on each receiver (Rx1-Rx9)

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		100%

		50/100%

		50/100%

		50/100%

		50/100%

		50/100%

		50/100%

		50%

		50%



		Rx2(Si)

		0%

		0%

		0%

		0%

		0%

		0%

		100%

		100%

		100%



		Rx3(Si)

		0%

		0%

		0%

		0%

		0%

		0%

		0%

		0%

		0%



		Rx5(Can)

		100%

		0%

		0%

		50/100%

		100%

		100%

		100%

		0%

		50/100%



		Rx6(Can)

		100%

		100%

		50/100%

		50%

		100%

		50/100%

		50/100%

		100%

		50/100%



		Rx7(Si)

		0%

		0%

		0%

		0%

		50/100%

		50/100%

		100%

		50/100%

		50/100%



		Rx8(Si)

		0%

		0%

		0%

		0%

		0%

		0%

		0%

		0%

		0%



		Rx9(Si)

		0%

		0%

		0%

		0%

		0%

		0%

		0%

		0%

		0%





[bookmark: _Ref289332636]Figure 13

Maximum protection ratio per receiver across all traffic loadings
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[bookmark: _Toc304289703][bookmark: _Toc396725606]2.7.2	Protection ratio test results – silicon tuners

The protection ratio percentiles are plotted in Figures 14, 15, and 16 at traffic loadings of zero, 50, and 100 percent, respectively, for the set of six silicon tuners (Rx1-Rx3, Rx7-Rx9) alongside the larger data set of ten silicon tuners including the additional four (Rx10-Rx13).  The original data set values for the LTE idle traffic load are used in columns 2 and 3 of Table 37 in Recommendation ITU-R BT.1368-9 where the values are marked with footnote “1”.

Only the results for the 0% (idle) condition show a significant difference between the data sets.  For this idle condition:  

· The 10th percentile has improved for some offsets.

· The 50th percentile has improved at most offsets.

· The 90th percentile is almost unchanged.

This can be explained by the fact that two of the additional silicon tuners (Rx10-Rx13) had similar performance to the best performing silicon tuner (Rx1), thus improving the 10th percentile and 50th percentile performance.  The remaining two additional silicon tuners had poor performance similar to the worst performing silicon tuners, thus leaving the 90th percentile results virtually unchanged.

Figure 17 shows a comparison for the 100% traffic load case, between the ten silicon tuners analysed here, and the data set comprising either 12 or 20 tuners (depending on frequency offset) in Table 68 of Recommendation ITU-R BT.1368.  The results show reasonable correlation given the improvements made in silicon tuners since the measurements used in Table 68.  In general the measurements in this Annex are zero to five dB better depending on frequency offsets.

[bookmark: _Ref303689169]Figure 14

Protection ratio percentiles for 0% traffic loading for receivers with silicon tuners
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[bookmark: _Ref303689171]Figure 15

Protection ratio percentiles for 50% traffic loading for receivers with silicon tuners

[image: ]

[bookmark: _Ref303689192]Figure 16

Protection ratio percentiles for 100% traffic loading for receivers with silicon tuners
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[bookmark: _Ref303203309][bookmark: OLE_LINK8]Figure 17

Protection ratio percentiles for 100% traffic loading comparison with Table 68 of BT.1368-9
 for receivers with silicon tuners
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[bookmark: _Toc304289705][bookmark: _Toc396725607]2.7.3	Protection ratio test results – can tuners

The protection ratio percentiles are plotted in Figures 18, 19, and 20 for ten can tuners (Rx5, Rx6, and Rx14-Rx21), for the three different LTE BS traffic loadings of 0%, 50% and 100%, respectively.  The results show typical can tuner behaviour with weak points around the 36 MHz and N+9 image channel at 72MHz, particularly for the 50% and 100% loaded cases.  There is insufficient existing measurement data to compare performance for the 0% and 50% traffic loading cases. However, Figure 21 compares the 100% traffic loading with Table 68 in Recommendation ITU-R BT. 1368-9.  This plot shows the latest measurements are sometimes better and sometimes worse than Table 68 depending on frequency offset.  

[bookmark: _Ref303684634]Figure 18

Protection ratio percentiles for 0% traffic loading for receivers with can tuners
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[bookmark: _Ref303684635]Figure 19

Protection ratio percentiles for 50% traffic loading for receivers with can tuners
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[bookmark: _Ref303684636]Figure 20

Protection ratio percentiles for 100% traffic loading for receivers with can tuners

[image: ]

[bookmark: _Ref303684639]Figure 21

Protection ratio percentiles for 100% traffic loading comparison with Table 68 of BT.1368-9
 for receivers with can tuners
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[bookmark: _Toc396725608]2.8	Overload Threshold Calculation

[bookmark: _Toc396725609]2.8.1	Overload Threshold Calculation for receivers Rx1-Rx9

The overload threshold was calculated for each of the 0%, 50% and 100% traffic loadings for receivers Rx1-Rx9 as shown in Figures 22, 23, and 24, respectively.  Generally most receivers had between 2dB higher to 4 dB lower Oth for the 0% LTE loading compared to 50% LTE loading except Rx3 and Rx9 which were up to 40 and 35dB lower respectively.  There was a much smaller (0-2dB) difference in Oth for 50% compared with 100% loading for all receivers with silicon tuners, but the can tuners shows larger differences (-6dB to +11dB) when the interference offset was around the can tuner weak spot 26-34MHz.  With the exception of Rx3 and Rx9, most receivers had the lowest Oth for 100% traffic loading. The distribution of the lowest Oth vs. traffic loading is shown in Table 7.  The lowest Oth for each receiver across all traffic loadings is plotted in Figure 26.

[bookmark: _Ref289333673]Figure 22

Overload threshold for 0% traffic loading for receivers Rx1-Rx9
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[bookmark: _Ref289333675]Figure 23

Overload threshold for 50% traffic loading for receivers Rx1-Rx9
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[bookmark: _Ref289333676]Figure 24

Overload threshold for 100% traffic loading for receivers Rx1-Rx9

[image: ]

Figure 25

10th percentile overload threshold vs traffic loading for receivers Rx1-Rx9
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[bookmark: _Ref289341691]Table 7

Traffic loading giving lowest Oth on each receiver (Rx1-Rx9)

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		50%

		100%

		100%

		100%

		100%

		50/100%

		100%

		100%

		100%



		Rx2(Si)

		50/100%

		100%

		0%

		50/100%

		100%

		50/100%

		100%

		100%

		100%



		Rx3(Si)

		0%

		0%

		0%

		0%

		0%

		0%

		0%

		0%

		0%



		Rx5(Can)

		100%

		0%

		50%

		100%

		100%

		100%

		0%

		0/100%

		0/50/100%



		Rx6(Can)

		100%

		50/100%

		0%

		100%

		100%

		100%

		100%

		100%

		100%



		Rx7(Si)

		0%

		100%

		100%

		0%

		100%

		100%

		50/100%

		100%

		100%



		Rx8(Si)

		0%

		50/100%

		50/100%

		50%

		0/50/100%

		50/100%

		50%

		50/100%

		50/100%



		Rx9(Si)

		0%

		0%

		0%

		0%

		0%

		0%

		0%

		0%

		0%





[bookmark: _Ref289344087]Figure 26

Minimum overload threshold for each receiver across all traffic loadings for receivers Rx1-Rx9
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[bookmark: _Toc304289704][bookmark: _Toc396725610]2.8.2	Overload threshold calculation – silicon tuners

[bookmark: OLE_LINK9]The overload threshold was calculated for each of the 0%, 50% and 100% traffic loadings as shown in Figures 27, 28, and 29, respectively.  For the 0% traffic loading there is a small improvement in the worst performing tuners (10th percentile).  For 50% and 100% traffic loading there is no significant difference between the data sets of six or ten tuners.  Figure 30 compares the 100% traffic loading with the values in Table 68 of Recommendation ITU-R BT.1368-9.  The 50th percentile results of the measurements in this Annex show slightly better performance than Table 68.  But the 10th percentile results are better and worse than Table 68 at different frequency offsets.

[bookmark: _Ref303689970]Figure 27

Overload threshold percentiles for 0% traffic loading for receivers with silicon tuners

[bookmark: OLE_LINK2][image: ]

Figure 28

Overload threshold percentiles for 50% traffic loading for receivers with silicon tuners

[image: ]

Figure 29

Overload threshold percentiles for 100% traffic loading for receivers with silicon tuners

[image: ]

Figure 30

Overload threshold percentiles for 100% traffic loading comparison with Table 68 of BT.1368-9
 for receivers with silicon tuners

[image: ] 

[bookmark: _Toc304289706][bookmark: _Toc396725611]2.8.3	Overload threshold calculation – can tuners

The overload threshold was calculated for ten can tuners as shown in Figures 31, 32, and 33 for 0%, 50%, and 100% traffic loadings, respectively.  The results show typical can tuner behaviour with weak points around the 36 MHz IF frequency.  There is insufficient existing measurement data to compare performance for the 0% and 50% traffic loading cases.  However, Figure 34 compares the 100% traffic loading with Table 68 in Recommendation ITU-R BT.1368-9.  This plot shows the latest 50 percentile measurements are worse particularly around 36 MHz, but the 10 percentile measurements are both better and worse than those in Table 68 depending on frequency offset.  

[bookmark: _Ref303685245]Figure 31

Overload threshold percentiles for 0% traffic loading for receivers with can tuners
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[bookmark: _Ref303685269]Figure 32

Overload threshold percentiles for 50% traffic loading for receivers with can tuners

[image: ]

[bookmark: _Ref303685248]Figure 33

Overload threshold percentiles for 100% traffic loading for receivers with can tuners
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[bookmark: _Ref303685467]Figure 34

Overload threshold percentiles for 100% traffic loading comparison with Table 68 of BT.1368-9
 for receivers with can tuners
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[bookmark: _Toc396725612]3	Validation of results 

As it was not possible to test a larger set of DVB-T receivers with 0% and 50% LTE traffic loads due to cost and time constraints, it was necessary to check these results were a reasonable representation of receiver performance.  This was done by comparing the 100% LTE traffic load results of this study (receivers Rx1-Rx9) with the larger set of receivers measured with 100% LTE traffic loadings in CEPT ECC Report 148 (see Reference 2).   The PR and Oth comparisons are shown in Figures 35 and 36, respectively. These plots show good correlation with the Report 148 silicon tuner measurements given that most of the receivers in this contribution are using silicon tuners.

Therefore from this comparison, it is expected that the measured DVB-T results for the 0% and 50% traffic loadings area a reasonable representation of current receiver performance.

[bookmark: _Ref289345467]Figure 35

Protection ratio for same LTE BS 100% traffic loading interferer into DVB-T 8K 64QAM 2/3
 for comparison with ECC Report 148 measurements

[image: ]

[bookmark: _Ref289345469]


Figure 36

Overload threshold for same LTE BS 100% traffic loading interferer into DVB-T 8K 64QAM 2/3
 for comparison with ECC Report 148 measurements
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[bookmark: _Toc396725613]4	Conclusions

There were large (up to 31dB) degradations in PR for the worst performing receivers for 0% LTE loading compared to 50% traffic loading, but for some of the better performing receivers, the 0% loading condition was not the worst case but 50% or 100%.  Possibly the higher average power of the 100% traffic loading was causing the degradation in this case.

There were also large degradations in Oth for the 0% LTE loading case (35-40dB) for two of the worst behaving receivers Rx3 and Rx9.  Both these receivers used the same older generation silicon tuner.  However the differences between 0% and 50% LTE loading were usually a few dB for most receivers.

The differences in Oth between 50% and 100% loading were small (0-2dB) across all receivers with silicon tuners, but the can tuners shows larger differences (-6dB to +11dB) when the interference offset was around the can tuner weak spot 26-34MHz.

Whilst a relatively small number of receivers have been tested, the measurement results for 100% LTE traffic loading in DVB-T mode have compared well against the larger number of receivers measured in the ECC Report 148, thus validating the test method used.  Raw test data is included in Appendix A to assist other studies.
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[bookmark: _Toc396725615]Appendix A – Raw test data

[bookmark: _Toc396725616]A.1	Protection ratio summary

Table A.1

Co-channel protection ratios for LTE BS interferer 0% traffic load into DVB-T

		Co-channel PR - dB

		0% LTE traffic 
loading

		50% LTE traffic 
loading

		100% LTE traffic 
loading



		Rx1(Si)

		12

		14

		15



		Rx2(Si)

		13

		15

		15



		Rx3(Si)

		N/A

		N/A

		N/A



		Rx5(Can)

		13

		15

		15



		Rx6(Can)

		11

		15

		16



		Rx7(Si)

		N/A

		N/A

		N/A



		Rx8(Si)

		12

		14

		15



		Rx9(Si)

		13

		15

		15



		Rx10(Si)

		11

		14

		15



		Rx11(Si)

		10

		14

		15



		Rx12(Si)

		13

		15

		17



		Rx13(Si)

		12

		15

		15



		Rx14(Can)

		13

		16

		17



		Rx15(Can)

		N/A

		N/A

		N/A



		Rx16(Can)

		13

		15

		15



		Rx17(Can)

		13

		15

		15



		Rx18(Can)

		13

		18

		17



		Rx19(Can)

		13

		15

		15



		Rx20(Can)

		14

		15

		15



		Rx21(Can)

		13

		15

		17








Table A.2

Protection ratios for LTE BS interferer 0% traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-49

		-54

		-55

		-56

		-58

		-59

		-60

		-62

		-63



		Rx2(Si)

		-14

		-21

		-25

		-29

		-33

		-46

		-59

		-60

		-60



		Rx3(Si)

		-33

		-37

		-30

		-41

		-41

		-43

		-45

		-46

		-47



		Rx5(Can)

		-45

		-56

		-45

		-49

		-52

		-54

		-57

		-58

		-55



		Rx6(Can)

		-45

		-54

		-52

		-67

		-70

		-71

		-71

		-70

		-62



		Rx7(Si)

		-31

		-26

		-30

		-33

		-55

		-57

		-60

		-60

		-60



		Rx8(Si)

		-30

		-22

		-24

		-28

		-31

		-35

		-38

		-39

		-41



		Rx9(Si)

		-27

		-29

		-30

		-31

		-33

		-35

		-36

		-38

		-39



		Rx10(Si)

		-47

		-53

		-55

		-55

		-57

		-59

		-60

		-60

		-62



		Rx11(Si)

		-42

		-54

		-55

		-55

		-57

		-58

		-59

		-59

		-58



		Rx12(Si)

		-28

		-42

		-48

		-49

		-49

		-49

		-48

		-49

		-49



		Rx13(Si)

		-32

		-43

		-49

		-49

		-50

		-50

		-50

		-50

		-50



		Rx14(Can)

		-48

		-52

		-58

		-67

		-69

		-70

		-71

		-64

		-55



		Rx15(Can)

		-41

		-54

		-52

		-62

		-66

		-67

		-70

		-58

		-46



		Rx16(Can)

		-36

		-52

		-55

		-64

		-67

		-68

		-71

		-58

		-47



		Rx17(Can)

		-47

		-63

		-54

		-62

		-69

		-71

		-72

		-58

		-41



		Rx18(Can)

		-36

		-49

		-57

		-58

		-61

		-58

		-58

		-59

		-54



		Rx19(Can)

		-35

		-48

		-58

		-59

		-67

		-65

		-72

		-60

		-56



		Rx20(Can)

		-47

		-57

		-57

		-60

		-64

		-65

		-67

		-67

		-61



		Rx21(Can)

		-47

		-50

		-55

		-66

		-68

		-70

		-70

		-56

		-48








Table A.3

Protection ratios for LTE BS interferer 50% traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-48

		-52

		-54

		-55

		-56

		-58

		-59

		-60

		-62



		Rx2(Si)

		-40

		-51

		-52

		-55

		-55

		-57

		-57

		-57

		-57



		Rx3(Si)

		-41

		-45

		-46

		-47

		-48

		-49

		-50

		-51

		-51



		Rx5(Can)

		-44

		-60

		-54

		-47

		-52

		-54

		-57

		-57

		-52



		Rx6(Can)

		-46

		-54

		-51

		-39

		-70

		-70

		-70

		-70

		-59



		Rx7(Si)

		-40

		-51

		-52

		-54

		-55

		-56

		-56

		-56

		-56



		Rx8(Si)

		-39

		-52

		-55

		-56

		-56

		-57

		-58

		-58

		-58



		Rx9(Si)

		-40

		-47

		-48

		-49

		-51

		-51

		-54

		-54

		-55



		Rx10(Si)

		-47

		-54

		-55

		-55

		-56

		-58

		-59

		-59

		-59



		Rx11(Si)

		-42

		-54

		-55

		-55

		-57

		-58

		-59

		-59

		-58



		Rx12(Si)

		-40

		-50

		-50

		-51

		-51

		-52

		-52

		-52

		-51



		Rx13(Si)

		-48

		-52

		-51

		-52

		-52

		-52

		-52

		-52

		-51



		Rx14(Can)

		-47

		-51

		-57

		-66

		-68

		-68

		-71

		-60

		-52



		Rx15(Can)

		-46

		-54

		-51

		-55

		-65

		-66

		-70

		-54

		-44



		Rx16(Can)

		-46

		-53

		-56

		-60

		-41

		-41

		-70

		-51

		-42



		Rx17(Can)

		-46

		-62

		-54

		-54

		-68

		-71

		-71

		-50

		-39



		Rx18(Can)

		-37

		-51

		-60

		-49

		-61

		-62

		-58

		-59

		-53



		Rx19(Can)

		-35

		-47

		-56

		-48

		-67

		-64

		-70

		-58

		-55



		Rx20(Can)

		-46

		-52

		-56

		-52

		-66

		-66

		-70

		-67

		-59



		Rx21(Can)

		-45

		-50

		-55

		-65

		-68

		-68

		-71

		-52

		-46








Table A.4 

Protection ratios for LTE BS interferer 100% traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-47

		-52

		-54

		-55

		-56

		-58

		-59

		-61

		-63



		Rx2(Si)

		-39

		-50

		-51

		-54

		-54

		-56

		-56

		-56

		-56



		Rx3(Si)

		-40

		-47

		-47

		-48

		-47

		-47

		-48

		-49

		-50



		Rx5(Can)

		-43

		-59

		-52

		-47

		-51

		-53

		-56

		-56

		-52



		Rx6(Can)

		-44

		-52

		-51

		-59

		-68

		-70

		-70

		-68

		-59



		Rx7(Si)

		-40

		-50

		-51

		-53

		-54

		-56

		-54

		-56

		-56



		Rx8(Si)

		-39

		-51

		-54

		-55

		-56

		-57

		-58

		-58

		-58



		Rx9(Si)

		-39

		-47

		-47

		-48

		-49

		-51

		-52

		-53

		-54



		Rx10(Si)

		-46

		-54

		-54

		-55

		-55

		-58

		-59

		-59

		-59



		Rx11(Si)

		-46

		-54

		-54

		-55

		-55

		-56

		-57

		-57

		-57



		Rx12(Si)

		-39

		-48

		-49

		-50

		-51

		-51

		-51

		-51

		-51



		Rx13(Si)

		-43

		-51

		-51

		-51

		-51

		-51

		-51

		-51

		-51



		Rx14(Can)

		-46

		-51

		-56

		-65

		-67

		-67

		-70

		-61

		-51



		Rx15(Can)

		-45

		-52

		-51

		-56

		-64

		-65

		-68

		-51

		-43



		Rx16(Can)

		-45

		-52

		-55

		-60

		-66

		-67

		-67

		-50

		-42



		Rx17(Can)

		-44

		-60

		-52

		-55

		-68

		-70

		-70

		-48

		-39



		Rx18(Can)

		-38

		-49

		-59

		-53

		-59

		-60

		-59

		-60

		-54



		Rx19(Can)

		-34

		-46

		-55

		-49

		-67

		-63

		-70

		-57

		-54



		Rx20(Can)

		-44

		-52

		-56

		-53

		-63

		-65

		-68

		-67

		-58



		Rx21(Can)

		-44

		-50

		-54

		-64

		-67

		-67

		-70

		-53

		-46










[bookmark: _Toc304289710][bookmark: _Toc396725617]A.2	Overload threshold summary

Table A.5 

Oth dBm for LTE BS interferer 0% traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-3

		0

		5

		6

		6

		7

		8

		9

		9



		Rx2(Si)

		NR

		2

		3

		7

		8

		8

		9

		8

		8



		Rx3(Si)

		-34

		-31

		-39

		-28

		-27

		-25

		-24

		-23

		-22



		Rx5(Can)

		-14

		-7

		4

		4

		6

		9

		7

		7

		8



		Rx6(Can)

		-12

		-2

		-4

		-3

		1

		2

		3

		4

		3



		Rx7(Si)

		-38

		5

		5

		3

		8

		8

		9

		8

		8



		Rx8(Si)

		-39

		-12

		-12

		-12

		-12

		-11

		-10

		-11

		-11



		Rx9(Si)

		-42

		-40

		-39

		-37

		-36

		-33

		-32

		-29

		-28



		Rx10(Si)

		1

		2

		5

		6

		8

		9

		4

		4

		5



		Rx11(Si)

		1

		2

		4

		6

		6

		4

		3

		3

		5



		Rx12(Si)

		-29

		-14

		-22

		-20

		-21

		-20

		-13

		-13

		-14



		Rx13(Si)

		-31

		-22

		-21

		-28

		-21

		-22

		-21

		-14

		9



		Rx14(Can)

		-9

		-2

		-1

		-3

		-2

		0

		1

		1

		0



		Rx15(Can)

		-1

		4

		-14

		-8

		-4

		-2

		-2

		2

		9



		Rx16(Can)

		NR

		-6

		-11

		-6

		-4

		-1

		2

		2

		7



		Rx17(Can)

		-10

		-3

		-13

		-7

		-1

		2

		2

		1

		4



		Rx18(Can)

		-8

		-8

		-9

		-12

		-10

		-12

		-12

		-10

		-12



		Rx19(Can)

		NR

		1

		-7

		-9

		0

		4

		2

		4

		4



		Rx20(Can)

		-9

		4

		-11

		-10

		-6

		-4

		-3

		-2

		2



		Rx21(Can)

		-13

		0

		-3

		-4

		-4

		1

		2

		5

		5








Table A.6

Oth dBm for LTE BS interferer 50% traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-5

		1

		4

		5

		6

		6

		7

		8

		8



		Rx2(Si)

		0

		2

		5

		6

		7

		7

		8

		8

		8



		Rx3(Si)

		0

		1

		1

		2

		3

		3

		3

		3

		3



		Rx5(Can)

		-14

		-4

		-9

		3

		8

		8

		8

		8

		8



		Rx6(Can)

		-18

		-3

		1

		1

		1

		2

		3

		2

		3



		Rx7(Si)

		0

		2

		5

		7

		8

		8

		8

		8

		8



		Rx8(Si)

		-13

		-14

		-13

		-13

		-12

		-12

		-12

		-12

		-12



		Rx9(Si)

		-7

		-7

		-7

		-6

		-6

		-5

		-5

		-5

		-5



		Rx10(Si)

		-1

		1

		4

		5

		6

		8

		8

		8

		8



		Rx11(Si)

		1

		2

		4

		6

		6

		4

		3

		3

		5



		Rx12(Si)

		-14

		-8

		-8

		-7

		-7

		-7

		-7

		-7

		-7



		Rx13(Si)

		-5

		-10

		-7

		-7

		-6

		-6

		-6

		-6

		-6



		Rx14(Can)

		-11

		-3

		-2

		-4

		-3

		-1

		0

		0

		3



		Rx15(Can)

		-2

		4

		-9

		-15

		-5

		-3

		1

		0

		6



		Rx16(Can)

		-9

		-3

		-11

		-10

		-11

		-1

		2

		4

		7



		Rx17(Can)

		-11

		-3

		-14

		-13

		-1

		1

		2

		3

		3



		Rx18(Can)

		-9

		-9

		-6

		-21

		-8

		-8

		-12

		-8

		-13



		Rx19(Can)

		NR

		-4

		-4

		-19

		-3

		-1

		-1

		0

		-2



		Rx20(Can)

		-11

		3

		4

		-15

		-2

		-3

		1

		0

		2



		Rx21(Can)

		-14

		0

		-2

		-4

		-2

		-1

		1

		4

		4








Table A.7

Oth dBm for LTE BS interferer 100% traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-4

		-2

		3

		4

		5

		6

		6

		7

		7



		Rx2(Si)

		0

		1

		4

		6

		6

		7

		7

		7

		7



		Rx3(Si)

		0

		2

		2

		3

		4

		4

		4

		4

		4



		Rx5(Can)

		-15

		-6

		-3

		1

		5

		7

		8

		7

		8



		Rx6(Can)

		-19

		-3

		-3

		-10

		0

		1

		2

		1

		2



		Rx7(Si)

		1

		1

		4

		6

		6

		7

		8

		7

		7



		Rx8(Si)

		-13

		-14

		-13

		-12

		-12

		-12

		-11

		-12

		-12



		Rx9(Si)

		-7

		-7

		-6

		-7

		-6

		-6

		-5

		-5

		-5



		Rx10(Si)

		-2

		0

		2

		4

		5

		5

		8

		8

		7



		Rx11(Si)

		-2

		1

		2

		4

		5

		5

		8

		8

		8



		Rx12(Si)

		-15

		-11

		-9

		-8

		-9

		-8

		-7

		-8

		-8



		Rx13(Si)

		-14

		-10

		-8

		-7

		-7

		-7

		-6

		-6

		-7



		Rx14(Can)

		-11

		0

		3

		-4

		-3

		-2

		-1

		-1

		6



		Rx15(Can)

		-3

		3

		5

		-14

		-6

		-3

		0

		6

		6



		Rx16(Can)

		-3

		3

		-13

		-10

		-4

		-2

		1

		3

		6



		Rx17(Can)

		-12

		-3

		-14

		-11

		0

		1

		1

		2

		2



		Rx18(Can)

		-11

		-7

		-7

		-17

		-8

		-10

		-11

		-10

		-13



		Rx19(Can)

		NR

		-3

		-5

		-19

		-2

		-1

		1

		3

		2



		Rx20(Can)

		-12

		0

		-6

		-15

		-6

		-4

		0

		-2

		1



		Rx21(Can)

		-22

		-2

		-2

		-5

		-3

		-2

		0

		4

		4










[bookmark: _Toc396725618]A.3	C/I data for Rx1(Si)

Table A.8

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-21

		-16

		-15

		-14

		-12

		-11

		-10

		-8

		-7



		-60

		-10

		-4

		-3

		-2

		0

		1

		3

		5

		6



		-50

		-4

		0

		3

		5

		6

		7

		8

		8

		9



		-40

		-3

		1

		5

		6

		6

		7

		8

		9

		9



		-35

		-2

		3

		5

		6

		6

		7

		8

		7

		9



		-30

		0

		4

		5

		6

		5

		7

		8

		8

		9





Table A.9

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-22

		-18

		-16

		-15

		-14

		-12

		-11

		-10

		-8



		-60

		-11

		-7

		-5

		-4

		-3

		0

		1

		3

		4



		-50

		-6

		-2

		2

		3

		4

		6

		7

		7

		8



		-40

		-5

		1

		4

		5

		6

		6

		7

		8

		8



		-35

		-3

		2

		5

		5

		6

		6

		7

		8

		8



		-30

		-2

		4

		5

		5

		6

		6

		7

		8

		8





Table A.10

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-23

		-18

		-16

		-15

		-14

		-12

		-11

		-9

		-7



		-60

		-12

		-6

		-5

		-4

		-3

		-1

		1

		2

		4



		-50

		-6

		-2

		1

		3

		5

		5

		6

		6

		7



		-40

		-4

		0

		3

		4

		5

		6

		6

		7

		7



		-35

		-3

		1

		4

		5

		5

		6

		6

		7

		5



		-30

		-3

		2

		4

		5

		5

		6

		6

		6

		7








[bookmark: _Toc396725619]A.4	C/I data for Rx2(Si)

Table A.11

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-40

		-38

		-36

		-35

		-34

		-24

		-11

		-10

		-10



		-60

		-39

		-38

		-35

		-31

		-27

		-9

		4

		4

		5



		-50

		-36

		-29

		-26

		4

		6

		7

		8

		8

		8



		-40

		-27

		-19

		5

		7

		8

		8

		8

		8

		8



		-35

		-22

		4

		6

		8

		8

		8

		9

		8

		8



		-30

		-16

		5

		7

		8

		8

		8

		9

		8

		8





Table A.12

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-19

		-19

		-15

		-15

		-13

		-13

		-13

		-13



		-60

		-20

		-10

		-7

		-5

		-3

		-2

		0

		1

		2



		-50

		-11

		-1

		2

		4

		5

		6

		7

		7

		6



		-40

		-2

		2

		5

		6

		7

		8

		8

		8

		8



		-35

		0

		4

		6

		7

		8

		8

		8

		8

		8



		-30

		1

		5

		7

		7

		8

		8

		8

		8

		8





Table A.13

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-20

		-19

		-16

		-16

		-14

		-14

		-14

		-14



		-60

		-20

		-11

		-8

		-7

		-4

		-3

		-2

		0

		0



		-50

		-11

		-2

		1

		3

		5

		5

		6

		6

		6



		-40

		-2

		1

		4

		6

		6

		7

		7

		7

		7



		-35

		0

		3

		5

		6

		7

		7

		8

		7

		7



		-30

		1

		4

		6

		6

		7

		7

		8

		7

		7








[bookmark: _Toc396725620]A.5	C/I data for Rx3(Si)

Table A.14

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-37

		-33

		-31

		-29

		-28

		-27

		-25

		-24

		-23



		-60

		-34

		-31

		-30

		-28

		-27

		-25

		-24

		-23

		-22



		-50

		-32

		-28

		-26

		-23

		-22

		-20

		-18

		-16

		-18



		-40

		-27

		-22

		-19

		-17

		-16

		-17

		-16

		-17

		-18



		-35

		-23

		-18

		-17

		-16

		-16

		-16

		-16

		-16

		-16



		-30

		-19

		-17

		-17

		-17

		-16

		-15

		-14

		-13

		-13





Table A.15

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-35

		-25

		-24

		-23

		-22

		-21

		-20

		-19

		-19



		-60

		-19

		-12

		-11

		-10

		-9

		-8

		-7

		-6

		-6



		-50

		-8

		-2

		-1

		0

		1

		2

		2

		3

		3



		-40

		-1

		1

		1

		2

		3

		3

		3

		3

		3



		-35

		0

		1

		2

		3

		4

		4

		3

		3

		3



		-30

		1

		3

		3

		4

		5

		4

		4

		4

		4





Table A.16

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-34

		-27

		-27

		-25

		-23

		-23

		-22

		-21

		-20



		-60

		-20

		-13

		-13

		-12

		-11

		-10

		-8

		-7

		-7



		-50

		-10

		-3

		-2

		-2

		0

		1

		2

		2

		2



		-40

		-2

		2

		2

		3

		4

		4

		4

		5

		4



		-35

		0

		2

		4

		3

		4

		4

		4

		4

		4



		-30

		1

		2

		3

		4

		4

		4

		4

		4

		4








[bookmark: _Toc396725621]A.6	C/I data for Rx5(Can)

Table A.17

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-25

		-8

		-15

		-11

		-8

		-6

		-3

		-5

		-15



		-60

		-18

		-4

		-15

		-11

		-8

		-6

		-3

		-2

		-5



		-50

		-14

		-2

		-3

		-3

		0

		2

		3

		4

		3



		-40

		-10

		0

		0

		3

		6

		9

		10

		9

		9



		-35

		-8

		1

		3

		4

		8

		9

		9

		9

		8



		-30

		-7

		1

		4

		5

		6

		6

		7

		7

		6





Table A.18

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-10

		-16

		-13

		-9

		-6

		-3

		-7

		-18



		-60

		-19

		-4

		-9

		-13

		-8

		-6

		-3

		-3

		-7



		-50

		-14

		-2

		-3

		-7

		-1

		1

		2

		3

		1



		-40

		-11

		0

		1

		1

		5

		8

		9

		9

		8



		-35

		-9

		1

		3

		3

		8

		8

		8

		8

		7



		-30

		-7

		1

		4

		3

		5

		6

		6

		6

		6





Table A.19

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-27

		-11

		-18

		-14

		-10

		-7

		-4

		-7

		-18



		-60

		-19

		-6

		-8

		-13

		-9

		-7

		-4

		-4

		-8



		-50

		-15

		-3

		-3

		-7

		-2

		1

		2

		2

		1



		-40

		-11

		-1

		0

		1

		5

		7

		8

		7

		8



		-35

		-10

		0

		2

		2

		6

		8

		8

		7

		6



		-30

		-8

		0

		3

		3

		5

		5

		6

		6

		5








[bookmark: _Toc396725622]A.7	C/I data for Rx6(Can)

Table A.20

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-25

		-16

		-18

		-3

		0

		1

		1

		0

		-8



		-60

		-16

		-6

		-12

		-3

		1

		2

		4

		3

		1



		-50

		-12

		-2

		-5

		-3

		2

		4

		4

		4

		3



		-40

		-8

		0

		0

		2

		4

		4

		4

		5

		5



		-35

		-7

		0

		1

		2

		4

		4

		4

		4

		5



		-30

		-5

		1

		2

		2

		3

		4

		4

		4

		4





Table A.21

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-16

		-19

		-12

		0

		0

		0

		0

		-11



		-60

		-18

		-7

		-11

		-12

		1

		2

		3

		2

		-3



		-50

		-13

		-3

		-2

		-11

		2

		3

		4

		4

		3



		-40

		-9

		0

		1

		-2

		3

		4

		4

		4

		4



		-35

		-7

		0

		1

		1

		3

		4

		4

		4

		4



		-30

		-6

		0

		1

		1

		3

		4

		4

		4

		4





Table A.22

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-18

		-19

		-11

		-2

		0

		0

		-2

		-11



		-60

		-19

		-7

		-11

		-11

		0

		1

		2

		1

		-3



		-50

		-14

		-3

		-3

		-10

		1

		2

		3

		3

		2



		-40

		-10

		-2

		0

		-3

		2

		3

		4

		3

		4



		-35

		-8

		-2

		0

		-2

		2

		3

		3

		3

		3



		-30

		-6

		0

		0

		0

		2

		3

		4

		3

		3








[bookmark: _Toc396725623]A.8	C/I data for Rx7(Si)

Table A.23

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-39

		-37

		-35

		-35

		-15

		-11

		-10

		-11

		-11



		-60

		-38

		-34

		-30

		-27

		-7

		-6

		3

		5

		5



		-50

		-34

		-24

		2

		5

		6

		7

		8

		8

		8



		-40

		-23

		2

		5

		7

		8

		8

		9

		8

		8



		-35

		-19

		4

		6

		8

		8

		9

		9

		9

		8



		-30

		-14

		5

		7

		8

		8

		8

		8

		8

		8





Table A.24

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-19

		-18

		-16

		-15

		-14

		-14

		-14

		-14



		-60

		-20

		-10

		-7

		-4

		-3

		-2

		0

		1

		1



		-50

		-11

		0

		2

		4

		5

		6

		7

		7

		7



		-40

		-2

		2

		5

		7

		8

		8

		8

		8

		8



		-35

		0

		4

		6

		7

		8

		8

		8

		8

		8



		-30

		1

		5

		7

		8

		8

		8

		8

		8

		8





Table A.25

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-20

		-19

		-17

		-16

		-14

		-14

		-15

		-15



		-60

		-20

		-11

		-7

		-6

		-4

		-3

		-2

		0

		0



		-50

		-11

		-2

		1

		3

		5

		5

		6

		6

		6



		-40

		-3

		1

		4

		6

		6

		7

		8

		7

		7



		-35

		0

		3

		5

		6

		7

		8

		8

		8

		7



		-30

		1

		4

		6

		6

		7

		8

		8

		8

		7








[bookmark: _Toc396725624]A.9	C/I data for Rx8(Si)

Table A.26

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-40

		-39

		-37

		-35

		-34

		-32

		-23

		-22

		-22



		-60

		-39

		-38

		-36

		-32

		-29

		-25

		-22

		-20

		-19



		-50

		-37

		-30

		-27

		-23

		-19

		-15

		-13

		-12

		-12



		-40

		-27

		-21

		-17

		-14

		-12

		-11

		-10

		-11

		-11



		-35

		-23

		-17

		-14

		-12

		-10

		-10

		-10

		-11

		-11



		-30

		-18

		-13

		-12

		-10

		-10

		-10

		-10

		-10

		-11





Table A.27

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-18

		-15

		-14

		-14

		-13

		-12

		-12

		-12



		-60

		-22

		-14

		-13

		-13

		-12

		-12

		-12

		-12

		-12



		-50

		-15

		-13

		-12

		-11

		-11

		-11

		-11

		-12

		-12



		-40

		-13

		-12

		-11

		-11

		-11

		-11

		-11

		-12

		-12



		-35

		-13

		-11

		-11

		-11

		-11

		-11

		-11

		-12

		-12



		-30

		-12

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-12





Table A.28

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-19

		-16

		-15

		-14

		-13

		-12

		-12

		-12



		-60

		-22

		-14

		-13

		-12

		-12

		-12

		-11

		-12

		-12



		-50

		-15

		-13

		-12

		-12

		-12

		-11

		-11

		-12

		-12



		-40

		-13

		-12

		-11

		-11

		-11

		-11

		-11

		-11

		-12



		-35

		-12

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-12



		-30

		-12

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-12








[bookmark: _Toc396725625]A.10	C/I data for Rx9(Si)

Table A.29

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-43

		-41

		-40

		-39

		-37

		-35

		-34

		-32

		-31



		-60

		-42

		-40

		-39

		-37

		-36

		-33

		-32

		-29

		-28



		-50

		-39

		-34

		-32

		-30

		-28

		-27

		-27

		-27

		-27



		-40

		-31

		-30

		-29

		-28

		-27

		-26

		-26

		-26

		-26



		-35

		-27

		-27

		-27

		-27

		-26

		-24

		-23

		-22

		-22



		-30

		-23

		-23

		-23

		-23

		-22

		-20

		-19

		-18

		-16





Table A.30

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-23

		-22

		-21

		-19

		-18

		-16

		-15

		-15



		-60

		-19

		-12

		-11

		-11

		-10

		-8

		-7

		-6

		-6



		-50

		-10

		-7

		-7

		-6

		-6

		-6

		-5

		-5

		-5



		-40

		-7

		-7

		-6

		-6

		-6

		-5

		-4

		-5

		-5



		-35

		-7

		-6

		-5

		-5

		-6

		-5

		-4

		-5

		-5



		-30

		-7

		-5

		-5

		-5

		-6

		-5

		-4

		-4

		-5





Table A.31

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-23

		-23

		-22

		-21

		-19

		-18

		-17

		-16



		-60

		-20

		-13

		-13

		-11

		-11

		-10

		-8

		-7

		-7



		-50

		-11

		-7

		-7

		-7

		-6

		-6

		-5

		-5

		-5



		-40

		-7

		-7

		-6

		-6

		-6

		-5

		-5

		-5

		-5



		-35

		-7

		-6

		-6

		-6

		-6

		-5

		-5

		-5

		-5



		-30

		-7

		-6

		-5

		-6

		-6

		-5

		-5

		-5

		-5










[bookmark: _Toc304289719][bookmark: _Toc396725626]A.11	C/I data for Rx10(Si)

Table A.32

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-23

		-16

		-15

		-15

		-13

		-11

		-10

		-10

		-8



		-60

		-14

		-7

		-5

		-4

		-3

		0

		0

		1

		1



		-50

		-3

		2

		4

		5

		7

		8

		9

		8

		8



		-40

		1

		2

		5

		6

		8

		9

		4

		4

		5



		-35

		2

		3

		5

		8

		9

		9

		9

		9

		9



		-30

		2

		4

		6

		9

		9

		9

		9

		9

		9





Table A.33

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-23

		-16

		-15

		-15

		-14

		-12

		-11

		-11

		-11



		-60

		-12

		-7

		-6

		-5

		-4

		-2

		-1

		-1

		-2



		-50

		-4

		1

		3

		4

		5

		7

		8

		8

		7



		-40

		-1

		1

		4

		5

		6

		8

		8

		8

		8



		-35

		1

		2

		5

		6

		8

		8

		8

		8

		8



		-30

		1

		3

		5

		7

		8

		8

		8

		8

		8





Table A.34

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-16

		-16

		-15

		-15

		-12

		-11

		-11

		-11



		-60

		-14

		-7

		-6

		-6

		-5

		-3

		-2

		-2

		-2



		-50

		-6

		1

		2

		4

		4

		6

		7

		7

		7



		-40

		-2

		1

		3

		4

		5

		5

		8

		8

		7



		-35

		0

		1

		4

		5

		5

		8

		8

		8

		7



		-30

		1

		2

		4

		5

		6

		8

		8

		8

		7







[bookmark: _Toc304289720][bookmark: _Toc396725627]
A.12	C/I data for Rx11(Si)

Table A.35

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-16

		-15

		-15

		-13

		-12

		-11

		-11

		-12



		-60

		-18

		-6

		-6

		-4

		-3

		-3

		-2

		-2

		-2



		-50

		-6

		2

		3

		5

		7

		7

		8

		8

		9



		-40

		1

		2

		4

		6

		6

		4

		3

		3

		5



		-35

		1

		3

		5

		7

		9

		9

		9

		9

		9



		-30

		2

		4

		6

		9

		9

		10

		10

		9

		9





Table A.36

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-16

		-15

		-15

		-13

		-12

		-11

		-11

		-12



		-60

		-18

		-6

		-6

		-4

		-3

		-3

		-2

		-2

		-2



		-50

		-6

		2

		3

		5

		7

		7

		8

		8

		9



		-40

		1

		2

		4

		6

		6

		4

		3

		3

		5



		-35

		1

		3

		5

		7

		9

		9

		9

		9

		9



		-30

		2

		4

		6

		9

		9

		10

		10

		9

		9





Table A.37

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-16

		-16

		-15

		-15

		-14

		-13

		-13

		-13



		-60

		-14

		-7

		-6

		-6

		-5

		-3

		-3

		-3

		-4



		-50

		-5

		1

		1

		4

		4

		5

		5

		5

		5



		-40

		-2

		1

		2

		4

		5

		5

		8

		8

		8



		-35

		0

		1

		3

		4

		8

		8

		8

		8

		8



		-30

		1

		2

		4

		5

		8

		8

		8

		8

		8










[bookmark: _Toc304289721][bookmark: _Toc396725628]A.13	C/I data for Rx12(Si)

Table A.38

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-42

		-28

		-22

		-21

		-21

		-21

		-22

		-21

		-21



		-60

		-35

		-21

		-14

		-14

		-13

		-12

		-13

		-13

		-13



		-50

		-29

		-13

		-13

		-12

		-12

		-12

		-12

		-12

		-12



		-40

		-22

		-14

		-22

		-20

		-21

		-20

		-13

		-13

		-14



		-35

		-14

		-13

		-13

		-13

		-13

		-12

		-13

		-13

		-13



		-30

		-12

		-7

		-7

		-7

		-7

		-7

		-11

		-7

		-7





Table A.39

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-20

		-20

		-19

		-19

		-18

		-18

		-18

		-19



		-60

		-20

		-12

		-11

		-10

		-10

		-9

		-9

		-9

		-10



		-50

		-14

		-10

		-8

		-7

		-7

		-7

		-7

		-7

		-7



		-40

		-12

		-8

		-7

		-7

		-7

		-7

		-7

		-7

		-7



		-35

		-11

		-7

		-7

		-7

		-7

		-7

		-7

		-7

		-7



		-30

		-10

		-7

		-7

		-8

		-7

		-7

		-7

		-7

		-7





Table A.40

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-22

		-21

		-20

		-19

		-19

		-19

		-19

		-19



		-60

		-20

		-13

		-11

		-11

		-10

		-10

		-10

		-10

		-10



		-50

		-15

		-11

		-9

		-8

		-9

		-8

		-7

		-8

		-8



		-40

		-12

		-9

		-8

		-7

		-7

		-7

		-7

		-7

		-7



		-35

		-11

		-8

		-7

		-7

		-7

		-7

		-7

		-7

		-7



		-30

		-11

		-7

		-7

		-7

		-8

		-7

		-7

		-7

		-7










[bookmark: _Toc304289722][bookmark: _Toc396725629]A.14	C/I data for Rx13(Si)

Table A.41

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-38

		-27

		-21

		-21

		-20

		-20

		-20

		-20

		-20



		-60

		-34

		-21

		-13

		-13

		-13

		-12

		-12

		-12

		-12



		-50

		-31

		-14

		-13

		-28

		-14

		-6

		-6

		-6

		-6



		-40

		-21

		-22

		-21

		-21

		-21

		-22

		-21

		-14

		-14



		-35

		-14

		-15

		-14

		-13

		-14

		-14

		-14

		-13

		-13



		-30

		-13

		-13

		-12

		-14

		-13

		-12

		-12

		-13

		-13





Table A.42

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-18

		-19

		-18

		-18

		-18

		-18

		-18

		-19



		-60

		-19

		-11

		-10

		-9

		-8

		-8

		-8

		-7

		-8



		-50

		-14

		-10

		-7

		-7

		-6

		-6

		-6

		-6

		-6



		-40

		-11

		-7

		-6

		-6

		-6

		-6

		-5

		-5

		-5



		-35

		-10

		-7

		-6

		-6

		-6

		-6

		-5

		-5

		-5



		-30

		-9

		-6

		-6

		-7

		-6

		-6

		-5

		-5

		-5





Table A.43

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-27

		-19

		-19

		-19

		-19

		-19

		-19

		-19

		-19



		-60

		-19

		-12

		-11

		-10

		-10

		-10

		-9

		-9

		-11



		-50

		-14

		-10

		-8

		-7

		-7

		-6

		-6

		-6

		-7



		-40

		-11

		-8

		-7

		-7

		-6

		-6

		-6

		-6

		-7



		-35

		-11

		-7

		-7

		-7

		-6

		-6

		-6

		-6

		-6



		-30

		-10

		-7

		-7

		-6

		-6

		-6

		-7

		-6

		-6







[bookmark: _Toc304289723]


[bookmark: _Toc396725630]A.15	C/I data for Rx14(Can)

Table A.44

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-22

		-18

		-12

		-3

		-1

		0

		1

		-6

		-15



		-60

		-13

		-7

		-7

		-3

		0

		1

		2

		1

		-6



		-50

		-9

		-2

		-1

		-3

		-2

		0

		1

		1

		0



		-40

		-6

		1

		2

		4

		5

		6

		8

		8

		8



		-35

		-4

		3

		6

		7

		9

		10

		10

		11

		10



		-30

		-3

		4

		9

		9

		10

		9

		8

		8

		7





Table A.45

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-23

		-19

		-13

		-4

		-2

		-2

		1

		-10

		-18



		-60

		-15

		-8

		-6

		-4

		-2

		0

		1

		-2

		-8



		-50

		-11

		-3

		-2

		-4

		-3

		-1

		0

		0

		-2



		-40

		-7

		1

		2

		3

		4

		5

		6

		7

		6



		-35

		-5

		2

		6

		6

		8

		9

		10

		10

		10



		-30

		-4

		3

		8

		8

		10

		11

		11

		8

		7





Table A.46

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-19

		-14

		-5

		-3

		-3

		0

		-9

		-19



		-60

		-16

		-8

		-7

		-4

		-2

		-1

		0

		-2

		-8



		-50

		-11

		-3

		-3

		-5

		-3

		-2

		-1

		-1

		-2



		-40

		-8

		0

		2

		2

		4

		5

		5

		6

		6



		-35

		-6

		1

		5

		5

		7

		8

		9

		10

		10



		-30

		-4

		1

		6

		7

		10

		10

		11

		9

		6







[bookmark: _Toc304289724]


[bookmark: _Toc396725631]A.16	C/I data for Rx15(Can)

Table A.47

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-16

		-18

		-8

		-4

		-3

		1

		-12

		-24



		-60

		-15

		-8

		-14

		-8

		-4

		-2

		1

		-1

		-13



		-50

		-8

		1

		-11

		-8

		-4

		-2

		1

		2

		-2



		-40

		-4

		4

		-2

		0

		3

		5

		6

		6

		5



		-35

		-1

		4

		2

		4

		6

		7

		8

		8

		8



		-30

		1

		6

		5

		5

		9

		9

		9

		9

		9





Table A.48

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-16

		-19

		-15

		-5

		-4

		0

		-16

		-26



		-60

		-14

		-7

		-15

		-15

		-5

		-3

		1

		-6

		-15



		-50

		-7

		1

		-11

		-15

		-5

		-2

		1

		0

		-5



		-40

		-2

		4

		0

		-6

		1

		3

		5

		5

		5



		-35

		0

		5

		4

		-3

		5

		6

		7

		7

		6



		-30

		1

		6

		5

		1

		7

		8

		8

		8

		7





Table A.49

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-25

		-18

		-19

		-14

		-6

		-5

		-2

		-19

		-27



		-60

		-15

		-7

		-16

		-15

		-6

		-3

		0

		-8

		-19



		-50

		-8

		1

		-10

		-14

		-6

		-3

		0

		-1

		-8



		-40

		-3

		3

		0

		-6

		1

		2

		4

		4

		2



		-35

		-2

		4

		3

		-2

		4

		5

		6

		6

		6



		-30

		1

		5

		5

		0

		5

		7

		7

		6

		6







[bookmark: _Toc304289725]


[bookmark: _Toc396725632]A.17	C/I data for Rx16(Can)

Table A.50

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-34

		-18

		-15

		-6

		-3

		-2

		1

		-12

		-23



		-60

		-18

		-10

		-11

		-6

		-4

		-1

		1

		-3

		-13



		-50

		-9

		-6

		-9

		-6

		-3

		1

		2

		2

		-4



		-40

		-6

		-1

		-3

		-1

		2

		3

		5

		2

		5



		-35

		-2

		2

		2

		4

		5

		5

		8

		8

		7



		-30

		-1

		4

		5

		6

		8

		9

		9

		8

		5





Table A.51

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-17

		-14

		-10

		-4

		-2

		0

		-19

		-28



		-60

		-15

		-11

		-11

		-10

		-3

		-1

		2

		-8

		-18



		-50

		-9

		-3

		-10

		-10

		-9

		0

		2

		1

		-7



		-40

		-3

		3

		-3

		-4

		1

		-1

		4

		4

		2



		-35

		0

		5

		0

		-1

		5

		5

		6

		6

		4



		-30

		0

		6

		5

		1

		7

		8

		7

		8

		7





Table A.52

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-25

		-18

		-15

		-10

		-4

		-3

		-3

		-20

		-28



		-60

		-15

		-8

		-12

		-10

		-4

		-2

		1

		-10

		-18



		-50

		-9

		1

		-13

		-10

		-4

		-2

		1

		0

		-8



		-40

		-3

		3

		-3

		-4

		1

		2

		3

		3

		2



		-35

		-2

		4

		1

		-1

		1

		5

		6

		5

		5



		-30

		1

		5

		4

		1

		6

		7

		7

		6

		6







[bookmark: _Toc304289726]


[bookmark: _Toc396725633]A.18	C/I data for Rx17(Can)

Table A.53

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-23

		-7

		-16

		-8

		-1

		1

		2

		-12

		-29



		-60

		-14

		-3

		-13

		-7

		-2

		2

		2

		-3

		-19



		-50

		-10

		0

		-7

		-5

		1

		2

		3

		1

		-8



		-40

		-7

		1

		2

		1

		6

		6

		6

		4

		3



		-35

		-6

		2

		5

		4

		6

		5

		5

		5

		4



		-30

		-4

		4

		6

		5

		5

		5

		5

		4

		3





Table A.54

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-8

		-16

		-16

		-2

		1

		1

		-20

		-31



		-60

		-15

		-3

		-14

		-16

		-1

		1

		2

		-9

		-21



		-50

		-11

		-1

		-7

		-13

		1

		2

		3

		-1

		-11



		-40

		-7

		1

		2

		-4

		6

		6

		5

		3

		2



		-35

		-6

		2

		5

		-2

		5

		5

		5

		4

		3



		-30

		-5

		4

		6

		0

		5

		5

		5

		4

		2





Table A.55

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-10

		-18

		-15

		-2

		0

		0

		-22

		-31



		-60

		-16

		-3

		-14

		-15

		-2

		1

		1

		-11

		-22



		-50

		-12

		-2

		-7

		-11

		0

		1

		2

		-2

		-11



		-40

		-8

		1

		2

		-3

		5

		5

		5

		2

		1



		-35

		-7

		1

		4

		0

		5

		5

		4

		3

		2



		-30

		-6

		2

		5

		1

		4

		4

		4

		3

		1
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Table A.56

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-34

		-21

		-13

		-10

		-9

		-8

		-8

		-11

		-16



		-60

		-22

		-11

		-11

		-10

		-8

		-8

		-8

		-10

		-10



		-50

		-13

		-8

		-7

		-8

		-8

		-12

		-12

		-9

		-9



		-40

		-9

		-8

		-8

		-12

		-10

		-11

		-10

		-9

		-12



		-35

		-7

		-5

		-9

		-8

		-7

		-10

		-8

		-8

		-9



		-30

		-8

		-6

		-8

		-8

		-7

		-8

		-8

		-8

		-10





Table A.57

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-33

		-19

		-10

		-15

		-9

		-6

		-6

		-11

		-17



		-60

		-23

		-12

		-6

		-15

		-6

		-6

		-8

		-6

		-13



		-50

		-14

		-9

		-4

		-16

		-7

		-8

		-12

		-8

		-7



		-40

		-9

		-6

		-4

		-19

		-8

		-7

		-6

		-6

		-10



		-35

		-7

		-8

		-4

		-21

		-5

		-7

		-9

		-6

		-6



		-30

		-6

		-3

		-4

		-18

		-7

		-5

		-8

		-6

		-7





Table A.58

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-32

		-21

		-11

		-16

		-11

		-7

		-7

		-8

		-16



		-60

		-23

		-12

		-7

		-17

		-8

		-8

		-7

		-8

		-9



		-50

		-17

		-7

		-7

		-14

		-8

		-7

		-7

		-9

		-12



		-40

		-11

		-6

		-5

		-14

		-6

		-6

		-7

		-9

		-9



		-35

		-11

		-7

		-4

		-14

		-7

		-10

		-11

		-10

		-13



		-30

		-7

		-4

		-4

		-17

		-7

		-7

		-7

		-7

		-7
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Table A.59

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-35

		-22

		-12

		-11

		-3

		-5

		1

		-10

		-14



		-60

		-28

		-15

		-7

		-9

		0

		1

		2

		0

		-4



		-50

		-19

		-7

		-3

		-6

		2

		4

		5

		4

		2



		-40

		-11

		0

		2

		-5

		2

		5

		5

		5

		4



		-35

		-8

		1

		3

		-5

		2

		4

		5

		5

		4



		-30

		-6

		1

		3

		-5

		2

		5

		5

		5

		4





Table A.60

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-35

		-23

		-14

		-22

		-3

		-6

		0

		-12

		-15



		-60

		-30

		-16

		-9

		-19

		-1

		-2

		1

		-3

		-6



		-50

		-20

		-8

		-4

		-15

		2

		2

		5

		2

		1



		-40

		-12

		-2

		1

		-15

		2

		4

		4

		4

		2



		-35

		-12

		-4

		-3

		-20

		-3

		-1

		-1

		-1

		-3



		-30

		-5

		5

		7

		-10

		7

		8

		9

		9

		7





Table A.61

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-36

		-24

		-15

		-21

		-3

		-7

		0

		-13

		-16



		-60

		-30

		-18

		-10

		-19

		-2

		-3

		1

		-4

		-6



		-50

		-21

		-8

		-5

		-15

		1

		1

		4

		2

		0



		-40

		-13

		-3

		1

		-14

		2

		3

		4

		3

		2



		-35

		-11

		-2

		1

		-14

		2

		3

		3

		3

		2



		-30

		-8

		0

		1

		-15

		1

		3

		3

		3

		2
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Table A.62

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-23

		-16

		-13

		-10

		-6

		-5

		-3

		-3

		-9



		-60

		-15

		-7

		-11

		-10

		-6

		-4

		-3

		-2

		-2



		-50

		-11

		1

		-4

		-7

		-3

		-2

		1

		2

		2



		-40

		-6

		4

		-2

		-2

		2

		5

		8

		10

		10



		-35

		-4

		4

		2

		1

		6

		10

		12

		13

		13



		-30

		-3

		5

		9

		10

		12

		13

		13

		13

		12





Table A.63

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-18

		-14

		-18

		-4

		-4

		0

		-3

		-11



		-60

		-16

		-7

		-7

		-18

		-4

		-3

		0

		0

		-3



		-50

		-11

		0

		-4

		-15

		-2

		0

		1

		1

		2



		-40

		-7

		3

		-2

		-5

		1

		5

		8

		9

		9



		-35

		-5

		4

		5

		0

		8

		10

		10

		10

		10



		-30

		-3

		4

		9

		6

		10

		12

		13

		12

		12





Table A.64

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-18

		-14

		-17

		-7

		-5

		-2

		-3

		-12



		-60

		-18

		-7

		-8

		-16

		-6

		-4

		-2

		-2

		-3



		-50

		-12

		0

		-6

		-15

		-3

		-2

		0

		1

		1



		-40

		-8

		2

		-2

		-4

		0

		6

		8

		9

		9



		-35

		-10

		-1

		3

		2

		5

		6

		7

		7

		6



		-30

		-2

		7

		12

		5

		13

		14

		15

		15

		15
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Table A.65

C vs. I for LTE BS interferer 0% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-23

		-20

		-15

		-4

		-2

		0

		2

		-14

		-22



		-60

		-17

		-10

		-7

		-4

		-2

		1

		2

		-4

		-11



		-50

		-13

		-3

		-3

		-4

		-2

		0

		1

		1

		-2



		-40

		-9

		0

		1

		1

		3

		10

		5

		5

		5



		-35

		-7

		1

		2

		2

		4

		4

		6

		5

		5



		-30

		-6

		1

		2

		3

		4

		5

		5

		5

		5





Table A.66

C vs. I for LTE BS interferer 50% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-25

		-20

		-15

		-5

		-2

		-2

		1

		-18

		-24



		-60

		-18

		-10

		-6

		-5

		-2

		0

		1

		-7

		-14



		-50

		-14

		-3

		-2

		-4

		-3

		-1

		1

		-2

		-4



		-40

		-10

		0

		1

		1

		3

		4

		5

		4

		4



		-35

		-8

		0

		2

		3

		4

		5

		5

		5

		4



		-30

		-7

		0

		1

		2

		3

		4

		4

		4

		4





Table A.67

C vs. I for LTE BS interferer 100% traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-20

		-16

		-6

		-3

		-3

		0

		-17

		-24



		-60

		-22

		-11

		-7

		-5

		-3

		-2

		0

		-7

		-14



		-50

		-15

		-3

		-2

		-5

		-3

		-2

		0

		-2

		-5



		-40

		-11

		-2

		1

		1

		2

		4

		5

		4

		3



		-35

		-9

		-1

		1

		2

		4

		4

		5

		4

		4



		-30

		-7

		0

		1

		2

		2

		3

		3

		4

		4
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[bookmark: _Toc396821206]1	Introduction

In this Annex the potential for LTE base station interference to five different DVB-T receivers is considered.  The receivers can be categorised as follows:

· Televisions with integrated digital TV tuners (iDTV);

· Personal video recorders (PVRs) capable of recording digital content to an internal hard drive;

· Set-top boxes capable of receiving “freeview” digital television (STBs).

Since 800 MHz LTE technology is in the very early stages of roll-out at the time of this study, the base station emissions used as the interference source were recorded from a vendor’s test network. It should be noted that equipment from other vendors may vary in performance, which may in turn have an impact on the results.

Two base station configurations were considered:

· The base station operating under fully loaded traffic conditions (i.e. 100% loading);

· The base station operating under idle traffic conditions (i.e. no traffic loading).

The objectives of the practical measurement study were to derive Carrier-to-Interference (C/I) protection ratios for a range of DVB-T receivers under the following operating conditions:

· Wanted signal levels at the input to the receiver of -70, -50, -30, -20 and -12 dBm;

· Interference from time variant LTE base station signals representing fully loaded and idle traffic conditions;

· Frequency offsets from co-channel to N+11 channel offsets, in 8 MHz steps.

[bookmark: _Toc396821207][bookmark: _Toc296673859]2	Receiver performance tests

[bookmark: _Toc296673860][bookmark: _Toc396821208]2.1	Receivers tested

DVB-T receivers can be implemented using a variety of RF tuner architectures. The most common are the super heterodyne (can) receiver and the silicon receiver.  Five receivers were tested as shown in Table 1 below. These consisted of a mix of integrated digial television (iDTV), personal video recorder (PVR) and set top box (STB) with either can or silicon tuner architectures. 

[bookmark: _Ref295125143][bookmark: _Toc296673877]Table 1

Receivers tested

		Receiver ID

		DTT Transmission Mode

		Receiver Type

		Tuner



		Receiver 1

		DVB-T & T2

		iDTV

		Silicon



		Receiver 4

		DVB-T & T2

		iDTV

		Can



		Receiver 6

		DVB-T & T2

		PVR

		Silicon



		Receiver 8

		DVB-T & T2

		STB

		Silicon



		Receiver 13

		DVB-T

		STB

		Can





[bookmark: _Toc396821209]2.2	Test signals

[bookmark: _Toc278782061][bookmark: _Toc296673861][bookmark: _Toc396821210]2.2.1	DVB-T Wanted Signal

[bookmark: _Ref170796536][bookmark: _Toc178073608][bookmark: _Toc226185967][bookmark: _Toc236643928][bookmark: _Toc251838110]The wanted DVB-T test signal was produced by a Rohde & Schwarz SFE signal generator configured for DVB-T transmissions based on the appropriate parameters from ETSI standards EN 300 744 (DVB-T) (see Reference 1). The key parameters are summarised in Table 2.

[bookmark: _Ref295125137][bookmark: _Toc296673878]Table 2

Wanted DVB-T system parameters

		Parameter

		DVB-T



		Multiple access

		COFDM



		Modulation

		64-QAM



		Forward error correction

		2/3



		FFT points

		8 k



		Guard Interval (s)

		7  (1/32)



		Data rate (Mbit/s)

		24.1



		Channel bandwidth

		8 MHz







[bookmark: _Ref181178393][bookmark: _Ref191358789][bookmark: _Toc173134177][bookmark: _Toc178073609][bookmark: _Toc226185968]All measurements were based on the non-critical DVB-T mask described in ETSI EN 302 296 (see Reference 2) as shown in Table 3. The resulting spectral emissions of the wanted signal are compared with the ETSI non-critical mask in Figure 1 below, measured in a 5 kHz resolution bandwidth (RBW).

[bookmark: _Ref295119283][bookmark: _Toc296673879]Table 3

DVB-T transmit masks

		Offset (MHz)

		Critical Mask dBc

		Non-critical mask dBc

		Relaxed non-critical mask dBc

		Ref Bandwidth (kHz)



		+/-3.8

		-32.8

		-32.8

		-32.8

		4



		+/-4.2

		-83

		-73

		-67.8

		4



		+/-6

		-95

		-85

		-85

		4



		+/-12

		-120

		-110

		-110

		4



		+/-20

		-120

		-110

		-110

		4







Figure 1

DVB-T wanted non-critical transmitter mask

[image: ]



Measurements were undertaken for wanted signal levels at the antenna input to the DVB-T receiver of -70, -50, -30, -20 and -12 dBm and for channel offsets from co-channel (N), channel 60 (782-790 MHz) to channel 48 (in 8 MHz steps) and channel 38.

[bookmark: _Toc278782062][bookmark: _Toc296673862][bookmark: _Toc396821211]2.2.2	LTE BS Interfering Signal

The base station emissions used as the interference source were recorded directly from a vendor’s LTE 800 MHz test network. The base station was configured for maximum traffic loading (i.e. 100% loading) and idle conditions (i.e. no traffic on the base station). In each case the resource block allocation and sub-frame usage were adjusted automatically according the vendor’s base station scheduler. The base station was configured for QPSK modulation and 10 MHz channel bandwidth as described in Appendix A of ETSI TS 136 104 (3GPP TS 36.104) (see Reference 3) and summarised in Table 4 below. Measurements were undertaken with the base station frequency centred on 796 MHz, occupying the frequency range 791 – 801 MHz for a 10 MHz bandwidth signal.

[bookmark: _Ref257811535][bookmark: _Toc257812215][bookmark: _Toc263755024][bookmark: _Toc267396475][bookmark: _Toc296673880]Table 4

LTE base station signal parameters

		Parameter

		Value



		Multiple access method

		OFDMA



		Duplex

		FDD



		Channel bandwidth

		10 MHz



		Allocated resource blocks 

		Allocated dynamically depending on traffic



		Channel modulation

		QPSK



		Sub-frame length

		1 ms



		Number of OFDM sub-carriers

		12 (per resource block)



		Sub-carrier bandwidth

		15 kHz



		Code rate

		1/3







Block Edge Masks (BEMs) are an essential requirement of the technical conditions necessary to ensure coexistence between services. Out-of-block power refers to the power radiated by a transmitter outside its channel bandwidth. Since the out-of-block performance of “real” base station equipment was not known at the time of this study, a somewhat worst-case approach has been taken.  The base station emissions are set to just meet the maximum mean out-of-block EIRP requirement over DTT channel 60 (782-790 MHz) as shown in Table 5. Although base station equipment might reasonably be expected to perform better than the ECC requirement, the scenario presented in this Annex does reflect the potential results of equipment engineered to just meet the ECC out-of-block limits.

[bookmark: _Ref296004511][bookmark: _Toc296673881]Table 5

Base station out-of-block EIRP limits

		Frequency
range

		Condition on base station in-block EIRP, P 
dBm/10 MHz

		Maximum mean 
out-of-block EIRP

		Measurement 

bandwidth



		470 – 790 MHz

		P ≥ 59

		0 dBm

		8 MHz



		

		36 ≤ P < 59

		(P-59) dBm

		8 MHz



		

		P < 36

		-23 dBm

		8 MHz







The recorded base station emissions were played back through an Agilent E4438C signal generator and amplified by an overdriven amplifier to create spectral re-growth, before being filtered in order to remove any broadband noise and adjust the out-of-block emissions. The transmit power was controlled using a variable attenuator to step the entire mask up or down, thus maintaining a constant relationship between in-block and out-of-block power throughout the testing. The setup is illustrated in Figure 2.

Figure 2

 Generation of LTE BASE STATION interferer

[bookmark: _Ref296007972][bookmark: _Toc296673888][image: ]



The resulting spectral emissions, for the base station under fully loaded and idle conditions, are shown in Figures 3 and 4, respectively. It can be see from the figures that the out-of-block power in DTT channel 60, measured in an 8 MHz bandwidth, is -59 dBc (equivalent to 0 dBm assuming an in-block EIRP = 59dBm).

Emission levels reduce with increasing frequency offset from the carrier, resulting in lower out-of-block emissions over channels 59 and below.

Figure 3

Spectral emissions for LTE base station under fully loaded traffic conditions

[image: ]

Figure 4

Spectral emissions for LTE base station under idle traffic conditions

[image: ]



The relative emissions for fully loaded and idle traffic conditions are compared in Figure 5. It can be seen that the average power of the base station under idle conditions is lower than when the base station is fully loaded with traffic (by around 8.3 dB). Although the average power of the base station signal reduces with traffic, the peak power remains the same as for the fully loaded signal.

Figure 5

Comparison of fully loaded and idle base station emissions

[image: ]

[bookmark: _Ref296072059][bookmark: _Toc296673891]

Figure 6 shows the discontinuous (“bursty”) nature of the base station emissions in idle mode, captured using a fast sweep time on the spectrum analyzer.

Figure 6

Bursty nature of base station emissions under idle conditions

[image: ]



[bookmark: _Toc278782063][bookmark: _Ref294182778][bookmark: _Toc296673863][bookmark: _Toc396821212]2.3	Failure Criterion

The Picture Failure (PF) point was identified by visual observation as shown in Figure 7, which shows the onset of un-correctable errors (UCE) used to determine the failure point. The onset of a complete picture failure, i.e. no reception, could be observed with a 1 to 2 dB increase in the interfering signal from the PF point.

Figure 7

Received picture showing onset of interference

[image: ]



[bookmark: _Toc296673864][bookmark: _Toc396821213]2.4	Measurement Set Up

The test set-up used to perform the conducted interference measurements is shown in Figure 8.  The wanted DVB-T signal and unwanted LTE interferer were combined and connected to the receiver under test via an impedance matching network. A splitter was used to allow the wanted and unwanted signals to be measured on a spectrum analyzer. Cable and insertion losses have been taken into account in the results.

Figure 8

Equipment Test Setup

[image: ]



[bookmark: _Toc296673865][bookmark: _Toc396821214]2.5	Test Method

The following measurement procedure was used to calculate the C/I protection ratios using the conducted test set-up shown in Figure 8:

1. [bookmark: _Ref294183019]The receiver under test was initially tuned to 786 MHz (Ch60) and the wanted signal at the input to the antenna was set to the required power level;

2. The wanted signal channel power (C) was recorded in an 8 MHz channel bandwidth using a spectrum analyzer in channel power mode. The analyzer was set to RMS detection with a Resolution Bandwidth (RBW) of 100 kHz and a Video Bandwidth (VBW) of 1 MHz;

3. The LTE base station was set to a centre frequency of 796 MHz and the interfering signal level (I) was increased in 1 dB steps until the required failure criterion was met;

4. The interfering signal channel power (I) was recorded in a 10 MHz channel bandwidth using a spectrum analyzer in channel power mode. The analyzer was set to RMS detection with a RBW of 100 kHz and a VBW of 1 MHz;

5. [bookmark: _Ref294183023]The Carrier-to-Interference protection ratio was calculated from steps 2 and 4.

Steps 1 to 5 were repeated for wanted signal levels -70, -50, -30, -20 and -12 dBm and for channel offsets from co-channel (N), channel 60 to 48, and channel 38.

[bookmark: _Toc278782066][bookmark: _Toc296673866]

[bookmark: _Toc396821215]3	Results

In the following sections results are presented as the Carrier-to-Interference protection ratio required to protect the DVB-T receiver under test from LTE base station interference for the following operating scenarios:

· DVB-T signal reception;

· Wanted carrier signal levels of -70, -50 and -30 dBm;

· DVB-T channel offsets from co-channel to channel 38;

· LTE base station signals representing fully loaded and idle traffic conditions.

[bookmark: _Toc296673867][bookmark: _Toc396821216]3.1	Carrier-to-Interference protection ratios

Receiver C/I performance is a measure of selectivity, defining the permitted level of interference for a given wanted signal level and frequency offset; the higher the C/I value the more sensitive the receiver is to interference.  Figures 9 to 14 show the C/I protection ratio results for 5 receivers receiving DVB-T signals, for different wanted signal levels, channel offsets, and fully loaded or idle LTE BS interference.  



Figure 9

C/I protection ratios for DVB-T; fully loaded BS; C = -70 dBm

[image: ]

Figure 10

C/I protection ratios for DVB-T; idle BS; C = -70 dBm[image: ]



Figure 11

C/I protection ratios for DVB-T; fully loaded BS; C = -50 dBm
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Figure 12

C/I protection ratios for DVB-T; idle BS; C = -50 dBm[image: ]



Figure 13

C/I protection ratios for DVB-T; fully loaded BS; C = -30 dBm

[image: ]

Figure 14

C/I protection ratios for DVB-T; idle BS; C = -30 dBm[image: ]
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3.2	Comparison between fully loaded and idle LTE BS operation

Figure 15 provides a comparison between fully loaded and idle LTE base station interference for channel 60, for receivers 1, 4, 6 and 8.

Figure 15

Comparison between fully loaded and idle BS; DVB-T transmission

[image: ]

[bookmark: _Toc396821218][bookmark: _Toc296673870]3.3	Carrier versus Interference

Figures 16 and 17 plot the wanted DVB-T signal level (C) on channel 60 (the first adjacent channel to the LTE base station frequency allocation) versus the interferer signal level (I) for an LTE base station with 100% and zero traffic loading, respectively. 



Figure 16

C versus I for channel 60, DVB-T transmission, fully loaded BS

[image: ]

Figure 17

C versus I for channel 60, DVB-T transmission, idle BS
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[bookmark: _Ref296333735][bookmark: _Toc296673912][bookmark: _Toc396821219]
4	Analysis of Results

[bookmark: _Toc296673871][bookmark: _Toc396821220]4.1	Carrier-to-Interference protection ratios

For the DVB-T receivers operating in channel 60 (first adjacent channel to the LTE BS):

· For a base station with maximum traffic loading (i.e. 100% load), protection ratios vary between -46 and -41 dB for low wanted signal levels (C = -70 dBm). As the wanted signal level increases, the required protection ratios also increase, to between -28 and -22 dB for a wanted level of C = -30 dBm. 

· For a base station operating under idle conditions (i.e. no traffic load) the receivers are more susceptible to interference, requiring higher protection ratios of between -42 and -19 dB for C = -70 dBm, increasing to between -22 and 0 dB for C = -30 dBm.

The results show that as the wanted signal level increases the receivers become more susceptible to interference from LTE base station emissions. It has been shown that the front end of a digital receiver starts to become desensitised for wanted signal levels greater than about -50 dBm. This desensitisation results in the interferer requiring less power to degrade the received picture quality, and the increase in C/I protection ratio is driven mainly by the increase in wanted signal level.

Receiver 8 (STB with silicon tuner) was found to be most susceptible to interference overall, particularly from the base station operating in idle mode. Protection ratios as high as 0 dB are required to protect the receiver when operating in DVB-T mode at C = -30 dBm, and     -19 dB for C = -70 dBm. Receivers 1 (iDTV with silicon tuner) and 6 (PVR with silicon tuner) were generally the least susceptible to interference.

Receivers 4 and 13 are based on superhet tuners and are susceptible to image channel interference when the interferer appears nine channels above the wanted (tuned) channel (72 MHz offset). Receivers 4 and 13 (DVB-T) require C/I protection ratios of -41 and -45 dB for low wanted signal levels ( C = -70 dBm). Silicon tuners, although exhibiting relatively poor overload performance, are much less sensitive to interference at the N+9 image frequency. The C/I protection ratios are summarised in Appendix A for co-channel (N), channel N+1, N+2 and N+9.

[bookmark: _Toc296673873][bookmark: _Toc396821221]4.2	Base Station operating mode

Figure 15Error! Reference source not found.Error! Reference source not found. shows the difference in receiver performance when subjected to interference from fully loaded and idle base station emissions. 

The results show that receivers are more susceptible to emissions when the base station is operating under idle conditions, most likely due to the time domain variation of the signal envelope affecting the receivers’ AGC behaviour. This is particularly evident for Receiver 8 which is based on a silicon tuner architecture. 

Receiver 8 requires an additional 25 dB of protection from idle base station emissions in channel 60, compared to fully loaded base station emissions.

[bookmark: _Toc278782067][bookmark: _Toc296673874][bookmark: _Toc396821222]5	Conclusions

A measurements programme has been undertaken to derive Carrier-to-Interference protection ratios for a selection of DVB-T capable receivers when subjected to interference from LTE 800 MHz Base Stations. Both traditional “superhet” (can) and more recent “silicon” tuners have been considered from a range of manufacturers. Receivers included integrated digital televisions, personal video recorders and set-top boxes.

The results show that:

· The traffic loading on the base station has a significant influence on the protection ratio results. Receivers are more susceptible to time-discontinuous emissions, when the base station is operating under idle or low traffic conditions. This is most likely due to the impact of the base station on the receivers’ Automatic Gain Control behaviour;

· From the limited number of receivers tested, silicon tuners appear to be more susceptible to interference when the base station is operating under idle conditions;

· DVB-T receivers appear to be slightly more susceptible to idle base station conditions;

· Receivers become more susceptible to interference as the wanted signal level increases. This is most likely due to the receiver front-end becoming desensitised (overloaded) at higher signal levels, resulting in the interferer requiring less power to degrade the received picture quality. When the receiver is overloaded, the higher C/I protection ratios are driven mainly by the increase in wanted signal level. This may have implications in areas of high TV signal strength, or where an amplifier is installed between antenna and receiver to boost the received signal level;

· A co-channel protection ratio of 21 dB would be required to protect all but the worst performing receiver irrespective of wanted signal level at the input to the receiver and base station operating conditions;

· Protection ratios for adjacent channel interference, with the DVB-T receiver tuned to channel 60 and the LTE interferer centred at 796 MHz, are in the range -17 to -37 dB for low wanted signal levels at the input to the receiver (C = -70 dBm), increasing to between -1 and -20 for high wanted signal levels (C = -30 dBm);

· Superhet tuners are susceptible to image channel interference when the interferer appears nine channels above the wanted (tuned) channel (72 MHz offset). Receivers 4 and 13 (DVB-T) require C/I protection ratios of -41 and -45 dB for low wanted signal levels (C = -70 dBm). Silicon tuners, although exhibiting relatively poor overload performance, are much less sensitive to interference at the N+9 image frequency.
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[bookmark: _Toc396821225]A.1	C/I protection ratios for C = -70 dBm

Table A.1

Summary of C/I protection ratios (dB) for C = -70 dBm

		Wanted transmission:

		DVB-T



		BS operating mode:

		Idle

		100%



		Rx1

		Co-channel

N+1

N+2

N+9

		18.89

-42.37

-46

-

		15.46

-45.79

-52.81

-62.51



		Rx4

		Co-channel

N+1

N+2

N+9

		18.18

-33.27

-40.01

-39.87

		14.63

-41.54

-44.21

-45.31



		Rx6

		Co-channel

N+1

N+2

N+9

		20.64

-38.68

-48.42

-

		18.17

-42.98

-54.87

-70.85



		Rx8

		Co-channel

N+1

N+2

N+9

		19.35

-19.13

-21.08

-15.72

		15.53

-44.4

-45.94

-53.44



		Rx13

		Co-channel

N+1

N+2

N+9

		22.67

-36.12

-42.21

-44.23

		12.93

-46.25

-46

-52.98
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A.2	C/I protection ratios for C = -50 dBm

Table A.2

Summary of C/I protection ratios (dB) for C = -50 dBm

		Wanted transmission:

		DVB-T



		BS operating mode:

		Idle

		100%



		Rx1

		Co-channel

N+1

N+2

N+9

		19.21

-39.02

-42.32

-

		15.28

-45.82

-48.81

-



		Rx4

		Co-channel

N+1

N+2

N+9

		19.78

-28.43

-36.09

-39.87

		15.76

-35.09

-42.16

-44.19



		Rx6

		Co-channel

N+1

N+2

N+9

		19.75

-31.08

-41.4

-

		15.93

-36.96

-47.55

-53.77



		Rx8

		Co-channel

N+1

N+2

N+9

		19.79

-3.84

-7.37

-15.72

		15.37

-40.09

-42.92

-44.52



		Rx13

		Co-channel

N+1

N+2

N+9

		20.17

-30.00

-39.71

-44.23

		16.39

-38.19

-43.43

-50.21
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A.3	C/I protection ratios for C = -30 dBm

Table A.3

Summary of C/I protection ratios for C = -30 dBm

		Wanted transmission:

		DVB-T



		BS operating mode:

		Idle

		100%



		Rx1

		Co-channel

N+1

N+2

N+9

		19.50

-22.16

-

-

		15.56

-28.71

-33.76

-



		Rx4

		Co-channel

N+1

N+2

N+9

		20.19

-16.17

-21.18

-23.23

		14.92

-22.13

-27.15

-30.17



		Rx6

		Co-channel

N+1

N+2

N+9

		20.56

-19.55

-23.20

-

		15.14

-24.03

-29.63

-



		Rx8

		Co-channel

N+1

N+2

N+9

		20.05

0.80

-1.23

-7.19

		15.14

-23.08

-24.78

-24.46



		Rx13

		Co-channel

N+1

N+2

N+9

		20.80

-16.77

-23.94

-

		16.61

-25.09

-30.10

-
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Protection ratios for LTE-BS and LTE-UE interference into DVB-T
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1	Introduction

This Annex investigates the adjacent channel interfering effect of LTE Base Station (BS) and User Equipment (UE) signals into DVB-T reception. The LTE signal was shaped to correspond to the critical spectrum mask. The Protection Ratios (PR) were measured for the desired DVB-T signal received over a Gaussian, a static Rayleigh and a time-variant Rayleigh transmission channel and the interfering signal in the adjacent channels N-1 to N+9. In addition blocking thresholds for the DVB-T receiver were determined. 

Seventeen DVB-T receivers (circa 2009) were used in the measurements: eight set top boxes, five USB-sticks, two mobile receivers and two premium television set integrated receivers. The blocking level of the receivers was investigated. 

[bookmark: _Toc245608666][bookmark: _Toc397095098]2	Measurement conditions

[bookmark: _Toc245608667][bookmark: _Toc397095099]2.1	Signal generators and transmission channels

The wanted DVB-T signal was generated locally by a Rohde & Schwarz Type SFQ TV transmitter. The DVB-T mode used was 8k-16 QAM, 2/3 with guard interval ¼. 

The LTE interfering signal was also generated locally by a Rohde & Schwarz Type SMU 200A signal generator with following parameters:

LTE-Uplink (UE):

–	Bandwidth 5 MHz, one sub frame used for traffic, all resource blocks in the subframe (1 ms out of 10 ms) used, thus occupying the whole bandwidth. As a result the transmission power is pulsed with duty cycle 1/10. During the pulse the transmitted power is constant. 

LTE-Downlink (BS):

–	Bandwidth 5 MHz, all sub frames used for traffic, constant transmission power

The measurements were carried through for the wanted DVB-T signal received in transmission-channels of type Gaussian and type static Rayleigh “RL12 ANX B” to simulate roof antenna and ideal portable reception. 

For four DVB-T receivers, the measurement were also done with DVB-T transmission in the time-variant transmission-channel Rayleigh TU 12 Path 0.4 km/h, to simulate real portable reception. This measurement is very important. It corresponds to the real portable reception, but unfortunately it is very time consuming. Therefore the PR was measured only with four receivers in this channel and was compared to the PR values measured in the static Rayleigh channel. As a pragmatic approach the increase in the PR value from static to time variant Rayleigh channel can be considered to be the same for all other DVB-T receivers. 

In order to have enough interfering energy and thus an impact on the DVB-T receiving quality, the interfering LTE signal source (the BS or UE) must be relatively close to the DVB-T receiver antenna. Therefore the interfering signal transmission-channel is considered to be free of reflexions and refractions, and of Gaussian type. 

[bookmark: _Toc245608668][bookmark: _Toc397095100]
2.2	Signal spectrum for LTE-UE measurements

The PR measurements should determine the worst case values. Therefore the interfering signal for the measurements was shaped to be close to the critical spectrum mask (unwanted emission limits) for LTE UE as defined in 3GPP TS 36.101 (see Reference 1). 

As shown in Figure 1, the SMU 200A generated LTE UE signal shows much lower signal strength out of band than allowed by the critical spectrum mask.

Figure 1

Spectrum of the SMU 200A generated LTE UE signal (magenta) and the critical spectrum mask for UE (blue); 
reference for mask: 0 dB is 23 dBm, measurement with rms detector, maximum hold
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White noise was added to the LTE signal and the sum signal was modelled with a five resonator cavity design band pass filter with a 10 MHz bandwidth. The resulting spectrum of the unwanted signal is closer to the UE critical spectrum mask, as shown in Figure 2.


Figure 2

Spectrum of the LTE UE signal (magenta) use for measurements
and the critical spectrum mask for UE (blue)
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The LTE-UE signal used for measurements has a pulsed nature, as described in section 2.1. In Figure 3 the time variance of the signal, measured with a spectrum analyzer with zero span, is shown. The interferer power I, as used in PR calculations, is the rms power during the active time (pulse time), and not the power averaged over one LTE radio-frame of 10 ms.


Figure 3

Time variance of the LTE UE Signal
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The interferer power for LTE-UE signals should be considered carefully because there are two interpretations of it. 

[bookmark: _Toc245608669][bookmark: _Toc397095101]2.3	Signal spectrum for LTE-BS measurements

The SMU 200A LTE-BS generator output signal spectrum was measured and compared to the critical spectrum mask as defined in 3GPP TS 36 104 (see Reference 2). There is much lower signal strength out of band than allowed by the critical spectrum mask, see Figure 4.


Figure 4

Spectrum of the SMU 200A generated LTE-BS signal (red) and the critical spectrum mask for BS (blue);
reference for mask: 0 dB is 43 dBm, measurement with rms detector, average
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The LTE BS interfering signal for the measurements was shaped to be close to the critical spectrum mask by feeding it to an amplifier with a level that slightly overdrives it, to generate a defined level of noise as intermodulation products. That is exactly what happens in the LTE BS and LTE UE power amplifiers. The resulting signal spectrum used for measurements is shown in Figure 5.


Figure 5

Spectrum of the LTE-BS signal (red) as used for protection ratio measurements
and the critical spectrum mask for BS (blue)
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[bookmark: _Toc397095102]2.4	Receivers tested

The 17 DVB-T receivers (circa 2009) tested are tabulated in Table 1.  The receivers contained conventional “can” and silicon tuners as shown in Table 1.  The receivers also represent a selection of set top boxes (STB), USB-sticks (USB), mobile receivers (MOB), and premium television set integrated receivers (ITV).




Table 1

Receivers tested

		Receiver

		Receiver type

		Tuner type



		ITV1

		Integrated TV

		can



		ITV2

		Integrated TV

		can



		MOB1

		Mobile

		silicon



		MOB2

		Mobile

		silicon



		STB1

		Set Top Box

		can



		STB2

		Set Top Box

		can



		STB3

		Set Top Box

		can



		STB4

		Set Top Box

		can



		STB5

		Set Top Box

		can



		STB6

		Set Top Box

		can



		STB7

		Set Top Box

		can



		STB8

		Set Top Box

		can



		USB1

		USB-stick

		silicon



		USB2

		USB-stick

		silicon



		USB3

		USB-stick

		silicon



		USB4

		USB-stick

		silicon



		USB5

		USB-stick

		silicon





[bookmark: _Toc245608670][bookmark: _Toc397095103]3	Measurement setup

[bookmark: _Toc245608671][bookmark: _Toc397095104]3.1	Measurement setup for LTE-UE

The block diagram for the generation of the DVB-T desired signal and the shaped LTE-UE interfering signal and for the measurement of the protection ratios in a Gaussian or Rayleigh static transmission channel is shown in Figure 6. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In some situations the interfering power as generated by the LTE-generator was too low in order to measure the onset of interference. A broadband amplifier was inserted between the power combiner 1 and the band pass filter. Care has to be taken not to change the signal spectrum by intermodulation components in the amplifier.


Figure 6

Block diagram of the setup for the measurement of protection ratios 
in a Gaussian or a Rayleigh static transmission channel (LTE-UE)
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The Rohde & Schwarz SFQ TV Transmitter 1 generates the wanted DVB-T signal. The SFQ TV transmitter 2 is used as a white noise generator. The white noise is added to the unwanted signal from the SMU 200A LTE UE signal generator in the power combiner 1. The sum signal is amplified and shaped by the band pass filter getting the spectrum shown in Figure 2. The attenuator is used to set the interferer level for the measurements. In the power combiner 2 the interferer signal is added to the wanted DVB-T signal. Via a 50 to 75 Ω adapter the DVB-T receiver is fed with the sum signal. The DVB-T programme can be viewed on the screen of a TV-Monitor. 

At the start of the measurements the sensitivity of the DVB-T receiver under test is assessed. For this purpose, the unwanted signal cable is separated from the power combiner 2 and the open combiner port is terminated with 50 Ω. The signal level of the wanted signal is adjusted in such a way that the onset of impairments is found. This threshold is determined by means of the SFP method (Subjective Failure Point). This means that the wanted signal level is increased until no picture error can be detected on the screen for at least 20 seconds. 

The protection ratio measurements are made for wanted signal levels of 10 dB, 20 dB, 30 dB and 40 dB above the receiver sensitivity in order to reduce, on one hand, the impact of the receiver noise on the results, and to determine, on the other hand, the interference signal level when blocking becomes relevant. 

[bookmark: _Toc245608672][bookmark: _Toc397095105]3.2	Measurement setup for LTE-BS

The block diagram for the generation of the desired DVB-T signal and the shaped LTE-BS interfering signal, and for the measurement of the protection ratios in a Gaussian or Rayleigh static transmission channel is given in Figure 7.


Figure 7

Block diagram of the setup for the measurement of protection ratios 
in a Gauss or Rayleigh static transmission channel (LTE-BS)
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The Rohde & Schwarz SFQ TV transmitter 1 generates the wanted DVB-T signal. The LTE-BS signal generated by the Rohde & Schwarz SMU 200A generator is slightly distorted by an amplifier to increase the noise and the out of band power level and get the spectrum shown in Figure 5. The LTE signal at the amplifier input has to be kept always at a specified level. 

An attenuator behind the amplifier allows the setting of the interfering signal level without changing its spectrum. The interferer signal is summed up with the useful DVB-T signal by the power-combiner. Via a 50 to 75 Ω adapter the DVB-T receiver is fed with the sum signal. The DVB-T programme can be viewed on a video monitor. 

The PR measurement was done similarly as with LTE-UE interfering signal. 

[bookmark: _Toc245608673][bookmark: _Toc397095106]3.3	Measurement setup for time-variant transmission channels

PR measurements were done in the time-variant Rayleigh transmission channel “Typical Urban TU 12 Path 0.4 km/h” (see Reference 3). This transmission channel is modelled with 12 signal paths and corresponds to a typical portable DVB-T receiving situation in an urban environment. 

A correct measurement of PR in a time-variant transmission channel has to be made over a long time period, since the transmission channel and therefore the wanted signal level C at the receiver input fluctuates permanently. In order to satisfy this requirement an automatic measurement setup was developed. It registers and analyses the interference of the audio component of the DVB-T signal over a long time period. This approach is based on the fact that video and audio data are transported in similar packets and therefore the failure of the audio and the video component occurs at about the same interference level.

The measurement setup is shown in Figure 8. The wanted DVB-T signal level C is set 10 dB higher than the receiver sensitivity in the time variant transmission channel. The interfering signal level I is set at the edge of the transition range from no or bad DVB-T reception to good reception. Starting from here, the level of the unwanted LTE signal I is decreased step by step by increasing the attenuation. The respective C/I value changes accordingly. 

Figure 8

Block diagram of the setup for the measurement of protection ratios 
in a time-variant transmission channel
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For each C/I value the transmission errors are registered for 15 minutes. The errors are evaluated according to the ESR5 criterion (see Section 5 of Report BT.2215). The transport stream errors “packet error” and “synchronization error” are monitored. Within a 20 second time interval the reception is good, if there is no “synchronization error” and at maximum one “packet error”. The analysis is done for all 20 s intervals in the 15 minutes. The intervals are marked as good or bad. The percentage of measurement time that can be regarded as time of good reception is the result of the measurement, also called probability of good reception time. The probability of good reception time is depicted in a probability chart versus the C/I value, as shown in Figure 9.



Figure 9

Probability distribution of error-free time intervals – according to the ESR5 criterion –
 as a function of the protection ratio (C/I) in a time-variant Rayleigh transmission channel
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The probability variation in the range of the transition from erroneous to error-free transmission is described by a Gaussian cumulative distribution. This distribution corresponds to a straight line in a probability plot (probability labelled vertical axis). Thus the probability variation can be described by a median value and a standard deviation. 

For the network planning of DVB-T, a value of C/I relating to a probability of 95% is appropriate to be taken as the relevant protection ratio for good reception. It means that for 95% of time the reception is good. In Figure 9 this probability corresponds to a C/I value of ‑16.8 dB.

[bookmark: _Toc245608674][bookmark: _Toc397095107]4	Measurement results

[bookmark: _Toc245608675][bookmark: _Toc397095108]4.1	Protection ratio to LTE UE

The LTE signal from the base station (BS) and the user equipment (UE) signal are different and so is the protection ratio to a DVB-T transmission. The BS signal is OFDMA modulated and continuous in time (see Reference 2), whereas the UE signal is single carrier modulated (see Reference 1) and pulsed in time (see Figure 3). The pulsed nature of the UE signal leads to higher interference and a higher receiver blocking effect compared to the BS signal. 

[bookmark: _Toc245608676][bookmark: _Toc397095109]4.1.1	Measurements in a Gaussian transmission channel

The Gaussian transmission channel is more a theoretical one, which is found quite seldom in DVB‑T reception. Only at reception with a directional roof antenna, with the transmitter antenna in sight, high over the ground in order not to receive ground reflected waves, the transmission channel is Gaussian. 

The protection ratio was measured for seventeen different DVB-T receivers: eight set top boxes, five USB-sticks, two mobile receivers and two premium integrated receivers in a Gaussian transmission channel. The desired DVB-T signal level was set 10 dB over each receiver’s sensitivity level Pmin in the respective transmission channel and higher in 10 dB steps, as long as the LTE-generator signal available was high enough to induce interference, or blocking was reached. 

At low DVB-T signal levels the receiver intrinsic noise adds to the LTE-interfering signal influencing the protection ratio values measured. At Pmin + 10 dB the error is 0.5 dB and was corrected in the results presented in this Annex. 

At high DVB-T signals high interference signal levels are necessary to produce interference, but in most cases receiver blocking is reached first and the protection ratio measurement is not possible. 

The LTE-signal’s center frequency was always 850 MHz (TV channel 68) and the DVB-T signal was set successively to such values, that the interferer was in the adjacent TV-channels N±1 and N+2 to N+9, that is at the frequencies of the TV channels 69 and 67 to 59. 

The protection ratio results of the measurements for all receivers in a Gaussian channel, at the DVB-T signal level of 10 dB over the receiver sensitivity level Pmin are given in Figure 10. 

The protection ratio results for the other desired signal levels are used to find the receiver blocking level and to get more confidence with the Pmin +10 dB results. They are not shown here.

Figure 10

Protection ratios for a DVB-T transmission in a Gaussian transmission channel
 with an interfering 5 MHz LTE-UE signal in the adjacent channels N-1 to N+9,
at Pmin + 10 dB, all receivers
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The highest protection ratio of -14 to -19 dB was measured in the adjacent channels N±1. The protection ratio values for the adjacent channels N+3 to N+8 are spread over a large value range. 

Looking at Figure 10 two kinds of protection ratio variations are evident, the first kind where the protection ratio value is decreasing in the channels N+3 to N+8 to be below -50 dB and then increasing again in adjacent channel N+9 (the image frequency) to -35 to -50 dB, and the second kind, where the protection ratio value in the adjacent channels N+2 to N+9 is quite constant at about -25 to -50 dB. 

The two protection ratio behaviours are typical to two kinds of receiver tuners, the classical “can-tuner” and the new all silicon tuner. This is more evident if the protection ratio values are shown for the two types of tuners in two separate diagrams as shown in Figures 11 and 12.


Figure 11

Protection ratios for a DVB-T transmission in a Gaussian transmission channel
 with an interfering 5 MHz LTE-UE signal in the adjacent channels N-1 to N+9,
 at Pmin + 10 dB for DVB-T receivers with “can-tuner”
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The set-top boxes (STB) and the integrated TV receivers (ITV) have “can tuners”. The USB-stick and the mobile receivers have a silicon tuner.

Figure 12

Protection ratios for a DVB-T transmission in a Gaussian transmission channel
 with an interfering 5 MHz LTE-UE signal in the adjacent channels N-1 to N+9,
 at Pmin + 10 dB for DVB-T receivers with silicon-tuner
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The protection ratio curves measured for the “can-tuner” receivers are quite similar, mostly within a range of 20 dB. 

Silicon tuners have similar protection ratio values as “can-tuners” in the adjacent channels N±1 and at the image frequency channel N+9. They have higher (worse) protection ratio values than the “can-tuners” for the channels N+2 to N+8. The range of variation for the silicon tuner receivers protection ratio in one adjacent channel is about 35 dB.

Using statistical analysis some interesting values can be found. The protection ratio variation for one kind of receiver at a certain adjacent channel is considered to vary around a median value with a Gaussian cumulative distribution. The median and the 90th percentiles for all receivers, for each adjacent channel were calculated and are shown in Figures 13 and 14. 

The protection ratios for 90% of the DVB-T receivers are below the red curve.

Figure 13

Protection ratios for a DVB-T transmission in a Gaussian channel with an interfering 
5 MHz LTE-UE signal in the adjacent channels N-1 to N+9, at Pmin + 10 dB 
for receivers with “can-tuner”; median value and 90th percentile
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Figure 14

Protection ratios for a DVB-T transmission in a Gaussian channel with an interfering 
5 MHz LTE-UE signal in the adjacent channels N-1 to N+9, at Pmin + 10 dB 
for receivers with silicon-tuner; median value and 90th percentile
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There were too few measurement results to make an exact statistical analysis, but even so we got some guiding figures. To make sure that 90% of the DVB-T receivers are not interfered by LTE-UE signals in a Gaussian channel, the protection ratio limits in Table 2 should be considered for planning purposes. 

Table 2

LTE-UE interferer, protection ratio limits for 90th percentile of DVB-T receivers
in a Gaussian transmission channel

		adjacent channel => receiver type

		N±1

		N+2 to N+8

		N+9



		can-tuner

		-15

		-40

		-35



		silicon tuner

		-17

		-22

		-22





[bookmark: _Toc245608677][bookmark: _Toc397095110]4.1.2	Measurements in a static Rayleigh transmission channel

The static Rayleigh transmission channel is more realistic than the Gaussian transmission channel, but it is still quite simplified compared to reality. It conforms to a reception with an antenna which receives many small and uncorrelated reflected and refracted waves and no direct wave from transmitter. The simplification used here is that all the waves received have constant amplitude and phase, which is a rare situation. 

The protection ratio with a LTE-UE signal as interferer was measured for all DVB-T receivers in the static Rayleigh transmission channel RL12 ANX B (see Reference 3). The Rohde & Schwarz SFQ TV‑generator has a channel simulator function that modifies the generated signal as if it were received over a static or time variant fixed, portable or mobile transmission channel.

The desired DVB-T signal level was set in the same way as for the measurements in a Gaussian transmission channel. 

The results of the measurements for all receivers in a static Rayleigh transmission channel, at the DVB-T signal level 10 dB over the receiver sensitivity level Pmin are given in Figure 15.

Figure 15

Protection ratios for a DVB-T transmission in a static Rayleigh transmission channel 
with an interfering LTE-UE signal in the adjacent channels N-1 to N+9
for all receivers
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The highest protection ratio of -10 to -17 dB was measured in the adjacent channels N±1. The protection ratio values for the adjacent channels N+3 to N+8 are spread over a value range of more than 50 dB. 

The two kinds of protection ratio variations seen in the Gaussian channel protection ratio measurement results can be seen here too. The “can-tuner” receiver protection ratio values decrease in channel N+3 to N+8 to -45 or -75 dB and then increase again in adjacent channel N+9 to -30 to -45 dB. The silicon tuner protection ratio values are quite constant in the adjacent channels N+2 to N+9 at about -25 to -55 dB. 

The protection ratio values are shown for the two types of tuners in two separate diagrams in Figures 16 and 17. 


Figure 16

Protection ratios for a DVB-T transmission in a static Rayleigh transmission channel
 with an interfering 5 MHz LTE-UE signal in the adjacent channels N-1 to N+9,
 at Pmin + 10 dB for receivers with “can-tuner”
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Figure 17

Protection ratios for a DVB-T transmission in a static Rayleigh transmission channel
 with an interfering 5 MHz LTE-UE signal in the adjacent channels N-1 to N+9,
 at Pmin + 10 dB for receivers with silicon-tuner
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The protection ratio curves measured for the “can-tuner” receivers are quite similar, as they are in the Gaussian channel too. The protection ratio values in one adjacent channel are within a range of about 20 dB. Their protection ratio values in the adjacent channels N±1 are about 3 dB worse than those of the silicon tuners, but in the channels N+2 to N+9 they are better. 

Silicon tuners have slightly better protection ratio values as can-tuner in the adjacent channels N±1 with -15 to -18 dB. They have higher and quite constant protection ratio values for the channels N+2 to N+9. Their image frequency is at a much higher frequency than in channel N+9. The silicon tuner receivers protection ratios vary more in the same channel, within a range of 30 dB. 

Using statistical analysis the median and the 90th percentile of the protection ratio variation at one adjacent channel were calculated and are shown in Figures 18 and 19.

Figure 18

Protection ratios for a DVB-T transmission in a static Rayleigh transmission channel
 with an interfering 5 MHz LTE-UE signal in the adjacent channels N-1 to N+9,
 at Pmin + 10 dB for receivers with “can-tuner”; median value and 90th percentile
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Figure 19

Protection ratios for a DVB-T transmission in a static Rayleigh transmission channel
 with an interfering 5 MHz LTE-UE signal in the adjacent channels N-1 to N+9,
 at Pmin + 10 dB for receivers with silicon-tuner; median value and 90th percentile
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To be sure that 90% of the DVB-T receivers are not interfered by LTE-UE signals in a static Rayleigh channel, the protection ratio limits in Table 3 should be considered. 

Table 3

LTE-UE interferer, protection ratio limits for the 90th percentile of DVB-T receivers
 in a static Rayleigh transmission channel 

		adjacent channel => receiver type

		N±1

		N+2 to N+8

		N+9



		can-tuner

		-11

		-38

		-30



		silicon tuner

		-12

		-22

		-22





The protection ratios for LTE-UE in a static Rayleigh channel are on average 2 to 3 dB higher, i.e. worse, than in a Gaussian channel.

[bookmark: _Toc245608678][bookmark: _Toc397095111]4.1.3	 Measurement in a time-variant Rayleigh transmission channel

The time variant Rayleigh transmission channel is the most realistic one for portable DVB-T reception, even when the receiving antenna stays in a fixed position. In this channel the antenna receives many small and uncorrelated reflected and refracted waves but no direct wave from the transmitter. The small waves have time-variant amplitude and phase values due to permanently changing transmission conditions. 

A transmission channel that simulates the portable reception in town very well is the so called “Typical Urban” transmission channel, the TU 12 Path 0.4 km/h. The Rohde & Schwarz SFQ TV-generator simulates with 12 path a mobile reception at a velocity of 0.4km/h. The protection ratio with a LTE-UE signal as interferer was measured for DVB-T receivers in this channel. The measurement setup is shown in Figure 8. 

Because the protection ratio measurement in a time-variant Rayleigh transmission channel is very time-consuming, only four receivers were measured in this way, three with “can tuner”, STB 1, STB 2, STB 4 and one with silicon tuner, MOB 2. 

The protection ratio values measured in a time-variant transmission channel for 95% time of good reception (see Section 3.3 of this Annex and Figure 9) were compared to the values measured in a static Rayleigh transmission channel. In Figure 20 the protection ratio values for a “can tuner” receiver are shown, and in Figure 21 there are the protection ratio values for a silicon receiver.

Figure 20

Protection ratio for DVB-T reception in a static Rayleigh and in a time-variant Rayleigh
 transmission channel TU 12 Path 0.4 km/h with an interfering 5 MHz LTE-UE
signal in the adjacent channels N-1 to N+9, for a “can tuner” (STB 4)
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Figure 21

Protection ratio for a DVB-T transmission in a static Rayleigh and in a time-variant Rayleigh
 transmission channel TU 12 Path 0.4 km/h with an interfering 5 MHz LTE-UE signal in the
 adjacent channels N-1 to N+9, for a silicon receiver tuner (MOB 2)
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The average increase in the protection ratio values in a time-variant Rayleigh transmission channel compared to the values in a static Rayleigh transmission channel for both receiver types, is about 5 to 6 dB. It is considered to be similar for all other DVB-T receivers of can and silicon tuner type. 

Starting with the protection ratio value in a static Rayleigh channel for 90% of the receivers (see Figures 18 and 19) and considering a protection ratio increase of 5 dB, the protection ratios in a time variant Rayleigh transmission channel, for good reception in 95% of time and for 90% of receivers, are given in Table 4 for “can tuner” and in Table 5 for silicon tuner receivers. 

Table 4

Calculated protection ratio in a time variant Rayleigh transmission channel for good reception in 95% of time and for 90% of "can tuner” receivers, in dB

		adjacent channel

		N-1

		N+1

		N+2

		N+3

		N+4

		N+5

		N+6

		N+7

		N+8

		N+9



		freq. deviation*

		5,5

		5,5

		13,5

		21,5

		29,5

		37,5

		45,5

		53,5

		61,5

		69,5



		median

		-9

		-8

		-36

		-41

		-53

		-57

		-56

		-60

		-60

		-34



		90th percentile value

		-8

		-6

		-32

		-32

		-46

		-49

		-49

		-45

		-50

		-27





*Frequency deviation=distance from DVB-T spectrum center to LTE-signal spectrum edge, in MHz. 




Table 5

Calculated protection ratio in a time variant Rayleigh transmission channel for good reception in 95% of time and for 90% of "silicon tuner” receivers, in dB

		adjacent channel

		N-1

		N+1

		N+2

		N+3

		N+4

		N+5

		N+6

		N+7

		N+8

		N+9



		freq. deviation*

		5,5

		5,5

		13,5

		21,5

		29,5

		37,5

		45,5

		53,5

		61,5

		69,5



		median

		-10

		-9

		-27

		-30

		-30

		-30

		-38

		-38

		-35

		-30



		90th percentile value

		-9

		-8

		-18

		-17

		-15

		-14

		-24

		-23

		-20

		-16





*Frequency deviation=distance from DVB-T spectrum center to LTE-signal spectrum edge, in MHz. 

To be sure that 90% of the DVB-T receivers are not interfered by LTE-UE signals in a time variant Rayleigh channel, the protection ratio limits in Table 6 can be considered. 

Table 6

LTE-UE interferer, protection ratio limits for the 90th percentile of DVB-T receivers
 in a time variant Rayleigh transmission channel 

		adjacent channel => receiver type

		N±1

		N+2 to N+8

		N+9



		can-tuner

		-7

		-32

		-27



		silicon tuner

		-9

		-16

		-16





[bookmark: _Toc245608679][bookmark: _Toc397095112]4.2	Protection ratio to LTE BS

[bookmark: _Toc245608680][bookmark: _Toc397095113]4.2.1	Measurements in a Gaussian transmission channel

The protection ratio with a LTE-BS signal as interferer was measured for seventeen DVB-T receivers in a Gaussian transmission channel. The desired DVB-T signal level was set 10 dB over each receiver’s sensitivity level Pmin and higher in 10 dB steps, as long as the LTE-generator signal was sufficient to induce interference. The LTE-signal’s center frequency was left at 850 MHz, in the center of TV channel 68 and the DVB-T signal was set successively to the TV channels 69 and 67 to 59. 

The protection ratio results of the measurements for all receivers at the DVB-T signal level 10 dB over the receiver sensitivity level Pmin are given in Figure 22.




Figure 22

Protection ratios for a DVB-T transmission in a Gaussian transmission channel
 with an interfering 5 MHz LTE-BS signal in the adjacent channels N-1 to N+9,
at Pmin + 10 dB for all receivers
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The highest protection ratio value here is -32 dB in the adjacent channels N±1. The protection ratio values for the adjacent channels N+3 to N+8 are spread over almost 20 dB. 

Figure 22 illustrates the two families of curves described in the previous section for “can-tuner” receivers and all silicon receivers. The protection ratio values are also shown for the two types of tuners, “can” and silicon, in Figures 23 and 24, respectively.


Figure 23

Protection ratios for a DVB-T transmission in a Gaussian channel with an interfering 
5 MHz LTE-BS signal in the adjacent channels N-1 to N+9, at Pmin + 10 dB 
for receivers with a “can-tuner”
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The protection ratio curves found for the “can-tuner” receivers with LTE-BS interferer are, in contrast to the ones found for LTE-UE interferer, very close one to the other. 

Figure 24

Protection ratios for a DVB-T transmission in a Gaussian channel with an interfering 
5 MHz LTE-BS signal in the adjacent channels N-1 to N+9, at Pmin + 10 dB 
for receivers with a silicon-tuner
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The silicon tuners have similar protection ratio values as “can-tuners” in the adjacent channels N±1 and at the image frequency channel N+9. In between, for the channels N+2 to N+8, the silicon tuner PR values are similar or higher (worse) than the ones for “can-tuners”. 

Using statistical analysis the median and the 90th percentile protection ratio values for each adjacent channel were calculated and are shown in Figures 25 and 26 for “can-tuners” and silicon tuners, respectively.

Figure 25

Protection ratios for a DVB-T transmission in a Gaussian transmission channel
 with an interfering 5 MHz LTE-BS signal in the adjacent channels N-1 to N+9, at Pmin + 10 dB
for receivers with a “can-tuner”; median value and 90th percentile
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Figure 26

Protection ratios for a DVB-T transmission in a Gaussian transmission channel
 with an interfering 5 MHz LTE-BS signal in the adjacent channels N-1 to N+9, at Pmin + 10 dB 
for receivers with a silicon-tuner; median value and 90th percentile
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By considering the statistical analysis, to make sure that the 90th percentile-of DVB-T receivers are not interfered by LTE-BS signals, the protection ratio limits in Table 7 should be considered. 

Table 7

LTE-BS interferer, protection ratio limits for the 90th percentile of DVB-T receivers
in a Gaussian transmission channel 

		adjacent channel => receiver type

		N±1

		N+2 to N+8

		N+9



		can-tuner

		-35

		-50

		-45



		silicon tuner

		-35

		-45

		-45





The protection ratio for LTE-UE as interferer in a Gaussian channel is about 20 dB higher than the protection ratio for LTE-BS as interferer in the adjacent channels N±1. For the other adjacent channels the difference is smaller and variable for the “can tuner” receivers and similar to that for the channels N±1 for the silicon tuner receivers. 

[bookmark: _Toc245608681][bookmark: _Toc397095114]4.2.2	Measurements in a static Rayleigh transmission channel

The protection ratio with a LTE-UE signal as interferer was measured for all DVB-T receivers in the static Rayleigh transmission channel RL12 ANX B. The desired DVB-T signal level was set in the same way as for the measurements in a Gaussian transmission channel. 

The results of the measurements for all receivers in a static Rayleigh channel, at the DVB-T signal level 10 dB over the receiver sensitivity level Pmin are given in Figure 27. 



Figure 27

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Protection ratios for a DVB-T transmission in a static Rayleigh transmission channel 
with an interfering LTE-BS signal in the adjacent channels N-1 to N+9
for all receivers
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The highest protection ratio of -30 dB was measured in the adjacent channels N±1. The protection ratio values for the adjacent channels N+3 to N+8 are spread over a value range of about 20 dB. 

The protection ratio values are shown for the two types of tuners, “can type” and silicon type, in two separate diagrams in Figures 28 and 29. 

Figure 28

Protection ratios for a DVB-T transmission in a static Rayleigh transmission channel 
with an interfering 5 MHz LTE-BS signal in the adjacent channels N-1 to N+9, at Pmin + 10 dB 
for receivers with a “can-tuner”
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Figure 29

Protection ratios for a DVB-T transmission in a static Rayleigh transmission channel
 with an interfering 5 MHz LTE-BS signal in the adjacent channels N-1 to N+9, at Pmin + 10 dB 
for receivers with a silicon-tuner

[image: ]

The protection ratio curves found for the “can-tuner” receivers with LTE-BS interferer are, as in the Gaussian channel too, very close one to another. The silicon tuners have similar protection ratio values as “can-tuners” in the adjacent channels N±1 and at the image frequency channel N+9. In between, for the channels N+2 to N+8, the silicon tuner PR values are similar or up to 15 dB higher than the ones for “can-tuners”. 

The median and the 90th percentile protection ratio values for each adjacent channel were calculated from the measurement results for the different receivers and are shown in Figures 30 and 31 for receivers with “can-tuners” and silicon tuners, respectively. 



Figure 30

Protection ratios for a DVB-T transmission in a static Rayleigh transmission channel with an interfering 5 MHz LTE-BS signal in the adjacent channels N-1 to N+9, at Pmin + 10 dB 
for receivers with a “can-tuner”; median value and 90th percentile

[image: ]Figure 31

Protection ratios for a DVB-T transmission in a static Rayleigh transmission channel
 with an interfering 5 MHz LTE-BS signal in the adjacent channels N-1 to N+9, at Pmin + 10 dB
for receivers with a silicon-tuner; median value and 90th percentile

[image: ]

To make sure that 90th percentile-of the DVB-T receivers are not interfered by LTE-BS signals in a static Rayleigh channel, the protection ratio limits in Table 8 should be considered. 

Table 8

LTE-BS interferer, protection ratio limits for 90th percentile of DVB-T receivers
in a static Rayleigh transmission channel 

		adjacent channel => receiver type

		N±1

		N+2 to N+8

		N+9



		can-tuner

		-31

		-47

		-40



		silicon tuner

		-32

		-42

		-42







The protection ratios for LTE-BS in a static Rayleigh transmission channel are on average 2 to 3 dB higher than in a Gaussian transmission channel. 

The protection ratio for LTE-UE as interferer in a static Rayleigh transmission channel is 18 to 20 dB higher than the protection ratio for LTE-BS as interferer in the adjacent channels N±1.

For the other adjacent channels the difference is smaller and variable for the “can tuner” receivers. For the silicon tuner receivers the difference is similar to that for the channels N±1. 

[bookmark: _Toc245608682][bookmark: _Toc397095115]4.2.3	Measurement in a time-variant Rayleigh transmission channel

The protection ratio with a LTE-UE signal as interferer was measured in the time-variant Rayleigh channel for the same four DVB-T receivers used for measurements with LTE-BS signal as interferer, the three receivers with “can tuner” (STB 1, STB 2, STB 4) and the one with silicon tuner (MOB 2). The measurement setup used was the same (see Figure 8). 

The protection ratio values measured in the time-variant transmission channel for 95% of time were compared to the values measured in a static Rayleigh channel. In Figure 32 the protection ratio values for a “can tuner” receiver are shown, and in Figure 33 there are the protection ratio values for a silicon tuner receiver.


Figure 32

Protection ratio for DVB-T reception in a static Rayleigh and in a time-variant Rayleigh transmission channel 
TU 12 Path 0.4 km/h (for good reception in 95% of time) with an interfering 5 MHz LTE-BS signal
 in the adjacent channels N-1 to N+9, for a “can tuner” (STB 4)
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Figure 33

Protection ratios for a DVB-T transmission in a static Rayleigh and in a time-variant Rayleigh transmission channel
 TU 12 Path 0.4 km/h (for good reception in 95% of time) with an interfering LTE-BS signal
 in the adjacent channels N-1 to N+9, for a silicon receiver tuner (MOB 2)

[image: ]

The average increase in the protection ratio values in a time-variant Rayleigh transmission channel compared to the values in a static Rayleigh transmission channel is about 5 to 6 dB. It is considered to be similar for all other DVB-T receivers of can and silicon tuner type. 

Starting with the protection ratio value in a static Rayleigh channel for 90% of the receivers (see Figures 30 and 31) and considering a protection ratio increase of 5 dB, the protection ratios in a time variant Rayleigh transmission channel for good reception in 95% of time and for 90% of receivers are given in Table 9 for “can tuner” and in Table 10 for silicon tuner receivers. 

Table 9

Deduced protection ratio in a time variant Rayleigh transmission channel for good reception in 95% of time and for 90% of "can tuner” receivers, in dB

		adjacent channel

		N-1

		N+1

		N+2

		N+3

		N+4

		N+5

		N+6

		N+7

		N+8

		N+9



		freq. deviation*

		5,5

		5,5

		13,5

		21,5

		29,5

		37,5

		45,5

		53,5

		61,5

		69,5



		median

		-29

		-29

		-44

		-46

		-47

		-46

		-45

		-46

		-48

		-40



		90th percentile value

		-25

		-26

		-42

		-43

		-46

		-46

		-45

		-44

		-48

		-35





*Frequency deviation=distance from DVB-T spectrum center to LTE-signal spectrum edge, in MHz. 

Table 10

Deduced protection ratio in a time variant Rayleigh transmission channel for good reception in 95% of time and for 90% of "silicon tuner” receivers, in dB

		adjacent channel

		N-1

		N+1

		N+2

		N+3

		N+4

		N+5

		N+6

		N+7

		N+8

		N+9



		freq. deviation*

		5,5

		5,5

		13,5

		21,5

		29,5

		37,5

		45,5

		53,5

		61,5

		69,5



		median

		-32

		-32

		-44

		-45

		-45

		-44

		-44

		-45

		-45

		-45



		90th percentile value

		-28

		-29

		-36

		-39

		-37

		-36

		-37

		-39

		-37

		-38





*Frequency deviation=distance from DVB-T spectrum center to LTE-signal spectrum edge, in MHz. 

[bookmark: _Toc245608683][bookmark: _Toc397095116]4.3	Receiver blocking

A low level signal can interfere into the reception of another signal by adding itself to the desired signal, if their spectrum overlaps. A high level signal can interfere to the reception of another signal even it its spectrum do not overlap with the desired signal, by blocking the receiver tuner. 

When measuring the protection ratios in the static transmission channels (Gaussian and Rayleigh) at 10 dB, 20 dB, 30 dB and further above the receiver sensitivity level Pmin, the levels of the wanted signal C as well as the level of the unwanted signal I are registered. From the graph of the increase of the unwanted signal I as a function of the wanted signal C, I and C taken at the threshold of good reception (according to the SFP criterion, see section 3.1 of this Annex), the level of the interfering signal I at which receiver blocking starts to happen can be determined, see Figure 34. As long as the curve shows a slope of one, the linear tuner function is prevailing. Blocking becomes relevant when the increase of I becomes smaller than that of C because the tuner becomes nonlinear.

In Figure 34 the increase of the unwanted signal I as a function of the wanted signal C is shown for all adjacent channel measurements in a Gaussian transmission channel. In the static Rayleigh channel the behaviour is similar.

Figure 34

Increase of the unwanted signal level I as a function of the wanted signal level C, measured at the threshold for good reception, in a Gaussian transmission channel for the adjacent channels N+1 to N+9

[image: ]

After extracting the blocking threshold for all “can tuner” and silicon tuner receivers from the PR measurement results with an LTE-BS signal as interferer, and after making a statistical analysis for every adjacent channel, the interferer level causing blocking, called blocking threshold, has the variation shown in Figures 35 and 36 for “can tuner” and silicon tuner receivers, respectively. 


Figure 35

Blocking threshold for DVB-T “can tuner” receivers interfered by LTE-BS signal
 in a Gaussian or static Rayleigh transmission channel; median value (50th percentile)
and 10th percentile (90% of receivers are still working at levels below)

[image: ]

For Gaussian and static Rayleigh transmission channel the results are alike. The blue curve is the median value of the blocking level, what means that 50% of receivers are blocked at lower LTE-BS signal levels. Only 10% of receivers are blocked at interferer levels below the red curve, 90% are working. 

By comparing Figure 35 with Figure 36 it becomes evident that silicon tuner receivers are significantly more susceptible to blocking than “can tuner” receivers. 


Figure 36

Blocking threshold for DVB-T silicon tuner receivers interfered by LTE-BS signal
 in a Gaussian or static Rayleigh transmission channel; median value (50th percentile)
and 10th percentile (90% of receivers are still working at levels below)

[image: ]

Making the same statistical analysis for the measurement results with LTE-UE signal as interferer, the blocking threshold variation shown in Figures 37 and 38 was found. 

Figure 37

Blocking threshold for DVB-T “can tuner” receivers interfered by LTE-UE signal
 in a Gaussian or static Rayleigh transmission channel; median value (50th percentile)
and 10th percentile (90% of receivers are still working)

[image: ]


Figure 38

Blocking threshold for DVB-T silicon tuner receivers interfered by LTE-UE signal
 in a Gaussian or static Rayleigh transmission channel; median value (50th percentile)
and 10th percentile (90% of receivers are still working)

[image: ]

For “can tuner” receivers the blocking thresholds for LTE UE and LTE BS signal interfering to DVB-T in the adjacent channels N±1 is similar. Ninety percent of receivers are not blocked yet by an interferer power of -15 dBm. In the adjacent channels N+2 to N+9 the blocking threshold for LTE UE is 5 dB to 15 dB lower than for LTE-BS signal for “can tuner” receivers, due to the LTE‑UE signal pulse nature. 

Silicon tuner receivers have also similar blocking thresholds for LTE UE and LTE BS interfering signal in the adjacent channels N±1. Ninety percent of receivers are not blocked yet by an interferer power of --30 dBm. The blocking threshold for LTE UE signal is about 20 dB lower than for LTE‑BS signal in the adjacent channels N+2 to N+9. 

[bookmark: _Toc245608684][bookmark: _Toc397095117]5	Conclusions

Investigations were made of the adjacent channel interfering effect of LTE Base Station (BS) and User Equipment (UE) signals into DVB-T reception. The LTE signal was shaped to correspond to the critical spectrum mask defined in Reference 1 and 2. 

Protection ratios were measured for the desired DVB-T signal received over a Gaussian, a static Rayleigh and a time-variant Rayleigh transmission channel and the interfering signal in the adjacent channels N-1 to N+9. In addition blocking thresholds for the DVB-T receiver were determined. 

Seventeen DVB-T receivers were used in the measurements, eight set top boxes, five USB-sticks, two mobile receivers and two premium television set integrated receivers. The blocking level of the receivers was investigated. 

The investigations show many interesting results. Currently there are two different types of DVB-T receivers, the ones with a classic “can tuner” and the others with an all silicon tuner. In the adjacent channels N±1 the PR values are similar for both, but in the adjacent channels N+2 to N+9 the “can tuner” receivers show 10 dB to 30 dB better PR values than the silicon tuner receivers. 

The interference of the LTE-UE signal into DVB-T is worse than that of the LTE-BS signal by about 20 dB in the adjacent channels N±1, due to its pulsed nature. The protection ratios for DVB-T received in a static Rayleigh transmission channel are 2 dB to 3 dB higher compared to the values in the Gaussian transmission channel.

Moreover, these measurements provide results for a time-variant Rayleigh channel which is the relevant transmission channel for portable and mobile reception. As compared to a static Rayleigh transmission channel, the time-variant Rayleigh channel shows 5 dB to 7 dB higher protection ratios. Therefore it is important to use the appropriate values for planning purposes. 

The blocking threshold values are also different for the “can tuner” and the silicon tuner DVB-T receivers. In the adjacent channels N±1, for both interfering signals LTE UE and LTE BS, blocking starts at power levels over -15 dBm for 90% of the “can tuner” receivers and at power levels over -30 dBm for 90% of the silicon tuner receivers. For the most receivers in the adjacent channels N+2 to N+3 the blocking threshold has the lowest value. 

For the LTE-BS interfering signal 90% of the receivers are blocked in the adjacent channels N+4 to N+9 at power levels 5 dB to 15 dB higher than the levels for the adjacent channels N±1. For the LTE-UE interfering signal 90% of the receivers are blocked in the adjacent channels N+4 to N+9 at power levels 5 dB to 10 dB lower than the levels for the adjacent channels N±1. 

In the silicon tuner receivers resistance to blocking is often traded against sensitivity. 
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Measured DVB-T protection ratios and overload thresholds 
in the presence of LTE BS and UE signals
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[bookmark: _Toc397347497]1	Executive Summary

[bookmark: _Toc302649720][bookmark: _Toc302975792][bookmark: _Toc302976291][bookmark: _Toc302976861][bookmark: _Toc302976957][bookmark: _Toc314721554]This document presents the results of DTT receiver protection ratio measurements undertaken to discover DVB-T reception performance in the presence of interference from LTE basestation (BS) and user equipment (UE) waveforms.

The protection ratio values have been obtained from laboratory testing of 14 commercially available DVB-T receivers in the presence of a wanted DTT signal from a test generator. The receivers chosen are designs being marketed in the UK (circa 2012) and include IDTVs, STBs and PVRs. The interfering LTE signal in each case has been implemented using a vector signal generator to replay a waveform previously recorded from a manufacturer’s production LTE equipment. LTE waveforms representing different rates of end to end traffic have been replayed, including waveforms which represent the LTE equipment operating in its idle mode.

The results show a considerable spread in performance. Fully loaded (continuous) LTE BS signals (e.g. LTE BS 100%) are handled without difficulty, but bursty signals (e.g. low traffic UE and BS signals) result in degradation of protection ratios by more than 30dB for a significant fraction of the receivers tested. The UE signals at low traffic are bursty in character and the adjacent channel leakage ratio permitted by the 3GPP specification results in particularly high protection ratios. The CEPT 800 MHz band plan proposed a reverse duplex arrangement to increase the frequency separation between the UE devices and the DTT broadcasts. Any proposals to make use of 700 MHz spectrum (694–790MHz) for LTE should consider the benefits gained through frequency separation between the UE devices and the broadcast signals.

[bookmark: _Toc320194988][bookmark: _Toc397347498]2	Measurements

[bookmark: _Toc320194989][bookmark: _Toc397347499]2.1	Introduction

The approach taken in the measurements is to combine a wanted DVB-T signal with an interfering LTE signal and to present this to the input of the DTT receiver under test. The wanted and interfering waveforms may be on different frequencies, and their relative signal strengths are adjusted until satisfactory reception is obtained. This procedure is described further in the following sections.

[bookmark: _Toc320194990][bookmark: _Toc397347500]2.2	Equipment Tested

A set of 14 DVB-T receivers were tested, 8 of these were set-top boxes (STBs), and the remaining 6 were standalone TV sets with integrated DVB-T receivers (IDTVs).

For the purposes of the tests presented in this report, each receiver has been allocated a reference code. A list of the codes is given in Table 1, together with the receiver type, and whether the unit uses a “can” tuner or a silicon device. The information about the tuner type is derived from the protection ratio performance at the image frequency (72MHz above the wanted signal); a degraded performance is taken as an indication that the receiver uses a can tuner.

The receivers tested were all being marketed in the UK at the time of testing (circa 2012) and displayed the “Freeview” logo. This means that they would have passed product testing by the Digital TV Group[footnoteRef:1] (DTG) whose procedures include tests a wide range of RF performance parameters, although at the time these receivers would have been tested, this did not included testing with LTE interferers. Therefore these receivers could all be considered to be generally functioning well, but without having been designed specifically with protection against LTE interference in mind. [1:  www.dtg.org.uk] 


[bookmark: _Ref319661948]Table 1

Summary of Equipment Tested

		Receiver

		Type

		Tuner Type



		D1

		STB

		Silicon



		D2

		IDTV

		Can



		D3

		STB

		Silicon



		D4

		STB/PVR

		Silicon



		D5

		IDTV

		Can



		D6

		STB

		Silicon



		D7

		STB

		Silicon



		D8

		STB

		Can



		D9

		STB/PVR

		Can



		D10

		IDTV

		Silicon



		D11

		IDTV

		Can



		D12

		IDTV

		Silicon



		D13

		IDTV

		Can



		D14

		STB

		Can





[bookmark: _Toc320194991][bookmark: _Toc397347501]2.3	Test Equipment Configuration

The test equipment arrangement is shown in Figure 1. The interfering (LTE) waveform and wanted (DVB-T) transmissions are combined using a 20dB coupler. The signal generator’s waveform selection and frequency are under GPIB control from a control PC, its output power is selected by means of a GPIB controlled variable attenuator. Similarly, the level of wanted signal generated by the DVB-T generator is controlled by the PC. Further details of the signal sources are given in Section 2.4.

The impairment of the wanted signal is assessed by a Technical Projects MJS401D Audio Measurement System (AMS), also under GPIB control. The AMS input source is the audio output of the DVB-T receiver. Further details about the impairment measurements are given in Section 2.5.

The protection ratio is measured under automatic control from the control PC. A wanted signal of 706MHz (Ch. 50) has been used. For an interfering signal at a particular frequency, the powers of the interfering and wanted waveforms are automatically adjusted until the measured audio impairment is just above a pre-determined threshold. The test procedure and impairment measurement is achieved under the control of the PC, this being described in more detail in Section 2.6.



[bookmark: _Ref310433939]FIGure 1

Test arrangement
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[bookmark: _Ref319317667][bookmark: _Toc320194992][bookmark: _Toc397347502]2.4	Signal Sources

For the DVB-T receivers, the wanted signal was generated by a Rohde & Schwarz SFE Broadcast Tester. The signal parameters for the DVB-T signal are given in Table 2. No channel impairment (e.g. multipath) was added to the DVB-T signal.

[bookmark: _Ref319935252][bookmark: _Ref319315345]Table 2

Wanted signal parameters

		Standard

		DVB-T



		Mode

		8K OFDM



		Modulation

		64QAM



		Code Rate

		2/3





The interfering signal sources were reproduced on an Agilent NX5182A arbitrary signal generator, using waveform sequences previously captured using a system able to record directly the transmitted RF output of the LTE equipment. This approach has the advantage that the captured waveform can be replayed at any output frequency or power. The waveform can also be processed prior to playback (e.g. to ensure that any out-of-band emissions are reduced).

[bookmark: _Toc320194993][bookmark: _Toc397347503]2.4.1	Characteristics of the LTE Waveforms

Six waveforms were used representing typical outputs from both basestation (BS) and user terminal (UE or CPE) at three traffic levels. These six waveforms were generated by transferring data representing a particular proportion of the maximum available throughput. This was achieved by connecting a BS and UE pair to form an end-to-end link using an IP traffic tool to load the link. The waveforms captured represent three data transfer rates: 100% 50% and an idle mode (where the data exchange was limited to control traffic) for both BS and UE devices.




To ensure that the measurements were not contaminated by any out of band signals captured in the recording process, the test waveforms were band-pass filtered in software prior to playback. A channel bandwidth of 10MHz was used. This guarantees that the protection ratio measurements are a function only of the receiver selectivity and the adjacent channel leakage ratio (ALCR) of the arbitrary signal generator. Spectral plots of the six LTE waveforms are shown in Appendix A.

The peak to mean ratio of the uplink UE waveforms tend to be greater than the BS as a result of the bursty nature of the signals, particularly at low data traffic rates. The time domain waveform for the basestation idle waveform is shown in Figure 2; the “bursty” nature is clearly apparent. The power and time domain characteristics of the waveform are discussed further in Section 2.7.

[bookmark: _Ref321936809]Figure 2

Time Domain Plot of the BS Idle signal
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[bookmark: _Ref319921621][bookmark: _Toc320194995][bookmark: _Toc397347504]2.4.2	ACLR Considerations

The protection ratio required to ensure adequate DVB-T reception is a function of the selectivity of the victim DTT receiver and the adjacent channel power emitted by the interfering LTE device.

The protection ratio measurements presented in this document were made using a signal generator to emulate interference from an LTE terminal or basestation. The adjacent channel leakage ratio (ACLR) of the signal generator is almost certainly better than the ACLR performance of a practical LTE device; in order to develop protection ratio recommendations it will be necessary to know values for the ACLR of the LTE terminal at appropriate frequency offsets. These values are specified in Section 2.4.3.

The final protection ratio is found in two stages; firstly, for a frequency offset ∆f the adjacent channel selectivity (ACS) of the receiver is calculated from the measured protection ratio at the offset (PR(∆f)), the co-channel protection ratio PR0 and the ACLR of the signal generator:



						(1)


Secondly, the derived value of the DTT ACS is used to determine the appropriate adjacent channel protection ratios for interfering terminal that may have different ACLR characteristics.

The final protection ratio, PR(f), is a function of the ACS from Equation (1) and the ACLR of the LTE device at (f), ACLR’:



						(2)

[bookmark: _Toc397347505][bookmark: _Ref321984857]2.4.3	LTE out of block performance

Based on the 3GPP specifications and the CEPT recommendations for LTE operability with DTT, the following ACLR characteristic for the UE has been assumed.



		Frequency Offset (MHz)

		UE ACLR



		-10

		28dB



		-16

		30dB



		-24

		40dB



		-72

		88dB





For the BS, taking into account the recommendations of CEPT Report 30 (see Reference 1), the following ACLR characteristic is assumed:



		Frequency Offset (MHz)

		BS ACLR



		-10

		59dB



		-16

		69dB



		-24

		79dB



		-72

		88dB





[bookmark: _Ref317860209][bookmark: _Toc320194996][bookmark: _Toc397347506]2.5	Impairment Criteria

The impairment criterion determines the point at which the interfering signal source would degrade the reception to a point at which the quality is deemed unacceptable. This is generally measured by observing the displayed picture and deciding it to be unimpaired at the point where no picture break-ups are observed during the observation period (e.g. 10 seconds). For digitally encoded TV systems, the digital threshold effect means that picture breakup is accompanied by a loss of audio; it is therefore possible to detect the point at which failure occurs by measuring the audio output from the DVB-T receiver.

This is achieved in these tests by using the audio measurement system (AMS) to measure the Total Harmonic Distortion (THD) of the demodulated audio. A 1dB increase in THD (compared to the case where the wanted signal is present without any interference) is used as the pass/fail decision point. The measurements carried out in this report use unimpaired reception as the pass criterion, as described in Section 2.6.

[bookmark: _Ref319318065][bookmark: _Toc320194997][bookmark: _Toc397347507]2.6	Test Formats

The tests carried out determine the minimum signal power that is necessary to receive a picture without impairment in the presence of LTE interference. The level of the interfering signal is fixed and the power of the wanted signal is decreased until the receiver becomes impaired. The wanted signal is then increased until it can be demodulated without error by the receiver. The values of the wanted and interfering signals are then recorded. This is repeated for a number of interfering signal powers and frequency offsets.

The wanted DVB-T signal was on 706MHz (Ch50). The following interfering signals were used:

· 716MHz (N+10MHz)

· 722MHz (N+16MHz)

· 730MHz (N+24Mhz)

· 778MHz (N+72MHz)

[bookmark: _Toc320195000][bookmark: _Toc397347508]2.7	Waveform Power Correction

Correction is applied to the measured results in order to calibrate the power that would be licensed to that which the signal generator in the measurement system recorders. The licensed power value is referred to as Plic.

An appropriate value for Plic is derived by investigating the portion of the interfering waveform that represents the transmission being active (the “On” period). The licensed power is then taken to be the RMS power value of the waveform during the “on” period. 

The value of Plic will still be less than the peak power value (as shown in Figure 3). Protection ratio measurements made in this report use Plic for the value of the interfering waveform generated by the signal generator.

Figure 3

Licensed Power

[image: ]

[bookmark: irecnoe]

The characteristics of the LTE waveforms used in these tests are given in Table 3. The measured PAPR of the waveform (i.e. Ppk- PRMS) is given, as is the Licensed to Average Power Ratio (LAPR; i.e. PLic- PRMS). 

[bookmark: _Ref321835592]Table 3

Interfering Waveform Characteristics

		Waveform

		PAPR (dB)

Ppk- PRMS

		LAPR  (dB)

PLic- PRMS



		LTE BS 100%  

		6.3

		-0.7



		LTE BS 50%  

		8.0

		-0.9



		LTE BS IDLE  

		12.1

		2.2



		LTE UE 100% 

		6.3

		-0.8



		LTE UE 50%  

		8.4

		1.1



		LTE UE IDLE

		16.3

		8.9





[bookmark: _Toc397347509]3	Results

Figures 4 to 27 show the C vs. I characteristics for the DVB-T receivers for each of the interfering LTE waveform types and interfering frequency offset. The curves are generated by measuring the level of the wanted DVB-T signal required to maintain unimpaired performance for increasing levels of interfering waveform.
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[bookmark: _Ref321832276]Figure 4

C/I characteristic for LTE BS Waveform 100% Traffic, 10MHz offset
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Figure 5

C/I characteristic for LTE BS Waveform 50% Traffic, 10MHz offset
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Figure 6

C/I characteristic for LTE BS Waveform Idle Traffic, 10MHz offset
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Figure 7

C/I characteristic for LTE BS Waveform 100% Traffic, 16MHz offset
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Figure 8

C/I characteristic for LTE BS Waveform 50% Traffic, 16MHz offset
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Figure 9

C/I characteristic for LTE BS Waveform Idle Traffic, 16MHz offset
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Figure 10

C/I characteristic for LTE BS Waveform 100% Traffic, 24MHz offset



		[image: ]

Figure 11

C/I characteristic for LTE BS Waveform 50% Traffic, 24MHz offset
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Figure 12

C/I characteristic for LTE BS Waveform Idle Traffic, 24MHz offset
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Figure 13

 C/I characteristic for LTE BS Waveform 100% Traffic, 72MHz offset
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Figure 14

C/I characteristic for LTE BS Waveform 50% Traffic, 72MHz offset
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Figure 15

C/I characteristic for LTE BS Waveform Idle Traffic, 72MHz offset
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Figure 16

C/I characteristic for LTE UE Waveform 100% Traffic, 10MHz offset
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Figure 17

C/I characteristic for LTE UE Waveform 50% Traffic, 10MHz offset
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Figure 18

C/I characteristic for LTE UE Waveform Idle Traffic, 10MHz offset
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Figure 19

C/I characteristic for LTE UE Waveform 100% Traffic, 16MHz offset
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Figure 20

C/I characteristic for LTE UE Waveform 50% Traffic, 16MHz offset
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Figure 21

C/I characteristic for LTE UE Waveform Idle Traffic, 16MHz offset
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Figure 22

C/I characteristic for LTE UE Waveform 100% Traffic, 24MHz offset
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Figure 23

C/I characteristic for LTE UE Waveform 50% Traffic, 24MHz offset
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Figure 24

C/I characteristic for LTE UE Waveform Idle Traffic, 24MHz offset









		[image: ]

Figure 25

C/I characteristic for LTE UE Waveform 100% Traffic, 72MHz offset
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Figure 26

C/I characteristic for LTE UE Waveform 50% Traffic, 72MHz offset
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[bookmark: _Ref321832286]Figure 27

C/I characteristic for LTE UE Waveform Idle Traffic, 72MHz offset







The results show that the receivers can be divided into two categories, those whose performance is satisfactory for all waveforms, and those that suffer degraded protection ratios in the presence of bursty LTE interfering waveforms.

For the receivers with satisfactory performance, the protection ratio stays constant for interfering signals of -40 to -15dBm. Beyond this, the protection ratio starts to increase as the receiver overload is approached and the receiver exhibits degraded performance.

For the receivers which are susceptible to reduced performance (e.g. D4, D6 and D7), the protection ratio is increased by 30-40dB in the presence of the non continuous interfering waveforms. Receiver D6 exhibits vulnerability to the 50% traffic waveform which is not a problem for D4 and D7. D6 is also able to tolerate the idle waveforms at an offset of 72MHz.

[bookmark: _Toc397347510]3.1	Protection Ratio Summary

Table 4 gives a summary of the required protection ratio for the centre frequency offsets measured, with the values corrected derived by applying the ACLR values for the LTE UE and BS equipment, as described in Section 2.4.2. The co-channel protection ratios used in the calculations are given in Appendix B.  The adjacent channel protection ratios are given in Appendix C

In order not to bias the results adversely, groups of the worst performing receivers have been excluded from the analysis, creating 50th and 90th statistics for the corrected protection ratios. The 50th percentile figure has been calculated by excluding the 7 receivers D3, D4, D6, D7, D8, D10 and D11, the 90th percentile figure has been calculated by excluding receivers, D4 and D6.

[bookmark: _Ref321992943]Table 4

Corrected Protection Ratios (dB) summary

		


		Offset

		10MHz

		16MHz

		24MHz

		72MHz



		Waveform

		

		50th

		90th

		50th

		90th

		50th

		90th

		50hth

		90th



		LTE BS 100%

		-33.5

		-34.5

		-43

		-41

		-40.5

		-41

		-37

		-37



		LTE BS 50%

		-34

		-34

		-41.5

		-41.5

		-45

		-41.5

		-37

		-37



		LTE BS Idle

		-29.5

		-3.5

		-39

		-11

		-33

		-6.5

		-35.5

		-36



		LTE UE 100%

		-9

		-9

		-11

		-11

		-22

		-22

		-36.5

		-36



		LTE UE 50%

		-8

		-8

		-11

		-11

		-20

		-20

		-36.5

		-36



		LTE UE Idle

		-10

		-6.5

		-13.5

		-10.5

		-23.5

		-10

		-37

		-37





[bookmark: _Toc397347511]3.2	Overload Threshold Summary

The calculated overload thresholds are given in Appendix D.

[bookmark: _Toc397347512]4	Conclusions

The results show that there are a number of LTE waveforms that provoke poor DTT receiver protection performance in a significant number of receivers. The low traffic mode signals, particularly the “idle” condition, are of particular concern. The measured protection ratios are significantly degraded when compared to the corresponding waveform carrying full traffic. The cause for this deterioration is unclear, although it is suspected that the periodic nature of the interfering signal interacting with the automatic gain control (AGC) of the tuner results in the degraded performance. DTT receiver designs typically deploy a number of AGC loops to manage the level of signals into the demodulator and the degraded performance effects occur over a range of signal levels.

The UE waveforms are particularly bursty in character and interact badly with more tuner designs than the BS signals. The reduced ACLR performance of the UE, compared to the BS, results in a further increase in the required protection ratio and this is likely to cause particular problems if the UE signal is adjacent to the DTT signal. The reverse duplex band plan developed by CEPT SE-42 reduces the impact of the poor protection ratios for UE signals by increasing the frequency separation between the UE device and the DTT signals. A conventional duplex arrangement, with terminals adjacent to the DTT signal, as deployed in the US band plan for 700MHz LTE spectrum is likely to result in a greater degradation in TV reception than reverse duplex. The interference will be sporadic in nature, as terminal devices communicate with the BS, and the cause will be difficult to identify by the DTT viewer. 

It is recommended that the band plan for LTE deployment in the 700MHz spectrum should take account of the potential interference problems associated with conventional duplex and should consider the benefits of frequency separation between the LTE UE devices and the DTT broadcasts.

[bookmark: _Toc397347513]5	References
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Figure A.1

LTE Basestation Waveform 100% Traffic
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Figure A.2

LTE Basestation Waveform 50% Traffic



		[image: e44002232]

Figure A.3

LTE Basestation Waveform Idle
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Figure A.4

LTE UE Waveform 100% Traffic
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Figure A.5

LTE UE Waveform 50% Traffic
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Figure A.6

LTE UE Waveform Idle








[bookmark: _Toc397347515]Appendix B – Protection Ratio Data

Table B.1

Co-channel Protection Ratios (dB) for LTE interference

		Receiver

		LTE BS 100%

		LTE BS 50%

		LTE BS Idle

		LTE UE 100%

		LTE UE 50%

		LTE UE Idle



		D1

		16

		17.0

		17.5

		19

		19

		18



		D2

		17

		17.5

		17.5

		18

		17.5

		17



		D3

		17

		17.5

		18

		19

		20

		18



		D7

		15.5

		17

		17.5

		17.5

		17

		16.5



		D11

		15.5

		16.5

		17.5

		16.5

		16.5

		17.0










[bookmark: _Toc397347516]Appendix C – Adjacent Channel Protection Ratio Data

Table C.1

Adjacent channel Protection Ratios (dB)
 for LTE BS interferer Idle load into DVB-T

		BS Idle PR

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-34

		-39

		-42

		-51



		D2(Can)

		-37

		-46

		-34

		-36



		D3(Si)

		-35

		-47

		-47

		-51



		D4(Si)

		-6

		-9

		-31

		-41



		D5(Can)

		-45

		-50

		-52

		-48



		D6(Si)

		-25

		-27

		-40

		-41



		D7(Si)

		-29

		-30

		-29

		-37



		D8(Can)

		-37

		-42

		-43

		-50



		D9(Can)

		-36

		-42

		-42

		-48



		D10(Si)

		-38

		-46

		-47

		-52



		D11(Can)

		-36

		-46

		-34

		-36



		D12(Si)

		-38

		-46

		-49

		-52



		D13(Can)

		-37

		-49

		-51

		-46



		D14(Can)

		-37

		-47

		-49

		-44







Table C.2

Adjacent channel Protection Ratios (dB)
 for LTE BS interferer 50% load into DVB-T

		BS50PC PR

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-35

		-42

		-44

		-48



		D2(Can)

		-40

		-48

		-35

		-37



		D3(Si)

		-44

		-50

		-49

		-54



		D4(Si)

		-40

		-43

		-44

		-49



		D5(Can)

		-48

		-54

		-56

		-45



		D6(Si)

		-38

		-47

		-47

		-48



		D7(Si)

		-39

		-48

		-47

		-53



		D8(Can)

		-41

		-46

		-50

		-52



		D9(Can)

		-39

		-45

		-45

		-50



		D10(Si)

		-43

		-45

		-49

		-55



		D11(Can)

		-42

		-49

		-42

		-37



		D12(Si)

		-44

		-48

		-50

		-55



		D13(Can)

		-43

		-53

		-55

		-48



		D14(Can)

		-42

		-50

		-52

		-45





Table C.3

Adjacent channel Protection Ratios (dB)
 for LTE BS interferer 100% load into DVB-T

		BS100PC PR

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-34

		-43

		-45

		-51



		D2(Can)

		-41

		-49

		-41

		-37



		D3(Si)

		-44

		-52

		-50

		-55



		D4(Si)

		-40

		-44

		-44

		-49



		D5(Can)

		-49

		-54

		-56

		-46



		D6(Si)

		-31

		-47

		-47

		-49



		D7(Si)

		-39

		-47

		-50

		-53



		D8(Can)

		-42

		-46

		-51

		-53



		D9(Can)

		-40

		-45

		-46

		-51



		D10(Si)

		-46

		-49

		-50

		-56



		D11(Can)

		-42

		-49

		-44

		-37



		D12(Si)

		-44

		-48

		-50

		-56



		D13(Can)

		-42

		-53

		-55

		-49



		D14(Can)

		-42

		-51

		-53

		-46





Table C.4

Adjacent channel Protection Ratios (dB)
 for LTE UE interferer 1 Mbps load into DVB-T

		UE 1MB PR

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-40

		-47

		-48

		-56



		D2(Can)

		-37

		-46

		-34

		-36



		D3(Si)

		-31

		-35

		-35

		-41



		D4(Si)

		-7

		-8

		-8

		-15



		D5(Can)

		-52

		-55

		-55

		-46



		D6(Si)

		-37

		-45

		-45

		-45



		D7(Si)

		-12

		-14

		-14

		-53



		D8(Can)

		-41

		-43

		-51

		-53



		D9(Can)

		-42

		-45

		-48

		-51



		D10(Si)

		-43

		-49

		-52

		-57



		D11(Can)

		-42

		-48

		-50

		-37



		D12(Si)

		-33

		-48

		-56

		-58



		D13(Can)

		-49

		-53

		-56

		-48



		D14(Can)

		-45

		-54

		-54

		-46





Table C.5

Adjacent channel Protection Ratios (dB)
 for LTE UE interferer 10 Mbps load into DVB-T

		UE 10MB PR

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-38

		-45

		-47

		-49



		D2(Can)

		-40

		-48

		-35

		-37



		D3(Si)

		-30

		-47

		-43

		-43



		D4(Si)

		-39

		-42

		-44

		-50



		D5(Can)

		-50

		-55

		-56

		-44



		D6(Si)

		-35

		-35

		-36

		-36



		D7(Si)

		-42

		-48

		-51

		-54



		D8(Can)

		-43

		-46

		-50

		-52



		D9(Can)

		-40

		-45

		-44

		-51



		D10(Si)

		-48

		-50

		-51

		-56



		D11(Can)

		-45

		-49

		-38

		-37



		D12(Si)

		-46

		-49

		-51

		-55



		D13(Can)

		-46

		-53

		-56

		-48



		D14(Can)

		-43

		-53

		-53

		-46





Table C.6

Adjacent channel Protection Ratios (dB)
 for LTE UE interferer 20 Mbps load into DVB-T

		UE 20MB PR

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-38

		-45

		-47

		-49



		D2(Can)

		-41

		-49

		-41

		-37



		D3(Si)

		-47

		-52

		-50

		-55



		D4(Si)

		-40

		-43

		-44

		-50



		D5(Can)

		-50

		-54

		-56

		-45



		D6(Si)

		-39

		-47

		-47

		-48



		D7(Si)

		-43

		-48

		-50

		-53



		D8(Can)

		-43

		-46

		-50

		-52



		D9(Can)

		-40

		-45

		-45

		-50



		D10(Si)

		-47

		-50

		-51

		-56



		D11(Can)

		-43

		-49

		-43

		-37



		D12(Si)

		-46

		-49

		-51

		-56



		D13(Can)

		-45

		-54

		-56

		-48



		D14(Can)

		-44

		-53

		-53

		-46










[bookmark: _Toc397347517]Appendix D – Calculated Overload Threshold

Table D.1

Adjacent channel Overload Threshold (dBm)
 for LTE BS interferer Idle load into DVB-T

		BS Idle Oth

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-25

		-10

		-10

		-10



		D2(Can)

		-20

		-10

		-5

		NR



		D3(Si)

		-15

		-10

		-5

		-5



		D4(Si)

		-30

		-30

		-45

		-35



		D5(Can)

		-5

		0

		-10

		NR



		D6(Si)

		-45

		-25

		-25

		-25



		D7(Si)

		-45

		-45

		-40

		NR



		D8(Can)

		-20

		-10

		-5

		NR



		D9(Can)

		-20

		-15

		NR

		NR



		D10(Si)

		-20

		-15

		-10

		NR



		D11(Can)

		-15

		-5

		NR

		0



		D12(Si)

		-20

		-10

		-5

		NR



		D13(Can)

		-15

		-5

		-10

		NR



		D14(Can)

		-20

		-10

		-15

		NR





Table D.2

Adjacent channel Overload Threshold (dBm)
 for LTE BS interferer 50% load into DVB-T

		BS50PC Oth

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-15

		-10

		NR

		NR



		D2(Can)

		-15

		-5

		NR

		NR



		D3(Si)

		-10

		-5

		0

		NR



		D4(Si)

		-10

		NR

		-10

		NR



		D5(Can)

		0

		NR

		-10

		NR



		D6(Si)

		-15

		-15

		-10

		-10



		D7(Si)

		-10

		0

		NR

		NR



		D8(Can)

		-15

		-5

		NR

		NR



		D9(Can)

		-15

		-10

		NR

		NR



		D10(Si)

		-15

		-10

		-10

		NR



		D11(Can)

		-15

		0

		NR

		0



		D12(Si)

		-10

		-5

		NR

		NR



		D13(Can)

		-15

		0

		-5

		NR



		D14(Can)

		-20

		-10

		-10

		NR










Table D.3

Adjacent channel Overload Threshold (dBm)
 for LTE BS interferer 100% load into DVB-T

		BS 100PC Oth

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-15

		-5

		-5

		-5



		D2(Can)

		-15

		-5

		NR

		NR



		D3(Si)

		-10

		-5

		0

		NR



		D4(Si)

		-10

		NR

		NR

		NR



		D5(Can)

		0

		NR

		-10

		NR



		D6(Si)

		-15

		-15

		-10

		-10



		D7(Si)

		0

		0

		NR

		NR



		D8(Can)

		-15

		-5

		0

		NR



		D9(Can)

		-15

		-5

		0

		NR



		D10(Si)

		-15

		-10

		NR

		NR



		D11(Can)

		-15

		0

		NR

		0



		D12(Si)

		-15

		-5

		NR

		NR



		D13(Can)

		-15

		0

		-5

		NR



		D14(Can)

		-15

		-10

		-10

		NR





Table D.4

Adjacent channel Overload Threshold (dBm)
 for LTE UE interferer 1 Mbps load into DVB-T

		UE 1MB Oth

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-10

		-5

		-5

		-15



		D2(Can)

		-20

		-10

		-5

		NR



		D3(Si)

		NR

		NR

		0

		0



		D4(Si)

		NR

		NR

		NR

		-20



		D5(Can)

		NR

		NR

		-5

		NR



		D6(Si)

		-35

		-30

		-30

		-30



		D7(Si)

		NR

		NR

		NR

		0



		D8(Can)

		-35

		-25

		-15

		0



		D9(Can)

		-15

		-5

		-20

		NR



		D10(Si)

		-25

		-15

		NR

		NR



		D11(Can)

		-30

		-25

		-25

		0



		D12(Si)

		NR

		NR

		NR

		NR



		D13(Can)

		-10

		NR

		-5

		NR



		D14(Can)

		-15

		0

		-15

		NR










Table D.5

Adjacent channel Overload Threshold (dBm)
 for LTE UE interferer 10 Mbps load into DVB-T

		UE 10MB Oth

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-10

		-5

		-5

		-5



		D2(Can)

		-15

		-5

		NR

		NR



		D3(Si)

		NR

		-5

		0

		NR



		D4(Si)

		-10

		NR

		NR

		NR



		D5(Can)

		0

		NR

		-10

		NR



		D6(Si)

		-40

		-40

		-40

		-40



		D7(Si)

		-5

		NR

		NR

		NR



		D8(Can)

		-15

		-5

		0

		NR



		D9(Can)

		-15

		-5

		0

		NR



		D10(Si)

		-15

		-10

		NR

		NR



		D11(Can)

		-10

		NR

		NR

		0



		D12(Si)

		-5

		NR

		NR

		NR



		D13(Can)

		-10

		NR

		-5

		NR



		D14(Can)

		-15

		-5

		-10

		0





Table D.6

Adjacent channel Overload Threshold (dBm)
 for LTE UE interferer 20 Mbps load into DVB-T

		UE 20MB Oth

		10MHz

		16 MHz

		24 MHz

		72 MHz



		D1(Si)

		-10

		-5

		-5

		-5



		D2(Can)

		-15

		-5

		NR

		NR



		D3(Si)

		-10

		-5

		NR

		NR



		D4(Si)

		-10

		NR

		NR

		NR



		D5(Can)

		0

		NR

		-10

		NR



		D6(Si)

		-15

		-10

		-10

		NR



		D7(Si)

		-5

		NR

		NR

		NR



		D8(Can)

		-15

		-5

		0

		NR



		D9(Can)

		-15

		-5

		0

		NR



		D10(Si)

		-10

		-10

		NR

		NR



		D11(Can)

		-10

		NR

		NR

		-5



		D12(Si)

		-5

		NR

		NR

		NR



		D13(Can)

		-10

		NR

		-5

		NR



		D14(Can)

		-15

		-5

		-10

		NR
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Measurements of DVB-T receiver protection ratio and overload threshold
 under LTE UE interference with different LTE traffic loadings
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[bookmark: _Toc397440290]1	Introduction

The current Recommendation ITU-R BT.1368-9 table 38A is based upon measurements for four tuners at certain interference frequency offsets.  This Annex provides results of five silicon tuners for three UE traffic loadings of 1Mbit/s, 10Mbit/s and 20Mbit/s.

Note that the interference waveforms in these tests are different to those used for ITU-R BT.1368-9 table 38A which is based on values in Tables 7a and 7b of ECC report 148 (see Reference 1). However these tables in ECC report 148 are also based on a combination of different UE signal configurations.

The measurement methodology, recorded LTE interference signals, test equipment and data analysis methods are exactly the same as used in Annex 1F.

The tests were made with different wanted signal levels and a range of interference frequency offsets corresponding to the interferer being at multiples of 8 MHz TV channel spacings of  N+1 up to N+9 (image channel for can tuners), starting with a 1MHz guard band between the DVB-T and LTE signals.  

All the raw measurement data is tabulated in Appendix A for further analysis.

[bookmark: _Toc397440291]2	Receiver performance tests

[bookmark: _Toc397440292]2.1	Receivers tested

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The receivers tested are recent mass production models from different manufacturers containing silicon tuners shown in Table 1.

In order to increase test coverage four new silicon tuner ICs were from two different silicon manufacturers were used – RX10 & RX11 used the same IC and RX12 & RX13 used a different IC, but each receiver had different circuit board design and layout.  These same receivers were also tested for LTE-BS interference in Annex 1F.

[bookmark: _Ref273945818]Table 1

Receivers tested in this contribution

		Rx name

		Rx1 

		Rx10 

		Rx11 

		Rx12 

		Rx13 



		Tuner Type

		Silicon

		Silicon

(same tuner IC)

		Silicon

(same tuner IC)





[bookmark: _Toc397440293]2.2	Receiver test setup

The test setup and DVB-T signal parameters were identical to those described in Annex 1F.  The LTE UE signal was 10 MHz wide (9 MHz occupied bandwidth when fully loaded).

[bookmark: _Toc397440294]2.3	Test signals

The spectrums of the LTE UE test signals used are shown below in Figures 1, 2, and 3 for traffic loadings of 1 Mbps, 10 Mbps, and 20 Mbps, respectively.  The measured ACLRs of the test signals are shown in Table 2.  Note that although the test signals are recordings of a real LTE-UE device, they have been filtered to remove recording artifacts so the ACLR does not necessarily represent that of an LTE-UE device.  No additional noise was added to bring the N-1 out of band levels up to the 3GPP mask limit.  This is slightly different to the method used in Annex 1E (and ECC report 148) where coloured noise was added.  However in those tests the bandwidth of the added noise only affected the adjacent channel, so the PR results in this Annex are expected to be much better for the adjacent channel case than in Annex 1E (or ECC report 148).  The differences are summarised in Table 3.

Figure 1

Spectrum of LTE UE 1Mbit/s test signal 

[image: ]

Figure 2

Spectrum of LTE UE 10Mbit/s test signal 

[image: ]

Figure 3	

Spectrum of LTE UE 20Mbit/s test signal 

[image: ]

Table 2

LTE interferer ACLR

		Centre Frequency 
Spacing MHz

		1Mbit/s traffic loading
ACLR - dB

		10Mbit/s traffic loading
ACLR - dB

		20Mbit/s traffic loading
ACLR - dB



		10

		64.19

		64.65

		64.24



		18

		67.53

		75.14

		77.03





Table 3

LTE interferer differences between this Annex compared with Annex 1E or ECC Report 148



		This Annex

		Annex 1E or Tables 7a/7b of ECC report 148



		No coloured noise added 

		Coloured noise added to simulate UE out of band noise at 3GPP limit



		Real UE recordings at different data rates, using a varying number of RBs per symbol.

		Used two different generated LTE waveforms

1. Uses all RBs but only for 1 sub frame in every 10 sub frames (10% load)

2. Uses all RBs across symbol for every symbol (100% load)



		10 MHz bandwidth LTE

		5 MHz bandwidth LTE







[bookmark: _Toc397440295]2.4	Reference power level

The reference power level, with 0 dB setting on the attenuator, was measured at maximum UE traffic (i.e. 20Mbit/s load) using the thermal power sensor to give a true rms measurement. All protection ratios were referenced to this level. It was confirmed that the average power of the LTE signal reduces with traffic by approximately 9.7dB for the 1Mbit/s load, but the peak power during the active portion of the signal remains the same as for the 20Mbit/s loaded signal.

[bookmark: _Toc397440296]2.5	Picture failure criterion

For all tests, the picture failure (PF) threshold was used as the QEF point. Picture failure was determined by examining the moving picture for approximately 20 seconds and checking for MPEG2 macro block artifacts. The recorded point was made at the limit where there was an error free picture for 20 seconds.

[bookmark: _Toc397440297]2.6	Description of tests

For each of the LTE UE traffic loadings of 1Mbit/s, 10Mbit/s and 20Mbit/s, the protection ratio was measured for wanted signal levels fixed at -70, -60, -50, -40,  -35 and -30dBm. The interferer was shifted in 1dB increments until the picture failure criterion was reached.  The overload threshold was then calculated visually using the recommended method described in Section 5 of Report ITU‑R BT.2215.  The test definitions and test frequency arrangement are identical to those in Annex 1F.

[bookmark: _Toc397440298]2.7	Protection ratio test results

[bookmark: OLE_LINK7]The protection ratio for each receiver is plotted in Figures 4, 5, and 6 for an LTE UE interferer with traffic loadings of 1 Mbit/s, 10 Mbit/s, and 20 Mbit/s, respectively, along with the percentiles taken from the ECC report 148. 




In Figure 4, four out of the five tuners measured very close to the 90th percentile values in ECC Report 148.  The fifth tuner, Rx1, exceeded the 10th percentile of ECC report 148.

[bookmark: _Ref303689169]Figure 4

Protection ratios for 1Mbit/s UE traffic loading

[image: ]






In Figure 5, for medium traffic loading (10 Mbit/s), receivers Rx12 and Rx13 have a worse PR than with the lighter traffic loading in Figure 4.  Both these receivers have the same silicon tuner IC.  Receivers Rx10 and Rx11 perform slightly better than the 1 Mbit/s traffic loading.  Receiver Rx1 is virtually unchanged.

[bookmark: _Ref303689171]Figure 5

Protection ratios for 10Mbit/s UE traffic loading

[image: ]






In Figure 6, the protection ratios for Receivers Rx12 and Rx13 begin to improve with a better PR than the 10Mbit/s and 1Mbit/s loading cases.  Receivers Rx10 and Rx11 perform significantly better than with the 10Mbit/s loading and Rx1 is virtually unchanged.

[bookmark: _Ref303689192]Figure 6

Protection ratios for 20Mbit/s UE traffic loading

[image: ]






[bookmark: _Toc397440299]2.8	Overload threshold calculation 

The overload threshold for each receiver is plotted in Figures 7, 8, and 9 for an LTE UE interferer with traffic loadings of 1 Mbit/s, 10 Mbit/s, and 20 Mbit/s, respectively, along with the percentiles taken from the ECC report 148.  Note that receivers Rx10 and RX11 are not plotted for the 1Mbit/s case because the overload threshold was not reached (however the protection ratio was very poor at between -30dB to -40dB across the whole frequency range – see Figure 4.

Figure 7

Overload threshold for 1Mbit/s UE traffic loading

[image: ]





Figure 8

Overload threshold for 10Mbit/s UE traffic loading

[image: ]

Figure 9

Overload threshold for 20Mbit/s UE traffic loading

[image: ]



[bookmark: _Toc397440300]2.9	Behaviour of Receivers Rx12 and Rx13

The unusual behaviour of Receiver Rx13 is plotted in C/I form in Figure 10 below for the different traffic loadings of 1 Mbit/s, 10 Mbit/s, and 20 Mbit/s. Receiver Rx12 has very similar behaviour.

These receivers are of interest because they show worst performance of PR and Oth at the medium UE traffic loading of 10Mbit/s, yet work well at 20Mbit/s. This might imply an unusual sensitivity to the characteristics of the LTE signal time or frequency variation at this specific traffic loading.  Normally receivers are either most sensitive to the lowest traffic loading (Rx10, Rx11) or else relatively in-sensitive to traffic loading (Rx1). 



[bookmark: _Ref320541873]Figure 10

Protection ratios for Rx13 with (a) 1Mbit/s, (b) 10Mbit/s and (c) 20Mbit/s UE traffic loading

[image: ]




[bookmark: _Toc397440301]3	Summary and Conclusions

Table 38A of Recommendation ITU-R BT.1368-9 is based upon the measurement for four silicon tuners at certain interference frequency offsets.  This Annex provides measurements of five silicon tuners at three UE traffic loadings of 1 Mbit/s, 10 Mbit/s and 20 Mbit/s.  The UE interference waveforms are slightly different to those used for Table 38A which is based on values from Tables 7a and 7b of ECC Report 148.  These tables are already a statistical mix of different time varying UE waveforms.  As a result of the measurements in this Annex, the following conclusions are reached:

1. One receiver (Rx1) was relatively insensitive to UE traffic loading levels.

2. Two receivers (Rx10 & Rx11) showed an improvement in PR & Oth as the UE traffic load increased to a maximum.

3. Two receivers (Rx12 & Rx13) showed unusual PR and Oth with much worse performance for the medium UE traffic load of 10 Mbit/s.  The reason for this behaviour is unknown.

[bookmark: _Toc397440302]4	References
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[bookmark: _Toc397440303]Appendix A – Raw test data

[bookmark: _Toc397440304]A.1	Protection ratio summary

Please note these protection ratios were measured with a 1dB step size.

Table A.1

Co-channel protection ratios for LTE UE interferer
 1Mbit/s traffic load into DVB-T

		Co-channel PR - dB

		1Mbit/s LTE traffic loading

		10Mbit/s LTE traffic loading

		20Mbit/s LTE traffic loading



		Rx1(Si)

		15

		15

		15



		Rx10(Si)

		15

		16

		16



		Rx11(Si)

		16

		16

		17



		Rx12(Si)

		18

		17

		17



		Rx13(Si)

		18

		16

		17










Table A.2

Protection ratios for LTE UE interferer
 1Mbit/s traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-52

		-55

		-56

		-58

		-59

		-60

		-62

		-63

		-64



		Rx10(Si)

		-31

		-35

		-35

		-36

		-37

		-37

		-37

		-39

		-39



		Rx11(Si)

		-32

		-34

		-34

		-34

		-36

		-36

		-36

		-36

		-36



		Rx12(Si)

		-33

		-38

		-39

		-39

		-39

		-39

		-39

		-39

		-39



		Rx13(Si)

		-34

		-39

		-39

		-39

		-40

		-40

		-40

		-40

		-40





Table A.3

Protection ratios for LTE UE interferer
 10Mbit/s traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-50

		-54

		-55

		-56

		-58

		-59

		-60

		-62

		-64



		Rx10(Si)

		-40

		-49

		-47

		-47

		-52

		-41

		-40

		-41

		-41



		Rx11(Si)

		-40

		-46

		-46

		-47

		-46

		-41

		-40

		-40

		-40



		Rx12(Si)

		-28

		-29

		-29

		-28

		-29

		-29

		-30

		-29

		-29



		Rx13(Si)

		-30

		-30

		-30

		-30

		-31

		-31

		-31

		-31

		-31





[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Table A.4

Protection ratios for LTE UE interferer
 20Mbit/s traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-50

		-54

		-55

		-56

		-58

		-59

		-60

		-62

		-63



		Rx10(Si)

		-49

		-53

		-55

		-55

		-56

		-58

		-60

		-60

		-59



		Rx11(Si)

		-49

		-54

		-54

		-52

		-56

		-56

		-58

		-58

		-57



		Rx12(Si)

		-44

		-48

		-47

		-50

		-50

		-50

		-50

		-50

		-50



		Rx13(Si)

		-46

		-51

		-51

		-51

		-51

		-51

		-51

		-51

		-51












[bookmark: _Toc397440305]A.2	Overload threshold summary

Table A.5

Oth dBm for LTE UE interferer
 1Mbit/s traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-2

		2

		5

		6

		6

		8

		8

		9

		9



		Rx10(Si)

		-4

		NR

		NR

		NR

		NR

		NR

		NR

		NR

		NR



		Rx11(Si)

		NR

		NR

		NR

		NR

		NR

		NR

		NR

		NR

		NR



		Rx12(Si)

		-34

		-32

		-31

		-31

		-31

		-31

		-31

		-31

		-31



		Rx13(Si)

		-32

		-31

		-31

		-31

		-30

		-30

		-30

		-30

		-30





Table A.6

Oth dBm for LTE UE interferer
 10Mbit/s traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-2

		3

		5

		6

		6

		7

		8

		9

		9



		Rx10(Si)

		2

		3

		5

		5

		5

		6

		3

		4

		4



		Rx11(Si)

		1

		3

		5

		5

		5

		5

		5

		5

		5



		Rx12(Si)

		-42

		-41

		-41

		-40

		-40

		-40

		-40

		-40

		-40



		Rx13(Si)

		-40

		-40

		-40

		-40

		-39

		-39

		-39

		-39

		-39





Table A.7

Oth dBm for LTE UE interferer
 20Mbit/s traffic load into DVB-T

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-3

		4

		5

		6

		7

		8

		9

		9

		9



		Rx10(Si)

		1

		3

		5

		5

		5

		5

		6

		6

		8



		Rx11(Si)

		1

		2

		5

		5

		5

		5

		5

		5

		5



		Rx12(Si)

		-12

		-10

		-7

		-7

		-7

		-7

		-7

		-7

		-7



		Rx13(Si)

		-12

		-8

		-7

		-6

		-6

		-7

		-6

		-6

		-6










[bookmark: _Toc397440306]A.3	C/I data for Rx1(Si)

Table A.8

C vs. I for LTE UE interferer
 1Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-18

		-15

		-14

		-12

		-11

		-10

		-8

		-7

		-6



		-60

		-7

		-3

		-2

		0

		1

		2

		4

		6

		7



		-50

		-2

		2

		5

		5

		6

		7

		8

		9

		9



		-40

		0

		4

		5

		6

		6

		8

		8

		9

		9



		-35

		1

		5

		5

		6

		7

		8

		9

		9

		9



		-30

		2

		5

		5

		6

		7

		8

		9

		9

		9





Table A.9

C vs. I for LTE UE interferer
 10Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-20

		-16

		-15

		-14

		-12

		-11

		-10

		-8

		-6



		-60

		-9

		-5

		-3

		-2

		-1

		1

		2

		4

		6



		-50

		-3

		2

		4

		5

		6

		7

		8

		9

		9



		-40

		-2

		3

		5

		6

		6

		8

		8

		9

		9



		-35

		0

		4

		5

		6

		6

		7

		8

		9

		9



		-30

		1

		4

		5

		6

		6

		8

		8

		9

		9





Table A.10

C vs. I for LTE UE interferer
 20Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-20

		-16

		-15

		-14

		-12

		-11

		-10

		-8

		-7



		-60

		-9

		-5

		-4

		-3

		-2

		1

		2

		4

		6



		-50

		-3

		2

		4

		5

		6

		8

		8

		9

		9



		-40

		-1

		4

		5

		6

		7

		8

		9

		9

		9



		-35

		0

		5

		5

		6

		7

		8

		9

		9

		9



		-30

		1

		5

		6

		6

		8

		8

		9

		9

		9








[bookmark: _Toc397440307]A.4	C/I data for Rx10(Si)

Table A.11

C vs. I for LTE UE interferer
 1Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-23

		-23

		-23

		-19

		-19

		-18

		-18

		-16



		-60

		-28

		-22

		-21

		-19

		-18

		-16

		-16

		-15

		-15



		-50

		-20

		-15

		-15

		-14

		-12

		-12

		-12

		-11

		-11



		-40

		-11

		-6

		-6

		-4

		-3

		-4

		-3

		-3

		-2



		-35

		-6

		0

		-2

		2

		-1

		1

		1

		4

		1



		-30

		-4

		5

		5

		5

		7

		7

		6

		7

		7







Table A.12

C vs. I for LTE UE interferer
 10Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-21

		-23

		-23

		-18

		-19

		-19

		-18

		-17



		-60

		-21

		-11

		-13

		-14

		-12

		-18

		-16

		-15

		-15



		-50

		-15

		0

		-6

		-6

		3

		-11

		-10

		-9

		-9



		-40

		0

		3

		5

		5

		5

		1

		0

		-1

		0



		-35

		1

		4

		5

		5

		5

		5

		5

		5

		6



		-30

		2

		5

		5

		5

		5

		6

		6

		6

		6





Table A.13

C vs. I for LTE UE interferer
 20Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-21

		-17

		-15

		-14

		-14

		-12

		-10

		-10

		-11



		-60

		-11

		-7

		-6

		-5

		-3

		-2

		0

		0

		0



		-50

		-3

		2

		4

		5

		5

		6

		8

		8

		7



		-40

		1

		3

		5

		5

		5

		5

		6

		6

		6



		-35

		1

		4

		5

		5

		6

		6

		6

		6

		6



		-30

		2

		5

		5

		5

		6

		6

		6

		6

		6





[bookmark: _Toc397440308]
A.5	C/I data for Rx11(Si)

Table A.14

C vs. I for LTE UE interferer
 1Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-24

		-23

		-23

		-20

		-19

		-19

		-18

		-18



		-60

		-28

		-22

		-22

		-20

		-18

		-18

		-16

		-15

		-15



		-50

		-20

		-16

		-16

		-14

		-14

		-12

		-12

		-12

		-12



		-40

		-10

		-7

		-7

		-6

		-4

		-3

		-4

		-4

		-4



		-35

		-6

		-4

		-2

		0

		1

		0

		1

		1

		0



		-30

		-1

		1

		3

		4

		5

		6

		6

		6

		4





Table A.15

C vs. I for LTE UE interferer
 10Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-24

		-24

		-23

		-20

		-19

		-19

		-19

		-18



		-60

		-23

		-13

		-19

		-16

		-19

		-18

		-16

		-16

		-15



		-50

		-7

		-3

		-8

		-7

		-4

		-11

		-11

		-10

		-10



		-40

		1

		3

		5

		5

		0

		-1

		-1

		0

		0



		-35

		1

		3

		5

		5

		5

		5

		5

		5

		5



		-30

		2

		4

		5

		5

		5

		5

		5

		5

		5





Table A.16

C vs. I for LTE UE interferer
 20Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-21

		-16

		-16

		-15

		-14

		-14

		-12

		-12

		-13



		-60

		-11

		-7

		-6

		-4

		-4

		-3

		-2

		-3

		-3



		-50

		-3

		2

		4

		5

		5

		5

		6

		6

		5



		-40

		1

		2

		5

		5

		5

		5

		4

		5

		5



		-35

		1

		4

		5

		5

		5

		5

		5

		5

		5



		-30

		2

		4

		5

		5

		5

		5

		5

		5

		5










[bookmark: _Toc397440309]A.6	C/I data for Rx12(Si)

Table A.17

C vs. I for LTE UE interferer
 1Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-37

		-32

		-31

		-31

		-31

		-31

		-31

		-31

		-31



		-60

		-34

		-31

		-32

		-31

		-32

		-31

		-31

		-31

		-32



		-50

		-32

		-32

		-32

		-33

		-32

		-34

		-31

		-32

		-32



		-40

		-32

		-31

		-31

		-32

		-31

		-31

		-30

		-31

		-31



		-35

		-24

		-26

		-27

		-26

		-25

		-25

		-24

		-26

		-25



		-30

		-22

		-19

		-24

		-18

		-22

		-22

		-22

		-22

		-22





Table A.18

C vs. I for LTE UE interferer
 10Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-42

		-41

		-41

		-42

		-41

		-41

		-40

		-41

		-41



		-60

		-40

		-40

		-40

		-40

		-40

		-40

		-40

		-40

		-40



		-50

		-42

		-42

		-42

		-42

		-42

		-42

		-41

		-42

		-42



		-40

		-38

		-38

		-38

		-39

		-39

		-38

		-40

		-40

		-40



		-35

		-32

		-32

		-33

		-33

		-32

		-32

		-32

		-32

		-32



		-30

		-28

		-28

		-26

		-26

		-28

		-29

		-28

		-28

		-28





Table A.19

C vs. I for LTE UE interferer
 20Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-22

		-23

		-20

		-20

		-20

		-20

		-20

		-20



		-60

		-17

		-11

		-11

		-11

		-10

		-10

		-10

		-10

		-10



		-50

		-12

		-10

		-7

		-7

		-7

		-7

		-7

		-7

		-7



		-40

		-11

		-7

		-7

		-7

		-7

		-7

		-6

		-7

		-7



		-35

		-10

		-7

		-7

		-7

		-7

		-6

		-6

		-6

		-6



		-30

		-9

		-7

		-7

		-7

		-7

		-7

		-6

		-6

		-7










[bookmark: _Toc397440310]A.7	C/I data for Rx13(Si)

Table A.20

C vs. I for LTE UE interferer
 1Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-36

		-31

		-31

		-31

		-30

		-30

		-30

		-30

		-30



		-60

		-32

		-31

		-31

		-31

		-31

		-30

		-30

		-30

		-31



		-50

		-32

		-31

		-31

		-31

		-31

		-31

		-31

		-31

		-32



		-40

		-31

		-34

		-33

		-32

		-30

		-32

		-33

		-31

		-32



		-35

		-26

		-24

		-26

		-26

		-26

		-25

		-24

		-26

		-26



		-30

		-22

		-22

		-22

		-24

		-18

		-24

		-21

		-21

		-23





Table A.21

C vs. I for LTE UE interferer
 10Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-40

		-40

		-40

		-40

		-39

		-39

		-39

		-39

		-39



		-60

		-40

		-40

		-40

		-40

		-39

		-39

		-39

		-39

		-39



		-50

		-40

		-42

		-40

		-41

		-41

		-41

		-39

		-40

		-40



		-40

		-38

		-38

		-38

		-39

		-38

		-38

		-38

		-38

		-38



		-35

		-33

		-33

		-33

		-33

		-32

		-32

		-32

		-32

		-32



		-30

		-28

		-29

		-29

		-29

		-28

		-28

		-28

		-26

		-28





Table A.22

C vs. I for LTE UE interferer
 20Mbit/s traffic load into DVB-T

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-19

		-19

		-19

		-19

		-19

		-19

		-19

		-19



		-60

		-15

		-11

		-10

		-10

		-10

		-9

		-9

		-9

		-9



		-50

		-12

		-8

		-7

		-6

		-6

		-7

		-6

		-6

		-6



		-40

		-10

		-7

		-6

		-6

		-6

		-6

		-5

		-5

		-5



		-35

		-9

		-6

		-6

		-6

		-6

		-5

		-5

		-5

		-5



		-30

		-8

		-6

		-6

		-6

		-6

		-5

		-5

		-5

		-5
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Updated Analysis of LTE-UE Interference into DVB-T
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[bookmark: _Toc397628170][bookmark: _Toc519676834][bookmark: _Toc519920903][bookmark: _Toc519933462][bookmark: _Toc519938458][bookmark: _Toc521919389]1	Introduction

Recommendation ITU-R BT.1368-9 in Tables 38 and 38A (for “can” and silicon tuners, respectively) contains the same protection ratio (PR) and Overload Threshold, Oth, figures for LTE UE interference as in ECC Report 148 (see Reference 1).  The PR and Oth figures are based on measurements of four different types of LTE UE waveform, all generated from signal generators, in some cases with some additional out of band noise added to simulate the 3GPP mask.  Table 1 summarises the different waveforms.

Table 1

LTE UE Waveforms used in initial interference measurements

		Wave Type

		Description



		1

		Fully loaded all RB active in every subframe – 100% loading



		2

		One fully loaded subframe frame active per 10 subframes – 10% loading



		3

		One RB active in every subframe but shifts in frequency on each subframe – ~4% loading



		4

		As in 3 but with empty subframes in between where there is no activity - << 4% loading





Each of the above waveforms was used in PR and Oth measurements with different subsets of the receivers from different organisations both with silicon and can tuners which are treated separately as shown in Figure 1.

Figure 1

Separate PR and Oth Analysis Methodology

[image: ]

[bookmark: _Toc397628171]2	Updated Analysis

[bookmark: _Toc519676835][bookmark: _Toc519933463][bookmark: _Toc519938461][bookmark: _Toc521919392]Additional LTE UE PR and Oth measurements on more receivers have been made using 10MHz BW LTE interference waveforms recorded from a real LTE UE (with OOB emissions filtered), for LTE UE data rates of 1Mbits/s, 10 Mbits/s and 20 Mbits/s (approx 80% loading) as shown in Table 2.  These measurements are described in:

Annex 1I for seven silicon tuners and seven can tuners contains only PR measurements (no overload threshold was reached for most receivers)

Annex 1J for five silicon tuners contains both PR and Oth measurements

Table 2

LTE UE Waveforms used in updated interference measurements 

		Wave Type

		Description



		5

		1 Mbits/sec traffic load – approx 4% loading



		6

		10 Mbits/sec – approx 40% loading – these results not used due to insufficient receivers



		7

		20 Mbits/sec – approx 80% traffic load





[bookmark: _Toc397628172]2.1	Investigation of new method

The following steps were used to analyse the LTE UE PR and Oth measurement results:

1. The results are categorised into low data rate and high data rate groups:

2. The percentile calculation is performed on each group:

3. The maximum and minimum of each percentile is selected as before.

The percentiles are likely to be more accurate given the larger sample set which also includes a wider variety of LTE UE waveforms - typical of a real LTE UE transmission.  Figure 2 illustrates the methodology.

Figure 2

Updated analysis methodology based upon low and high data rate LTE UE waveforms

[image: ]

[bookmark: _Toc397628173]2.2	Comparison of Protection Ratio Test Results

[bookmark: _Toc397628174]2.2.1	Protection ratio results -- silicon tuners

Figure 3 shows the adjacent channel protection ratio performance for individual receivers using silicon tuners under the influence of LTE UE interference (low data loading).  Figure 4 compares the results of the calculated percentiles with the percentile ranges in ECC Report 148.  It is noted that the addition measurements have raised the PR.  The peak at the channel offset of N+7 may be due to fewer receiver results as compared with N+6 and N+8, N+9.

Figure 5 shows the adjacent channel protection ratio performance for individual receivers using silicon tuners under the influence of LTE UE interference (high data loading).  Figure 6 compares the results of the calculated percentiles with the percentile ranges in ECC Report 148.  The performance, in particular N+1, is equal to or slightly better than ECC Report 148 for most of the 50th and 90th percentile points.  This may be due to the latest measurements not adding OOB noise.



Figure 3

Adjacent channel protection ratio for LTE UE interference (low traffic loading) into DVB-T receivers with silicon tuners

[image: ]

Figure 4

Percentile comparison with ECC Report 148 -- Adjacent channel protection ratio for LTE UE interference
 (low traffic loading) into DVB-T receivers with silicon tuners

[image: ]

Figure 5

Adjacent channel protection ratio for LTE UE interference (high traffic loading) into DVB-T receivers with silicon tuners

[image: ]

Figure 6

Percentile comparison with ECC Report 148 -- Adjacent channel protection ratio for LTE UE interference
 (high traffic loading) into DVB-T receivers with silicon tuners

[image: ]






[bookmark: _Toc397628175]2.2.2	Protection ratio results – can tuners

Figure 7 shows the adjacent channel protection ratio performance for individual receivers using “can” tuners under the influence of LTE UE interference (low data loading).  Figure 8 compares the results of the calculated percentiles with the percentile ranges in ECC Report 148.  The analysis, including the latest measurements, shows performance equal or better than the ECC Report 148 maximum values for both the 50th and 90th percentiles.  Note there is no added OOB noise for the latest measurement contributions. The peak at N+7 is possibly due to fewer receiver results than compared with N+6, N+8, and N+9.

Figure 9 shows the adjacent channel protection ratio performance for individual receivers using “can” tuners under the influence of LTE UE interference (high data loading).  Figure 10 compares the results of the calculated percentiles with the percentile ranges in ECC Report 148.  The performance is slightly worse than expected.

Figure 7

Adjacent channel protection ratio for LTE UE interference (low traffic loading) into DVB-T receivers with can tuners

[image: ]

Figure 8

Percentile comparison with ECC Report 148 -- Adjacent channel protection ratio for LTE UE interference
 (low traffic loading) into DVB-T receivers with can tuners

[image: ]

Figure 9

Adjacent channel protection ratio for LTE UE interference (high traffic loading) into DVB-T receivers with can tuners

[image: ]

figure 10

Percentile comparison with ECC Report 148 -- Adjacent channel protection ratio for LTE UE interference
 (high traffic loading) into DVB-T receivers with can tuners

[image: ]



[bookmark: _Toc397628176]2.3	Comparison of Overload Threshold Calculations

[bookmark: _Toc397628177]2.3.1	Overload threshold calculation – silicon tuner

Figures 11 and 12 illustrate the calculated overload threshold for all receivers using silicon tuners under the influence of LTE UE interference with low and high data loading, respectively.  The results are compared to the maximum and minimum percentiles from ECC Report 148.  The results in Figure 11 for the low data loading case are slightly worse than those in ECC Report 148 while the results in Figure 12 for the high data loading case are slightly better for most channel offsets.

Figure 11

Percentile comparison with ECC Report 148 -- Adjacent channel overload thresholds for LTE UE interference
 (low data traffic loading) into DVB-T receivers with silicon tuners

[image: ]

Figure 12

Percentile comparison with ECC Report 148 -- Adjacent channel overload thresholds for LTE UE interference
 (high data traffic loading) into DVB-T receivers with silicon tuners

[image: ]

[bookmark: _Toc397628178]2.3.2	Overload threshold calculation – can tuner

Figures 13 and 14 illustrate the calculated overload threshold for all receivers using “can” tuners under the influence of LTE UE interference with low and high data loading, respectively.  The results are compared to the maximum and minimum percentiles from ECC Report 148.  The results for both the low and the high data loading cases are nearly identical than those in ECC Report 148.

Figure 13

Percentile comparison with ECC Report 148 -- Adjacent channel overload thresholds for LTE UE interference
 (low data traffic loading) into DVB-T receivers with “can” tuners

[image: ]

Figure 14

Percentile comparison with ECC Report 148 -- Adjacent channel overload thresholds for LTE UE interference
 (high data traffic loading) into DVB-T receivers with “can” tuners

[image: ]




[bookmark: _Toc397628179]3	Conclusion

The analysis in this Annex has resulted in a modification of Recommendation ITU-R BT.1368.  For the case of receivers with silicon tuners, Table 38A in BT.1368-9 (shown in Table 3 below) has been modified in BT.1368-10 as shown in Table 4.  The modifications for N greater than two are highlighted in yellow in Table 4.

Table 3

[bookmark: _Toc309290521][bookmark: _Toc309719048]Table 38A and Notes 1 to 4 from Recommendation ITU-R BT.1368-9
PR values at the 50th and 90th percentile and Oth values at the 10th and 50th percentile for a
8 MHz DVB-T 64‑QAM with code rate 2/3 signal interfered with by a 10 MHz LTE
UE signal in a Gaussian channel environment for silicon tuners

		Interferer
offset 
N/(MHz)

		No. Rx

		PR, dB 
50th percentile

		PR, dB 
90th percentile

		Oth, dBm 
10th percentile

		Oth, dB 
50th percentile



		1/(10 MHz)

		4

		–14

		–13

		–23 … –17

		–16



		2/(18 MHz)

		4

		–49 … –42

		–46 … –32

		–46 … –5

		–28 … 2



		3/(26 MHz)

		4

		–51 … –43

		–48 … –35

		–47 … –2

		–26 … 5



		4/(34 MHz)

		4

		–52 … –46

		–48 … –36

		–44 … –6

		–25 … 2



		5/(42 MHz)

		4

		–54 …–45

		–51 … –37

		–43 … –5

		–24 … 3



		6/(50 MHz)

		10

		–53 … –45

		–45 … –38

		–41 … –7

		–25 … 0



		7/(58 MHz)

		4

		–56 … –48

		–51 … –40

		–39 ... –5

		–21 … 4



		8/(66 MHz)

		10

		–55 … –46

		–48 … –37

		–35 … –7

		–21 … 2



		9/(74 MHz)

		10

		–55 … –45

		–47 … –37

		–32 … –10

		–23 … –1



		NOTE 1 – PR is applicable unless the interfering signal level is above the corresponding Oth. If the interfering signal level is above the corresponding Oth, the receiver is interfered with by the interfering signal whatever the signal to interference ratio is.

NOTE 2 – At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity +3 dB, 3 dB should be added to the PR.

NOTE 3 − PR for different system variants and various reception conditions can be obtained using the correction factors in Table 50 in § 4 of this Annex. The overload threshold is assumed to be independent of system variant and reception conditions.

NOTE 4 – For some offsets only a limited number of tuners (four) have been tested. Therefore no valid statistics can be provided. More measurements are required to stabilize the values. The values can be found in Tables 65 and 67 in Appendix 2 to Annex 2 as a guidance and should be used carefully.










Table 4

[bookmark: _Toc346543906]Table 38A and Notes 1 to 4 from Recommendation ITU-R BT.1368-10
Corrected PR values at the 50th and 90th percentile and Oth values at the 10th and 50th percentile for an 8 MHz DVB-T 64‑QAM with code rate 2/3 signal interfered with 
by a 10 MHz LTE user equipment signal in a Gaussian channel environment 
for silicon tuners

		Interferer
offset N/(MHz)

		No. Rx
High/Low rate

		PR, dB 
50th percentile

		PR, dB 
90th percentile

		No. Rx
High/Low rate

		Oth, dBm
10th percentile

		Oth, dBm
50th percentile



		1/(10 MHz)

		16/16

		–6

		–6

		9/8

		–31… –21

		–16 … –12



		2/(18 MHz)

		16/16

		–13

		–13 … –11

		9/7

		–21 … –5

		1 … 2



		3/(26 MHz)

		16/16

		–51 … –39

		–46 … –22

		9/7

		–21 … –3

		1 … 5



		4/(34 MHz)

		9/9

		–52 … –39

		–48 … –28

		9/7

		–21 … –2

		1 … 5



		5/(42 MHz)

		9/9

		–56 … –39

		–52 … –29

		9/7

		–20 … –3

		2 … 5



		6/(50 MHz)

		15/20

		–53 … –44

		–47 … –34

		12/16

		–34 … –7

		–15 … 1



		7/(58 MHz)

		9/9

		–58 … –39

		–53 … –28

		9/7

		–19 … –4

		3 … 5



		8/(66 MHz)

		13/16

		–56 … –45

		–50 … –35

		12/14

		–30 … –5

		–11 … 4



		9/(74 MHz)

		22/20

		–55 … –45

		–48 … –33

		13/16

		–30 … –8

		–11 … 1



		NOTE 1 – PR is applicable unless the interfering signal level is above the corresponding Oth. If the interfering signal level is above the corresponding Oth, the receiver is interfered with by the interfering signal whatever the signal to interference ratio is.

NOTE 2 – At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity +3 dB, 3 dB should be added to the PR.

NOTE 3 − PR for different system variants and various reception conditions can be obtained using the correction factors in Table 50 in § 4 of this Annex. The overload threshold is assumed to be independent of system variant and reception conditions.

NOTE 4 − Note the PR values in N = 1 and N = 2 are corrected based on the assumption that the ACLR’ of the interferer is equal to 25.2 dB (N + 1), 32.2 dB (N + 2). The PR values for all other offsets are based on an ACLR’ of 88 dB. A co‑channel PR0 of 18.7 dB is used.  A method to calculate values for other ACLR’ values is given in Appendix 3 to Annex 2. The measurement bandwidth used in the ACLR calculation is 8 MHz for the wanted signal and 10 MHz for the interferer.










For the case of receivers with “can” tuners, the analysis in this Annex has also resulted in a modification of Table 38 in BT.1368-9 (shown in Table 5 below).  The modifications to Table 38 from BT.1368-10 are shown in Table 6.  The modifications for N greater than two are highlighted in yellow in Table 6.

Table 5

[bookmark: _Toc309290519][bookmark: _Toc309719046]Table 38 and Notes 1 to 3 from Recommendation ITU-R BT.1368-9
PR values at the 50th and 90th percentile and Oth values at the 10th and 50th percentile for a
8 MHz DVB-T 64‑QAM with code rate 2/3 signal interfered with by a 10 MHz LTE UE
signal in a Gaussian channel environment for can tuners (see Notes 1 to 3)

		Interferer
offset
N/(MHz)

		No. Rx

		PR, dB 
50th percentile

		PR, dB 
90th percentile

		Oth, dBm 
10th percentile

		Oth, dB 
50th percentile



		1/(10 MHz)

		19

		–21 … –13

		–14 … –12

		–21 … –19

		–16 … –11



		2/(18 MHz)

		19

		48 … –47

		–45 … –42

		–18 … –4

		–6 … –2



		3/(26 MHz)

		19

		–49 … –48

		–43 … –40

		–31 … –26

		–16 … –10



		4/(34 MHz)

		19

		–61 … –57

		–59 … –54

		–19 … –11

		–13 … –9



		5/(42 MHz)

		19

		–67 … –56

		–63 … –50

		–17 … –7

		–9 … –4



		6/(50 MHz)

		31

		–73 … –56

		–66 … –49

		–18 … –7

		–9 … –2



		7/(58 MHz)

		19

		–74 … –57

		–71 … –47

		–16 … –3

		–3 … 2



		8/(66 MHz)

		31

		–78 … –59

		–70 … –52

		–16 … –3

		–4 … 2



		9/(74 MHz)

		19

		–50 … –44

		–38 … –33

		–9 … –3

		–2 … 4



		NOTE 1 – PR is applicable unless the interfering signal level is above the corresponding Oth. If the interfering signal level is above the corresponding Oth, the receiver is interfered with by the interfering signal whatever the signal to interference ratio is.

NOTE 2 – At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity +3 dB, 3 dB should be added to the PR.

NOTE 3 − PR for different system variants and various reception conditions can be obtained using the correction factors in Table 50 in § 4 of this Annex. The overload threshold is assumed to be independent of system variant and reception conditions.










Table 6

[bookmark: _Toc346543904]Table 38 and Notes 1 to 4 from Recommendation ITU-R BT.1368-10
Corrected PR values at the 50th and 90th percentile and Oth values at the 10th and 50th percentile for an 8 MHz DVB-T 64‑QAM with code rate 2/3 signal interfered with 
by a 10 MHz LTE user equipment signal in a Gaussian channel environment 
for can tuners (see Notes 1 to 4)

		Interferer
offset N/(MHz)

		No. Rx

		PR, dB 
50th percentile

		PR, dB 
90th percentile

		Oth, dBm
10th percentile

		Oth, dBm
50th percentile



		1/(10 MHz)

		19

		–6

		–6 … –5

		–21 … –19

		–16 … –11



		2/(18 MHz)

		19

		–13

		–13

		–18 … –4

		–6 … –2



		3/(26 MHz)

		19

		–49 … –48

		–43 … –40

		–31 … –26

		–16 … –10



		4/(34 MHz)

		19

		–60 … –57

		–58 … –54

		–19 … –11

		–13 … –9



		5/(42 MHz)

		19

		–65 … –56

		–62 … –50

		–17 … –7

		–9 … –4



		6/(50 MHz)

		31

		–68 … –56

		–65 … –48

		–18 … –7

		–9 … –2



		7/(58 MHz)

		19

		–68 … –57

		–67 … –47

		–16 … –3

		–3 … 2



		8/(66 MHz)

		31

		–69 … –58

		–67 … –52

		–16 … –3

		–4 … 2



		9/(74 MHz)

		19

		–50 … –44

		–38 … –33

		–9 … –3

		–2 … 4



		NOTE 1 – PR is applicable unless the interfering signal level is above the corresponding Oth. If the interfering signal level is above the corresponding Oth, the receiver is interfered with by the interfering signal whatever the signal to interference ratio is.

NOTE 2 – At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity +3 dB, 3 dB should be added to the PR.

NOTE 3 − PR for different system variants and various reception conditions can be obtained using the correction factors in Table 50 in § 4 of this Annex. The overload threshold is assumed to be independent of system variant and reception conditions.

NOTE 4 − Note the PR values in N = 1 and N =2 are corrected based on the assumption that the ACLR’ of the interferer is equal to 25.2 dB (N + 1), 32.2 dB (N + 2). The PR values for all other offsets are based on an ACLR’ of 88 dB. A co‑channel PR0 of 18.7 dB is used. A method to calculate values for other ACLR’ values is given in Appendix 3 to Annex 2. The measurement bandwidth used in the ACLR calculation is 8 MHz for the wanted signal and 10 MHz for the interferer.
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1



 



Introduction



 



Recommendation ITU



-



R BT.1368



-



9



 



in Tables 38 and 38A 



(for “can” and silicon tuners, 



respectively) 



contains the same 



protection ratio (



PR



)



 



and 



Overload Threshold, 



O



th



,



 



figures for 



LTE 



UE



 



interference



 



as 



in 



ECC Report 148



 



(see Reference 1)



.



  



The PR and O



th



 



figures are based on 



measurements of 



four



 



different types of LTE UE waveform, all generated from signal generators, in 



some cases with some additional out of band noise added to simulate the 3GPP mask.



  



Table 1 



summarises the different waveforms.



 



Table 1



 



LTE UE Waveforms used 



in initial



 



interference measurements



 



Wave Type



 



Description



 



1



 



Fully loaded all RB active in every subframe 



–



 



100% loading



 



2



 



One fully loaded subframe frame active per 10 subframes 



–



 



10% loading



 



3



 



One RB active in every subframe



 



but shifts in frequency on each subframe 



–



 



~4% loading



 



4



 



As in 3 but with empty subframes in between where there is no activity 



-



 



<< 4% loading



 



Each of the above waveforms was used in PR and O



th



 



measurements with different subsets of the 



receivers from different organisations both with silicon and can tuners which are treated separately



 



as shown in Figure 1



.
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Wave Type  Description  


1  Fully loaded all RB active in every subframe  –   100% loading  


2  One fully loaded subframe frame active per 10 subframes  –   10% loading  


3  One RB active in every subframe   but shifts in frequency on each subframe  –   ~4% loading  


4  As in 3 but with empty subframes in between where there is no activity  -   << 4% loading  


Each of the above waveforms was used in PR and O th   measurements with different subsets of the  receivers from different organisations both with silicon and can tuners which are treated separately   as shown in Figure 1 .  
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Measurements for assessing the impact of OOBE as well as short pulse interferences from IMT user equipment to DVB-T reception
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[bookmark: _Toc258914824][bookmark: _Toc398733621]1	Introduction

This Annex presents the results of the measurements carried out on five different DVB-T receivers, available on the European market (circa 2013), for assessing the impact of short pulse interferences from IMT (LTE) user equipment to DVB-T reception on an adjacent channel (Digital Terrestrial Television (DTT) receiving below 694 MHz and IMT(LTE) uplink starting at 703 MHz). The measurements aim to provide information on the co-existence of DTT broadcasting with IMT user equipment and on the general assessment of interference into a DTT receiver from the type of emission typical from IMT(LTE) user equipment.

Among other results, measurements show that the performance of DVB-T receivers was reduced by about 20 dB in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal. This indicates that the impact of discontinuous IMT UE emissions on DTT reception can only be efficiently combated by improving AGC circuits of the DVB receiver, including the overall ACS of the receiver.  Improving the ACLR of the IMT UE signal does not improve the protection ratio. 

[bookmark: _Toc302649731][bookmark: _Toc302975803][bookmark: _Toc302976302][bookmark: _Toc302976872][bookmark: _Toc302976968][bookmark: _Toc314721565][bookmark: _Toc398733622]2	Measurement methodology and system parameters

[bookmark: _Toc302649732][bookmark: _Toc302975804][bookmark: _Toc302976303][bookmark: _Toc302976873][bookmark: _Toc302976969][bookmark: _Toc314721566][bookmark: _Toc398733623]2.1	Test set-up

The test setup for protection ratio and overloading threshold measurements is depicted in Figure 1.  Table 1 lists the test equipment used.  An adjustable band-pass filter (1) was inserted between the interfering signal generator and the combiner. The objective of this filter is to eliminate the wideband noise generated by the interfering signal generator and adjust the interfering signal to the correct interference transmission mask and ACLR values. An isolator was also inserted between the DVB-T/T2 signal generator and the combiner to keep the power from the interfering signal generator returning to the DVB-T/T2 signal generator output.






Figure 1

Test set-up
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Table 1

Test equipment used

		Equipment

		Type



		MPEG TS generator

		Flux TS Player



		DVB-T/T2 signal generator

		Rhode & Schwartz Broadcaster Tester SFE



		LTE UE signal generator

		SMU200A Rohde&Schwarz



		RF isolator

		Radial - 404613



		RF combiner

		Global Professionnel SPLIT-2N-PRO



		Adjustable band-pass filter CH48

		TELECTRONIV BERKELEY INC

Mod Tif : 750-3-5EE1



		Adjustable band-pass filter UE

		TDF 00107222

TEXSCAN Microwave product



		Variable attenuator

		Radial R418035

Radial R418040

Radial R418045



		50 / 75 Ohm impedance matching transformer

		ANZAC TPX-75-4



		Spectrum analyzer

		Agilent PXA








A CH48 bandpass filter was used to reduce the UE in band (IB) emissions falling into DVB-T CH48 and consequently to identify the predominate component of the interfering UE emissions, which are composed of UE IB and OOB emissions, on the DVB-T reception. Figures 2 and 3 illustrate the IMT UE signal at the input and output, respectively, of the CH 48 bandpass filter.

Figure 2

IMT UE signal at the input of the CH48 bandpass filter

[image: ]

Figure 3

IMT UE signal at the output of the CH48 bandpass filter

[image: ]






[bookmark: _Toc398733624][bookmark: _Toc302649733][bookmark: _Toc302975805][bookmark: _Toc302976304][bookmark: _Toc302976874][bookmark: _Toc302976970][bookmark: _Toc314721567]2.2	System parameters

Table 2

DVB-T system parameters (Reference 1)

		DVB-T parameters



		Parameter

		Value

		Comments



		Centre frequency (MHz)

		690

		Channel 48



		Channel raster (MHz)

		8 MHz

		



		DVB-T:

Modulation :

FFTsize:

Coding rate:

Guard interval:

Throughput per multiplex:

C/N (dB):

		

64 QAM

8k ext

3/4

1/8 (112µs)

24.882 Mbps

18

		











Gaussian channel



		Content

		HD video streams

		



		Measured average
receiver sensitivity (dBm)

		-78.8

		



		Wanted signal
levels used (dBm)

		-70, -60, -50, -40, -30 and -20

		In order to properly determine the PR and Oth





Table 3

IMT UE system parameters (Reference 2)

		IMT UE parameters



		Parameter

		Value

		Comments



		Centre frequency (MHz)

		708

		



		Channel raster (MHz)

		10

		



		Modulation 

		SC-FDMA 

		



		Number of Resource Blocks (RBs) used

		50

		



		Max UE power (dBm)

		23

		20.82 dBm was used for tests



		OOBE in DVB-T CH 48 (dBm/8MHz)

		-37 and -47

		UE ACLRCH48*= 60 and 70 dB, with full IMT UE resource allocation (50 RBs)



		Transmission mode

		Continuous and
discontinuous (burst)

		



		Maximum
transmission duration (s)

		0.001

		Very short interference burst



		Transmission period (s)

		1 and 5

		



		*	UE ACLRCH48 (dB) =  UE IBE power (dBm/10MHz) measured at 708 MHz-  UE OOBE power (dBm/8MHz) measured at 690 MHz





[bookmark: _Toc398733625]2.3	Wanted signal levels

Protection ratios (PR) and overloading thresholds (Oth) of a receiver are derived from its C(I) curves. The measurements have been carried out by using different DVB-T wanted signal levels to cover the range from weakest to strongest signals: -70, -60, -50 ,-40, -30 and -20 dBm. At low wanted signal levels the protection ratio limit is usually reached before the overloading threshold. Therefore, it is necessary to use higher wanted signal levels to reach the onset of overload.

[bookmark: _Toc302649734][bookmark: _Toc302975806][bookmark: _Toc302976305][bookmark: _Toc302976875][bookmark: _Toc302976971][bookmark: _Toc314721568][bookmark: _Toc398733626]2.4	Frequency offsets between IMT UE interfering signal and DVB-T wanted signal

A single frequency offset has been used (18 MHz) aiming at limiting the number of measurement to be carried out. This frequency offset corresponds to a guard band (GB) of 9 MHz between the DTT signal centered at 690 MHz and the IMT UE signal centered at 708 MHz as shown in Figure 4.

Figure 4

Frequency offsets between IMT UE and DVB-T signals
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[bookmark: _Toc302649738][bookmark: _Toc302975810][bookmark: _Toc302976309][bookmark: _Toc302976879][bookmark: _Toc302976975][bookmark: _Toc314721572][bookmark: _Toc398733627]2.5	Generation of the IMT uplink signal

The uplink signal can vary considerably in both the time and frequency domains depending upon the traffic loading required. In the frequency domain the number of RBs allocated for each 
SC-FDMA symbol can vary rapidly. The number of RBs is 50. In the time domain, there can be long periods where the UE does not transmit at all, leading to an irregular pulse like power profile. 

In this measurement campaign three different UE transmission modes have been used:

–	Continuous transmission (TM1);

[bookmark: _Ref403716290]–	Discontinuous transmission (TM2) with: UE signal maximum transmission duration = 1 ms, transmission period = 1 s;[footnoteRef:1] [1:  This type of interference signal was chosen to illustrate certain effects with a well-defined and reproducible signal.] 


–	Discontinuous transmission (TM3) with: UE signal maximum transmission duration = 1 ms, transmission period = 5 s.1

The UE generator output power was fixed to 20.83 dBm. Two different ACLR values, 60 and 70 dB, have been used in measurements. These ACLR values were obtained by means of an inline band pass filter (BPF) on UE signal generator. They correspond respectively to -37 and ‑47 dBm/8MHz, for an IMT UE maximum transmit power of 23 dBm, in case of full uplink resource allocation (50 RBs).

Figures 5 and 6 illustrate the spectrum of IMT UE TM1 signal having an ACLR of 60 and 70 dB, respectively.

Figure 5

Spectrum of IMT UE TM1 signal having an ACLR of 60 dB

[image: ]

Figure 6

Spectrum of IMT UE TM1 signal having an ACLR of 70 dB

[image: ]

The spectrum of IMT UE TM2 signal having an ACLR of 60 dB is shown in Figure 7, while the time domain shape of the signal is shown for one pulse and multiple pulses in Figures 8 and 9, respectively.

Figure 7

Spectrum of IMT UE TM2 signal having an ACLR of 60 dB

[image: ]

Figure 8

IMT UE TM2 signal having an ACLR of 60 dB on the time domain.
Detail of one pulse

[image: ]

Figure 9

IMT UE TM2 signal having an ACLR of 60 dB on the time domain.
Detail of several pulses
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[bookmark: _Toc302649741][bookmark: _Toc302975813][bookmark: _Toc302976312][bookmark: _Toc302976882][bookmark: _Toc302976978][bookmark: _Toc314721575][bookmark: _Toc398733628][bookmark: _Toc519933572][bookmark: _Toc519938541][bookmark: _Toc521919470]2.6	Failure point assessment method

The protection ratios for the DVB-T system can be based on:

–	a target BER of 2x10–4 measured between the inner and outer codes, before 
Reed-Solomon decoding. This corresponds to a quasi-error-free (QEF) picture quality with the BER  1x10–11 at the input of the MPEG-2 demultiplexer

–	the SFP (subjective failure point) in case of domestic receivers, since it is not be possible to measure the BER. The PR for the wanted DVB-T signal is a value of wanted-to-unwanted signal ratio at the receiver input, for a picture quality where no more than one error is visible in the picture for an average observation time of 20 s (see Recommendation ITU‑R BT.1368).

The SFP method was used in this measurement campaign. The adjustment of the wanted and unwanted signal levels has been done in steps of 1 dB.

[bookmark: _Toc263855282][bookmark: _Toc302649742][bookmark: _Toc302975814][bookmark: _Toc302976313][bookmark: _Toc302976883][bookmark: _Toc302976979][bookmark: _Toc314721576][bookmark: _Toc398733629]2.7	Method for determining protection ratios and overload thresholds

It should be noted that the protection ratios are sometimes considered and used as independently of the wanted signal level. That is, C(I) is a linear function with unity slope (a straight line with unity slope). The protection ratio of the receiver is obtained by subtracting I from C(I) at any point on this line and can be used for all wanted signal levels.

However, in most cases the protection ratios of wideband TV receivers vary as a function of the wanted signal level. Consequently, C(I) is not a straight line with unity slope with some variation with the interfering signal strength. Nevertheless, for interfering signals below the overloading threshold such C(I) curves can always be approximated by a straight line with unity slope with an acceptable error. This is the method used for determining PR and Oth method as described in Report ITU-R BT.2215.

A CH48 bandpass filter (see Figure 1) has been used to reduce the UE in band (IB) emissions falling into DVB-T CH48 and consequently to identify the predominate component of the interfering UE emissions, which are composed of UE IB and OOB emissions, on the DVB-T reception.

Measurements were carried out in two steps, for UE ACLRCH48= 60 and 70 dB, with full IMT UE resource allocation (50 RBs):

1	C(I) of the DVB-T receiver under test were measured for UE TM1, without and with an inline external CH48 BPF filter on the DVB-T receiver input;

2	C(I) of the DVB-T receiver under test were measured for UE TM2 and TM3, without and with an inline external CH48 BPF filter on the DVB-T receiver input;

The objective of these measurements is to evaluate the impact of the UE OOBE and IBE on the DVB-T PR and Oth, respectively, for a continuous (Step 1 above) as well as a discontinuous (Step 2 above) IMT UE emission.

The IMT UE signal was attenuated by 36 dB using a CH48 bandpass filter (see Figures 2 and 3). The insertion loss of the filter over the DVB-T channel 48 was 3 dB. Consequently, the effective ACS improvement of DVB-T receivers by the filter was about 33 dB. The frequency domain response of the filter is shown in Figure 10.

Figure 10

Frequency domain response of the CH48 bandpass filter centered at 690 MHz
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The calculated ACS for the DVB-T receivers is tabulated in Table 4.  Appendix A provides more detailed information.

Table 4

Calculated DVB-T Adjacent Channel Selectivity (ACS)
Continuous IMT UE transmission, UE ACLR=60 dB

		DVB-T Receiver

		ACS without
CH48 filter (dB)

		ACS with
CH48 filter (dB)



		Rx3 (DVB-T)

		62

		95



		Rx6 (DVB-T)

		62

		95



		Rx8 (DVB-T)

		72

		105



		Rx9 (DVB-T)

		62

		95



		Rx10 (DVB-T)

		54

		87



		DVB-T average value

		62

		95





[bookmark: _Toc398733630]3	Measurement results

The measured C(I) curves have been post processed, according to the method described in Report ITU-R BT.2215, in order to determine the PR and Oth of the DVB-T receivers. The results obtained are presented in the following sections.

[bookmark: _Toc398733631]3.1	Measurement results with an IMT UE ACLR of 60 dB

[bookmark: _Toc398733632]3.1.1	PR and Oth values for DVB-T receivers in the presence of a continuous IMT UE signal

The PR and Oth of the tested DVB-T receivers, in the presence of a continuous IMT UE signal (TM1) without and with the CH48 bandpass filter, are presented in Tables 5 and 6, respectively.  The C(I) curves without and with the CH48 bandpass filter are shown in Figures 11 and 12, respectively.

Table 5

PR and Oth for DVB-T (ACS=62 dB) receivers without a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, UE ACLR=60 dB

		DVB-T Receiver

		PR (dB)

		Oth (dBm)



		Rx3 (DVB-T)

		-40

		-4



		Rx6 (DVB-T)

		-41

		5



		Rx8 (DVB-T)

		-42

		-4



		Rx9 (DVB-T)

		-40

		-7



		Rx10 (DVB-T)

		-35

		-1



		Average value (DVB-T)

		-39.6

		-2.2





Table 6

PR and Oth for DVB-T (ACS=95 dB) receivers with a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, UE ACLR=60 dB

		DVB-T Receiver

		PR (dB)

		Oth (dBm)



		Rx3 (DVB-T)

		-41

		NR



		Rx6 (DVB-T)

		-43

		NR



		Rx8 (DVB-T)

		-42

		NR



		Rx9 (DVB-T)

		-41

		NR



		Rx10 (DVB-T)

		-37

		NR



		Average value (DVB-T)

		-40.8

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (13.8 dBm).







Figure 11

C(I) Curves for DVB-T receivers without a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, ACLR = 60 dB
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Figure 12

C(I) Curves for DVB-T receivers with a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, ACLR = 60 dB

[image: ] 

The measurement results show that the DVB-T receivers have behaved very similarly in the presence of a continuous IMT UE signal (TM1). The average PR and Oth for DVB-T receivers are -40 dB and ‑2 dBm, respectively.

The inline external CH48 BPF filter on the DVB-T receiver input has improved the PR of the receivers on average only about 1 dB, but has raised their Oth to beyond the test equipment limit of 13.8 dBm at the DVB-T receiver input, which is an improvement of more than 17 dB.




[bookmark: _Toc398733633]3.1.2	PR and Oth values for DVB-T receivers in the presence of a discontinuous IMT UE signal

The PR and Oth of the tested DVB-T receivers, in the presence of an IMT UE TM2/TM3 signal without and with the CH48 bandpass filter, respectively, are presented in Tables 7 and 8, while C(I) curves are shown in Figures 13 and 14.

Table 7

PR and Oth for DVB-T (ACS=62 dB) receivers without a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, UE ACLR=60 dB

		DVB-T Receiver

		PR (dB)

		Oth (dBm)



		Rx3 (DVB-T)

		-23

		-5



		Rx6 (DVB-T)

		-261

		NR



		Rx8 (DVB-T)

		-25

		-5



		Rx9 (DVB-T)

		-12

		NR



		Rx10 (DVB-T)

		-23

		-4



		Average value (DVB-T)

		-22

		-5



		NR: not reached at maximum IMT UE level at the receiver input (13.8 dBm)

1.	PR=-36 dB with break at C=-40 dBm





Table 8

PR and Oth for DVB-T (ACS=95 dB) receivers with a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, UE ACLR=60 dB

		DVB-T Receiver

		PR (dB)

		Oth (dBm)



		Rx3 (DVB-T)

		-41

		NR



		Rx6 (DVB-T)

		-41

		NR



		Rx8 (DVB-T)

		-43

		NR



		Rx9 (DVB-T)

		-42

		NR



		Rx10 (DVB-T)

		-42

		NR



		Average value (DVB-T)

		-41.8

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (13.8 dBm).







Figure 13

C(I) Curves for DVB-T receivers without a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, ACLR = 60 dB
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Figure 14

C(I) Curves for DVB-T receivers without a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, ACLR= 60 dB
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The measurement results show that the DVB-T receivers have behaved very differently one from the other in the presence of a discontinuous IMT UE signal (TM2/TM3). The PR of the receivers was increased by about 10 to 18 dB.

On the contrary, concerning the saturation phenomenon some of the DVB-T receivers behaved better in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal. Three DVB-T receivers were saturated.  The inline external CH48 BPF filter on the DVB-T receiver input restored the DVB-T receivers performance to normal, i.e., it has improved the receivers PR to their values in the presence of a continuous IMT UE signal.  Moreover, the filter has improved the receiver overload threshold, Oth, by more than 17 dB.

[bookmark: _Toc398733634]3.2	Measurement results with an IMT UE ACLR of 70 dB

[bookmark: _Toc398733635]3.2.1	PR and Oth values for DVB-T receivers in the presence of a continuous IMT UE signal

The PR and Oth of the tested DVB-T receivers, in the presence of an IMT UE TM1 signal, are presented in Tables 9 and 10, without and with the CH48 bandpass filter, respectively.  The C(I) curves are shown in Figures 15 and 16, without and with the CH48 bandpass filter, respectively.

Table 9

PR and Oth for DVB-T (ACS=62 dB) receivers without a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, UE ACLR=70 dB

		DVB-T Receiver

		PR (dB)

		Oth (dBm)



		Rx3 (DVB-T)

		-47

		-3



		Rx6 (DVB-T)

		-42

		3



		Rx8 (DVB-T)

		-47

		-4



		Rx9 (DVB-T)

		-42

		-7



		Rx10 (DVB-T)

		-38

		-1



		Average value (DVB-T)

		-43.2

		-2.4





Table 10

PR and Oth for DVB-T (ACS=95 dB) receivers with a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, UE ACLR=70 dB 

		DVB-T Receiver

		PR (dB)

		Oth (dBm)



		Rx3 (DVB-T)

		-53

		NR



		Rx6 (DVB-T)

		-54

		NR



		Rx8 (DVB-T)

		-54

		NR



		Rx9 (DVB-T)

		-54

		NR



		Rx10 (DVB-T)

		-53

		NR



		Average value (DVB-T)

		-53.6

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (10.4 dBm).







Figure 15

C(I) Curves for DVB-T receivers without a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, ACLR = 70 dB
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Figure 16

C(I) Curves for DVB-T receivers with a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, ACLR = 70 dB
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The measurement results show that the DVB-T receivers have behaved very similarly in the presence of a continuous IMT UE signal (TM1). The average PR and Oth of receivers are respectively -44 dB and -3 dBm.  Reducing the IMT UE OOBE level from -37 dBm (UE ACLR=60 dB) to -47 dBm (UE ACLR=70 dB), without improving the ACS of the DVB-T receiver, has no notable improvement on the PR of the DVB-T receivers (only a 3 dB improvement for 10 dB UE ACLR reduction). No improvement in the Oth of the DVB-T receivers has been observed.

The inline external CH48 bandpass filter on the DVB-T receiver input together with 10 dB improvement in ACLR has improved the PR of the receiver on average by about 11 to 13 dB and has raised their Oth to beyond the test equipment limit of 10.4 dBm at the DVB-T receiver input, which is an improvement of more than 17 dB.

[bookmark: _Toc398733636]3.2.2	PR and Oth values for DVB-T receivers in the presence of a discontinuous IMT UE signal

The PR and Oth of the tested DVB-T receivers, in the presence of an IMT UE TM2/TM3 signal, are presented in Tables 11 and 12, without and with the CH48 bandpass filter, respectively.  The C(I) curves are shown in Figures 17 and 18, without and with the CH48 bandpass filter, respectively.

Table 11

PR and Oth for DVB-T (ACS=62 dB) receivers without a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, UE ACLR=70 dB

		DVB-T Receiver

		PR (dB)

		Oth (dBm)



		Rx3 (DVB-T)

		-23

		-5



		Rx6 (DVB-T)

		-26

		NR



		Rx8 (DVB-T)

		-31

		-4



		Rx9 (DVB-T)

		-12

		NR



		Rx10 (DVB-T)

		-24

		-4



		Average value (DVB-T)

		-23

		-4.3



		NR: not reached at maximum IMT UE level at the receiver input (10.4 dBm)





Table 12

PR and Oth for DVB-T (ACS=95 dB) receivers with a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, UE ACLR=70 dB

		DVB-T Receiver

		PR (dB)

		Oth (dBm)



		Rx3 (DVB-T)

		-54

		NR



		Rx6 (DVB-T)

		-53

		NR



		Rx8 (DVB-T)

		-54

		NR



		Rx9 (DVB-T)

		-53

		NR



		Rx10 (DVB-T)

		-53

		NR



		Average value (DVB-T)

		-53.4

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (10.4 dBm).







Figure 17

C(I) Curves for DVB-T receivers without a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, ACLR = 70 dB
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Figure 18

C(I) Curves for DVB-T receivers with a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, ACLR = 70 dB
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The measurement results show that the DVB-T receivers have behaved very differently one from the other in the presence of a discontinuous IMT UE signal (TM2/TM3).  The performance of the DVB-T receivers was reduced by about 8 to 17 dB in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal (TM1) with an ACLR of 70 dB, 

Reducing the IMT UE OOBE level from -37 dBm (UE ACLR=60 dB) to -47 dBm (UE ACLR=70 dB), without improving the ACS of the DVB-T receivers, has no significant improvement on PR and Oth of the DVB-T receiver.

The inline external CH48 bandpass filter on the DVB-T receiver input has restored the DVB-T performance to normal. That is, the filter has improved the receivers PR to their values in the presence of a continuous IMT UE signal.  The filter has improved the Oth of the receiver by more than 15 dB.

[bookmark: _Toc398733637]4	Results and conclusions

The measurement results show that:

1)	In the presence of a discontinuous IMT UE signal, the performance of the DVB-T receivers was reduced by about 20 dB compared to their performances in the presence of a continuous IMT UE signal.

2)	Reducing the IMT UE OOBE level from -37 dBm (UE ACLR=60 dB) to -47 dBm (UE ACLR=70 dB) 	has improved the protection ratio of the DVB-T receiver by 11 dB when the ACS is improved by an external filter.

3)	The inline external CH48 BPF filter on the DVB-T receiver input has restored the performance to normal. That is, it has improved the PR of the receiver to their values in the presence of a continuous IMT UE signal.  Moreover, the filter has improved the receivers Oth by more than 15 dB.




The measurement results are summarised in Table 13. The detailed measurement results are provided in Appendix B.

Table 13

DVB-T receiver average protection ratios

		Average ACS without filter = 62 dB, Average ACS with CH48 BPF = 95 dB



		Continuous Tx

ACLR=60

No filter

		Continuous Tx

ACLR=60

CH48 BPF

		Continuous Tx

ACLR=70

No filter

		Continuous Tx

ACLR=70

CH48 BPF



		Average PR (dB)

		Average PR (dB)

		Average PR (dB)

		Average PR (dB)



		-40

		-41

		-43

		-54



		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)



		-2

		NR

		-2

		NR



		



		Discontinuous Tx

ACLR=60

No filter

		Discontinuous Tx

ACLR=60

CH48 BPF

		Discontinuous Tx

ACLR=70

No filter

		Discontinuous Tx

ACLR=70

CH48 BPF



		Average PR (dB)

		Average PR (dB)

		Average PR (dB)

		Average PR (dB)



		-22

		-42

		-23

		-53



		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)



		-5

		NR

		-4

		NR







The conclusions drawn from the results of the measurements are summarized below:

–	The tested DVB-T receivers have behaved very similarly in the presence of a continuous IMT UE signal, while they have behaved very differently one from the other in the presence of a discontinuous (time varying) IMT UE signal. The ACS of the DVB-T receivers tested are in the range of 62 dB.

–	The performance of DVB-T receivers was reduced by about 20 dB in the presence of a discontinuous interfering signal.

–	The impact of discontinuous IMT UE emissions on DVB-T reception can only be efficiently combated by improving the AGC circuits of the DVB-T receivers, including the overall ACS of the receivers; improving the ACLR of IMT UE signal does not improve the protection ratio.

–	The values of ACLR and ACS should be similar in magnitude for obtaining the best performance in reduction and filtering of out of band emissions.

–	For the protection of the broadcasting service, the ACLR of IMT UE signal should be fixed by taking into account the impact of a continuous IMT UE signal on DVB-T reception as well as the implementation cost of IMT UE filtering.
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[bookmark: _Toc398733639]Appendix A – Calculated DVB-T receiver ACS

Table A.1

Calculated DVB-T receiver adjacent channel selectivity

		Frequency

offset:

fi-fw (MHz)

		Measured DVB-T PR (dB)

		Measured DVB-T Co-CH PR (dB)

		Measured DVB-T Adj CH PR (dB)

		Calculated ACIR (dB)

		ACIR (linear)

		ACLR (linear)

		ACS (dB)

		CH48 filter attenuation (dB)

		Improved ACS (dB)



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		18

		Rx3

		18

		-40

		58

		1.58489E-06

		9.33254E-07

		62

		 

		95



		18

		Rx6

		17

		-41

		58

		1.58489E-06

		9.33254E-07

		62

		 

		95



		18

		Rx8

		18

		-42

		60

		0.000001

		9.33254E-07

		72

		 

		105



		18

		Rx9

		18

		-40

		58

		1.58489E-06

		9.33254E-07

		62

		 

		95



		18

		Rx10

		18

		-35

		53

		5.01187E-06

		9.33254E-07

		54

		 

		87



		 

		 

		 

		 

		 

		 

		Average ACS DVB-T

		62

		 

		95







The receiver adjacent channel selectivity (ACS) has been calculated by the following equation:





where

	ACLR: Adjacent channel leakage ratio of the generated IMT UE signal;

	PR: Measured adjacent channel protection ratio;

	PR0 : Measured co-channel protection ratio (fi-fw = 0 MHz),

 	where 	fi is the center frequency of the interfering signal and

 		fw is the center frequency of the wanted signal.





[bookmark: _Toc398733640]Appendix B – Measurement results

Table B.1

IMT UE ACLR=60 dB, continuous Tx (TM1)

		C(I): DVB-T Rx / IMT UE without CH48 filter



		 

		Rx3 (DVB-T)

		Rx6 (DVB-T)

		Rx8 (DVB-T)

		Rx9 (DVB-T)

		Rx10 (DVB-T)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-70

		-28.2

		-29.2

		-28.2

		-30.2

		-31.2



		-60

		-19.2

		-19.2

		-18.2

		-20.2

		-23.2



		-50

		-10.2

		-9.2

		-7.2

		-10.2

		-13.2



		-40

		-4.2

		-0.2

		-4.2

		-7.2

		-5.2



		-30

		-1.2

		4.8

		-3.2

		-6.2

		-1.2



		-20

		-1.2

		4.8

		-2.2

		-6.2

		-0.2



		C(I): DVB-T Rx / IMT UE with CH48 filter



		

		Rx3 (DVB-T)

		Rx6 (DVB-T)

		Rx8 (DVB-T)

		Rx9 (DVB-T)

		Rx10 (DVB-T)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-73

		-32.2

		-30.2

		-31.2

		-32.2

		-33.2



		-63

		-21.2

		-19.2

		-21.2

		-22.2

		-22.2



		-53

		-11.2

		-9.2

		-11.2

		-11.2

		-11.2



		-43

		-2.2

		0.8

		-1.2

		-2.2

		-6.2



		-33

		8.8

		10.8

		8.8

		7.8

		8.8



		-23

		NI

		NI

		NI

		NI

		NI



		NI: no iterference at maximum IMT UE level at the receiver input (13.8 dBm)










Table B.2

IMT UE ACLR=60 dB, discontinuous Tx (TM2)

		C(I): DVB-T Rx / IMT UE without CH48 filter



		

		Rx3 (DVB-T)

		Rx6 (DVB-T)

		Rx8 (DVB-T)

		Rx9 (DVB-T)

		Rx10 (DVB-T)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-70

		-30.2

		-33.2

		-33.2

		-41.2

		-34.2



		-60

		-24.2

		-24.2

		-33.2

		-39.2

		-29.2



		-50

		-26.2

		-15.2

		-25.2

		-37.2

		-27.2



		-40

		-17.2

		-11.2

		-15.2

		-28.2

		-17.2



		-30

		-8.2

		-4.2

		-6.2

		-18.2

		-6.2



		-20

		-1.2

		3.8

		-3.2

		-8.2

		-2.2



		

		

		

		

		

		



		C(I): DVB-T Rx / IMT UE with CH48 filter 



		

		Rx3 (DVB-T)

		Rx6 (DVB-T)

		Rx8 (DVB-T)

		Rx9 (DVB-T)

		Rx10 (DVB-T)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-73

		-33.2

		-31.2

		-30.2

		-30.2

		-31.2



		-63

		-21.2

		-21.2

		-20.2

		-21.2

		-21.2



		-53

		-11.2

		-12.2

		-10.2

		-9.2

		-11.2



		-43

		-1.2

		-2.2

		-0.2

		-0.2

		-0.2



		-33

		8.8

		8.8

		9.8

		8.8

		8.8



		-23

		NI

		NI

		NI

		NI

		NI



		NI: no iterference at maximum IMT UE level at the receiver input (13.8 dBm)










Table B.3

IMT UE ACLR=70 dB, continuous Tx (TM1)

		C(I): DVB-T Rx / IMT UE without CH48 filter



		

		Rx3 (DVB-T)

		Rx6 (DVB-T)

		Rx8 (DVB-T)

		Rx9 (DVB-T)

		Rx10 (DVB-T)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-70

		-21.6

		-27.6

		-21.6

		-26.6

		-29.6



		-60

		-10.6

		-16.6

		-11.6

		-16.6

		-20.6



		-50

		-4.6

		-7.6

		-4.6

		-9.6

		-10.6



		-40

		-2.6

		1.4

		-3.6

		-7.6

		-4.6



		-30

		-0.6

		3.4

		-2.6

		-6.6

		-0.6



		-20

		-0.6

		6.4

		-2.6

		-5.6

		0.4



		C(I): DVB-T Rx / IMT UE with CH48 filter



		

		Rx3 (DVB-T)

		Rx6 (DVB-T)

		Rx8 (DVB-T)

		Rx9 (DVB-T)

		Rx10 (DVB-T)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-73

		-20.6

		-18.6

		-18.6

		-19.6

		-20.6



		-63

		-9.6

		-8.6

		-8.6

		-9.6

		-9.6



		-53

		0.4

		1.4

		1.4

		1.4

		0.4



		-43

		NI

		NI

		NI

		NI

		NI



		-33

		NI

		NI

		NI

		NI

		NI



		-23

		NI

		NI

		NI

		NI

		NI



		NI: no iterference at maximum IMT UE level at the receiver input (10.4 dBm)










Table B.4

IMT UE ACLR=70 dB, discontinuous Tx (TM2)

		C(I): DVB-T Rx / IMT UE without CH48 filter



		

		Rx3 (DVB-T)

		Rx6 (DVB-T)

		Rx8 (DVB-T)

		Rx9 (DVB-T)

		Rx10 (DVB-T)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-70

		-26.6

		-26.6

		-29.6

		-41.6

		-29.6



		-60

		-23.6

		-22.6

		-24.6

		-39.6

		-27.6



		-50

		-26.6

		-16.6

		-18.6

		-37.6

		-24.6



		-40

		-17.6

		-9.6

		-8.6

		-27.6

		-13.6



		-30

		-8.6

		-3.6

		-3.6

		-18.6

		-8.6



		-20

		-0.6

		4.4

		-2.6

		-9.6

		-0.6



		C(I): DVB-T Rx / IMT UE with CH48 filter



		

		Rx3 (DVB-T)

		Rx6 (DVB-T)

		Rx8 (DVB-T)

		Rx9 (DVB-T)

		Rx10 (DVB-T)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-73

		-14.6

		-19.6

		-18.6

		-19.6

		-19.6



		-63

		-8.6

		-10.6

		-8.6

		-9.6

		-9.6



		-53

		1.4

		1.4

		1.4

		1.4

		0.4



		-43

		NI

		NI

		NI

		NI

		NI



		-33

		NI

		NI

		NI

		NI

		NI



		-23

		NI

		NI

		NI

		NI

		NI



		NI: no iterference at maximum IMT UE level at the receiver input (10.4 dBm)
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Annex 2A

[bookmark: _Toc252986704][bookmark: _Toc255311725]Annex 2A

Measurements of DVB-T2 receiver protection ratio and overload threshold under DVB-T2 interference in adjacent/non-adjacent channels
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[bookmark: _Toc396318568]1	Introduction

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Fourteen DVB-T2 TV receivers from various manufacturers using both can and silicon tuners were measured for DVB-T2 protection ratio and overload threshold from another DVB-T2 signal in neighbouring channels. The tests were made with different wanted signal levels and a range of interference frequency offsets corresponding to the interferer being at multiples of 8 MHz TV channel spacing of N±1 up to N±4 and additionally N±9 (to compare image channel weaknesses for can tuners).  

[bookmark: _Toc396318569]2	Receiver performance tests

[bookmark: _Toc396318570]2.1	Receivers tested

The receivers tested are all mass production models from different manufacturers purchased in the UK (circa 2011) containing conventional ‘can’ and silicon tuners shown in Table 1. All are the latest dual mode DVB-T/T2 designs with a variety of tuners and demodulator designs.

[bookmark: _Ref273945818]Table 1

Receivers tested

		Receiver name

		Rx1

		Rx2

		Rx3

		Rx4

		Rx5

		Rx6

		Rx7

		Rx8

		Rx9



		Tuner type

		Silicon

		Silicon

		Silicon

DVB-T only  so not tested

		Silicon

Unreliable so not tested

		Can

		Can

		Silicon

		Silicon

		Silicon



		

		

		

		

		

		

		

		

		

		



		Receiver name

		Rx22

		Rx23

		Rx24

		Rx25

		Rx26

		Rx27

		Rx28

		

		



		Tuner type

		Silicon

		Silicon

		Silicon

		Silicon

		Silicon

		Silicon

		Can

		

		



		Receiver type

		PVR

		iDTV

		iDTV

		STB

		PVR

		STB

		iDTV

		

		





[bookmark: _Toc396318571]2.2	Receiver test setup

Figure 1 shows the test setup using an R&S SFU supplying the DVB-T2 signal as an interferer to a DVB-T2 wanted signal configured as shown in Table 2.  

The average power meter used a thermal power sensor.

[bookmark: _Ref273737263]Figure 1

Test equipment setup
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[bookmark: _Ref289322239]


[bookmark: _Ref289373031]Table 2

DVB-T2 signal parameters



		Overall

		Parameter Value



		FFTSIZE

		32K



		GI

		1/128



		Data Symbols

		59



		SISO/MISO

		SISO



		PAPR

		None



		Frames per superframe

		2



		Bandwidth

		8MHz



		Extended Bandwidth Mode

		Yes



		Pilot Pattern

		PP7



		L1 Modulation

		64QAM



		PLP #0

		



		Type

		1



		Modulation

		256QAM



		Rate

		2/3



		FEC Type

		64800



		Rotated QAM

		Yes



		FEC blocks per interleaving frame

		202



		TI blocks per frame (N_TI)

		3



		T2 frames per Interleaving Frame (P_I)

		1



		Frame Interval  (I_JUMP)

		1



		Type of time-interleaving

		0



		Time Interleaving Length

		3







[bookmark: _Toc396318572]2.3	Test signals

Since the tests for receivers Rx1 through Rx9 were made separately from receivers Rx22 through Rx28, the spectrum of the test signals vary slightly.

[bookmark: _Toc396318573]2.3.1	Test signals for receivers Rx1-Rx9

The spectrum of the test signal used for receivers Rx1-Rx9 is shown in Figure 2 alongside the DVB-T non-critical mask taken from EN 302 296 (see Reference 1). The results of the ACLR measurement are tabulated in Table 3.


Table 3

DVB-T2 Interferer ACLR

		Channel

		ACLR - dB



		N-2

		-68.6



		N-1

		-54.9



		N+1

		-52.6



		N+2

		-65.5





The interferer is slightly outside the mask at some frequencies, and this might have a slight effect on the protection ratio measurements of good receivers for N±1 measurements.

Figure 2

Spectrum of DVB-T2 interference signal used for receivers Rx1-Rx9
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[bookmark: _Toc396318574]2.3.2	Test signals for receivers Rx22-Rx28

The spectrum of the test signal used for receivers Rx22-Rx28 is shown in Figure 3 alongside the DVB-T non-critical mask taken from EN 302 296 (see Reference 1). The results of the ACLR measurement are tabulated in Table 4.


Table 4 

DVB-T2 Interferer ACLR

		Channel

		ACLR - dB



		N-1

		55.07



		N+1

		52.62





The interferer is slightly outside the mask at some frequencies, and this might have a slight effect on the protection ratio measurements of good receivers for N+1 measurements.

[bookmark: _Ref289334835]Figure 3

Spectrum of DVB-T2 interference signal used for receivers Rx22-Rx28
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[bookmark: _Toc396318575]2.4	Reference power level

The reference power level, with 0 dB setting on the attenuator, was measured using the thermal power sensor to give a true rms measurement. All protection ratios were referenced to this level. 

[bookmark: _Toc396318576]2.5	Picture failure criterion

For all testing, the picture failure (PF) threshold was used as the QEF point. Picture failure was determined by examining the moving picture for approximately 20 seconds and checking for MPEG2 macro block artifacts. The recorded point was made at the limit where there was an error free picture for 20 seconds.

[bookmark: _Toc396318577]2.6	Description of tests

The protection ratio was measured for wanted signal levels fixed at -70, -60, -50, -40, -35, and ‑30dBm.  The overload threshold was then calculated visually using the recommended method described in Section 5 of Report ITU-R BT.2215. 

To reduce testing time, the re-scanning of the receivers for each test point was avoided by fixing the wanted signal frequency at CH56 (754MHz) and shifting the interferer centre frequency offset in 8MHz increments from N±1 up to N±4 and additionally N±9 (to compare image channel weaknesses for can tuners).  

The frequencies tested are summarised in Table 5.

[bookmark: _Ref273950713][bookmark: _Ref289680506]Table 5

Test definitions

		Channel Offset N
(8MHz Channels)

		Centre Frequency Offset MHz

		DTT Centre Freq, MHz

		T2 Interferer Centre

Freq. MHz

		DTT Power dBm



		N-9

		-72

		754

		682

		-70, -60, -50, -40,-35, -30



		N-4

		-32

		754

		722

		-70, -60, -50, -40,-35, -30



		N-3

		-24

		754

		730

		-70, -60, -50, -40,-35, -30



		N-2

		-16

		754

		738

		-70, -60, -50, -40,-35, -30



		N-1

		-8

		754

		746

		-70, -60, -50, -40,-35, -30



		N+1

		8

		754

		762

		-70, -60, -50, -40,-35, -30



		N+2

		16

		754

		770

		-70, -60, -50, -40,-35, -30



		N+3

		24

		754

		778

		-70, -60, -50, -40,-35, -30



		N+4

		32

		754

		786

		-70, -60, -50, -40,-35, -30



		N+9

		72

		754

		826

		-70, -60, -50, -40,-35, -30






These tests are shown pictorially in Figure 4 below.

[bookmark: _Ref273951842]Figure 4

Test Frequency Arrangement







[bookmark: _Toc396318578]2.7	Protection Ratio Test Results

The measured protection ratios are tabulated in Table 6 and illustrated in Figure 5.  The 10th, 50th, and 90th percentiles for the combined protection ratios are shown in Figure 6.

Table 6

Summary of DVB-T2 into DVB-T2 protection ratio

		Offset MHz

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		Rx1(Si)

		-51

		-46

		-45

		-45

		-38

		-32

		-47

		-47

		-49

		-56



		Rx2(Si)

		-56

		-51

		-49

		-47

		-34

		-31

		-46

		-47

		-49

		-54



		Rx5(Can)

		-65

		-62

		-60

		-51

		-33

		-32

		-53

		-52

		-45

		-47



		Rx6(Can)

		-65

		-58

		-51

		-39

		-30

		-36

		-49

		-47

		-63

		-54



		Rx7(Si)

		-54

		-50

		-49

		-47

		-33

		-31

		-45

		-47

		-50

		-52



		Rx8(Si)

		-55

		-51

		-50

		-47

		-35

		-30

		-44

		-47

		-50

		-56



		Rx9(Si)

		-50

		-44

		-44

		-43

		-27

		-32

		-43

		-43

		-44

		-50



		Rx22(Si)

		-42

		-41

		-43

		-40

		-33

		-32

		-41

		-41

		-41

		-38



		Rx23(Si)

		-50

		-45

		-44

		-44

		-36

		-29

		-43

		-45

		-46

		-35



		Rx24(Si)

		-56

		-50

		-48

		-45

		-35

		-36

		-47

		-48

		-51

		-56



		Rx25(Si)

		-52

		-51

		-48

		-49

		-39

		-37

		-50

		-49

		-52

		-52



		Rx26(Si)

		-59

		-56

		-55

		-54

		-36

		-35

		-54

		-55

		-55

		-57



		Rx27(Si)

		-54

		-50

		-52

		-50

		-38

		-36

		-50

		-54

		-54

		-55



		Rx28(Can)

		-47

		-58

		-55

		-47

		-31

		-30

		-43

		-37

		-40

		-42



		90th percentile

		-48

		-44

		-44

		-41

		-30

		-30

		-43

		-42

		-42

		-39



		50th percentile

		-54

		-51

		-49

		-47

		-35

		-32

		-47

		-47

		-50

		-53



		10th percentile

		-63

		-58

		-55

		-51

		-38

		-36

		-52

		-53

		-55

		-56









[bookmark: _Ref289680162]Figure 5

Protection ratio measurements for receivers Rx1-Rx9 and Rx22-Rx28
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Figure 6

10th, 50th and 90th percentiles of  protection ratios for receivers Rx1-Rx9, Rx22-Rx28
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Points to note are:

· The expected differences between tuner technologies is evident in these results.  The receivers with silicon tuners had more predictable performance with smooth PR variations across frequency, but the PRs for N+/-2 to N+/-4 were generally not as low as can tuners.  The can tuners showed the common can tuner weaknesses at frequency offsets of 24 and 36MHz due to these frequencies being related to the 36MHz IF frequency employed in these tuners.

· The silicon tuners showed fairly similar performance at N+/-9 due to their low IF architecture, but the can Rx5 and Rx6 tuners as expected were respectively 18dB and 11dB worse at N+9 compared with N-9 due to the traditional N+9 image channel problem, however the N-9 PR of -65dB is about 10dB better than the best silicon tuners measured.

· Performance is similar to the measurements of LTE 100% traffic loaded interferer into DVB-T and DVB-T2.

[bookmark: _Toc396318579]2.8	Overload Threshold Calculation

The overload threshold was calculated and tabulated in Table 7 as well as illustrated in Figure 7. The 10th, 50th, and 90th percentiles for the overload thresholds are shown in Figure 8.



Table 7

Summary of DVB-T2 into DVB-T2 overload thresholds

		Offset MHz

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		Rx1(Si)

		1

		-2

		-2

		-3

		-7

		-4

		-2

		-1

		2

		2



		Rx2(Si)

		6

		5

		5

		2

		>-2

		>-2

		3

		5

		5

		5



		Rx5(Can)

		-7

		-7

		-7

		-7

		-15

		-15

		-6

		-7

		-3

		3



		Rx6(Can)

		-5

		-3

		-5

		-7

		-15

		-18

		-5

		-3

		-4

		-2



		Rx7(Si)

		6

		5

		4

		1

		-2

		-2

		0

		3

		4

		5



		Rx8(Si)

		-14

		-14

		-14

		-15

		-15

		-15

		-15

		-14

		-13

		-13



		Rx9(Si)

		-7

		-7

		-7

		-8

		-3

		-10

		-8

		-7

		-7

		-7



		Rx22(Si)

		-4

		-4

		-6

		-6

		-15

		-15

		-7

		-6

		-7

		-7



		Rx23(Si)

		7

		6

		6

		5

		>-4

		>0

		5

		6

		6

		8



		Rx24(Si)

		1

		1

		1

		-2

		-6

		-6

		-2

		1

		1

		1



		Rx25(Si)

		-2

		-2

		-2

		-6

		-8

		-8

		-5

		-2

		1

		2



		Rx26(Si)

		0

		-3

		-4

		-6

		-6

		-6

		-10

		-4

		-3

		0



		Rx27(Si)

		-15

		-15

		-15

		-17

		-24

		-23

		-17

		-15

		-15

		-14



		Rx28(Can)

		-8

		-6

		-5

		-6

		-10

		-11

		-8

		-1

		1

		-5



		10th percentile

		-12

		-12

		-12

		-13

		-15

		-17

		-14

		-12

		-11

		-11



		50th percentile

		-3

		-3

		-5

		-6

		-8

		-9

		-6

		-3

		-1

		1



		90th percentile

		6

		5

		5

		2

		-2

		-2

		2

		4

		5

		5







It is observed that the performance is broadly similar to the measurements of LTE BS 100% traffic loaded interferer into  DVB-T2.  The main exception being the N+/-1 PR which are higher than in the LTE case due to the edges of the interferer being much closer to the wanted signal.

[bookmark: _Ref335405314]Figure 7

Overload threshold for receivers Rx1-Rx9, Rx22-Rx28
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Figure 8

10th, 50th and 90th percentiles of overload threshold for receivers Rx1-Rx9, Rx22-Rx28

[image: ]

[bookmark: _Ref289345467]

[bookmark: _Toc396318580]3	Comparison of C/I measurements with BT.2215 calculation of PR and Oth

The following comparisons in Figures 9 and 10 superimpose the calculated PR and Oth values onto the measured percentiles of the C/I characteristics for Rx1-9, Rx 22-28 to check the degree of error in using the linear approximation of PR and Oth for each frequency offset from Section 5 of Report ITU-R BT.2215. To aid comparison a single frequency offset example is given in detail followed by three combined plot showing all the frequency offsets. In general, the error triangle region is quite small but including C/I characteristics such as these may be useful additional information for network planners.



Figure 9

Comparison of C/I vs. BT.2215 PR and Oth – 8MHz offset
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Figure 10

Comparison of C/I vs. BT.2215 PR and Oth  – all offsets
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[bookmark: _Toc396318581]4	Conclusions

A total of 14 dual mode DVB-T/T2 receivers (11 silicon tuners, 3 can tuners) were measured.  The measured results show the usual differences between tuner technologies.  The receivers using silicon tuners had more predictable performance with smooth PR and Oth variations across frequency.  

The can tuners showed their traditional weaknesses at frequency offsets of 24MHz and 36MHz due to these frequencies being harmonically related to the 36MHz IF frequency employed in these tuners.

The silicon tuners showed fairly symmetrical performance at N±9 due to their low IF architecture, but the can tuners used in Rx5 and Rx8 showed reduced performance at N+9 compared with N-9 due to the traditional N+9 image channel problem.

Overload thresholds on several silicon tuners exceeded that of two of the three can tuners tested.

Overall performance is similar to the measurements of LTE 100% traffic loaded interferer into DVB-T2 except for N+/-1 where the extended mode DVB-T2 interferer edge is much closer to the wanted DTT channel.

Raw test data is included in Appendix A to assist other studies.
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[bookmark: _Toc396318583]Appendix A - Raw test data for DVB-T2 interference into DVB-T2

[bookmark: _Toc396318584]A.1	C/I data for Rx1(Si)

Table A.1  

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-19

		-25

		-26

		-26

		-32

		-38

		-24

		-23

		-22

		-14



		-60

		-6

		-13

		-14

		-14

		-21

		-27

		-12

		-11

		-10

		-2



		-50

		0

		-3

		-3

		-6

		-10

		-18

		-4

		0

		1

		5



		-40

		1

		-2

		-2

		-3

		-7

		-7

		-2

		1

		2

		5



		-35

		1

		-1

		-1

		-2

		-6

		-5

		0

		2

		2

		5



		-30

		1

		-1

		-1

		-2

		-5

		-4

		1

		2

		2

		5







[bookmark: _Toc396318585]A.2	C/I data for Rx2(Si)

Table A.2

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-15

		-19

		-21

		-23

		-36

		-39

		-24

		-23

		-21

		-16



		-60

		-1

		-9

		-11

		-13

		-26

		-28

		-15

		-13

		-11

		-4



		-50

		5

		2

		0

		-4

		-15

		-19

		-6

		-3

		1

		4



		-40

		6

		5

		4

		1

		-8

		-10

		1

		3

		4

		5



		-35

		5

		5

		5

		2

		-5

		-6

		2

		4

		5

		5



		-30

		7

		6

		5

		4

		-2

		-2

		3

		5

		5

		5










[bookmark: _Toc396318586]A.3	C/I data for Rx5(Can)

Table A.3

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-5

		-8

		-10

		-19

		-37

		-38

		-17

		-18

		-15

		-23



		-60

		-4

		-7

		-7

		-11

		-26

		-27

		-9

		-10

		-15

		-12



		-50

		-1

		-7

		-6

		-7

		-19

		-21

		-6

		-7

		-7

		-3



		-40

		2

		-6

		-4

		-7

		-15

		-15

		-4

		-4

		-3

		4



		-35

		2

		-3

		-4

		-6

		-13

		-13

		-4

		-2

		0

		3



		-30

		1

		-2

		-3

		-6

		-12

		-11

		-3

		0

		1

		3







[bookmark: _Toc396318587]A.4	C/I data for Rx6(Can)

Table A.4

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-5

		-12

		-19

		-31

		-40

		-34

		-21

		-23

		-7

		-16



		-60

		-5

		-5

		-8

		-19

		-29

		-24

		-11

		-13

		-7

		-7



		-50

		-5

		-3

		-5

		-10

		-20

		-18

		-5

		-5

		-6

		-2



		-40

		1

		-3

		-4

		-7

		-15

		-13

		-3

		-3

		-2

		0



		-35

		5

		-3

		-4

		-7

		-14

		-11

		-3

		-3

		-2

		0



		-30

		1

		-3

		-4

		-7

		-12

		-10

		-3

		-3

		-2

		-1








[bookmark: _Toc396318588]A.5	C/I data for Rx7(Si)

Table A.5 

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-16

		-20

		-21

		-23

		-37

		-39

		-25

		-23

		-20

		-18



		-60

		-1

		-8

		-11

		-12

		-26

		-28

		-14

		-12

		-11

		-4



		-50

		5

		2

		0

		-4

		-16

		-19

		-5

		-2

		1

		4



		-40

		6

		5

		4

		1

		-8

		-10

		0

		3

		4

		5



		-35

		6

		5

		4

		2

		-4

		-4

		1

		4

		5

		5



		-30

		6

		5

		5

		3

		-2

		-2

		3

		5

		5

		5







[bookmark: _Toc396318589]A.6	C/I data for Rx8(Si)

Table A.6 

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-15

		-19

		-20

		-23

		-35

		-40

		-26

		-23

		-20

		-14



		-60

		-14

		-14

		-14

		-15

		-24

		-29

		-15

		-15

		-14

		-14



		-50

		-14

		-13

		-13

		-15

		-18

		-20

		-15

		-14

		-13

		-13



		-40

		-14

		-12

		-13

		-13

		-15

		-15

		-13

		-13

		-12

		-13



		-35

		-14

		-12

		-12

		-13

		-15

		-15

		-13

		-12

		-12

		-13



		-30

		-13

		-12

		-12

		-13

		-14

		-14

		-12

		-12

		-12

		-13










[bookmark: _Toc396318590]A.7	C/I data for Rx9(Si)

Table A.7

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-20

		-26

		-26

		-27

		-43

		-38

		-27

		-27

		-26

		-20



		-60

		-10

		-15

		-15

		-16

		-33

		-27

		-17

		-16

		-15

		-10



		-50

		-7

		-8

		-8

		-10

		-23

		-16

		-10

		-9

		-8

		-7



		-40

		-7

		-7

		-7

		-8

		-13

		-11

		-8

		-7

		-7

		-7



		-35

		-7

		-7

		-7

		-7

		-10

		-10

		-8

		-7

		-7

		-7



		-30

		-7

		-7

		-7

		-7

		-9

		-9

		-7

		-7

		-7

		-7
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Table A.8

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-28

		-22

		-24

		-23

		-37

		-39

		-22

		-24

		-22

		-32



		-60

		-20

		-20

		-19

		-20

		-25

		-26

		-19

		-21

		-21

		-21



		-50

		-7

		-6

		-6

		-9

		-18

		-18

		-9

		-8

		-7

		-11



		-40

		-4

		-4

		-5

		-6

		-13

		-13

		-7

		-6

		-7

		-7



		-35

		-4

		-4

		-6

		-6

		-10

		-11

		-6

		-6

		-8

		-6



		-30

		-4

		-4

		-6

		-5

		-8

		-9

		-6

		-6

		-6

		-6










[bookmark: _Toc396318592]A.9	C/I data for Rx23(Si)

Table A.9

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-20

		-25

		-27

		-27

		-34

		-41

		-27

		-26

		-24

		-21



		-60

		-11

		-15

		-15

		-16

		-23

		-31

		-17

		-15

		-15

		-11



		-50

		1

		-4

		-6

		-7

		-13

		-20

		-7

		-5

		-4

		1



		-40

		7

		5

		5

		4

		-3

		-10

		4

		5

		5

		7



		-35

		8

		6

		6

		5

		1

		-5

		5

		6

		6

		8



		-30

		8

		7

		6

		6

		4

		0

		5

		6

		7

		8
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Table A.10

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-14

		-20

		-22

		-26

		-35

		-34

		-23

		-22

		-20

		-15



		-60

		-4

		-8

		-11

		-15

		-24

		-23

		-12

		-11

		-8

		-3



		-50

		1

		-1

		-2

		-5

		-15

		-14

		-4

		-2

		0

		1



		-40

		1

		1

		1

		-2

		-8

		-8

		-2

		1

		2

		2



		-35

		1

		1

		1

		0

		-6

		-6

		0

		1

		2

		2



		-30

		1

		2

		1

		1

		-4

		-5

		1

		2

		2

		2
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Table A.111 

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-18

		-19

		-22

		-21

		-31

		-32

		-20

		-21

		-18

		-18



		-60

		-7

		-8

		-11

		-10

		-21

		-23

		-11

		-10

		-7

		-7



		-50

		-2

		-2

		-3

		-6

		-12

		-13

		-5

		-3

		-1

		0



		-40

		0

		0

		-1

		-2

		-8

		-8

		-1

		1

		1

		2



		-35

		0

		0

		0

		0

		-7

		-7

		0

		1

		1

		2



		-30

		0

		0

		1

		0

		-6

		-6

		1

		1

		1

		2
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Table A.12

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-11

		-14

		-15

		-16

		-34

		-35

		-16

		-15

		-15

		-13



		-60

		-1

		-4

		-5

		-8

		-23

		-24

		-10

		-5

		-4

		-3



		-50

		0

		-2

		-3

		-5

		-16

		-15

		-5

		-3

		-2

		1



		-40

		1

		0

		-2

		-3

		-9

		-8

		-3

		0

		1

		1



		-35

		1

		0

		0

		-2

		-6

		-6

		-2

		0

		1

		1



		-30

		1

		0

		0

		-2

		-4

		-4

		-1

		1

		1

		1
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Table A.13

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-16

		-20

		-18

		-20

		-32

		-34

		-20

		-16

		-16

		-15



		-60

		-15

		-15

		-15

		-17

		-25

		-26

		-17

		-15

		-15

		-14



		-50

		-15

		-15

		-15

		-15

		-21

		-21

		-15

		-14

		-14

		-14



		-40

		-15

		-14

		-14

		-15

		-18

		-19

		-15

		-14

		-14

		-14



		-35

		-15

		-14

		-14

		-14

		-17

		-18

		-14

		-14

		-14

		-14



		-30

		-14

		-14

		-14

		-14

		-16

		-16

		-14

		-14

		-14

		-14
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Table A.14 

C vs. I for DVB-T2 interferer into DVB-T2

		

		Offset MHz



		C dBm

		-72

		-32

		-24

		-16

		-8

		8

		16

		24

		32

		72



		-70

		-13

		-12

		-15

		-23

		-39

		-40

		-27

		-25

		-15

		-28



		-60

		-13

		-6

		-6

		-10

		-28

		-30

		-18

		-23

		-15

		-16



		-50

		-8

		-4

		-4

		-7

		-18

		-20

		-10

		-15

		-10

		-7



		-40

		0

		-3

		-3

		-4

		-12

		-14

		-5

		-6

		0

		-5



		-35

		-2

		-3

		-3

		-4

		-10

		-11

		-4

		-3

		1

		-5



		-30

		-3

		-3

		-3

		-3

		-8

		-10

		-3

		-2

		1

		-4
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Measurements of DVB-T2 receiver protection ratio and overload threshold under LTE BS interference in adjacent/non-adjacent channels
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[bookmark: _Toc396319677][bookmark: _Toc337637353]1	Introduction

Fourteen DVB-T2 TV receivers from various manufacturers using both can and silicon tuners were measured for DVB-T2 protection ratio and overload threshold against recorded LTE BS waveforms from a real LTE base station operating with different traffic loadings.  The tests were made with different wanted signal levels and a range of interference frequency offsets corresponding to the interferer being at multiples of 8 MHz TV channel spacing of  N+1 up to N+9 (image channel for can tuners), starting with a 1MHz guard band between the DTT and LTE signals.  

[bookmark: OLE_LINK5]A real commercial LTE base station RF output with a 10 MHz bandwidth has been captured and analyzed in the time and frequency domains on a symbol by symbol basis using a vector signal analyser.  Different distributions of resource blocks were observed in both time and frequency at different traffic loads ranging from an idle condition with no significant data transfers, to 50% loading and 100% loading.  These captured waveforms were further filtered to remove impairments from the recording process, and formatted for replay from standard laboratory vector signal generators to represent realistic interference signals for receiver measurements.  These waveforms and are now used by the UK Digital Television Group (DTG)[footnoteRef:1] and other organisations as a standard set of interference signals for receiver conformance testing.  They are used as the interference source in this contribution. [1:  http://dtg.org.uk/] 


[bookmark: _Toc396319678][bookmark: _Toc337637354]2	Receiver performance tests

[bookmark: _Toc396319679][bookmark: _Toc337637355]2.1	Receivers tested

The receivers tested are all mass production models from different manufacturers purchased in the UK (circa 2011-2012) containing conventional ‘can’ and silicon tuners shown in Table 1. All are the latest dual mode DVB-T/T2 designs with a variety of tuners and demodulator designs.

[bookmark: _Ref273945818]Table 1 

Receivers tested

		Receiver name

		Rx1

		Rx2

		Rx3

		Rx4

		Rx5

		Rx6

		Rx7

		Rx8

		Rx9



		Tuner type

		Silicon

		Silicon

		Silicon

DVB-T only so not tested

		Silicon

Unreliable so not tested

		Can

		Can

		Silicon

		Silicon

		Silicon



		

		

		

		

		

		

		

		

		

		



		Receiver name

		Rx22

		Rx23

		Rx24

		Rx25

		Rx26

		Rx27

		Rx28

		

		



		Tuner type

		Silicon

		Silicon

		Silicon

		Silicon

		Silicon

		Silicon

		Can

		

		



		Receiver type

		PVR

		iDTV

		iDTV

		STB

		PVR

		STB

		iDTV

		

		





[bookmark: _Toc337637356]

[bookmark: _Toc396319680]2.2	Receiver test setup

The test setup, DVB-T2 signal parameters, reference power level, and picture failure criterion are described in Annex 2A.  The test setup used an R&S SFU vector signal generator replaying the LTE BS signals as an interferer to a DVB-T2 wanted signal.

[bookmark: _Toc396319681][bookmark: _Toc337637357]2.3	Test signals

Since the tests for receivers Rx1 through Rx9 were made separately from receivers Rx22 through Rx28, the spectrum of the test signals vary slightly.

[bookmark: _Toc395541116][bookmark: _Toc396319682]2.3.1	Test signals for receivers Rx1-Rx9

The spectra of the test signals used for receivers Rx1-Rx9 are illustrated in Figures 1, 2, and 3 for zero, 50, and 100 percent LTE BS traffic loadings, respectively.  The measured ACLRs are shown in Table 2. The BS out of block emission mask from CEPT Report 30 (see Reference 1) is also shown in Figure 3.

Figure 1

Spectrum of LTE BS idle test signal (0% traffic loading)

[image: ]

Figure 2

Spectrum of LTE BS test signal (50% traffic loading)

[image: ]

Figure 3

Spectrum of LTE BS  test signal (100% traffic loading)

[image: ]

Table 2 

LTE Interferer ACLR for receivers Rx1-Rx9

		Centre Frequency 
Spacing MHz

		0% Traffic loading
ACLR - dB

		50% Traffic loading
ACLR - dB

		100% Traffic loading
ACLR - dB



		10

		-60.9

		-60.3

		-58.9



		18

		-73.7

		-82.9

		-78.8







[bookmark: _Toc395541117][bookmark: _Toc396319683]2.3.2	Test signals for receivers Rx22-Rx28

The spectra of the test signals for receivers Rx22-Rx28 are shown in Figures 4, 5, and 6.  The measured ACLRs are shown in Table 3 with the system operating at full interference power (attenuators were  included before the spectrum analyser to avoid overloading the analyser input). 

[bookmark: _Ref289334835]Figure 4

Spectrum of LTE BS idle test signal (0% traffic loading)

[image: ]

[bookmark: _Ref289334836]Figure 5

Spectrum of LTE BS test signal (50% traffic loading)

[image: ]

[bookmark: _Ref289334838]Figure 6

Spectrum of LTE BS  test signal (100% traffic loading)

[image: ]

Table 2 

LTE Interferer signal generator ACLR measured /(estimated) for receivers Rx22-Rx28

		Centre Frequency 
Spacing MHz

		0% Traffic loading
ACLR - dB

		50% Traffic loading
ACLR - dB

		100% Traffic loading
ACLR - dB



		10

		61.92

		64.26

		62.56



		18

		66.86

		76.79

		78.92



		Other offsets

		

		

		(Increasing at 3dB/8MHz)







[bookmark: _Toc336445415][bookmark: _Toc396319684][bookmark: _Toc337637358]2.4	Estimated correction of PR for real BS ACLR values

The actual ACLR of a BS may be lower than the test signals used in these tests, and the resulting noise falling in-band to the DTT receiver can dominate over the inherent protection ratio of the DTT receiver.  Actual BS ACLRs are not well publicized at present so some assumptions based on CEPT Report 30 (see Reference 1) have been used here to create examples of corrected PR values demonstrate the overall effect of BS out of band noise.  It is not known at this point how typical this BS performance is.

The final corrected PR is calculated as:

The final protection ratio is found in two stages; firstly, for a frequency offset ∆f the adjacent channel selectivity (ACS) of the receiver is calculated from the measured protection ratio at the offset (PR(∆f)), the co-channel protection ratio PR0 and the ACLR of the signal generator:



						


Secondly, the derived value of the DTT ACS is used to determine the appropriate adjacent channel protection ratios for interfering terminal that may have different ACLR characteristics.

The final protection ratio, PR(f), is a function of the ACS and the ACLR of the LTE BS at (f), ACLR’:



					



The estimated BS ACLR is given in Table 4.

[bookmark: _Ref335920853]Table 3 

Estimated BS ACLR

		ACLR’ dB

		BS Full power / 

100%LTE traffic loading



		10 MHz offset

		59 dB



		18 MHz offset

		69 dB



		24 MHz offset

		79 dB



		All other offsets

		Increase at 3dB/8MHz







[bookmark: _Toc396319685][bookmark: _Toc337637359]2.5	Reference power level

The reference power level, with 0 dB setting on the attenuator, was measured at maximum BS traffic (i.e. 100% load) using the thermal power sensor to give a true rms measurement. All protection ratios were referenced to this level. It was confirmed that the average power of the LTE signal reduces with traffic by approximately 8.3dB for the idle (0% load), but the peak power during the active portion of the signal remains the same as for the 100% loaded signal.

[bookmark: _Toc396319686][bookmark: _Toc337637360]2.6	Picture failure criterion

For all tests, the picture failure (PF) threshold was used as the QEF point. Picture failure was determined by examining the moving picture for approximately 20 seconds and checking for MPEG2 macro block artifacts. The recorded point was made at the limit where there was an error free picture for 20 seconds.

[bookmark: _Toc396319687][bookmark: _Toc337637361]2.7	Description of tests

For each of the LTE BS traffic loadings of 0% (idle), 50% and 100%, the protection ratio was measured for wanted signal levels fixed at -70, -60, -50, -40,  -35 and -30dBm.  The overload threshold was then calculated visually using the recommended method described in section 5 of Report ITU-R BT.2215. 

To reduce testing time, the re-scanning of the receivers for each test point was avoided by fixing the wanted signal frequency at CH56 (754MHz) and shifting the LTE interferer centre frequency offset in 8MHz increments from N+2 to N+9.  The initial N+1 interference used a 10MHz centre frequency offset which allows a 1MHz guard band between the wanted and interferer channels.  This is equivalent to testing for interference from a 10MHz LTE interferer centred at 796MHz into channels 52 to 60.  The frequencies tested are summarised in Table 4.

[bookmark: _Ref273950713]Table 4 

Test definitions

		Channel Offset N
(8MHz Channels)

		Centre Frequency Offset MHz

		DTT Centre Freq, MHz

		LTE  Centre

Freq. MHz

		LTE

BW, MHz

		DTT Power dBm



		1

		10

		754

		764

		10

		-70, -60, -50, -40,-35, -30



		2

		18

		754

		772

		10

		-70, -60, -50, -40,-35, -30



		3

		26

		754

		780

		10

		-70, -60, -50, -40,-35, -30



		4

		34

		754

		788

		10

		-70, -60, -50, -40,-35, -30



		5

		42

		754

		796

		10

		-70, -60, -50, -40,-35, -30



		6

		50

		754

		804

		10

		-70, -60, -50, -40,-35, -30



		7

		58

		754

		812

		10

		-70, -60, -50, -40,-35, -30



		8

		66

		754

		820

		10

		-70, -60, -50, -40,-35, -30



		9

		74

		754

		828

		10

		-70, -60, -50, -40,-35, -30










These tests are shown pictorially in Figure  below.

[bookmark: _Ref273951842]Figure 7

Test Frequency Arrangement

[image: ]















[bookmark: _Toc396319688][bookmark: _Toc337637362]2.8	Protection Ratio Test Results

Table 6 tabulates the statistical results for protection ratios of LTE BS interference into DVB-T2 at the 10th, 50th, and 90th percentiles and for various LTE traffic loadings.

Table 5 

Summary of LTE BS into DVB-T2 protection ratio Rx1-9, Rx22-28



		Offset MHz:

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Idle LTE 
traffic loading
PR dB

		10th PC

		-48

		-57

		-57

		-59

		-61

		-69

		-70

		-66

		-62



		

		50th PC

		-44

		-51

		-52

		-51

		-54

		-56

		-57

		-59

		-58



		

		90th PC

		-25

		-33

		-36

		-40

		-43

		-46

		-47

		-46

		-47



		50% LTE 
traffic loading
PR dB

		10th PC

		-44

		-54

		-54

		-55

		-58

		-59

		-60

		-62

		-58



		

		50th PC

		-41

		-48

		-49

		-51

		-52

		-54

		-55

		-55

		-55



		

		90th PC

		-38

		-43

		-42

		-43

		-47

		-48

		-49

		-50

		-47



		100% LTE 
traffic loading
PR dB

		10th PC

		-43

		-54

		-53

		-52

		-57

		-58

		-65

		-61

		-57



		

		50th PC

		-39

		-47

		-48

		-50

		-51

		-52

		-55

		-54

		-53



		

		90th PC

		-36

		-42

		-41

		-43

		-46

		-47

		-48

		-49

		-46



		Example of corrected
PR for 100% LTE
 traffic loading

		10th PC

		-40

		-49

		-53

		-52

		-57

		-58

		-64

		-60

		-57



		

		50th PC

		-37

		-45

		-48

		-49

		-51

		-52

		-54

		-54

		-53



		

		90th PC

		-35

		-42

		-41

		-43

		-46

		-47

		-48

		-49

		-45







Figures 8, 9, and 10 illustrate the protection ratio results for zero, 50%, and 100% traffic loading, respectively.  These results are uncorrected for signal generator or BS ACLR.  Figure 11 illustrates the protection ratio results at 100% traffic loading corrected for the ACLR.  Generally the protection ratios for 50% traffic loading and 100% traffic loading were quite similar.  The can tuner Rx28 showed problems around 26MHz and 36MHz LTE offsets as well as the usual N+9 image channel degradation at 74MHz offset.

The worst performance is generally not in the LTE idle mode but with 100% traffic loading.  Possibly this is due to recent tuner design improvements, or that the particular tuner designs tested were not so sensitive to LTE idle mode time variations.

Figure 8

Protection ratio for idle traffic loading

[image: ]



Figure 9

Protection ratio for 50% traffic loading

[image: ]

Figure 10

(Uncorrected) protection ratio for 100% traffic loading

[image: ]

Figure 11

Example corrrected protection ratio for 100% traffic loading
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[bookmark: _Toc396319689]2.8.1	Percentile variation in corrected and uncorrected protection ratios

Figure 12 shows the effect of assumed BS ACLR degradation on a percentile basis for corrected and uncorrected protection ratios. The effect of the correction is only significant in the 10MHz and 18MHz offsets, mainly for the better performing tuners, where the degradation in PR can be up to 5dB.  The poorer performing tuners are only affected by 1dB at these two offsets.

Figure 12

Corrected/uncorrected protection ratio variation for 100% BS traffic loading 

[image: ]



Figure 13

90th  percentile protection ratio vs. traffic loading

[image: ]

Figure 14

50th percentile protection ratio vs. traffic loading

[image: ]

Figure 15

10th percentile protection ratio vs. traffic loading

[image: ]

[bookmark: _Toc396319690]2.9	Overload Threshold Calculation

The overload threshold from LTE BS interference into DVB-T2 was calculated for each of the idle, 50% and 100% traffic loadings using the method recommended in section 5 of Report ITU-R BT.2215.  Table 7 tabulates the statistical results.

Table 7

Summary of LTE BS into DVB-T2 overload thresholds Rx1-9, Rx22-28

		Offset MHz:

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Idle LTE 
traffic loading
Oth dBm

		10th PC

		-16

		-12

		-11

		-10

		-9

		-9

		-10

		-10

		-10



		

		50th PC

		-7

		-1

		2

		4

		4

		4

		5

		4

		5



		

		90th PC

		-2

		6

		9

		9

		9

		10

		10

		10

		10



		50% LTE 
traffic loading
Oth dBm

		10th PC

		-15

		-11

		-11

		-13

		-10

		-10

		-10

		-10

		-10



		

		50th PC

		-9

		-4

		-1

		-3

		1

		2

		2

		1

		2



		

		90th PC

		0

		2

		6

		6

		6

		7

		7

		7

		7



		100% LTE 
traffic loading
Oth dBm

		10th PC

		-16

		-12

		-10

		-11

		-11

		-11

		-11

		-11

		-10



		

		50th PC

		-10

		-4

		-2

		-3

		1

		2

		1

		1

		1



		

		90th PC

		1

		1

		4

		5

		5

		6

		6

		5

		6







Figures 16, 17, and 18 illustrate the calculated overload threshold, Oth, for each of the Idle, 50%, and 100% LTE BS traffic loadings, respectively.  Generally there was little difference in Oth between traffic loadings of 50% and 100%, the 50% loadings sometimes being about 1-2dB higher than the 100% values.  

Unlike receivers Rx1-Rx9, the worst performance of receivers Rx22-Rx28 is generally not in the LTE idle mode but with 100% traffic loading.  Rx9 performed much worse than all the other tuners in idle mode.  Possibly this is due to tuner technology improvements, or that the particular tuner designs tested were not so sensitive to LTE idle mode time variations.  The can tuner Rx28 showed problems around 36MHz LTE offset.  

[bookmark: _Ref335405314]Figure 16

Overload threshold for Idle BS traffic loading

[image: ]

Figure 17

Overload threshold for 50% traffic loading

[image: ]

Figure 18

Overload threshold for 100% traffic loading
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[bookmark: _Toc396319691]2.9.1	Percentile variation in the calculated overload thresholds

Figures 19, 20, and 21 illustrate the calculated overload threshold, Oth, for Idle, 50%, and 100% LTE BS traffic loadings at the 90th, 50th and 10th percentiles, respectively.

[bookmark: _Ref289345467]Figure 19

90th percentile overload threshold vs. traffic loading
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Figure 20

50th percentile overload threshold vs. traffic loading

[image: ]

Figure 21

10th percentile overload threshold vs. traffic loading

[image: ]




[bookmark: _Toc396319692][bookmark: _Toc337637369]3	Comparison of C/I measurements with BT.2215 calculation of PR and Oth

The following Figures 22, 23, 24, and 25 superimpose the calculated PR and Oth values onto the measured percentiles of the C/I characteristics for Rx1-Rx9, Rx22-Rx28 to check the degree of error in using the linear approximation of PR and Oth for each frequency offset.  To aid comparison a single frequency offset example is given in detail followed by three combined plots showing all of the frequency offsets. for each LTE traffic loading.

Note that the error triangle tends to be larger for 10MHz offsets than for other offsets – probably due to the difficulties in estimating PR and Oth for 10MHz offset - sometimes the Oth is not reached, “NR”, at this offset or not very well defined.

In general the error triangle region is quite small but including C/I characteristics such as these may be useful additional information for network planners.

Figure 22

Comparison of C/I vs. BT.2215 PR and Oth for LTE idle traffic loading – 10MHz offset

 (
Error 
triangle 
region for 50PC
) [image: ]






Figure 23

Comparison of C/I vs. BT.2215 PR and Oth for LTE idle traffic loading – all offsets

[image: ]




Figure 24

Comparison of C/I vs. BT.2215 PR and Oth for LTE 50% traffic loading – all offsets

[image: ]




Figure 25

Comparison of C/I vs. BT.2215 PR and Oth for LTE 100% traffic loading – all offsets

[image: ]

[bookmark: _Toc396319693][bookmark: _Toc337637370]4	Conclusions

The more recent measurements of receivers Rx22-Rx28 showed less sensitivity to the LTE BS Idle time variations. In general LTE BS 100% loading gave the worst performance on the better tuners.

The error in using the existing linear approximation of PR and Oth compared with the actual C/I characteristic is in most cases biased towards giving a slightly low PR estimation over certain C/I values.  The C/I curves included in this contribution might help allow for this error in network planning simulations.

Raw test data is included in Appendix A to assist other studies.

[bookmark: _Toc257402594][bookmark: _Toc388454168][bookmark: _Toc396319694][bookmark: _Toc337637371]5	References
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[bookmark: _Toc396319695]Appendix A – Raw test data for LTE BS interference into DVB-T2

[bookmark: _Toc396319696][bookmark: _Toc337637372]A.1	Protection ratio summary

Table A.1

AWGN co-channel protection ratios for DVB-T2

		Receiver

		Co-channel PR - dB



		Rx1(Si)

		19.0



		Rx2(Si)

		19.0



		Rx5(Can)

		19.0



		Rx6(Can)

		19.1



		Rx7(Si)

		19.0



		Rx8(Si)

		19.0



		Rx9(Si)

		18.8



		Rx22(Si)

		19.0



		Rx23(Si)

		19.0



		Rx24(Si)

		18.9



		Rx25(Si)

		19.0



		Rx26(Si)

		19.0



		Rx27(Si)

		19.3



		Rx28(Can)

		19.3










Table A.2

Protection ratios for LTE BS interferer 0% traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-47

		-51

		-51

		-52

		-53

		-55

		-56

		-58

		-59



		Rx2(Si)

		-24

		-34

		-37

		-43

		-46

		-53

		-56

		-57

		-58



		Rx5(Can)

		-43

		-58

		-55

		-50

		-53

		-56

		-58

		-60

		-58



		Rx6(Can)

		-44

		-55

		-55

		-64

		-71

		-72

		-73

		-72

		-63



		Rx7(Si)

		-27

		-40

		-46

		-46

		-55

		-56

		-56

		-57

		-57



		Rx8(Si)

		-31

		-32

		-35

		-39

		-41

		-47

		-48

		-49

		-51



		Rx9(Si)

		-20

		-25

		-31

		-34

		-36

		-39

		-40

		-42

		-43



		Rx22(Si)

		-38

		-47

		-47

		-47

		-47

		-46

		-46

		-45

		-45



		Rx23(Si)

		-44

		-50

		-52

		-52

		-52

		-54

		-54

		-54

		-54



		Rx24(Si)

		-48

		-52

		-55

		-57

		-58

		-59

		-59

		-60

		-62



		Rx25(Si)

		-48

		-56

		-57

		-58

		-59

		-58

		-58

		-59

		-59



		Rx26(Si)

		-48

		-57

		-58

		-60

		-62

		-62

		-62

		-62

		-62



		Rx27(Si)

		-45

		-55

		-57

		-58

		-59

		-59

		-59

		-59

		-59



		Rx28(Can)

		-40

		-43

		-38

		-43

		-58

		-72

		-74

		-68

		-52





Table A.3

Protection ratios for LTE BS interferer 50% traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-45

		-48

		-49

		-51

		-51

		-54

		-55

		-56

		-58



		Rx2(Si)

		-39

		-47

		-49

		-51

		-51

		-51

		-54

		-54

		-55



		Rx5(Can)

		-41

		-57

		-42

		-45

		-50

		-53

		-55

		-55

		-50



		Rx6(Can)

		-42

		-51

		-47

		-55

		-65

		-69

		-70

		-67

		-56



		Rx7(Si)

		-39

		-47

		-48

		-51

		-51

		-52

		-54

		-54

		-54



		Rx8(Si)

		-38

		-48

		-51

		-52

		-55

		-56

		-57

		-58

		-58



		Rx9(Si)

		-38

		-44

		-45

		-46

		-47

		-48

		-50

		-51

		-51



		Rx22(Si)

		-40

		-42

		-42

		-42

		-42

		-42

		-42

		-42

		-42



		Rx23(Si)

		-40

		-45

		-46

		-47

		-47

		-48

		-49

		-50

		-50



		Rx24(Si)

		-43

		-48

		-49

		-51

		-52

		-54

		-56

		-57

		-56



		Rx25(Si)

		-44

		-51

		-51

		-54

		-53

		-54

		-54

		-54

		-54



		Rx26(Si)

		-44

		-55

		-56

		-57

		-59

		-58

		-58

		-58

		-58



		Rx27(Si)

		-42

		-52

		-55

		-54

		-54

		-55

		-55

		-55

		-56



		Rx28(Can)

		-39

		-39

		-36

		-32

		-55

		-60

		-61

		-64

		-46










Table A.4

Protection ratios for LTE BS interferer 100% traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-43

		-48

		-50

		-51

		-52

		-54

		-55

		-57

		-58



		Rx2(Si)

		-36

		-47

		-48

		-49

		-51

		-51

		-52

		-53

		-53



		Rx5(Can)

		-40

		-56

		-41

		-45

		-49

		-52

		-54

		-54

		-50



		Rx6(Can)

		-41

		-47

		-45

		-45

		-67

		-67

		-68

		-66

		-55



		Rx7(Si)

		-36

		-46

		-48

		-50

		-50

		-52

		-54

		-53

		-53



		Rx8(Si)

		-35

		-47

		-50

		-51

		-54

		-56

		-57

		-57

		-57



		Rx9(Si)

		-36

		-43

		-44

		-45

		-46

		-47

		-49

		-50

		-50



		Rx22(Si)

		-38

		-42

		-42

		-42

		-42

		-42

		-40

		-40

		-40



		Rx23(Si)

		-38

		-43

		-46

		-46

		-46

		-48

		-48

		-49

		-49



		Rx24(Si)

		-42

		-47

		-48

		-50

		-51

		-52

		-55

		-55

		-55



		Rx25(Si)

		-43

		-48

		-51

		-52

		-51

		-51

		-52

		-52

		-53



		Rx26(Si)

		-42

		-55

		-56

		-56

		-58

		-58

		-57

		-57

		-57



		Rx27(Si)

		-40

		-51

		-54

		-52

		-54

		-53

		-55

		-54

		-55



		Rx28(Can)

		-36

		-38

		-35

		-33

		-54

		-58

		-68

		-62

		-44





[bookmark: _Toc396319697]A.2	Overload threshold summary

Table A.5

Oth dBm for LTE BS interferer 0% traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-2

		4

		6

		8

		9

		9

		10

		9

		10



		Rx2(Si)

		>-6

		6

		8

		9

		9

		10

		10

		10

		10



		Rx5(Can)

		-12

		0

		-2

		1

		4

		5

		5

		5

		5



		Rx6(Can)

		-11

		-1

		-1

		-3

		2

		3

		4

		4

		4



		Rx7(Si)

		>-3

		5

		9

		9

		9

		10

		10

		10

		10



		Rx8(Si)

		>-12

		-8

		-8

		-8

		-8

		-8

		-9

		-10

		-10



		Rx9(Si)

		-27

		-27

		-27

		-26

		-27

		-27

		-27

		-27

		-26



		Rx22(Si)

		-7

		-5

		-1

		-1

		0

		-1

		-1

		-2

		-1



		Rx23(Si)

		6

		8

		9

		9

		9

		9

		10

		10

		10



		Rx24(Si)

		-6

		2

		3

		5

		6

		5

		6

		6

		6



		Rx25(Si)

		-5

		1

		4

		6

		6

		0

		0

		1

		1



		Rx26(Si)

		-6

		-2

		2

		4

		3

		4

		4

		4

		5



		Rx27(Si)

		-18

		-14

		-12

		-11

		-10

		-10

		-10

		-10

		-10



		Rx28(Can)

		-10

		-2

		2

		3

		2

		2

		5

		2

		3










Table A.6

Oth dBm for LTE BS interferer 50% traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-3

		1

		3

		4

		5

		5

		5

		6

		7



		Rx2(Si)

		0

		2

		6

		6

		6

		7

		7

		7

		6



		Rx5(Can)

		-15

		-5

		-3

		-5

		-2

		0

		1

		1

		5



		Rx6(Can)

		-13

		-2

		-2

		-14

		-2

		0

		1

		0

		0



		Rx7(Si)

		0

		2

		5

		6

		6

		6

		7

		6

		6



		Rx8(Si)

		-13

		-12

		-13

		-12

		-12

		-12

		-11

		-12

		-12



		Rx9(Si)

		-7

		-7

		-6

		-6

		-6

		-5

		-5

		-5

		-5



		Rx22(Si)

		-15

		-7

		-5

		-6

		-5

		-5

		-6

		-5

		-6



		Rx23(Si)

		5

		6

		8

		8

		8

		8

		9

		9

		9



		Rx24(Si)

		-6

		1

		0

		2

		3

		2

		2

		2

		3



		Rx25(Si)

		-6

		-2

		2

		2

		3

		3

		3

		3

		3



		Rx26(Si)

		-10

		-5

		-3

		-1

		0

		2

		2

		1

		0



		Rx27(Si)

		-22

		-16

		-14

		-15

		-16

		-14

		-14

		-14

		-13



		Rx28(Can)

		-12

		-5

		1

		-8

		2

		1

		2

		-3

		-3





TABLE A.7

Oth dBm for LTE BS interferer 100% traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-4

		0

		2

		3

		4

		4

		5

		5

		6



		Rx2(Si)

		0

		1

		5

		5

		5

		5

		6

		5

		5



		Rx5(Can)

		-16

		-4

		-4

		-3

		2

		5

		5

		4

		4



		Rx6(Can)

		-15

		-3

		-3

		-2

		-2

		-1

		0

		0

		-2



		Rx7(Si)

		1

		1

		3

		5

		5

		6

		6

		5

		5



		Rx8(Si)

		-13

		-13

		-12

		-12

		-12

		-12

		-12

		-12

		-12



		Rx9(Si)

		-8

		-7

		-6

		-6

		-6

		-6

		-6

		-6

		-6



		Rx22(Si)

		-12

		-7

		-6

		-7

		-8

		-7

		-7

		-7

		-6



		Rx23(Si)

		4

		7

		7

		8

		8

		8

		8

		8

		8



		Rx24(Si)

		-11

		-3

		-1

		0

		2

		2

		1

		1

		1



		Rx25(Si)

		-8

		-2

		0

		1

		2

		2

		2

		2

		2



		Rx26(Si)

		-9

		-9

		-3

		-3

		-1

		1

		1

		1

		1



		Rx27(Si)

		-22

		-17

		-15

		-16

		-15

		-15

		-14

		-15

		-16



		Rx28(Can)

		-15

		-5

		0

		-8

		-2

		0

		0

		-4

		-3










[bookmark: _Toc396319698][bookmark: _Toc337637384]A.3	C/I data for Rx1(Si)

Table A.8

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-23

		-20

		-19

		-18

		-17

		-15

		-14

		-12

		-11



		-60

		-11

		-8

		-7

		-6

		-5

		-3

		-2

		1

		2



		-50

		-4

		1

		4

		5

		6

		8

		9

		9

		10



		-40

		-2

		4

		6

		8

		8

		9

		9

		9

		10



		-35

		0

		5

		7

		8

		9

		9

		10

		10

		11



		-30

		1

		6

		7

		8

		8

		9

		9

		10

		10





Table A.9

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-25

		-22

		-21

		-19

		-19

		-16

		-15

		-14

		-12



		-60

		-14

		-10

		-9

		-7

		-7

		-5

		-3

		-2

		1



		-50

		-6

		-2

		1

		2

		4

		5

		5

		6

		6



		-40

		-3

		1

		3

		4

		5

		5

		5

		6

		7



		-35

		-3

		2

		4

		4

		5

		5

		6

		6

		7



		-30

		-2

		2

		4

		4

		5

		5

		6

		6

		7





Table A.10

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-27

		-22

		-20

		-19

		-18

		-16

		-15

		-13

		-12



		-60

		-16

		-10

		-8

		-7

		-7

		-5

		-3

		-2

		1



		-50

		-7

		-3

		0

		2

		2

		4

		4

		5

		5



		-40

		-4

		0

		2

		3

		4

		4

		5

		5

		6



		-35

		-3

		1

		2

		3

		4

		4

		5

		5

		6



		-30

		-3

		1

		2

		3

		3

		5

		5

		5

		6










[bookmark: _Toc396319699][bookmark: _Toc337637385]A.4	C/I data for Rx2(Si)

Table A.11

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-39

		-36

		-32

		-27

		-24

		-17

		-14

		-13

		-12



		-60

		-36

		-27

		-23

		-19

		-14

		-6

		-5

		-4

		3



		-50

		-27

		-16

		3

		6

		8

		9

		9

		9

		9



		-40

		-17

		4

		8

		9

		9

		10

		10

		10

		10



		-35

		-11

		6

		9

		9

		10

		10

		10

		10

		10



		-30

		-6

		8

		9

		10

		10

		10

		10

		10

		10





Table A.12

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-23

		-21

		-19

		-19

		-19

		-16

		-16

		-15



		-60

		-21

		-12

		-11

		-10

		-7

		-5

		-4

		-3

		-3



		-50

		-11

		-3

		0

		2

		4

		5

		5

		5

		5



		-40

		-3

		2

		5

		6

		6

		7

		7

		7

		6



		-35

		0

		4

		6

		6

		6

		7

		7

		7

		6



		-30

		1

		5

		6

		6

		7

		7

		7

		7

		6





Table A.13

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-34

		-23

		-22

		-20

		-19

		-19

		-18

		-17

		-17



		-60

		-23

		-14

		-12

		-11

		-8

		-6

		-5

		-4

		-4



		-50

		-13

		-5

		-1

		1

		2

		4

		4

		4

		4



		-40

		-6

		1

		4

		5

		5

		5

		6

		5

		5



		-35

		-3

		2

		5

		5

		6

		6

		6

		6

		5



		-30

		0

		4

		5

		5

		6

		6

		6

		6

		5












[bookmark: _Toc396319700][bookmark: _Toc337637386]A.5	C/I data for Rx5(Can)

Table A.14

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-27

		-12

		-15

		-11

		-7

		-4

		-2

		-3

		-12



		-60

		-18

		-3

		-5

		-10

		-7

		-4

		-2

		0

		-3



		-50

		-12

		0

		-2

		-2

		1

		4

		5

		5

		5



		-40

		-8

		1

		0

		1

		4

		8

		10

		10

		10



		-35

		-7

		1

		2

		4

		7

		9

		9

		9

		9



		-30

		-6

		1

		4

		5

		6

		8

		8

		8

		8





Table A.15

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-13

		-18

		-15

		-11

		-7

		-5

		-8

		-20



		-60

		-20

		-6

		-18

		-15

		-10

		-7

		-5

		-5

		-10



		-50

		-15

		-3

		-5

		-7

		-3

		0

		1

		1

		0



		-40

		-11

		-2

		-3

		-2

		2

		6

		7

		6

		5



		-35

		-9

		-1

		0

		1

		5

		5

		5

		5

		5



		-30

		-7

		0

		1

		2

		4

		4

		4

		4

		4





Table A.16

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-14

		-19

		-15

		-11

		-8

		-6

		-10

		-20



		-60

		-22

		-7

		-19

		-15

		-11

		-8

		-6

		-6

		-10



		-50

		-16

		-4

		-6

		-7

		-3

		0

		1

		1

		-1



		-40

		-12

		-3

		-4

		-3

		2

		5

		6

		6

		4



		-35

		-11

		-2

		-1

		1

		4

		5

		5

		4

		4



		-30

		-9

		-2

		1

		1

		2

		3

		3

		3

		3







[bookmark: _Toc396319701][bookmark: _Toc337637387]A.6	C/I data for Rx6(Can)

Table A.17

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-15

		-15

		-6

		1

		2

		3

		2

		-7



		-60

		-16

		-7

		-8

		-3

		2

		3

		4

		4

		1



		-50

		-11

		-1

		-1

		-2

		2

		4

		4

		4

		4



		-40

		-7

		1

		1

		2

		4

		4

		5

		5

		4



		-35

		-6

		1

		1

		3

		4

		4

		5

		4

		4



		-30

		-4

		1

		2

		3

		4

		4

		5

		4

		4





Table A.18

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-20

		-19

		-15

		-5

		-1

		0

		-3

		-14



		-60

		-19

		-9

		-13

		-14

		-2

		0

		1

		0

		-4



		-50

		-13

		-3

		-4

		-13

		-1

		0

		1

		1

		0



		-40

		-10

		-2

		-2

		-3

		0

		1

		1

		1

		1



		-35

		-7

		-2

		-2

		0

		0

		1

		1

		1

		0



		-30

		-6

		-2

		0

		-2

		0

		1

		1

		1

		1





Table A.19

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-23

		-21

		-6

		-3

		-3

		-2

		-4

		-15



		-60

		-20

		-10

		-15

		-15

		-2

		0

		0

		-2

		-5



		-50

		-15

		-6

		-5

		-6

		-2

		-1

		0

		0

		-2



		-40

		-11

		-3

		-3

		-2

		-2

		0

		0

		0

		0



		-35

		-10

		-3

		-3

		-2

		-2

		0

		0

		0

		-1



		-30

		-8

		-3

		-3

		-2

		-2

		-1

		0

		0

		-1







[bookmark: _Toc396319702][bookmark: _Toc337637388]A.7	C/I data for Rx7(Si)

Table A.20

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-38

		-30

		-24

		-22

		-15

		-14

		-13

		-13

		-13



		-60

		-33

		-19

		-14

		-7

		-7

		-5

		-4

		2

		3



		-50

		-23

		-8

		4

		6

		8

		9

		9

		9

		9



		-40

		-11

		5

		8

		9

		9

		10

		10

		10

		10



		-35

		-7

		6

		9

		9

		10

		10

		10

		10

		10



		-30

		-2

		8

		9

		10

		10

		10

		10

		10

		10





Table A.21

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-23

		-22

		-19

		-19

		-18

		-16

		-16

		-16



		-60

		-20

		-11

		-11

		-8

		-7

		-5

		-3

		-3

		-2



		-50

		-11

		-3

		0

		2

		4

		5

		5

		5

		5



		-40

		-2

		2

		5

		6

		6

		6

		7

		6

		6



		-35

		0

		4

		5

		6

		6

		7

		7

		7

		6



		-30

		1

		5

		6

		6

		6

		7

		7

		7

		6





Table A.22

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-34

		-24

		-22

		-20

		-20

		-18

		-16

		-17

		-18



		-60

		-23

		-12

		-11

		-10

		-7

		-6

		-4

		-4

		-3



		-50

		-13

		-4

		-2

		1

		3

		4

		4

		4

		4



		-40

		-5

		1

		3

		5

		5

		6

		6

		5

		5



		-35

		-1

		2

		4

		5

		5

		6

		6

		6

		5



		-30

		1

		4

		5

		5

		5

		6

		6

		6

		5










[bookmark: _Toc396319703][bookmark: _Toc337637389]A.8	C/I data for Rx8(Si)

Table A.23

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-39

		-38

		-35

		-31

		-26

		-23

		-22

		-21

		-19



		-60

		-38

		-31

		-26

		-23

		-19

		-15

		-13

		-12

		-12



		-50

		-30

		-20

		-15

		-13

		-9

		-8

		-9

		-10

		-10



		-40

		-19

		-13

		-8

		-8

		-8

		-8

		-8

		-10

		-10



		-35

		-15

		-9

		-8

		-8

		-8

		-8

		-8

		-9

		-10



		-30

		-12

		-8

		-8

		-8

		-8

		-8

		-8

		-9

		-9





Table A.24

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-32

		-22

		-19

		-18

		-15

		-14

		-13

		-12

		-12



		-60

		-23

		-14

		-13

		-12

		-12

		-12

		-11

		-12

		-12



		-50

		-15

		-12

		-12

		-11

		-11

		-11

		-11

		-12

		-12



		-40

		-13

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-12



		-35

		-12

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-12



		-30

		-12

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-12





TABLE A.25

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-35

		-23

		-20

		-19

		-16

		-14

		-13

		-13

		-13



		-60

		-24

		-14

		-13

		-13

		-12

		-12

		-12

		-12

		-12



		-50

		-16

		-13

		-12

		-12

		-12

		-12

		-11

		-12

		-12



		-40

		-13

		-12

		-12

		-12

		-12

		-12

		-11

		-12

		-12



		-35

		-13

		-12

		-12

		-12

		-12

		-12

		-11

		-12

		-12



		-30

		-12

		-12

		-12

		-12

		-12

		-12

		-12

		-12

		-12










[bookmark: _Toc396319704][bookmark: _Toc337637390]A.9	C/I data for Rx9(Si)

Table A.26

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-42

		-40

		-39

		-36

		-34

		-31

		-30

		-28

		-27



		-60

		-40

		-35

		-31

		-29

		-27

		-27

		-27

		-27

		-26



		-50

		-33

		-27

		-27

		-26

		-27

		-26

		-26

		-26

		-26



		-40

		-27

		-27

		-26

		-26

		-26

		-24

		-24

		-22

		-22



		-35

		-27

		-25

		-24

		-23

		-21

		-20

		-19

		-18

		-18



		-30

		-23

		-23

		-19

		-20

		-20

		-15

		-16

		-16

		-13





Table A.27

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-32

		-26

		-25

		-24

		-23

		-22

		-20

		-19

		-19



		-60

		-21

		-15

		-15

		-14

		-12

		-11

		-10

		-9

		-8



		-50

		-11

		-7

		-7

		-7

		-6

		-6

		-5

		-5

		-5



		-40

		-7

		-7

		-6

		-6

		-6

		-5

		-5

		-5

		-5



		-35

		-7

		-6

		-5

		-5

		-6

		-5

		-4

		-5

		-5



		-30

		-7

		-5

		-5

		-5

		-6

		-5

		-4

		-5

		-5





TABLE A.28

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-34

		-27

		-26

		-25

		-24

		-23

		-21

		-20

		-20



		-60

		-23

		-16

		-15

		-15

		-14

		-12

		-11

		-10

		-10



		-50

		-12

		-8

		-7

		-7

		-7

		-6

		-6

		-6

		-6



		-40

		-8

		-7

		-6

		-6

		-6

		-6

		-6

		-6

		-6



		-35

		-7

		-7

		-6

		-6

		-6

		-6

		-6

		-6

		-6



		-30

		-7

		-6

		-6

		-6

		-6

		-6

		-5

		-6

		-6










[bookmark: _Toc396319705]A.10	C/I data for Rx22(Si)

Table A.29

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-15

		-16

		-16

		-16

		-19

		-17

		-19

		-21



		-60

		-24

		-13

		-14

		-13

		-14

		-14

		-15

		-16

		-15



		-50

		-11

		-6

		-3

		-3

		-2

		-3

		-2

		-4

		-4



		-40

		-7

		-3

		-1

		-1

		0

		-1

		0

		-2

		-1



		-35

		-6

		-2

		0

		-1

		0

		0

		-1

		-1

		0



		-30

		-6

		0

		0

		0

		0

		0

		0

		-1

		0





Table A.30

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-19

		-20

		-19

		-21

		-25

		-22

		-25

		-28



		-60

		-21

		-19

		-20

		-20

		-21

		-21

		-20

		-19

		-20



		-50

		-15

		-7

		-6

		-6

		-6

		-7

		-7

		-7

		-9



		-40

		-10

		-5

		-4

		-4

		-5

		-5

		-6

		-5

		-5



		-35

		-7

		-7

		-5

		-4

		-5

		-4

		-5

		-5

		-5



		-30

		-7

		-4

		-5

		-4

		-4

		-4

		-5

		-7

		-5





Table A.31

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-32

		-21

		-23

		-22

		-25

		-27

		-23

		-26

		-30



		-60

		-24

		-19

		-19

		-20

		-21

		-20

		-23

		-21

		-21



		-50

		-15

		-8

		-8

		-7

		-7

		-8

		-7

		-8

		-10



		-40

		-11

		-7

		-6

		-6

		-8

		-7

		-6

		-7

		-6



		-35

		-10

		-7

		-6

		-6

		-7

		-6

		-8

		-6

		-6



		-30

		-9

		-7

		-6

		-7

		-6

		-6

		-6

		-6

		-7










[bookmark: _Toc396319706]A.11	C/I data for Rx23(Si)

Table A.32

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-20

		-19

		-18

		-18

		-19

		-18

		-16

		-15



		-60

		-15

		-11

		-8

		-7

		-7

		-6

		-6

		-7

		-6



		-50

		-5

		1

		3

		5

		4

		6

		7

		8

		9



		-40

		4

		8

		9

		9

		9

		9

		10

		10

		10



		-35

		6

		8

		9

		9

		10

		10

		10

		11

		11



		-30

		8

		9

		9

		10

		11

		11

		11

		11

		12





Table A.33

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-26

		-24

		-23

		-23

		-22

		-21

		-20

		-20



		-60

		-20

		-15

		-15

		-13

		-12

		-11

		-11

		-11

		-10



		-50

		-10

		-5

		-3

		-2

		-1

		0

		1

		2

		3



		-40

		0

		5

		6

		7

		8

		8

		8

		8

		8



		-35

		3

		6

		8

		8

		8

		8

		9

		9

		9



		-30

		5

		7

		8

		8

		9

		9

		9

		9

		9





Table A.34

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-32

		-27

		-26

		-24

		-24

		-23

		-22

		-22

		-21



		-60

		-22

		-16

		-15

		-14

		-13

		-12

		-12

		-11

		-11



		-50

		-11

		-6

		-4

		-3

		-2

		-1

		0

		1

		1



		-40

		-3

		5

		6

		6

		7

		8

		8

		8

		8



		-35

		1

		6

		7

		8

		8

		8

		8

		8

		8



		-30

		4

		7

		8

		8

		8

		8

		8

		8

		8










[bookmark: _Toc396319707]A.12	C/I data for Rx24(Si)

Table A.35

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-22

		-18

		-15

		-13

		-12

		-11

		-11

		-10

		-8



		-60

		-12

		-7

		-4

		-3

		-2

		0

		1

		1

		2



		-50

		-6

		0

		2

		4

		5

		5

		6

		6

		6



		-40

		-3

		3

		5

		6

		7

		7

		7

		7

		7



		-35

		-1

		5

		6

		7

		7

		8

		7

		8

		8



		-30

		1

		6

		7

		7

		8

		8

		8

		8

		8





Table A.36

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-27

		-22

		-21

		-19

		-18

		-16

		-14

		-14

		-14



		-60

		-15

		-11

		-10

		-8

		-7

		-6

		-4

		-3

		-2



		-50

		-8

		-4

		-3

		0

		1

		1

		2

		2

		3



		-40

		-5

		1

		2

		3

		4

		4

		4

		4

		4



		-35

		-3

		1

		3

		4

		4

		4

		4

		4

		4



		-30

		-2

		2

		3

		4

		4

		4

		4

		4

		4





Table A.37

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-23

		-22

		-20

		-19

		-18

		-15

		-15

		-15



		-60

		-18

		-12

		-11

		-9

		-8

		-7

		-6

		-4

		-3



		-50

		-11

		-5

		-4

		-2

		0

		1

		1

		1

		1



		-40

		-6

		-1

		1

		2

		2

		2

		2

		3

		3



		-35

		-5

		0

		2

		2

		2

		2

		3

		3

		3



		-30

		-3

		1

		2

		2

		3

		3

		3

		3

		3










[bookmark: _Toc396319708]A.13	C/I data for Rx25(Si)

Table A.38

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-22

		-14

		-13

		-12

		-11

		-12

		-12

		-11

		-11



		-60

		-11

		-4

		-4

		-2

		-1

		-2

		-1

		-1

		0



		-50

		-6

		1

		3

		5

		5

		0

		0

		1

		1



		-40

		-3

		4

		5

		6

		6

		6

		6

		6

		6



		-35

		-2

		5

		6

		6

		6

		6

		6

		6

		6



		-30

		0

		5

		6

		6

		7

		7

		7

		7

		7





Table A.39

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-19

		-20

		-16

		-17

		-16

		-16

		-16

		-15



		-60

		-15

		-8

		-8

		-6

		-6

		-7

		-6

		-6

		-6



		-50

		-8

		-3

		-1

		1

		1

		1

		1

		1

		1



		-40

		-6

		1

		2

		2

		3

		3

		3

		3

		3



		-35

		-4

		1

		2

		3

		3

		2

		3

		3

		3



		-30

		-3

		2

		2

		3

		3

		3

		3

		3

		4





Table A.40

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-27

		-22

		-19

		-18

		-19

		-19

		-18

		-18

		-17



		-60

		-17

		-10

		-9

		-7

		-7

		-7

		-8

		-7

		-7



		-50

		-10

		-5

		-2

		0

		0

		0

		0

		0

		0



		-40

		-7

		0

		1

		1

		2

		2

		2

		2

		2



		-35

		-6

		0

		1

		2

		2

		2

		2

		2

		2



		-30

		-4

		1

		1

		2

		2

		2

		2

		2

		2










[bookmark: _Toc396319709]A.14	C/I data for Rx26(Si)

Table A.41

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-22

		-13

		-12

		-10

		-8

		-8

		-8

		-8

		-8



		-60

		-13

		-4

		-1

		1

		2

		2

		2

		2

		3



		-50

		-6

		0

		2

		4

		4

		5

		5

		5

		5



		-40

		-2

		3

		4

		5

		5

		5

		5

		5

		5



		-35

		0

		4

		5

		5

		6

		6

		6

		5

		5



		-30

		1

		4

		5

		6

		6

		6

		6

		5

		6





Table A.42

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-15

		-14

		-13

		-11

		-12

		-12

		-12

		-12



		-60

		-16

		-7

		-4

		-3

		-2

		-2

		-2

		-2

		-2



		-50

		-10

		-3

		-2

		0

		1

		2

		2

		2

		1



		-40

		-5

		-1

		1

		2

		1

		2

		2

		2

		2



		-35

		-3

		0

		1

		2

		2

		3

		3

		3

		2



		-30

		-2

		1

		2

		2

		3

		3

		2

		2

		2





Table A.43

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-15

		-14

		-14

		-12

		-12

		-13

		-13

		-13



		-60

		-18

		-9

		-4

		-4

		-3

		-3

		-3

		-3

		-3



		-50

		-11

		-4

		-3

		-2

		0

		1

		1

		1

		1



		-40

		-6

		-3

		0

		1

		1

		1

		1

		1

		1



		-35

		-4

		-2

		0

		1

		2

		2

		1

		1

		1



		-30

		-3

		0

		1

		1

		2

		2

		1

		1

		1










[bookmark: _Toc396319710]A.15	C/I data for Rx27(Si)

Table A.44

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-25

		-15

		-13

		-12

		-11

		-11

		-11

		-11

		-11



		-60

		-19

		-13

		-11

		-10

		-10

		-10

		-10

		-10

		-10



		-50

		-16

		-11

		-10

		-9

		-9

		-9

		-9

		-9

		-9



		-40

		-16

		-10

		-10

		-9

		-9

		-9

		-9

		-9

		-9



		-35

		-12

		-10

		-9

		-9

		-9

		-9

		-9

		-10

		-9



		-30

		-11

		-10

		-9

		-9

		-9

		-9

		-9

		-9

		-9





Table A.45

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-18

		-15

		-16

		-16

		-15

		-15

		-15

		-14



		-60

		-22

		-15

		-14

		-14

		-13

		-13

		-13

		-13

		-13



		-50

		-19

		-14

		-13

		-13

		-13

		-12

		-12

		-12

		-12



		-40

		-16

		-13

		-13

		-13

		-12

		-12

		-12

		-12

		-12



		-35

		-15

		-13

		-13

		-13

		-12

		-12

		-12

		-12

		-12



		-30

		-14

		-13

		-13

		-13

		-12

		-12

		-12

		-12

		-12





Table A.46

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-19

		-16

		-18

		-16

		-17

		-15

		-16

		-15



		-60

		-23

		-16

		-15

		-15

		-14

		-15

		-14

		-14

		-14



		-50

		-19

		-15

		-14

		-14

		-14

		-14

		-14

		-14

		-14



		-40

		-18

		-14

		-14

		-14

		-14

		-14

		-14

		-14

		-14



		-35

		-16

		-14

		-14

		-14

		-14

		-14

		-14

		-14

		-14



		-30

		-15

		-14

		-14

		-14

		-14

		-14

		-14

		-14

		-14










[bookmark: _Toc396319711]A.16	C/I data for Rx28(Can)

Table A.47

C vs. I for LTE BS interferer 0% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-27

		-19

		-13

		-2

		2

		4

		-2

		-18



		-60

		-20

		-18

		-18

		-12

		-2

		3

		5

		2

		-7



		-50

		-13

		-9

		-12

		-7

		2

		5

		5

		4

		1



		-40

		-8

		-2

		-3

		3

		6

		6

		5

		5

		3



		-35

		-6

		0

		2

		3

		5

		5

		5

		4

		3



		-30

		-4

		1

		4

		3

		5

		5

		5

		5

		3





Table A.48

C vs. I for LTE BS interferer 50% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-31

		-22

		-25

		-5

		0

		1

		-6

		-24



		-60

		-22

		-22

		-20

		-25

		-5

		0

		1

		-3

		-14



		-50

		-15

		-11

		-14

		-19

		-1

		1

		2

		0

		-5



		-40

		-11

		-5

		-4

		-8

		2

		2

		2

		1

		-3



		-35

		-8

		-3

		-2

		-7

		2

		2

		2

		1

		-2



		-30

		-7

		-3

		1

		-8

		2

		2

		2

		1

		-2





Table A.49

C vs. I for LTE BS interferer 100% traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-34

		-32

		-23

		-26

		-6

		-2

		-1

		-8

		-26



		-60

		-24

		-22

		-21

		-26

		-6

		-2

		0

		-4

		-15



		-50

		-18

		-12

		-15

		-19

		-3

		1

		1

		-2

		-6



		-40

		-12

		-6

		-5

		-8

		1

		1

		1

		-1

		-3



		-35

		-10

		-4

		-2

		-8

		1

		1

		1

		-1

		-3



		-30

		-8

		-3

		0

		-10

		1

		1

		1

		0

		-3
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[bookmark: _Toc396376162]1	Introduction

Four DVB-T2 TV receivers from various manufacturers using both can and silicon tuners were measured for DVB-T2 protection ratio and overload threshold against recorded LTE BS waveforms from a real LTE base station using 50% traffic loading.  These were the same waveforms used in Annex 2B. 

The tests were made to compare protection ratios and overload thresholds at three different wanted DTT signal frequencies CH48 (690MHz) CH 54 (754MHz) and CH60 (786MHz).  A range of interference frequency offsets were used corresponding to the interferer being at multiples of 8 MHz TV channel spacing of  N+1 to N+9 (image channel for can tuners), starting with a 1MHz guard band between the DTT and LTE signals.

[bookmark: _Toc396376163]2	Receiver performance tests

[bookmark: _Toc396376164]2.1	Receivers tested

The receivers tested are all mass production models from different manufacturers purchased in the UK (circa 2011-2012) containing conventional ‘can’ and silicon tuners shown in Table 1. All are the latest dual mode DVB-T/T2 designs with a variety of tuners and demodulator designs.

[bookmark: _Ref273945818]Table 1

Receivers tested

		Receiver name

		Rx5

		Rx6

		Rx22

		Rx26



		Tuner type

		Can

		Can

		Silicon

		Silicon



		Receiver type

		STB

		PVR

		PVR

		PVR



		Year of Purchase

		2011

		2011

		2012

		2012





[bookmark: _Toc396376165]2.2	Receiver test setup

Figure 1 shows the test setup using an R&S SFU vector signal generator replaying the LTE BS signals as an interferer to a DVB-T2 wanted signal.  The DVB-T2 signal parameters, reference power level, and picture failure criterion are described in Annex 2A.

[bookmark: _Ref273737263]Figure 1

Test equipment setup

[image: ]

[bookmark: _Ref289322239]

[bookmark: _Toc396376166]2.3	Test signals

The spectrum of the LTE BS test signal with 50% traffic loading is shown in Figure 5 of Annex 2B.  The measured ACLRs are shown in Table 3 of Annex 2B. 

[bookmark: _Toc396376167]2.4	Description of tests

The protection ratio was measured for wanted signal levels fixed at -70, -60, -50, -40,  -35 and ‑30dBm.  The overload threshold was then calculated visually using the recommended method described in section 5 of Report ITU-R BT.2215. 

To reduce testing time, the re-scanning of the receivers for each test point was avoided by fixing the wanted signal frequency and shifting the LTE interferer centre frequency offset in 8MHz increments from N+2, N+3 & N+9.  The initial N+1 interference used a 10MHz centre frequency offset which allows a 1MHz guard band between the wanted and interferer channels.  The frequencies tested are summarised in Table 2.

[bookmark: _Ref273950713]Table 2

Test definitions

		Channel Offset N
(8MHz Channels)

		Centre Frequency Offset MHz

		DTT Centre Freq, MHz

		LTE  Centre

Freq. MHz

		LTE

BW, MHz

		DTT Power dBm



		1

		10

		690

		700

		10

		-70, -60, -50, -40,-35, -30



		2

		18

		

		708

		

		



		3

		26

		

		716

		

		



		4

		34

		

		724

		

		



		5

		42

		

		732

		

		



		6

		50

		

		740

		

		



		7

		58

		

		748

		

		



		8

		66

		

		756

		

		



		9

		74

		

		764

		

		



		

		

		

		

		

		



		1

		10

		754

		764

		10

		-70, -60, -50, -40,-35, -30



		2

		18

		

		772

		

		



		3

		26

		

		780

		

		



		4

		34

		

		788

		

		



		5

		42

		

		796

		

		



		6

		50

		

		804

		

		



		7

		58

		

		812

		

		



		8

		66

		

		820

		

		



		9

		74

		

		828

		

		



		

		

		

		

		

		



		1

		10

		786

		796

		10

		-70, -60, -50, -40,-35, -30



		2

		18

		

		804

		

		



		3

		26

		

		812

		

		



		4

		34

		

		820

		

		



		5

		42

		

		828

		

		



		6

		50

		

		836

		

		



		7

		58

		

		844

		

		



		8

		66

		

		852

		

		



		9

		74

		

		860

		

		





These tests are shown pictorially in Figure 2 below.

[bookmark: _Ref273951842]Figure 2

Test Frequency Arrangement

[image: ]

[bookmark: _Toc396376168]2.5	Protection ratio test results

The measured protection ratios at CH48, CH56 and CH60 are plotted in Figures 3, 4, 5, and 6 for receivers Rx5, Rx6, Rx22, and Rx26, respectively, along with the relevant percentiles of the whole 14 receiver set (Rx1-Rx9, Rx22-Rx28) documented in Annex 2B.






Receiver Rx5 shown in Figure 3 is one of the poorer performing can tuners.  It has large variations in PR that are dependent on the wanted channel frequency but all the PR values on the three channels measured are better or equal to the 90th percentile PR of the whole 14 receiver set measured at CH56.  The largest variation of PR that is worse than the corresponding CH56 PR value for this receiver is 3dB (N+9) CH48.

Figure 3

Protection ratios for receiver Rx5(Can)

[image: ]






Receiver Rx6 shown in Figure 4 is one of the best performing can tuners.  It has variations in PR that are dependent on the wanted channel frequency but all the PR values on the three channels measured are better or equal to the 90th percentile PR of the whole 14 receiver set measured at CH56.  The largest variation of PR that is worse than the corresponding CH56 PR value for this receiver is 9dB (N+9) CH60.

Figure 4

Protection ratios for receiver Rx6(Can)

[image: ]






Receiver Rx22 shown in Figure 5 is one of the poorer performing silicon tuners.  It has very small variations in PR at the three channels measured and its PR on all channels is consistently worse than the 90th percentile PR of the whole 14 receiver set measured at CH56.  The largest variation of PR that is worse than the corresponding CH56 PR value for this receiver is 3dB (N+9) CH60.

Figure 5

Protection ratios for receiver Rx22(Silicon)

[image: ]






Receiver Rx26 shown in Figure 6 is one of the better performing silicon tuners.  It has very small variations at the three channels measured and its PR on all channels is consistently better than the 50th percentile PR of  the whole 14 receiver set measured at CH56.  The largest variation of PR that is worse than the corresponding CH56 PR value for this receiver is 1dB (N+4 and N+9) CH60.Figure 6

Protection ratios for receiver Rx26(Silicon)

[image: ]






[bookmark: _Toc396376169]2.6	Overload threshold calculationThe overload thresholds, Oth, were calculated according to the method described in section 5 of Report ITU-R BT.2215.  The overload thresholds at CH48, CH56 and CH60 are plotted in Figures 7, 8, 9, and 10 for receivers Rx5, Rx6, Rx22, and Rx26, respectively, along with the relevant percentiles of the whole 14 receiver set (Rx1-Rx9, Rx22-Rx28) documented in Annex 2B.

Receiver Rx5 shown in Figure 7 is one of the poorer performing can tuners.  It has variations in Oth that are dependent on the wanted channel frequency but all the Oth values on the three channels measured are better or equal to the 10th percentile Oth of the whole 14 receiver set measured at CH56.  The largest variation of Oth that is worse than the corresponding CH56 Oth value for this receiver is 2dB (N+3, N+4, N+6) CH48.

Figure 7

Overload threshold differences for receiver Rx5(Can)

[image: ]




Receiver Rx6 shown in Figure 8 is one of the better performing can tuners.  It has variations in Oth that are dependent on the wanted channel frequency but all the Oth values on the three channels measured are better or equal to the 10th percentile Oth of the whole 14 receiver set measured at CH56.  There are no measurements of Oth at CH48 or CH60 that are worse than the corresponding CH56 Oth values for this receiver.

Figure 8

Overload threshold differences for receiver Rx6(Can)

[image: ]






Receiver Rx22 shown in Figure 9 is one of the worse performing silicon tuners.  It has variations in Oth that are dependent on the wanted channel frequency but all the Oth values on the three channels measured are better or equal to the 10th percentile Oth of the whole 14 receiver set measured at CH56.  The largest variation of Oth that is worse than the corresponding CH56 Oth value for this receiver is 2dB (N+3, N+4) CH60.Figure 9

Overload threshold differences for receiver Rx22(Silicon)

[image: ]




Receiver Rx26 shown in Figure 10 is one of the better performing silicon tuners.  It has variations in Oth that are dependent on the wanted channel frequency but all the Oth values on the three channels measured are better than 10th percentile Oth of the whole 14 receiver set measured at CH56.  The largest variation of Oth that is worse than the corresponding CH56 Oth value for this receiver is 2dB (N+5) CH60.

Figure 10

Overload threshold differences for Rx26(Silicon)

[image: ]



[bookmark: _Toc396376170]3	Conclusions

The can tuners show larger variations in PR and Oth across different wanted channels than the silicon tuners, particularly at the usual can tuner weak spots N+3, N+4 and N+9.  This is to be expected from the different tuner architectures.

However with the exception of Rx22 PR (which is outside the 90th percentile on all three channels tested), the variations all lie within the 90th percentile PR and 10th percentile Oth values of the entire set of 14 DVB-T2 receivers reported in Annex 2B.

Raw test data is included in Appendix A to assist other studies.




[bookmark: _Toc396376171]Appendix A– Raw test data

[bookmark: _Toc396376172]A.1	Protection ratio summary



Table A.1

AWGN Co-channel protection ratios for DVB-T2

		Receiver

		Co-channel PR - dB



		Rx5(Can)

		19.0



		Rx6(Can)

		19.1



		Rx22(Si)

		19.0



		Rx26(Si)

		19.0





Table A.2

Protection ratios for LTE BS interferer 50% traffic load into DVB-T2 @ 690MHz (CH48)

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx5(Can)

		-40

		-55

		-42

		-45

		-49

		-52

		-54

		-54

		-47



		Rx6(Can)

		-42

		-49

		-55

		-58

		-70

		-71

		-71

		-66

		-60



		Rx22(Si)

		-40

		-41

		-41

		-41

		-43

		-41

		-43

		-43

		-40



		Rx26(Si)

		-44

		-55

		-56

		-58

		-58

		-59

		-59

		-59

		-59





Table A.3

Protection ratios for LTE BS interferer 50% traffic load into DVB-T2 @ 754MHz (CH56)

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx5(Can)

		-41

		-57

		-42

		-45

		-50

		-53

		-55

		-55

		-50



		Rx6(Can)

		-42

		-50

		-47

		-55

		-65

		-69

		-70

		-67

		-56



		Rx22(Si)

		-40

		-42

		-42

		-42

		-42

		-42

		-42

		-42

		-42



		Rx26(Si)

		-44

		-55

		-56

		-57

		-59

		-58

		-58

		-58

		-58





Table A.4

Protection ratios for LTE BS interferer 50% traffic load into DVB-T2 @ 786MHz (CH60)

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx5(Can)

		-41

		-56

		-52

		-46

		-50

		-53

		-57

		-57

		-52



		Rx6(Can)

		-42

		-48

		-45

		-63

		-71

		-72

		-72

		-61

		-47



		Rx22(Si)

		-40

		-42

		-41

		-44

		-44

		-42

		-44

		-40

		-39



		Rx26(Si)

		-44

		-55

		-56

		-56

		-59

		-58

		-58

		-58

		-57











[bookmark: _Toc396376173]A.2	Overload threshold summary

Table A.5

Overload threshold for LTE BS interferer 50% traffic load into DVB-T2 @ 690MHz (CH48)

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx5(Can)

		-15

		-5

		-5

		-7

		-3

		-2

		1

		1

		5



		Rx6(Can)

		-13

		-2

		-3

		-11

		1

		1

		1

		0

		1



		Rx22(Si)

		-15

		-4

		-4

		-4

		-4

		-5

		-6

		-5

		-4



		Rx26(Si)

		-5

		-4

		-3

		-2

		1

		0

		1

		1

		1





Table A.6

Overload threshold for LTE BS interferer 50% traffic load into DVB-T2 @ 754MHz (CH56)

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx5(Can)

		-15

		-5

		-3

		-5

		-2

		0

		1

		1

		5



		Rx6(Can)

		-15

		-3

		-3

		-14

		-4

		0

		1

		0

		0



		Rx22(Si)

		-15

		-6

		-4

		-4

		-5

		-5

		-6

		-5

		-5



		Rx26(Si)

		-6

		-4

		-3

		-1

		1

		0

		1

		1

		0





Table A.7

Overload threshold for LTE BS interferer 50% traffic load into DVB-T2 @ 786MHz (CH60)

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx5(Can)

		-15

		-3

		-3

		-5

		-2

		2

		1

		0

		4



		Rx6(Can)

		-15

		-4

		-3

		-5

		1

		2

		2

		1

		3



		Rx22(Si)

		-15

		-7

		-6

		-6

		-6

		-6

		-6

		-6

		-6



		Rx26(Si)

		-7

		-4

		-3

		-1

		-1

		0

		0

		1

		1










[bookmark: _Toc396376174]A.3	C/I data for Rx5(Can)

Table A.8

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 690MHz (Ch48)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-15

		-19

		-15

		-11

		-9

		-7

		-10

		-23



		-60

		-20

		-7

		-19

		-15

		-11

		-8

		-6

		-6

		-12



		-50

		-14

		-3

		-7

		-8

		-4

		-2

		0

		1

		-3



		-40

		-10

		0

		-5

		-4

		-2

		1

		4

		5

		4



		-35

		-8

		0

		-3

		-2

		1

		4

		5

		5

		5



		-30

		-7

		0

		0

		2

		4

		4

		5

		5

		5





Table A.9

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 754MHz (Ch56)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-13

		-18

		-15

		-11

		-7

		-5

		-8

		-20



		-60

		-20

		-6

		-18

		-15

		-10

		-7

		-5

		-5

		-10



		-50

		-15

		-3

		-5

		-7

		-3

		0

		1

		1

		0



		-40

		-11

		-2

		-3

		-2

		2

		6

		7

		6

		5



		-35

		-9

		-1

		0

		1

		5

		5

		5

		5

		5



		-30

		-7

		0

		1

		2

		4

		4

		4

		4

		4





Table A.10

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 786MHz (Ch60)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-14

		-18

		-14

		-8

		-6

		-4

		-8

		-18



		-60

		-20

		-5

		-7

		-14

		-8

		-6

		-3

		-3

		-7



		-50

		-14

		-2

		-3

		-7

		-2

		1

		2

		2

		1



		-40

		-10

		0

		-2

		-2

		5

		8

		9

		8

		6



		-35

		-8

		0

		1

		2

		8

		7

		6

		6

		5



		-30

		-7

		1

		3

		4

		5

		5

		5

		5

		6










[bookmark: _Toc396376175]A.4	C/I data for Rx6(Can)

Table A.11

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 690MHz (Ch48)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-21

		-15

		-12

		0

		1

		1

		-4

		-10



		-60

		-19

		-10

		-6

		-11

		1

		1

		1

		0

		0



		-50

		-12

		-3

		-1

		-11

		1

		1

		1

		1

		1



		-40

		-8

		-2

		1

		-3

		2

		2

		2

		1

		1



		-35

		-7

		0

		1

		0

		1

		2

		2

		1

		2



		-30

		-5

		0

		1

		0

		1

		1

		2

		1

		2





Table A.12 

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 754MHz (Ch56)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-20

		-19

		-15

		-5

		-1

		0

		-3

		-14



		-60

		-19

		-9

		-13

		-14

		-2

		0

		1

		0

		-4



		-50

		-13

		-3

		-4

		-13

		-1

		0

		1

		1

		0



		-40

		-10

		-2

		-2

		-3

		0

		1

		1

		1

		1



		-35

		-7

		-2

		-2

		0

		0

		1

		1

		1

		0



		-30

		-6

		-2

		0

		-2

		0

		1

		1

		1

		1





Table A.13 

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 786MHz (Ch60)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-22

		-20

		-7

		1

		2

		2

		-9

		-23



		-60

		-19

		-11

		-15

		-6

		1

		2

		3

		0

		-11



		-50

		-12

		-4

		-6

		-7

		1

		2

		3

		1

		-2



		-40

		-8

		0

		0

		1

		2

		3

		3

		3

		3



		-35

		-6

		1

		1

		1

		2

		3

		3

		3

		3



		-30

		-4

		1

		1

		2

		2

		2

		3

		3

		3










[bookmark: _Toc396376176]A.5	C/I data for Rx22(Si)

Table A.14 

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 690MHz (Ch48)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-21

		-21

		-20

		-25

		-21

		-19

		-20

		-23



		-60

		-21

		-21

		-21

		-22

		-19

		-20

		-19

		-20

		-20



		-50

		-14

		-7

		-7

		-5

		-6

		-8

		-5

		-5

		-9



		-40

		-8

		-4

		-4

		-4

		-4

		-4

		-7

		-5

		-4



		-35

		-8

		-5

		-4

		-4

		-4

		-9

		-3

		-3

		-4



		-30

		-7

		-5

		-4

		-4

		-4

		-3

		-3

		-3

		-4





Table A.15 

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 754MHz (Ch56)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-19

		-20

		-19

		-21

		-25

		-22

		-25

		-28



		-60

		-21

		-19

		-20

		-20

		-21

		-21

		-20

		-19

		-20



		-50

		-15

		-7

		-6

		-6

		-6

		-7

		-7

		-7

		-9



		-40

		-10

		-5

		-4

		-4

		-5

		-5

		-6

		-5

		-5



		-35

		-7

		-7

		-5

		-4

		-5

		-4

		-5

		-5

		-5



		-30

		-7

		-4

		-5

		-4

		-4

		-4

		-5

		-7

		-5





Table A.16 

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 786MHz (Ch60)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-23

		-24

		-23

		-25

		-23

		-23

		-26

		-30



		-60

		-21

		-20

		-20

		-15

		-16

		-20

		-15

		-21

		-21



		-50

		-14

		-7

		-9

		-6

		-6

		-8

		-7

		-10

		-12



		-40

		-10

		-7

		-5

		-6

		-6

		-5

		-5

		-6

		-7



		-35

		-8

		-6

		-6

		-6

		-6

		-6

		-6

		-7

		-7



		-30

		-7

		-5

		-5

		-6

		-6

		-6

		-6

		-7

		-7










[bookmark: _Toc396376177]A.6	C/I data for Rx26(Si)

Table A.17 

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 690MHz (Ch48)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-15

		-14

		-12

		-12

		-11

		-11

		-11

		-11



		-60

		-15

		-5

		-4

		-3

		0

		-1

		0

		-1

		-1



		-50

		-7

		-3

		-2

		0

		1

		1

		2

		2

		2



		-40

		-4

		-2

		0

		1

		2

		2

		2

		3

		3



		-35

		-3

		0

		1

		2

		2

		3

		3

		3

		2



		-30

		-2

		0

		1

		2

		3

		3

		3

		3

		3





Table A.18 

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 754MHz (Ch56)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-15

		-14

		-13

		-11

		-12

		-12

		-12

		-12



		-60

		-16

		-5

		-4

		-3

		0

		-2

		-3

		-2

		-2



		-50

		-8

		-3

		-2

		0

		1

		2

		2

		2

		1



		-40

		-4

		-2

		1

		2

		2

		2

		2

		2

		2



		-35

		-3

		0

		1

		2

		2

		2

		2

		2

		2



		-30

		-3

		1

		2

		2

		2

		3

		2

		2

		2





Table A.19 

C vs. I for LTE BS interferer 50% traffic load into DVB-T2 @ 786MHz (Ch60)

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-15

		-14

		-14

		-11

		-12

		-12

		-12

		-13



		-60

		-15

		-5

		-4

		-3

		-2

		-2

		-2

		-2

		-2



		-50

		-8

		-3

		-1

		0

		1

		1

		2

		2

		2



		-40

		-4

		0

		1

		2

		2

		2

		2

		2

		2



		-35

		-3

		0

		1

		2

		2

		2

		2

		3

		2



		-30

		-2

		1

		2

		2

		2

		2

		3

		2

		2
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[bookmark: _Toc396856766]1	Introduction

In this Annex the potential for LTE base station interference to nine different DVB-T2 receivers is considered.  The receivers can be categorised as follows:

· Televisions with integrated digital TV tuners (iDTV);

· Personal video recorders (PVRs) capable of recording digital content to an internal hard drive;

· Set-top boxes capable of receiving “freeview” digital television (STBs).

Since 800 MHz LTE technology is in the very early stages of roll-out at the time of this study, the base station emissions used as the interference source were recorded from a vendor’s test network. It should be noted that equipment from other vendors may vary in performance, which may in turn have an impact on the results.

Two base station configurations were considered:

· The base station operating under fully loaded traffic conditions (i.e. 100% loading);

· The base station operating under idle traffic conditions (i.e. no traffic loading).

The objectives of the practical measurement study were to derive Carrier-to-Interference (C/I) protection ratios for a range of DVB-T2 receivers under the following operating conditions:

· Wanted signal levels at the input to the receiver of -70, -50, -30, -20 and -12 dBm;

· Interference from time variant LTE base station signals representing fully loaded and idle traffic conditions;

· Frequency offsets from co-channel to N+11 channel offsets, in 8 MHz steps.

[bookmark: _Toc296673859][bookmark: _Toc396856767]2	Receiver performance tests

[bookmark: _Toc296673860][bookmark: _Toc396856768]2.1	Receivers tested

DVB-T2 receivers can be implemented using a variety of RF tuner architectures. The most common are the super heterodyne (can) receiver and the silicon receiver.  Nine receivers were tested as shown in Table 1 below. These consisted of a mix of integrated digial television (iDTV), personal video recorder (PVR) and set top box (STB) with either can or silicon tuner architectures. 

[bookmark: _Ref295125143][bookmark: _Toc296673877]


Table 1

Receivers tested

		Receiver ID

		DTT Transmission Mode

		Receiver Type

		Tuner



		Receiver 1

		DVB-T & T2

		iDTV

		Silicon



		Receiver 4

		DVB-T & T2

		iDTV

		Can



		Receiver 6

		DVB-T & T2

		PVR

		Silicon



		Receiver 7

		DVB-T2

		iDTV

		Can



		Receiver 8

		DVB-T & T2

		STB

		Silicon



		Receiver 9

		DVB-T2

		iDTV

		Can



		Receiver 10

		DVB-T2

		PVR

		Silicon



		Receiver 11

		DVB-T2

		iDTV

		Can



		Receiver 12

		DVB-T2

		STB

		Silicon





[bookmark: _Toc396856769]2.2	Test signals

[bookmark: _Toc278782061][bookmark: _Toc296673861][bookmark: _Toc396856770]2.2.1	DVB-T2 Wanted Signal

[bookmark: _Ref170796536][bookmark: _Toc178073608][bookmark: _Toc226185967][bookmark: _Toc236643928][bookmark: _Toc251838110]The wanted DVB-T2 test signal was produced by a Rohde & Schwarz SFE signal generator configured for DVB-T2 transmissions based on the appropriate parameters from ETSI standards  EN 302 755 (DVB-T2) (see Reference 1). The key parameters are summarised in Table 2.

[bookmark: _Ref295125137][bookmark: _Toc296673878]Table 2

Wanted DVB-T2 system parameters

		Parameter

		DVB-T2



		Multiple access

		COFDM



		Modulation

		256-QAM



		Forward error correction

		2/3



		FFT points

		32 k



		Guard Interval (s)

		28  (1/128)



		Data rate (Mbit/s)

		40.2



		Channel bandwidth

		8 MHz







All measurements were based on the non-critical DVB-T mask as described in Annen 1G of Report ITU-R BT.2215.

Measurements were undertaken for wanted signal levels at the antenna input to the DVB-T2 receiver of -70, -50, -30, -20 and -12 dBm and for channel offsets from co-channel (N), channel 60 (782-790 MHz) to channel 48 (in 8 MHz steps) and channel 38.

[bookmark: _Toc278782062][bookmark: _Toc296673862][bookmark: _Toc396856771]2.2.2	LTE BS Interfering Signal

The base station emissions used as the interference source were recorded directly from a vendor’s LTE 800 MHz test network as described in detail in Annex 1G of Report ITU-R BT.2215.

[bookmark: _Toc278782063][bookmark: _Ref294182778][bookmark: _Toc296673863]

[bookmark: _Toc396856772]2.3	Test Methodology

The Picture Failure (PF) point as a failure criterion, measurement setup, and test method are described in Annex 1G of Report ITU-R BT.2215.

[bookmark: _Toc278782066][bookmark: _Toc296673866][bookmark: _Toc396856773]3	Results

In the following sections results are presented as the Carrier-to-Interference protection ratio required to protect the DVB-T2 receiver under test from LTE base station interference for the following operating scenarios:

· DVB-T2 signal reception;

· Wanted carrier signal levels of -70, -50 and -30 dBm;

· DVB-T2 channel offsets from co-channel to channel 38;

· LTE base station signals representing fully loaded and idle traffic conditions.

[bookmark: _Toc296673867][bookmark: _Toc396856774]3.1	Carrier-to-Interference protection ratios

Receiver C/I performance is a measure of selectivity, defining the permitted level of interference for a given wanted signal level and frequency offset; the higher the C/I value the more sensitive the receiver is to interference.  Figures 9 to 14 show the C/I protection ratio results for nine receivers receiving DVB-T2 signals, for different wanted signal levels, channel offsets, and fully loaded or idle LTE BS interference.  



Figure 9

C/I protection ratios for DVB-T2; fully loaded BS; C = -70 dBm

[image: ]

Figure 10

C/I protection ratios for DVB-T2; idle BS; C = -70 dBm[image: ]



Figure 11

C/I protection ratios for DVB-T2; fully loaded BS; C = -50 dBm

[image: ]

Figure 12

C/I protection ratios for DVB-T2; idle BS; C = -50 dBm[image: ]



Figure 13

C/I protection ratios for DVB-T2; fully loaded BS; C = -30 dBm

[image: ]

Figure 14

C/I protection ratios for DVB-T2; idle BS; C = -30 dBm[image: ]

[bookmark: _Toc296673869][bookmark: _Toc396856775]3.2	Comparison between fully loaded and idle LTE BS operation

Figure 15 provides a comparison between fully loaded and idle LTE base station interference for channel 60, for receivers 1, 4, 6 and 8.

Figure 15

Comparison between fully loaded and idle BS; DVB-T2 transmission

[image: ]

[bookmark: _Toc396856776][bookmark: _Toc296673870]3.3	Carrier versus Interference

Figures 16 and 17 plot the wanted DVB-T2 signal level (C) on channel 60 (the first adjacent channel to the LTE base station frequency allocation) versus the interferer signal level (I) for an LTE base station with 100% and zero traffic loading, respectively. 



Figure 16

C versus I for channel 60, DVB-T2 transmission, fully loaded BS

[image: ]

Figure 17

C versus I for channel 60, DVB-T2 transmission, idle BS

[image: ]

[bookmark: _Ref296333735][bookmark: _Toc296673912]


[bookmark: _Toc396856777]4	Analysis of Results

[bookmark: _Toc296673871][bookmark: _Toc396856778]4.1	Carrier-to-Interference protection ratios

For the DVB-T2 receivers operating in channel 60 (first adjacent channel to the LTE BS):

· For a base station with maximum traffic loading protection ratios vary between -43 and -35 dB for C = -70 dBm to between -29 and -17 dB for C = -30 dBm. 

· For a base station operating under idle conditions the receivers are again more susceptible to interference, requiring protection ratios of between -37 and -17 dB for C = -70 dBm, increasing to between -20 and -1 dB for C = -30 dBm.

The results show that as the wanted signal level increases the receivers become more susceptible to interference from LTE base station emissions. It has been shown that the front end of a digital receiver starts to become desensitised for wanted signal levels greater than about -50 dBm. This desensitisation results in the interferer requiring less power to degrade the received picture quality, and the increase in C/I protection ratio is driven mainly by the increase in wanted signal level.

Receiver 8 (STB with silicon tuner) was found to be most susceptible to interference overall, particularly from the base station operating in idle mode. Receivers 1 (iDTV with silicon tuner) and 6 (PVR with silicon tuner) were generally the least susceptible to interference.

Receivers 4, 7, 9, and 11 are based on superhet tuners and are susceptible to image channel interference when the interferer appears nine channels above the wanted (tuned) channel (72 MHz offset). Receivers 7, 9 and 11 (DVB-T2) require slightly higher protection ratios, between -33 and -39 dB. Silicon tuners, although exhibiting relatively poor overload performance, are much less sensitive to interference at the N+9 image frequency. Some of these receivers also exhibit a response at N+4; this is more noticeable for a wanted signal level of C = -50 dBm, with the base station fully loaded (see Figure 18). The C/I protection ratios are summarised in Appendix A for co-channel (N), channel N+1, N+2 and N+9.

[bookmark: _Toc296673873][bookmark: _Toc396856779]4.2	Base Station operating mode

Figure 15 shows the difference in receiver performance when subjected to interference from fully loaded and idle base station emissions. 

The results show that receivers are more susceptible to emissions when the base station is operating under idle conditions, most likely due to the time domain variation of the signal envelope affecting the receivers’ AGC behaviour. This is particularly evident for Receivers 8, 10 and 12 which are all based on silicon tuner architecture. 

Receiver 8 requires an additional 25 dB of protection from idle base station emissions in channel 60, compared to fully loaded base station emissions.

[bookmark: _Toc278782067][bookmark: _Toc296673874][bookmark: _Toc396856780]5	Conclusions

A measurements programme has been undertaken to derive Carrier-to-Interference protection ratios for a selection of DVB-T2 capable receivers when subjected to interference from LTE 800 MHz Base Stations. Both traditional “superhet” (can) and more recent “silicon” tuners have been considered from a range of manufacturers. Receivers included integrated digital televisions, personal video recorders and set-top boxes.




The results show that:

· The traffic loading on the base station has a significant influence on the protection ratio results. Receivers are more susceptible to time-discontinuous emissions, when the base station is operating under idle or low traffic conditions. This is most likely due to the impact of the base station on the receivers’ Automatic Gain Control behaviour;

· From the limited number of receivers tested, silicon tuners appear to be more susceptible to interference when the base station is operating under idle conditions;

· DVB-T2 receivers appear to be more susceptible to fully loaded base station conditions;

· Receivers become more susceptible to interference as the wanted signal level increases. This is most likely due to the receiver front-end becoming desensitised (overloaded) at higher signal levels, resulting in the interferer requiring less power to degrade the received picture quality. When the receiver is overloaded, the higher C/I protection ratios are driven mainly by the increase in wanted signal level. This may have implications in areas of high TV signal strength, or where an amplifier is installed between antenna and receiver to boost the received signal level;

· A co-channel protection ratio of 21 dB would be required to protect all but the worst performing receiver irrespective of wanted signal level at the input to the receiver and base station operating conditions;

· Protection ratios for adjacent channel interference, with the DVB-T2 receiver tuned to channel 60 and the LTE interferer centred at 796 MHz, are in the range -17 to -37 dB for low wanted signal levels at the input to the receiver (C = -70 dBm), increasing to between -1 and -20 for high wanted signal levels (C = -30 dBm);

· Superhet tuners are susceptible to image channel interference when the interferer appears nine channels above the wanted (tuned) channel (72 MHz offset). Receivers 7, 9 and 11 (DVB-T2) require slightly higher protection ratios, between -33 and -39 dB. Silicon tuners, although exhibiting relatively poor overload performance, are much less sensitive to interference at the N+9 image frequency.
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Table A.1

Summary of C/I protection ratios (dB) for C = -70 dBm

		Wanted transmission:

		DVB-T2



		BS operating mode:

		Idle

		100%



		Rx1

		Co-channel

N+1

N+2

N+9

		17.22

-37.85

-41.8

-51.67

		15.38

-43.18

-49.17

-58.17



		Rx4

		Co-channel

N+1

N+2

N+9

		17.99

-34.63

-43.02

-48.13

		20.98

-39.06

-45.78

-47.15



		Rx6

		Co-channel

N+1

N+2

N+9

		16.49

-36.13

-47.86

-66.44

		18.28

-39.99

-51.69

-68.78



		Rx7

		Co-channel

N+1

N+2

N+9

		18.64

-37.31

-41.31

-37.53

		19.94

-43.47

-44.18

-36.96



		Rx8

		Co-channel

N+1

N+2

N+9

		17.85

-18.85

-22.73

-35.22

		17.21

-39.28

-43.82

-50.72



		Rx9

		Co-channel

N+1

N+2

N+9

		18.31

-31.38

-43

-35.58

		18.79

-36.19

-45.21

-33.71



		Rx10

		Co-channel

N+1

N+2

N+9

		18.82

-17.56

-23.95

-45.29

		19.00

-35.97

-47.66

-57.35



		Rx11

		Co-channel

N+1

N+2

N+9

		19.11

-34.06

-35.54

-40.96

		19.95

-35.47

-40.22

-39.11



		Rx12

		Co-channel

N+1

N+2

N+9

		19.35

-17.45

-23.47

-45.68

		21.36

-35.40

-46.59

-53.34








[bookmark: _Toc396856784]A.2	C/I protection ratios for C = -50 dBm

Table A.2

Summary of C/I protection ratios (dB) for C = -50 dBm

		Wanted transmission:

		DVB-T2



		BS operating mode:

		Idle

		100%



		Rx1

		Co-channel

N+1

N+2

N+9

		17.98

-39.15

-43.03

-

		19.74

-45.54

-48.42

-55.78



		Rx4

		Co-channel

N+1

N+2

N+9

		17.73

-31.84

-40.21

-44.79

		18.55

-35.75

-43.61

-45.67



		Rx6

		Co-channel

N+1

N+2

N+9

		16.79

-33.02

-43.65

-

		18.56

-34.83

-47.00

-50.07



		Rx7

		Co-channel

N+1

N+2

N+9

		17.64

-32.41

-35.42

-37.27

		18.56

-37.25

-38.42

-37.33



		Rx8

		Co-channel

N+1

N+2

N+9

		17.61

-9.54

-14.95

-17.44

		18.23

-39.04

-41.83

-44.78



		Rx9

		Co-channel

N+1

N+2

N+9

		17.12

-29.90

-40.83

-37.2

		18.79

-33.10

-42.34

-35.43



		Rx10

		Co-channel

N+1

N+2

N+9

		17.89

-9.89

-17.31

-33.82

		19.02

-34.55

-37.70

-38.6



		Rx11

		Co-channel

N+1

N+2

N+9

		17.89

-28.89

-35.66

-40.07

		19.88

-33.92

-36.34

-39.97



		Rx12

		Co-channel

N+1

N+2

N+9

		17.72

-11.51

-16.89

-

		18.43

-34.97

-46.66

-
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Table A.3

Summary of C/I protection ratios for C = -30 dBm

		Wanted transmission:

		DVB-T2



		BS operating mode:

		Idle

		100%



		Rx1

		Co-channel

N+1

N+2

N+9

		17.53

-

-

-

		18.15

-28.45

-32.16

-



		Rx4

		Co-channel

N+1

N+2

N+9

		17.88

-17.16

-23.12

-

		19.25

-22.55

-26.45

-28.58



		Rx6

		Co-channel

N+1

N+2

N+9

		16.53

-19.28

-25.81

-

		18.38

-23.86

-28.71

-30.93



		Rx7

		Co-channel

N+1

N+2

N+9

		17.62

-20.26

-26.04

-25.92

		18.67

-22.67

-28.57

-29.15



		Rx8

		Co-channel

N+1

N+2

N+9

		17.54

-1.44

-4.03

-11.17

		18.07

-21.95

-23.05

-24.79



		Rx9

		Co-channel

N+1

N+2

N+9

		17.84

-18.51

-25.55

-

		18.57

-22.46

-29.05

-30.89



		Rx10

		Co-channel

N+1

N+2

N+9

		17.76

-8.87

-14.60

-13.59

		18.88

-17.31

-18.31

-18.49



		Rx11

		Co-channel

N+1

N+2

N+9

		18.14

-18.18

-22.37

-23.65

		19.16

-22.34

-34.00

-25.13



		Rx12

		Co-channel

N+1

N+2

N+9

		18.42

-14.44

-21.07

-

		18.35

-29.87

-32.54

-
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[bookmark: _Toc258914824][bookmark: _Toc396297274]1	Introduction

While conducting measurements of the protection ratios relevant for the protection of DTTB from IMT, it was noticed that there is a transient effect that severely impacts the protection levels needed by the DTTB receiver from the IMT User Equipment (UE). This transient effect could occur whenever a UE starts transmitting data, such as a user request for a web-page, but also for some events not directly initiated by the user, such as:

–	regular polling of data “pull” servers (e.g., email updating, social networking applications);

–	“keep alive” messages for stateful applications;

–	other network signalling traffic.

Previous measurements have considered  “permanently on” LTE signals; the protection ratio being established by varying the power levels of the wanted DTTB and interfering LTE signals such that satisfactory picture decoding occurs with the interferer present continuously. By contrast, the measurements presented in this Annex have been made with a transient source of interference, that is to say that the LTE interference presented to the receiver is not constant, but is switched on and off.

[bookmark: dbreak]Measurements of protection ratios for DVB-T2 when interfered with a LTE interferer have been made. For these tests, the effect of the interferer starting to transmit in the vicinity of the DVB T2 receiver has been simulated, by using a “gated” test signal. The interfering test signal is stored and played out from a generator, which can be configured to first play out nothing, then play out the required test signal.

This test is most appropriate in the case of interference from a UE, as generally speaking it is expected that the BS will be switched on once and then remain on almost continuously – any transient effects from a BS being switched on can therefore effectively be ignored. Conversely, it is expected that the UE will tend to transmit a short burst of signal whilst communicating with the BS, and then remain off for a period of time. Therefore TV receivers with UE's operating nearby and on close RF channels can expect to see interference from UE starting and stopping repeatedly. Hence the transient effects of interference from UE signals are an important area to study.

In the longer term, LTE devices may be deployed in machine-to-machine (M2M) applications in domestic environments implying a significant density of UE terminals that are required to activate periodically. It is therefore considered important to understand the effects of this transient interference.

[bookmark: _Toc396297275][bookmark: _Toc302649720][bookmark: _Toc302975792][bookmark: _Toc302976291][bookmark: _Toc302976861][bookmark: _Toc302976957][bookmark: _Toc314721554]2	Measurements

[bookmark: _Toc396297276]2.1	Signal sources

The wanted signal is a DVB-T2 waveform, frequency 706 MHz, provided by a DTT signal generator. The DVB-T2 parameters used are the same as those described in Annex 2A.  The LTE interfering signal is a gated version of the signal described in Annex 1I. The underlying waveforms represent typical outputs from UEs at two traffic levels, captured using prototype LTE equipment. The two traffic levels were generated by connecting a BS and UE pair to form an end-to-end link and using an IP traffic tool to load the link. The waveforms captured represent data transfer rates of 20 Mbps and 1 Mbps.

To ensure that the measurements were not contaminated by any out of band signals captured in the recording process, the test waveforms were band-pass filtered in software prior to playback. A channel bandwidth of 10 MHz was used. This guarantees that the protection ratio measurements are a function only of the receiver selectivity and the adjacent channel leakage ratio (ALCR) of the arbitrary signal generator.

The signal source used to provide the LTE signal was an arbitrary signal generator. The transient nature of the signal was achieved by replaying each of the underlying waveform in sequence with 
a signal comprising null samples. By looping each of the signals a number of times in turn, 
it is possible to build a longer sequence with a defined on/off pattern. The final gated signal comprises approximately 4 seconds of silence, followed by around 5 seconds of either the 1 Mbps 
or 20 Mbps signal. Time domain plots of the signals are given in Figures 1 and 2.

FIGURE 1

Gated LTE 20 Mbps signal

[image: ]



FIGURE 2

Gated LTE 1 Mbps signal

[image: ]



[bookmark: _Toc396297277]2.2	Frequency offsets

Centre frequency offsets between DVB-T2 and LTE of +11 and +18 MHz have been considered (i.e. interfering signals of 717 and 724 MHz). Assuming an LTE signal of bandwidth 10 MHz, 
these would represent the LTE UE interference into an adjacent TV channel separated by a guard band of either 2 MHz or 9 MHz from the LTE uplink band.

[bookmark: _Toc396297278]2.3	Measurement procedure

The protection ratio was found by combing the wanted and interfering signals and presenting them to the DTT receiver under test. The wanted signal was increased until satisfactory signal decoding occurred. Full details of the measurement procedure can be found in Annex 1K.

[bookmark: _Toc396297279]2.4	Receivers tested

Three receivers were selected for test:

Table 1

		Receiver

		Type

		Tuner type



		Rx1

		STB/PVR

		Silicon



		Rx2

		STB

		Can



		Rx3

		STB

		Can





[bookmark: _Toc396297280]3	Results

The data presented represents the protection ratios measured using the test equipment, which incorporated an arbitrary signal generator with a good adjacent channel leakage ratio (ACLR); better than 50 dB in the first adjacent channel. No correction has been made to account for the likelihood that LTE equipment will have a worse adjacent channel performance than the test equipment used. 

Previous studies corrected the protection ratios according to the specified out of band performance of LTE equipment, and showed that this can be more significant than the selectivity of the receiver.

Figures 3 to 8 show the performance of the receivers currently tested in the presence of the transient interference provided by the LTE UE 20 Mbps and 1 Mbps waveforms. For reference, the performance of the receivers with the non-transient waveforms is also plotted.

FIGURE 3

Receiver Rx1 11 MHz offset

[image: r1_11]

FIGURE 4

Receiver Rx1 18 MHz offset

[image: r1_18]




FIGURE 5

Receiver Rx2 11 MHz offset

[image: r2_11]



FIGURE 6

Receiver Rx2 18 MHz offset
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FIGURE 7

Receiver Rx3 11 MHz offset

[image: r3_11]

FIGURE 8

Receiver Rx3 18 MHz offset
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[bookmark: _Toc396297281]4	Conclusions

Receiver Rx1 is shown to perform poorly with the non-transient version of the low traffic waveform. When the transient version of either waveform is used, similar performance to the non-transient low traffic case is seen.  There is no improvement with increased frequency offset.

The performance of receivers Rx2 and Rx3 is adequate with the conventional waveforms (even the low traffic version), but suffers when the transient versions are used. The protection ratio is around 10–12 dB better when the offset is increased from 11 MHz to 18 MHz. 

In all cases, it is the transient version of the 20 Mbps UE waveform which requires greater protection than the 1 Mbps version.

The protection ratio numbers presented in this Annex are based on measurements made with a signal generator with a good adjacent channel performance and therefore will need correcting to take account of the out of band emission figures for LTE hardware.

Although only a small set receivers has been investigated, there is an important conclusion to be drawn that certain units that were previously thought to be less vulnerable to low duty cycle traffic are affected by the transient nature of the switched waveform. As this transient waveform is expected to be a feature of future LTE UE equipment deployments, the results of these measurement are considered important and further measurements should be undertaken.

__________
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Measurements of DVB-T2 receiver protection ratio and overload threshold under LTE UE interference in adjacent channels
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[bookmark: _Toc396376706]1.	Introduction

Fourteen DVB-T2 TV receivers from various manufacturers using both can and silicon tuners were measured for DVB-T2 protection ratio and overload threshold against recorded LTE UE waveforms from a real LTE UE device operating with different traffic loadings.  The tests were made with different wanted signal levels and a range of interference frequency offsets corresponding to the interferer being at multiples of 8 MHz TV channel spacing of  N+1 up to N+9 (image channel for can tuners), starting with a 1MHz guard band between the DTT and LTE signals.  

[bookmark: OLE_LINK5]An LTE UE device RF output with a 10 MHz bandwidth has been captured and analyzed in the time and frequency domains on a symbol by symbol basis using a vector signal analyser.  Different distributions of resource blocks were observed in both time and frequency at different traffic loads ranging from 1Mbit/s light load, to 10Mbit/s medium load and 20Mbit/s high load.  These captured waveforms were further filtered to remove impairments from the recording process, and formatted for replay from standard laboratory vector signal generators to represent realistic interference signals for receiver measurements.  These waveforms and are now used by the UK Digital Television Group (DTG)[footnoteRef:1] and other organisations as a standard set of interference signals for receiver conformance testing.  They are used as the interference source in this contribution. [1:  http://dtg.org.uk/] 


[bookmark: _Toc396376707]2	Receiver performance tests

[bookmark: _Toc396376708]2.1	Receivers tested

The receivers tested are all mass production models from different manufacturers purchased in the UK (circa 2011-2012) containing conventional ‘can’ and silicon tuners shown in Table 1. All are the latest dual mode DVB-T/T2 designs with a variety of tuners and demodulator designs.

Table 1 

Receivers tested

		Receiver name

		Rx1

		Rx2

		Rx3

		Rx4

		Rx5

		Rx6

		Rx7

		Rx8

		Rx9



		Tuner type

		Silicon

		Silicon

		Silicon

DVB-T only so not tested

		Silicon

Unreliable so not tested

		Can

		Can

		Silicon

		Silicon

		Silicon



		

		

		

		

		

		

		

		

		

		



		Receiver name

		Rx22

		Rx23

		Rx24

		Rx25

		Rx26

		Rx27

		Rx28

		

		



		Tuner type

		Silicon

		Silicon

		Silicon

		Silicon

		Silicon

		Silicon

		Can

		

		



		Receiver type

		PVR

		iDTV

		iDTV

		STB

		PVR

		STB

		iDTV

		

		







[bookmark: _Toc396376709]2.2	Receiver test setup

The test setup using an R&S SFU vector signal generator replaying the LTE UE signals as an interferer to a DVB-T2 wanted signal is shown in Figure 1 of Annex 2C.  The LTE signal was 10 MHz wide (9 MHz occupied bandwidth when all RBs are used). The DVB‑T2 signal parameters, reference power level, and picture failure criterion are described in Annex 2A.

[bookmark: _Toc396030688][bookmark: _Toc396376710]2.3	Test signals

Since the tests for receivers Rx1 through Rx9 were made separately from receivers Rx22 through Rx28, the spectrum of the test signals vary slightly.

[bookmark: _Toc395541116][bookmark: _Toc396030689][bookmark: _Toc396376711]2.3.1	Test signals for receivers Rx1-Rx9

The spectra of the test signals used for receivers Rx1-Rx9 are shown in Figures 1, 2, and 3 for LTE UE traffic loadings of one, ten, and 20 Mbit/s, respectively.  The measured ACLR with the amplifier at full power is tabulated in Table 2.  Note attenuators were included in front of the spectrum analyser to avoid overloading its input.  The spectrum analyser ACLR measurement may be affected by the time variation of the 1Mbit/s and 10Mbit/s LTE signals, so no attempt was made at a PR correction calculation for these rates.



Figure 1

Spectrum of LTE UE 1Mbit/s test signal used for receivers Rx1-Rx9

[image: ]

Figure 2

Spectrum of LTE UE 10Mbit/s test signal used for receivers Rx1-Rx9

[image: ]

Figure 3

Spectrum of LTE UE 20Mbit/s test signal used for receivers Rx1-Rx9

[image: ]






[bookmark: _Ref289697927][bookmark: _Ref335763851]Table 2

LTE interferer signal generator ACLR measured / (estimated) for receivers Rx1-Rx9

		Centre Frequency 
Spacing MHz

		1Mbit/s Traffic loading
ACLR - dB

		10Mbits/s Traffic loading
ACLR - dB

		20Mbit/s Traffic loading
ACLR - dB



		10

		49.71

		56.80

		62.15



		18

		53.44

		68.66

		78.85



		Other offsets

		

		

		(Increasing at 3dB/8MHz)





[bookmark: _Ref289334835]

[bookmark: _Toc396376712]2.3.2	Test signals for receivers Rx22-Rx28

The spectra of the test signals used for receivers Rx22-Rx28 are shown in Figures 4, 5, and 6 for LTE UE traffic loadings of one, ten, and 20 Mbit/s, respectively.  The measured ACLR with the amplifier at full power is tabulated in Table 3.  Note attenuators were included in front of the spectrum analyser to avoid overloading its input.  The spectrum analyser ACLR measurement may be affected by the time variation of the 1Mbit/s and 10Mbit/s LTE signals, so no attempt was made at a PR correction calculation for these rates.

Figure 4

Spectrum of LTE UE test signal with a 1Mbit/s traffic loading for receivers Rx22-Rx28

[image: ]

[bookmark: _Ref289334836]Figure 5

Spectrum of LTE UE test signal with a 10Mbit/s traffic loading for receivers Rx22-Rx28

[image: ]



[bookmark: _Ref289334838]Figure 6

Spectrum of LTE UE test signal with a 20Mbit/s traffic loading for receivers Rx22-Rx28

[image: ]






Table 3

LTE interferer signal generator ACLR measured / (estimated) for receivers Rx22-Rx28

		Centre Frequency 
Spacing MHz

		1Mbit/s Traffic loading
ACLR - dB

		10Mbits/s Traffic loading
ACLR - dB

		20Mbit/s Traffic loading
ACLR - dB



		10

		65.94

		66.95

		67.77



		18

		68.38

		76.76

		80.35



		Other offsets

		

		

		(Increasing at 3dB/8MHz)







[bookmark: _Toc396376713]2.3.3	Spectrum analyser dynamic range

Figure 7 illustrates the dynamic range of the spectrum analyser.  The spectrum below the LTE UE 20 Mbit/s test signal located at a channel offset of 72 MHz or nine channels.

Figure 7

Spectrum of LTE UE 20Mbit/s test signal wideband (limited by dynamic range of spectrum analyser)

[image: ]



[bookmark: _Toc396376714]2.4	Estimated correction of PR for real UE ACLR values

It is important to note that the actual ACLR of a typical UE is likely to be much lower than the test signals used in these tests, and the resulting noise falling in-band to the DTT receiver can dominate over the inherent protection ratio of the DTT receiver.  Actual UE ACLRs are not well publicized at present but examples of corrected PR values are given in this contribution based on measurements of a single commercially available UE dongle to demonstrate the overall effect of UE out of band noise.  The final corrected PR is calculated using the procedure described in Annex 2B.

Based on the measurements of an LTE dongle device, the estimated ACLR is tabulated in Table 4 with a 0.5dB adjustment for the 8MHz DTT channel instead of the 9MHz LTE measurement bandwidth.  Only the full power 20Mbit/s UE ACLR correction is considered because it is not possible to match the other UE power levels of +7dBm and +4dBm with the 1Mbit/s or 10Mbit/s traffic loadings. Plots showing the measured ACLR are shown in Figures 8, 9, and 10.

[bookmark: _Ref335920853]Table 4

Estimated UE ACLR

		Offset

		ACLR dB with UE Full power / 

20MBit/s LTE traffic loading



		10 MHz offset

		35.2



		18 MHz offset

		56.0



		All other offsets

		Not measured so 75, 85 & 90dB used as examples in this contribution







Figures 8, 9, and 10 illustrate the spectra of LTE UE operating at +23.8 dBm (full power), +7 dBm, and +4 dBm.

[bookmark: _Ref335921604]Figure 8

Spectrum of LTE UE operating at full power +23.8dBm (with a 10dB attenuator) 

[image: ]

[bookmark: _Ref335921605]Figure 9

Spectrum of LTE UE operating at +7dBm (with a 10dB attenuator) 

[image: ]

[bookmark: _Ref335921606]Figure 10

Spectrum of LTE UE operating at +4dBm (with a 10dB attenuator) 

[image: ]



[bookmark: _Toc396376715]2.5	Description of tests

For each of the LTE UE traffic loadings, one Mbit/s, 10 Mbit/s, and 20 Mbit/s, the protection ratio was measured for wanted signal levels fixed at -70, -60, -50, -40,  -35 and -30dBm as described in Annex 2B.  The overload threshold was calculated visually using the recommended method described in section 5 of Report ITU-R BT.2215.

[bookmark: _Toc396376716]2.6	Protection Ratio Test Results

Table 5 tabulates the statistical results for protection ratios of LTE UE interference into DVB-T2 at traffic loadings of 1 Mbit/s, 10 Mbit/s, and 20 Mbit/s.  The table includes statistics for all tuners as well as silicon only tuners.




Table 5

Summary of LTE UE into DVB-T2 protection ratio Rx1-9, Rx22-28

		Offset MHz:

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Uncorrected 1Mbit/s traffic loading
PR dB – all tuners

		10th PC

		-45

		-55

		-57

		-58

		-61

		-65

		-66

		-68

		-66



		

		50th PC

		-37

		-41

		-45

		-48

		-51

		-54

		-54

		-55

		-55



		

		90th PC

		-22

		-24

		-28

		-38

		-39

		-40

		-43

		-43

		-45



		Uncorrected 10Mbit/s traffic loading
PR dB – all tuners

		10th PC

		-45

		-52

		-51

		-53

		-62

		-63

		-63

		-63

		-59



		

		50th PC

		-41

		-47

		-48

		-48

		-50

		-51

		-52

		-53

		-51



		

		90th PC

		-39

		-41

		-44

		-44

		-44

		-43

		-44

		-43

		-44



		Uncorrected 20Mbit/s traffic loading
PR dB – all tuners

		10th PC

		-46

		-55

		-54

		-54

		-64

		-64

		-66

		-63

		-58



		

		50th PC

		-41

		-48

		-49

		-51

		-54

		-54

		-55

		-56

		-54



		

		90th PC

		-39

		-42

		-42

		-43

		-46

		-46

		-45

		-46

		-46



		Single UE example of 
corrected 20Mbit/s 
 traffic loading
PR dB – all tuners

		UE ACLR

		35.2

		56

		75 (assumed)



		

		10thPC

		-16

		-37

		-52

		-52

		-55

		-55

		-55

		-55

		-54



		

		50thPC

		-16

		-37

		-48

		-49

		-52

		-52

		-52

		-53

		-52



		

		90thPC

		-16

		-36

		-42

		-43

		-46

		-45

		-45

		-46

		-45



		Single UE example of 
corrected 20Mbit/s 
 traffic loading
PR dB – all tuners

		UE ACLR

		35.2

		56

		85 (assumed)



		

		10thPC

		-16

		-37

		-54

		-54

		-62

		-62

		-62

		-61

		-57



		

		50thPC

		-16

		-37

		-49

		-50

		-54

		-53

		-55

		-55

		-54



		

		90thPC

		-16

		-36

		-42

		-43

		-46

		-46

		-45

		-46

		-46



		Single UE example of 
corrected 20Mbit/s 
 traffic loading
PR dB – all tuners

		UE ACLR

		35.2

		56

		90 (assumed)



		

		10thPC

		-16

		-37

		-54

		-54

		-64

		-63

		-65

		-62

		-58



		

		50thPC

		-16

		-37

		-49

		-51

		-54

		-53

		-55

		-55

		-54



		

		90thPC

		-16

		-36

		-42

		-43

		-46

		-46

		-45

		-46

		-46



		



		20Mbit/s traffic loading
PR dB – Si tuners only

		10th PC

		-46

		-54

		-55

		-54

		-55

		-56

		-58

		-58

		-58



		

		50th PC

		-41

		-47

		-50

		-52

		-54

		-52

		-53

		-54

		-54



		

		90th PC

		-39

		-43

		-44

		-45

		-46

		-45

		-44

		-45

		-47



		Single UE example of 
corrected 20Mbit/s 
 traffic loading
PR dB – Si tuners only

		UE ACLR

		35.2

		56

		75 (assumed)



		

		10thPC

		-16

		-37

		-53

		-52

		-52

		-53

		-54

		-54

		-54



		

		50thPC

		-16

		-37

		-49

		-51

		-52

		-51

		-51

		-52

		-52



		

		90thPC

		-16

		-36

		-44

		-45

		-46

		-45

		-44

		-45

		-46



		Single UE example of 
corrected 20Mbit/s 
 traffic loading
PR dB – Si tuners only

		UE ACLR

		35.2

		56

		85 (assumed)



		

		10thPC

		-16

		-37

		-55

		-54

		-55

		-56

		-57

		-57

		-57



		

		50thPC

		-16

		-37

		-50

		-52

		-54

		-52

		-53

		-54

		-54



		

		90thPC

		-16

		-36

		-44

		-45

		-46

		-45

		-44

		-45

		-47



		Single UE example of 
corrected 20Mbit/s 
 traffic loading
PR dB – Si tuners only

		UE ACLR

		35.2

		56

		90 (assumed)



		

		10thPC

		-16

		-37

		-55

		-54

		-55

		-56

		-58

		-58

		-58



		

		50thPC

		-16

		-37

		-50

		-52

		-54

		-52

		-53

		-54

		-54



		

		90thPC

		-16

		-36

		-44

		-45

		-46

		-45

		-44

		-45

		-47







Figures 11, 12, and 13 illustrate the protection ratios for LTE UE interference into DVB-T2 (uncorrected for the UE ACLR) for traffic loadings of one Mbit/s, 10 Mbit/s, and 20 Mbit/s., respectively.  

[bookmark: _Ref335843974]Figure 11

Uncorrected protection ratio for 1MBit/s traffic loading (uncorrected for UE ACLR)

[image: ]

[bookmark: _Ref335844302]Figure 12

Uncorrected protection ratio for 10MBit/s traffic loading

[image: ]

Figure 13

Uncorrected protection ratio for 20MBit/s traffic loading

[image: ] 



In addition the protection ratios corrected for estimated UE ACLRs of 75, 85, and 90 dB operating at a 20Mbit/s traffic loading and channel offsets greater than 18 MHz are shown in Figures 14, 15, and 16, respectively.

[bookmark: _Ref335843926]Figure 14

Example corrected protection ratio for 20MBit/s traffic loading
 (assuming ACLR for offsets>18MHz is 75dB)

[image: ]

[bookmark: _Ref337029216]Figure 15

Example corrected protection ratio for 20MBit/s traffic loading
 (assuming ACLR for offsets>18MHz is 85dB)

[image: ]

[bookmark: _Ref337029218]Figure 16

Example corrected protection ratio for 20MBit/s traffic loading
 (assuming ACLR for offsets>18MHz is 90dB)

[image: ]

Comparing Figure 13 with Figures 14, 15, and 16, the corrected PR plot shows the PR across all tuners is degraded by up to 30dB at 10MHz offset and up to 21dB at 18MHz offset.  The PR degradation at higher offsets depends on the assumed UE ACLR shown in the three figures.  The worst tuners (e.g., Rx22) are only affected at the 10MHz and 18MHz offsets, even with the worst assumed UE ACLR of 75dB.

[bookmark: _Toc336971563][bookmark: _Toc336971818][bookmark: _Toc336973873][bookmark: _Toc336973913][bookmark: _Toc336979902][bookmark: _Toc337020634][bookmark: _Toc337038157][bookmark: _Toc337038410][bookmark: _Toc396376717]2.6.1	Percentile variation in corrected and uncorrected PR

Figures 17, 18, and 19 show the effect of UE ACLR degradation on a percentile basis for different levels of UE ACLR (75 dB, 85 dB, and 90 dB, respectively) at offsets greater than 18MHz. Figure 17 shows that all tuners are severely degraded (up to 29dB) to a single PR value at 10MHz offset, which is dominated by the out of band UE noise completely, and by up to 18dB for 18MHz offset.  Poorer tuners (90th PC) are not affected very much at larger offsets regardless of UE ACLR whereas the degradation of better performing tuners at these higher offsets is very dependent on UE ACLR.  In the examples the (10th PC) are degraded by up to 11dB at higher offsets for can tuners and 4dB for silicon tuners if the UE ACLR is 75dB but the degradation reduces to 1dB when the UE ACLR is 90dB for can tuners, or 85dB for silicon tuners.  The calculated degradations vs. UE ACLR assumptions are shown in Tables 6, 7, and 8. 

[bookmark: _Ref335845825]Figure 17

Corrected/uncorrected protection ratio variation for 20MBit/s traffic loading  - all tuners 
 (assuming ACLR for offsets>18MHz is 75dB)

[image: ]

[bookmark: _Ref337029413]Figure 18

Corrected/uncorrected protection ratio variation for 20MBit/s traffic loading  - all tuners 
 (assuming ACLR for offsets>18MHz is 85dB)

[image: ]

[bookmark: _Ref337029416]Figure 19

Corrected/uncorrected protection ratio variation for 20MBit/s traffic loading  - all tuners 
 (assuming ACLR for offsets>18MHz is 90dB)

[image: ]




[bookmark: _Ref337029716]Table 6

PR degradation due to UE ACLR vs. Frequency
assuming UE ACLR = 75dB for offsets > 18MHz 

		Frequency Offset:

		10

		18

		26

		34

		42

		50

		58

		66

		74



		UE ACLR dB:

		35.2

		56

		75



		All tuners 10th  PC

		29

		18

		2

		2

		9

		9

		11

		8

		4



		All tuners 50th  PC

		25

		11

		1

		1

		2

		2

		3

		3

		2



		All tuners 90th  PC

		23

		6

		0

		0

		0

		0

		0

		0

		0



		Silicon 10th  PC

		30

		17

		2

		2

		3

		3

		4

		4

		4



		Silicon 50th  PC

		25

		10

		1

		1

		2

		1

		2

		2

		2



		Silicon 90th  PC

		23

		7

		0

		0

		0

		0

		0

		0

		1





[bookmark: _Ref337029718]Table 7

PR degradation due to UE ACLR vs. Frequency
assuming UE ACLR = 85dB for offsets > 18MHz 

		Frequency Offset:

		10

		18

		26

		34

		42

		50

		58

		66

		74



		UE ACLR dB:

		35.2

		56

		85



		All tuners 10th  PC

		29

		18

		0

		0

		2

		2

		4

		2

		1



		All tuners 50th  PC

		25

		11

		0

		0

		0

		0

		0

		0

		0



		All tuners 90th  PC

		23

		6

		0

		0

		0

		0

		0

		0

		0



		Silicon 10th  PC

		30

		17

		0

		0

		0

		0

		1

		1

		1



		Silicon 50th  PC

		25

		10

		0

		0

		0

		0

		0

		0

		0



		Silicon 90th  PC

		23

		7

		0

		0

		0

		0

		0

		0

		0





[bookmark: _Ref337029720]Table 8

PR degradation due to UE ACLR vs. Frequency
assuming UE ACLR = 90dB for offsets > 18MHz 

		Frequency Offset:

		10

		18

		26

		34

		42

		50

		58

		66

		74



		UE ACLR dB:

		35.2

		56

		90



		All tuners 10th  PC

		29

		18

		0

		0

		0

		0

		1

		1

		0



		All tuners 50th  PC

		25

		11

		0

		0

		0

		0

		0

		0

		0



		All tuners 90th  PC

		23

		6

		0

		0

		0

		0

		0

		0

		0



		Silicon 10th  PC

		30

		17

		0

		0

		0

		0

		0

		0

		0



		Silicon 50th  PC

		25

		10

		0

		0

		0

		0

		0

		0

		0



		Silicon 90th  PC

		23

		7

		0

		0

		0

		0

		0

		0

		0







Figures 20 and 21 show the degradation effect on silicon tuners only for different UE ACLR assumptions (75 dB and 85 dB, respectively). The measurements of actual UE ACLR at the 10MHz and 18MHz offsets show that significant degradation of tuner PR occurs at these offsets, implying that a minimum edge-edge guard band of around 17 MHz (1+8+8) would be needed to preserve existing tuner protection ratios.  This also assumes the UE ACLR for offsets beyond 18MHz are high enough to minimise degradation at these higher offsets.  From the examples shown here, a 1dB PR degradation requires the UE ACLR to be around 90dB for can tuners and 85dB for silicon tuners. Measurements of UE ACLR at these higher offsets is needed.



[bookmark: _Ref336971590][bookmark: _Ref336973841]Figure 20

Corrected/uncorrected protection ratio variation for 20MBit/s traffic loading  - silicon tuners only 
(assuming ACLR for offsets>18MHz is 75dB)

[image: ]

[bookmark: _Ref337029813]Figure 21

Corrected/uncorrected protection ratio variation for 20MBit/s traffic loading  - silicon tuners only 
(assuming ACLR for offsets>18MHz is 85dB)

[image: ]




Figures 22, 23, and 24 illustrate the protection ratio, PR, versus frequency offset for various traffic loadings at the 90th, 50th, and 10th percentile, respectively.  The figures include all receivers Rx1-Rx9 and Rx22-Rx28.  The figures illustrate that the poorer tuners are still affected most by the time variation in the 1MBit/s LTE UE signal.

Figure 22

90 percentile uncorrected protection ratio vs. traffic loading

[image: ]

Figure 23

50 percentile uncorrected protection ratio vs. traffic loading

[image: ]

Figure 24

10 percentile uncorrected protection ratio vs. traffic loading

[image: ]



[bookmark: _Toc336979904][bookmark: _Toc337020636][bookmark: _Toc337038159][bookmark: _Toc337038412][bookmark: _Toc335631767][bookmark: _Toc396376718]2.7	Overload Threshold Calculation

The overload threshold from LTE UE interference into DVB-T2 was calculated for traffic loading of 1 Mbit/s, 10 Mbit/s, and 20 Mbit/s using the method recommended in section 5 of Report ITU-R BT.2215.  Table 9 tabulates the results.

Table 9

Summary of LTE UE into DVB-T2 overload thresholds Rx1-9, Rx22-28

		Offset MHz:

		10

		18

		26

		34

		42

		50

		58

		66

		74



		1Mbit/s
traffic loading
Oth dBm

		10th PC

		-30

		-11

		-10

		-20

		-10

		-9

		-9

		-10

		-10



		

		50th PC

		-5

		2

		4

		4

		6

		6

		5

		5

		6



		

		90th PC

		3

		9

		9

		9

		10

		10

		11

		11

		11



		10Mbit/s
traffic loading
Oth dBm

		10th PC

		-14

		-9

		-9

		-12

		-9

		-9

		-9

		-9

		-9



		

		50th PC

		-6

		-2

		0

		-2

		2

		2

		2

		1

		2



		

		90th PC

		2

		5

		6

		6

		7

		7

		8

		8

		8



		20Mbit/s
traffic loading
Oth dBm

		10th PC

		-13

		-10

		-9

		-14

		-9

		-9

		-9

		-9

		-10



		

		50th PC

		-7

		-2

		-1

		-1

		1

		2

		2

		2

		2



		

		90th PC

		2

		4

		5

		6

		6

		7

		7

		7

		7







Figures 25, 26, and 27 illustrate the calculated overload threshold, Oth, for the traffic loadings of 1 Mbit/s, 10 Mbit/s, and 20 Mbit/s, respectively.  Figure 25 shows that Rx9 was performing much worse than all the other tuners at 1Mbit/s traffic loading.

[bookmark: _Ref335405314]Figure 25

Overload threshold for 1MBit/s traffic loading
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[bookmark: _Ref336971873]Figure 26

Overload threshold for 10MBit/s traffic loading
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[bookmark: _Ref336971874]Figure 27

Overload threshold for 20MBit/s traffic loading
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[bookmark: _Toc396376719]2.7.1	Percentile variation in the calculated overload thresholds

Figures 28, 29, and 30 illustrate the calculated overload threshold, Oth, for traffic loadings of 1 Mbit/s, 10 Mbit/s, and 20 Mbit/s at the 90th, 50th, and 10th percentiles, respectively.  The 10Mbit/s and 20Mbit/s performances are quite similar for all frequency offsets but the 1Mbit/s performance is the weak point of the poorly performing receivers.

[bookmark: _Ref289345467]Figure 28

90 percentile overload threshold vs. traffic loading
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Figure 29

50 percentile overload threshold vs. traffic loading
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[bookmark: _Ref335922903]Figure 30

10 percentile overload threshold vs. traffic loading
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[bookmark: _Toc335631769][bookmark: _Toc396376720]3	Comparison of C/I measurements with BT.2215 calculation of PR and Oth

The following Figures 31, 32, 33, and 34 superimpose the calculated PR and Oth values onto the measured percentiles of the C/I characteristics for Rx1-Rx9, Rx22-Rx28 to check the degree of error in using the linear approximation of PR and Oth for each frequency offset.  To aid comparison a single frequency offset example is given in detail followed by three combined plots showing all of the frequency offsets. for each LTE traffic loading.

Most of these plots show that the error region is fairly small compared with the linear PR and Oth approximation.  The error triangle tends to be larger for 10MHz offsets than for other offsets – probably due to the difficulties in estimating PR and Oth for 10MHz offset - sometimes the Oth is “NR” at this offset or not very well defined.

The 10MHz offset plot shows the Oth was selected on the non-linear region of the C/I characteristic according to the medthodlogy in section 5 of Report ITU-R BT.2215.  However from the C/I curves it is clear a picture can still be received – albeit with a very high protection ratio of -15dB.  The choice of PR and Oth in the BT.2215 model could be made with either Oth = -30dBm and PR = -22dB as shown, or Oth = NR and PR = -17dB.  

In general, the error triangle region is quite small but including C/I characteristics such as these may be useful additional information for network planners.

Figure 31

Comparison of C/I vs. BT.2215 PR and Oth for LTE UE 20Mbit/s traffic loading – 10MHz offset
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Figure 32

Comparison of C/I vs. BT.2215 PR and Oth for LTE UE 1Mbit/s traffic loading – all offsets
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Figure 33

Comparison of C/I vs. BT.2215 PR and Oth for LTE UE 10MBit/s traffic loading – all offsets
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Figure 34

Comparison of C/I vs. BT.2215 PR and Oth for LTE UE 20Mbit/s traffic loading – all offsets
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[bookmark: _Toc335631770][bookmark: _Toc396376721]4	Conclusions

[bookmark: _Toc335631771]An example estimate of the effect of UE out of band noise has been made for the 20Mbit/s UE traffic load based on measurements by two European R&D organisations of a single commercially available 800MHz LTE UE dongle.  The corrected PR measurements at 10MHz and 18MHz offsets show a significant degradation of the DTT tuner PR at these offsets, implying that a minimum edge-edge guard band of around 17MHz (1+8+8) would be needed to preserve existing tuner protection ratios.  This also assumes the UE ACLR for offsets beyond 18MHz are high enough to minimise degradation at these higher offsets.  From the examples shown here, a 1dB PR degradation in these higher offsets requires the UE ACLR to be around 90dB for can tuners and 85dB for silicon tuners. More measurement data of UE ACLRs at these higher offsets is needed.

The error in using the existing linear approximation of PR and Oth compared with the actual C/I characteristic is in most cases biased towards giving a slightly low PR estimation over certain C/I values.  The C/I curves included in this contribution might help allow for this error in network planning simulations.

Raw test data is included in Appendix to assist other studies.




[bookmark: _Toc337038165][bookmark: _Toc337038418][bookmark: _Toc337038166][bookmark: _Toc337038419][bookmark: _Toc337038167][bookmark: _Toc337038420][bookmark: _Toc337038168][bookmark: _Toc337038421][bookmark: _Toc396376722]Appendix A – Raw test data for LTE UE interference into DVB-T2

[bookmark: _Toc290361043][bookmark: _Toc396376723]A.1	Protection ratio summary

Table A.1

AWGN co-channel protection ratios for DVB-T2

		Receiver

		Co-channel PR - dB



		Rx1(Si)

		19.0



		Rx2(Si)

		19.0



		Rx5(Can)

		19.0



		Rx6(Can)

		19.1



		Rx7(Si)

		19.0



		Rx8(Si)

		19.0



		Rx9(Si)

		18.8



		RX22(Si)

		19.0



		RX23(Si)

		19.0



		RX24(Si)

		18.9



		RX25(Si)

		19.0



		RX26(Si)

		19.0



		RX27(Si)

		19.3



		RX28(Can)

		19.3





Table A.2

Protection ratios for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-49

		-51

		-52

		-54

		-55

		-56

		-58

		-60

		-62



		Rx2(Si)

		-32

		-24

		-26

		-36

		-42

		-54

		-56

		-58

		-57



		Rx5(Can)

		-40

		-57

		-48

		-49

		-53

		-56

		-55

		-60

		-62



		Rx6(Can)

		-44

		-55

		-59

		-60

		-72

		-74

		-75

		-72

		-67



		Rx7(Si)

		-19

		-24

		-36

		-52

		-55

		-57

		-57

		-57

		-57



		Rx8(Si)

		-19

		-21

		-26

		-43

		-37

		-38

		-41

		-41

		-43



		Rx9(Si)

		-30

		-31

		-32

		-34

		-35

		-37

		-39

		-40

		-41



		RX22(Si)

		-40

		-51

		-50

		-52

		-50

		-50

		-50

		-50

		-50



		RX23(Si)

		-46

		-49

		-50

		-53

		-53

		-54

		-53

		-53

		-53



		RX24(Si)

		-39

		-55

		-62

		-63

		-64

		-65

		-67

		-67

		-67



		RX25(Si)

		-36

		-41

		-45

		-46

		-47

		-48

		-49

		-49

		-49



		RX26(Si)

		-36

		-40

		-42

		-44

		-44

		-45

		-46

		-48

		-50



		RX27(Si)

		-37

		-41

		-44

		-46

		-47

		-47

		-47

		-48

		-48



		RX28(Can)

		-28

		-31

		-39

		-41

		-52

		-64

		-63

		-68

		-56





Table A.3

Protection ratios for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-47

		-50

		-51

		-52

		-54

		-55

		-57

		-59

		-60



		Rx2(Si)

		-40

		-46

		-48

		-51

		-42

		-41

		-43

		-42

		-43



		Rx5(Can)

		-42

		-58

		-44

		-45

		-50

		-53

		-54

		-56

		-52



		Rx6(Can)

		-43

		-51

		-52

		-54

		-70

		-71

		-71

		-68

		-57



		Rx7(Si)

		-41

		-47

		-49

		-50

		-51

		-52

		-54

		-54

		-54



		Rx8(Si)

		-39

		-47

		-50

		-54

		-56

		-57

		-58

		-59

		-59



		Rx9(Si)

		-39

		-45

		-46

		-47

		-48

		-49

		-50

		-51

		-52



		RX22(Si)

		-41

		-39

		-45

		-44

		-46

		-43

		-47

		-42

		-43



		RX23(Si)

		-41

		-45

		-47

		-47

		-49

		-49

		-49

		-49

		-49



		RX24(Si)

		-45

		-48

		-51

		-52

		-54

		-55

		-56

		-58

		-58



		RX25(Si)

		-44

		-50

		-49

		-48

		-46

		-43

		-44

		-44

		-45



		RX26(Si)

		-43

		-52

		-48

		-48

		-45

		-44

		-45

		-45

		-46



		RX27(Si)

		-39

		-47

		-44

		-45

		-44

		-44

		-44

		-46

		-47



		RX28(Can)

		-41

		-35

		-38

		-33

		-65

		-65

		-65

		-65

		-47







Table A.4

Protection ratios for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-46

		-50

		-51

		-52

		-54

		-55

		-57

		-58

		-60



		Rx2(Si)

		-41

		-47

		-48

		-50

		-51

		-52

		-52

		-54

		-54



		Rx5(Can)

		-42

		-58

		-42

		-45

		-50

		-53

		-55

		-56

		-50



		Rx6(Can)

		-43

		-51

		-51

		-51

		-68

		-70

		-70

		-67

		-55



		Rx7(Si)

		-41

		-47

		-48

		-50

		-50

		-52

		-53

		-54

		-54



		Rx8(Si)

		-39

		-47

		-50

		-52

		-54

		-56

		-58

		-58

		-58



		Rx9(Si)

		-38

		-43

		-44

		-45

		-46

		-47

		-48

		-50

		-50



		RX22(Si)

		-39

		-41

		-42

		-42

		-42

		-42

		-42

		-42

		-42



		RX23(Si)

		-40

		-44

		-45

		-46

		-47

		-48

		-48

		-49

		-49



		RX24(Si)

		-44

		-48

		-51

		-52

		-54

		-54

		-55

		-57

		-57



		RX25(Si)

		-45

		-50

		-51

		-54

		-54

		-45

		-44

		-45

		-47



		RX26(Si)

		-46

		-56

		-57

		-57

		-59

		-58

		-58

		-58

		-58



		RX27(Si)

		-41

		-54

		-55

		-54

		-55

		-55

		-55

		-55

		-55



		RX28(Can)

		-40

		-39

		-38

		-33

		-66

		-66

		-70

		-65

		-45










[bookmark: _Toc337038424][bookmark: _Toc290361044][bookmark: _Toc396376724]A.2	Overload threshold summary

Table A.5

Oth dBm for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		1

		6

		9

		9

		9

		10

		11

		12

		12



		Rx2(Si)

		-37

		9

		9

		9

		9

		10

		10

		10

		10



		Rx5(Can)

		-6

		2

		1

		2

		6

		8

		8

		8

		8



		Rx6(Can)

		-4

		2

		0

		-9

		3

		5

		5

		4

		5



		Rx7(Si)

		>-11

		8

		9

		9

		10

		10

		10

		10

		10



		Rx8(Si)

		>-14

		>-12

		-9

		-24

		-9

		-8

		-8

		-9

		-9



		Rx9(Si)

		-39

		-38

		-37

		-35

		-34

		-32

		-28

		-27

		-28



		RX22(Si)

		-6

		-6

		-3

		-2

		-2

		-2

		-1

		-1

		-1



		RX23(Si)

		8

		9

		10

		10

		10

		10

		11

		11

		11



		RX24(Si)

		3

		1

		3

		5

		5

		5

		5

		5

		6



		RX25(Si)

		2

		6

		6

		6

		6

		7

		7

		7

		7



		RX26(Si)

		3

		5

		6

		5

		6

		6

		5

		5

		2



		RX27(Si)

		-11

		-10

		-10

		-10

		-10

		-10

		-10

		-10

		-11



		RX28(Can)

		>-3

		>1

		5

		0

		5

		3

		4

		1

		2





Table A.6

Oth dBm for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-2

		3

		5

		5

		6

		7

		8

		9

		9



		Rx2(Si)

		2

		5

		6

		6

		6

		7

		7

		6

		6



		Rx5(Can)

		-9

		-2

		-4

		-3

		1

		4

		4

		-4

		4



		Rx6(Can)

		-7

		-2

		-1

		-15

		0

		1

		1

		0

		0



		Rx7(Si)

		1

		5

		6

		6

		7

		7

		7

		7

		6



		Rx8(Si)

		-12

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-11



		Rx9(Si)

		-7

		-5

		-4

		-4

		-4

		-4

		-4

		-4

		-4



		RX22(Si)

		-15

		-4

		-4

		-4

		-4

		-4

		-4

		-5

		-5



		RX23(Si)

		6

		8

		9

		9

		9

		9

		9

		9

		9



		RX24(Si)

		-5

		0

		2

		2

		3

		3

		3

		2

		2



		RX25(Si)

		-5

		0

		-3

		0

		2

		2

		2

		3

		3



		RX26(Si)

		-3

		-5

		2

		2

		2

		2

		2

		2

		2



		RX27(Si)

		-16

		-16

		-15

		-12

		-12

		-12

		-12

		-13

		-12



		RX28(Can)

		-13

		-3

		1

		-8

		-4

		0

		1

		-2

		-3





Table A.7

Oth dBm for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		Offset MHz

		10

		18

		26

		34

		42

		50

		58

		66

		74



		Rx1(Si)

		-2

		3

		5

		5

		6

		7

		8

		8

		8



		Rx2(Si)

		2

		4

		5

		5

		6

		6

		6

		6

		6



		Rx5(Can)

		-14

		-2

		-3

		-2

		2

		4

		4

		4

		4



		Rx6(Can)

		-7

		-2

		-2

		-18

		0

		0

		1

		0

		0



		Rx7(Si)

		2

		4

		5

		6

		6

		6

		6

		6

		6



		Rx8(Si)

		-12

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-11



		Rx9(Si)

		-6

		-6

		-5

		-5

		-5

		-4

		-4

		-4

		-4



		RX22(Si)

		-12

		-5

		-4

		-5

		-5

		-5

		-5

		-5

		-6



		RX23(Si)

		5

		8

		9

		9

		9

		9

		9

		9

		9



		RX24(Si)

		-3

		1

		1

		2

		3

		3

		3

		2

		2



		RX25(Si)

		-5

		0

		0

		1

		1

		2

		2

		2

		2



		RX26(Si)

		-9

		-5

		-2

		0

		0

		2

		2

		1

		1



		RX27(Si)

		-19

		-15

		-13

		-15

		-14

		-15

		-14

		-14

		-14



		RX28(Can)

		-10

		-6

		1

		-8

		-3

		0

		0

		-3

		-3





[bookmark: _Toc290361045]
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[bookmark: _Toc396376725]A.3	C/I data for Rx1(Si)

Table A.8

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-21

		-19

		-18

		-16

		-15

		-14

		-12

		-10

		-8



		-60

		-10

		-7

		-6

		-4

		-3

		-2

		1

		2

		4



		-50

		-1

		4

		6

		8

		9

		9

		10

		10

		10



		-40

		1

		6

		9

		9

		9

		10

		11

		12

		12



		-35

		3

		8

		9

		9

		10

		11

		12

		12

		12



		-30

		4

		8

		9

		9

		10

		11

		12

		12

		12





Table A.9

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-23

		-20

		-19

		-18

		-16

		-15

		-13

		-11

		-10



		-60

		-12

		-8

		-7

		-6

		-4

		-3

		0

		1

		2



		-50

		-4

		1

		4

		5

		5

		6

		8

		8

		8



		-40

		-2

		3

		5

		5

		6

		7

		8

		9

		9



		-35

		0

		4

		5

		6

		6

		8

		8

		9

		9



		-30

		1

		4

		5

		6

		6

		8

		8

		9

		9





Table A.10

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-20

		-19

		-18

		-16

		-15

		-13

		-12

		-10



		-60

		-13

		-8

		-7

		-6

		-4

		-3

		-1

		1

		2



		-50

		-4

		1

		3

		4

		5

		6

		7

		8

		8



		-40

		-2

		3

		5

		5

		6

		7

		8

		8

		8



		-35

		0

		4

		5

		5

		6

		7

		8

		8

		8



		-30

		1

		4

		5

		5

		6

		7

		8

		8

		8










[bookmark: _Toc396376726]A.4	C/I data for Rx2(Si)

Table A.11

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-38

		-36

		-35

		-34

		-18

		-16

		-14

		-12

		-13



		-60

		-37

		-36

		-34

		-27

		-18

		-6

		-4

		-4

		-3



		-50

		-35

		-29

		-24

		6

		9

		9

		9

		9

		9



		-40

		-24

		-20

		9

		9

		9

		10

		10

		10

		9



		-35

		-19

		8

		9

		9

		9

		10

		10

		10

		10



		-30

		-14

		9

		9

		9

		9

		10

		10

		10

		10





Table A.12

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-24

		-22

		-19

		-28

		-29

		-27

		-28

		-27



		-60

		-19

		-13

		-11

		-8

		-7

		-6

		-4

		-3

		-3



		-50

		-9

		-3

		1

		3

		4

		5

		5

		5

		5



		-40

		0

		3

		5

		6

		6

		6

		7

		6

		6



		-35

		1

		5

		6

		6

		6

		7

		7

		6

		6



		-30

		2

		5

		6

		6

		6

		7

		7

		7

		6





Table A.13

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-23

		-22

		-20

		-19

		-19

		-18

		-16

		-16



		-60

		-19

		-14

		-11

		-11

		-8

		-6

		-5

		-4

		-3



		-50

		-9

		-3

		0

		2

		3

		4

		5

		5

		5



		-40

		-1

		3

		5

		5

		6

		6

		6

		6

		6



		-35

		1

		4

		5

		6

		6

		6

		6

		6

		6



		-30

		2

		5

		6

		6

		6

		6

		6

		6

		6










[bookmark: _Toc396376727]A.5	C/I data for Rx5(Can)

Table A.14

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-13

		-13

		-10

		-6

		-3

		-1

		-3

		-8



		-60

		-16

		0

		-12

		-10

		-6

		-3

		0

		0

		0



		-50

		-8

		2

		-2

		-2

		2

		4

		5

		5

		6



		-40

		-6

		2

		1

		2

		6

		9

		10

		11

		10



		-35

		-4

		2

		3

		5

		8

		9

		9

		9

		9



		-30

		-4

		2

		5

		5

		7

		8

		8

		8

		8





Table A.15

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-12

		-18

		-14

		-10

		-7

		-5

		-7

		-18



		-60

		-19

		-4

		-17

		-14

		-10

		-7

		-5

		-4

		-7



		-50

		-13

		-2

		-4

		-7

		-2

		0

		1

		2

		1



		-40

		-9

		0

		-4

		-3

		1

		4

		7

		6

		5



		-35

		-7

		0

		0

		1

		4

		5

		5

		5

		5



		-30

		-7

		0

		1

		2

		3

		4

		4

		4

		4





Table A.16

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-12

		-18

		-15

		-10

		-7

		-5

		-7

		-20



		-60

		-19

		-4

		-18

		-15

		-10

		-7

		-5

		-4

		-9



		-50

		-14

		-2

		-5

		-7

		-3

		0

		1

		1

		0



		-40

		-10

		0

		-3

		-2

		2

		5

		6

		6

		4



		-35

		-8

		0

		0

		1

		4

		5

		5

		5

		4



		-30

		-7

		0

		1

		2

		3

		4

		4

		4

		4










[bookmark: _Toc396376728]A.6	C/I data for Rx6(Can)

Table A.17

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-15

		-11

		-10

		2

		4

		5

		2

		-3



		-60

		-14

		-4

		-7

		-9

		3

		5

		5

		4

		4



		-50

		-7

		1

		0

		-8

		4

		5

		5

		5

		5



		-40

		-3

		2

		2

		1

		5

		5

		5

		6

		6



		-35

		-2

		2

		2

		2

		5

		5

		6

		5

		6



		-30

		0

		2

		3

		3

		5

		5

		5

		5

		6





Table A.18

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-27

		-19

		-18

		-16

		0

		0

		1

		-2

		-13



		-60

		-18

		-7

		-13

		-16

		0

		1

		1

		0

		-3



		-50

		-11

		-3

		-3

		-15

		0

		1

		1

		1

		0



		-40

		-7

		-2

		-1

		-5

		1

		1

		1

		1

		1



		-35

		-6

		-2

		0

		-3

		1

		1

		1

		1

		1



		-30

		-4

		-1

		0

		-2

		0

		1

		1

		1

		1





Table A.19

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-27

		-19

		-19

		-19

		-2

		0

		0

		-3

		-15



		-60

		-18

		-8

		-14

		-18

		0

		0

		1

		0

		-4



		-50

		-12

		-3

		-4

		-16

		0

		1

		1

		1

		0



		-40

		-7

		-2

		-2

		-7

		0

		1

		1

		1

		1



		-35

		-6

		-2

		-1

		-4

		0

		0

		1

		1

		0



		-30

		-5

		-2

		-1

		-3

		0

		1

		1

		1

		1










[bookmark: _Toc396376729]A.7	C/I data for Rx7(Si)

Table A.20

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-36

		-35

		-34

		-18

		-15

		-13

		-13

		-13

		-13



		-60

		-36

		-35

		-15

		-7

		-6

		-4

		-3

		-3

		-2



		-50

		-31

		-26

		-7

		8

		9

		9

		9

		9

		9



		-40

		-21

		6

		9

		9

		10

		10

		10

		10

		10



		-35

		-16

		8

		9

		9

		10

		10

		10

		10

		10



		-30

		-11

		9

		9

		9

		10

		10

		10

		10

		10





Table A.21

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-23

		-21

		-20

		-19

		-18

		-16

		-16

		-17



		-60

		-19

		-12

		-11

		-8

		-7

		-5

		-3

		-3

		-2



		-50

		-9

		-3

		1

		3

		4

		5

		5

		6

		5



		-40

		0

		4

		5

		6

		7

		7

		7

		7

		6



		-35

		1

		5

		6

		6

		7

		7

		7

		7

		6



		-30

		2

		5

		6

		6

		7

		7

		7

		7

		6





Table A.22 

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-23

		-22

		-20

		-20

		-18

		-17

		-16

		-17



		-60

		-19

		-12

		-11

		-10

		-7

		-6

		-4

		-4

		-3



		-50

		-10

		-3

		1

		2

		4

		5

		5

		5

		5



		-40

		-2

		3

		5

		5

		6

		6

		6

		6

		6



		-35

		1

		4

		5

		6

		6

		6

		6

		6

		6



		-30

		2

		5

		6

		6

		6

		6

		6

		6

		6










[bookmark: _Toc396376730]A.8	C/I data for Rx8(Si)

Table A.23

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-38

		-36

		-35

		-27

		-23

		-22

		-21

		-20

		-19



		-60

		-37

		-35

		-34

		-24

		-23

		-21

		-19

		-19

		-17



		-50

		-31

		-29

		-24

		-22

		-19

		-16

		-14

		-11

		-11



		-40

		-22

		-19

		-15

		-13

		-10

		-9

		-8

		-9

		-9



		-35

		-17

		-15

		-10

		-8

		-8

		-8

		-8

		-8

		-9



		-30

		-14

		-12

		-8

		-8

		-8

		-8

		-8

		-8

		-9





Table A.24

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-23

		-20

		-16

		-14

		-13

		-12

		-11

		-11



		-60

		-20

		-13

		-12

		-11

		-11

		-11

		-11

		-11

		-11



		-50

		-14

		-11

		-11

		-11

		-11

		-11

		-10

		-11

		-11



		-40

		-12

		-11

		-11

		-11

		-11

		-10

		-10

		-11

		-11



		-35

		-11

		-11

		-11

		-11

		-11

		-10

		-10

		-11

		-11



		-30

		-11

		-11

		-11

		-11

		-11

		-10

		-10

		-10

		-11





Table A.25

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-23

		-20

		-18

		-16

		-14

		-12

		-12

		-12



		-60

		-20

		-13

		-12

		-12

		-11

		-11

		-11

		-11

		-11



		-50

		-14

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-11



		-40

		-12

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-11



		-35

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-11



		-30

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-11

		-11










[bookmark: _Toc396376731]A.9	C/I data for Rx9(Si)

Table A.26

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-40

		-39

		-38

		-36

		-35

		-33

		-31

		-30

		-29



		-60

		-39

		-38

		-37

		-35

		-34

		-32

		-31

		-30

		-29



		-50

		-36

		-35

		-32

		-32

		-32

		-29

		-28

		-27

		-28



		-40

		-28

		-27

		-28

		-27

		-27

		-28

		-27

		-26

		-24



		-35

		-28

		-27

		-27

		-27

		-24

		-23

		-22

		-20

		-20



		-30

		-23

		-23

		-22

		-21

		-20

		-19

		-17

		-16

		-15





Table A.27

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-25

		-24

		-23

		-22

		-21

		-20

		-19

		-18



		-60

		-21

		-15

		-14

		-13

		-12

		-11

		-10

		-8

		-7



		-50

		-10

		-7

		-6

		-6

		-5

		-4

		-4

		-4

		-4



		-40

		-7

		-5

		-4

		-4

		-4

		-4

		-4

		-4

		-4



		-35

		-6

		-5

		-4

		-4

		-4

		-4

		-4

		-4

		-4



		-30

		-6

		-4

		-4

		-4

		-4

		-4

		-4

		-4

		-4





Table A.28

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-32

		-27

		-26

		-25

		-24

		-23

		-22

		-20

		-20



		-60

		-22

		-16

		-15

		-15

		-14

		-12

		-11

		-10

		-10



		-50

		-11

		-7

		-7

		-6

		-6

		-5

		-4

		-4

		-4



		-40

		-7

		-6

		-5

		-5

		-5

		-4

		-4

		-4

		-4



		-35

		-6

		-5

		-4

		-4

		-5

		-4

		-4

		-4

		-4



		-30

		-6

		-4

		-4

		-4

		-4

		-4

		-4

		-4

		-4










[bookmark: _Toc396376732]A.10	C/I data for Rx22(Si)

[bookmark: _Ref335820178]Table A.29

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-19

		-20

		-18

		-20

		-20

		-20

		-20

		-20



		-60

		-23

		-10

		-8

		-7

		-7

		-9

		-8

		-10

		-11



		-50

		-7

		-5

		-2

		-2

		-3

		-3

		-2

		-2

		-2



		-40

		-6

		-1

		-3

		-1

		-1

		-1

		0

		-1

		-1



		-35

		-3

		0

		-1

		-1

		0

		-1

		0

		-1

		-1



		-30

		-3

		0

		-1

		-1

		-2

		-1

		0

		-1

		-1





[bookmark: _Ref335820179]Table A.30

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-31

		-21

		-19

		-24

		-26

		-23

		-28

		-27



		-60

		-22

		-10

		-15

		-17

		-13

		-19

		-12

		-16

		-16



		-50

		-15

		-6

		-5

		-5

		-7

		-6

		-6

		-7

		-9



		-40

		-7

		-4

		-4

		-4

		-4

		-4

		-4

		-5

		-5



		-35

		-8

		-4

		-4

		-4

		-4

		-4

		-4

		-5

		-5



		-30

		-6

		-5

		-4

		-4

		-4

		-4

		-4

		-5

		-5





Table A.31

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-19

		-21

		-20

		-23

		-27

		-24

		-26

		-27



		-60

		-20

		-21

		-20

		-19

		-21

		-20

		-20

		-19

		-20



		-50

		-14

		-7

		-6

		-6

		-6

		-7

		-8

		-7

		-8



		-40

		-9

		-5

		-4

		-5

		-5

		-5

		-5

		-5

		-6



		-35

		-7

		-6

		-4

		-5

		-6

		-5

		-5

		-5

		-5



		-30

		-6

		-4

		-4

		-4

		-5

		-7

		-6

		-5

		-5










[bookmark: _Toc290361046][bookmark: _Toc396376733]A.11	C/I data for Rx23(Si)

Table A.32

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-21

		-20

		-19

		-18

		-16

		-16

		-16

		-16



		-60

		-14

		-11

		-8

		-7

		-7

		-7

		-8

		-7

		-7



		-50

		-4

		1

		3

		5

		8

		8

		9

		9

		9



		-40

		6

		9

		9

		10

		10

		10

		11

		11

		11



		-35

		8

		9

		10

		10

		11

		11

		11

		11

		11



		-30

		9

		10

		10

		11

		11

		11

		12

		11

		11





Table A.33

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-25

		-23

		-23

		-22

		-22

		-21

		-21

		-21



		-60

		-19

		-15

		-14

		-12

		-11

		-11

		-11

		-11

		-9



		-50

		-8

		-4

		-3

		-2

		-1

		1

		2

		2

		4



		-40

		1

		6

		8

		8

		9

		9

		9

		9

		8



		-35

		4

		8

		9

		9

		9

		9

		9

		9

		9



		-30

		6

		8

		9

		9

		9

		9

		9

		9

		9





Table A.34

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-27

		-26

		-24

		-23

		-23

		-23

		-21

		-21



		-60

		-20

		-16

		-15

		-14

		-13

		-12

		-12

		-11

		-11



		-50

		-10

		-6

		-4

		-3

		-2

		-1

		0

		1

		1



		-40

		0

		5

		6

		7

		8

		8

		9

		9

		9



		-35

		3

		8

		8

		9

		9

		9

		9

		9

		9



		-30

		5

		8

		9

		9

		9

		9

		9

		9

		9










[bookmark: _Toc337038428][bookmark: _Toc290361047][bookmark: _Toc396376734]A.12	C/I data for Rx24(Can)

Table A.35

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-15

		-8

		-7

		-6

		-5

		-3

		-3

		-2



		-60

		-24

		-1

		1

		3

		4

		4

		5

		5

		6



		-50

		-11

		1

		5

		6

		5

		6

		5

		5

		5



		-40

		-1

		3

		5

		5

		6

		5

		8

		7

		7



		-35

		1

		6

		6

		7

		5

		6

		7

		7

		6



		-30

		3

		5

		5

		5

		6

		6

		5

		8

		6





Table A.36

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-25

		-22

		-19

		-18

		-16

		-15

		-14

		-12

		-12



		-60

		-15

		-11

		-8

		-7

		-6

		-4

		-3

		-3

		-2



		-50

		-7

		-2

		1

		1

		2

		2

		2

		2

		2



		-40

		-3

		1

		2

		3

		3

		3

		3

		3

		3



		-35

		-2

		2

		2

		3

		3

		3

		3

		3

		3



		-30

		-1

		2

		3

		3

		3

		3

		3

		3

		3





Table A.37

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-22

		-19

		-18

		-16

		-16

		-15

		-14

		-13



		-60

		-15

		-11

		-8

		-7

		-6

		-4

		-4

		-3

		-3



		-50

		-7

		-2

		0

		1

		2

		2

		2

		2

		2



		-40

		-3

		1

		2

		3

		3

		3

		3

		4

		3



		-35

		-3

		2

		2

		3

		3

		3

		3

		3

		3



		-30

		-2

		2

		3

		3

		3

		3

		3

		3

		4










[bookmark: _Toc290361048][bookmark: _Toc396376735]A.13	C/I data for Rx25(Si)

Table A.38

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-28

		-23

		-22

		-19

		-18

		-17

		-16

		-15

		-15



		-60

		-24

		-19

		-15

		-14

		-13

		-12

		-11

		-11

		-10



		-50

		-14

		-8

		-7

		-4

		-4

		-3

		-3

		-3

		-2



		-40

		-4

		0

		3

		4

		5

		5

		5

		5

		6



		-35

		-1

		4

		6

		6

		6

		7

		7

		7

		7



		-30

		2

		6

		6

		6

		7

		7

		7

		7

		8





Table A.39

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-26

		-20

		-21

		-22

		-20

		-21

		-20

		-20

		-20



		-60

		-15

		-9

		-9

		-11

		-14

		-16

		-16

		-15

		-14



		-50

		-7

		-2

		-4

		-3

		-4

		-7

		-7

		-6

		-5



		-40

		-4

		1

		1

		2

		2

		2

		2

		2

		2



		-35

		-3

		2

		2

		2

		2

		2

		2

		3

		3



		-30

		-2

		2

		2

		2

		3

		3

		3

		3

		3





Table A.40

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-25

		-20

		-19

		-16

		-16

		-21

		-21

		-17

		-17



		-60

		-15

		-9

		-8

		-6

		-6

		-15

		-6

		-6

		-13



		-50

		-7

		-3

		-2

		0

		0

		-6

		-6

		-5

		-4



		-40

		-4

		1

		2

		2

		1

		2

		2

		2

		2



		-35

		-3

		1

		2

		2

		2

		2

		2

		2

		3



		-30

		-2

		2

		2

		2

		2

		3

		3

		3

		3










[bookmark: _Toc290361049][bookmark: _Toc396376736]A.14	C/I data for Rx26(Si)

Table A.41

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-24

		-23

		-20

		-19

		-19

		-18

		-16

		-15



		-60

		-24

		-21

		-19

		-16

		-16

		-15

		-13

		-11

		-10



		-50

		-18

		-10

		-8

		-6

		-6

		-4

		-3

		-2

		-2



		-40

		-5

		0

		1

		5

		5

		5

		5

		5

		2



		-35

		1

		5

		5

		5

		6

		6

		5

		5

		5



		-30

		3

		5

		6

		5

		6

		6

		6

		5

		5





Table A.42

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-27

		-18

		-22

		-22

		-22

		-22

		-20

		-19

		-18



		-60

		-18

		-10

		-10

		-14

		-16

		-16

		-15

		-15

		-14



		-50

		-8

		-4

		-3

		-4

		-5

		-6

		-6

		-5

		-5



		-40

		-3

		1

		2

		2

		2

		1

		1

		1

		2



		-35

		-2

		1

		2

		2

		2

		2

		2

		2

		2



		-30

		0

		2

		2

		2

		2

		2

		2

		2

		2





Table A.43

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-24

		-14

		-13

		-13

		-11

		-12

		-12

		-12

		-12



		-60

		-15

		-6

		-3

		-3

		-2

		-2

		-2

		-2

		-2



		-50

		-9

		-3

		0

		1

		1

		2

		2

		1

		1



		-40

		-4

		0

		1

		2

		2

		2

		2

		2

		2



		-35

		-3

		1

		1

		1

		2

		2

		2

		2

		2



		-30

		-2

		1

		2

		2

		2

		2

		2

		2

		2
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Table A.44

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-33

		-29

		-26

		-24

		-23

		-23

		-23

		-22

		-22



		-60

		-24

		-19

		-16

		-14

		-13

		-13

		-12

		-12

		-13



		-50

		-14

		-10

		-10

		-9

		-9

		-9

		-9

		-10

		-9



		-40

		-11

		-10

		-10

		-9

		-9

		-9

		-9

		-9

		-10



		-35

		-11

		-10

		-9

		-9

		-9

		-9

		-9

		-9

		-9



		-30

		-10

		-10

		-9

		-9

		-9

		-9

		-9

		-9

		-9





Table A.45

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-31

		-23

		-26

		-25

		-26

		-26

		-24

		-24

		-23



		-60

		-21

		-15

		-18

		-15

		-15

		-15

		-15

		-15

		-14



		-50

		-16

		-13

		-13

		-12

		-12

		-12

		-12

		-13

		-12



		-40

		-16

		-13

		-12

		-12

		-13

		-12

		-13

		-12

		-12



		-35

		-14

		-13

		-13

		-13

		-12

		-12

		-13

		-12

		-12



		-30

		-14

		-13

		-13

		-14

		-12

		-12

		-12

		-12

		-12





Table A.46

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-16

		-15

		-16

		-15

		-15

		-15

		-15

		-15



		-60

		-21

		-15

		-13

		-14

		-14

		-15

		-14

		-14

		-13



		-50

		-17

		-13

		-13

		-13

		-14

		-12

		-13

		-13

		-13



		-40

		-15

		-13

		-13

		-13

		-12

		-13

		-12

		-12

		-12



		-35

		-16

		-13

		-13

		-13

		-12

		-13

		-12

		-12

		-12



		-30

		-14

		-13

		-14

		-14

		-12

		-12

		-12

		-12

		-13
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Table A.47

C vs. I for LTE UE interferer 1Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-32

		-27

		-18

		-18

		0

		4

		4

		-2

		-14



		-60

		-31

		-24

		-16

		-18

		0

		4

		4

		1

		-3



		-50

		-22

		-19

		-11

		-11

		4

		5

		5

		4

		2



		-40

		-12

		-8

		-2

		0

		6

		6

		5

		4

		4



		-35

		-7

		-4

		4

		0

		6

		6

		5

		4

		3



		-30

		-3

		1

		5

		-3

		6

		5

		5

		4

		4





Table A.48

C vs. I for LTE UE interferer 10Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-29

		-31

		-21

		-26

		-5

		-5

		-5

		-5

		-23



		-60

		-20

		-25

		-19

		-25

		-4

		0

		1

		-2

		-12



		-50

		-13

		-15

		-13

		-19

		-1

		1

		1

		0

		-3



		-40

		-8

		-7

		-4

		-8

		2

		1

		1

		0

		-3



		-35

		-7

		-4

		0

		-7

		1

		1

		1

		0

		-2



		-30

		-6

		-3

		1

		-8

		1

		1

		1

		0

		-2





Table A.49

C vs. I for LTE UE interferer 20Mbit/s traffic load into DVB-T2

		

		Offset MHz



		C dBm

		10

		18

		26

		34

		42

		50

		58

		66

		74



		-70

		-30

		-31

		-21

		-27

		-4

		-4

		0

		-5

		-25



		-60

		-20

		-23

		-19

		-27

		-4

		0

		0

		-2

		-14



		-50

		-13

		-13

		-13

		-20

		-2

		1

		1

		0

		-5



		-40

		-9

		-6

		-4

		-9

		2

		2

		1

		0

		-3



		-35

		-7

		-3

		-1

		-8

		1

		1

		1

		0

		-3



		-30

		-6

		-2

		1

		-10

		1

		1

		1

		0

		-3
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[bookmark: _Toc398114587]1	Introduction

[bookmark: dbreak]This Annex reports on measurements of DVB-T2 protection ratios in the presence of out-of-band (OOB) emissions from a fully loaded 50 Resource Block (RB) 10 MHz wide LTE UE signal operating with a 9 MHz guard band separation.  The interfering UE signal including OOB emissions is derived from RF recordings of a real LTE band 17 UE operating at (704-714 MHz), stimulated from a test set acting as an LTE base station.  No allowance for temperature or other worst case component tolerances has been included, so these results can only be considered as typical of this UE.

Protection ratios were tested on three DVB-T2 TV receivers, available on the UK market (circa 2012-2013), containing three different silicon tuners and three different DVB-T2 demodulators in order to obtain the widest coverage of performance.  All three receivers are modern designs which are well behaved under time varying interference, although in these tests the interfering signal was of constant power as this gave the higher levels of OOB emissions.

Four test configurations were tested for each receiver:

1)	No filtering

2)	With an inline external CH60 filter on the DTT receiver input

3)	With a band pass filter (BPF) on interference source to reduce the UE OOB emissions into CH59

4)	With (2) and (3) together.

Because the inline LTE filter was fixed to filter out interference above CH60, all protection ratio measurements were made with the LTE UE signal centre shifted to 796 MHz instead of 708 MHz.  DVBT2 receiver protection ratios are not expected to be substantially different at these two different frequencies as Annex 2C has shown.  The 9 MHz guard band between the top DVB-T2 channel and the UE remains the same.

Measurements were also made of the LTE UE ACLR operating with 25RB, 10RB and 1RB in lowest part of the 10 MHz LTE channel.  In addition the power of the UE OOB emissions in the 6 MHz band below 695 MHz was measured and compared with the 3GPP specification (see Reference 1).

[bookmark: _Toc398114588]2	Test setup

The test setup used to record the UE waveforms is shown in Figure 1.  The UE was stimulated into transmission by an R&S CMW-500 LTE test set.  Various resource block (RB) loadings were recorded including 50RB, 25RB, 10RB and 1RB.  The OOB emissions were the highest for the 50RB case where every LTE frame was fully loaded.

[bookmark: _Ref367959898]Figure 1

RF recording test equipment setup

[image: ]



The 24 MHz bandwidth limitation of the RF recorder was insufficient to record the LTE in band signal plus the OOB emissions in CH48.  To solve this, two slices of spectrum were recorded separately and joined together using Matlab to create an I/Q signal suitable for replay through an R&S SFE-100 ARB waveform generator, equipped with a high power output option.  The resulting test signal was compared with the original recorded signal played out of the RF recorder as shown in Figure 2.  This shows the emissions over CH48 matches the recorded signal closely.  Note the recorded signal shown in green does not fully record the LTE UE in-band signal due to the bandwidth limitation of the recorder – the missing part of the signal was supplied from the additional RF recording mentioned above (not shown).



[bookmark: _Ref367891269]Figure 2

Comparison of recorded (green) and re-produced (yellow) LTE UE signal
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The test setup used to make the protection ratio measurements is shown in Figure 3.

[bookmark: _Ref364412403]Figure 3

Protection ratio test equipment setup

[image: ]



The wanted signal was generated from a Dektec DTA-115 modulator plus a DTA-Plus amplifier.

The DVB-T2 mode used was the standard UK mode 32KE 256QAM 2/3 1/128 guard, LF=60.

The wanted signal centre frequency was CH59 (778 MHz) and the LTE interferer centred on 796 MHz resulting in a 9 MHz guard band – identical to the potential LTE-700 MHz band 28 arrangement with the highest DTT signal in CH48 (690 MHz) and the lowest 10 MHz LTE UE signal centred on 708 MHz.

The interference generator (R&S SFE-100) output power was fixed at 30 dBm for most of the tests.  The power of the interferer was swept using the variable attenuator until the onset of picture failure was reached in order to keep the ACLR of the LTE signal generator constant.  The ACLR was periodically monitored during the measurements.  The protection ratio was measured as an ACP measurement on the spectrum analyser using 10 MHz bandwidth for the LTE signal and 8 MHz for the DTT signal.

Four test configurations were tested for each receiver:

1)	With no filtering

2)	With CH60 filter on the DTT receiver input (no BPF)

3)	With BPF on interference source to reduce the UE OOB emissions into CH59

4)	With BPF and CH60 filter.

The protection ratio measurements were made at six different wanted signal levels (–70/–60/–50/
–40/–30/–20 dBm) in order to determine the overload threshold.

The criteria used for the onset of picture failure were two counts of 10 seconds of error free video out of a 30 second observation period.  A check was made by reducing the interference further by a few points of a dB to ensure error free video was obtained.

The wideband noise generator was used to set the tuneable band pass filter frequency to just start cutting off at the lower edge of the LTE pass band as shown in Figure 4.  The additional attenuation over CH59 is 23.47 dB.  It was also used to measure the frequency response of the LTE CH60 filter – see Figure 7 which shows the filter attenuated the 10 MHz LTE signal by 26.4 dB.

[bookmark: _Ref367902905]Figure 4

Band pass filter (BPF) response to wideband noise
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[bookmark: _Ref368498256]Figure 5

UE test signal before band pass filtering
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Figure 6

LTE UE after filtering by band pass filtering

[image: ]

[bookmark: _Ref367902941]Figure 7

LTE CH60 inline filter response to wideband noise

[image: ]



[bookmark: _Toc398114589]2.1	Receivers tested

Three receivers were tested as shown in Table 1.  The receivers were deliberately chosen to cover a spread of demodulator and tuner designs.  All behave well under time varying LTE interference and represent the top end of performance of designs available on the market (circa 2012-2013).

[bookmark: _Ref364414355]Table 1

Receivers tested

		Receiver designation

		Receiver type

		Approx. year of sale

		Demodulator and tuner types



		Rx1

		iDTV DVB-T/T2

		2012/2013

		Demodulator A / Silicon tuner X



		Rx2

		iDTV DVB-T/T2

		2012/2013

		Demodulator B / Silicon tuner Y



		Rx3

		PVR DVB-T/T2

		2012/2013

		Demodulator C / Silicon tuner Z





[bookmark: _Toc398114590]3	Protection ratio results

The non-adjacent channel protection ratio C/I shown in the Figures 8 to 11 below is the ratio of the power of the wanted DVB-T2 signal in CH59 (in 8 MHz BW centered on 778 MHz) to the power of the LTE interferer (in 10 MHz BW centered on 796 MHz). 

In Figure 8 Rx1 has a lower overload threshold because it is configured with a user menu option to turn on an additional low noise amplifier in the front end of the tuner to give greater sensitivity.  When turned off it gave the best overload threshold performance – see dashed line in plots.

[bookmark: _Ref367896520]Figure 8

Test configuration 1 – no filtering
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Extra DTT receiver filtering in Figure 9 has not changed the protection ratio but has raised the overload threshold point to beyond the test equipment limit of 12 dBm.

[bookmark: _Ref367896242]Figure 9

Test configuration 2 – With CH60 filter on the DTT Rx input (no BPF)
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Note the improvement in protection ratio in Figure 10 due to reducing the UE OOB with the BPF, and similar overload thresholds to the no filter case.

[bookmark: _Ref367896338]Figure 10

With BPF on interference source to reduce the UE OOB emissions into CH59

[image: ]

Note the protection ratio improves further and the overload threshold improves when filtering on the UE OOB and DTT RX is applied.  The overload threshold was greater than the 12 dBm limit of the test setup as shown in Figure 11.

[bookmark: _Ref367896833]Figure 11

With BPF on interference source to reduce the UE OOB emissions into CH59, and CH60 filter

[image: ]



The protection ratio measurements show that protection ratio performance of the TV sets in a channel 9 MHz away from the LTE UE operating at full load, is limited by the UE OOB emissions.  Applying additional DTT receiver filtering does not help (Figure 9) until the UE OOB emissions are also reduced (Figure 10).  The best performance for protection ratio and overload threshold is realised when additional filtering is added to both the UE OOB and the DTT Rx (Figure 11).

[bookmark: _Toc398114591]4	Measurement of ACS with flat and sloping co-channel noise

In most studies, the receiver Adjacent Channel Selectivity ACS is given by the following equation



			(1)

where

	ACLR is the ACLR (Adjacent Channel Leakage Ratio) of the measurement generator;

	PR is the measured adjacent channel protection ratio;

	PR0 is the measured co-channel protection ratio.

[bookmark: _Ref364350897]Figure 12

Parameters for calculation ACS and PR
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If measurements are being made where the combined effect of P1 and P2 in Figure 12 gives rise to in-band noise that is not flat, then the PR0 co-channel protection ratio should ideally be measured with the same “non-flat” noise profile because OFDM demodulators include frequency de‑interleaving and also carry out certain optimisations on a ‘per carrier’ basis which can result in lower values of PR0 when the noise is not flat.  In practice this is difficult to do since the way in which P2 folds back in-band inside the receiver is related to receiver sample rates and aliasing which is receiver specific.  For that reason PR0 is often approximated by measurements using flat AWGN.  Using the LTE in band signal for the co-channel measurement is not valid because the frequency distribution of intermodulation products forming the OOB emissions does not always replicate the in-band signal.  However in this study, the noise across CH59 was fairly flat and co‑channel measurements of PR0 with AWGN noise versus the actual sloping noise across CH59 shown in Figure 2 are quite similar.  This is not the case when the noise is steeply sloped where we have observed much lower PR0 values.

Ideally ACS needs to be measured in a system where ACLR >> PR0-PR, so that the ACLR term in equation (1) becomes relatively very small, but this is not possible when measuring with intended OOB emissions present which makes the ACS figures vary by many dB with small measurement errors – see Figure 13.  This figure also shows a minimum ACS figure used in this study, calculated based on extremes of the ACS equation with measurement tolerances included.  These tolerances used are ±0.2 dB for PR0, ±0.5 dB for PR, and ±1 dB for ACLR.  This minimum ACS technique attempts to avoid large over estimation of ACS due to small measurement errors.

[bookmark: _Ref367904444]Figure 13

Example of ACS sensitivity to measurement errors for a particular system configuration
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[bookmark: _Toc398114592][bookmark: _Ref364805184]4.1	Measurement of PR0 with flat and sloping co-channel noise

The wanted signal was fixed at –40 dBm.

PR0 with flat noise co-channel interference was measured using the built in AWGN generator in the DVB-T2 modulator.

To measure PR0 with coloured noise co-channel interference, the section of the CH59 spectrum shown in Figure 2 was extracted in Matlab to create a separate ARB interference test signal suitable for co-channel tests, so that the result would not be influenced by a high power adjacent interferer.  The results of the co-channel interference tests are shown in Table 2.

[bookmark: _Ref364441085]Table 2

Co-channel PR0 Results for DVB-T2

		Receiver 

		Ch59 sloped OOB emissions

		AWGN flat noise



		Rx1

		18.0

		18.8



		Rx2

		17.8

		18.8



		Rx3

		18.7

		19.2





[bookmark: _Toc398114593]5	Calculated receiver ACS

The minimum ACS was calculated using the measurement tolerances listed above and the sloped OOB emissions PR0 values in Table 2  and is shown in the following figures. Note the 12 dBm limit of the signal generator limits the ACS in the cases where the LTE CH60 filter is used in each figure.

Figure 14

ACS for Rx1 (LNA on) with 9 MHz guard band
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Figure 15

ACS for Rx1 (LNA off) with 9 MHz guard band
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Figure 16

ACS for Rx2 with 9 MHz guard band
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Figure 17

ACS for Rx3 with 9 MHz guard band
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The values of ACS at the three lowest interference levels (before overload starts to degrade ACS) for each test configuration were averaged for each test configuration as shown in Table 3.

[bookmark: _Ref369019344]Table 3

Summary of receiver ACS dB (before overload occurs)

		Test configuration

		Rx1 
LNA off ACS dB

		Rx1
LNA on ACS dB

		Rx2 ACS dB

		Rx3 ACS dB

		Mean ACS dB



		1 no filters

		53.57

		55.32

		54.47

		54.15

		54.4



		2 – CH60 filter

		58.03

		63.58

		54.81

		54.79

		57.8



		3 – BPF to reduce UE OOB

		66.19

		64.04

		65.42

		66.44

		65.5



		4 – BPF + CH60 filter

		77.60

		79.75

		78.91

		73.89

		77.5





[bookmark: _Toc398114594]6	Effect of improved ACS on minimum distances for rooftop reception

This section investigates whether the improved ACS and ACLR from using additional filtering would satisfy the target minimum 22 m distance between UE and rooftop antenna described in Appendix A.  The calculation approach is the same as in the Appendix but uses more exact figures for the DVB-T2 signal bandwidthsTable 4 shows that configuration 4 can meet the 22 m worst case separation distance for an I/N threshold of –7.7 dB, resulting in a 0.7 dB loss in DTT sensitivity at the edge of DTT reception if the UE was fully loaded (causing maximum OOB emissions).  It is likely that typical UE loading will be lower than this.  The ACLR for CH59 in test configuration 4 was calculated as:



ACLR 	= 52.83dB (from the unfiltered UE signal – see Figure 5)

	+ 23.47dB (from the band pass filter response measured in Figure 4

	= 76.3 dB.

The UE OOB emission for meeting this target is:

Transmit Power + Tx Antenna gain - ACLR = 23 – 3 –76.3 = –56.3 dBm/8 MHz.

[bookmark: _Ref364923940]


Table 4

Minimum distance calculation using minimum of measured 
ACS on 3 receivers and the standard 3GPP OOB emissions mask

		 

		Similar setup to doc 218 with small modification to receiver bandwidth differences for T2

		Using mean ACS of 3 receivers measured 



		 

		

		Config. 1

		Config. 2

		Config. 3

		Config. 4

		Config. 4



		

		

		No additional filtering

		Filter on Rx

		BPF on UE

		Filter on Rx and BPF on UE

		Filter on Rx and BPF on UE and I/N= 
-7.7 dB



		Parameter

		Value

		Value

		Value

		Value

		Value

		Value



		DTT mode

		DVB-T2

		DVB-T2

		DVB-T2

		DVB-T2

		DVB-T2

		DVB-T2



		Frequency offset

		18

		18

		18

		18

		18

		18



		Tx height

		1.5

		1.5

		1.5

		1.5

		1.5

		1.5



		Rx height

		10

		10

		10

		10

		10

		10



		Rx noise figure

		7

		7

		7

		7

		7

		7



		Receiver BW

		7.77E+06

		7.77E+06

		7.77E+06

		7.77E+06

		7.77E+06

		7.77E+06



		Thermal noise in receiver BW

		–98.07

		–98.07

		–98.07

		–98.07

		–98.07

		–98.07



		Protection criterion

		–10

		–10

		–10

		–10

		–10

		–7.7



		Target interference power

		–108.07

		–108.07

		–108.07

		–108.07

		–108.07

		–105.77



		ACS

		42.36

		54.6

		57.8

		66.0

		77.5

		77.5



		ACLR

		47.95

		52.8

		52.8

		76.3

		76.3

		76.3



		ACIR

		41.30

		50.60

		51.61

		65.61

		73.85

		73.85



		Tx Transmit power

		23

		23

		23

		23

		23

		23



		Rx antenna bore-sight gain

		9.15

		9.15

		9.15

		9.15

		9.15

		9.15



		Rx antenna discrimination gain

		0

		0

		0

		0

		0

		-0.45



		Tx antenna gain

		–3

		–3

		–3

		–3

		–3

		–3



		Body loss

		4

		4

		4

		4

		4

		4



		Required propagation loss

		91.92

		82.62

		81.61

		67.61

		59.37

		56.63



		Horizontal separation distance (m)

		124.2

		81.7

		79.0

		49.3

		31.2

		22.0





[bookmark: _Toc398114595]7	Effect on portable set-top reception

The minimum distance to a portable set-top antenna was calculated using a similar set of assumptions and calculations as in Appendix A for I/N of –10 dB and –6 dB, using the ACS of 77.5 dB and a range of ACLRs including 76.3 dB corresponding to the test configuration 4 shown shaded.  Note many set top antennas contain amplifiers which would make this minimum distance greater.  The results are shown in Table 5 and Table 6.

[bookmark: _Ref367952318]Table 5

Minimum distances (m) to portable set-top antenna
 using the minimum distance calculation in Appendix A with I/N = –10 dB

		I/N = –10 dB, OOB emissions = –56.3 dBm/8 MHz



		ACS

		Gwall dB

		Gbody dB

		Condition

		Separation distance (metres)



		77.5

		0

		–4

		Same room as TV, handheld UE

		15.3



		77.5

		–11

		–4

		Adjacent room, handheld UE

		4.3





[bookmark: _Ref367952320]Table 6

Minimum distances (m) to portable set-top antenna
 using same minimum distance calculation in Appendix A with I/N = –6 dB

		I/N = –6 dB, OOB emissions = –56.3 dBm/8 MHz



		ACS

		Gwall dB

		Gbody dB

		Condition

		Separation distance (metres)



		77.5

		0

		–4

		Same room as TV, handheld UE

		9.7



		77.5

		–11

		–4

		Adjacent room, handheld UE

		2.7







The separation distance needed to achieve an I/N of –10 dB using the –56.3 dBm/8 MHz UE OOB emissions are larger than normal domestic premises when the UE is in the same room as the TV and even with an I/N of –6 dB the situation is not much better.

However this analysis does not take into account the probability of the UE transmitting with all 50RB at full power in the lower part of band 28 and in the same room as the TV, the geographical distribution of the DTT signal strength, the likely hood of an indoor portable antenna receiving on or near CH48, nor any PR degradation caused by the UE transmitting in bursts.

[bookmark: _Toc398114596]8	Results and conclusions

The measured UE fulfilled the 3GPP OOB emission specification with a significant margin, but this is only a typical measurement result on a single UE which does not allow for temperature variation or extremes of component tolerance which the 3GPP mask needs to take into account.

The results show the effects of filtering as follows:

–	Without any filtering, DTT protection ratios on these receivers are dominated by the UE OOB emissions.

–	Adding filtering to the UE to reduce the OOB emissions by 23.5 dB across the DTT channel resulted in better DTT protection ratios (by approximately 15 dB).

–	Increasing the DTT receiver selectivity by 26.4 dB through the addition of the inline filter has no effect on protection ratio unless the UE OOB emissions are also reduced.

–	A further 4 to 8 dB improvement in DTT protection ratio is achieved when both the UE OOB emissions are reduced by 23.5 dB and the DTT receiver selectivity increased by 26.4 dB.

–	The overload threshold was increased when the inline filter was added to the receiver and it was not possible to overload any of the receivers with the maximum 12 dBm interference level available with the test equipment used.

–	The receiver performance results were quite similar with the main difference being overload threshold, where one receiver with a user enabled LNA showed a slightly lower overload threshold when the LNA was enabled as might be expected.

In the case of the UE operating with 25RB, 10RB and 1RB, the measured ACLRs with a 9 MHz guard band were 7-10 dB greater than in the fully loaded 50RB case, and were not studied further due to time limitations.

In addition, the absolute power of the UE in the 6 MHz band below 695 MHz was measured and compared with the 3GPP specification.  This was measured as –32.7 dBm/6 MHz @ 695 MHz which is well below the 3GPP specification of –26.2 dBm/6 MHz for 662-694 MHz for band 28.

Calculations of minimum distance for rooftop reception using the ACS and ACLR resulting from the test configuration 4, showed that the 22 m worst case separation  distance could be achieved with an I/N threshold of –7.7 dB.

For portable set-top reception the minimum separation distances in the same room, using 
a –56.3 dBm/8 MHz UE OOB emission into the DTT channel, are larger than normal domestic premises even with an I/N of –6 dB. However this result needs to be considered alongside the probability of this scenario happening in the field (low DTT field strength, reception on CH48, indoor antenna, UE operating on lower band 28 with full loading in the same room, etc.).

This analysis does not take into account the probability of the UE transmitting with all 50RB at full power, the geographical distribution of the DTT signal strength, nor any PR degradation caused by the UE transmitting in bursts.

These results show that existing external inline filter technology can be used to improve the DTT selectivity in the locations where it is needed.  External filtering rather than internal TV filtering has the advantage that it allows the reception of other TV services via cable at higher UHF frequencies with the same tuner, and avoids additional insertion loss where the filter is not needed.  It should be noted that these measurements were made on a single UE sample.

[bookmark: _Toc398114597]9	References
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[bookmark: _Toc398114598]Appendix A – Calculation of Minimum Separation Distance

This Appendix provides the methodology for calculating minimum separation distances based upon a “deterministic” minimum coupling loss (MCL) approach. This approach is appropriate for an initial analysis whose aim is to establish technical conditions (e.g. guard bands, OOB emission limits, etc.) for the services in question It should be noted that other methods (e.g. Monte Carlo) that rely on a ‘statistical’ approach are also available. Such statistical methods may be appropriate to analyse residual co-existence issues once appropriate initial technical conditions have been established.

The Appendix uses as an example, a mobile broadband (MBB) terminal (LTE UE) interference into a DTT reception system using either a fixed rooftop antenna or a portable indoor antenna.

[bookmark: _Toc398114599]A.1	Technical characteristics

[bookmark: _Toc398114600]A.1.1	DTT parameters (fixed rooftop reception)

Table A.1 lists the DTT receiver parameters assumed in this methodology for fixed rooftop reception.

Table A.1

DTT receiver parameters – fixed rooftop reception

		Parameter

		Value

		Unit



		Noise figure

		7

		dB



		Noise equivalent bandwidth

		7.6

		MHz



		Antenna bore-sight gain*

		9.15

		dBi



		Antenna height

		10

		m



		Antenna pattern

		From Rec. ITU-R BT.419-3





* Includes feeder loss.

Figure A.1 illustrates the antenna pattern used for fixed rooftop reception (from Recommendation ITU-R BT.419-3). Note that the same pattern is used both in azimuth and in elevation.

Figure A.1

Rooftop antenna pattern (from Recommendation ITU-R BT.419-3)

[image: ]

[bookmark: _Toc398114601]A.1.2	DTT parameters (portable indoor reception)

Table A.2 lists the DTT receiver parameters assumed in this methodology for portable indoor reception.

Table A.2

DTT receiver parameters – portable indoor reception

		Parameter

		Value

		Unit



		Noise figure

		7

		dB



		Noise equivalent bandwidth

		7.6

		MHz



		Antenna gain

		2.15*

		dBi



		Antenna height

		1.5

		m



		Antenna pattern

		Omni-directional





* Includes feeder loss.






Table A.3 lists the general parameters assumed in this methodology for portable indoor reception.

Table A.3

General parameters for portable indoor reception

		Parameter

		Value

		Unit

		Reference



		Frequency

		690

		MHz

		



		Wall loss (victim and interferer in the same room)

		0

		dB

		



		Building entry loss

		11

		dB

		Rec. ITU-R P.1812 – Table 6







[bookmark: _Toc398114602]A.1.3	MBB LTE UE terminal parameters

Table A.4 lists the MBB terminal (LTE UE) parameters assumed in this methodology.

Table A.4

MBB LTE UE terminal parameters

		Parameter

		Value

		Unit



		Maximum transmit power

		23

		dBm



		Average transmit power (rural)

		2

		dBm



		Average transmit power (urban/suburban)

		–9

		dBm



		Channel bandwidth 

		10

		MHz



		Antenna gain

		–3

		dBi



		Antenna height

		1.5

		m



		Antenna pattern

		Omni-directional



		Body loss 

		4

		dB







This section provides the technical characteristics of systems to be analysed. Since different systems are to be compared (sharing between mobile broadband and existing services), a separate sub‑section should be used for each set.

[bookmark: _Toc398114603]A.2	Methodology

[bookmark: _Toc398114604]A.2.1	DTT receiver adjacent channel selectivity (ACS)

The ACS of the DTT receiver, for a particular frequency offset ∆f, can be calculated from PR and ACLR values as follows:



[bookmark: _Toc398114605]A.2.2	Propagation model

In addition, as the horizontal separation distance increases it becomes less likely that line of sight exists between the MBB terminal and the DTT receive antenna. For the calculations below we have adopted the modified Hata model as implemented in Recommendation ITU-R SM.2028-1 for the suburban environment. This assumes free space path loss for horizontal separation distances below 40 metres, the Hata model for horizontal separation distances above 100 metres and an interpolation between the two for horizontal separation distance between 40 and 100 metres.

For a full description of the modified Hata model please refer to Recommendation ITU-R SM.2028. The propagation path loss LHata is given by: 



where:

	f :	frequency (MHz);

	h1:	height of transmit antenna (m);

	h2:	height of receive antenna (m);

	Hm :	min{h1, h2};

	Hb :	max{h1, h2};

	d :	distance (km); and

	env:	environment (e.g. urban or suburban or open).

The path loss is calculated as follows:

Case 1 – for d ≤ 0.04:



Case 2 – for d ≥ 0.1: 





Sub-case 1: Urban



Sub-case 2: Suburban



Sub-case 3: Open areas



Case 3 – for 0.04 < d < 0.1:






[bookmark: _Toc398114606]A.2.3	Geometry for fixed rooftop reception

Figure A.2 illustrates the MBB terminal to DTT receiver geometry considered.

Figure A.2

Fixed rooftop reception geometry

[image: ]



The overall path gain is calculated by summing the propagation path loss L, the DTT receive antenna bore-sight gain (including feeder loss) and the DTT receive antenna elevation discrimination gain.  For distances below 40 metres, the modified Hata propagation model is equivalent to free-space path loss and hence line-of-sight between the DTT receiver and MBB terminal antennas.

Figure A.3 illustrates the overall path gain between the MBB terminal and the DTT receiver for various horizontal separation distances.

FIGURE A.3

Overall path gain – fixed rooftop reception

[image: ]



As can be seen, the worst-case occurs at a horizontal separation distance of 22 metres where the overall path gain between the MBB terminal and the DTT receiver is –48.0 dB (at 690 MHz).

Beyond a horizontal separation distance of 23 metres the discrimination due to the DTT receiver vertical antenna pattern falls to zero.

[bookmark: _Toc398114607]A.2.4	Calculation of minimum separation distances for rooftop reception

This section calculates the typical separation distances needed to protect rooftop DTT reception assuming an OOB emission level from the MBB terminal. Separation distances are calculated for various frequency offsets using appropriate ACS values (e.g., 10 MHz and 18 MHz for both DVB-T and DVB-T2).

The noise power (PN) at the DTT reviver is given by:



where:

k	=	Boltzmann’s constant;

	T	=	Temperature (290 ºK);

	B	=	Noise equivalent bandwidth of DTT receiver; and

	NF	=	DTT receiver noise figure.




For a given I/N threshold, the target interference level is given by:



where:

	I/N	=	Target interference to noise ratio.

To protect DTT reception, Recommendation ITU-R BT.1895 specifies that an interference to noise ratio of –10 dB be used, hence:



The adjacent channel interference ratio (ACIR) is related to the adjacent channel selectivity (ACS) of the victim and the adjacent channel leakage ratio (ACLR) of the interferer via the following expression (linear units):



The specification 3GPP 36.101 specifies an ACLR (in the immediately adjacent channel) of 30 dB. For a 10 MHz MBB carrier, this equates to an equivalent ACLR in an 8 MHz DTT channel (i.e. a frequency offset of 10 MHz) of:



Also for 3GPP band 28 (i.e. uplink 703-733 MHz)  specification 3GPP 36.101 sets a spurious emission limit for LTE UEs of –26.2 dBm/6MHz within the frequency range 662-694 MHz. For a 10 MHz MBB carrier, transmitting at its maximum power of 23 dBm, this equates to an equivalent ACLR in an 8 MHz DTT channel (i.e. a frequency offset of 18 MHz or greater) of:



The total coupling gain between the MBB terminal and the DTT receiver is given by:



where:

	GRx	=	The DTT receive antenna bore-sight gain including cable losses (9.15 dB);

	GDir	= 	The DTT receive antenna elevation discrimination gain;

	GTx	= 	The MBB terminal antenna gain (–3 dB);

	LBody	=	Body loss at the MBB terminal (4 dB); and

	LHata	=	Propagation loss (as given by the suburban extended Hata model).

The interference power in the DTT receiver adjacent channel from the MBB terminal in-band transmission is given by:



where:

	PTx	=	The transmit power of the MBB terminal from the MBB terminal in-band transmission (23 dBm).

The ACIR, interference power in the DTT receiver adjacent channel (PAC) and the target interference level (PI) are related as follows:



From the equations above we can obtain the minimum propagation loss (LHata) necessary to ensure the target interference level (PI) is not exceeded.



Finally, from LHata we can calculate the minimum separation distance needed from the suburban modified Hata propagation model.

[bookmark: _Toc398114608]A.2.5	Calculation of minimum separation distances for portable indoor reception

This section calculates the separation distance between the victim DTT receiver and the interfering MBB terminal necessary to achieve the I/N threshold given the MBB terminal OOB emission levels calculated for fixed rooftop reception. The victim DTT receiver is assumed to be indoors with either one wall between it and the interfering MBB terminal (for the purposes of this Appendix the building entry loss figure given in Table 6 of Recommendation ITU-R P.1812-2 is used to represent this wall loss) or in the same room.  The MBB terminal is assumed to be transmitting at maximum power.

Figure A.4 below illustrates the MBB terminal to DTT receiver geometry considered.

Figure A.4

Portable indoor reception geometry

[image: ]



The in-band interference power seen by the victim DTT receiver is given by:



where:

	POOB	=	Is the maximum OOB emission level of the MBB terminal; and

	GTot	= 	Is the total coupling gain between the MBB terminal and the DTT receiver.




The adjacent channel interference power seen by the victim DTT receiver is given by:



where:

	Pe.i.r.p.	=	Is the maximum radiated power of the MBB terminal (20 dBm);

	ACS	= 	Is the assumed ACS of the DTT receiver (80 dB); and

	GTot	= 	Is the total coupling gain between the MBB terminal and the DTT receiver.



The total coupling gain between the MBB terminal and the DTT receiver is given by



where:

	GRx	=	The DTT receive antenna gain including cable losses (2.15 dBi);

	LWall	= 	Wall loss;

	LBody	=	Body loss at the MBB terminal; and

	LFS	=	Free-space attenuation.

The total interference power seen by the victim DTT is given by:



From the above, I/N is calculated as follows:





__________
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Measurements for assessing the impact of OOBE as well as short pulse interferences from IMT user equipment to DVB-T2 reception
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[bookmark: _Toc258914824][bookmark: _Toc398724672]1	Introduction

This Annex presents the results of the measurements carried out on five different DVB-T2 receivers, available on the European market (circa 2013), for assessing the impact of short pulse interferences from IMT (LTE) user equipment to DVB-T2 reception on an adjacent channel (Digital Terrestrial Television (DTT) receiving below 694 MHz and IMT(LTE) uplink starting at 703 MHz). The measurements aim to provide information on the co-existence of DTT broadcasting with IMT user equipment and on the general assessment of interference into a DTT receiver from the type of emission typical from IMT(LTE) user equipment.

Among other results, measurements show that the performance of DVB-T2 receivers was reduced by about 20 dB in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal. This indicates that the impact of discontinuous IMT UE emissions on DTT reception can only be efficiently combated by improving AGC circuits of the DVB-T2 receiver, including the overall ACS of the receiver.  Improving the ACLR of the IMT UE signal does not improve the protection ratio. 

[bookmark: _Toc302649731][bookmark: _Toc302975803][bookmark: _Toc302976302][bookmark: _Toc302976872][bookmark: _Toc302976968][bookmark: _Toc314721565][bookmark: _Toc398724673]2	Measurement methodology and system parameters

[bookmark: _Toc302649732][bookmark: _Toc302975804][bookmark: _Toc302976303][bookmark: _Toc302976873][bookmark: _Toc302976969][bookmark: _Toc314721566][bookmark: _Toc398724674]2.1	Test set-up

The test setup for protection ratio and overloading threshold measurements is identical that described in Annex 1L.

[bookmark: _Toc398724675]2.2	System parameters

The following system parameters are described fully in Annex 1L:

-	IMT UE system parameters;

-	Wanted signal levels;

-	Frequency offsets between IMT UE interfering signal and DVB-T2 wanted signal;

-	Generation of the IMT uplink signal;

-	Failure point assessment method; and

-	Method for determining protection ratios and overload thresholds.



A CH48 bandpass filter has been used to reduce the UE in band (IB) emissions falling into DVB-T2 CH48 and consequently to identify the predominate component of the interfering UE emissions, which are composed of UE IB and OOB emissions, on the DVB-T2 reception. Further details on this filter can be found in Annex 1L.






[bookmark: _Toc302649733][bookmark: _Toc302975805][bookmark: _Toc302976304][bookmark: _Toc302976874][bookmark: _Toc302976970][bookmark: _Toc314721567]Table 1

DVB-T2 system parameters (Reference 1)

		DVB-T2 parameters



		Parameter

		Value

		Comments



		Centre frequency (MHz)

		690

		Channel 48



		Channel raster (MHz)

		8 MHz

		



		DVB-T2 :

Modulation :

FFTsize:

Coding rate:

Guard interval:

Pilot profile:

# OFDM symbols /Frame:

Throughput per multiplex:

C/N (dB):

		

256 QAM

32k ext

3/5

1/16 (224µs)

PP4

62

33.177 Mbps

18 dB

		















Gaussian channel



		Content

		HD video streams

		



		Measured average
receiver sensitivity (dBm)

		-78.8

		



		Wanted signal
levels used (dBm)

		-70, -60, -50, -40, -30 and -20

		In order to properly determine the PR and Oth







The calculated ACS for the DVB-T2 receivers is tabulated in Table 2.  Appendix A provides more detailed information.

Table 2

Calculated DVB-T2 Adjacent Channel Selectivity (ACS)
Continuous IMT UE transmission, UE ACLR=60 dB

		DVB-T2 Receiver

		ACS without
CH48 filter (dB)

		ACS with
CH48 filter (dB)



		Rx1 (DVB-T2)

		62

		95



		Rx2 (DVB-T2)

		72

		105



		Rx4 (DVB-T2)

		60

		93



		Rx5 (DVB-T2)

		65

		98



		Rx7 (DVB-T2)

		72

		105



		DVB-T2 average value

		65

		98





[bookmark: _Toc398724676]3	Measurement results

The measured C(I) curves have been post processed, according to the method described in Report ITU-R BT.2215, in order to determine the PR and Oth of the DVB-T2 receivers. The results obtained are presented in the following sections.

[bookmark: _Toc398724677]3.1	Measurement results with an IMT UE ACLR of 60 dB

[bookmark: _Toc398724678]3.1.1	PR and Oth values for DVB-T2 receivers in the presence of a continuous IMT UE signal

The PR and Oth of the tested DVB-T2 receivers, in the presence of a continuous IMT UE signal (TM1) without and with the CH48 bandpass filter, are presented in Tables 3 and 4, respectively.  The C(I) curves without and with the CH48 bandpass filter are shown in Figures 1 and 2, respectively.

Table 3

PR and Oth for DVB-T2 (ACS=65 dB) receivers without a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, UE ACLR=60 dB

		DVB-T2 Receiver

		PR (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-41

		-2



		Rx2 (DVB-T2)

		-43

		-2



		Rx4 (DVB-T2)

		-39

		-6



		Rx5 (DVB-T2)

		-42

		-2



		Rx7 (DVB-T2)

		-43

		-2



		Average value (DVB-T2)

		-41.6

		-2.8





Table 4

PR and Oth for DVB-T2 (ACS=98 dB) receivers with a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, UE ACLR=60 dB

		DVB-T2 Receiver

		PR (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-44

		NR



		Rx2 (DVB-T2)

		-44

		NR



		Rx4 (DVB-T2)

		-41

		NR



		Rx5 (DVB-T2)

		-43

		NR



		Rx7 (DVB-T2)

		-43

		NR



		Average value (DVB-T2)

		-43

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (13.8 dBm).







Figure 1

C(I) Curves for DVB-T2 receivers without a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, ACLR = 60 dB

[image: ]

Figure 2

C(I) Curves for DVB-T2 receivers with a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, ACLR = 60 dB

[image: ]

The measurement results show that the DVB-T2 receivers have behaved very similarly in the presence of a continuous IMT UE signal (TM1). The average PR and Oth for DVB-T2 receivers are -42 dB and -3 dBm, respectively.

The inline external CH48 bandpass filter on the DVB-T2 receiver input has improved the PR of the receivers on average only about 1 dB, but has raised their Oth to beyond the test equipment limit of 13.8 dBm at the DVB-T2 receiver input, which is an improvement of more than 17 dB.

[bookmark: _Toc398724679]3.1.2	PR and Oth values for DVB-T2 receivers in the presence of a discontinuous IMT UE signal

The PR and Oth of the tested DVB-T2 receivers, in the presence of an IMT UE TM2/TM3 signal without and with the CH48 bandpass filter, respectively, are presented in Tables 5 and 6, while C(I) curves are shown in Figures 3 and 4.

Table 5

PR and Oth for DVB-T2 (ACS=65 dB) receivers without a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, UE ACLR=60 dB

		DVB-T2 Receiver

		PR (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-30/-591

		NR



		Rx2 (DVB-T2)

		-60

		NR



		Rx4 (DVB-T2)

		-302

		NR



		Rx5 (DVB-T2)

		-563

		NR



		Rx7 (DVB-T2)

		-33/-634

		NR



		Average value (DVB-T2)

		-495

		NR



		NR: not reached at maximum IMT UE level at the receiver input (13.8 dBm)

1.	With hysteresis at C=-40 dBm

2.	-72 dB at C≥-60 dBm

3.	Interference only at C=-70 dBm (PR=-56), no interference for C>‑70 dBm at maximum IMT UE level (13.8 dBm) at the receiver input

4.	With hysteresis at C=-60 dBm

5.	Rx1 and Rx7 were excluded (first generation DVB-T2 receivers from the same manufacturer)





Table 6

PR and Oth for DVB-T2 (ACS=98 dB) receivers with a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, UE ACLR=60 dB

		DVB-T2 Receiver

		PR (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-71

		NR



		Rx2 (DVB-T2)

		-73

		NR



		Rx4 (DVB-T2)

		-64

		NR



		Rx5 (DVB-T2)

		-68

		NR



		Rx7 (DVB-T2)

		-72

		NR



		Average value (DVB-T2)

		-69.6

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (13.8 dBm).

Note: Rx1 and Rx7 from the same manufacturer.





Figure 3

C(I) Curves for DVB-T2 receivers without a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, ACLR = 60 dB

[image: ]

Figure 4

C(I) Curves for DVB-T2 receivers without a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, ACLR= 60 dB

[image: ]




The measurement results show that the DVB-T2 receivers have behaved very differently one from the other in the presence of a discontinuous IMT UE signal (TM2/TM3). Two DVB-T2 receivers have behaved better in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal (TM1). On the other hand, the PR of all the other receivers was increased by about 10 to 18 dB.

On the contrary, concerning the saturation phenomenon some of the DVB-T2 receivers behaved better in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal.  The inline external CH48 BPF filter on the DVB-T2 receiver input improved the performance better than the performance obtained in the presence of a continuous IMT UE signal by about 27 dB.  Moreover, the filter has improved the receiver overload threshold by more than 17 dB.

[bookmark: _Toc398724680]3.2	Measurement results with an IMT UE ACLR of 70 dB

[bookmark: _Toc398724681]3.2.1	PR and Oth values for DVB-T2 receivers in the presence of a continuous IMT UE signal

The PR and Oth of the tested DVB-T2 receivers, in the presence of an IMT UE TM1 signal, are presented in Tables 7 and 8, without and with the CH48 bandpass filter, respectively.  The C(I) curves are shown in Figures 5 and 6, without and with the CH48 bandpass filter, respectively.

Table 7

PR and Oth for DVB-T2 (ACS=65 dB) receivers without a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, UE ACLR=70 dB

		DVB-T2 Receiver

		PR (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-45

		-2



		Rx2 (DVB-T2)

		-47

		-2



		Rx4 (DVB-T2)

		-40

		-6



		Rx5 (DVB-T2)

		-46

		-2



		Rx7 (DVB-T2)

		-46

		-1



		Average value (DVB-T2)

		-44.8

		-2.6





Table 8

PR and Oth for DVB-T2 (ACS=98 dB) receivers with a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, UE ACLR=70 dB 

		DVB-T2 Receiver

		PR (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-54

		NR



		Rx2 (DVB-T2)

		-54

		NR



		Rx4 (DVB-T2)

		-54

		NR



		Rx5 (DVB-T2)

		-54

		NR



		Rx7 (DVB-T2)

		-54

		NR



		Average value (DVB-T2)

		-54

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (10.4 dBm).





Figure 5

C(I) Curves for DVB-T2 receivers without a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, ACLR = 70 dB

[image: ]

Figure 6

C(I) Curves for DVB-T2 receivers with a CH48 bandpass filter
 interferred by a continuous IMT UE transmission, ACLR = 70 dB

[image: ]

The measurement results show that the DVB-T2 receivers have behaved very similarly in the presence of a continuous IMT UE signal (TM1). The average PR and Oth of receivers are respectively -44 dB and -3 dBm.  Reducing the IMT UE OOBE level from -37 dBm (UE ACLR=60 dB) to -47 dBm (UE ACLR=70 dB), without improving the ACS of the DVB-T2 receiver, has no notable improvement on the PR of the DVB-T receivers (only a 3 dB improvement for 10 dB UE ACLR reduction). No improvement in the Oth of the DVB-T2 receivers has been observed.

The inline external CH48 bandpass filter on the DVB-T2 receiver input together with 10dB improvement in ACLR has improved the PR of the receiver on average by about 11 to 13 dB and has raised their Oth to beyond the test equipment limit of 10.4 dBm at the DVB-T2 receiver input, which is an improvement of more than 17 dB.

[bookmark: _Toc398724682]3.2.2	PR and Oth values for DVB-T2 receivers in the presence of a discontinuous IMT UE signal

The PR and Oth of the tested DVB-T2 receivers, in the presence of an IMT UE TM2/TM3 signal, are presented in Tables 9 and 10, without and with the CH48 bandpass filter, respectively.  The C(I) curves are shown in Figures 7 and 8, without and with the CH48 bandpass filter, respectively.

Table 9

PR and Oth for DVB-T2 (ACS=65 dB) receivers without a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, UE ACLR=70 dB

		DTTB Receiver

		PR (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-55

		NR



		Rx2 (DVB-T2)

		-64

		NR



		Rx4 (DVB-T2)

		-311

		NR



		Rx5 (DVB-T2)

		-562

		NR



		Rx7 (DVB-T2)

		-65

		NR



		Average value (DVB-T2)

		-503

		NR



		NR: not reached at maximum IMT UE level at the receiver input (10.4 dBm)

1.	-72 dB at C≥-60 dBm

2.	Interference only at C=-70 dBm (PR=-56), no interference for C>‑70 dBm at maximum IMT UE level (10.4 dBm) at the receiver input

3.	Rx1 and Rx7 were excluded (first generation DVB-T2 receivers from the same manufacturer)










Table 10

PR and Oth for DVB-T2 (ACS=98 dB) receivers with a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, UE ACLR=70 dB

		DVB-T2 Receiver

		PR (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-73

		NR



		Rx2 (DVB-T2)

		-74

		NR



		Rx4 (DVB-T2)

		-67

		NR



		Rx5 (DVB-T2)

		-71

		NR



		Rx7 (DVB-T2)

		-74

		NR



		Average value (DVB-T2)

		-71.8

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (10.4 dBm).

Note: Rx1 and Rx7 from the same manufacturer.





Figure 7

C(I) Curves for DVB-T2 receivers without a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, ACLR = 70 dB

[image: ]

Figure 8

C(I) Curves for DVB-T2 receivers with a CH48 bandpass filter
 interferred by a discontinuous IMT UE transmission, ACLR = 70 dB

[image: ]

The measurement results show that the DVB-T2 receivers have behaved very differently one from the other in the presence of a discontinuous IMT UE signal (TM2/TM3). Two DVB-T2 receivers have behaved better in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal (TM1) with an ACLR of 70 dB, the performance of all the other receivers was reduced by about 8 to 17 dB.

Reducing the IMT UE OOBE level from -37 dBm (UE ACLR=60 dB) to -47 dBm (UE ACLR=70 dB), without improving the ACS of the DVB-T2 receivers, has no significant improvement on PR and Oth of the DVB-T2 receiver.  Nevertheless, this reduction has improved the overall behaviour of the DVB-T2 Rx1 and Rx2 (no hysteresis behaviour).

The inline external CH48 bandpass filter on the DVB-T2 receiver input has restored the DVB-T2 performance to normal. That is, the filter has improved the receivers PR to their values in the presence of a continuous IMT UE signal. For the DVB-T2 receivers, their performance has become better than the performance obtained in the presence of a continuous IMT UE signal by about 27 to 18 dB for ACLR of 60 and 70 dB, respectively.  The filter has improved the overload threshold of the receiver by more than 15 dB.

[bookmark: _Toc398724683]4	Results and conclusions

The measurement results show that:

1)	Some modern DVB-T2 receivers behaved well in the presence of a discontinuous IMT UE signal;

2)	Reducing the IMT UE OOBE level from -37 dBm (UE ACLR=60 dB) to -47 dBm (UE ACLR=70 dB) has no notable improvement (only 1 to 2 dB improvement) on the protection ratio of the DVB-T2 receivers; and

3)	The inline external CH48 BPF filter on the DVB-T2 receiver input has improved the performance better than the performance obtained in the presence of a continuous IMT UE signal by about 27 to 18 dB for ACLR of 60 and 70 dB, respectively.  Moreover, the filter has improved the receivers Oth by more than 15 dB.

The measurement results are summarised in Table 11. The detailed measurement results are provided in Appendix B.

Table 11

DVB-T2 receiver average protection ratios

		Average ACS without filter = 65 dB, Average ACS with CH48 BPF = 98 dB



		Continuous Tx

ACLR=60

No Filter

		Continuous Tx ACLR=60

CH48 BPF

		Continuous Tx

ACLR=70

No Filter

		Continuous Tx

ACLR=70

CH48 BPF



		Average PR (dB)

		Average PR (dB)

		Average PR (dB)

		Average PR (dB)



		-42

		-43

		-45

		-54



		Average Oth

(dBm)

		Average Oth

(dBm)

		Average Oth

(dBm)

		Average Oth

(dBm)



		-3

		NR

		-3

		NR



		



		Discontinuous Tx

ACLR=60

No Filter

		Discontinuous Tx

ACLR=60

CH48 BPF

		Discontinuous Tx

ACLR=70

No Filter

		Discontinuous Tx

ACLR=70

CH48 BPF



		Average PR (dB)

		Average PR (dB)

		Average PR (dB)

		Average PR (dB)



		-49

		-70

		-50

		-72



		Average Oth

(dBm)

		Average Oth

(dBm)

		Average Oth

(dBm)

		Average Oth

(dBm)



		NR

		NR

		NR

		NR







The conclusions drawn from the results of the measurements are summarized below:

–	The tested DVB-T2 receivers have behaved very similarly in the presence of a continuous IMT UE signal, while they have behaved very differently one from the other in the presence of a discontinuous (time varying) IMT UE signal. The ACS of the DVB-T2 receivers tested are in the range of 65 dB.

–	The performance of DVB-T2 receivers was reduced by about 20 dB in the presence of a discontinuous interfering signal.  The DVB-T2 receivers behaved better in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal.

–	The impact of discontinuous IMT UE emissions on DVB-T2 reception can only be efficiently combated by improving the AGC circuits of the DVB-T2 receivers, including the overall ACS of the receivers; improving the ACLR of IMT UE signal does not improve the protection ratio.

–	The values of ACLR and ACS should be similar in magnitude for obtaining the best performance in reduction and filtering of out of band emissions.

–	For the protection of the broadcasting service, the ACLR of IMT UE signal should be fixed by taking into account the impact of a continuous IMT UE signal on DVB-T2 reception as well as the implementation cost of IMT UE filtering
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Table A.1

Calculated DVB-T2 receiver adjacent channel selectivity

		Frequency

offset:

fi-fw (MHz)

		Measured DVB-T2 PR (dB)

		Measured DVB-T2 Co-CH PR (dB)

		Measured DVB-T2 Adj CH PR (dB)

		Calculated ACIR (dB)

		Measured IMT UE ACLR (dB)

		ACIR (linear)

		ACLR (linear)

		ACS (dB)

		CH48 filter attenuation (dB)

		Improved ACS (dB)



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		18

		Rx1

		17

		-41

		58

		60.3

		1.58489E-06

		9.33254E-07

		62

		33

		95



		18

		Rx2

		17

		-43

		60

		 

		0.000001

		9.33254E-07

		72

		 

		105



		18

		Rx4

		18

		-39

		57

		 

		1.99526E-06

		9.33254E-07

		60

		 

		93



		18

		Rx5

		17

		-42

		59

		 

		1.25893E-06

		9.33254E-07

		65

		 

		98



		18

		Rx7

		17

		-43

		60

		 

		0.000001

		9.33254E-07

		72

		 

		105



		 

		 

		 

		 

		 

		 

		 

		Average ACS DVB-T2

		65

		 

		98







The receiver adjacent channel selectivity (ACS) has been calculated by the following equation:





where

	ACLR: Adjacent channel leakage ratio of the generated IMT UE signal;

	PR: Measured adjacent channel protection ratio;

	PR0 : Measured co-channel protection ratio (fi-fw = 0 MHz),

 	where 	fi is the center frequency of the interfering signal and

 		fw is the center frequency of the wanted signal.
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Table B.1

IMT UE ACLR=60 dB, continuous Tx (TM1)

		C(I): DVB-T2 Rx / IMT UE without CH48 filter



		

		Rx1 (DVB-T2)

		Rx2 (DVB-T2)

		Rx4 (DVB-T2)

		Rx5 (DVB-T2)

		Rx7 (DVB-T2)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-70

		-29.2

		-27.2

		-31.2

		-28.2

		-27.2



		-60

		-18.2

		-17.2

		-19.2

		-18.2

		-17.2



		-50

		-7.2

		-7.2

		-9.2

		-7.2

		-7.2



		-40

		-2.2

		-2.2

		-6.2

		-2.2

		-2.2



		-30

		-1.2

		0.8

		-5.2

		-0.2

		-0.2



		-20

		-0.2

		1.8

		-5.2

		-0.2

		-0.2



		

		

		

		

		

		



		C(I): DVB-T2 Rx / IMT UE with CH48 filter 



		

		Rx1 (DVB-T2)

		Rx2 (DVB-T2)

		Rx4 (DVB-T2)

		Rx5 (DVB-T2)

		Rx7 (DVB-T2)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-73

		-30.2

		-30.2

		-33.2

		-30.2

		-30.2



		-63

		-19.2

		-19.2

		-20.2

		-19.2

		-19.2



		-53

		-9.2

		-9.2

		-8.2

		-9.2

		-9.2



		-43

		0.8

		0.8

		-0.2

		0.8

		0.8



		-33

		10.8

		10.8

		10.8

		10.8

		10.8



		-23

		NI

		NI

		NI

		NI

		NI



		NI: no iterference at maximum IMT UE level at the receiver input (13.8 dBm)












Table B.2

IMT UE ACLR=60 dB, discontinuous Tx (TM2)

		C(I): DVB-T2 Rx / IMT UE without CH48 filter



		

		Rx1 (DVB-T2)

		Rx2 (DVB-T2)

		Rx4 (DVB-T2)

		Rx5 (DVB-T2)

		Rx7 (DVB-T2)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-70

		-13.2

		-10.2

		-40.2

		-14.2

		-7.2



		-60

		-0.2

		11.8

		11.8

		NI

		6.8



		-50

		9.8

		NI

		NI

		NI

		-18.2



		-40

		-11.2

		NI

		NI

		NI

		-7.2



		-30

		1.8

		NI

		NI

		NI

		5.8



		-20

		12.8

		NI

		NI

		NI

		13.8



		

		

		

		

		

		



		C(I): DVB-T2 Rx / IMT UE with CH48 filter 



		

		Rx1 (DVB-T2)

		Rx2 (DVB-T2)

		Rx4 (DVB-T2)

		Rx5 (DVB-T2)

		Rx7 (DVB-T2)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-73

		-2.2

		0.8

		-9.2

		-5.2

		-1.2



		-63

		11.8

		12.8

		8.8

		10.8

		12.8



		-53

		NI

		NI

		NI

		NI

		NI



		-43

		NI

		NI

		NI

		NI

		NI



		-33

		NI

		NI

		NI

		NI

		NI



		-23

		NI

		NI

		NI

		NI

		NI



		NI: no iterference at maximum IMT UE level at the receiver input (13.8 dBm)










Table B.3

IMT UE ACLR=70 dB, continuous Tx (TM1)

		C(I): DVB-T2 Rx / IMT UE without CH48 filter



		

		Rx1 (DVB-T2)

		Rx2 (DVB-T2)

		Rx4 (DVB-T2)

		Rx5 (DVB-T2)

		Rx7 (DVB-T2)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-70

		-24.6

		-20.6

		-33.6

		-24.6

		-22.6



		-60

		-13.6

		-10.6

		-16.6

		-13.6

		-12.6



		-50

		-5.6

		-5.6

		-8.6

		-4.6

		-4.6



		-40

		-1.6

		-1.6

		-6.6

		-1.6

		-0.6



		-30

		-0.6

		0.4

		-5.6

		-0.6

		-0.6



		-20

		0.4

		1.4

		-4.6

		0.4

		0.4



		C(I): DVB-T2 Rx / IMT UE with CH48 filter



		

		Rx1 (DVB-T2)

		Rx2 (DVB-T2)

		Rx4 (DVB-T2)

		Rx5 (DVB-T2)

		Rx7 (DVB-T2)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-73

		-19.6

		-18.6

		-18.6

		-19.6

		-19.6



		-63

		-8.6

		-8.6

		-9.6

		-8.6

		-8.6



		-53

		1.4

		1.4

		1.4

		1.4

		1.4



		-43

		NI

		NI

		NI

		NI

		NI



		-33

		NI

		NI

		NI

		NI

		NI



		-23

		NI

		NI

		NI

		NI

		NI



		NI: no iterference at maximum IMT UE level at the receiver input (10.4 dBm)










Table B.4

IMT UE ACLR=70 dB, discontinuous Tx (TM2)

		C(I): DVB-T2 Rx / IMT UE without CH48 filter



		

		Rx1 (DVB-T2)

		Rx2 (DVB-T2)

		Rx4 (DVB-T2)

		Rx5 (DVB-T2)

		Rx7 (DVB-T2)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-70

		-14.6

		-5.6

		-38.6

		-13.6

		-5.6



		-60

		-1.6

		9.4

		4.4

		NI

		6.4



		-50

		NI

		NI

		NI

		NI

		NI



		-40

		NI

		NI

		NI

		NI

		NI



		-30

		NI

		NI

		NI

		NI

		NI



		-20

		NI

		NI

		NI

		NI

		NI



		C(I): DVB-T2 Rx / IMT UE with CH48 filter



		

		Rx1 (DVB-T2)

		Rx2 (DVB-T2)

		Rx4 (DVB-T2)

		Rx5 (DVB-T2)

		Rx7 (DVB-T2)



		C (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)

		I (dBm)



		-73

		0.4

		1.4

		-5.6

		-1.6

		1.4



		-63

		NI

		NI

		4.4

		NI

		NI



		-53

		NI

		NI

		NI

		NI

		NI



		-43

		NI

		NI

		NI

		NI

		NI



		-33

		NI

		NI

		NI

		NI

		NI



		-23

		NI

		NI

		NI

		NI

		NI



		NI: no iterference at maximum IMT UE level at the receiver input (10.4 dBm)







__________
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Measurements of DVB-T2 protection ratios in the presence of 
interfering signals from a wireless broadband access system
 operating in 470-790 MHz frequency band
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[bookmark: _Toc398134643]1	Introduction 

This Annex describes laboratory and field trials of a wireless broadband access system in the frequency band 470-694 MHz conducted in the Russian Federation.  The wireless broadband access system, used in these trials, is similar to the wireless broadband communications in the mobile networks (IMT/LTE) with same topology (Base station (BS) plus User Equipment (UE)).  Since there is was not feasible to conduct field trials of actual IMT/LTE systems in this band, the results of this work is a good example for the assessment of the problems of sharing TV broadcasting allocated to the 470-694 MHz band with mobile services operating within the band.

The measurement results indicate very limited adjacent band selectivity in modern TV receivers from any signals within TV receiver tuning range. The outcome highlights the problems of compatibility between wireless broadband access systems and terrestrial television broadcasting. In particular, the protection ratios of the order of -43 to -35 dB were measured over a wide frequency range (up to channel N +14 and beyond). In many locations, due to the difference in signal levels from a distant broadcast transmitter and the wireless broadband access system BS/UE located nearby, there is a requirement for space separation between BS/UE and terrestrial broadcasting antennas to reduce signal level emitted from the BS/UE antenna system. Mandatory application of such a measure cannot be ensured because one end of wireless broadband access radio link is user-controlled.

[bookmark: _Toc398134644]2	Equipment specification 

Technical characteristics of the wireless broadband access equipment are shown in Table 1.

Table 1

Basic technical characteristics of the wireless broadband access equipment
 in the band 470-686 MHz

		Parameter 

		Value 

		Unit 



		Type of channel separation

		TDD



		Max E.I.R.P.

		Base stations 

		6

		dBW



		

		Portable and personal stations

		0

		dBW



		Minimum range of transmitter automatic power control (APC)

		20

		dB



		Accuracy of automatic station location 

		50

		m



		Operating channels shall be selected by sending request to the database for protected systems, and if there is no response from the database, station emission must be automatically ceased










Technical characteristics of the wireless broadband access equipment are shown in Table 2.

Table 2

Technical characteristics of the wireless broadband access equipment prototype

		Parameter 

		Value 



		Operating frequency range, MHz

		From 470 to 686



		Frequency raster, MHz

		1



		Type of duplex 

		Time-division (TDMA)



		Frequency tuning bandwidth, MHz

		216



		Type of modulation 

		BPSK / QPSK / QAM16 / QAM64

(programmable)



		Coding

		LDPC and block 



		Code rate 

		5/6 and 15/16 



		Transmission rate (main bit stream), Kbit/s

		From 300 to 15000 

(programmable)



		Frequency stability, ppm

		±5



		Transmitter output power, dBm

		23 ± 1



		Transmitter power control 

with 1 dB increment, dB

		From +0 to -10



		Transmitter emission bandwidth, MHz

		1.5,3; 6; 12 (programmable)



		Spurious emission level, dBc

		- 50



		Minimum permissible signal level at the receiver input (sensitivity) dBW, with FER = 10-2 / 10-3

		From - 128/ -125 to -98/95

(depending on type of modulation and 
emission bandwidth)



		Maximum permissible signal level at the receiver input, dBm

		Non-destructive

		6



		

		with FER<=1·10-2

		Not less than -3, 



		

		with FER<=1·10-3

		Not less than -10, 



		Permissible level of adjacent channel interference, dB

		0



		Power supply voltage, V

		Nominal voltage (Usup) 

minus 60 (-39...-72)



		Power consumption, W

		40



		Maximum length of lead-in cable

		Up to100 m, with Usup = - 60 V;





[bookmark: _Toc398134645]3	Laboratory test setup

The field test was preceded by laboratory tests. During the laboratory test, basic operational modes of the equipment were tested, and basic technical characteristics and protection ratios were measured with interference from wireless broadband access system to the reception of TV broadcasting programmes.

The following DVB-T2 signal parameters were used:

· Modulation: 64 QAM.

· Radio channel bandwidth: 8 MHz.

· Carrier mode: 32K.

· Code rate: 4/5.

Protection ratios were measured for the following three different receivers operating in the DVB-T2 mode:

· Oriel 810 – Table 3

· General Satellite TE8714 – Table 4

· Rohde & Schwarz test equipment – Tables 5, 6 and 7.

The block diagram for the laboratory measurements is shown in Figure 1.

Figure 1

Block-diagram for measuring protection ratios for wanted DVB-T2 signal interfered 
with by wireless broadband access equipment





· A – DVB-T2 signal with constant level.

· B –DVB-T2 wanted signal with predetermined levels at the receiver input: -70 dBm, 
-60 dBm, -50 dBm, -40 dBm (see corresponding spectrum plots in Figure 2).

· C –generated signal (see spectrum plot in Figure 3).

· D –signal with variable level to determine interfering signal causing distortions.

· E –signal at the output of RF combiner, applied to the input of STB receiving device.
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Figure 2 

Spectrum plots of the DVB-T2 signals
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Figure 2.3

Spectrum plot of the wireless broadband access prototype signal
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[bookmark: _Toc398134646]4	Laboratory test results

The results of the laboratory tests of a wireless broadband access system interfering with various DVB-T2 TV test receivers are shown in the following sections. All protection ratios are given for a Gaussian transmission channel. 

[bookmark: _Toc398134647]4.1	Protection ratios for an Oriel 810 receiver

Table 3

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Protection ratios (dB) for DVB-T2 signal (Oriel 810 receiver) interfered 
with by wireless broadband access system

		DVB-T2 signal power at the receiver input

		-60 dBm

		-50 dBm

		-40 dBm



		Channel

		Protection ratio, dB

		Protection ratio, dB

		Protection ratio, dB



		N-14

		-41

		-35.5

		-



		N-13

		-40

		-35

		-



		N-12

		-40

		-35

		-



		N-11

		-39

		-35

		-



		N-10

		-39

		-35

		-



		N-9

		-38

		-35

		-



		N-8

		-38

		-35

		-



		N-7

		-38

		-34.5

		-



		N-6

		-38

		-34

		-



		N-5

		-38

		-34

		-



		N-4

		-38

		-33.5

		-



		N-3

		-38

		-33

		-



		N-2

		-37.5

		-32.5

		-31



		N-1

		-39.5

		-29.5

		-25



		N

		16

		16

		15



		N+1

		-37

		-29.5

		-25



		N+2

		-37.5

		-33

		-31



		N+3

		-38

		-32

		-



		N+4

		-38

		-33

		-



		N+5

		-38.5

		-34

		-










[bookmark: _Toc398134648]4.2	Protection ratios for a General Satellite TE8714 receiver

Table 4

Protection ratios (dB) for DVB-T2 signal (General Satellite TE8714) 
interfered with by wireless broadband access equipment

		DVB-T2 signal power at the receiver input

		-70 dBm

		-60 dBm

		-50 dBm

		-40 dBm



		Channel

		Protection ratio, dB

		Protection ratio, dB

		Protection ratio, dB

		Protection ratio, dB



		N-14

		-43.5

		-42.5

		-45.5

		-



		N-13

		-43

		-42

		-45

		-



		N-12

		-43

		-42

		-45

		-



		N-11

		-43

		-42

		-45

		-



		N-10

		-43

		-42

		-45

		-



		N-9

		-43

		-42

		-45

		-



		N-8

		-43

		-42

		-45

		-



		N-7

		-43

		-42

		-38.5

		-



		N-6

		-43

		-42

		-39

		-



		N-5

		-42.5

		-41.5

		-39

		-



		N-4

		-42

		-41.5

		-39

		-



		N-3

		-42

		-41

		-39

		-



		N-2

		-41

		-41

		-39

		-



		N-1

		-34

		-35.5

		-31

		-26



		N

		18

		16

		16

		16



		N+1

		-35

		-35

		-30

		-23



		N+2

		-40

		-41

		-40

		-30



		N+3

		-41

		-41

		-36.5

		-



		N+4

		-41

		-41.5

		-41

		-



		N+5

		-41.5

		-42

		-42

		-










[bookmark: _Toc398134649]4.3	Protection ratios for a Rohde & Schwarz receiver

Table 5

Protection ratios (dB) for DVB-T2 signal (Rohde & Schwarz) 
interfered with by wireless broadband access equipment

		DVB-T2 signal power at the receiver input 

		-50 dBm



		Channel

		Protection ratio, dB



		N-14

		-40



		N-13

		-40



		N-12

		-40



		N-11

		-40



		N-10

		-40



		N-9

		-40



		N-8

		-40



		N-7

		-40



		N-6

		-40



		N-5

		-40



		N-4

		-40



		N-3

		-40



		N-2

		-40



		N-1

		-37



		N

		18



		N+1

		-37



		N+2

		-40



		N+3

		-40



		N+4

		-40



		N+5

		-40










Tables 6 and 7 show protection ratios (dB) for the majority of DVB-T2 modes and two Pilot Patterns, PP4 and PP7, respectively, for the Rohde & Schwarz receiver.

Table 6

Protection ratios (dB) for DVB-T2 signal, mode PP4 (Rohde & Schwarz) 
interfered with by wireless broadband access equipment

		DVB-T2 signal power -50 dBm at the receiver input 



		Modulation

		Code rate

		Protection ratio, dB



		

		

		Co-channel

		Adjacent channel



		QPSK

		1/2

		5.1

		-46.6



		QPSK

		3/5

		5.2

		-46.5



		QPSK

		2/3

		5.3

		-464



		QPSK

		3/4

		5.6

		-46.0



		QPSK

		4/5

		6.3

		-45.8



		QPSK

		5/6

		6.8

		-45.7



		16-QAM

		1/2

		8.4

		-45.5



		16-QAM

		3/5

		9.5

		-45.3



		16-QAM

		2/3

		10.5

		-45.0



		16-QAM

		3/4

		11.4

		-44.2



		16-QAM

		4/5

		12.2

		-42.0



		16-QAM

		5/6

		13.0

		-40.4



		64-QAM

		1/2

		12.1

		-40.6



		64-QAM

		3/5

		13.5

		-40.3



		64-QAM

		2/3

		14.9

		-39.9



		64-QAM

		3/4

		16.7

		-39.7



		64-QAM

		4/5

		17.7

		-38.2



		64-QAM

		5/6

		18.8

		-37.0



		256-QAM

		1/2

		16.3

		-39.7



		256-QAM

		3/5

		18.1

		-38.7



		256-QAM

		2/3

		19.9

		-37.8



		256-QAM

		3/4

		21.6

		-30.8



		256-QAM

		4/5

		22.7

		-30.1



		256-QAM

		5/6

		23.8

		-29.4







Table 7

Protection ratios (dB) for DVB-T2 signal, mode PP7 (Rohde & Schwarz), 
interfered with by wireless broadband access system

		DVB-T2 signal power -50 dBm at the receiver input 



		Modulation

		Code rate

		Protection ratio, dB



		

		

		Co-channel

		Adjacent channel



		QPSK

		1/2

		4.4

		-46.8



		QPSK

		3/5

		4.5

		-46.6



		QPSK

		2/3

		4.6

		-46.4



		QPSK

		3/4

		5.5

		-46.2



		QPSK

		4/5

		6.1

		-46.0



		QPSK

		5/6

		6.6

		-45.9



		16-QAM

		1/2

		7.4

		-45.8



		16-QAM

		3/5

		8.9

		-45.5



		16-QAM

		2/3

		10.5

		-45.3



		16-QAM

		3/4

		11.4

		-45.0



		16-QAM

		4/5

		12.2

		-42.8



		16-QAM

		5/6

		13.1

		-40.5



		64-QAM

		1/2

		11.8

		-40.6



		64-QAM

		3/5

		13.1

		-39.5



		64-QAM

		2/3

		14.8

		-38.4



		64-QAM

		3/4

		16.7

		-36.9



		64-QAM

		4/5

		17.5

		-36.1



		64-QAM

		5/6

		18.5

		-35.3



		256-QAM

		1/2

		16.7

		-37.3



		256-QAM

		3/5

		17.1

		-35.5



		256-QAM

		2/3

		19.6

		-33.6



		256-QAM

		3/4

		21.5

		-31.0



		256-QAM

		4/5

		22.6

		-30.3



		256-QAM

		5/6

		23.7

		-29.5












[bookmark: _Toc398134650]5	Field test results

This section describes field compatibility tests between a wireless broadband access system and radio broadcasting equipment (receivers and transmitters).  For different position configurations of the receiving TV antenna and the wireless broadband access system transmitting antenna (see Figure 4) and different frequency offsets, ratios of signal levels were measured and received TV signal quality was recorded.

Figure 4 

Positions of TV broadcasting receive antenna 
and fixed wireless broadband access system transmit antenna

[image: ]



[bookmark: _Toc398134651]5.1	Technical and metrological means

The following equipment was necessary to conduct experimental studies in the pilot area:

-	Cars to install radio electronic equipment needed to perform radio measurements (mobile platforms) – 2 pieces.

-	Wireless broadband access base stations with the set of standard antennas (previously installed and ready for operation in the selected points of installation).

-	wireless broadband access user equipment with the set of standard antennas.

-	Receiving TV antenna with matched characteristics.

-	TV signal analyser (e.g. R&S ETL).

-	Digital TV DVB-T2 Set-Top-Boxes.

-	TV Set to receive analogue TV programmes.

[bookmark: _Toc398134652]5.2	Measurement methodology

The following methodology was employed for the field tests:

1 	Position of the wireless broadband access system base station remains fixed during the experimental studies.

2	During pilot studies the following aspects were evaluated:

-	Effect of the TV transmitter radiation on the operation of the wireless broadband access system user equipment at the edge of the base station service area;

-	Effect of the wireless broadband access user equipment radiation on the operation of DVB-T2 STBs and measuring receiver at the edge of TV transmitter service area;

-	Effect of the wireless broadband access base station radiation on the operation of DVB‑T2 STBs and measuring receiver at the edge of TV transmitter service area.

3	Radiation effect of TV transmitter on the operation of the wireless broadband access user equipment is evaluated by assessing wireless broadband access base station QoS using the specified criteria, for points at the edge of base station service area, located closest to the TV transmitter.

4	Radiation effect of wireless broadband access user equipment on the operation of DVB‑T2 STBs and measuring receiver is evaluated by verifying the selected criteria of EMC for reception quality or, when using the DVB-T2 measuring receiver, for threshold value LBER = 10-7 when interfered with by subscriber station.

5	Minimum separation distance between wireless broadband access user equipment and subscriber TV STBs is evaluated, when the compatibility conditions of the above paragraph 4 are met.

[bookmark: _Toc398134653]5.3	Field measurement results

The field test measurements confirmed the laboratory measurements results. The effect of interference from the wireless broadband access user equipment and the base station was experimentally confirmed. Regulatory and technical requirements were defined to be applied to the wireless broadband access system operating in the TV broadcasting frequency bands.

The results of field test measurements are tabulated in Table 8.







Table 8

Measured protection ratios for the case of interference to DVB-T2

		No. of measurement

		Date

		TV Frequency, MHz

		TV channel

		TV. Programme

		Use of TV amplifier. STB

		Signal at the TV antenna input, dBµV/m

		Interference at the TV antenna input, dBµV/m

		Actual 
Ewant-Einterf, dB

		Frequency spacing 
(fInterf -fWanted), 
MHz

		Interference scenario (interference channel)

		Calculated protection ratio 
(lab test), dB

		Wireless broadband access
frequency, MHz

		Wireless broadband access ERP, dBm



		34

		06.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. General Satellite

		52

		97

		-45

		96

		N+12

		-43

		642

		30



		106

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. Oriel

		53

		95

		-42

		96

		N+12

		-42

		642

		30



		107

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. General Satellite

		53

		95

		-42

		96

		N+12

		-43

		642

		30



		108

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. General Satellite

		57

		99

		-42

		96

		N+12

		-43

		642

		30



		109

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. Oriel

		57

		99

		-42

		96

		N+12

		-42

		642

		30



		105

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. Oriel

		53

		99

		-46

		-16

		N-2

		-42

		530

		30













The tests showed that:

-	It is necessary to have separation distance between transmitting antennas of a wireless broadband access system and a TV broadcasting receiving antennas to achieve electromagnetic compatibility between the wireless broadband access system and the terrestrial TV broadcasting system. The required separation can range from 5 to 300 m (equipment was tested with different transmitting power levels and different transmitting frequencies), depending on the technical characteristics of the wireless broadband access system. Compatibility cannot be provided for base stations or user equipment in a sufficiently great number of cases. A special order of operation for base stations and user equipment is required including the use of fixed antennas with limitation on possible places of installation as well as antenna orientation in the horizontal and vertical planes and technical parameters of antennas. It is evident that in the case of user equipment, to provide compatible operation is extremely difficult in practice.

-	Use of mobile wireless broadband access user equipment in the 470-790 MHz band cannot be recommended since there are no practical technical or regulatory measures which could prevent interference to the reception of TV broadcasting.

-	It was observed that the protection ratio, needed for compatibility, depended upon the operation mode of the wireless broadband access system, such as the ratio between reception and transmission time intervals, when using TDD (50% reception vs 50% transmission, 90% reception vs 10% transmission, etc.).

-	When analysing possible locations for the installation of a wireless broadband access system, the effect of overload at the input stage of wireless broadband access receiver can be the limiting factor for some types of transmit and receive systems due to high-power TV and sound broadcasting stations, mobile communications and other systems, operating outside the bandwidth of the wireless broadband access radio channel (e.g., mirror channels).






[bookmark: _Toc398134654]Appendix A – Considerations on the use of protection ratios for compatibility studies between IMT and terrestrial TV broadcasting

Given below is a calculated estimate of the useful field strength values at digital terrestrial television broadcasting (DTTB) system DVB-T2 signal reception locations for a fixed antenna by population of the eleven regions of the Russian Federation and with different topologies of networks, the distribution of the population and terrain.

Figure A.1

The distribution of the field strength of the useful signal networks of terrestrial digital 
television broadcasting in the public reception areas, dB uV / m





As can be seen in Figure A.1, the distribution of the field strength has two characteristic peaks. The first maximum is located in the range of 85-100 dBµV/m and exists due to the high density of the population living in cities near the broadcasting centers. The second maximum is in the region of 56-77 dBµV/m and caused by the large coverage in terms of space over rural areas with low and medium population density. The modulation mode of the DVB-T2 networks in this example is 64 QAM, 4/5.

With the distribution at Figure A.1 is easy to estimate the number of people that will be subject to interference if protection ratios are not met. The calculation of the interference for an arbitrary multiple adjacent channel can be made by using the method of minimal coupling loss or the Monte Carlo method, assuming compliance with the conditions 99% of the time and 95% of the TV broadcasting receiving antenna locations. 

The non-flat distribution of the population throughout the territory also to be taken into account, which typically causes dense concentration of interference sources within borders of populated areas (villages, towns, etc.), in close proximity to broadcasting service receiving antenna locations (see Figure A.2). This applies mostly to IMT user equipment, but is also typical for the base station locations.

Figure A.2

Probability of distance between an IMT user terminal and the TV reception location when TV receivers and IMT terminals are distributed evenly throughout a territory or within the boundaries of populated sites ("Within PS")





The curves in Figure A.2 were obtained by simulation in regions of the Russian Federation. The test site of the TV broadcasting receiving antenna and IMT terminal is located either evenly across the all of the territory, or within the boundaries of populated sites taken from hi-resolution digital maps of the relevant region ("Within PS").




Probability of the event that at least one of n IMT terminals located at a distance  d  from the TV reception site what not exceed x meters defined as:

Pd≤x (n, x) = 1 – Pd1>x(x)× Pd2>x(x)×… ×Pdn>x(x)

or

Pd≤x (n, x) = 1 – (1-Pd≤x(x))n

With knowledge of this location probability of the at least one of the  n  IMT terminals at a distance not greater than  x  meters from the TV reception place, the percentage of time during which the presence of interference is observed can be determined.

For this it is necessary to take into account the duration of the DTTB receiver recovery time after the reception break Tr, which for example may be taken as equal to one second. Each uncooperative occurrence of the interference event leads to the loss of reception to the length of time Tr. In IMT systems like LTE, time frame duration to be taken into account for such calculations as the length of elementary time slot for cooperative/uncooperative interference events simulation.

__________
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ATSC receiver performance in the presence of interfering signals from ATSC
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[bookmark: _Toc399188090]1	Introduction

Twenty-six ATSC receivers contained within ATSC to NTSC converter-devices (circa 2010) from various manufacturers were measured for ATSC protection ratio and threshold desensitisation caused by other ATSC signals in one or more neighbouring channels.  In addition, 25 more recently manufactured (circa 2013) receivers were also tested (see References 1 and 2). The tests were made to evaluate the susceptibility of ATSC receivers to multiple unwanted signals on adjacent channels.

It should be noted that multiple interferers on various digital terrestrial television (DTT) frequencies are significant.  It has been reported that combinations of undesired signals can cause interference on a desired DTT channel (see References 3 and 4). For example, as reported, if the desired DTT channel is N, signals on channels N + K and N + 2K, where K is an integer between one and ten, will combine to cause interference into the desired channel N. These results have been confirmed with the observation of single and double interferers on frequencies near the DTT channel (see Reference 5).

[bookmark: _Toc399188091]2	Receiver performance tests

[bookmark: _Toc399188092]2.1	Receivers tested

The receivers tested are all mass production consumer models from various manufacturers and purchased in the United States. Table 1 tabulates the converter-devices build to specifications established by the National Telecommunications and Information Administration (NTIA) under the United States Department of Commerce in 2010 (see Reference 6).  The majority of the receivers contained conventional “can” single conversion tuners (SCT) with a 44 MHz IF centre frequency. Four receivers (Rx 1, Rx 7, Rx, 16, and Rx 20) contained double conversion silicon tuners (DCT). In each case the tuner had a first IF centre frequency at 1 222 MHz and a second IF centre frequency at 44 MHz. Receivers Rx 5 and Rx 24 failed and are not included in the test results.

Table 2 tabulates the 25 ATSC receivers manufactured in 2012 to 2013 which were used in the tests. All of the receivers contained single conversion tuners. Six of the receivers contained conventional discrete “can” tuners with a 44 MHz IF centre frequency. Fifteen of the receivers contained IC-based “silicon” tuners that used a low IF frequency. The type of tuner in the remaining four receivers could not be determined.  Receiver Rx 31 was a “computer-dongle” whose performance was so poor that its test results are not included in the analysis.

Table 1

NTIA specified ATSC-NTSC converters (circa 2010)

		Receiver Name

		Rx
1

		Rx
2

		Rx
3

		Rx
4

		Rx
5*

		Rx
6

		Rx
7

		Rx
8

		Rx
9

		Rx
10

		Rx
11

		Rx
12

		Rx
13



		Tuner Type**

		DCT
Si

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT 
Can

		DCT
Si

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT 
Can



		Receiver Name

		Rx
14

		Rx
15

		Rx
16

		Rx
17

		Rx
18

		Rx
19

		Rx
20

		Rx
21

		Rx
22

		Rx
23

		Rx
24*

		Rx
25

		Rx
26



		Tuner Type**

		SCT
Can

		SCT 
Can

		DCT
Si

		SCT 
Can

		SCT 
Can

		SCT 
Can

		DCT
Si

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT 
Can



		*	Not included in the analysis – receiver failed
** 	SCT: Single conversion tuner; DCT: Double conversion tuner; Si: “Silicon” tuner with a low IF frequency;
 Can: “Can”  tuner with a 44 MHz IF





Table 2

ATSC receivers tested (circa 2013)

		Receiver Name

		Rx
30

		Rx
31*

		Rx
32

		Rx
33

		Rx
34

		Rx
35

		Rx
36

		Rx
37

		Rx
37

		Rx
39

		Rx
40

		Rx
41

		Rx
42



		Tuner Type**

		SCT
Si

		SCT
Si

		SCT
Can

		SCT
Can

		SCT
Si

		SCT 
Si

		SCT 
Si

		SCT 
Can

		SCT 
Si

		SCT
***

		SCT
Si

		SCT
Si

		SCT 
Si



		Receiver Name

		Rx
43

		Rx
44

		Rx
45

		Rx
46

		Rx
47

		Rx
48

		Rx
49

		Rx
50

		Rx
51

		Rx
52

		Rx
53

		RX
54

		



		Tuner Type**

		SCT 
Si

		SCT 
Si

		SCT 
Si

		SCT
***

		SCT
***

		SCT 
Si

		SCT 
Si

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT
Si

		SCT
***

		



		* 	Not included in the analysis – poor receiver performance
**	SCT: Single conversion tuner; Si: “Silicon” tuner with a low IF frequency; Can: “Can” tuner with a 44 MHz IF
***	Indeterminate







[bookmark: _Toc399188093]2.2	Receiver test setup

Figure 1 shows the test setup providing up to seven simultaneous 6 MHz ATSC interference signals.  Since each signal source is independent and uncorrelated, the unwanted signals will appear as noise to the receiver. The unwanted signals are centred from 569 MHz (Channel 30) and at 6 MHz intervals above 569 MHz. The wanted ATSC signal is agile and is generated by a Rohde & Schwarz model SFE DTV signal generator.

Signal power was measured using an HP 436-A RF power meter. An HP E4401B spectrum analyser was used for the measurement adjacent channel power ratios.

[bookmark: _Toc399188094]2.3	Subjective failure point

The subjective failure point (SFP) was used to measure protection ratios. For the ATSC converters (Rx 1 through Rx 26), an audio output provided a sensitive quality criterion. For the ATSC receivers (Rx 30 through Rx 54), the quality criterion for protection ratio measurements is to find a limit for a just error-free picture at the TV screen. The SFP method corresponds to the picture quality where no more than one error is visible in the picture for an average observation time of 15 to 20 seconds. The power of the wanted signal is raised by increments until the receiver acquires the ATSC signal and no errors occur.

[bookmark: _Toc399188095]2.4	Description of tests

The wanted 6 MHz ATSC signal frequency was centred at 557 MHz (N = Channel 28) or at a 6 MHz interval below 557 MHz (Channel (28 – K – 2)) in the UHF band.  The unwanted 6 MHz ATSC signal pairs were placed on channels 30 (N+K) and 28+2K (N+2K) where K = 2, 3, 4, 5, 6, 7, 8, 9, and 10. The protection ratio was measured for single and double interferers at fixed power levels of –11, –14, –17, –20, –23, –26, –29, –32, –38, –44, and –50 dBm. Double interferers used identical power levels. Desensitisation was measured as the difference between the noise limited threshold of the receiver and the threshold of the receiver in the presence of single or double interferers.
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Figure 1
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[bookmark: _Toc399188096]3	Test results

[bookmark: _Toc399188097]3.1	Protection ratios of ATSC-NTSC converters (circa 2010)

Table 3 summarizes the protection ratios of the ATSC-NTSC converters (circa 2010) necessary to ensure reception at the 90th percentile threshold level in the presence of unwanted ATSC signal pairs at various interference levels.  Blank entries indicate that the power limit of the test setup was exceeded and measurements could not be obtained.

Table 3

90th percentile protection ratios (dB) for a wanted ATSC signal on channel N in the presence of two unwanted ATSC signals on channels N + K and N + 2K at various signal powers (ATSC-NTSC converters, circa 2010)

		Type of interference

		Unwanted Signal Power on Channels N+K and N+2K (dBm)



		

		-11

		-14

		-17

		-20

		-23

		-26

		-29

		-32



		N+2 and N+4

		-36.7

		-37.8

		-39.7

		-42.2

		-43.7

		-44.7

		-44.3

		-43.8



		N+3 and N+6

		-31.1

		-34.5

		-39.2

		-41.0

		-43.5

		-44.1

		-45.7

		-45.5



		N+4 and N+8

		-34.7

		-34.5

		-37.5

		-39.5

		-43.6

		-44.3

		-44.5

		-49.8



		N+5 and N+10

		-35.7

		-37.5

		-39.5

		-42.2

		-43.0

		-45.0

		-46.3

		-49.0



		N+6 and N+12

		-35.8

		-38.5

		-40.4

		-43.4

		-43.2

		-45.1

		

		



		N+7 and N+14

		-35.5

		-40.0

		-42.5

		-43.7

		-43.7

		-46.1

		-47.1

		-49.3



		N+8 and N+16

		-38.2

		-41.2

		-43.3

		-46.2

		-45.0

		-46.6

		

		



		N+9 and N+18

		-34.7

		-39.5

		-44.2

		-43.6

		-42.3

		-44.3

		

		



		N+10 and N+20

		-34.1

		-39.3

		-41.3

		-43.2

		-38.6

		-39.3

		-43.6

		-45.7





[bookmark: _Toc399188098]3.2	Protection ratios of ATSC receivers (circa 2013)

Table 4 summarizes the protection ratios of the ATSC receivers (circa 2013) necessary to ensure reception at the 90th percentile threshold level in the presence of unwanted ATSC signal pairs at various unwanted interference levels.

Table 4

90th percentile protection ratios  (dB) for a wanted ATSC signal on channel N in the presence of two unwanted ATSC signals on channels N + K and N + 2K at various signal powers (ATSC receivers, circa 2013)

		Type of interference

		Unwanted Signal Power on Channels N+K and N+2K (dBm)



		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		N+2 and N+4

		-33.5

		-36.2

		-37.2

		-37.7

		-36.3

		-36.7

		-34.5

		-34.2

		-33.2



		N+3 and N+6

		-34.5

		-38.0

		-38.2

		-39.0

		-37.8

		-37.2

		-36.3

		-34.8

		-33.8



		N+4 and N+8

		-35.5

		-40.5

		-40.0

		-40.5

		-38.5

		-38.8

		-35.7

		-33.3

		-32.8



		N+5 and N+10

		-36.0

		-41.6

		-41.4

		-42.4

		-39.4

		-40.6

		-39.1

		-37.7

		-37.3



		N+6 and N+12

		-36.3

		-41.8

		-42.0

		-42.8

		-40.9

		-41.8

		-39.9

		-39.4

		-38.9





[bookmark: _Toc399188099]3.3	Protection ratios at specific wanted signal levels

Protection ratios for specific wanted signal power levels can be interpolated from the data in Tables 3 and 4.  Table 5 tabulates the protection ratios for wanted signal power levels of ‑53 dBm and ‑68 dBm for the 90th percentile case.

Table 5

[bookmark: _Toc309290436][bookmark: _Toc309718976][bookmark: _Toc346543835]90th Percentile protection ratios (dB) for a 6 MHz ATSC signal (wanted channel N) with interference from two 6 MHz ATSC signals (unwanted) in multiple adjacent channels, 
N+K and N+2K, where K = 2, 3, ... 10, at given wanted signal average power levels at the receiver input

		Type of interference

		Multiple adjacent channel protection ratio (dB)



		

		Weak wanted
ATSC signal
(–68 dBm)

		Moderate wanted
ATSC signal
(–53 dBm)



		N+2 and N+4

		-37.3

		-35.1



		N+3 and N+6

		-38.5

		-36.2



		N+4 and N+ 8

		-39.4

		-35.8



		N+5 and N+10

		-40.3

		-38.1



		N+6 and N+12

		-41.2

		-39.3



		N+7 and N+14

		-44.3

		-39.4



		N+8 and N+16

		-45.0

		-40.1



		N+9 and N+10

		-43.4

		-39.2



		N+10 and N+20

		-40.9

		-39.1










[bookmark: _Toc399188100]3.4	Receiver Desensitisation

Desensitization of the receiver is the increase in the minimum usable field strength at the receive antenna or the subsequent increase in the minimum input power to the receiver required for reception. The noise limited minimum input power, Dmin for an ATSC receiver is nominally ‑84.5 dBm.  The presence of multiple unwanted signals on adjacent channels will subsequently lead to a reduction in the coverage area.  Table 6 tabulates the increase in the minimum usable field strength in dB required to maintain reception of a 6 MHz ATSC signal on a UHF (470 – 806 MHz) channel N in the presence a pair of ATSC signals on adjacent channels N+K and N+2K.

Table 6

Increase in the minimum usable field strength (dB) required for reception of a 6 MHz ATSC signal (wanted) in the UHF band with interference from two 6 MHz ATSC signals (unwanted) in multiple adjacent channels, N+K and N+2K, where K = 2, 3, ... 10, at the given unwanted signal average power levels at the receiver input

		Type of interference

		Unwanted Signal Power (dBm)



		

		-11

		-14

		-17

		-20

		-23

		-26



		N+2 and N+4

		37.9

		33.4

		29.9

		24.4

		20.2

		15.7



		N+3 and N+6

		42.9

		36.6

		29.5

		24.7

		20.1

		15.1



		N+4 and N+ 8

		39.9

		37.9

		31.4

		26.0

		19.9

		15.5



		N+5 and N+10

		39.5

		34.7

		28.9

		23.6

		19.0

		14.6



		N+6 and N+12

		38.6

		32.4

		28.3

		21.9

		18.8

		13.9



		N+7 and N+14

		39.2

		31.7

		26.0

		22.4

		18.7

		13.4



		N+8 and N+16

		37.2

		30.5

		26.3

		19.9

		18.1

		13.5



		N+9 and N+10

		40.5

		32.4

		25.5

		22.1

		20.4

		15.7



		N+10 and N+20

		41.1

		32.9

		27.8

		23.0

		23.9

		20.8
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Tables A.1 to A.9 tabulate the results of tests on the ATSC-NTSC converters (Rx 1 through Rx 26) for pairs of unwanted ATSC signals on channels N+K and N+2K where K = 2 to 10, respectively. Dmin is the noise limited threshold of the ATSC receiver on channel 28 in dBm. Blank entries in Table A.9 indicate that the power limit of the test setup was exceeded and a measurement could not be obtained.

Table A.1

Protection ratios (dB) for a wanted ATSC signal on channel 28 in the presence of
 two unwanted ATSC signals on channels 30 and 32 (N+2 and N+4),
 ATSC-NTSC converters (circa 2010)

		Converter
Rx

		Dmin (dBm)
Ch. 28

		Unwanted Signal Power on Channels 30 and 32 (dBm)



		

		

		-11

		-14

		-17

		-20

		-23

		-26

		-29

		-32



		1 (DCT)

		-84.5

		-36.5

		-37.0

		-36.5

		-36.5

		-36.5

		-37.0

		-37.5

		-40.5



		2

		-85.0

		-45.5

		-44.5

		-45.0

		-46.5

		-48.0

		-49.5

		-51.0

		-51.0



		3

		-87.0

		-47.0

		-47.0

		-47.0

		-47.5

		-47.0

		-47.0

		-47.0

		-46.5



		4

		-86.5

		-42.5

		-43.0

		-43.0

		-43.5

		-44.0

		-44.5

		-45.0

		-45.5



		6

		-86.5

		-37.5

		-39.5

		-42.0

		-44.5

		-47.0

		-49.5

		-50.5

		-52.5



		7 (DCT)

		-85.0

		-44.5

		-44.5

		-44.5

		-45.5

		-46.0

		-46.0

		-44.0

		-44.5



		8

		-84.5

		-43.5

		-46.5

		-48.0

		-49.0

		-49.0

		-49.0

		-48.5

		-47.5



		9

		-86.0

		-43.5

		-44.5

		-44.5

		-44.5

		-44.5

		-45.0

		-45.0

		-44.5



		10

		-87.0

		-44.5

		-46.0

		-47.0

		-47.0

		-47.5

		-48.0

		-49.0

		-49.0



		11

		-84.5

		-42.0

		-43.5

		-43.5

		-44.0

		-44.0

		-44.0

		-43.5

		-43.5



		12

		-86.0

		-43.5

		-44.5

		-44.5

		-44.5

		-45.5

		-45.0

		-45.0

		-45.0



		13

		-85.0

		-44.0

		-46.0

		-48.0

		-49.0

		-49.0

		-50.5

		-50.5

		-50.0



		14

		-86.0

		-37.5

		-40.0

		-41.5

		-43.0

		-45.5

		-47.0

		-50.5

		-52.0



		15

		-84.5

		-46.5

		-49.0

		-50.0

		-50.5

		-50.5

		-50.5

		-50.0

		-49.5



		16 (DCT)

		-85.5

		-39.5

		-40.0

		-40.0

		-40.5

		-40.0

		-45.0

		-45.5

		-47.5



		17

		-85.0

		-28.0

		-32.0

		-36.0

		-42.5

		-49.5

		-49.0

		-53.5

		-51.0



		18

		-87.0

		-34.0

		-37.5

		-39.5

		-42.0

		-43.5

		-45.0

		-47.5

		-49.0



		19

		-84.0

		-38.0

		-40.5

		-42.5

		-47.0

		-51.5

		-54.5

		-53.0

		-51.0



		20 (DCT)

		-87.5

		-42.5

		-47.0

		-47.5

		-48.5

		-48.0

		-48.0

		-47.0

		-43.0



		21

		-85.5

		-42.0

		-45.0

		-43.5

		-46.5

		-47.0

		-47.0

		-46.5

		-46.5



		22

		-85.5

		-50.0

		-49.5

		-50.5

		-51.5

		-52.5

		-53.0

		-52.0

		-51.0



		23

		-85.0

		-41.0

		-41.5

		-44.5

		-46.0

		-47.0

		-47.0

		-47.0

		-47.5



		25

		-85.5

		-37.0

		-38.5

		-41.0

		-43.0

		-45.5

		-48.5

		-51.0

		-51.0



		26

		-82.5

		-41.0

		-44.0

		-45.5

		-47.0

		-45.5

		-46.5

		-46.0

		-45.5



		90th percentile

		-84.5

		-36.7

		-37.8

		-39.7

		-42.2

		-43.7

		-44.7

		-44.3

		-43.8



		50th percentile

		-85.5

		-42.3

		-44.3

		-44.5

		-45.8

		-47.0

		-47.0

		-47.3

		-47.5



		10th percentile

		-87.0

		-46.2

		-47.0

		-48.0

		-49.0

		-50.2

		-50.5

		-51.7

		-51.0








Table A.2

Protection ratios (dB) for a wanted ATSC signal on channel 27 in the presence of
 two unwanted ATSC signals on channels 30 and 33 (N+3 and N+6),
 ATSC-NTSC converters (circa 2010)

		Converter
Rx

		Dmin (dBm)
Ch. 28

		Unwanted Signal Power on Channels 30 and 33 (dBm)



		

		

		-11

		-14

		-17

		-20

		-23

		-26

		-29



		1 (DCT)

		-84.5

		-38.0

		-39.0

		-39.5

		-39.5

		-39.5

		-43.0

		-45.5



		2

		-85.0

		-30.5

		-34.0

		-41.0

		-46.5

		-48.0

		-55.5

		-55.5



		3

		-87.0

		-50.5

		-51.0

		-52.0

		-52.5

		-52.5

		-52.5

		-52.5



		4

		-86.5

		-40.0

		-40.5

		-41.5

		-43.0

		-44.5

		-46.5

		-48.5



		6

		-86.5

		-27.5

		-33.5

		-46.0

		-46.5

		-48.0

		-54.0

		-56.0



		7 (DCT)

		-85.0

		-41.5

		-42.0

		-44.5

		-43.5

		-44.5

		-41.5

		-43.5



		8

		-84.5

		-42.5

		-46.5

		-52.0

		-58.5

		-52.0

		-53.5

		-54.0



		9

		-86.0

		-46.5

		-48.0

		-49.0

		-49.0

		-49.5

		-49.5

		-49.5



		10

		-87.0

		-44.0

		-44.0

		-44.5

		-45.0

		-47.0

		-48.5

		-51.0



		11

		-84.5

		-46.5

		-48.0

		-48.5

		-49.0

		-49.0

		-48.5

		-48.5



		12

		-86.0

		-46.5

		-48.5

		-49.0

		-49.5

		-50.0

		-49.5

		-50.0



		13

		-85.0

		-34.0

		-38.5

		-47.0

		-55.0

		-57.5

		-56.5

		-55.5



		14

		-86.0

		-41.0

		-40.5

		-41.5

		-44.5

		-48.0

		-56.0

		-52.5



		15

		-84.5

		-46.5

		-50.0

		-52.5

		-54.5

		-56.5

		-56.0

		-54.5



		16 (DCT)

		-85.5

		-37.5

		-39.5

		-39.0

		-39.0

		-39.0

		-42.0

		-43.0



		17

		-85.0

		-34.0

		-36.5

		-38.0

		-41.0

		-45.5

		-50.5

		-54.0



		18

		-87.0

		-40.5

		-39.5

		-40.0

		-41.0

		-43.5

		-47.0

		-52.5



		19

		-84.0

		-41.0

		-41.0

		-43.0

		-50.0

		-55.5

		-56.5

		-54.0



		20 (DCT)

		-87.5

		-43.0

		-47.0

		-47.5

		-49.0

		-48.0

		-47.5

		-46.0



		21

		-85.5

		-44.5

		-48.0

		-50.5

		-51.5

		-52.0

		-52.5

		-52.0



		22

		-85.5

		-49.5

		-51.0

		-52.0

		-54.0

		-56.5

		-57.5

		-55.0



		23

		-85.0

		-32.5

		-35.5

		-40.0

		-48.0

		-55.0

		-57.0

		-54.5



		25

		-85.5

		-24.5

		-27.5

		-39.0

		-42.0

		-43.5

		-49.5

		-53.0



		26

		-82.5

		-41.5

		-47.0

		-54.5

		-51.0

		-47.5

		-49.5

		-52.0



		90th percentile

		-84.5

		-31.1

		-34.5

		-39.2

		-41.0

		-43.5

		-44.1

		-45.7



		50th percentile

		-85.5

		-41.3

		-41.5

		-45.3

		-48.5

		-48.0

		-50.0

		-52.5



		10th percentile

		-87.0

		-46.5

		-49.6

		-52.0

		-54.4

		-56.2

		-56.5

		-55.4










Table A.3

Protection ratios (dB) for a wanted ATSC signal on channel 26 in the presence of
 two unwanted ATSC signals on channels 30 and 34 (N+4 and N+8),
 ATSC-NTSC converters (circa 2010)

		Converter
Rx

		Dmin (dBm)
Ch. 28

		Unwanted Signal Power on Channels 30 and 34 (dBm)



		

		

		-11

		-14

		-17

		-20

		-23

		-26

		-29

		-32



		1 (DCT)

		-84.5

		-41.0

		-40.0

		-40.5

		-39.0

		-39.5

		-44.0

		-44.5

		-50.5



		2

		-84.5

		-35.0

		-34.5

		-42.0

		-48.0

		-54.0

		-57.0

		-56.0

		-52.5



		3

		-87.0

		-51.5

		-52.5

		-53.5

		-54.0

		-55.5

		-56.0

		-55.5

		-53.5



		4

		-86.5

		-36.0

		-37.0

		-38.5

		-39.5

		-43.0

		-45.0

		-49.5

		-52.5



		6

		-86.5

		-34.0

		-34.5

		-38.5

		-45.0

		-53.0

		-57.0

		-56.5

		-53.5



		7 (DCT)

		-85.0

		-40.5

		-41.0

		-43.0

		-43.0

		-45.0

		-40.5

		-41.5

		-50.5



		8

		-84.5

		-49.0

		-53.0

		-48.5

		-53.5

		-57.5

		-57.5

		-55.0

		-51.5



		9

		-86.0

		-48.5

		-50.0

		-51.0

		-52.0

		-53.0

		-53.5

		-53.0

		-51.5



		10

		-87.0

		-45.5

		-34.5

		-45.0

		-45.5

		-48.5

		-50.5

		-54.5

		-54.0



		11

		-85.0

		-51.5

		-51.5

		-52.5

		-53.0

		-53.5

		-53.5

		-53.0

		-51.5



		12

		-86.5

		-47.0

		-48.5

		-49.5

		-50.0

		-52.5

		-53.5

		-53.5

		-52.0



		13

		-85.0

		-38.5

		-39.5

		-47.5

		-53.0

		-57.5

		-57.5

		-55.5

		-52.5



		14

		-86.0

		-40.0

		-40.5

		-43.5

		-52.5

		-50.0

		-59.0

		-56.0

		-53.0



		15

		-84.0

		-47.0

		-50.0

		-54.5

		-59.5

		-58.5

		-57.5

		-54.5

		-51.5



		16 (DCT)

		-86.0

		-37.0

		-36.5

		-36.0

		-36.0

		-37.5

		-39.5

		-41.0

		-46.0



		17

		-85.5

		-33.0

		-34.0

		-37.0

		-44.0

		-51.0

		-55.0

		-55.5

		-53.0



		18

		-87.0

		-38.5

		-37.5

		-39.0

		-41.0

		-46.5

		-55.0

		-50.5

		-53.5



		19

		-84.0

		-35.0

		-40.0

		-47.5

		-54.5

		-57.5

		-57.0

		-54.5

		-52.0



		20 (DCT)

		-87.5

		-40.5

		-45.0

		-46.0

		-47.9

		-46.0

		-46.0

		-44.5

		-43.0



		21

		-85.0

		-44.0

		-46.0

		-48.5

		-50.5

		-54.5

		-56.0

		-55.0

		-52.5



		22

		-85.0

		-46.0

		-51.5

		-54.0

		-62.5

		-57.5

		-58.5

		-56.0

		-52.5



		23

		-84.5

		-35.5

		-35.0

		-40.0

		-46.5

		-53.5

		-56.5

		-56.0

		-52.5



		25

		-85.5

		-34.5

		-32.5

		-33.5

		-39.5

		-46.5

		-51.5

		-54.0

		-52.5



		26

		-82.0

		-46.0

		-44.0

		-46.5

		-51.5

		-55.0

		-54.5

		-52.5

		-49.5



		90th percentile

		-84.2

		-34.7

		-34.5

		-37.5

		-39.5

		-43.6

		-44.3

		-44.5

		-49.8



		50th percentile

		-85.3

		-40.5

		-40.3

		-45.5

		-49.0

		-53.0

		-55.0

		-54.5

		-52.5



		10th percentile

		-87.0

		-48.9

		-51.5

		-53.2

		-54.4

		-57.5

		-57.5

		-56.0

		-53.5










Table A.4

Protection ratios (dB) for a wanted ATSC signal on channel 25 in the presence of
 two unwanted ATSC signals on channels 30 and 35 (N+5 and N+10),
 ATSC-NTSC converters (circa 2010)

		Converter
Rx

		Dmin (dBm)
Ch. 28

		Unwanted Signal Power on Channels 30 and 35 (dBm)



		

		

		-11

		-14

		-17

		-20

		-23

		-26

		-29

		-32



		1 (DCT)

		-84.5

		-37.0

		-38.5

		-39.0

		-38.0

		-41.5

		-46.0

		-48.0

		-49.0



		2

		-85.0

		-35.5

		-41.5

		-48.0

		-54.0

		-58.5

		-58.5

		-56.0

		-53.0



		3

		-87.0

		-49.5

		-52.0

		-54.5

		-58.0

		-61.0

		-59.0

		-57.5

		-55.0



		4

		-86.0

		-35.0

		-36.0

		-39.5

		-42.0

		-46.5

		-53.5

		-53.5

		-54.0



		6

		-86.5

		-36.0

		-38.5

		-46.5

		-53.0

		-58.5

		-59.5

		-57.5

		-54.5



		7 (DCT)

		-85.0

		-40.0

		-41.0

		-42.5

		-42.5

		-38.5

		-41.5

		-44.0

		-49.0



		8

		-84.5

		-45.5

		-52.5

		-58.5

		-61.5

		-61.0

		-58.5

		-55.0

		-52.5



		9

		-86.0

		-50.0

		-52.5

		-54.0

		-56.5

		-59.0

		-58.5

		-56.5

		-54.0



		10

		-87.0

		-43.0

		-44.0

		-46.0

		-48.5

		-52.5

		-58.5

		-56.5

		-55.0



		11

		-84.5

		-51.5

		-55.5

		-58.5

		-60.5

		-60.0

		-58.0

		-55.7

		-52.5



		12

		-86.0

		-47.0

		-49.5

		-52.5

		-54.5

		-60.5

		-58.0

		-56.5

		-54.0



		13

		-85.0

		-37.5

		-45.5

		-52.5

		-58.0

		-60.5

		-58.5

		-56.0

		-53.0



		14

		-86.0

		-48.0

		-50.5

		-47.0

		-55.5

		-60.0

		-59.5

		-57.0

		-54.0



		15

		-84.0

		-46.0

		-55.0

		-59.5

		-61.5

		-60.5

		-58.0

		-55.0

		-52.0



		16 (DCT)

		-85.5

		-36.0

		-37.0

		-37.0

		-37.0

		-36.5

		-39.5

		-41.5

		-48.0



		17

		-85.0

		-36.0

		-41.5

		-48.0

		-56.0

		-60.0

		-58.5

		-56.5

		-53.5



		18

		-86.5

		-36.5

		-41.5

		-49.5

		-50.0

		-55.5

		-57.0

		-57.0

		-55.0



		19

		-83.5

		-42.5

		-50.0

		-57.0

		-61.0

		-60.0

		-57.5

		-55.0

		-52.0



		20 (DCT)

		-86.0

		-42.0

		-46.5

		-46.5

		-48.0

		-47.0

		-44.5

		-45.5

		-44.0



		21

		-85.0

		-44.0

		-47.5

		-52.5

		-60.5

		-59.0

		-59.0

		-56.0

		-53.0



		22

		-85.0

		-44.5

		-50.5

		-52.0

		-58.5

		-60.5

		-59.0

		-56.0

		-53.0



		23

		-85.0

		-36.5

		-41.0

		-48.0

		-54.5

		-59.5

		-58.5

		-56.0

		-53.0



		25

		-85.5

		-34.0

		-34.0

		-39.5

		-46.0

		-52.0

		-56.0

		-56.0

		-53.0



		26

		-81.5

		-41.5

		-48.5

		-54.5

		-58.5

		-58.0

		-55.5

		-52.5

		-49.5



		90th percentile

		-84.2

		-35.7

		-37.5

		-39.5

		-42.2

		-43.0

		-45.0

		-46.3

		-49.0



		50th percentile

		-85.0

		-41.8

		-46.0

		-48.8

		-55.0

		-59.0

		-58.3

		-56.0

		-53.0



		10th percentile

		-86.5

		-49.1

		-52.5

		-58.1

		-60.9

		-60.5

		-59.0

		-57.0

		-54.9








Table A.5

Protection ratios (dB) for a wanted ATSC signal on channel 24 in the presence of
 two unwanted ATSC signals on channels 30 and 36 (N+6 and N+12),
 ATSC-NTSC converters (circa 2010)

		Converter
Rx

		Dmin (dBm)
Ch. 28

		Unwanted Signal Power on Channels 30 and 36 (dBm)



		

		

		-11

		-14

		-17

		-20

		-23

		-26



		1 (DCT)

		-84.5

		-38.0

		-38.0

		-37.5

		-38.0

		-41.5

		-44.5



		2

		-85.0

		-37.0

		-46.0

		-52.0

		-57.5

		-59.0

		-59.0



		3

		-87.0

		-48.0

		-53.0

		-62.5

		-61.5

		-63.0

		-60.5



		4

		-86.0

		-33.5

		-36.0

		-39.5

		-45.5

		-55.0

		-47.5



		6

		-86.5

		-38.5

		-46.5

		-53.5

		-60.0

		-62.0

		-60.0



		7 (DCT)

		-85.0

		-36.5

		-41.5

		-42.5

		-42.5

		-40.0

		-41.0



		8

		-84.5

		-50.5

		-56.5

		-61.5

		-63.0

		-61.0

		-58.0



		9

		-86.0

		-47.5

		-51.5

		-57.0

		-63.5

		-60.0

		-60.0



		10

		-87.0

		-41.0

		-43.0

		-47.0

		-54.5

		-60.5

		-59.0



		11

		-84.5

		-51.5

		-59.0

		-63.0

		-62.0

		-60.5

		-58.0



		12

		-86.0

		-45.5

		-50.5

		-62.5

		-57.5

		-62.5

		-59.5



		13

		-85.0

		-43.0

		-48.0

		-56.5

		-61.5

		-61.5

		-59.0



		14

		-86.0

		-41.0

		-48.5

		-55.5

		-61.0

		-62.0

		-60.0



		15

		-84.0

		-58.0

		-52.5

		-62.0

		-63.0

		-61.0

		-58.0



		16 (DCT)

		-85.5

		-33.0

		-34.0

		-34.0

		-35.5

		-35.5

		-37.5



		17

		-85.0

		-41.0

		-49.0

		-56.0

		-61.5

		-61.5

		-59.5



		18

		-86.5

		-38.5

		-45.0

		-44.5

		-52.5

		-58.0

		-59.5



		19

		-83.5

		-45.0

		-52.0

		-58.0

		-61.0

		-60.5

		-58.0



		20 (DCT)

		-86.0

		-39.5

		-45.0

		-46.5

		-47.5

		-47.0

		-46.5



		21

		-85.0

		-45.0

		-53.0

		-60.5

		-62.5

		-61.5

		-59.0



		22

		-85.0

		-40.0

		-48.5

		-54.5

		-60.0

		-61.0

		-59.0



		23

		-85.0

		-39.5

		-48.0

		-54.5

		-59.5

		-61.0

		-59.0



		25

		-85.5

		-35.5

		-39.5

		-46.5

		-52.5

		-57.0

		-58.0



		26

		-81.5

		-47.5

		-54.5

		-59.5

		-60.5

		-58.5

		-55.5



		90th percentile

		-84.2

		-35.8

		-38.5

		-40.4

		-43.4

		-43.2

		-45.1



		50th percentile

		-85.0

		-41.0

		-48.3

		-55.0

		-60.0

		-60.5

		-59.0



		10th percentile

		-86.5

		-49.8

		-54.1

		-62.4

		-62.9

		-62.0

		-60.0








Table A.6

Protection ratios (dB) for a wanted ATSC signal on channel 23 in the presence of
 two unwanted ATSC signals on channels 30 and 37 (N+7 and N+14),
 ATSC-NTSC converters (circa 2010)

		Converter
Rx

		Dmin (dBm)
Ch. 28

		Unwanted Signal Power on Channels 30 and 37 (dBm)



		

		

		-11

		-14

		-17

		-20

		-23

		-26

		-29

		-32



		1 (DCT)

		-84.5

		-38.0

		-39.5

		-39.5

		-39.5

		-42.5

		-45.0

		-48.5

		-51.0



		2

		-85.0

		-35.5

		-45.0

		-48.0

		-56.0

		-57.0

		-56.0

		-54.0

		-52.0



		3

		-87.0

		-50.5

		-55.5

		-55.0

		-55.5

		-56.0

		-54.5

		-54.5

		-53.0



		4

		-86.5

		-30.0

		-34.0

		-43.5

		-43.5

		-51.0

		-51.0

		-50.0

		-50.5



		6

		-86.5

		-40.5

		-48.5

		-54.5

		-56.5

		-57.0

		-56.0

		-55.0

		-52.5



		7 (DCT)

		-85.0

		-40.0

		-41.5

		-42.0

		-44.0

		-40.0

		-43.0

		-46.5

		-50.0



		8

		-84.5

		-49.0

		-55.5

		-57.0

		-57.5

		-57.0

		-55.0

		-53.5

		-51.5



		9

		-86.0

		-48.0

		-56.5

		-54.0

		-58.0

		-57.0

		-56.5

		-55.0

		-52.5



		10

		-87.0

		-38.5

		-46.0

		-59.0

		-56.0

		-60.0

		-59.0

		-57.0

		-54.5



		11

		-84.5

		-56.0

		-55.0

		-56.5

		-56.5

		-56.5

		-55.5

		-53.5

		-51.5



		12

		-86.0

		-50.5

		-52.5

		-57.0

		-57.5

		-57.0

		-56.5

		-55.0

		-52.5



		13

		-84.5

		-46.5

		-55.5

		-60.5

		-62.5

		-60.5

		-58.0

		-55.0

		-52.5



		14

		-86.0

		-39.0

		-47.0

		-53.5

		-59.0

		-59.0

		-57.5

		-55.5

		-53.0



		15

		-84.5

		-55.5

		-61.0

		-63.0

		-62.0

		-60.0

		-57.5

		-55.0

		-52.0



		16 (DCT)

		-84.5

		-37.5

		-38.0

		-38.0

		-38.0

		-38.0

		-40.5

		-42.5

		-48.0



		17

		-86.0

		-45.0

		-53.5

		-57.0

		-57.5

		-57.5

		-56.5

		-54.5

		-52.5



		18

		-87.0

		-35.5

		-41.0

		-47.5

		-53.5

		-57.5

		-58.0

		-56.5

		-54.0



		19

		-84.0

		-46.0

		-53.0

		-57.5

		-60.5

		-59.5

		-57.0

		-54.5

		-51.5



		20 (DCT)

		-87.5

		-41.5

		-45.5

		-47.0

		-48.5

		-46.5

		-48.5

		-46.5

		-44.5



		21

		-85.0

		-53.5

		-55.5

		-60.5

		-61.0

		-60.0

		-58.5

		-55.5

		-52.5



		22

		-85.5

		-35.0

		-46.0

		-53.0

		-56.5

		-58.0

		-57.0

		-55.0

		-52.5



		23

		-85.0

		-44.0

		-52.0

		-57.0

		-60.0

		-59.5

		-57.0

		-55.0

		-52.5



		25

		-85.5

		-38.0

		-45.5

		-51.5

		-57.5

		-59.0

		-58.0

		-55.5

		-53.0



		26

		-81.5

		-50.0

		-57.5

		-60.0

		-56.5

		-57.5

		-55.0

		-52.0

		-49.0



		90th percentile

		-84.5

		-35.5

		-40.0

		-42.5

		-43.7

		-43.7

		-46.1

		-47.1

		-49.3



		50th percentile

		-85.3

		-42.8

		-50.3

		-54.8

		-56.5

		-57.3

		-56.5

		-54.8

		-52.5



		10th percentile

		-87.0

		-52.6

		-56.2

		-60.4

		-60.9

		-60.0

		-58.0

		-55.5

		-53.0








Table A.7

Protection ratios (dB) for a wanted ATSC signal on channel 22 in the presence of
 two unwanted ATSC signals on channels 30 and 38 (N+8 and N+16),
 ATSC-NTSC converters (circa 2010)

		Converter
Rx

		Dmin (dBm)
Ch. 28

		Unwanted Signal Power on Channels 30 and 38 (dBm)



		

		

		-11

		-14

		-17

		-20

		-23

		-26



		1 (DCT)

		-85.5

		-39.5

		-41.0

		-40.5

		-41.5

		-43.5

		-46.0



		2

		-86.0

		-38.5

		-46.0

		-52.0

		-57.0

		-59.0

		-58.5



		3

		-87.5

		-62.5

		-58.0

		-68.0

		-66.5

		-64.0

		-61.0



		4

		-87.0

		-32.0

		-42.5

		-43.0

		-55.5

		-59.5

		-60.0



		6

		-87.0

		-43.5

		-51.0

		-57.5

		-63.0

		-63.0

		-60.5



		7 (DCT)

		-85.5

		-41.0

		-41.5

		-44.0

		-45.0

		-42.0

		-44.0



		8

		-84.5

		-51.5

		-56.5

		-61.5

		-62.5

		-61.0

		-58.0



		9

		-86.5

		-58.0

		-54.0

		-68.0

		-65.5

		-63.0

		-60.0



		10

		-87.5

		-45.5

		-55.5

		-59.5

		-63.5

		-63.0

		-61.0



		11

		-85.0

		-54.0

		-58.5

		-62.5

		-63.0

		-61.0

		-58.5



		12

		-87.0

		-50.5

		-67.0

		-68.0

		-65.0

		-63.0

		-60.0



		13

		-85.5

		-58.5

		-65.0

		-66.0

		-64.0

		-61.5

		-59.0



		14

		-86.5

		-38.0

		-45.5

		-52.5

		-57.0

		-60.0

		-59.5



		15

		-84.5

		-60.0

		-61.5

		-64.5

		-63.5

		-61.0

		-58.0



		16 (DCT)

		-86.5

		-39.0

		-38.5

		-39.0

		-40.0

		-40.5

		-43.5



		17

		-86.5

		-48.0

		-54.5

		-66.0

		-65.5

		-63.0

		-60.0



		18

		-87.5

		-35.0

		-41.0

		-47.5

		-53.5

		-58.5

		-59.5



		19

		-84.5

		-51.0

		-53.0

		-58.0

		-61.5

		-60.5

		-58.0



		20 (DCT)

		-87.5

		-41.5

		-45.0

		-48.0

		-49.0

		-48.5

		-48.0



		21

		-85.5

		-55.0

		-60.5

		-64.0

		-64.5

		-62.0

		-59.5



		22

		-86.0

		-38.5

		-45.5

		-52.0

		-57.0

		-58.0

		-58.5



		23

		-85.0

		-50.0

		-56.5

		-61.5

		-64.0

		-62.0

		-59.5



		25

		-86.0

		-43.0

		-50.0

		-55.5

		-61.0

		-61.0

		-59.5



		26

		-81.5

		-50.5

		-55.5

		-59.0

		-60.5

		-58.5

		-56.5



		90th percentile

		-84.5

		-38.2

		-41.2

		-43.3

		-46.2

		-45.0

		-46.6



		50th percentile

		-86.0

		-46.8

		-53.5

		-58.5

		-62.0

		-61.0

		-59.3



		10th percentile

		-87.5

		-58.4

		-61.2

		-67.4

		-65.4

		-63.0

		-60.4










Table A.8

Protection ratios (dB) for a wanted ATSC signal on channel 21 in the presence of
 two unwanted ATSC signals on channels 30 and 39 (N+9 and N+18),
 ATSC-NTSC converters (circa 2010)

		Converter
Rx

		Dmin (dBm)
Ch. 28

		Unwanted Signal Power on Channels 30 and 39 (dBm)



		

		

		-11

		-14

		-17

		-20

		-23

		-26



		1 (DCT)

		-85.0

		-38.5

		-38.5

		-39.5

		-40.0

		-41.5

		-44.0



		2

		-85.5

		-38.0

		-44.5

		-50.0

		-54.0

		-56.0

		-56.5



		3

		-87.0

		-53.0

		-60.5

		-61.0

		-60.0

		-59.5

		-59.0



		4

		-86.5

		-35.0

		-43.0

		-44.0

		-59.5

		-60.5

		-59.0



		6

		-86.5

		-44.5

		-52.0

		-57.0

		-60.0

		-59.5

		-58.5



		7 (DCT)

		-85.0

		-38.5

		-39.5

		-41.5

		-42.5

		-39.5

		-41.5



		8

		-84.0

		-49.0

		-54.0

		-57.0

		-58.0

		-59.0

		-56.5



		9

		-86.0

		-50.0

		-62.0

		-61.5

		-60.5

		-58.0

		-58.5



		10

		-87.0

		-44.5

		-50.0

		-54.0

		-56.5

		-58.0

		-58.0



		11

		-84.5

		-50.0

		-55.0

		-57.0

		-58.5

		-57.5

		-57.0



		12

		-86.0

		-58.0

		-61.5

		-61.0

		-60.5

		-59.0

		-58.0



		13

		-84.5

		-59.5

		-62.0

		-62.0

		-60.0

		-58.5

		-56.5



		14

		-86.0

		-34.0

		-42.5

		-48.0

		-53.0

		-55.5

		-56.5



		15

		-84.0

		-55.5

		-57.5

		-59.0

		-59.0

		-58.0

		-56.5



		16 (DCT)

		-86.0

		-38.0

		-39.5

		-51.5

		-42.0

		-38.0

		-41.0



		17

		-85.5

		-51.5

		-61.5

		-62.0

		-60.5

		-59.0

		-58.0



		18

		-87.0

		-30.0

		-38.0

		-44.5

		-50.0

		-53.5

		-56.0



		19

		-83.5

		-43.0

		-49.0

		-54.5

		-55.5

		-56.5

		-57.5



		20 (DCT)

		-87.0

		-38.5

		-41.0

		-45.5

		-46.0

		-44.0

		-45.0



		21

		-85.5

		-51.0

		-57.0

		-59.0

		-59.5

		-58.5

		-57.5



		22

		-86.0

		-34.5

		-42.5

		-48.0

		-52.5

		-55.0

		-56.5



		23

		-83.0

		-49.5

		-57.5

		-61.0

		-60.0

		-58.0

		-56.5



		25

		-86.0

		-44.0

		-52.0

		-59.5

		-63.0

		-60.5

		-58.5



		26

		-82.0

		-46.5

		-51.5

		-55.0

		-56.5

		-56.0

		-55.0



		90th percentile

		-83.7

		-34.7

		-39.5

		-44.2

		-43.6

		-42.3

		-44.3



		50th percentile

		-85.8

		-44.5

		-51.8

		-56.0

		-58.3

		-58.0

		-56.5



		10th percentile

		-87.0

		-54.8

		-61.5

		-61.4

		-60.5

		-59.5

		-58.5








Table A.9

Protection ratios (dB) for a wanted ATSC signal on channel 20 in the presence of
 two unwanted ATSC signals on channels 30 and 40 (N+10 and N+20),
 ATSC-NTSC converters (circa 2010)

		Converter
Rx

		Dmin (dBm)
Ch. 28

		Unwanted Signal Power on Channels 30 and 40 (dBm)



		

		

		-11

		-14

		-17

		-20

		-23

		-26



		1 (DCT)

		-85.5

		-39.0

		-38.5

		-39.0

		-40.5

		-44.0

		-46.0



		2

		-86.0

		-38.5

		-46.5

		-53.0

		-58.0

		-60.0

		



		3

		-87.5

		-61.5

		-63.5

		-65.5

		-65.0

		

		



		4

		-87.0

		-39.5

		-56.5

		-63.5

		-65.5

		

		



		6

		-87.0

		-49.5

		-59.0

		-66.0

		-66.0

		

		



		7 (DCT)

		-85.5

		-35.5

		-37.5

		-39.5

		-41.5

		-38.0

		-41.5



		8

		-84.5

		-46.0

		-54.5

		-61.0

		-62.0

		-60.5

		



		9

		-86.5

		-64.0

		-65.0

		-65.5

		-64.0

		

		



		10

		-87.5

		-44.0

		-51.5

		-57.5

		-61.5

		-62.5

		



		11

		-85.0

		-60.5

		-62.5

		-64.5

		-63.0

		

		



		12

		-87.0

		-64.0

		-66.0

		-66.0

		-64.5

		-62.5

		



		13

		-85.5

		-64.0

		-66.0

		-66.5

		-63.5

		

		



		14

		-86.5

		-38.0

		-46.5

		-53.5

		-58.5

		-61.0

		



		15

		-84.5

		-54.5

		-59.0

		-63.0

		-62.5

		

		



		16 (DCT)

		-86.5

		-33.5

		-34.0

		-33.0

		-34.5

		-32.0

		-37.0



		17

		-86.5

		-63.5

		-68.5

		-67.0

		-64.5

		

		



		18

		-87.5

		-31.5

		-41.0

		-47.5

		-53.5

		-58.5

		-59.5



		19

		-84.5

		-45.5

		-52.0

		-58.0

		-60.5

		-60.5

		



		20 (DCT)

		-87.5

		-37.5

		-43.5

		-45.5

		-47.0

		-48.0

		-46.0



		21

		-85.5

		-53.5

		-61.5

		-66.5

		-64.5

		

		



		22

		-86.0

		-32.5

		-42.0

		-49.0

		-54.5

		-57.5

		-58.0



		23

		-85.0

		-51.0

		-59.5

		-66.0

		-64.5

		

		



		25

		-86.0

		-54.0

		-63.5

		-66.5

		-65.0

		

		



		26

		-81.5

		-54.5

		-59.0

		-62.5

		-61.0

		

		



		90th percentile

		-84.5

		-34.1

		-39.3

		-41.3

		-43.2

		-38.6

		-39.3



		50th percentile

		-86.0

		-47.8

		-57.8

		-62.8

		-62.3

		-59.3

		-46.0



		10th percentile

		-87.5

		-63.9

		-65.7

		-66.5

		-65.0

		-62.4

		-58.8



		Note: Blank entries indicate that the power limit of the test setup was exceeded and a
measurement could not be obtained.
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Tables B.1 to B.5 tabulate the results of tests on the ATSC receivers (Rx 30 and Rx 32 through Rx 54), circa 2013, for pairs of unwanted ATSC signals on channels N+K and N+2K, where K = 2 to 6, respectively.  

Table B.1

Protection ratios (dB) for a wanted ATSC signal on channel 28 in the presence of
 two unwanted ATSC signals on channels 30 and 32 (N+2 and N+4),
 ATSC receivers (circa 2013)

		Receiver
Rx

		Unwanted Signal Power on Channels 30 and 32 (dBm)



		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-34.5

		-40.5

		-46.5

		-52.5

		-54.0

		-52.0

		-48.5

		-45.0

		-42.0



		32

		-35.0

		-41.0

		-47.0

		-49.5

		-51.0

		-51.0

		-50.0

		-49.0

		-47.0



		33

		-35.0

		-41.0

		-45.5

		-48.5

		-49.0

		-47.0

		-45.0

		-43.0

		-39.5



		34

		-35.5

		-41.0

		-45.5

		-47.5

		-47.0

		-48.0

		-47.5

		-46.5

		-46.0



		35

		-33.5

		-35.0

		-35.5

		-36.5

		-36.0

		-35.5

		-34.5

		-34.0

		-35.0



		36

		-33.5

		-43.5

		-42.5

		-44.5

		-43.5

		-43.5

		-43.5

		-43.0

		-43.0



		37

		-35.5

		-41.5

		-45.0

		-39.5

		-36.0

		-37.0

		-34.0

		-34.5

		-33.5



		38

		-34.5

		-39.5

		-44.0

		-47.0

		-46.5

		-46.5

		-46.5

		-46.0

		-45.0



		39

		-31.5

		-37.0

		-41.5

		-43.5

		-43.5

		-44.5

		-43.5

		-42.5

		-43.5



		40

		-35.5

		-41.5

		-45.0

		-37.5

		-33.5

		-35.5

		-31.5

		-31.5

		-30.0



		41

		-36.0

		-42.0

		-46.5

		-49.0

		-50.0

		-49.5

		-50.0

		-48.5

		-49.0



		42

		-35.5

		-36.5

		-37.5

		-38.0

		-37.5

		-37.5

		-37.5

		-36.5

		-37.0



		43

		-33.0

		-36.5

		-37.0

		-38.0

		-38.0

		-38.0

		-37.0

		-37.5

		-36.5



		44

		-35.0

		-35.5

		-37.0

		-37.0

		-37.0

		-36.5

		-36.0

		-35.5

		-36.5



		45

		-37.0

		-42.5

		-42.0

		-41.5

		-41.5

		-42.0

		-42.5

		-44.0

		-43.5



		46

		-34.5

		-40.5

		-46.0

		-49.0

		-49.5

		-50.0

		-51.5

		-49.5

		-50.5



		47

		-35.5

		-41.5

		-47.5

		-49.0

		-51.0

		-49.5

		-48.0

		-48.0

		-48.0



		48

		-37.5

		-43.5

		-46.0

		-40.0

		-37.0

		-37.0

		-34.5

		-34.5

		-33.0



		49

		-36.0

		-36.0

		-38.5

		-38.0

		-37.0

		-37.0

		-37.5

		-37.5

		-37.5



		50

		-36.5

		-42.5

		-48.0

		-48.5

		-48.5

		-49.0

		-45.5

		-45.5

		-46.0



		51

		-35.5

		-41.0

		-47.5

		-47.0

		-42.0

		-41.5

		-37.5

		-34.0

		-31.5



		52

		-35.5

		-41.0

		-47.0

		-50.5

		-52.0

		-45.0

		-41.0

		-37.0

		-33.5



		53

		-36.5

		-42.5

		-47.5

		-48.0

		-50.5

		-51.0

		-49.5

		-49.5

		-49.5



		54

		-36.5

		-41.0

		-44.5

		-46.0

		-46.0

		-46.5

		-46.0

		-45.5

		-44.0



		90th percentile

		-33.5

		-36.2

		-37.2

		-37.7

		-36.3

		-36.7

		-34.5

		-34.2

		-33.2



		50th percentile

		-35.5

		-41.0

		-45.3

		-46.5

		-44.8

		-44.8

		-43.5

		-43.0

		-42.5



		10th percentile

		-36.5

		-42.5

		-47.5

		-49.4

		-51.0

		-50.7

		-49.9

		-48.9

		-48.7








Table B.2

Protection ratios (dB) for a wanted ATSC signal on channel 27 in the presence of
 two unwanted ATSC signals on channels 30 and 33 (N+3 and N+6),
 ATSC receivers (circa 2013)

		Receiver
Rx

		Unwanted Signal Power on Channels 30 and 33 (dBm)



		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-35.0

		-41.0

		-47.0

		-52.5

		-57.0

		-57.0

		-62.5

		-50.0

		-43.0



		32

		-35.5

		-41.5

		-47.5

		-52.5

		-52.5

		-59.5

		-54.0

		-49.5

		-45.0



		33

		-36.0

		-42.0

		-48.0

		-54.0

		-53.5

		-47.0

		-43.0

		-40.0

		-35.5



		34

		-36.5

		-42.5

		-48.0

		-51.0

		-52.5

		-53.0

		-52.0

		-50.5

		-50.0



		35

		-34.5

		-38.0

		-36.5

		-37.0

		-37.5

		-37.0

		-35.5

		-35.5

		-36.0



		36

		-34.5

		-39.5

		-43.5

		-46.0

		-46.0

		-45.0

		-44.5

		-44.0

		-45.0



		37

		-36.0

		-41.5

		-46.5

		-40.0

		-37.5

		-37.5

		-33.5

		-34.5

		-33.0



		38

		-35.0

		-40.5

		-44.5

		-47.5

		-49.0

		-48.0

		-48.0

		-47.5

		-48.0



		39

		-32.0

		-37.5

		-42.5

		-46.5

		-46.0

		-48.0

		-47.5

		-47.0

		-46.0



		40

		-36.0

		-41.5

		-46.5

		-38.5

		-35.5

		-36.5

		-33.0

		-33.0

		-30.0



		41

		-36.5

		-42.5

		-47.0

		-49.5

		-49.0

		-49.0

		-48.5

		-49.5

		-48.0



		42

		-36.0

		-39.0

		-38.5

		-39.5

		-39.0

		-38.5

		-39.0

		-38.5

		-38.5



		43

		-33.5

		-38.0

		-38.0

		-39.0

		-38.5

		-38.5

		-38.0

		-38.0

		-37.5



		44

		-35.5

		-38.0

		-36.5

		-39.0

		-38.5

		-38.0

		-38.5

		-38.0

		-38.5



		45

		-37.5

		-43.5

		-45.5

		-41.0

		-43.0

		-42.0

		-42.0

		-45.5

		-45.0



		46

		-35.0

		-40.5

		-46.0

		-47.0

		-49.5

		-49.5

		-51.0

		-50.0

		-50.5



		47

		-36.0

		-42.0

		-47.0

		-47.0

		-49.0

		-48.0

		-46.0

		-47.5

		-44.5



		48

		-38.0

		-44.0

		-49.5

		-45.5

		-43.5

		-43.0

		-40.0

		-40.5

		-39.0



		49

		-37.0

		-41.0

		-44.0

		-43.5

		-43.0

		-42.5

		-43.0

		-43.0

		-42.5



		50

		-37.0

		-43.0

		-48.0

		-49.5

		-50.5

		-50.5

		-50.5

		-47.5

		-49.5



		51

		-36.0

		-41.5

		-47.5

		-53.5

		-48.0

		-30.0

		-40.5

		-34.5

		-31.5



		52

		-36.0

		-42.0

		-48.0

		-54.0

		-54.5

		-51.0

		-54.0

		-44.5

		-37.5



		53

		-37.0

		-43.0

		-48.0

		-50.5

		-50.0

		-51.5

		-51.0

		-49.0

		-49.5



		54

		-37.5

		-42.5

		-46.5

		-49.5

		-51.0

		-51.0

		-51.0

		-50.0

		-50.5



		90th percentile

		-34.5

		-38.0

		-38.2

		-39.0

		-37.8

		-37.2

		-36.3

		-34.8

		-33.8



		50th percentile

		-36.0

		-41.5

		-46.5

		-47.0

		-48.5

		-47.5

		-45.3

		-45.0

		-43.8



		10th percentile

		-37.4

		-43.0

		-48.0

		-53.2

		-53.2

		-52.6

		-53.4

		-50.0

		-49.9








Table B.3

Protection ratios (dB) for a wanted ATSC signal on channel 26 in the presence of
 two unwanted ATSC signals on channels 30 and 34 (N+4 and N+8),
 ATSC receivers (circa 2013)

		Receiver
Rx

		Unwanted Signal Power on Channels 30 and 34 (dBm)



		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-35.5

		-41.5

		-47.5

		-53.5

		-58.0

		-60.0

		-56.5

		-50.5

		-44.5



		32

		-35.5

		-41.5

		-47.5

		-53.5

		-58.5

		-49.0

		-48.0

		-53.0

		-45.0



		33

		-36.0

		-42.0

		-48.0

		-54.0

		-59.0

		-47.5

		-49.5

		-41.5

		-36.5



		34

		-37.5

		-43.5

		-49.0

		-53.0

		-54.0

		-54.0

		-53.5

		-52.5

		-50.5



		35

		-35.0

		-39.0

		-37.5

		-38.0

		-38.5

		-39.5

		-37.5

		-36.5

		-37.0



		36

		-35.5

		-40.5

		-45.0

		-47.5

		-47.5

		-47.5

		-46.0

		-46.0

		-46.0



		37

		-36.5

		-42.5

		-47.0

		-41.0

		-36.5

		-37.5

		-36.0

		-33.0

		-32.5



		38

		-36.0

		-41.5

		-45.5

		-49.0

		-48.0

		-49.5

		-49.5

		-48.5

		-46.5



		39

		-35.5

		-41.0

		-44.5

		-48.0

		-47.5

		-48.5

		-48.5

		-46.0

		-47.5



		40

		-36.5

		-42.5

		-47.5

		-41.5

		-35.5

		-38.5

		-35.5

		-31.0

		-30.0



		41

		-37.0

		-43.0

		-46.5

		-48.0

		-46.0

		-46.0

		-45.0

		-46.0

		-45.0



		42

		-37.0

		-41.5

		-40.5

		-40.5

		-40.5

		-40.5

		-40.5

		-39.0

		-40.0



		43

		-34.5

		-39.5

		-39.0

		-39.5

		-39.5

		-40.5

		-39.5

		-39.5

		-39.0



		44

		-37.0

		-40.5

		-40.0

		-40.5

		-40.0

		-40.0

		-38.5

		-38.5

		-39.5



		45

		-38.5

		-44.0

		-46.5

		-47.5

		-44.5

		-40.0

		-40.5

		-42.0

		-46.0



		46

		-36.0

		-41.5

		-46.0

		-46.0

		-47.5

		-48.0

		-49.5

		-49.5

		-49.5



		47

		-37.0

		-43.0

		-46.5

		-47.5

		-47.5

		-47.0

		-46.0

		-46.5

		-46.5



		48

		-38.5

		-44.5

		-49.5

		-40.5

		-38.5

		-40.5

		-35.5

		-34.0

		-33.5



		49

		-37.5

		-40.5

		-40.0

		-41.0

		-39.5

		-39.5

		-39.5

		-39.5

		-39.0



		50

		-37.5

		-43.5

		-47.0

		-46.5

		-46.0

		-46.5

		-45.5

		-45.0

		-46.0



		51

		-36.5

		-42.5

		-48.5

		-54.5

		-54.0

		-37.0

		-28.5

		-30.0

		-30.0



		52

		-36.5

		-42.5

		-48.5

		-54.5

		-60.0

		-57.5

		-48.5

		-45.0

		-41.0



		53

		-37.5

		-43.5

		-47.0

		-46.0

		-43.5

		-45.0

		-49.0

		-44.0

		-45.0



		54

		-38.0

		-43.5

		-48.0

		-51.0

		-52.5

		-51.0

		-50.0

		-49.0

		-48.5



		90th percentile

		-35.5

		-40.5

		-40.0

		-40.5

		-38.5

		-38.8

		-35.7

		-33.3

		-32.8



		50th percentile

		-36.5

		-42.3

		-46.8

		-47.5

		-46.8

		-46.3

		-45.8

		-44.5

		-44.8



		10th percentile

		-37.9

		-43.5

		-48.5

		-53.9

		-58.4

		-53.1

		-49.9

		-50.2

		-48.2








Table B.4

Protection ratios (dB) for a wanted ATSC signal on channel 25 in the presence of
 two unwanted ATSC signals on channels 30 and 35 (N+5 and N+10),
 ATSC receivers (circa 2013)

		Receiver
Rx

		Unwanted Signal Power on Channels 30 and 35 (dBm)



		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-37.0

		-43.0

		-49.0

		-55.0

		-60.5

		-62.0

		-57.5

		-51.0

		-40.5



		32

		-36.5

		-42.5

		-48.5

		-54.5

		-60.5

		-64.0

		-61.0

		-54.0

		-42.5



		33

		-37.0

		-43.0

		-49.0

		-55.0

		-60.5

		-62.0

		-57.5

		-51.0

		-40.5



		34

		-38.5

		-44.5

		-50.0

		-55.0

		-56.5

		-56.0

		-55.5

		-53.5

		-52.0



		35

		-36.0

		-41.0

		-39.5

		-41.0

		-40.0

		-40.0

		-39.5

		-39.5

		-39.5



		36

		-36.5

		-42.0

		-46.5

		-49.0

		-50.0

		-49.5

		-49.0

		-47.5

		-48.0



		37

		-37.0

		-43.0

		-48.5

		-45.0

		-38.5

		-41.0

		-38.5

		-35.0

		-34.0



		38

		-37.0

		-43.0

		-47.5

		-50.5

		-51.5

		-51.5

		-51.5

		-51.5

		-51.0



		39

		-36.0

		-42.0

		-46.0

		-49.5

		-50.0

		-50.5

		-50.0

		-50.5

		-51.0



		40

		-37.0

		-43.0

		-48.5

		-45.5

		-38.5

		-40.0

		-36.5

		-34.0

		-32.0



		41

		-38.0

		-44.0

		-48.5

		-48.5

		-47.5

		-45.5

		-46.0

		-45.5

		-47.0



		42

		-37.5

		-42.5

		-42.5

		-43.0

		-43.0

		-42.5

		-42.5

		-41.0

		-42.0



		43

		-35.5

		-41.0

		-40.5

		-41.5

		-41.0

		-41.5

		-40.5

		-40.5

		-40.5



		44

		-37.5

		-42.5

		-42.0

		-43.0

		-42.5

		-42.0

		-42.0

		-41.0

		-42.5



		45

		-39.0

		-45.0

		-49.0

		-44.0

		-46.0

		-41.0

		-44.5

		-47.0

		-49.5



		46

		-36.5

		-42.5

		-47.5

		-47.5

		-49.5

		-48.0

		-48.5

		-48.0

		-46.0



		47

		-36.5

		-42.5

		-47.5

		-47.5

		-49.5

		-48.0

		-48.5

		-48.0

		-46.0



		90th percentile

		-36.0

		-41.6

		-41.4

		-42.4

		-39.4

		-40.6

		-39.1

		-37.7

		-37.3



		50th percentile

		-37.0

		-42.5

		-47.5

		-47.5

		-49.5

		-48.0

		-48.5

		-47.5

		-42.5



		10th percentile

		-38.2

		-44.2

		-49.0

		-55.0

		-60.5

		-62.0

		-57.5

		-52.3

		-51.0








Table B.5

Protection ratios (dB) for a wanted ATSC signal on channel 24 in the presence of
 two unwanted ATSC signals on channels 30 and 36 (N+6 and N+12),
 ATSC receivers (circa 2013)

		Receiver
Rx

		Unwanted Signal Power on Channels 30 and 36 (dBm)



		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-37.0

		-43.0

		-49.0

		-55.0

		-61.0

		-65.0

		-63.0

		-56.5

		-48.5



		32

		-36.5

		-42.5

		-48.5

		-54.5

		-60.5

		-64.5

		-66.5

		-63.0

		-59.5



		33

		-37.0

		-43.0

		-49.0

		-55.0

		-61.0

		-65.0

		-63.0

		-56.5

		-48.5



		34

		-38.0

		-44.0

		-50.0

		-55.0

		-57.0

		-57.0

		-56.0

		-54.5

		-52.0



		35

		-36.0

		-41.5

		-40.5

		-42.0

		-41.5

		-41.5

		-40.5

		-40.0

		-40.5



		36

		-36.5

		-42.0

		-47.0

		-50.0

		-51.0

		-51.0

		-49.5

		-49.5

		-49.0



		37

		-37.0

		-43.0

		-49.0

		-46.5

		-39.5

		-41.0

		-39.0

		-38.5

		-36.5



		38

		-37.0

		-42.5

		-47.0

		-50.5

		-50.0

		-51.0

		-51.5

		-50.5

		-50.0



		39

		-36.5

		-42.0

		-46.5

		-49.5

		-48.5

		-50.5

		-50.5

		-48.0

		-50.5



		40

		-37.5

		-43.0

		-49.0

		-47.0

		-40.0

		-42.0

		-38.5

		-37.0

		-34.0



		41

		-38.0

		-43.5

		-49.0

		-43.0

		-49.5

		-47.0

		-47.5

		-47.0

		-48.0



		42

		-37.0

		-42.5

		-44.0

		-44.5

		-44.0

		-43.5

		-43.5

		-41.5

		-42.5



		43

		-35.5

		-41.0

		-39.0

		-42.5

		-42.5

		-42.5

		-43.0

		-41.5

		-41.0



		44

		-37.5

		-43.0

		-43.0

		-44.0

		-43.5

		-42.5

		-42.5

		-40.5

		-42.5



		45

		-39.0

		-45.0

		-50.0

		-46.0

		-47.5

		-43.5

		-44.5

		-50.0

		-51.0



		46

		-36.5

		-42.5

		-47.5

		-47.0

		-50.5

		-49.0

		-48.5

		-47.0

		-47.5



		47

		-37.5

		-43.5

		-48.5

		-48.0

		-48.5

		-47.5

		-47.5

		-46.0

		-45.5



		90th percentile

		-36.3

		-41.8

		-42.0

		-42.8

		-40.9

		-41.8

		-39.9

		-39.4

		-38.9



		50th percentile

		-37.0

		-43.0

		-48.5

		-47.0

		-48.5

		-47.5

		-47.5

		-47.0

		-48.0



		10th percentile

		-38.0

		-43.7

		-49.4

		-55.0

		-60.7

		-64.7

		-63.0

		-56.5

		-51.4
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Measurements of ATSC receiver protection ratio and overload threshold 
under ATSC interference in adjacent/non-adjacent channels

[bookmark: _Toc403642056]1	Summary

The Communications Research Centre Canada (CRC) carried out a study to investigate the performance of digital television (DTV) receivers when single or multiple digital system devices are operating in the television broadcasting band as interferers.

This study consisted of a laboratory evaluation including several DTV-into-DTV interference scenarios. The DTV receivers’ performance was assessed by finding the desired-to-undesired ratio (D/U) at the threshold of visibility in the presence of a single DTV interferer, a pair of DTV interferers and a block of five consecutive interferers. The test procedures followed the ATSC Recommended Practice: Receiver Performance Guidelines (A/74) document (see Reference 1).

Eleven DTV receivers available for retail in Canada in 2013-2014 were evaluated. In addition, one of the five DTV receivers evaluated in 2007 was tested again for comparison with today’s DTV receiver technology.

The twelve DTV receivers were evaluated to determine their performance in presence of a single DTV interferer in the range of N-15 to N+15. Four DTV receivers failed A/74 at week (–68 dBm) desired signal power level and six DTV receivers failed at very weak (–78 dBm) power level. These DTV receivers failed with a D/U up to 5.5 dB.

Five of the twelve DTV receivers were evaluated to determine their performance when impaired by a pair of interferers. Specific pairs of interferers that create intermodulation distortion products to fall in the desired channel were selected. In comparison to a single interferer, the DTV receivers were significantly more impaired: the receivers required up to 12.2 dB more D/U at –68 dBm signal power level and up to 9.7 dB at –78 dBm.

The same five DTV receivers were evaluated in presence of a block of five consecutive DTV interferers. The results were compared to single interferers and to pairs of DTV interferers. The results were similar at –68 dBm and –78 dBm desired signal power levels. The block of DTV interferers always causes more degradation, up to 11.2 dB, to the desired signal than a single DTV interferer. In comparison to pairs of interferers, the block of five interferers had similar or lesser impact on the receivers.

[bookmark: _Toc392579362][bookmark: _Toc403642057]2	Test Methodology

This section describes the DTV receivers under test, followed by test conditions and technical terminology used throughout this report for the DTV receivers’ performance evaluation and interference study.

[bookmark: _Toc392579363][bookmark: _Toc403642058]2.1	Receivers under Test

Eleven DTV receivers were acquired for these tests. The selection was based on their availability on the market (in a retail store), their low-to-mid price range and having representation from various manufacturers.

A total of twelve receivers were tested. A complete list, showing the type of tuner and the manufacturing date for each receiver is provided in Table 1. 

Table 1

List of Receivers under Test

		Receiver No.

		Type of Receiver

		Type of Tuner

		Manufacture Date



		1

		26" TV

		CAN

		2006



		2

		19" TV

		Silicon

		October 2013



		3

		32" TV

		Silicon

		July 2013



		4

		19" TV

		Silicon

		October 2013



		5

		32" TV

		Silicon

		October 2013



		6

		24" TV

		Silicon

		June 2013



		7

		24" TV

		Silicon

		February 2013



		8

		32" TV

		Silicon

		August 2013



		9

		32" TV

		Silicon

		November 2013



		10

		USB Dongle

		Silicon

		2012



		11

		USB Dongle

		Silicon

		2012



		12

		PCIe PC Board

		Silicon

		February 2014







All new acquired receivers use a silicon tuner, which seems to have become the dominant tuner technology. In 2007, only CAN tuners were used in DTV receivers.

[bookmark: _Toc392579364][bookmark: _Toc403642059]2.2	Test Conditions

The DTV-into-DTV interference tests consist of combining one or more undesired DTV signal(s) with a desired DTV signal. In the case of a single interferer, the DTV interfering signal was fixed to channel 30 (566 – 572 MHz) and was filtered according to Industry Canada DTV emissions mask specifications (see Reference 2). The desired DTV signal was moved from channel 15 to 45 to test DTV interference over the range N+15 to N-15 respectively, where “N” refers to the channel number of the desired DTV signal.

The laboratory tests were performed using two different desired DTV signal power levels. The ATSC recommended practice (see Reference 1, p.12), used as reference, specified that a DTV receiver should be able to decode an error-free ATSC signal with a minimum input RF signal level of –83 dBm. This power level relates to the signal received at the edge of the DTV coverage contour and assumes a single DTV signal free of impairment. Therefore, the desired signal power level used for the laboratory tests was set 5 dB higher than the contour edge. The resulting desired signal power level was –78 dBm and is also referred to as a very weak signal throughout this report. The ATSC recommended practice identifies –68 dBm as a weak signal, which was also used for these tests. 

[bookmark: _Toc392579365][bookmark: _Toc403642060]2.3	Threshold of Visibility (TOV)

The Threshold of Visibility (TOV) is the point at which visual errors start to appear in the picture due to increasing signal impairment. TOV is used as the subjective limit for acceptable DTV reception quality assessment. 

The precision of measurements for the baseline performance evaluation was 0.1 dB. The DTV‑into‑DTV interference tests were done with at least 0.5 dB precision.

A delay of 10 seconds was granted to the receiver for stabilization before a measurement was started. Measurements were conducted over a period of 60 seconds.

[bookmark: _Toc392579366][bookmark: _Toc403642061]2.4	Desired to Undesired Ratio (D/U)

The Desired to Undesired Ratio (D/U) compares the level of a desired signal to the level of another (interfering/undesired) signal. It is defined as the ratio of signal powers, expressed in decibels (dB).

This measurement is recorded at TOV. A positive D/U indicates that the desired signal has to be stronger than the interfering signal in order to successfully decode the DTV signal. On the other hand, a negative D/U means that the desired signal can tolerate an undesired signal stronger than itself and still remain error-free.

Thus, lower D/U indicates better performance.

[bookmark: _Toc392579367][bookmark: _Toc403642062]3	Baseline Performance Evaluation of DTV Receivers

Two baseline tests were initially performed on each DTV receiver to assess their performance and limitations. The susceptibility to additive white Gaussian noise (AWGN) and the dynamic range tests are detailed in the following sections. 

[bookmark: _Toc392579368][bookmark: _Toc403642063]3.1	Receiver Performance Evaluation Test Setup

The laboratory test setup for the DTV receivers’ performance evaluation is presented in Figure 1.

Figure 1

Receiver Performance Test Setup

[image: ]

The DTV signal was generated using an ATSC broadcast test system. A random noise generator was used for the AWGN test. A high-precision RF step attenuator allowed precise variation of the signal or noise power.

For AWGN tests, the DTV and noise signals were combined and the resulting output was switched between a DTV receiver under test for performance assessment and a spectrum analyzer for power measurements.

[bookmark: _Ref389812864]For the dynamic range test, only the ATSC signal followed by an attenuator was required to find the TOV.

[bookmark: _Toc392579369][bookmark: _Ref391626363][bookmark: _Toc403642064]3.2	Susceptibility to Additive White Gaussian Noise

The purpose of this test was to determine the DTV receivers’ susceptibility to additive white Gaussian noise (AWGN).

This test was done on channel 29 (560-566 MHz) at three different DTV signal power levels, as defined in Reference 1:

–	–53 dBm (moderate DTV signal);

–	–68 dBm (weak DTV signal), and

–	–78 dBm (very weak DTV signal).

The DTV signal power was set to one of these three signal power levels. Then the noise was increased until TOV, the point at which the DTV and noise power levels were recorded. This test was repeated for the other two signal power levels. 

The results are expressed as carrier-to-noise ratios (C/N) and are shown in Table 2. These C/N were measured at TOV with a precision of 0.1 dB. There is no receiver performance guideline in A/74 for this test, but the theoretical threshold for C/N is 14.9 dB as specified in ATSC Document A/54A (see Reference 3).

[bookmark: _Ref389814952][bookmark: _Toc392146583]Table 2

Susceptibility to Additive White Gaussian Noise

		Receiver No.

		Carrier-to-Noise Ratio at TOV (dB)



		

		-53 dBm

Signal Power

		-68 dBm
Signal Power

		-78 dBm

Signal Power



		Receiver 1

		15.9

		16.1

		20.6



		Receiver 2

		15.1

		15.1

		16.0



		Receiver 3

		15.4

		15.4

		16.1



		Receiver 4

		14.9

		14.9

		15.3



		Receiver 5

		15.0

		15.0

		15.7



		Receiver 6

		15.2

		15.1

		16.0



		Receiver 7

		15.2

		15.1

		15.9



		Receiver 8

		15.0

		14.9

		15.6



		Receiver 9

		15.0

		14.9

		15.5



		Receiver 10

		15.5

		15.5

		16.7



		Receiver 11

		14.9

		15.0

		15.5



		Receiver 12

		15.1

		15.2

		16.0







In general, the C/N at TOV for a given receiver is similar at moderate and weak signal power levels. A difference is noted at –78 dBm as expected since this signal power level is closer to their operating minimum input signal level.

[bookmark: _Ref389812875]Receiver 1 had the worst performance of all receivers for all signal power levels, in particular at 
–78 dBm where the required C/N for TOV reception was at least 4 dB above other receivers.

[bookmark: _Toc392579370][bookmark: _Ref391626373][bookmark: _Toc403642065]3.3	Dynamic Range

The purpose of this test was to determine the dynamic range of the DTV receivers, which is the minimum and maximum input signal power levels for which a receiver can achieve error‑free reception.

This test was performed on channels 18, 25, 35 and 42.

Each receiver was tested in turn on each of the four channels. After a receiver was synchronised to the DTV signal, the power was attenuated until TOV and was recorded. This value corresponds to the minimum RF level at which the receiver can operate. Then the DTV signal power was increased until TOV in order to find the maximum RF level at which the receiver can operate. This test was repeated for the other three channels. These two limits define the dynamic range of the receiver.

A DTV receiver should achieve –83 dBm for minimum RF level and –5 dBm for maximum RF level according to A/74.

All receivers achieved the recommended maximum RF level of –5 dBm. The actual values were not found because the strongest signal power supported by the test setup (1 dBm) was insufficient to find TOV with the exception of receiver 12 which reached TOV at –4 dBm. Therefore only the results for the minimum RF power level are shown in Table 3.

[bookmark: _Ref389817032][bookmark: _Toc392146584]Table 3

Minimum RF Power Level for the Dynamic Range Test

		Receiver No.

		Minimum RF Input Power Level (dBm)



		

		Channel 18
(494-500 MHz)

		Channel 25
(536-542 MHz)

		Channel 35
(596-602 MHz)

		Channel 42
(638-644 MHz)



		Receiver 1

		–79.5

		–80.9

		–79.2

		–81.4



		Receiver 2

		–86.0

		–86.6

		–86.4

		–84.9



		Receiver 3

		–86.3

		–86.0

		–86.1

		–85.9



		Receiver 4

		–87.1

		–87.3

		–87.7

		–87.5



		Receiver 5

		–87.1

		–87.4

		–87.3

		–87.4



		Receiver 6

		–85.5

		–85.6

		–85.0

		–85.7



		Receiver 7

		–85.6

		–85.6

		–85.6

		–85.7



		Receiver 8

		–85.9

		–86.0

		–86.1

		–86.0



		Receiver 9

		–86.6

		–87.1

		–86.8

		–85.8



		Receiver 10

		–83.9

		–83.8

		–83.9

		–83.5



		Receiver 11

		–86.1

		–85.5

		–85.3

		–85.5



		Receiver 12

		–85.3

		–85.2

		–85.3

		–84.8



		A/74

		–83.0

		–83.0

		–83.0

		–83.0







Only receiver 1 failed to meet the A/74 guidelines (identified in red in Table 3), which explains the poor performance observed at –78 dBm in the susceptibility to AWGN test. Receiver 10 was the worst performer of the eleven new receivers, with a minimum input power requirement varying between –83.5 and –83.9. The remaining receivers could achieve between –84.8 dBm and 
–87.7 dBm, independently of the frequency at which the test was performed. 

[bookmark: _Toc392579371][bookmark: _Toc403642066]4	DTV-into-DTV Interference Tests

DTV-into-DTV interference tests are used to characterize a receivers’ susceptibility to impairment from signals in adjacent channel(s). These tests involve generating a desired DTV signal set at a pre-determined power level, and combining this signal with one or more undesired DTV signals. The power level of the undesired DTV signal(s) is then increased until TOV. 

Different scenarios were selected for testing DTV-into-DTV interference. First, the receivers’ performance in presence of a single DTV interferer is presented. A second interferer was then added to evaluate the impact of a pair of DTV interferers on the receivers. Finally, the last scenario involved using a block of 5 consecutive undesired channels.

[bookmark: _Toc392579372][bookmark: _Toc403642067]4.1	Interference Test Setup

The laboratory test setup for the DTV-into-DTV interference tests is presented in Figure 2.

Figure 2

DTV-into-DTV Interference Test Setup
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[bookmark: _Toc389121692][bookmark: _Toc385401936][bookmark: _Toc385310973][bookmark: _Toc154285380][bookmark: _Toc154284999][bookmark: _Toc135452690][bookmark: _Toc113948977][bookmark: _Toc95717747]The DTV signal was generated using an ATSC broadcast test system. A high-precision RF step attenuator allowed precise control over the signal power level. The interfering DTV signals were generated the same way, but were filtered to meet Industry Canada’s DTV emissions mask specifications (see Reference 2).

The desired and undesired channels were combined and the resulting output was switched between a DTV receiver under test for performance assessment and a spectrum analyzer for power measurements.

[bookmark: _Toc392579373][bookmark: _Ref389826069][bookmark: _Toc403642068]4.2	Single DTV Interferer

The purpose of this test was to determine the performance of the receivers in presence of a single DTV interfering channel.

For this test, the interfering signal was fixed to DTV channel 30 and filtered to meet the emissions mask. The desired DTV signal was then tuned from channels 15 to 45 (excluding 30) to test all the combinations of N+15 to N-15 respectively, where “N” is the desired channel. The signal power levels at the receiver input were measured at TOV. 

The test results are presented in Figure 3 for a weak desired signal (–68 dBm) and in Figure 4 for very weak signal (–78 dBm). The complete D/U measurements are provided in Appendix A.

In these figures, “A/74” in the legend refers to the receiver performance guidelines and is represented by the shade-grey area. Receivers whose plot line falls within this shaded area meet the guidelines.

Figure 3

D/U for a Single DTV Interferer at -68 dBm
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Figure 4

D/U for a Single DTV Interferer at –78 dBm

[image: ] 

Four out of the twelve receivers failed the A/74 guidelines at several undesired channel locations for –68 dBm desired signal power level. Receivers 8 and 9 failed with a D/U up to 1.4 dB above the recommended limit, while receivers 11 and 12 failed by up to 5.5 dB.

These four receivers as well as receivers 1 and 10 also failed to meet the recommended guidelines at –78 dBm desired signal level. Receiver 1 had a D/U up to 1 dB over the limit for three undesired channels. Receivers 8, 9 and 10 failed with a D/U up to 1.7 dB above the limit, while receivers 11 and 12 failed by up to 6.2 dB.

In most cases, the receivers that failed did so from N-4 to N-13 on the lower adjacent channels and from N+4 to N+12 on the upper ones. One exception is receiver 12 which behaved unexpectedly at the lower first adjacent (N-1). The D/U required for error-free reception was 8 dB above the recommended limit, while all other receivers are at least 3.6 dB below the limit. It is suspected that this receiver has a malfunction and it is probably not a common problem with the DTV receivers available on the market.

From all the receivers under test, only Receiver 1 uses CAN tuner technology as opposed to today’s prevalent Silicon tuner technology. When comparing the figures above, it can be observed that the measured D/U between –68 dBm and –78 dBm signal power level are in the same range with the exception of Receiver 1. D/U measurements improve by up to 10 dB at –78 dBm for several interfering channel locations. This behaviour was also observed in the 2007 study, where all receivers under test were using CAN tuners (see Reference 4).

[bookmark: _Toc392579374][bookmark: _Toc403642069]4.3	Pair of DTV Interferers

The purpose of this test was to determine the performance of the receivers when in presence of multiple interfering channels. Previous studies have proven that “N+k and N+2k” is the worst case scenarios for two DTV interferers. A second strong interferer located at a multiple of two of the first undesired channel creates intermodulation distortion in the receiver’s front-end at the desired channel frequency.

For these tests, only the interferer located closer to the desired signal was filtered to meet the DTV emissions mask. The second interferer was only filtered to reduce out-of-band emissions.

Only five DTV receivers out of twelve were tested: receivers 2, 4, 5, 8, and 11. Receivers with similar performance in the single DTV interference test were grouped together and one receiver of each group was selected.

The test results for single DTV-into-DTV interference show symmetry on the lower and upper undesired channels. Therefore, measurements were only performed on the upper band for the pairs of interferers “N+k and N+2k”, where k = 1 to 7.

Figure 5 shows the test results for a signal power level of –68 dBm at the DTV receiver input. The measured D/Us for the five receivers were averaged for analysis. The column bars are the average D/Us and the error bars, the line on top of the column bar, correspond to the minimum and the maximum values obtained for the five receivers selected for this test. The blue and green columns are the results obtained at “N+k” and “N+2k” for single DTV interference tests, while the red column bars are the results for the case “N+k and N+2k”. Complete results are available in Appendix B.

Figure 5

D/U Performance for a Pair of Interferers at –68 dBm
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In comparison to a single DTV interferer, Figure 5 clearly shows that as the value of “k” increases, the receiver is significantly more impaired by the “N+k and N+2k” scenario. For the case k = 1, there was less than 2 dB degradation between the “N+1” and the “N+1 and N+2” results. At other values of “k”, the difference between a single “N+k” and the pair “N+k and N+2k” is between 9.3 and 12.2 dB. In the case of a single interferer at “N+2k”, the difference with the pairs for every value of “k” is between 13.9 and 15.8 dB.

Figure 6 shows the results for a signal power level of –78 dBm at the DTV receiver input.

Figure 6

D/U Performance of a Pair of Interferers at –78 dBm
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The results at –78 dBm desired signal power level are quite similar to the tests done at –68 dBm. For the case k = 1, there was 1.1 dB of degradation between the “N+1” and the “N+1 and N+2” results. At other values of “k”, the difference is between 8.1 and 9.7 dB. In the case of a single interferer at “N+2k”, the difference with the pairs for every value of “k” is between 11.6 and 14.5 dB.

The degradation in receiver performance for the “N+k and N+2k” case is due to intermodulation distortion (IMD). It is created by nonlinearity in active elements at the receiver’s front-end. Nonlinearity creates harmonics and in presence of two or more strong signals, creates distortion products. One of the most challenging distortion products in presence of a signal pair is the third order, which creates distortions near the two signals ( and ) called 3rd order intermodulation distortion (IM3). An investigation was performed with one receiver to quantify IM3 degradation due to a pair of interferers when varying the desired channel from channel 24 to 29.

Figure 7

Third Order Intermodulation Distortion Product
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Figure 7 shows an example of IM3 created by the amplification of two ATSC signals. In this example, the interferers located on channel 30 and 34 (N+k and N+2k where k = 4) cause the distortion to fall directly in channel 26 (the desired channel “N”). As observed in the figure, channels 25 and 27 (channels adjacent to that desired channel) are also affected because the IM3 product has a wider bandwidth than the 6 MHz DTV channel.

The measurements in Table 4 demonstrate that the DTV receiver is affected when the desired signal is received on channels 25, 26 or 27 while in presence of two DTV interferers on channels 30 and 34. The results for desired channel 26, highlighted in beige, is the presented case “N+k and N+2k” in Figure 7 (see results for k = 4).

[bookmark: _Ref391368224][bookmark: _Toc392146585]Table 4

Impact of IM3 Product near the Desired Channel

		Desired
Channel
(N)

		Interferers Location

		D/U at –68 dBm (dB)

		Degradation
(dB)



		

		First

		Second

		First Interferers only

		Both Interferers

		



		24

		N+6

		N+10

		–59.0

		–58.0

		1.0



		25

		N+5

		N+9

		–57.8

		–51.8

		6.0



		26

		N+4

		N+8

		–56.8

		–47.5

		9.3



		27

		N+3

		N+7

		–54.8

		–51.0

		3.8



		28

		N+2

		N+6

		–51.6

		–51.1

		0.5



		29

		N+1

		N+5

		–39.5

		–39.3

		0.2







[bookmark: _Toc392579375][bookmark: _Toc403642070]4.4	Block of Five Consecutive DTV Interferers

Another multiple interference test was performed in order to explore future challenges that may arise when re-packing co-located DTV services on consecutive channels or when other digital services such as broadband wireless carriers operate in or near the broadcast band. 

To simulate these scenarios, a block of five consecutive undesired channels was selected. This case can be described by the expression “N+k to N+k+4”, where increasing “k” moves the block of five interferers away from the desired channel. Only results at –68 dBm of desired signal power level are presented in this section since results at –78 dBm are similar. Complete results for both powers are available in Appendix B.

The IM3 created by a block of five consecutive DTV spans up to five channels before and after the block, as observed in Figure 8.

Figure 8

IM3 Product of Five Consecutive DTV Signals
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The following analysis compares the results of a block of five to a single interferer and then to a pair of interferers.

Figure 9 shows the measured D/Us with the “N+k to N+k+4” results in purple. The “N+k” measurements, for a single DTV interferer, are also included as blue column bars. The column bars represent the average D/Us measured for the five receivers, while the error bar corresponds to the minimum and the maximum values.

Figure 9

D/U Measurements for a Block of Five DTV Interferers at –68 dBm, versus a Single DTV Interferer

[image: ]

In the figure above, the block of DTV interferers always causes more degradation to the desired signal than a single DTV interferer. For the case k = 1, this degradation was minor as the receiver required on average only 2.1 dB of extra D/U. For all other values of k, the degradation was more substantial; the block of five interferers caused 6.4 dB to 11.2 dB of additional degradation.

Figure 10 shows the measured D/Us with the “N+k to N+k+4” results in purple. The “N+k and N+2k” measurements, for a pair of DTV interferer, are included as red column bars. The column bars represent the average D/Us measured for the five receivers, while the error bar corresponds to the minimum and the maximum values.

Figure 10

D/U Measurements for a Block of Five DTV Interferers at –68 dBm, versus a Pair of DTV Interferers

[image: ]

In the case of a pair of DTV interferers, the location of the second interferer always causes IMD to fall within the desired channel, while for a continuous block of interferers the IMD falls within the desired channel only up to k = 5.

For the interfering channel combinations at k = 1 to k = 3, there was a negligible difference (<1.5 dB) between the D/Us required for a pair of interferers and a block of five interferers. 

At k ≥ 4, the block of five interferers outperformed the pair of interferers by up to 5.8 dB. At k = 6 and k = 7, the block of interferers creates no IMD in the desired channel, but there is still significant D/U degradation caused by the combined power of five undesired channels at the receiver input.

[bookmark: _Toc403642071]5	Conclusions

The results of laboratory measurements confirm that DTV receivers available to consumers meet in general the performance targets of the ATSC A/74 guidelines, however without exceeding these by a great extent. In addition, it was found that the selectivity of the DTV receivers can be degraded by the presence of third order intermodulation products. 
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[bookmark: _Toc403642073]Appendix A – D/U Measurements for Single DTV-into-DTV Interference

[bookmark: _Toc392146586]Table A.1

D/U for a Weak DTV Signal (–68 dBm) (1 of 2)

		Undesired
DTV
Channel

		A/74 D/U
Thres-hold
(dB)

		Receiver 1

		Receiver 2

		Receiver 3

		Receiver 4

		Receiver 5

		Receiver 6



		

		

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)



		N-15

		–50

		–68.3

		18.3

		–62.9

		12.9

		–60.9

		10.9

		–68.0

		18.0

		–66.0

		16.0

		–63.0

		13.0



		N-14

		–50

		–68.3

		18.3

		–62.8

		12.8

		–60.9

		10.9

		–67.1

		17.1

		–65.5

		15.5

		–62.6

		12.6



		N-13

		–57

		–68.4

		11.4

		–62.4

		5.4

		–60.4

		3.4

		–67.0

		10.0

		–64.9

		7.9

		–61.6

		4.6



		N-12

		–57

		–68.3

		11.3

		–61.8

		4.8

		–60.9

		3.8

		–67.6

		10.6

		–65.0

		8.0

		–61.6

		4.6



		N-11

		–57

		–68.1

		11.1

		–60.4

		3.4

		–60.9

		3.8

		–67.0

		10.0

		–64.5

		7.5

		–60.1

		3.1



		N-10

		–57

		–66.6

		9.6

		–59.8

		2.8

		–60.9

		3.9

		–66.6

		9.6

		–64.4

		7.4

		–60.0

		3.0



		N-9

		–57

		–65.8

		8.8

		–60.9

		3.8

		–60.9

		3.9

		–65.5

		8.5

		–63.5

		6.5

		–60.0

		3.0



		N-8

		–57

		–63.7

		6.7

		–60.3

		3.3

		–60.4

		3.4

		–65.5

		8.5

		–62.9

		5.9

		–59.5

		2.5



		N-7

		–57

		–61.6

		4.6

		–58.4

		1.4

		–60.8

		3.8

		–65.6

		8.6

		–62.4

		5.4

		–59.0

		2.0



		N-6

		–57

		–64.7

		7.7

		–58.4

		1.4

		–60.4

		3.4

		–65.5

		8.5

		–61.9

		4.9

		–59.0

		2.0



		N-5

		–56

		–65.6

		9.6

		–56.8

		0.8

		–59.9

		3.9

		–63.6

		7.6

		–61.4

		5.4

		–57.0

		1.0



		N-4

		–52

		–59.4

		7.3

		–54.7

		2.7

		–59.9

		7.9

		–62.2

		10.2

		–59.1

		7.1

		–54.5

		2.5



		N-3

		–48

		–52.3

		4.3

		–53.4

		5.4

		–57.4

		9.4

		–58.8

		10.8

		–57.1

		9.1

		–50.2

		2.2



		N-2

		–44

		–45.6

		1.6

		–49.3

		5.3

		–54.9

		10.9

		–51.2

		7.1

		–52.7

		8.7

		–50.1

		6.1



		N-1

		–33

		–38.3

		5.3

		–39.3

		6.3

		–43.1

		10.1

		–41.2

		8.2

		–42.2

		9.2

		–39.2

		6.2



		N+1

		–33

		–36.3

		3.3

		–39.3

		6.3

		–40.9

		7.9

		–40.0

		7.0

		–41.7

		8.7

		–39.4

		6.4



		N+2

		–44

		–46.5

		2.5

		–51.7

		7.7

		–51.4

		7.4

		–58.2

		14.2

		–56.2

		12.2

		–52.8

		8.8



		N+3

		–48

		–56.3

		8.3

		–54.7

		6.7

		–55.4

		7.4

		–60.7

		12.7

		–58.0

		10.0

		–54.8

		6.8



		N+4

		–52

		–59.9

		7.9

		–56.8

		4.8

		–57.8

		5.8

		–61.2

		9.2

		–60.0

		8.0

		–57.5

		5.5



		N+5

		–56

		–62.3

		6.3

		–58.4

		2.3

		–59.4

		3.4

		–62.8

		6.8

		–60.9

		4.9

		–58.0

		2.0



		N+6

		–57

		–66.6

		9.6

		–58.3

		1.3

		–60.4

		3.4

		–64.0

		7.0

		–61.4

		4.4

		–59.0

		2.0



		N+7

		–57

		–60.2

		3.2

		–59.8

		2.8

		–60.4

		3.4

		–64.9

		7.9

		–62.4

		5.4

		–60.0

		3.0



		N+8

		–57

		–66.5

		9.5

		–60.7

		3.7

		–59.9

		2.9

		–65.5

		8.5

		–63.4

		6.4

		–61.0

		4.0



		N+9

		–57

		–66.9

		9.9

		–61.3

		4.3

		–60.4

		3.4

		–65.5

		8.5

		–64.4

		7.4

		–61.0

		4.0



		N+10

		–57

		–66.5

		9.5

		–62.3

		5.3

		–60.4

		3.4

		–65.9

		8.9

		–64.9

		7.9

		–62.5

		5.5



		N+11

		–57

		–67.7

		10.7

		–62.3

		5.3

		–61.4

		4.4

		–66.5

		9.5

		–65.9

		8.9

		–62.0

		5.0



		N+12

		–57

		–68.1

		11.1

		–62.8

		5.8

		–61.9

		4.9

		–66.0

		9.0

		–65.5

		8.5

		–63.0

		6.0



		N+13

		–57

		–68.5

		11.5

		–62.8

		5.8

		–61.4

		4.4

		–67.0

		10.0

		–66.4

		9.4

		–62.9

		5.9



		N+14

		–50

		–59.1

		9.1

		–62.8

		12.8

		–61.9

		11.9

		–67.5

		17.5

		–66.4

		16.4

		–63.0

		13.0



		N+15

		–50

		–57.3

		7.3

		–62.8

		12.8

		–61.4

		11.4

		–68.5

		18.5

		–66.9

		16.9

		–62.6

		12.6








[bookmark: _Toc392146587]TABLE A.2

D/U for a Weak DTV Signal (–68 dBm) (2 of 2)

		Undesired
DTV
Channel

		A/74 D/U
Thres-hold
(dB)

		Receiver 7

		Receiver 8

		Receiver 9

		Receiver 10

		Receiver 11

		Receiver 12



		

		

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)



		N-15

		–50

		–63.7

		13.7

		–60.4

		10.4

		–60.6

		10.6

		–62.9

		12.9

		–57.9

		7.9

		–57.6

		7.6



		N-14

		–50

		–63.2

		13.2

		–60.1

		10.1

		–60.1

		10.1

		–62.9

		12.9

		–58.0

		8.0

		–57.3

		7.3



		N-13

		–57

		–62.3

		5.3

		–59.6

		2.6

		–59.2

		2.2

		–62.9

		5.9

		–57.0

		0.0

		–56.8

		–0.2



		N-12

		–57

		–61.3

		4.3

		–58.7

		1.7

		–58.8

		1.8

		–62.9

		5.9

		–58.0

		1.0

		–56.0

		–1.0



		N-11

		–57

		–61.3

		4.3

		–57.7

		0.7

		–58.5

		1.5

		–61.6

		4.6

		–56.5

		–0.5

		–55.9

		–1.1



		N-10

		–57

		–61.3

		4.3

		–56.7

		–0.3

		–57.6

		0.5

		–61.5

		4.5

		–56.5

		–0.5

		–55.4

		–1.6



		N-9

		–57

		–58.7

		1.7

		–56.6

		–0.4

		–57.4

		0.4

		–59.9

		2.9

		–55.4

		–1.6

		–54.7

		–2.3



		N-8

		–57

		–60.2

		3.2

		–57.7

		0.7

		–57.5

		0.5

		–59.9

		2.9

		–55.4

		–1.6

		–53.6

		–3.4



		N-7

		–57

		–59.2

		2.2

		–56.6

		–0.4

		–56.9

		–0.1

		–57.4

		0.4

		–54.9

		–2.1

		–53.2

		–3.8



		N-6

		–57

		–58.2

		1.2

		–56.1

		–0.9

		–55.6

		–1.4

		–57.4

		0.4

		–54.9

		–2.1

		–53.1

		–3.9



		N-5

		–56

		–56.6

		0.6

		–55.1

		–0.9

		–55.0

		–1.0

		–55.9

		–0.1

		–54.9

		–1.1

		–52.3

		–3.7



		N-4

		–52

		–54.6

		2.6

		–53.6

		1.6

		–53.3

		1.3

		–52.6

		0.6

		–54.9

		2.9

		–50.1

		–1.9



		N-3

		–48

		–54.1

		6.1

		–53.2

		5.2

		–52.7

		4.7

		–51.6

		3.6

		–48.9

		0.9

		–49.7

		1.7



		N-2

		–44

		–52.8

		8.8

		–51.0

		7.0

		–51.8

		7.7

		–52.7

		8.7

		–44.5

		0.5

		–49.6

		5.6



		N-1

		–33

		–37.3

		4.3

		–40.7

		7.7

		–41.5

		8.5

		–39.2

		6.2

		–37.7

		4.7

		–24.6

		–8.4



		N+1

		–33

		–39.5

		6.5

		–37.9

		4.9

		–36.0

		3.0

		–33.6

		0.6

		–37.7

		4.7

		–40.8

		7.8



		N+2

		–44

		–53.7

		9.7

		–49.3

		5.3

		–48.7

		4.7

		–50.9

		6.9

		–47.8

		3.8

		–48.7

		4.7



		N+3

		–48

		–55.7

		7.7

		–53.2

		5.2

		–53.9

		5.9

		–53.7

		5.7

		–53.4

		5.4

		–50.6

		2.6



		N+4

		–52

		–57.6

		5.6

		–54.6

		2.6

		–55.8

		3.8

		–55.0

		3.0

		–53.5

		1.5

		–51.7

		–0.3



		N+5

		–56

		–59.2

		3.2

		–56.1

		0.1

		–57.0

		1.0

		–57.7

		1.7

		–53.5

		–2.6

		–52.7

		–3.3



		N+6

		–57

		–59.7

		2.7

		–56.7

		–0.4

		–57.6

		0.6

		–59.9

		2.9

		–53.4

		–3.6

		–53.2

		–3.8



		N+7

		–57

		–59.7

		2.7

		–58.2

		1.2

		–58.0

		1.0

		–61.5

		4.5

		–54.4

		–2.6

		–54.1

		–2.9



		N+8

		–57

		–60.6

		3.6

		–57.2

		0.2

		–58.1

		1.1

		–61.9

		4.9

		–51.5

		–5.5

		–55.3

		–1.7



		N+9

		–57

		–61.2

		4.2

		–57.6

		0.6

		–59.3

		2.3

		–62.8

		5.8

		–55.4

		–1.6

		–56.0

		–1.0



		N+10

		–57

		–62.2

		5.2

		–59.1

		2.1

		–59.9

		2.9

		–62.9

		5.9

		–55.9

		–1.1

		–56.7

		–0.3



		N+11

		–57

		–62.6

		5.6

		–59.2

		2.2

		–60.3

		3.3

		–62.9

		5.9

		–56.4

		–0.6

		–57.2

		0.2



		N+12

		–57

		–64.2

		7.2

		–60.7

		3.6

		–60.6

		3.6

		–62.8

		5.8

		–56.8

		–0.2

		–58.7

		1.7



		N+13

		–57

		–64.2

		7.2

		–60.6

		3.6

		–60.7

		3.7

		–62.9

		5.9

		–57.5

		0.4

		–59.9

		2.9



		N+14

		–50

		–64.2

		14.2

		–60.7

		10.7

		–60.6

		10.6

		–62.9

		12.9

		–57.4

		7.4

		–60.2

		10.2



		N+15

		–50

		–64.2

		14.2

		–60.2

		10.2

		–60.5

		10.5

		–62.8

		12.8

		–56.9

		6.9

		–60.8

		10.8





Note: Values in red failed to meet the A/74 receiver performance guidelines.




[bookmark: _Toc392146588]Table A.3

D/U for a Very Weak DTV Signal (–78 dBm) (1 of 2)

		Undesired
DTV
Channel

		A/74 D/U
Threshold
(dB)

		Receiver 1

		Receiver 2

		Receiver 3

		Receiver 4

		Receiver 5

		Receiver 6



		

		

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)



		N-15

		n/a

		–77.6

		27.6

		–62.8

		12.8

		–60.9

		10.9

		–66.7

		16.7

		–62.0

		12.0

		–62.6

		12.6



		N-14

		n/a

		–77.6

		27.6

		–62.4

		12.4

		–60.9

		10.9

		–66.2

		16.2

		–61.5

		11.5

		–61.6

		11.6



		N-13

		n/a

		–77.4

		20.4

		–61.4

		4.4

		–60.4

		3.4

		–66.3

		9.3

		–61.4

		4.4

		–60.6

		3.6



		N-12

		n/a

		–77.3

		20.3

		–61.4

		4.4

		–60.8

		3.8

		–65.7

		8.7

		–60.9

		3.9

		–60.6

		3.6



		N-11

		n/a

		–75.9

		18.9

		–59.9

		2.9

		–60.4

		3.4

		–65.2

		8.2

		–60.5

		3.5

		–60.0

		3.0



		N-10

		n/a

		–75.5

		18.5

		–59.8

		2.8

		–60.4

		3.4

		–64.8

		7.8

		–60.9

		3.9

		–60.0

		3.0



		N-9

		n/a

		–74.9

		17.9

		–59.9

		2.8

		–60.9

		3.9

		–64.2

		7.2

		–60.5

		3.5

		–60.0

		3.0



		N-8

		n/a

		–72.5

		15.5

		–59.3

		2.3

		–60.4

		3.4

		–63.1

		6.1

		–58.9

		1.9

		–60.0

		3.0



		N-7

		n/a

		–68.8

		11.8

		–57.8

		0.8

		–60.8

		3.8

		–63.7

		6.7

		–58.4

		1.4

		–58.6

		1.6



		N-6

		n/a

		–63.6

		6.6

		–57.8

		0.8

		–60.4

		3.4

		–62.7

		5.7

		–57.9

		0.9

		–58.0

		0.9



		N-5

		n/a

		–60.7

		4.7

		–55.8

		–0.2

		–59.9

		3.9

		–61.7

		5.7

		–57.4

		1.4

		–55.5

		–0.5



		N-4

		n/a

		–57.0

		5.0

		–52.7

		0.7

		–59.4

		7.4

		–59.7

		7.7

		–56.9

		4.9

		–53.6

		1.6



		N-3

		n/a

		–49.4

		1.4

		–52.8

		4.8

		–57.4

		9.4

		–57.7

		9.7

		–55.5

		7.4

		–51.9

		3.9



		N-2

		n/a

		–43.1

		–0.9

		–48.4

		4.4

		–55.2

		11.2

		–51.2

		7.2

		–51.3

		7.3

		–45.5

		1.5



		N-1

		n/a

		–36.6

		3.6

		–38.7

		5.7

		–42.1

		9.1

		–41.1

		8.1

		–41.9

		8.9

		–39.0

		6.0



		N+1

		n/a

		–32.2

		–0.8

		–38.8

		5.8

		–39.8

		6.8

		–40.3

		7.3

		–41.4

		8.3

		–37.7

		4.7



		N+2

		n/a

		–43.4

		–0.6

		–50.9

		6.9

		–51.0

		7.0

		–56.7

		12.7

		–54.8

		10.8

		–51.7

		7.7



		N+3

		n/a

		–53.1

		5.1

		–53.7

		5.7

		–54.8

		6.8

		–58.2

		10.2

		–56.1

		8.1

		–54.1

		6.1



		N+4

		n/a

		–58.3

		6.3

		–55.3

		3.3

		–57.8

		5.8

		–59.7

		7.7

		–56.6

		4.6

		–56.9

		4.9



		N+5

		n/a

		–65.3

		9.3

		–57.4

		1.3

		–59.4

		3.4

		–60.2

		4.2

		–57.4

		1.4

		–58.0

		2.0



		N+6

		n/a

		–73.9

		16.9

		–57.8

		0.8

		–60.4

		3.4

		–61.2

		4.2

		–57.9

		0.9

		–58.6

		1.6



		N+7

		n/a

		–67.5

		10.5

		–58.8

		1.8

		–60.4

		3.4

		–61.7

		4.7

		–58.9

		1.9

		–59.5

		2.5



		N+8

		n/a

		–75.5

		18.5

		–60.3

		3.3

		–59.9

		2.9

		–62.7

		5.7

		–60.9

		3.9

		–59.5

		2.5



		N+9

		n/a

		–75.6

		18.6

		–60.3

		3.3

		–60.4

		3.4

		–63.1

		6.1

		–61.5

		4.5

		–60.5

		3.5



		N+10

		n/a

		–72.5

		15.5

		–61.3

		4.3

		–60.4

		3.4

		–63.1

		6.1

		–61.9

		4.9

		–60.9

		3.9



		N+11

		n/a

		–76.0

		19.0

		–61.8

		4.8

		–60.8

		3.8

		–64.7

		7.7

		–62.4

		5.4

		–61.5

		4.5



		N+12

		n/a

		–76.9

		19.9

		–62.8

		5.8

		–61.4

		4.4

		–65.7

		8.7

		–62.9

		5.9

		–62.6

		5.6



		N+13

		n/a

		–75.9

		18.9

		–62.7

		5.7

		–61.4

		4.4

		–66.7

		9.6

		–63.4

		6.4

		–62.9

		5.9



		N+14

		n/a

		–55.8

		5.8

		–62.7

		12.7

		–61.4

		11.4

		–67.1

		17.1

		–65.4

		15.4

		–62.9

		12.9



		N+15

		n/a

		–54.8

		4.8

		–62.8

		12.8

		–61.4

		11.4

		–67.7

		17.7

		–65.4

		15.4

		–63.0

		13.0





Note: Values in red failed to meet the A/74 receiver performance guidelines.




[bookmark: _Toc392146589]Table A.4

D/U for a Very Weak DTV Signal (–78 dBm) (2 of 2)

		Undesired
DTV
Channel

		A/74 D/U
Threshold
(dB)

		Receiver 7

		Receiver 8

		Receiver 9

		Receiver 10

		Receiver 11

		Receiver 12



		

		

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)

		D/U
(dB)

		A/74
Delta
(dB)



		N-15

		n/a

		–61.2

		11.2

		–57.8

		7.8

		–57.9

		7.9

		–62.9

		12.9

		–58.9

		8.9

		–56.7

		6.7



		N-14

		n/a

		–61.2

		11.2

		–57.8

		7.8

		–57.9

		7.9

		–62.9

		12.9

		–58.9

		8.9

		–56.3

		6.3



		N-13

		n/a

		–61.3

		4.3

		–57.9

		0.9

		–58.0

		1.0

		–62.5

		5.5

		–58.5

		1.5

		–55.7

		–1.3



		N-12

		n/a

		–61.3

		4.3

		–58.2

		1.2

		–58.0

		1.0

		–61.4

		4.4

		–57.0

		0.0

		–55.1

		–1.9



		N-11

		n/a

		–61.2

		4.2

		–58.2

		1.2

		–57.9

		0.9

		–60.0

		3.0

		–57.5

		0.5

		–54.8

		–2.3



		N-10

		n/a

		–61.3

		4.3

		–58.3

		1.3

		–58.0

		1.0

		–60.5

		3.5

		–57.5

		0.5

		–54.4

		–2.6



		N-9

		n/a

		–60.7

		3.7

		–58.1

		1.1

		–57.9

		0.9

		–59.4

		2.4

		–57.4

		0.4

		–53.7

		–3.3



		N-8

		n/a

		–60.2

		3.2

		–57.7

		0.7

		–57.8

		0.8

		–58.9

		1.9

		–54.9

		–2.1

		–52.7

		–4.3



		N-7

		n/a

		–59.2

		2.2

		–56.1

		–0.9

		–56.1

		–0.9

		–57.4

		0.4

		–54.9

		–2.1

		–52.3

		–4.7



		N-6

		n/a

		–57.2

		0.2

		–55.6

		–1.4

		–55.3

		–1.7

		–57.4

		0.4

		–55.4

		–1.6

		–52.2

		–4.8



		N-5

		n/a

		–56.1

		0.1

		–54.6

		–1.4

		–54.6

		–1.4

		–54.5

		–1.6

		–53.9

		–2.2

		–51.3

		–4.8



		N-4

		n/a

		–54.1

		2.1

		–53.6

		1.6

		–53.2

		1.2

		–51.4

		–0.6

		–53.4

		1.4

		–49.1

		–2.9



		N-3

		n/a

		–53.1

		5.1

		–52.1

		4.1

		–51.7

		3.6

		–49.9

		1.8

		–50.4

		2.4

		–49.0

		1.0



		N-2

		n/a

		–51.9

		7.9

		–50.2

		6.2

		–50.4

		6.4

		–51.3

		7.3

		–43.5

		–0.5

		–49.3

		5.3



		N-1

		n/a

		–38.2

		5.2

		–40.5

		7.5

		–41.3

		8.3

		–38.7

		5.7

		–36.6

		3.6

		–25.0

		–8.0



		N+1

		n/a

		–38.6

		5.6

		–36.9

		3.9

		–35.9

		2.9

		–37.4

		4.4

		–36.3

		3.3

		–34.3

		1.3



		N+2

		n/a

		–53.0

		9.0

		–48.4

		4.4

		–47.9

		3.9

		–49.6

		5.6

		–49.8

		5.8

		–49.3

		5.3



		N+3

		n/a

		–55.7

		7.6

		–51.7

		3.7

		–53.7

		5.7

		–53.1

		5.1

		–52.4

		4.4

		–49.9

		1.9



		N+4

		n/a

		–56.6

		4.6

		–54.1

		2.1

		–55.2

		3.2

		–55.0

		3.0

		–52.5

		0.4

		–51.0

		–1.1



		N+5

		n/a

		–58.7

		2.7

		–55.1

		–0.9

		–57.2

		1.2

		–56.9

		0.9

		–50.9

		–5.1

		–52.1

		–3.9



		N+6

		n/a

		–59.2

		2.2

		–56.7

		–0.3

		–56.9

		–0.1

		–56.9

		–0.1

		–50.8

		–6.2

		–52.3

		–4.7



		N+7

		n/a

		–61.2

		4.2

		–57.6

		0.6

		–58.2

		1.2

		–58.9

		1.9

		–53.9

		–3.1

		–53.6

		–3.4



		N+8

		n/a

		–61.2

		4.2

		–58.6

		1.6

		–58.2

		1.2

		–58.5

		1.5

		–50.9

		–6.1

		–54.3

		–2.7



		N+9

		n/a

		–61.2

		4.2

		–58.2

		1.2

		–58.0

		1.0

		–60.9

		3.9

		–55.4

		–1.6

		–55.1

		–1.9



		N+10

		n/a

		–61.2

		4.2

		–58.1

		1.1

		–58.1

		1.1

		–62.9

		5.9

		–55.9

		–1.1

		–56.0

		–1.0



		N+11

		n/a

		–61.2

		4.2

		–58.2

		1.2

		–58.0

		1.0

		–62.8

		5.8

		–57.4

		0.4

		–56.0

		–1.0



		N+12

		n/a

		–61.3

		4.2

		–58.2

		1.2

		–58.1

		1.1

		–62.8

		5.8

		–57.4

		0.4

		–58.0

		1.0



		N+13

		n/a

		–61.2

		4.2

		–58.1

		1.1

		–58.1

		1.1

		–62.9

		5.9

		–57.9

		0.9

		–59.0

		2.0



		N+14

		n/a

		–61.2

		11.2

		–58.2

		8.2

		–58.2

		8.2

		–62.8

		12.8

		–56.4

		6.4

		–59.3

		9.3



		N+15

		n/a

		–61.2

		11.2

		–58.2

		8.2

		–60.9

		10.9

		–62.8

		12.8

		–58.9

		8.9

		–59.6

		9.6





Note: Values in red failed to meet the A/74 receiver performance guidelines.
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[bookmark: _Toc392146590]Table B.1

Average D/U for multiple DTV-into-DTV scenarios at –68 dBm 

		k

		D/U at Weak Desired Power Level (dB)



		

		N+k

		N+2k

		N+k and N+2k

		N+k to N+k+4



		

		Avg

		Min

		Max

		Avg

		Min

		Max

		Avg

		Min

		Max

		Avg

		Min

		Max



		1

		–39.3

		–41.7

		–37.7

		–52.6

		–58.2

		–47.8

		–37.4

		–40.4

		–34.9

		–37.3

		–38.9

		–36.2



		2

		–52.6

		–58.2

		–47.8

		–57.2

		–61.2

		–53.5

		–43.4

		–45.9

		–39.2

		–42.0

		–43.9

		–37.6



		3

		–56.0

		–60.7

		–53.2

		–58.8

		–64.0

		–53.4

		–44.1

		–47.6

		–38.6

		–44.8

		–47.7

		–39.7



		4

		–57.2

		–61.2

		–53.5

		–59.6

		–65.5

		–51.5

		–45.1

		–48.7

		–38.9

		–47.9

		–50.3

		–44.7



		5

		–58.3

		–62.8

		–53.5

		–61.6

		–65.9

		–55.9

		–46.3

		–49.7

		–40.4

		–50.4

		–53.6

		–45.7



		6

		–58.8

		–64.0

		–53.4

		–62.3

		–66.0

		–56.8

		–46.6

		–49.8

		–41.2

		–52.4

		–56.3

		–45.2



		7

		–60.0

		–64.9

		–54.4

		–62.9

		–67.5

		–57.4

		–47.8

		–51.4

		–42.3

		–52.7

		–56.5

		–45.5





[bookmark: _Toc392146591]

Table B.2

Average D/U for multiple DTV-into-DTV scenarios at –78 dBm 

		k

		D/U at Very Weak Desired Power Level (dB)



		

		N+k

		N+2k

		N+k and N+2k

		N+k to N+k+4



		

		Avg

		Min

		Max

		Avg

		Min

		Max

		Avg

		Min

		Max

		Avg

		Min

		Max



		1

		–38.7

		–41.4

		–36.3

		–52.1

		–56.7

		–48.4

		–37.6

		–40.4

		–35.0

		–37.4

		–39.5

		–35.2



		2

		–52.1

		–56.7

		–48.4

		–55.6

		–59.7

		–52.5

		–44.0

		–45.6

		–41.6

		–42.5

		–44.5

		–40.3



		3

		–54.4

		–58.2

		–51.7

		–56.9

		–61.2

		–50.8

		–45.1

		–47.8

		–42.0

		–44.9

		–47.0

		–42.0



		4

		–55.6

		–59.7

		–52.5

		–58.7

		–62.7

		–50.9

		–46.0

		–48.8

		–41.9

		–47.8

		–49.9

		–44.4



		5

		–56.2

		–60.2

		–50.9

		–60.1

		–63.1

		–55.9

		–47.3

		–50.2

		–42.9

		–50.4

		–52.7

		–45.3



		6

		–56.9

		–61.2

		–50.8

		–61.4

		–65.7

		–57.4

		–47.9

		–51.4

		–42.8

		–51.6

		–56.2

		–44.8



		7

		–58.2

		–61.7

		–53.9

		–61.9

		–67.1

		–56.4

		–49.1

		–52.5

		–43.9

		–51.7

		–56.5

		–44.4
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ATSC receiver performance in the presence of interference
 from ATSC signals on adjacent channels
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[bookmark: _Toc401218324]1	Introduction

Twenty-five ATSC receivers more recently manufactured (circa 2013) were measured for ATSC protection ratios caused by other ATSC signals in one or more neighbouring channels.  The tests were made to evaluate the susceptibility of ATSC receivers to unwanted signals on multiple adjacent channels[footnoteRef:1].  The susceptibility of the ATSC receiver is compared to the protection ratios in Recommendation ITU-R BT.1368-11. [1:  These tests were made by Charles W. Rhodes (formerly Chief Scientist for the Advanced Television Test Center), Linley Gumm (formerly with Tektronix), and Stan Knight (formerly Chief Scientist for DIVA).] 


[bookmark: _Toc401218325]2	Receiver performance tests

[bookmark: _Toc401218326]2.1	Receivers tested

The receivers tested are all mass production consumer models from various manufacturers and purchased in the United States.  Table 1 tabulates the 25 ATSC receivers manufactured in 2012 to 2013 which were used in the tests. The receivers are the same as those tested in Annex 3A.  All of the receivers contained single conversion tuners. Six of the receivers contained conventional discrete “can” tuners with a 44 MHz IF centre frequency. Fifteen of the receivers contained IC-based “silicon” tuners that used a low IF frequency. The type of tuner in the remaining four receivers could not be determined.  Receiver Rx 31 was a “computer-dongle” whose performance was so poor that its test results are not included in the analysis.

Table 1

ATSC receivers tested (circa 2013)

		Receiver Name

		Rx
30

		Rx
31*

		Rx
32

		Rx
33

		Rx
34

		Rx
35

		Rx
36

		Rx
37

		Rx
37

		Rx
39

		Rx
40

		Rx
41

		Rx
42



		Tuner Type**

		SCT
Si

		SCT
Si

		SCT
Can

		SCT
Can

		SCT
Si

		SCT 
Si

		SCT 
Si

		SCT 
Can

		SCT 
Si

		SCT
***

		SCT
Si

		SCT
Si

		SCT 
Si



		Receiver Name

		Rx
43

		Rx
44

		Rx
45

		Rx
46

		Rx
47

		Rx
48

		Rx
49

		Rx
50

		Rx
51

		Rx
52

		Rx
53

		RX
54

		



		Tuner Type**

		SCT 
Si

		SCT 
Si

		SCT 
Si

		SCT
***

		SCT
***

		SCT 
Si

		SCT 
Si

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT
Si

		SCT
***

		



		* 	Not included in the analysis – poor receiver performance
**	SCT: Single conversion tuner; Si: “Silicon” tuner with a low IF frequency; Can: “Can” tuner with a 44 MHz IF
***	Indeterminate







[bookmark: _Toc401218327]2.2	Receiver test setup and test methodology

The receiver test setup and test methodologies including the subjective failure point method are the same as that described in Annex 3A.

[bookmark: _Toc401218328]2.3	Description of tests

The wanted 6 MHz ATSC signal frequency was centred at 557 MHz (N = Channel 28) or at a 6 MHz interval below 557 MHz in the UHF band.  The unwanted 6 MHz ATSC signal was placed on channels 29 (N+1) through 38 (N+10). The protection ratio was measured for single interferers at fixed power levels of –11, –14, –17, –20, –23, –26, –29, –32, –38, –44, ‑50, and -56 (for N+1) dBm.  Desensitisation was measured as the difference between the noise limited threshold of the receiver and the threshold of the receiver in the presence of single interferers.  All 24 receivers were measured for adjacent channel interference N+1 through N+4.  For adjacent channel interference in channels N+5, N+6, and N+10 only seventeen receivers (Rx30 and Rx32 through Rx 47) were measured due to limited test time.

[bookmark: _Toc401218329]3	Test results

The following sections summarized the test results.  Detailed results are tabulated in Appendix A.

[bookmark: _Toc401218330]3.1	Protection ratios of ATSC receivers (circa 2013)

Table 1 summarizes the wanted to unwanted signal power ratios of the 24 ATSC receivers (circa 2013) necessary to ensure reception at the 90th percentile threshold level in the presence of unwanted ATSC signals on the adjacent channels (N+1, N+2, N+3, N+4, N+5, N+6, and N+10) at various unwanted interference signal levels. 

Table 1

90th percentile signal power ratios  (dB) for a wanted ATSC signal on channel N
 in the presence of an unwanted ATSC signals on adjacent channels
 at various signal powers (ATSC receivers, circa 2013)

		Type of interference

		Unwanted Signal Power (dBm)



		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		N+1

		-29.5

		-30.8

		-32.0

		-31.5

		-31.2

		-32.2

		-31.5

		-31.7

		-31.7



		N+2

		-33.7

		-39.3

		-44.5

		-48.0

		-48.5

		-48.2

		-48.5

		-48.2

		-48.2



		N+3

		-34.5

		-40.5

		-46.2

		-50.2

		-52.7

		-53.7

		-53.2

		-53.2

		-53.5



		N+4

		-35.5

		-41.2

		-46.7

		-51.2

		-53.7

		-54.7

		-55.3

		-55.3

		-54.7



		N+5

		-36.3

		-42.0

		-47.8

		-52.5

		-55.1

		-57.1

		-57.5

		-57.0

		-57.6



		N+6

		-36.3

		-42.0

		-47.8

		-52.5

		-56.0

		-56.5

		-57.1

		-57.8

		-58.1



		N+10

		-35.8

		-41.8

		-47.5

		-53.5

		-57.0

		-58.9

		-59.8

		-59.5

		-59.8







Figures 1 to 7 illustrate the wanted to unwanted power ratios of the 24 ATSC receivers (Rx 30 and Rx 32 through Rx 54), circa 2013, necessary to ensure reception at the 90th percentile threshold level in the presence of unwanted interference from ATSC signals on adjacent channels N+1, N+2, N+3, N+4, N+5, N+6, and N+10, respectively, at various wanted signal levels.  Also plotted for comparison is the protection ratio from Recommendation ITU-R BT.1368.  It is noted that, except for weak wanted signals, the adjacent channel rejection for 90 percent of the receivers is at or below the protection ratio from Rec. BT.1368.

Figure 1

90th percentile signal threshold ratios of a wanted ATSC signal with interference
 from an unwanted ATSC signal in the first upper adjacent channel (N+1)
(ATSC receivers, circa 2013)

[image: ]

Figure 2

90th percentile signal threshold ratios of a wanted ATSC signal with interference
 from an unwanted ATSC signal in the adjacent channel N+2
(ATSC receivers, circa 2013)

[image: ]

Figure 3

90th percentile signal threshold ratios of a wanted ATSC signal with interference
 from an unwanted ATSC signal in the adjacent channel N+3
(ATSC receivers, circa 2013)

[image: ]

Figure 4

90th percentile signal threshold ratios of a wanted ATSC signal with interference
 from an unwanted ATSC signal in the adjacent channel N+4
(ATSC receivers, circa 2013)

[image: ]

Figure 5

90th percentile signal threshold ratios of a wanted ATSC signal with interference
 from an unwanted ATSC signal in the adjacent channel N+5
(ATSC receivers, circa 2013)

[image: ]

Figure 6

90th percentile signal threshold ratios of a wanted ATSC signal with interference
 from an unwanted ATSC signal in the adjacent channel N+6
(ATSC receivers, circa 2013)

[image: ]

Figure 7

90th percentile signal threshold ratios of a wanted ATSC signal with interference
 from an unwanted ATSC signal in the adjacent channel N+10
(ATSC receivers, circa 2013)

[image: ]

[bookmark: _Toc401218331]3.2	Receiver Desensitisation

Desensitization of the receiver is the increase in the minimum usable field strength at the receive antenna or the subsequent increase in the minimum input power to the receiver required for reception. The noise limited minimum input power, Dmin, for an ATSC receiver is nominally ‑84.5 dBm.  The presence of unwanted signals on adjacent channels will subsequently lead to a reduction in the coverage area.  Table 2 tabulates the increase in the minimum usable field strength in dB required to maintain reception of a 6 MHz ATSC signal on a UHF (470 – 806 MHz) channel N in the presence of ATSC signals on an adjacent channel.  The results represent the 90th percentile calculation for the 24 ATSC receivers.

Table 2

Increase in the minimum usable field strength (dB) required for reception of a 6 MHz ATSC signal (wanted) in the UHF band with interference from a 6 MHz ATSC signal (unwanted) on an adjacent channel at the given unwanted signal average power levels at the receiver input

		Type of interference

		Unwanted Signal Power (dBm)



		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		N+1

		5.4

		9.0

		14.5

		21.9

		27.5

		33.4

		36.6

		39.9

		42.9



		N+2

		0.5

		1.2

		2.4

		5.2

		10.4

		16.4

		19.0

		22.5

		25.5



		N+3

		0.0

		0.5

		1.0

		3.5

		6.5

		12.5

		15.0

		18.5

		21.0



		N+4

		0.0

		0.5

		1.0

		3.0

		6.5

		13.0

		15.0

		18.0

		21.0



		N+5

		0.0

		0.5

		1.0

		2.2

		5.6

		10.9

		13.1

		16.4

		19.2



		N+6

		0.0

		0.2

		0.5

		1.9

		5.2

		11.5

		13.2

		15.5

		18.7



		N+10

		0.0

		0.0

		0.0

		1.5

		4.0

		8.5

		11.2

		13.7

		17.0





Figure 8 illustrates the impact that adjacent channel interference has on the reception of an ATSC signal.  Interference on the first adjacent channel is the most significant.  However, interference ten channels removed from the wanted channel can significantly desensitise the receiver causing loss of reception of weak wanted signals.

Figure 8

Minimum usable field strength increase in dB required for reception of an ATSC signal on channel N
 in the presence of interference from an ATSC on an adjacent channel (N+1 to N+10)

[image: ]



[bookmark: _Toc401218332]4	Conclusion

Measurements of protection ratio thresholds and receiver desensitization were made on 24 ATSC receivers (6 “can”, 14 silicon, and four indeterminate tuners) under interference from ATSC signals on adjacent channels.  The results demonstrate that the protection ratios in Recommendation ITU-R BT.1368 are adequate except for weak wanted signals.  Significantly increases in signal field strength are required in order to maintain reception in the presence of adjacent channel interference.
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Tables A.1 to A.7 tabulate the results of tests on the ATSC receivers (Rx 30 and Rx 32 through Rx 54), circa 2013, for unwanted ATSC signals on adjacent channels N+1, N+2, N+3, N+4, N+5, N+6, and N+10, respectively.  Blank entries indicate that the measurements were not obtained.

Table A.1

Protection ratios (dB) for a wanted ATSC signal on channel 28 in the presence of
 an unwanted ATSC signal on channel 29 (N+1), ATSC receivers (circa 2013)

		Receiver
Rx

		Dmin
(dBm)

		Unwanted Signal Power on Channel 29 (N+1) (dBm)



		

		

		-56

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-83.0

		 

		-31.0

		-34.5

		-35.5

		-35.5

		-35.5

		-36.0

		-36.0

		-35.5

		-34.0



		32

		-83.0

		 

		-32.5

		-35.5

		-36.5

		-38.0

		-38.0

		-39.5

		-39.0

		-37.5

		-39.0



		33

		-84.5

		 

		-31.5

		-34.0

		-35.5

		-36.0

		-36.0

		-36.0

		-36.5

		-36.5

		-36.0



		34

		-85.5

		-28.5

		-31.5

		-33.5

		-33.5

		-34.5

		-34.5

		-34.5

		-34.5

		-34.5

		-34.5



		35

		-84.0

		-25.5

		-28.0

		-31.5

		-31.5

		-32.0

		-31.0

		-33.0

		-31.5

		-32.0

		-32.0



		36

		-83.5

		-26.5

		-29.5

		-30.5

		-32.0

		-32.5

		-31.5

		-33.0

		-32.5

		-32.0

		-32.0



		37

		-86.0

		-29.0

		-32.0

		-33.5

		-33.5

		-32.5

		-31.0

		-30.5

		-31.5

		-30.5

		-31.5



		38

		-84.5

		-27.5

		-30.5

		-31.5

		-33.0

		-33.5

		-33.5

		-33.5

		-33.0

		-33.0

		-33.5



		39

		-82.0

		-25.0

		-29.0

		-30.5

		-32.5

		-31.5

		-32.5

		-32.5

		-32.0

		-32.5

		-32.5



		40

		-85.5

		-29.0

		-32.0

		-33.5

		-33.0

		-30.5

		-29.0

		-29.5

		-31.0

		-28.5

		-31.5



		41

		-85.5

		-28.5

		-32.5

		-34.5

		-35.0

		-34.5

		-35.0

		-36.0

		-36.5

		-36.0

		-35.0



		42

		-85.5

		-27.0

		-29.5

		-31.5

		-32.0

		-32.0

		-32.0

		-32.5

		-33.0

		-32.0

		-32.0



		43

		-82.5

		-25.5

		-29.5

		-32.0

		-32.0

		-32.0

		-32.5

		-33.0

		-33.5

		-32.5

		-32.0



		44

		-85.5

		-26.0

		-29.5

		-30.5

		-32.0

		-31.5

		-32.0

		-32.0

		-31.5

		-31.5

		-31.0



		45

		-87.0

		-29.5

		-33.0

		-34.5

		-34.5

		-31.5

		-34.0

		-34.0

		-35.0

		-34.5

		-34.5



		46

		-84.5

		-27.5

		-31.5

		-34.5

		-35.0

		-34.5

		-34.5

		-36.5

		-37.0

		-36.5

		-36.0



		47

		-85.5

		-28.5

		-32.0

		-34.5

		-35.5

		-35.5

		-35.5

		-37.0

		-36.5

		-36.5

		-36.0



		48

		-87.0

		-31.0

		-37.0

		-42.0

		-45.5

		-41.0

		-40.0

		-40.5

		-39.0

		-38.5

		-37.5



		49

		-85.5

		-29.0

		-33.5

		-35.5

		-35.0

		-35.0

		-35.0

		-35.5

		-35.5

		-35.0

		-35.0



		50

		-86.5

		-30.5

		-36.5

		-41.5

		-46.0

		-47.5

		-48.0

		-49.0

		-47.5

		-47.5

		-47.0



		51

		-85.0

		-29.0

		-34.5

		-39.5

		-42.0

		-43.5

		-44.0

		-44.5

		-44.5

		-44.0

		-42.5



		52

		-85.0

		-29.0

		-34.5

		-39.0

		-42.0

		-42.5

		-43.0

		-42.0

		-41.0

		-38.0

		-33.5



		53

		-86.5

		-30.5

		-36.0

		-41.0

		-46.5

		-48.5

		-49.0

		-49.0

		-49.0

		-49.0

		-49.5



		54

		-86.5

		-30.0

		-35.0

		-37.0

		-37.0

		-38.0

		-38.0

		-38.5

		-38.5

		-38.0

		-38.5



		90th percentile

		-83.5

		-25.5

		-29.5

		-30.8

		-32.0

		-31.5

		-31.2

		-32.2

		-31.5

		-31.7

		-31.7



		50th percentile

		-85.5

		-28.5

		-32.0

		-34.5

		-35.0

		-34.5

		-34.8

		-35.8

		-35.8

		-35.3

		-34.5








Table A.2

Protection ratios (dB) for a wanted ATSC signal on channel 28 in the presence of
 an unwanted ATSC signal on channel 30 (N+2), ATSC receivers (circa 2013)

		Receiver
Rx

		Dmin
(dBm)

		Unwanted Signal Power on Channel 30 (N+2) (dBm)



		

		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-84.5

		-34.5

		-40.5

		-46.5

		-52.5

		-55.0

		-56.0

		-56.5

		-56.0

		-56.0



		32

		-83.5

		-35.0

		-41.0

		-47.0

		-51.5

		-54.5

		-55.0

		-55.5

		-55.0

		-55.0



		33

		-85.0

		-35.0

		-41.0

		-46.0

		-49.0

		-50.0

		-50.0

		-50.0

		-49.0

		-49.5



		34

		

		-35.5

		-40.5

		-45.5

		-48.0

		-47.0

		-48.0

		-48.5

		-48.0

		-48.0



		35

		

		-34.0

		-40.0

		-45.5

		-49.0

		-52.0

		-52.5

		-52.0

		-52.0

		-52.0



		36

		

		-33.5

		-39.0

		-44.0

		-47.0

		-48.5

		-48.5

		-48.5

		-48.0

		-48.0



		37

		

		-35.5

		-41.5

		-47.5

		-53.0

		-56.5

		-56.0

		-56.0

		-57.0

		-56.5



		38

		

		-34.5

		-40.0

		-44.5

		-48.5

		-50.5

		-50.5

		-50.5

		-50.5

		-50.5



		39

		

		-31.5

		-37.0

		-42.0

		-45.5

		-48.0

		-46.5

		-47.0

		-46.5

		-47.0



		40

		

		-35.5

		-41.5

		-47.5

		-53.0

		-56.0

		-56.0

		-56.0

		-56.5

		-57.0



		41

		-86.0

		-36.0

		-42.0

		-47.5

		-50.5

		-53.0

		-53.0

		-52.5

		-52.0

		-52.5



		42

		-85.5

		-35.5

		-41.5

		-46.5

		-49.5

		-52.0

		-53.0

		-52.5

		-51.5

		-52.0



		43

		-83.0

		-33.0

		-39.0

		-44.5

		-48.0

		-50.5

		-51.5

		-52.5

		-51.5

		-51.5



		44

		-85.0

		-35.5

		-41.0

		-46.0

		-49.5

		-52.0

		-53.0

		-52.5

		-51.5

		-52.5



		45

		-87.0

		-37.0

		-43.0

		-48.5

		-52.0

		-51.5

		-52.5

		-52.5

		-52.0

		-52.5



		46

		-84.5

		-34.5

		-40.5

		-46.0

		-51.5

		-55.5

		-59.5

		-61.0

		-61.0

		-60.5



		47

		-86.0

		-35.5

		-41.5

		-48.0

		-53.0

		-57.0

		-59.0

		-60.0

		-60.5

		-60.5



		48

		-87.5

		-37.5

		-43.5

		-49.5

		-54.5

		-57.0

		-56.0

		-57.0

		-57.5

		-57.5



		49

		-86.5

		-36.5

		-42.0

		-47.0

		-50.0

		-52.0

		-52.5

		-52.5

		-52.0

		-52.5



		50

		-87.0

		-37.0

		-43.0

		-49.0

		-53.5

		-54.0

		-54.5

		-55.5

		-55.5

		-57.5



		51

		-85.5

		-35.0

		-41.0

		-47.5

		-53.5

		-57.5

		-59.5

		-59.5

		-59.5

		-59.5



		52

		-85.5

		-35.0

		-41.0

		-47.5

		-52.0

		-53.5

		-54.0

		-54.0

		-53.5

		-52.5



		53

		-87.0

		-36.5

		-42.5

		-48.0

		-54.0

		-56.5

		-57.0

		-57.0

		-57.0

		-57.5



		54

		-87.0

		-37.0

		-41.0

		-44.5

		-48.5

		-48.5

		-47.5

		-48.5

		-48.5

		-48.5



		90th percentile

		-84.1

		-33.7

		-39.3

		-44.5

		-48.0

		-48.5

		-48.2

		-48.5

		-48.2

		-48.2



		50th percentile

		-85.5

		-35.5

		-41.0

		-46.8

		-51.0

		-52.5

		-53.0

		-52.5

		-52.0

		-52.5










Table A.3

Protection ratios (dB) for a wanted ATSC signal on channel 28 in the presence of
 an unwanted ATSC signal on channel 31 (N+3), ATSC receivers (circa 2013)

		Receiver
Rx

		Dmin
(dBm)

		Unwanted Signal Power on Channel 31 (N+3) (dBm)



		

		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-85.0

		-35.0

		-41.0

		-47.0

		-53.0

		-59.0

		-65.0

		-65.0

		-66.0

		-66.5



		32

		-84.0

		-35.5

		-41.5

		-47.5

		-53.5

		-59.5

		-61.5

		-62.0

		-62.5

		-62.5



		33

		-85.5

		-36.0

		-42.0

		-48.0

		-54.0

		-58.0

		-60.0

		-60.0

		-60.0

		-60.0



		34

		-86.5

		-36.5

		-42.5

		-48.5

		-53.0

		-55.0

		-55.5

		-56.0

		-55.0

		-55.5



		35

		-84.5

		-34.5

		-40.5

		-46.5

		-50.5

		-54.0

		-54.5

		-54.5

		-53.5

		-55.0



		36

		-84.5

		-34.5

		-40.5

		-46.5

		-50.5

		-53.0

		-54.5

		-53.0

		-54.0

		-53.5



		37

		-86.5

		-36.0

		-42.0

		-48.0

		-53.5

		-58.0

		-56.0

		-57.5

		-58.0

		-58.0



		38

		-85.5

		-35.5

		-41.0

		-46.0

		-50.0

		-52.5

		-52.5

		-53.0

		-53.0

		-53.0



		39

		-82.0

		-32.0

		-38.0

		-43.5

		-48.0

		-51.0

		-51.0

		-51.5

		-51.5

		-52.0



		40

		-86.0

		-36.0

		-42.0

		-48.0

		-53.5

		-58.0

		-57.0

		-58.0

		-59.0

		-59.0



		41

		-87.5

		-36.5

		-42.5

		-48.5

		-52.5

		-55.0

		-56.0

		-56.0

		-55.5

		-55.5



		42

		-86.0

		-36.0

		-42.0

		-47.0

		-51.0

		-54.0

		-54.0

		-55.0

		-54.5

		-54.0



		43

		-83.5

		-33.5

		-39.5

		-45.5

		-49.0

		-52.5

		-54.0

		-54.0

		-54.0

		-54.5



		44

		-86.0

		-36.0

		-42.0

		-47.5

		-51.0

		-54.5

		-54.0

		-55.5

		-54.5

		-54.5



		45

		-87.5

		-37.5

		-43.5

		-49.5

		-54.5

		-53.0

		-55.0

		-55.5

		-55.0

		-56.0



		46

		-85.0

		-35.0

		-41.0

		-47.0

		-52.0

		-56.5

		-60.0

		-62.5

		-63.0

		-62.5



		47

		-86.0

		-36.0

		-42.0

		-48.0

		-53.5

		-57.5

		-61.0

		-61.5

		-62.0

		-62.5



		48

		-88.0

		-38.0

		-44.0

		-50.0

		-55.5

		-58.5

		-57.5

		-59.0

		-59.0

		-60.0



		49

		-87.0

		-37.0

		-43.0

		-48.0

		-51.5

		-54.5

		-55.0

		-55.5

		-56.0

		-55.0



		50

		-87.0

		-37.0

		-43.0

		-49.5

		-54.0

		-54.5

		-59.5

		-60.0

		-59.5

		-60.0



		51

		-86.0

		-36.0

		-42.0

		-48.0

		-54.0

		-60.0

		-64.5

		-68.0

		-69.5

		-70.0



		52

		-86.0

		-36.0

		-42.0

		-48.5

		-54.0

		-60.0

		-65.0

		-66.5

		-67.0

		-67.0



		53

		-87.0

		-37.0

		-43.0

		-49.0

		-54.5

		-59.0

		-61.0

		-62.0

		-61.5

		-62.0



		54

		-87.5

		-37.5

		-42.5

		-47.0

		-51.0

		-58.5

		-53.5

		-53.5

		-53.0

		-53.5



		90th percentile

		-84.2

		-34.5

		-40.5

		-46.2

		-50.2

		-52.7

		-53.7

		-53.2

		-53.2

		-53.5



		50th percentile

		-86.0

		-36.0

		-42.0

		-48.0

		-53.0

		-55.8

		-56.0

		-56.8

		-57.0

		-57.0










Table A.4

Protection ratios (dB) for a wanted ATSC signal on channel 28 in the presence of
 an unwanted ATSC signal on channel 32 (N+4), ATSC receivers (circa 2013)

		Receiver
Rx

		Dmin
(dBm)

		Unwanted Signal Power on Channel 32 (N+4) (dBm)



		

		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-85.5

		-35.5

		-41.5

		-47.5

		-53.5

		-59.5

		-65.5

		-66.0

		-65.5

		-63.0



		32

		-83.5

		-35.5

		-41.5

		-47.5

		-53.5

		-59.5

		-62.5

		-63.0

		-63.0

		-63.0



		33

		-85.5

		-36.0

		-42.0

		-48.0

		-54.0

		-60.0

		-64.5

		-71.5

		-68.0

		-68.5



		34

		-87.5

		-37.0

		-43.0

		-49.0

		-54.0

		-57.5

		-58.0

		-57.5

		-58.0

		-58.0



		35

		-84.5

		-54.5

		-41.0

		-47.0

		-51.5

		-54.5

		-56.5

		-56.5

		-57.5

		-54.5



		36

		-85.5

		-35.5

		-41.5

		-46.5

		-52.0

		-55.0

		-57.0

		-56.5

		-57.5

		-56.5



		37

		-86.5

		-36.5

		-42.5

		-48.5

		-54.0

		-59.0

		-58.0

		-58.5

		-60.0

		-60.5



		38

		-86.0

		-36.0

		-42.0

		-47.0

		-51.0

		-54.0

		-53.0

		-54.5

		-55.0

		-55.0



		39

		-85.5

		-35.5

		-41.0

		-46.0

		-50.0

		-53.0

		-52.5

		-53.5

		-53.5

		-53.5



		40

		-86.5

		-36.5

		-42.5

		-48.5

		-54.0

		-59.0

		-58.0

		-60.0

		-60.0

		-60.5



		41

		-87.5

		-37.5

		-43.0

		-49.5

		-54.0

		-57.0

		-58.5

		-58.5

		-58.5

		-58.0



		42

		-87.0

		-37.0

		-42.5

		-48.5

		-52.5

		-55.0

		-55.5

		-56.5

		-56.5

		-56.5



		43

		-85.0

		-34.5

		-40.5

		-46.0

		-50.5

		-53.5

		-55.0

		-56.0

		-56.0

		-56.5



		44

		-87.0

		-37.0

		-42.5

		-48.5

		-52.5

		-55.5

		-57.5

		-57.5

		-57.0

		-57.0



		45

		-88.5

		-38.5

		-44.5

		-50.5

		-55.5

		-53.5

		-56.0

		-56.0

		-56.5

		-57.0



		46

		-86.0

		-36.0

		-41.5

		-47.5

		-53.5

		-58.0

		-61.0

		-63.0

		-63.5

		-64.0



		47

		-87.0

		-37.0

		-43.0

		-49.0

		-54.5

		-58.5

		-61.5

		-62.0

		-62.5

		-63.0



		48

		-88.5

		-38.5

		-44.5

		-50.5

		-56.5

		-61.0

		-58.5

		-60.5

		-60.5

		-61.5



		49

		-87.5

		-37.5

		-43.5

		-49.5

		-53.0

		-56.5

		-57.0

		-57.0

		-57.0

		-58.0



		50

		-87.5

		-37.5

		-43.5

		-49.5

		-52.5

		-56.5

		-61.0

		-57.0

		-59.5

		-59.0



		51

		-86.5

		-36.5

		-42.5

		-48.5

		-54.5

		-60.5

		-63.5

		-61.5

		-57.5

		-52.0



		52

		-86.5

		-36.5

		-42.5

		-48.5

		-54.5

		-60.5

		-66.5

		-66.0

		-70.0

		-69.5



		53

		-87.5

		-38.2

		-43.5

		-49.5

		-55.5

		-60.0

		-63.0

		-63.5

		-61.5

		-63.0



		54

		-88.0

		-38.0

		-43.5

		-48.5

		-52.5

		-55.0

		-54.5

		-55.0

		-54.5

		-55.0



		90th percentile

		-85.2

		-35.5

		-41.2

		-46.7

		-51.2

		-53.7

		-54.7

		-55.3

		-55.3

		-54.7



		50th percentile

		-86.5

		-36.8

		-42.5

		-48.5

		-53.5

		-57.3

		-58.0

		-58.0

		-58.3

		-58.0










Table A.5

Protection ratios (dB) for a wanted ATSC signal on channel 28 in the presence of
 an unwanted ATSC signal on channel 33 (N+5), ATSC receivers (circa 2013)

		Receiver
Rx

		Dmin
(dBm)

		Unwanted Signal Power on Channel 33 (N+5) (dBm)



		

		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-87.0

		-37.0

		-43.0

		-49.0

		-55.0

		-61.0

		-67.0

		-70.0

		-73.0

		-73.0



		32

		-84.0

		-36.5

		-42.5

		-48.5

		-54.5

		-60.5

		-65.5

		-65.0

		-59.5

		-51.5



		33

		-86.5

		-37.0

		-43.0

		-49.0

		-55.0

		-61.0

		-67.0

		-70.0

		-73.0

		-73.0



		34

		-88.0

		-38.0

		-44.0

		-50.0

		-55.5

		-59.5

		-59.0

		-60.5

		-60.5

		-61.5



		35

		-86.0

		-36.0

		-42.0

		-48.0

		-52.5

		-56.5

		-59.0

		-58.5

		-59.5

		-59.5



		36

		-87.0

		-37.0

		-42.5

		-48.0

		-53.0

		-56.5

		-59.0

		-59.5

		-59.5

		-59.5



		37

		-87.0

		-37.0

		-43.0

		-49.0

		-55.0

		-60.0

		-58.5

		-60.0

		-61.5

		-62.5



		38

		-87.0

		-37.0

		-42.5

		-48.0

		-52.5

		-56.0

		-56.5

		-57.5

		-57.0

		-58.0



		39

		-87.0

		-37.0

		-42.0

		-47.0

		-51.5

		-54.5

		-54.5

		-56.0

		-56.0

		-57.0



		40

		-87.0

		-37.0

		-43.0

		-49.0

		-55.0

		-60.5

		-59.5

		-60.5

		-62.0

		-63.0



		41

		-88.0

		-38.0

		-44.0

		-50.0

		-55.5

		-59.0

		-60.5

		-60.5

		-60.5

		-60.5



		42

		-87.5

		-37.5

		-43.0

		-49.0

		-53.5

		-57.5

		-59.0

		-59.0

		-59.0

		-60.0



		43

		-85.5

		-35.5

		-41.5

		-47.5

		-52.5

		-55.5

		-57.5

		-58.5

		-59.0

		-59.0



		44

		-87.5

		-37.5

		-43.5

		-49.5

		-54.0

		-58.0

		-60.0

		-59.5

		-59.5

		-60.5



		45

		-89.0

		-39.0

		-45.0

		-51.0

		-56.5

		-54.0

		-57.5

		-57.5

		-57.0

		-58.5



		46

		-86.5

		-36.5

		-42.5

		-48.5

		-54.5

		-59.0

		-62.0

		-63.5

		-64.5

		-65.5



		47

		-87.5

		-37.5

		-43.5

		-49.5

		-55.5

		-59.5

		-62.0

		-63.0

		-63.5

		-63.5



		90th percentile

		-85.8

		-36.3

		-42.0

		-47.8

		-52.5

		-55.1

		-57.1

		-57.5

		-57.0

		-57.6



		50th percentile

		-87.0

		-37.0

		-43.0

		-49.0

		-54.5

		-59.0

		-59.0

		-60.0

		-59.5

		-60.5










Table A.6

Protection ratios (dB) for a wanted ATSC signal on channel 28 in the presence of
 an unwanted ATSC signal on channel 34 (N+6), ATSC receivers (circa 2013)

		Receiver
Rx

		Dmin
(dBm)

		Unwanted Signal Power on Channel 34 (N+6) (dBm)



		

		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-87.0

		-37.0

		-43.0

		-49.0

		-55.0

		-61.0

		-67.0

		-70.0

		-73.0

		-76.0



		32

		-84.5

		-36.5

		-42.5

		-48.5

		-54.5

		-60.5

		-66.5

		-69.5

		-72.5

		-75.5



		33

		-86.5

		-37.0

		-43.0

		-49.0

		-55.0

		-61.0

		-67.0

		-70.0

		-73.0

		-76.0



		34

		-88.0

		-38.0

		-44.0

		-50.0

		-55.5

		-59.5

		-59.5

		-60.5

		-61.0

		-61.5



		35

		-86.0

		-36.0

		-42.0

		-48.0

		-53.0

		-56.5

		-59.5

		-59.0

		-60.0

		-59.5



		36

		-86.5

		-36.5

		-42.0

		-48.0

		-53.5

		-57.0

		-59.5

		-59.5

		-60.5

		-59.5



		37

		-87.0

		-37.0

		-43.0

		-49.0

		-55.0

		-60.5

		-59.5

		-60.5

		-62.0

		-62.5



		38

		-87.0

		-37.0

		-43.0

		-48.5

		-52.5

		-56.0

		-55.0

		-56.5

		-57.5

		-57.5



		39

		-86.5

		-36.5

		-42.0

		-47.0

		-51.5

		-55.0

		-55.0

		-56.5

		-57.0

		-56.5



		40

		-87.5

		-37.5

		-43.5

		-49.5

		-55.0

		-61.0

		-60.5

		-61.5

		-62.5

		-63.5



		41

		-88.0

		-38.0

		-44.0

		-50.0

		-56.0

		-59.0

		-61.5

		-61.5

		-61.0

		-60.5



		42

		-87.0

		-37.0

		-43.0

		-49.0

		-54.0

		-57.0

		-59.0

		-59.0

		-59.0

		-59.5



		43

		-85.5

		-35.5

		-41.5

		-47.5

		-52.5

		-56.0

		-58.0

		-58.5

		-59.5

		-60.0



		44

		-87.5

		-37.5

		-43.5

		-49.5

		-54.0

		-58.0

		-60.0

		-60.0

		-59.5

		-63.5



		45

		-89.0

		-39.0

		-45.0

		-51.0

		-56.5

		-56.0

		-57.5

		-57.5

		-58.0

		-58.5



		46

		-86.5

		-36.5

		-42.5

		-48.5

		-54.5

		-59.5

		-63.0

		-64.5

		-65.0

		-66.0



		47

		-87.5

		-37.5

		-43.5

		-49.5

		-55.5

		-60.0

		-62.5

		-63.5

		-63.5

		-64.0



		90th percentile

		-85.8

		-36.3

		-42.0

		-47.8

		-52.5

		-56.0

		-56.5

		-57.1

		-57.8

		-58.1



		50th percentile

		-87.0

		-37.0

		-43.0

		-49.0

		-54.5

		-59.0

		-59.5

		-60.5

		-61.0

		-61.5










Table A.7

Protection ratios (dB) for a wanted ATSC signal on channel 28 in the presence of
 an unwanted ATSC signal on channel 38 (N+10), ATSC receivers (circa 2013)

		Receiver
Rx

		Dmin
(dBm)

		Unwanted Signal Power on Channel 38 (N+10) (dBm)



		

		

		-50

		-44

		-38

		-32

		-26

		-20

		-17

		-14

		-11



		30

		-85.5

		-35.5

		-41.5

		-47.5

		-53.5

		-59.5

		-65.5

		-68.5

		-71.5

		-74.5



		32

		-85.5

		-36.5

		-42.5

		-48.5

		-54.5

		-60.5

		-66.5

		-69.5

		-72.5

		-75.5



		33

		-86.5

		-36.5

		-42.5

		-48.5

		-54.5

		-60.5

		-66.5

		-69.5

		-72.5

		-75.5



		34

		-87.5

		-37.5

		-43.5

		-49.5

		-55.5

		-60.5

		-62.0

		-63.0

		-62.5

		-63.5



		35

		-86.0

		-36.0

		-42.0

		-48.0

		-54.0

		-58.0

		-60.5

		-60.5

		-62.5

		-62.5



		36

		-87.0

		-37.0

		-43.0

		-47.5

		-53.5

		-57.0

		-61.0

		-60.0

		-62.0

		-62.0



		37

		-88.0

		-38.0

		-44.0

		-50.5

		-56.0

		-62.0

		-62.5

		-64.0

		-64.0

		-65.5



		38

		-86.5

		-36.5

		-42.5

		-48.5

		-53.0

		-57.0

		-58.0

		-58.0

		-59.5

		-58.5



		39

		-88.0

		-38.0

		-44.0

		-50.0

		-54.0

		-58.0

		-59.5

		-60.0

		-60.0

		-60.0



		40

		-88.0

		-38.0

		-44.0

		-50.0

		-56.0

		-62.0

		-62.5

		-64.5

		-64.0

		-65.5



		41

		-87.0

		-37.0

		-43.0

		-49.0

		-55.0

		-60.5

		-64.5

		-110.5

		-59.5

		-59.5



		42

		-85.5

		-35.5

		-41.5

		-47.5

		-53.5

		-57.5

		-60.0

		-60.5

		-60.5

		-61.0



		43

		-86.5

		-36.5

		-42.5

		-48.5

		-54.5

		-59.0

		-61.0

		-61.5

		-63.5

		-63.5



		44

		-86.5

		-36.5

		-42.5

		-48.5

		-54.0

		-58.5

		-61.5

		-61.5

		-61.0

		-63.0



		45

		-88.0

		-38.0

		-44.0

		-50.0

		-56.0

		-56.5

		-57.0

		-59.5

		-59.0

		-60.0



		46

		-87.5

		-37.5

		-43.5

		-49.5

		-55.5

		-61.5

		-65.5

		-68.0

		-69.0

		-69.0



		47

		-88.5

		-38.5

		-44.5

		-50.5

		-56.0

		-62.0

		-66.0

		-67.0

		-67.5

		-68.0



		90th percentile

		-85.5

		-35.8

		-41.8

		-47.5

		-53.5

		-57.0

		-58.9

		-59.8

		-59.5

		-59.8



		50th percentile

		-87.0

		-37.0

		-43.0

		-48.5

		-54.5

		-59.5

		-62.0

		-63.0

		-62.5

		-63.5
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[bookmark: _Toc421286863]1	Introduction

The purpose of the test was to measure and compare interference performance of ATSC receivers to the guidelines referenced in the ATSC A/74 document (Reference 1) and similarly described in Martin 2007, a Federal Communications Commission (FCC) laboratory test document (Reference 2). The Martin 2007 test sought to obtain ATSC interference performance from:

“non-TV use of locally-unused spectrum within the TV broadcast spectrum, which is also often termed “white-space” use;

“non-TV use of spectrum adjacent to or near TV broadcast spectrum (e.g., the TV channel 52 to 67 spectrum that will be auctioned for other uses); and,

“other ATSC stations.”

As interference sources, the Martin 2007 testing used the 6 MHz ATSC digital television system (using 8-VSB modulation) and a 5 MHz DVB-H system (using COFDM modulation). This report documents ATSC receiver interference performance as it relates to other terrestrial broadcast ATSC signals (ATSC-into-ATSC) as well as to Long Term Evolution (LTE) signals (LTE-into-ATSC) used in 4G mobile broadband systems that may share nearby spectrum after a spectrum repack following the 600 MHz Spectrum Incentive Auctions.

The laboratory tests specifically provided information on:

(1) Co-channel and adjacent channel (“taboo”) ATSC receiver performance in the presence of other ATSC signals in conditions that may be similar to that after spectrum repacking.

(2) Co-channel and adjacent channel (“taboo”) ATSC receiver performance in the presence of LTE downlink (DL) signals that may be utilizing nearby spectrum as a result of the spectrum repacking, as well as a comparison of LTE-into-ATSC interference and ATSC-into-ATSC interference



General laboratory testing was performed on 12 recent-model (circa 2012-2013) and two older-model (circa 2009) ATSC receivers. In addition, a subset of six of the recent-model receivers were selected for detailed ATSC-into-ATSC interference testing, and a single unit from the subset of six to test certain LTE-into-ATSC interference assumptions. The RF interference testing performed with both ATSC and LTE interference sources included co-channel, first adjacent channel, and “taboo” (second and beyond) adjacent channels. ATSC test signals adhered to the traditional 6 MHz 8-VSB transmission signals per the ATSC A/53 standard while LTE test signals adhered to three of the pre-defined test signals for downlink performance evaluation per the 3GPP (3rd Generation Partnership Project) standard. A subset of interference tests involved ATSC interference sensitivity at both weak and very weak desired signal levels with regard to a “sliding-frequency” LTE interference source, simulating one 5MHz LTE base station or two 5 MHz LTE base stations (with a single 10MHz wide signal) at various frequency offsets from the 8-VSB desired signal. This last suite of interference tests was performed on the subset of six recent-model ATSC receivers plus two older (legacy) ATSC receivers. The test results provide information that relates (with certain limitations) to potential field conditions that may occur after spectrum repacking.

The specific consumer ATSC receiver brands and model numbers of the units employed in these tests are not identified in this written laboratory test report. Rather, they are referenced generically by unique designations (numbers 1 through 14) and described only generally (e.g., by screen size and model year).

[bookmark: _Toc421286864]2	Receiver performance tests

[bookmark: _Toc421286865]2.1	Receivers tested

All of the devices under test (DUT) were popular consumer flat-screen DTV receivers with internal over-the-air (OTA) tuners. In this report, these test units are referred to variously as tuners, receivers, or DTVs, depending on context (and note that at no point was an RF tuner module removed from a DTV receiver and tested separately; all testing was done with the receiver board in-situ). The first 12 DUTs were selected from 2012 and 2013 models, according to the following process:

1.) Unit sales data by year was obtained regarding television manufacturers supplying the U.S market. Approximately a dozen significant manufacturers were contacted for assistance in selecting representative tuner models. During this consultation period, it was determined that manufacturers typically design one OTA tuner for inclusion in all models of a given year, and frequently carry that tuner design over into subsequent years. As a result, it was determined that a relatively few number of units would be representative of much of the DTV product shipping in the U.S. in the time frame of interest.

2.) Based on the unit sales data and the manufacturer input, it was determined that 12 units carefully selected from specific manufacturers would represent approximately 85% of DTV shipments in the U.S. market in 2012 – 2013. A subset of six would represent approximately 75%.

3.) All 12 of the recent model DTV receivers tested were production units, with the exception of one unit which was a “pre-production” unit. Pre-production is a term of art in the industry that describes a unit with a final design and final components, built on an actual production line, but removed prior to consumer labelling and packaging. A preproduction unit is used to validate performance of the production product and provide a last check that everything is as the designers intended. It was assessed, based on this information, that this unit is representative of a production product. All 12 DTV receivers consisted of integrated flat- panel screens of various sizes (23” – 46”), and were individually shipped to the MSW laboratory. The units are described by screen size (diagonal) in Table 1 below. However, the type of RF frontend tuner (i.e., single conversion or double conversion, can or silicon implementation) was not considered as a controlling factor in the testing.

These receivers represent DTV receivers that were popular with consumers, having significant sales over the last two years, and therefore characterize well the population of DTV receivers in the market at present.

As stated above, all manufacturers interviewed stated that the same tuner design was used in all models in a model year[footnoteRef:1], regardless of flat-panel size. So, for example, the 23” model would use the same tuner design as that manufacturer’s largest model (e.g., up to the 100”+ class, if that maker has such a model). Therefore, these DTV receivers used in this laboratory test are also representative of the largest models available in 2012 and 2013. [1:  An exception to this rule is when the brand uses more than one manufacturer in a given model year.] 


To supplement the results on current generation tuners, two receivers from 2006 (#13 and #14) were added to the test suite. The Martin 2007 report (Reference 2) provides a significant amount of data from ca. 2005. It will be some time before many LTE systems begin transmissions in the 600 MHz band, during which time many receivers from earlier years will be replaced. These points were considered when selecting for 2012 – 2013 in the initial group of test receivers. However, some direct comparison to older models is appropriate, thus the selection of the two additional units. See Table 1 below for a list of the 14 DTVs used in the testing. 

After unpacking the individual DTVs and applying AC power, basic operation was quickly verified to insure that no DTV receiver damage occurred in shipping. Immediately following this, the laboratory test bed was calibrated and documented, followed by actual device testing. The DTV receivers were then scanned over the television band while exposed to three channels: CH 29, CH 30, and CH 31. This allowed not only the desired UHF test channel (CH 30) to be easily tuned, but also allowed dual channel changes for acquisition testing at the various impairment and interference thresholds (i.e., channel up/down from CH 30 to CH 31 and back to CH 30 as well as channel down/up from CH 30 to CH 29 and back to CH30).

The first group of 12 receivers was used for the general performance testing on CH 30 (sensitivity, overload, white noise threshold, DTV-into-DTV co-channel interference, and LTE- into-DTV co-channel interference) to verify that these basic performance parameters were in the expected operational range. After this general performance test confirmed that all receivers functioned properly and had good performance, Final selection of a subset of six receivers was made for further testing (this selection was again based on representing the bulk of tuner shipments). These six receivers, labelled #1 through #6, were selected for the specific DTV-into- DTV adjacent channel interference testing that included multi-signal overload  interference, single adjacent channel interference, and IM3-paired adjacent channel interference, such that the subset best represented the population as a whole. To keep the test matrix to a reasonable size, only one of these six receivers (labelled #1) was selected for all of the LTE-into-DTV interference testing.




Table 1

Receivers and their respective performance testing.



		Rx#

		Test Description

		Screen Size (inches)

		Model Year



		1

		General, DTV-into-DTV, LTE-into-DTV

		39

		2012 - 2013



		2

		General, DTV-into-DTV, LTE-into-DTV

		32

		2012 - 2013



		3

		General, DTV-into-DTV, LTE-into-DTV

		32

		2012 - 2013



		4

		General, DTV-into-DTV, LTE-into-DTV

		46

		2012 - 2013



		5

		General, DTV-into-DTV, LTE-into-DTV

		32

		2012 - 2013



		6

		General, DTV-into-DTV, LTE-into-DTV

		32

		2012 - 2013



		7

		General

		23

		2012 - 2013



		8

		General

		32

		2012 - 2013



		9

		General

		32

		2012 - 2013



		10

		General

		26

		2012 - 2013



		11

		General

		32

		2012 - 2013



		12

		General

		32

		2012 - 2013



		13

		Sensitivity, AWGN, LTE-into-DTV

		40

		2006



		14

		Sensitivity, AWGN, LTE-into-DTV

		52

		2006





The remaining six units, labelled #7 - #12, had no further tests performed on them beyond the general tests. Units #13 and #14 were tested for sensitivity and white noise threshold, as a baseline, and for LTE-into-DTV “sliding” interference tests, to provide comparison data to the 2012-2013 units’ performance.  The specific test matrix is described in the section 3.6.

[bookmark: _Toc421286866]2.2	Receiver test setup

The RF test equipment included three appropriate frequency agile ATSC DTV sources (one desired and two undesired interferers), one appropriate frequency-agile LTE undesired interferer source (with selectable 5 MHz or 10 MHz signal bandwidths, and three sets of transmission signal parameter settings), one broadband white Gaussian noise source, a spectrum analyzer, a power meter for calibration, one high-power RF amplifier (capable of providing +5 dBm signals at the DTV receiver input), signal combiners, signal splitters, calibrated 0.25 dB step attenuators, 50Ω-to-75Ω matching pads and transformers, and 50Ω double-shielded coaxial cables of required length with connectors of appropriate type and gender. The RF test bed was a 50-Ohm system design that utilized 50-to-75-Ohm impedance converters at the final feed point to the DTV receivers.

Moderately large signals were delivered to the end of the well-shielded coaxial cables feeding the DTV receivers before being reduced by fixed attenuation pads in order to minimize any leakage into the cables, and thus provide good measurement accuracy.

One of the DTV sources was an RF capture playback unit (6 MHz RF test stream with moving HD zone plate picture and sound) that acted as the desired CH 30 DTV signal, and had a pristine output signal with an SNR ≥ 33 dB (typically 35 dB).

Various testing configurations were employed for dynamic range and desired signal overload tests, added white noise test, and the interference tests. The test block diagrams of the different configurations are illustrated in the Figures 1 through 9 below. These different configurations were necessary for the various types of tests (between impairment and interference as well as between different interference scenarios).

The block diagram in Figure 1 describes the test setup for the general desired channel sensitivity threshold, overload threshold, and Additive White Gaussian Noise (AWGN) measurement tests.

Figure 1

Block diagram for sensitivity threshold, overload threshold, and AWGN tests
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The block diagram in Figure 2 describes the test setup for the general DTV-into-DTV 
co-channel interference threshold measurement test.

Figure 2

Block diagram for DTV-into-DTV co-channel interference threshold test
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The block diagram in Figure 3 describes the test setup for (1) the general LTE-into-DTV 
co-channel interference threshold measurement test, and (2) the sliding 5 MHz and 10 MHz LTE-into-DTV interference threshold measurement test.

Figure 3

Block diagram for: (1) LTE-into-DTV co-channel interference threshold test, and 
(2) sliding 5 MHz and 10 MHz LTE-into-DTV interference test (narrow band filter inserted for part of this test)
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The block diagram in Figure 4 describes the test setup for the DTV-into-DTV single interferer adjacent-channel interference measurement test.

Figure 4

Block diagram for DTV-into-DTV single interferer adjacent channel interference threshold test
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The block diagram in Figure 5 describes the test setup for the LTE-into-DTV single interference adjacent-channel interference measurement test.

Figure 5

Block diagram for LTE-into-DTV single interferer adjacent channel interference threshold test
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The block diagram in Figure 6 describes the test setup for: (1) the DTV-into-DTV multiple signal overload threshold measurement test; and (2) the DTV-into-DTV IM3-paired adjacent channel interference threshold measurement test.

Figure 6

Block diagram for: (1) DTV multiple signal overload test, and 
(2) DTV-into- DTV IM3-paired interferer adjacent channel interference threshold test
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The block diagram in Figure 7 describes the test setup for: (1) the LTE-into-DTV multiple signal overload threshold measurement; and (2) the LTE-into-DTV IM3-paired adjacent channel interference threshold measurement test.

Figure 7

Block diagram for: (1) the LTE/DTV multiple signal overload test, and 
(2) the LTE/DTV-into-DTV IM3-paired interferer adjacent channel interference threshold test

[image: ]

Table 2 below shows the detailed logistics of the test bed equipment utilized in the conductive  laboratory RF performance test.

Table 2

 Test bed equipment summary



		Manufacturer

		Model #

		Description



		SRS

		DS-345

		Accurate & Stable 19.391 MHz Clock Source



		Sencore/Adherent

		AD953

		MPEG Video/Audio Desired Source (Moving 1920x1080i HD Zone Plate)



		Tektronix

		Stream Station

		MPEG Video/Audio Undesired Source (1920x1080i “WETA_HD” Program)



		Harris

		Custom

		DVB-SPI to SMPTE 310M Transport Stream Adapter



		Wavetech

		WS2100

		DTV Desired Source; RF Waveform Playback unit (with IF output capability)



		Harris

		CD-1

		DTV Desired Source; 8-VSB ATSC IF modulator



		General Instrument

		C6U

		Dual IF-to-RF Upconverter



		Wavetech

		WS2100

		DTV Undesired Source; RF Playback unit (1920x1080i “WETA_HD” Program)



		Agilent

		N5172B EXG

		LTE Undesired Source RF Vector Waveform Generator



		Agilent

		N7624B

		LTE Undesired Source; PC Waveform Synthesis Software



		NoiseCom

		UFX-7110

		Broadband White Gaussian Noise Generator



		Weinschel

		8200 series

		0 – 127.75 dB GPIB 0.25-dB-stepAttenuators



		Mini-Circuits

		ZHL-1010

		Broadband High-IP3 RF Amplifier



		Mini-Circuits

		ZFSC-2-4

		Hybrid RF Signal Combiner



		Mini-Circuits

		ZFSC-2-5

		Hybrid RF Signal Splitter



		MFC

		18854

		Narrowband Notch Filter (for noise/interference removal on CH 30; N±1 testing)



		MFC

		16195

		Wideband Notch Filter  (for noise/interference removal on CH 30; ≥

N±2 testing)



		Times Microwave

		Ultraflex

		50-Ohm, high-quality double-shielded foil & braid coaxial cable for microwave



		Agilent

		89441A

		Vector Signal Analyzer (for signal spectrum, PAPR, SNR/MER measurements)



		Hewlett Packard

		E437B

		RF Power Meter (for calibration purposes)



		Hewlett Packard

		8481D

		RF Power Sensor (for calibration purposes)



		-----

		-----

		Lab-grade 50/75Ω Min loss pads & transformer impedance converters, fixed loss pads



		Note 1: Multiple units for some of the above components were utilized





[bookmark: _TOC_250027][bookmark: _Toc421286867]2.2.1	Test Bed Components

Generally, the RF test bed was carefully calibrated at each expected desired and undesired (interference) test frequency at least once every test day and before the start of each major test. This RF calibration covered all the system components such as test signal sources, amplifiers, coaxial cables, attenuators, loss pads, impedance converter pads and transformers, etc. However, D/U ratios were determined by direct measurement of RF signals at impairment and interference thresholds using analyzer bandpower markers.

The following describes the special, one-time test bed calibration for documentation purposes that was performed on individual test equipment as well as on the entire RF test bed prior to the start of laboratory testing. The dynamic range limits of the test bed were determined from these calibration measurements.

[bookmark: _TOC_250026][bookmark: _Toc421286868]2.2.1.1	DTV Sources

Three DTV sources were employed in this laboratory test. One source provided the desired CH 30 DTV signal and two of them provided the various undesired DTV interferers. Two of the DTV sources were Wavetech WS2100 RF capture playback units with previously sampled and recorded DTV RF signals on their hard drives that, when played back in conjunction with a frequency-agile upconverter, provided DTV RF signals on any selected 6 MHz U.S. television channel. The third source was a Harris CD-1 exciter that, when used in conjunction with a frequency-agile upconverter, provided a modulated DTV RF output signal on any selected 6 MHz U.S. television channel. The video signal used for the desired ATSC DTV signal was a Moving HD Zone Plate while the undesired DTV interference signal was a “typical” single HD video program with motion (WETA_HD).

The ATSC RF signal spectrum was measured and recorded as illustrated in Figure 8. The in-band signal spectrum was extremely flat (< 0.25 dB ripple), with the traditional root-raised-cosine transition regions (620 kHz) at each band edge and the relatively small in-phase pilot carrier at 310 kHz above the lower band edge.

Figure 8

ATSC source on CH 30 (569 MHz): RF signal spectrum plot
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Additionally, the DTV RF envelope complementary cumulative distribution function (CCDF) of the DTV source signal was measured and plotted as shown in Figure 9, illustrating the well-known typical 6.3 dB peak-to-average power ratio at the 99.9% statistical level. The faint white line shown in the figure, for comparison, represents the CCDF of a white Gaussian noise signal, and illustrates the lower peak-to-average power ratio of the 8-VSB RF signal compared to white noise.

Figure 9

ATSC source on CH 30 (569 MHz): RF signal envelope CCDF plot
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The DTV RF signal was also measured in the time domain, and had the expected noise-like characteristics. The in-band signal quality SNR value for the desired DTV source was measured and found to be very acceptable (>33 dB, and typically 35 dB).

It should be noted that the DTV interference signals were created with a high-quality, instrument-grade test equipment, and not by commercial-grade hardware that is found in broadcast transmitter sites, thereby potentially allowing much better out-of-band energy performance than what might be found in the field. Just as discussed in the A/74 document, laboratory test signals with minimal out-of-band splatter provide good and repeatable benchmark test results in the laboratory for comparative DTV receiver performance evaluation. However, it must  be  recognized  that  these  laboratory  interference  test  results,  while  repeatable  in  the laboratory, do not accurately reflect field interference results when actual commercial hardware is used with imperfect out-of-band characteristics. In the field, interference signals will have IM3 adjacent channel splatter that act as co-channel interference to a lower or upper first adjacent desired DTV signal, and therefore degrade interference D/U ratios that were measured in the lab with essentially no splatter. Consequently, the interference data presented here would need to be adjusted to account for high-power transmitter spectral mask compliance in order to be used in allocation planning.

The 6 MHz broadband out-of-band energy emanating from the interference sources (CH 20 through CH 45) that fall within the desired CH 30, along with the 6 MHz CH 30 integrated attenuation of one of the band-stop filters (either narrowband for N±1 testing or wideband for N±2 and beyond), determine the test bed dynamic range for interference testing. More details can be found in the section titled “Test Bed Dynamic Range”.

[bookmark: _TOC_250025][bookmark: _Toc421286869]2.2.1.2	LTE Source

One LTE source was employed in this laboratory test. An Agilent N5172B EXG RF vector signal generator (with arbitrary baseband generator and 60 MHz RF bandwidth) paired with the Agilent N7624B LTE Signal Studio synthesis and simulation software suite running on a personal computer (PC) created the three types of the LTE interference signals (i.e., fully-loaded “busy” 5 MHz LTE1, the lightly-loaded “idle” 5 MHz LTE2, and the fully-loaded “busy” 10 MHz LTE3). These interference test signals were loaded into the signal generator for subsequent selection and playback. Only one signal was required at a time during the laboratory testing, with the selection between the three signal modes performed with a few simple button pushes.

The Signal Studio software mathematically creates various LTE signals by using between 1 and 25 Resource Blocks (RB) carried in 301 subcarriers per symbol. These LTE signals have the desired 5 MHz channel bandwidth (301 subcarriers * 15 kHz per subcarrier = 4.515 MHz transmission bandwidth) and include the other necessary LTE transmission parameters. A 10 MHz wide LTE signal (601 subcarriers * 15 kHz per subcarrier = 9.015 MHz transmission bandwidth) was also created this way, with 50 RBs.

Three specific 5 MHz bandwidth standardized LTE base station downlink test signals compatible with the 3GPP Evolved Universal Terrestrial Radio Access (E-UTRA) air interface were selected for laboratory interference testing: 5 MHz E-TM3.1 (fully-loaded LTE1), 5 MHz E-TM2 (lightly-loaded LTE2), and 10 MHz E-TM3.1 (fully-loaded LTE3). “Fully loaded” and “lightly loaded” simulate a base station with heavy data traffic and light data traffic, respectively.

These standard test signals were subsequently loaded into the Agilent RF vector signal generator from the Signal Studio software for use as interference signals into the desired DTV signal. When all 25 (for the 5 MHz bandwidth signal) or 50 (for the 10 MHz bandwidth signal) RBs were allocated (per user selection) for simulated data use by the software, a fully-loaded LTE1 or LTE3 “busy” channel was created (E-TM3.1 occupying either 5 MHz or 10 MHz). When only one RB was allocated for simulated data use, a lightly-loaded LTE2 “idle” channel was created (E-TM2 occupying 5 MHz). No power boosting or de-boosting was applied.  There was no need to utilize actual mobile data traffic as would occur in a real-world wireless installation due to the fact that these LTE signals were only used as undesired interference test signals rather than desired LTE signals to be decoded by consumer equipment for user application.

The Agilent signal generator, which can output an LTE signal on any U.S. television channel, had enough memory to hold three 10-mSec (i.e., 1 LTE Frame = 10 mSec) LTE test signals: fully-loaded LTE1, lightly-loaded LTE2, and fully-loaded LTE3. Each of these 10 mSec signals contained one LTE Frame (10 Subframes = 20 Slots = 10 mSec). When the tester selected one of these three LTE test signals on the signal generator, it was continuously played out and repeated contiguously in a 10 mSec Frame loop during the LTE interference tests. As determined by inspection on a scope, no RF “spikes” or “gaps” occurred during the repeat transition from the end of the 10-mSec test signal to the beginning of the next one.

Specifically, the ETV-3.1 downlink test signal is fully loaded (all available resource blocks used) and provides the maximum total average LTE signal power using 64-QAM payload data while the ETM-2 downlink test signal is lightly loaded (only 1 of the available resource blocks used) and provides the minimum total average LTE signal power using 64-QAM payload data. However, it should be noted that the lightly-loaded LTE2 test signal has the same average power during its one active resource block as the fully-loaded LTE1 test signal does during each of its 25 active resource blocks, which means the two test signals had the same power density during these active RBs. Therefore, when both LTE test signals are adjusted to the maximum interference level of ‑8 dBm, the RF levels are set as if all the resource blocks are present. These two types (fully loaded and lightly loaded) of “extreme” undesired test signals were used as LTE interference signals for the desired DTV signal.

Average power levels for 6 MHz DTV signals and 5 MHz LTE signals were measured with 6 MHz band power markers (per the ATSC method). The difference between the fully-loaded LTE1 transmission bandwidth power measurement and its channel bandwidth power method was found to be insignificant. No LTE time domain power measurements (i.e., power versus time) were made using a base station analyzer for determination of any particular Subframe, slot, or resource block power levels, but rather a vector signal analyzer (VSA) was used to measure average power of the various signals. The VSA was fed with a synchronization pulse from the Agilent LTE vector generator source that allowed average power measurements to be made during the first part of the LTE test signal where all of the LTE interference test signals (LTE1, LTE2, and LTE3) had active resource blocks. These signal power values were then compared to a fully-loaded LTE1 signal measured in the usual manner (i.e., average power over 6 MHz bandwidth using band power markers) in order to verify power measurement accuracy compliance.

The signal spectrum of the LTE test signals was measured and recorded while at the maximum signal output power level called for in the test. For comparison, LTE1 and LTE2 are shown in Figures 10 and 11, respectively. Lightly-loaded LTE2, with only one active resource block, had a total average power that was about 6 dB lower than fully-loaded LTE1, which had all of its 25 resource blocks active. The in-band signal spectrum of the fully-loaded LTE1 signal was extremely flat (< 0.25 dB), but the lightly-loaded LTE2 signal spectrum had ripple measuring more than 20 dB peak-to-peak. Both LTE signals had extremely sharp transition regions at each end of the 5 MHz channel, with some 3rd order intermodulation (IM3) splatter observed just beyond each band edge. The 10 MHz LTE3 had a similar spectrum to LTE1, except 10 MHz wide rather than 5 MHz.

Figure 10

Fully-loaded LTE1 source on CH 30 (569 MHz):  RF signal spectrum plot
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Additionally, the RF envelope CCDF of the LTE source signals was measured and recorded while at the maximum test signal output level. For comparison, see LTE1 in Figure 12 and LTE2 in Figure 13. The LTE1 plot illustrates the typical higher peak-to-average power ratio of 8.3 dB at 99.9% for fully-loaded LTE1, which is essentially equal to that of a white noise signal.



Figure 11

Lightly-loaded LTE2 source on CH 30 (569 MHz): RF signal spectrum plot.
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Figure 12

Fully-loaded LTE1 source on CH 30 (569 MHz): RF signal envelope CCDF plot
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Figure 13

Lightly-loaded LTE2 source on CH 30 (569 MHz): RF signal envelope CCDF plot
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The lightly-loaded LTE2 signal had a much larger measured peak-to-average power ratio (about 12.5 dB). This is 4.2 dB higher than the value for LTE1. LTE2 should have an even higher PAPR than LTE1 because the peaks on LTE2’s allocated RB could be just as high, but the average power in LTE2 is 6 dB lower, and the CCDF measurement automatically references the RF envelope power to the measured average power. So while there should be about 6 dB difference in PAPR, there is only 4.2 dB. This discrepancy may be due to several factors: 1) the LTE2 signal has far fewer locations (in the time domain) for random peak power combinations; 2) the signals LTE1 and LTE2 do not represent constantly changing data, but are single 10mS frames with the same pseudo-random data repeated over and over (and thus, fewer opportunities for statistically rare high peaks); and 3) other factors not considered here.

The LTE RF signals were also observed in the time domain, and had the expected noise-like characteristics. The fully-loaded LTE1 signal appears as a constant noise-like signal while the lightly-loaded LTE2 signal can be seen to be bursty, with one obviously long burst that carries the one active resource block.

It should be noted that these LTE interference signals were created with a high-quality, instrument-grade test equipment, and not by commercial-grade hardware that is found in cellular telephone sites, thereby potentially providing much better out-of-band energy performance than what might be found in the field. Just as discussed in the A/74 document, laboratory test signals with minimal out-of-band splatter provide good and repeatable benchmark test results for comparative DTV receiver performance evaluation. However, it must be recognized that these laboratory interference test results, while repeatable in the laboratory, do not accurately reflect field interference results when actual commercial hardware is used with imperfect out-of-band characteristics. Actual field results, in the presence of interference signals with adjacent channel splatter that acts as co-channel interference, will degrade the laboratory-measured interference D/U ratios obtained in the absence of splatter. Consequently, the interference data presented here would need to be adjusted to account for high-power transmitter spectral mask compliance in order to be used in allocation planning.

Table 3 is a summary of the LTE interference test signal parameters that were selected and used in the laboratory test.

Table 3

LTE Base Station (BS) test signal parameter description for FDD systems



		LTE Test Signal

(Parameters)

		LTE1

(Fully Loaded)

		LTE2

(Lightly Loaded)

		LTE2

(Lightly Loaded)

		Parameter

Units



		Modulation Type

		OFDMA

		OFDMA

		OFDMA

		-----



		Duplex

		FDD

		FDD

		FDD

		-----



		Channel Bandwidth

		5.0

		5.0

		10.0

		MHz



		Occupied Channel Bandwidth

		4.515

		4.515

		9.015

		MHz



		Sub-Frame Duration

		1

		1

		1

		mSec



		Resource Block Width (Note 1)

		200

		200

		200

		kHz



		Allocated Resource Blocks

		25

		1

		50

		-----



		# of Sub-carriers/Resource Block

		12

		12

		12

		-----



		Sub-Carrier Spacing

		15

		15

		15

		kHz



		Guard Interval (Note 2)

		4.7/5.2

		4.7/5.2

		4.7/5.2

		μSec



		Cyclic Prefix

		Normal

		Normal

		Normal

		-----



		FFT Size

		512

		512

		512

		samples



		Channel Modulation

		64-QAM

		64-QAM

		64-QAM

		-----



		Test Data Pattern

		9-bit

		9-bit

		9-bit

		PBRS (Note 3)



		Note 1: 180 kHz resource block spectrum bandwidth with additional 200 kHz spacing.



		Note 2: Values presented as “value for first symbol / value for the six subsequent symbols”



		Note 3: Pseudo-Random Binary Stream (or Sequence), typically created with an n-bit linear shift register with feedback to create a maximal length sequence





[bookmark: _TOC_250024][bookmark: _Toc421286870]2.2.1.3	Band-Stop Filters

Adjacent channel interference testing requires handling significant differences in signal levels between the strong undesired DTV or LTE interference signals and the weak desired DTV signals. In order to perform these types of interference tests, a test bed with a very large dynamic range is required. This presents challenges given real-world parameter limitations on test sources, amplifiers, and spectrum analyzers. A test bed performance goal for measuring first adjacent channel (N±1) and second adjacent channel and beyond (> N±2) receiver interference thresholds is a D/U ratio of at least -50 dB and -60 dB, respectively, with the test bed adding only a relatively insignificant amount of noise to the testing process. To achieve these large D/U ratios, additional test filters are required.

All test signal generator outputs have some first adjacent channel splatter energy (due to non- linearities in output circuits) as well as broadband noise that extends many channels above and below the actual interference channel that they create. Real-world DTV and LTE transmitters operate on a fixed single channel (DTV) or a relatively narrow range of frequencies (LTE), thus allowing those to utilize passive high-power narrow band-pass filter devices at the final output to pass only the in-band signal and limit this additional out-of-band noise-like energy. However, use of a band-pass filter for each interference channel presents an inconvenience in laboratory testing where multiple interference channels (e.g., CH 20 – CH 45) are typically tested in conjunction with a single fixed desired channel (e.g., CH 30). Variable band pass filters do not exhibit very good (i.e., sharp) attenuation versus frequency characteristics, thus forcing laboratory test engineers to creatively solve this dynamic range limitation problem.

The solution is to employ a very sharp band-stop filter that attenuates interference source energy at the desired channel frequency, and insert it in the path of the interference signal(s) before being added to the desired signal. This removes most of the adjacent channel splatter or broadband noise from the interference source that falls into the desired channel and thus artificially limits the D/U interference threshold measurement. In other words, this filtering extends the dynamic range of the adjacent channel interference tests so that the measured interference D/U value is determined primarily by the interferer’s in-band signal energy that generates IM3 products in the test receiver rather than that of the interference source’s adjacent channel splatter or broadband noise present at the DUT input. The amount of required filter attenuation (i.e., attenuation of noise-like energy from the interference test source) depends on the required D/U interference measurement range.

However, there are different requirements for testing first adjacent channel interference versus second adjacent channel and beyond interference. For first adjacent channel interference tests, the significant challenge is to provide acceptable stop band attenuation of unwanted interference source noise from the interference source that resides in the desired channel (e.g., CH 30) without significantly attenuating the nearby interference signal itself that resides on either adjacent channel (e.g., CH 29 or CH 31). For second adjacent channel interference (and beyond), the challenge is less because the band-stop filter can achieve much greater desired channel stop band attenuation since the required pass band specs are less restrictive due to the fact that the closest undesired interference signal is farther away from the desired signal (i.e., there is a “guard band” of at least one 6 MHz channel on each side). Fortunately, the range of D/U ratios required for first adjacent channel interference includes -50 dB while those for second adjacent channel interference and beyond includes -60 dB.

It is desired that measurement of these two different D/U interference ratio limits should be performed in an environment with relatively insignificant test bed noise compared to the internally-generated IM3 interference noise in a test receiver. This means that the test bed D/U interference measurement limit (on any interference channel) should be at least 10 dB better than the D/U interference values of the test receivers.

Therefore, two separate band-stop filters were selected for laboratory interference testing that had acceptable attenuation characteristics, each providing a different trade-off between CH 30 integrated (6 MHz) band-stop attenuation and pass-band flatness.

[bookmark: _TOC_250023][bookmark: _Toc421286871]2.2.1.4	Narrowband Filter Used in First Adjacent Channel Testing

The first filter is a narrowband CH 30 band-stop filter (Microwave Filter Corporation MFC 18854) used for first adjacent channel testing. A plot of its magnitude transfer function is shown in Figure 14. The filter is a 50-Ohm design, housed in a 2-RU metal rack-mounted chassis, with eight cavities properly tuned to remove most of any signal energy on CH 30.

The band-stop filter attenuation, along with a DTV receiver’s internal root-raised cosine (RRC) filtering that reduces any energy at each band edge, reduces any broadband noise in the interference path (prior to addition to the desired signal) that exists in the desired test channel (CH 30). This cascaded filtering effect was equivalently measured by using a 6 MHz DTV signal (8-VSB), which is already shaped with RRC transition regions in the modulator that correspond to the “matched filter” in every ATSC 8-VSB compatible receiver, to determine the total equivalent attenuation for the desired DTV channel. The net result of these two filtering processes is that an integrated attenuation of about 28 dB is realized with the narrowband filter for first adjacent channel interference testing.

Note that there is a slightly increased band-stop filter attenuation near the band edge of each first adjacent channel interference region (amounting to perhaps 2 dB) relative to the narrowband band-stop filter’s 1 dB pass band insertion loss. For first adjacent DTV interference signals that must pass relatively unattenuated through the band-stop filter, this slight attenuation occurs at each band edge transition region of a 6 MHz DTV signal (i.e., the first 310 kHz) and therefore has minimal effect. For a 5 MHz LTE interference signal centred in the 6 MHz adjacent channel, this band-stop filter attenuation has even less effect on the interference signal due to the extra 500 kHz guard band on each side of the LTE signal. Therefore, this narrowband band-stop filter had no significant degradation effect on first adjacent channel interference test results.

As a final check, a very wideband frequency sweep of the entire UHF band was performed on the narrowband band-stop filter, and verified that there was a flat pass-band over the entire frequency range of the interfering test signals (i.e., CH 20 – CH 45), with no unexpected nulls. With regard to the undesired interference test signals on CH 20 – CH 45 (which must pass through the CH 30 band-stop filters), the average UHF pass band loss of the narrowband filter was about 1 dB. Therefore, the response of this band-stop filter was found acceptable for first adjacent channel interference testing.

Figure 14

Narrowband band-stop-band filter transfer function  (MFC 18854)
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[bookmark: _TOC_250022][bookmark: _Toc421286872]2.2.1.5	Wideband Filter Used in First Adjacent Channel Testing

The second band-stop filter is a wideband CH 30 band-stop filter (Microwave Filter Corporation MFC 16195) used for all other adjacent channel testing (≥ N±2). A plot of its magnitude transfer function is shown in Figure 15. The filter is a 50-Ohm design with six cavities properly tuned to remove most of any signal energy on CH 30.

Just like the narrowband filter, two filtering processes (external band-stop filter and internal RRC filter) help reduce the amount of any interference source’s broadband energy that exists within the desired test channel (CH 30). However, since this wideband filter is allowed to be wider in the band-stop region, the attenuation of the DTV receiver’s RRC filter has much less effect on the overall net attenuation. This cascaded filtering effect was equivalently measured by using a 6 MHz DTV signal (8-VSB), which is already shaped with RRC transition regions in the modulator that correspond to the “matched filter” in every ATSC 8-VSB compatible receiver, to determine the total equivalent attenuation for the desired DTV channel. The net result of these two filtering processes is that an integrated attenuation of about 43 dB is realized with the wideband filter for second adjacent (and beyond) channel interference testing.

Figure 15

Wideband CH 30 band-stop-band filter transfer function  (MFC 16195)
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Note that there is a slightly increased attenuation in the first adjacent channel interference region (couple of dB) relative to the wideband band-stop filter’s 0.5 dB pass band insertion loss, However, this is not critical since this wideband filter is not used for first adjacent channel interference testing but rather only for second adjacent channel interference and beyond. At the band edge of the second adjacent channel, the wideband band-stop filter is essential flat, and equal to its wideband insertion loss. Therefore, there was no significant degradation effect on second adjacent channel (and beyond) interference test results.

As a final check, a very wideband frequency sweep of the entire UHF band was performed on wideband band-stop filter, and verified that there was a flat pass-band over the entire frequency range of the interfering test signals (i.e., CH 20 – CH 45), with no unexpected nulls. With regard to the undesired interference test signals on CH 20 – CH 45 (which must pass through the CH 30 band-stop filters), the average UHF pass band loss of the wideband filter was 0.5 dB. Therefore, the response of this band-stop filter was found acceptable for second adjacent channel and beyond interference testing.

[bookmark: _TOC_250021][bookmark: _Toc421286873]2.2.1.6	Test Bed Dynamic Range

The dynamic range of the test bed is an important factor in evaluating receiver interference performance since large D/U threshold values are expected to be measured in these interference tests, especially two or more channels away from the desired signal. Therefore it is vital that the test bed has enough dynamic range in order to accurately determine the receiver interference capabilities. In other words, the range of error-free receiver operation should not be limited by the noise in the test bed (e.g., broadband noise from an interference source) but rather by the device under test (i.e., intermodulation noise created in the DUT’s tuner).

However, any real-world interference test source will have broadband noise above and below its output signal frequency that will fall into the desired DTV test channel (i.e., CH 30). Since it is not feasible to have 21 different narrow band-pass filters, one for each interference channel to be tested, a better solution to the problem is to use a single band-stop filter (either narrowband or wideband), as described above, to remove the interference source’s broadband noise from the desired channel’s spectrum (i.e., CH 30) before addition of the undesired interference signal to the desired DTV signal, thus extending the measurement range of the test bed.

The limit of the test bed must be quantified for each interference channel and each interference source by determining the amount of integrated noise power that falls within the desired DTV test channel. This is accomplished by first determining the amount of broadband noise falling within the desired signal channel due to the interference source when it is tuned to the various interference test channels. Then the net attenuation must be determined for the external narrowband and wideband filters (described in the last section) in conjunction with the internal RRC filter embedded within every ATSC receiver.

Therefore, to determine the dynamic range of the test bed, two sets of parameters are required. The first requirement is to determine the amount of sideband noise from each interference source on a given interference test channel that falls within the desired 6 MHz channel (CH 30). The second requirement is to determine the net integrated attenuation that can be gained from each of the above band-stop filters (narrowband and wideband) cascaded with the DTV receiver’s internal RRC filter.

Some basic concepts and assumptions are employed in this overall methodology:

1. The first concept is to realize that there is no signal power measurement device (e.g., spectrum or vector analyzer) that has enough dynamic range to measure in one step the amount of sideband noise energy coming from an interference source. When the interference source is outputting an interference test signal at maximum power, a spectrum analyzer measuring its output will require the analyzer’s input attenuator to be increased to avoid overload. This means that the source’s broadband noise is typically below the noise floor of a spectrum analyzer, and therefore cannot be measured. Therefore, test bed dynamic range measurement for each interference channel on each interference source requires a two-step process: 1) measure the in-band power directly at the interference source output, and then 2) measure the interference source’s sideband energy with the use of a band-stop filter that removes most of the in-band signal power so that the analyzer can be adjusted to a more sensitive range without overload. While this band-stop filter that is required solely for measuring interference source sideband energy can be different from the filters described above that are used in actual interference testing, it is advantageous to use one the narrowband filter to  characterize  the  broadband  noise from an  interference  source, as described below.

2. A second concept that is employed is to assume that conveniently measuring an interference test source’s integrated 6 MHz sideband energy on 21 adjacent channels (e.g., ±1, ±2, ±3, ±4, ±5, ±6, ±7, ±8, ±10, +13, +14, +15) surrounding an interference test signal that is temporarily tuned to the single desired test channel (CH 30) provides essentially the same relative sideband noise energy distribution that would occur in the desired test channel (CH 30) if the interference test source were individually tuned to the actual 21 different interference test channels (e.g., ±1, ±2, ±3, ±4, ±5, ±6, ±7, ±8, ±10, +13, +14, +15). This assumes that the relative sideband noise energy surrounding any interference channel (N-10 through N+14) has the same distribution regardless of the RF channel upon which the interference test signal is ultimately placed. The advantage in using this method is that only one narrow band-stop filter (e.g., CH 30, which is already available for this test) is needed during the interference source sideband energy evaluation to overcome the aforementioned spectrum analyzer dynamic range problem instead of twenty-one different band-stop filters (i.e., one for each interference channel).

3. A third concept is that at the interference threshold of an ATSC receiver, the total integrated white Gaussian noise power or noise-like interference power present in the desired test channel (i.e., CH 30) must be ≈15 dB below the desired signal level (i.e., SNRTHR ≈ 15 dB). This is true regardless of whether the “noise” is due to the white noise Gaussian noise in the DTV tuner, intermodulation “noise” caused by non-linearities in the DTV’s tuner, the interference source’s adjacent channel sideband “noise, or a combination of all of them. However, the goal is to reduce the amount of test bed noise (i.e., interference source’s sideband noise) to allow the DTV receiver’s true interference limit to be reached or to at least verify that the receiver’s D/U interference threshold is beyond an acceptably good value.

4. A fourth concept is that in addition to the external band-stop filter (either narrowband or wideband) used in the actual interference testing that reduces broadband noise from the interference source, additional filtering takes place within every ATSC DTV receiver in the form of its RRC filter. This filter removes energy near each band edge (i.e., upper and lower). Therefore, both the external band-stop filter and the RRC filter help to reduce any interference source broadband noise that can limit the test bed’s dynamic range during actual testing, and should be considered in determining the dynamic range for each interference test channel. This noise attenuation from these two filter processes can be quantified by combining their attenuation values for convenience, if desired.

The first step in determining the dynamic range is to measure the 6 MHz integrated sideband energy of an interference source for each interference test channel that will correspond to the energy falling within the desired CH 30 test channel. The integrated 6 MHz average power of the native interference signal (e.g., DTV or LTE) is measured at the direct output of the interference source (using 6 MHz band-power markers) on CH 30. Insert a narrow (i.e., one channel) CH 30 band-stop filter into the path of the interference test signal in order to remove most of the CH 30 signal energy and allow the spectrum analyzer to increase its sensitivity (i.e., lower its internal noise floor) without front-end (i.e., mixer) overload. This permits the integrated 6 MHz integrated average sideband energy in the various 21 relative 6 MHz adjacent channels to be measured more accurately. The relative integrated 6 MHz attenuation (ASk, in dB) of sideband energy in each relative adjacent channel “k” can then be determined by calculating the difference between the original CH 30 average signal power measured before the band-stop filter and each integrated relative sideband channel energy measured after the band-stop filter, taking into account the small pass band insertion loss of this filter.

The second step in determining dynamic range is to measure the net integrated attenuation across 6 MHz (for the external band-stop filter and internal DTV RRC filter) for each of the two band- stop filters (narrowband and wideband) used in the actual interference testing. Since there is no way to measure after the RRC inside a DTV receiver, an equivalent method is to measure the average power in 6 MHz of a standard DTV signal (with its usual RRC spectral transition regions) before applying it to the band-stop filter under evaluation, and measuring the average power at this filter output. Since the RRC filter has essentially been applied to the DTV transmitter signal (i.e., the DTV signal looks like a flat noise-like signal that has passed through an RRC filter), the output signal of the band-stop filter has the characteristic of the cascaded band-stop and RRC filters. The difference between the average input power filter and its average output power of the band- stop, all measured in 6 MHz, is the net integrated cascaded band-stop and RRC filter attenuation (AF).

In a laboratory test bed, the level of the interference signal’s sideband noise energy that limits a DTV receiver’s interference threshold depends on two things:

(1) The sideband energy attenuation of the source itself (ASk), which describes how far down the undesired interference source’s sideband noise lies from the in-band interference signal level.

(2) The equivalent integrated attenuation from the combination of an external band-stop filter and a DTV receiver’s internal RRC filter (AF) when tuned to the desired reference channel (e.g., CH 30).

In other words, the desired D/U interference measurement range is dependent on the sum of the test bed’s interference source’s sideband D/U value plus the test bed’s equivalent band-stop filter’s integrated attenuation (including the RRC filter attenuation). Once this test bed noise has been determined, the lowest measurable interference threshold at TOV occurs about 15 dB above this noise value.

For a desired first adjacent channel D/U dynamic range of 50 dB, the interference source sideband attenuation plus the integrated band-stop filter plus RRC attenuation must add up to at least 65 dB (i.e., 50 + 15). For a 2nd adjacent channel (or beyond) D/U measurement range of 60 dB, the total must add up to at least 75 dB (i.e., 60 + 15). It should be noted that these best-case D/U interference limits just described are defined as the case where a “perfect” DTV receiver would reach TOV due to the test bed noise limit, without any contribution from intermodulation of the DTV receiver. Therefore, the actual test bed limits should be at least 10 dB beyond (i.e., better) than these calculated values in order to accurately measure the DTV receiver’s interference limit.

To calculate the dynamic range (DR) of the test bed at each interference channel, using the above assumptions and approximations, the following formula can be used, as shown in Figure 16:

DR  ≡   ASk    +   AF    -   SNRTHR    =  =   ASk    +   AF    -  15

To perform the actual dynamic range evaluation of the MSW test bed, the narrowband CH 30 band-stop filter was conveniently utilized for all of these measurements. Again, in the use of the equation above, the value of the integrated band-stop filter (AF) attenuation conveniently includes the extra attenuation provided by the root-raised cosine filter that is included in every ATSC DTV receiver. As described above, this integrated cascaded filter attenuation value was easily measured by using a DTV signal with its inherent RRC spectral shaping to determine the band-stop filter attenuation (difference between signal level at filter input and filter output). Since the narrow band-stop filter was used in the test bed dynamic range calibration test, and its attenuation is required to be minimal at each band edge, the receiver’s root-raised-cosine filter can have a significant effect on reducing any flat sideband energy at the band edge, and therefore increase the test bed’s dynamic range.

Figure 16

Test bed dynamic range definition and diagram
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The dynamic range of testing for first adjacent channel interference (N±1) using the narrowband band-stop filter was found to be approximately better than -60 dB, while the other adjacent channels (N±2 and beyond) using the wideband band-stop filter had better than either -80 dB or -90 dB (depending on the offset frequency from the desired CH 30). These dynamic ranges are more than sufficient to provide useful and significant interference results.

The maximum measurement dynamic range for each relative undesired test channel utilized in the test bed is recorded in Table 4 below, and plotted in Figure 17.

Table 4

Test bed dynamic range for the various interference channels 
utilizing any of the interference sources.



		Relative Interference
Channel

		Channel
Number

		Largest Measureable D/U
Dynamic Range (Note 2)



		N-10

		20

		>90 dB



		N-8

		22

		>90 dB



		N-7

		23

		>90 dB



		N-6

		24

		>90 dB



		N-5

		25

		>90 dB



		N-4

		26

		>90 dB



		N-3

		27

		>80 dB



		N-2

		28

		>80 dB



		N-1

		29

		>60 dB



		N+1

		31

		>60 dB



		N+2

		32

		>80 dB



		N+3

		33

		>80 dB



		N+4

		34

		>90 dB



		N+5

		35

		>90 dB



		N+6

		36

		>90 dB



		N+7

		37

		>90 dB



		N+8

		38

		>90 dB



		N+10

		40

		>90 dB



		N+13

		43

		>90 dB



		N+14

		44

		>90 dB



		N+15

		45

		>90 dB



		Note 1: N±1 interference tests require the narrow band-stop filter while all other interference tests require the wide band reject filter.



		Note 2: Dynamic range denotes maximum measurable D/U value (in dB) possible using this test bed with a desired CH 30 from any of the four RF test sources, where the limiting value is determined by test bed noise floor.





Figure 17

Test bed dynamic range limits for all signal sources
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[bookmark: _Toc421286874]2.3	Test signals

All testing was performed on a 50-Ohm test bed, except at the final outputs to the consumer DTV receivers which were converted to 75-Ohms to match the nominal input impedances of their RF tuners. The RF tests were all performed with an unimpaired (i.e., “clean” ATSC signal ≥ 33 dB SNR) desired DTV signal on physical CH 30 (569 MHz centre frequency) at a power level of either strong (-28 dBm), moderate (-53 dBm), weak (-68 dBm), or very weak (-81 dBm). That is, the desired DTV source signal did not have any added linear distortion (e.g., non-flat amplitude or group delay response, carrier phase noise, nor any propagation-induced multipath) or non- linear distortion (e.g., AM/AM, AM/PM, or IM3). The only impairments added to the desired DTV signal during testing were white Gaussian noise (only in one of the general tests), undesired DTV interference signals, or undesired LTE interference signals.

The undesired interference signals were also considered “clean” in that they did not have the usual non-linear-induced third order intermodulation (IM3) energy that causes DTV splatter to occur in adjacent channels in practical commercial-grade transmitter equipment. Therefore, the DTV interference results obtained in this laboratory test are focused on relative DTV receiver evaluation; in the field with high-power transmitters, this level of performance may be reduced due to the presence such splatter.

With a few exceptions, interference tests were performed with a variety of interference signals on UHF CH 20 through UHF CH 45 with the desired CH 30 DTV signal at a weak level of -68 dBm. The exceptions are the single interferer tests which were performed at both weak (-68 dBm) and strong (-28 dBm) desired signal levels; and the sliding LTE tests which were performed at weak (‑68 dBm) and very weak (-81 dBm) levels. All desired and undesired signal and noise power measurements were made over the entire FCC-defined television channel bandwidth of 6 MHz using integrated band power marker methods employed in a spectrum analyzer. To be consistent, even the 5 MHz LTE interference signals were measured with 6 MHz integrated band power markers, although only the 5 MHz LTE pass band energy contributed any meaningful power to the signal power measurement.

The video test pattern used for the desired DTV signal in all of these laboratory tests was a moving 1920 x 1080i high definition (HD) circular zone plate (sometimes referred to as “moving HD zone plate”). This type of test signal allows easier visual determination of the error threshold in a receiver, commonly referred to as the threshold of video errors (TOV) or the threshold of audible errors (TOA). The reason for the visual sensitivity of this particular test signal to threshold identification is that the high definition moving HD zone plate video material takes up a vast majority of the available data rate allocated for video (e.g., > 18 Mbps), which minimizes the possibility of data errors occurring in data packets other than the video packets. Since the complex video pattern is moving, no video error concealment in a receiver can easily hide data errors since the entire video pattern has changed from one frame to the next (i.e., there is little correlation in the circularly-moving HD zone plate from one video frame to the next). The fact that the video signal has moving concentric circles facilitates the observation of square macro block errors within the circular video pattern that occur when the forward error correction (FEC) is overrun by the signal impairment and/or interference signal.

The video test pattern used for the undesired DTV signal in all of these laboratory tests was a high definition (1920 x 1080i) television program titled “WETA_HD”. While this signal was not viewed on a DTV receiver for testing purposes, it was nonetheless used as a practical example of an interfering DTV signal. Additionally, the two types of content are easily distinguished by the test engineer, adding an element of ongoing verification of the test set-up.

The modulation used for the undesired LTE signal in all of these laboratory tests was a test signal taken from a suite of standardized E-UTRA (Evolved Universal Terrestrial Radio Access) test signals. While the transmission parameters of the ATSC DTV RF terrestrial signal (i.e., 8‑VSB) are historically well defined and fixed, the primary transmission parameters of the LTE signal are flexible and selectable (i.e., OFDMA for downlink RF modulation and SC-FDMA for uplink RF modulation, up to 2048 frequency subcarriers, 1.4 – 20 MHz bandwidth, 6 – 100 resource blocks, QPSK, 16-QAM, or 64-QAM data modulation per carrier, various guard intervals, number and location of subcarrier pilots, etc.). Three sets of LTE system parameters for interference signals were selected from the 3GPP E-UTRA specification for standard base station test signals, TS 36-141. For the purposes of this testing, these signals were referred to as LTE1, LTE2, and LTE3.

LTE1: Simulates a normal, fully-loaded (heavy data traffic) base station DL signal in 5 MHz bandwidth (signal definition “E-TM 3.1” from E-UTRA TS36-141, 5 MHz option).

LTE2: Simulates a normal, lightly-loaded (minimal data traffic) base station DL signal in 5 MHz bandwidth (signal definition “E-TM 2” from E-UTRA TS36-141, 5 MHz option).

LTE3: Simulates a normal, fully-loaded (heavy data traffic) base station DL signal in 10 MHz bandwidth (signal definition “E-TM 3.1” from E-UTRA TS36-141, 10 MHz option).

The terms “fully-loaded” and “lightly-loaded” refer to the relative amount of data traffic carried by the DL at any particular time. Allocating 25 resource blocks in 5 MHz fully occupies the entire channel in the time domain. Allocating fewer resource blocks causes the RF signal to appear bursty in the time domain. Allocating one resource block maximizes the burstiness, and this worst-case burstiness behaviour for LTE is what signal LTE2 was intended to test.

[bookmark: _Toc421286875]2.5	Picture failure criterion

During this laboratory test, TOV threshold was determined using the following algorithm:

Adjust the level of the interference or impairment (per the specific test procedure) in the prescribed signal level steps. For sensitivity, overload, added white noise, and co- channel interference, 0.25 dB attenuation steps were used for either the desired signal or the impairment/interference signal. For the remaining interference tests, 0.5 dB attenuation steps were used (1 dB for sliding LTE interference tests).

Adjust the impairment or interference until there are observable errors in the moving HD zone plate video test pattern for three consecutive 20-second test intervals (three consecutive 60-second test intervals in the sliding LTE interference tests).

Verify acquisition capability twice by performing an up/down channel change followed by a down/up channel change at TOV at the last error-free condition before recording the undesired interference signal level.

[bookmark: _Toc421286876]2.6	Description of tests

A laboratory test plan was developed to perform calibrated conducted (rather than radiated) RF reception tests on consumer DTV receivers with ATSC-compatible over-the-air receivers using a single desired UHF channel (CH 30). The ATSC A/74 document (reference 1) was used only as a guideline for testing, and was not used as a specific test plan. General performance tests (sensitivity, overload, added white noise threshold, co-channel interference) as well as adjacent channel interference tests for both DTV-into-DTV and LTE-into-DTV were performed. While the desired (D) signal was always a typical 6 MHz ATSC DTV signal on UHF channel 30, the undesired (U) interference signals were either one or two DTV signal (6 MHz ATSC 8-VSB signal in a 6 MHz RF channel) or one LTE signal (5 MHz or 10 MHz 3GPP OFDMA signal) or one LTE and one DTV signal. The interference performance metric for these laboratory tests was the ratio of the desired (D) average signal power level to the undesired (U) average signal power level, referred to as D/U. Each D/U measurement was taken at a threshold of video (TOV) error point; depending on the test, one of two TOV criteria was used.

The test plan included general tests (desired signal sensitivity and overload thresholds, added white Gaussian noise (AWGN) impairment threshold, co-channel DTV-into-DTV and LTE-into- DTV interference thresholds) to be performed first on all 12 recent test receivers to verify proper operation (functionality) and performance before selecting a subset of six current (2012 – 2013) receivers on which to perform the remaining adjacent channel interference tests. These particular interference tests, performed with a desired DTV signal on CH 30, relate to the reception tolerance of a DTV receiver to external undesired signals, such as other DTV signals or LTE signals sharing nearby spectrum following a spectrum repack scenario (i.e., after the incentive auction). Two “legacy” receivers (circa 2006) were added to the sliding LTE interference tests for comparison purposes, but verified first with sensitivity and AWGN tests.

The laboratory test plan (total of ten different groups of tests) is summarized in the detailed test matrix contained in Table 5. As can be seen from the test matrix, this thorough laboratory testing consisted of 1045 individual tests.

The groups of laboratory tests are summarized below:

1. Sensitivity

2. Overload

3. Added White Gaussian Noise Impairment Threshold

4. Co-channel Interference  (DTV-into-DTV and LTE-into-DTV)

5. Multi-Signal Overload Interference: N+2/N+3 pair (DTV-into-DTV and LTE- into-DTV)

6. Single Interferer Interference: N±10, N±8, N±7, N±6, N±5, N±4, N±3, N±2, N±1, N+13, N+14, N+15  (DTV-into-DTV and LTE-into-DTV)

7. IM3-Generating Interference Pairs:  Equal Power:	N+k = N+2k   (DTV-into-DTV and LTE-into-DTV)

8. IM3-Generating Interference Pairs:  Unequal Power: N+k > N+2k	(DTV-into-DTV and LTE-into-DTV)

9. IM3-Generating Interference Pairs:  Unequal Power: N+k < N+2k	(DTV-into-DTV and LTE-into-DTV)

10. Sliding 5 MHz and 10 MHz LTE Signal Interference

An important aspect of this laboratory test is that it is not attempting to precisely simulate actual commercial DTV and LTE high-power transmitter hardware that may exhibit somewhat degraded in-band signal quality or adjacent channel splatter characteristics. Rather, high quality instrument-grade DTV and LTE sources were used to create “clean” desired and undesired test signals, and thus measure consumer DTV receiver performance under “ideal” conditions for comparison to the A/74 guidelines and historical data. Consequently, it is important to remember that the data presented here should be used directly to understand channel allocation issues only when appropriate consideration of the out-of-band spectral energy (i.e., first adjacent channel splatter) found in all commercial transmission equipment has been made.
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Table 5

Laboratory test matrix

		Test Ref

#

		Specific Laboratory Test Description

		General Test Comments

		# of Test RXs

		# of Test CHs

		Desired CH

#

		Desired Signal Level

		Undesired Signal Type2,3

		Undesired Signal #1 Level

		Undesired Signal #2 Level

		Total

# of Tests



		(#)

		(*)

		(*)

		(#)

		(#)

		(#)

		(dBm)

		(*)

		(dBm)

		(dBm)

		(#)



		1

		Sensitivity

		No Impairment

		12

		1

		30

		Vary

		NA1

		NA1

		NA1

		12



		2

		Overload

		No Impairment

		12

		1

		30

		Vary

		NA1

		NA1

		NA1

		12



		3

		White Noise Threshold

		Single Impairment

		12

		1

		30

		-53

		White Noise

		NA1

		NA1

		12



		4a

		Co-Channel Interference

		DTV-into-DTV

		12

		1

		30

		-53

		DTV (30)

		NA1

		NA1

		12



		4b

		Co-Channel Interference

		LTE-into-DTV

		12

		1

		30

		-53

		LTE1 (30)

		NA1

		NA1

		12



		4c

		Co-Channel Interference

		LTE-into-DTV

		12

		1

		30

		-53

		LTE2 (30)

		NA1

		NA1

		12



		5a

		Multi-Signal Overload

		DTV-into-DTV

		6

		1

		30

		Vary

		DTV (32/33)

		-8

		-8

		6



		5b

		Multi-Signal Overload

		LTE-into-DTV

		1

		1

		30

		Vary

		LTE1 (32/33)

		-8

		-8

		1



		6a

		Single Interference

		DTV-into-DTV

		6

		21

		30

		-68, -28

		DTV (25-45)

		Vary

		NA1

		252



		6b

		Single Interference

		LTE-into-DTV

		1

		21

		30

		-68, -28

		LTE1 (25-45)

		Vary

		NA1

		42



		6c

		Single Interference

		LTE-into-DTV

		1

		21

		30

		-68, -28

		LTE2 (25-45)

		Vary

		NA1

		42



		7a

		IM3 Pairs Interference (N+k=N+2k)

		DTV-into-DTV

		6

		10

		30

		-68

		DTV (20-40)

		Vary

		Same as U1

		60



		7b

		IM3 Pairs Interference (N+k=N+2k)

		LTE-into-DTV

		1

		10

		30

		-68

		LTE1 (20-40)

		Vary

		Same as U1

		10



		8a

		IM3 Pairs Interference (N+k>N+2k)

		DTV-into-DTV

		6

		10

		30

		-68

		DTV (20-40)

		Vary

		Vary with U1

		60



		8b

		IM3 Pairs Interference (N+k>N+2k)

		LTE-into-DTV

		1

		10

		30

		-68

		LTE1 (20-40)

		Vary

		Vary with U1

		10



		9a

		IM3 Pairs Interference (N+k<N+2k)

		DTV-into-DTV

		6

		10

		30

		-68

		DTV (20-40)

		Vary

		Vary with U1

		60



		9b

		IM3 Pairs Interference (N+k<N+2k)

		LTE-into-DTV

		1

		10

		30

		-68

		LTE1 (20-40)

		Vary

		Vary with U1

		10



		10a

		Sliding 5 MHz Interference

		LTE-into-DTV

		6

		13

		30

		-68, -81

		LTE1 (Note 4)

		Vary

		NA1

		208



		10b

		Sliding 10 MHz Interference

		LTE-into-DTV

		6

		13

		30

		-68, -81

		LTE3 (Note 5)

		Vary

		NA1

		208



		---

		TOTAL

		-----

		---

		---

		---

		-----

		-----

		-----

		-----

		1045



		Note 1:  NA means Not Applicable.



		Note 2:  The numbers in the parenthesis represent the range of interference channels used.





		Note 3:  LTE1 is a fully-loaded 5 MHz LTE signal (heavy data traffic);  LTE2 is a lightly-unloaded 5 MHz LTE signal (very little data traffic);  LTE3 is a fully-loaded 10 MHz LTE signal (heavy data traffic).





		Note 4:  13 different undesired LTE centre frequencies: 568.5 MHz to 579.5 MHz in 1 MHz steps (starts with DTV & LTE lower band edges lined up; ends with upper band edges 5 MHz apart).





		Note 5:  13 different undesired LTE centre frequencies: 571 MHz to 582 MHz in 1 MHz steps (starts with DTV & LTE lower band edges lined up; ends with upper band edges 5 MHz apart).









[bookmark: _TOC_250038][bookmark: _Toc421286877]2.6.1	Sensitivity

This test determines the sensitivity of a receiver to an unimpaired desired DTV signal on CH 30, that is, the minimum unimpaired DTV signal level that will produce an acceptable digital picture and sound under ideal conditions (i.e., without signal impairments or interference and with perfect RF impedance matching). The minimum signal level is determined by the tuner’s internal white noise level (related to its noise figure by “kTB+NF”, where NF is primarily determined by the first RF preamplifier), ATSC white noise threshold (ideally, ≈15 dB), automatic gain control (AGC) range, and any undesired receiver-created electromagnetic interference (EMI) that is present at the tuner input. This test is a basic DTV receiver reference performance parameter that is part of the general test suite.

This minimum DTV signal level value for TOV is theoretically around -84 dBm, assuming a 7 dB tuner noise figure, and kTB tuner noise of -106.2 dBm/6 MHz (at room temperature). Since many of the interference tests in this project are performed with a “weak” desired signal (‑68 dBm), the measured sensitivity threshold value should be much lower (16 dB or more) than this “weak” signal level, and therefore have minimal effect on the measured interference performance. Note that the 7 dB noise figure is only an assumption, and lower values are possible.

This general test is performed by reducing the unimpaired desired DTV signal from a matched impedance feed in 0.25 dB steps until TOV is achieved. Acquisition is verified at TOV by performing a dual channel change test (up/down and then down/up), and then TOV is documented. Sensitivity threshold was tested on all 14 receivers (6 recent-model test receivers plus the two older-model test receivers).

[bookmark: _TOC_250037][bookmark: _Toc421286878]2.6.2	Overload

This test determines the overload capability of a receiver to an unimpaired desired DTV signal alone on CH 30, that is, the maximum unimpaired desired DTV signal that will produce an acceptable picture and sound. The maximum signal level is determined by AGC range, tuner non-linearities (e.g., mixer, RF preamplifier, IF amplifier), and white noise threshold. This test is also a basic DTV receiver reference performance parameter that is part of the general test suite.

This maximum signal level value for TOV on current DTV receivers is often much greater than -8 dBm, the industry-recommended maximum signal level expected at a DTV tuner input in the field. Since the multi-signal overload test (described later in this document) calls for two -8 dBm undesired signals (either two DTV or one LTE signal and one DTV signal) to be present concurrently as an unimpaired desired DTV signal is decreased until TOV is reached, it is very helpful to know the level beyond -8 dBm that the desired signal alone can be before TOV occurs.

This test limited the maximum signal input to a receiver at +5 dBm. This was the only time in the laboratory test plan where this large signal value was used. This +5 dBm value exceeds the A/74 guideline of -5 dBm (Section 5.1, Sensitivity), and is 13 dB higher than the largest signal level expected by the industry to occur in the field (i.e., -8 dBm)

This general test is performed by increasing the unimpaired desired DTV signal from a matched impedance feed in 0.25 dB steps until TOV is achieved (or +5 dBm is reached). Acquisition is verified at TOV by performing a dual channel change test (up/down and down/up), and then TOV is documented. Overload threshold was tested on all 12 receivers.

[bookmark: _TOC_250036][bookmark: _Toc421286879]2.6.3	Added White Noise Threshold

This test determines the actual signal-to-noise ratio (SNR) at TOV for a moderate (-53 dBm) unimpaired desired DTV signal on CH 30 when white Gaussian noise is added (i.e., random noise with a Gaussian amplitude probability distribution and flat spectrum over the entire 6 MHz television RF channel). This is another basic DTV receiver reference performance parameter that is part of the general test suite.

Since a moderate signal level (-53 dBm) is used for the desired signal, the tuner’s internal white noise is insignificant compared to the externally-added white noise, and therefore is not a factor in the TOV measurement. Likewise, any receiver-created EMI that is present at the input as well as any AGC shortcomings also become insignificant. Therefore, this test allows a fairly true measurement of the ATSC transmission system SNR at TOV; this SNR is dependent on the 8-VSB modulation and forward error correction (Reed-Solomon and trellis-coded modulation) that are part of the A/53 DTV transmission standard; and on receiver implementation.

This SNR value at the white noise TOV is typically 15 dB ± 0.2 dB, and should be very consistent when carefully measured in a stable and calibrated laboratory setting. Measured values of this parameter are typically very repeatable in the laboratory, and are often a good indicator if something in the receiver is not operating quite right.

This general test is performed by adjusting the unimpaired desired signal from a matched impedance feed to a moderate level (-53 dBm) and then adding white noise in 0.25 dB increments until TOV is achieved. Acquisition is verified at TOV by performing a dual channel change test (up/down and down/up), and then TOV is documented. Added white noise threshold was tested on all 14 receivers (12 recent-model receivers plus the two older-model test receivers).

[bookmark: _TOC_250035][bookmark: _Toc421286880]2.6.4	Co-Channel Interference (DTV-into-DTV and LTE-into-DTV)

This general test determines the amount of undesired DTV or LTE signal interference that can simultaneously exist at the receiver input when the interfering undesired signal and desired DTV signal on CH 30 at moderate level (-53 dBm) are on the same RF channel. This co-channel test is considered a basic DTV receiver reference performance parameter that is part of the general test suite, and also provides insight into the effects of two different types of LTE signals (fully- loaded LTE1 and lightly-loaded LTE2; LTE3 was not used in this particular test suite).

Since DTV and fully-loaded LTE signals are both noise-like with a flat spectrum across most of the channel (5.381 MHz for DTV and either 4.515 MHz or 9.015 MHz for LTE), they share many characteristics with white Gaussian noise. Therefore, the expected co-channel D/U interference ratio for DTV-into-DTV and LTE-into-LTE is generally the same 15 dB SNR value as for white noise. However, it has been observed that sometimes a slightly better (i.e., lower) D/U ratio is achieved (e.g., 14.75 dB) when DTV is the interferer. This is explained by the fact that the DTV signal (i.e., with 8-VSB modulation) is only noise-like and therefore not absolutely identical to noise. The ATSC DTV signal has a peak-to-average ratio (PAPR) that is about 2 dB less than white noise (at the 99.9% statistical level). On the other hand, the LTE signal is almost identical to noise with its very sharp spectral transition regions, and has a PAPR about the same as white noise. Therefore, the LTE PAPR is about 2 dB greater (at the 99.9% statistical level) than an ATSC signal. Consequently, the interference D/U ratio when LTE is the interferer may be closer to the white noise SNR value at threshold. However, the difference between the two bandwidths (i.e., 6 MHz DTV versus 5 MHz LTE) may compensate somewhat for any difference in the PAPR in terms of interference threshold. Therefore, the interference threshold D/U values for DTV and the fully-loaded LTE1 co-channel interferer would be expected to be approximately the same value as the 15-dB white noise threshold value. An additional co-channel test was performed with the lightly-loaded LTE2 signal to evaluate its co-channel effects on DTV receivers.

This general test is performed by adjusting the unimpaired desired signal from a matched impedance feed to a moderate level (-53 dBm) and then adding an undesired DTV or LTE interference signal on the same channel in 0.25 dB steps until TOV is achieved. Acquisition is verified at TOV by performing a dual channel change test (up/down and then down/up), and then TOV is documented. Both DTV-into-DTV and LTE-into-DTV co-channel interference was tested on all 12 receivers.

[bookmark: _TOC_250034][bookmark: _Toc421286881]2.6.5	Multi-Signal Channel Interference (DTV-into-DTV and LTE-into-DTV)

This test determines the effect on DTV receivers tuned to a desired DTV signal on CH 30 from two equal undesired interfering DTV signals or one DTV signal and one LTE signal at a maximum expected receiver input signal level transmitted on nearby channels. However, the relative channel positions selected for this undesired pair do not create the strongest IM3 interference pairs that are possible (i.e., they are not N+k/N+2k adjacent channel IM3 pairs) yet still close enough in frequency to the desired signal to have some influence on receivers designed with wideband RF AGC. Therefore, N+2 and N+3 interference channels were used with respect to the desired CH 30 DTV signal.

The -8 dBm undesired signal level that is used for this test is a value assumed in the broadcast industry to represent the maximum expected DTV signal power expected at the tuner input of a DTV receiver from either a high gain antenna used in a close-in reception environment or via a mast mounted preamplifier in a more distant reception environment. The two undesired noise-like DTV interference signals can cause either IM3 intermodulation and/or cross modulation in the DTV tuner due to non-linearities. IM3 pairs generate noise sideband products (i.e., an elevated noise spectrum) in certain bands, which is an important issue in DTV reception. Nevertheless, in this particular test, cross modulation is the focus while third order intermodulation is the focus in other tests in this laboratory project. It should be noted, however, that use of N+2 and N+3 undesired signals still cause tuner non-linearities to create noise-like splatter that fall into the desired channel N, just not at the strongest IM3 levels (such as in the N+1 and N+2 IM3-paired channels).

Expected LTE base station signal levels at the input to DTV receivers in the field are not yet generally known, but large values can still exist in a similar manner as DTV signals, including indoor-antenna use that can also receive a signal from a nearby unlicensed device or an LTE cellular phone. Similar to two DTV interferers, undesired noise-like LTE and DTV interference signals can combine to cause either IM3 intermodulation and/or cross modulation, which generates noise sideband products (i.e., elevated noise spectrum) in certain bands. The increased PAPR of LTE signals by 2 dB (compared to DTV) tends to increase interference but may possibly be offset somewhat by the fact that the undesired LTE signal, which is centred in the DTV channel for these laboratory tests, is only 5 MHz wide and thus provides a 0.5 MHz guard band around them compared to 6 MHz DTV interferers.

This interference test is performed by adjusting one specific pair (N+2 and N+3) of DTV or LTE signals to -8 dBm; that is, the two signals in this pair have equal undesired power of -8 dBm. After removing any out-of-band noise energy on CH 30 from the interference test sources with a wideband stop band filter, the unimpaired desired DTV signal from a matched impedance feed is then added to these two undesired signals. The desired signal is then reduced in signal strength in

0.5 dB steps until TOV is achieved. Acquisition is verified at TOV by performing a dual channel change test (up/down and then down/up), and then TOV is documented. DTV-into-DTV interference was tested on six receivers while LTE-into-DTV interference was tested on 1 receiver for comparison.

[bookmark: _TOC_250033][bookmark: _Toc421286882]2.6.6	Single Interferer Interference (DTV-into-DTV and LTE-into-DTV)

This test determines the effect on DTV receivers from a single adjacent channel DTV or LTE interference signal. An undesired DTV interference signals is placed on one of N±1, N±2, N±3, N±4, N±5, N±6, N±7, N±8, N±10, N+13, N+14, N+15 channels with respect to the desired DTV signal on CH 30.

For determining the parameters of this test, there are recommended values of interference threshold D/U ratios found in sections 5.4.2 and 5.4.3 of the ATSC A/74 document.

One additional benefit of this test is the determination of any differences in interference thresholds between 6-MHz, lower-valued PAPR DTV interferers and 5-MHz, higher-valued PAPR LTE interferers.

These interference test channels represent a large spread of possible interfering signals that can stress the non-linearities of the tuner input (RF preamplifier, mixer, and IF amplifier). The expected type of interference is cross-modulation as well as large signal de-sensitization. Any tracking band pass filter present at the tuner input, which is necessary to reduce N+14 and N+15 image frequencies for single-conversion tuners, helps to reduce interfering signals that are farther away in frequency from the desired channel. Having symmetrical interference test channels facilitates the process of determining de-sensitization versus offset channel. Many of these interference test channels are the same used in the IM3-paired interference tests described later in this document, which then allows comparison of interference D/U ratios with a single interferer with those of IM3 pairs of interferers. The N+4 interference channel evaluates any ½-IF interference that might be present. The N+7 interference channel evaluates any effect on the receiver’s local oscillator. The N+14 and N+15 are the image frequencies for single conversion tuners, which often exhibit worse interference performance than the other nearby offset channels due to this fact. The addition of N+13, which is not an image frequency, provides a better idea of how the effective interference performance curve looks versus offset channels.

This interference test is performed by adjusting the unimpaired desired DTV signal level from a matched impedance feed to either a weak level (-68 dBm) or a strong level (-28 dBm), and then raising the added interfering signal level (on one of the interference test channels) in 0.5 dB steps until TOV is achieved. Out-of-band noise energy from the interference test source is removed from CH 30 using a stop band filter before addition to the desired CH 30 DTV signal. Acquisition is verified at TOV by performing a dual channel change test (up/down and down/up), and then TOV is documented. DTV-into-DTV interference was tested on six receivers while LTE-into-DTV interference was tested on 1 receiver for comparison.

[bookmark: _TOC_250032][bookmark: _Toc421286883]2.6.7	IP3-Paired Interferer Interference: N+k=N+2k (DTV-into-DTV & LTE-into- DTV)

This test determines the effect on DTV receivers from two equal and large undesired DTV interference signals, or from two equal large undesired interference signals where one is LTE and the other is DTV, on specific pairs of channels (N+k and N+2k, where k = ±1, ±2, ±3, ±4, and ±5) whose combined energy causes maximum levels of noise-like third order intermodulation (IM3) interference to fall within the desired channel N (i.e., CH 30).

The use of these worst case IM3 interference signal pairs focuses on intermodulation effects in DTV receivers, and how they relate to single channel interference effects. Since the desired DTV signal and the two undesired interference signals are the only signals at the input to the receiver’s tuner, the new IM3 frequencies are created by non-linearities within the DTV receiver’s tuner (e.g., mixer, RF preamplifier, IF amplifier, etc.).

When a single interference signal begins to experience non-linearities, IM3 frequencies are generated according to the 2F1-F2 and 2F2-F1 rule. The fact that this rule stems from 3rd order intermodulation effects means that there is a quadratic F2 and a linear F term working together to create a 3rd order effects. This means that a single noise-like flat-spectrum signal, like DTV and LTE, has non-flat noise-like IM3 energy spread out over three channels, as shown in Figure 18. In the case of a single channel interferer, the noise-like energy spreads to the first lower adjacent and the first upper adjacent channels as well as adding to the desired signal (although hidden, lying “underneath” the desired channel’s signal spectrum). Any desired DTV signal directly adjacent to a large undesired first adjacent channel interferer can be affected by this IM3 energy if the undesired signal level is much higher than the desired signal level. This adjacent channel noise will appear as co-channel interference to the desired DTV signal. If the single undesired interference signal increases by 1 dB, then the sideband energy will increase by 3 dB (three  times the amount, in dB) according to the well-known 3rd order effect.

Figure 18

Single 8-VSB signal with IM3 nonlinear components (from Reference 2)
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When a pair of undesired interference signals is placed on channels that are N+k and N+2k (where “k” is an integer) offset from the desired DTV signal on channel N, then additional spectral “noise bumps” exist, with local maximum points (worst-case interference) located on the desired channel as shown in Figure 19. Note that these discrete “noise bumps” are not necessarily flat over the entire 6 MHz DTV channel and each bump affects three 6 MHz channels, and that the first adjacent noise of the two interferer signals has increased as well. This means that any desired first adjacent channel to one of the interferer pairs will be affected by increased IM3 energy if a large additional interferer at any frequency offset is present at the receiver’s tuner input.

Figure 19

Pair of equal-amplitude VSB signals with IM3 (from Reference 2)
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Once again, any non-flat noise-like IM3 energy created in a DTV receiver’s tuner will raise the noise floor so that the desired DTV signal must be artificially higher than this IM3 energy by at least the usual value of 15 dB (possibly even more if the desired DTV signal has significant impairments such as multipath). Again, note that while the middle of the noise “bumps” has the worst interference, one channel on each side of these “bumps” has increased intermodulation noise floors as well. If both of the undesired interference signals are decreased by 1 dB, then the noise “bumps” decrease by 3 dB, once again according to the well-known 3rd order effect described above. Figure 20 illustrates this condition with an example of both signals being reduced in power by the same amount (e.g., 5 dB), and the spectral “bumps” reducing by a 3:1 logarithmic factor (i.e., 15 dB) due to the 3rd order intermodulation process.

The effect of these non-flat noise-like products in other bands is to effectively raise the apparent noise floor of the receiver at those frequencies. Therefore, rather than the desired DTV signal being required to be 15 dB above the tuner’s internal noise floor, it must rather be 15 dB above the combined noise effects of the tuner’s natural internal noise (kTB + tuner noise figure) plus the IM3-generated noise caused by the undesired signals.

Figure 20

Effect of changing amplitude of both signals on IM3 components (from Reference 2)
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This interference test is performed by adjusting the unimpaired desired DTV signal level a matched impedance feed to a weak level (-68 dBm), and then raising the added interfering signal level (on both of the equal interference test channels) in 0.5 dB steps until TOV is achieved and documented. Out-of-band noise energy from the interference test sources is removed from CH 30 using a stop band filter before addition to the desired CH 30 DTV signal. DTV-into-DTV interference was tested on six receivers while LTE-into-DTV interference was tested on one receiver.

[bookmark: _TOC_250031][bookmark: _Toc421286884]2.8.8	IP3-Paired Interferer Interference: N+k>N+2k (DTV-into-DTV & LTE-into- DTV)

This test determines the effect on DTV receivers from two unequal large undesired DTV interference signals, or from two unequal large undesired interference signals where one is LTE and the other is DTV, on specific pairs of channels (N+k and N+2k, where k = ±1, ±2, ±3, ±4, and ±5) whose combined energy causes maximum levels of noise-like interference to fall within the desired channel N (i.e., CH 30). The closer-in interference signal (N+k) is 10 dB above the farther-out interference signal (N+2k). D/U is calculated based on the stronger of the two signals.

The use of these special IM3 interference signal pairs focuses on 3rd order intermodulation effects in DTV receivers, and how they relate to single channel interference effects. Since the desired DTV signal and the two undesired interference signals are the only signals at the input to the receiver’s tuner, the new IM3 frequencies are created by non-linearities within the DTV receiver’s tuner (e.g., mixer, RF preamplifier, IF amplifier, etc.).

This test includes the added parameter of the closer-in (N+k) signal of the IP3 pair being 10 dB higher than the farther-out signal (N+2k). Compared to the noise “bumps” from the equal-power IM3 pairs, the amount of IP3-generated noise in the desired channel is predicted to be lower by about 10 dB (linear reduction, i.e., IM3 components 1 dB down for every 1 dB of primary signal reduction) since it is the farther-out interference signal that has been reduced by 10 dB (rather than the closer-in signal). The interference D/U threshold from this dual unequal interferer scenario will tend to be closer to that of the single interferer case for the closer-in interference signal (since the farther-out interferer is attenuated with respect to the closer-in interferer), demonstrating the amount of any interference threshold degradation characterized in this test scenario. Figure 21 illustrates this 3rd order behaviour with an example of only one of the two interferers reduced in power, with the spectral “bump” closest to the reduced interference signal experiencing the larger spectral energy reduction.

Figure 21

Effect of changing amplitude of one signal on IM3 components (from Reference 2)
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This interference test is performed by adjusting the unimpaired desired DTV signal level from a matched impedance feed to a weak level (-68 dBm), and then raising the interfering signal levels (on both of the interference test channels, but maintaining the 10 dB difference in their relative levels) in 0.5 dB steps until TOV is achieved. Out-of-band noise energy from the interference  test sources is removed from CH 30 using a stop band filter before addition to the desired CH 30 DTV signal. Acquisition is verified at TOV by performing a dual channel change test (up/down and down/up), and then TOV is documented. DTV-into-DTV interference was tested on six receivers while LTE-into-DTV interference was tested on 1 receiver.

[bookmark: _TOC_250030][bookmark: _Toc421286885]2.6.9	IP3-Paired Interferer Interference:  N+k<N+2k  (DTV-into-DTV & LTE-into- DTV)

This test determines the effect on DTV receivers from two unequal large undesired DTV interference signals, or from two unequal large undesired interference signals where one is LTE and the other is DTV, on specific pairs of channels (N+k and N+2k, where k = ±1, ±2, ±3, ±4, and ±5) whose combined energy causes maximum levels of noise-like interference to fall within the desired channel N (i.e., CH 30). The closer-in interference signal (N+k) is 10 dB below the farther-out interference signal (N+2k). D/U is calculated based on the stronger of the two signals.

The use of these special IM3 interference signal pairs focuses on 3rd order intermodulation effects in DTV receivers, and how they relate to single channel interference effects. Since the desired DTV signal and the two undesired interference signals are the only signals at the input to the receiver’s tuner, the new IM3 frequencies are created by non-linearities within the tuner (e.g., mixer, RF preamplifier, IF amplifier, etc.).

This test includes the added parameter of the closer-in (N+k) signal of the IP3 pair being 10 dB lower than the farther-out signal (N+2k). Compared to the noise “bumps” from the equal-power IM3 pairs, the amount of IP3-generated noise in the desired channel is predicted to be lower by about 20 dB (quadratic reduction, i.e., IM3 components 2 dB down for every 1 dB of primary signal reduction) since it is the closer-in interference signal that has been reduced by 10 dB (rather than the farther-out signal). The interference D/U threshold from this dual unequal interferer scenario will tend to be closer to that of the single interferer case for the farther-out interference signal (since the closer-in interferer is attenuated with respect to the farther-out interferer), demonstrating the amount of any interference threshold degradation characterized in this test scenario. Figure 4 illustrates this 3rd order behaviour with an example of only one interferer reduced in power, with the spectral “bump” closest to the reduced interference signal experiencing larger spectral energy reduction.

This interference test is performed by adjusting the unimpaired desired DTV signal level from a matched impedance feed to a weak level (-68 dBm), and then raising the added interfering signal level (on both of the interference test channels, but maintaining the 10 dB difference in their relative levels) in 0.5 dB steps until TOV is reached. Out-of-band noise energy from the interference test sources is removed from CH 30 using a stop band filter before addition to the desired CH 30 DTV signal. Acquisition is verified at TOV by performing a dual channel change test (up/down and down/up), and then TOV is documented. DTV-into-DTV interference was tested on six receivers while LTE-into-DTV interference was tested on 1 receiver.

[bookmark: _TOC_250029][bookmark: _Toc421286886]2.6.10	Sliding LTE Interference: 5 MHz and 10 MHz Signals

One final set of interference tests provided additional information on the effects of DTV reception in the presence of fully-loaded LTE interference signals that are NOT centred in a 6 MHz channel. Currently, there is much debate and investigation with regard to the specific placement of 5 MHz and 10 MHz LTE signals within the broadcast spectrum.

After the spectrum auctions (reverse and forward), a number of yet-to-be-determined broadcast channels will be turned over to the wireless communications companies, thus requiring subsequent repacking of the television broadcast spectrum. It is possible that there will be adjacent channel interference and even co-channel interference from LTE signals in adjacent markets into DTV signals, i.e., Inter-Service Interference (ISIX). This is especially true if the same amount of spectrum that is relinquished by broadcasters is not the same in every market across the country. Since interference into DTV may come from the same market or an adjacent market, impinging on the fringe area of DTV reception, this set of tests was performed at both a weak desired DTV level (-68 dBm) and a very weak desired DTV level (-81 dBm). The 5 MHz bandwidth LTE test signal was intended to simulate a single LTE channel, and the 10 MHz test signal was intended to simulate two side-by-side LTE channels.

With the desired DTV signal at very low levels, near a DTV receiver’s minimum signal level threshold (i.e., TOV sensitivity), the external noise-like LTE intermodulation noise caused by IM3 non-linearities in the DTV tuner adds (in power) to the internal white Gaussian noise present at the front-end of every DTV tuner. This combination of white noise power and IM3 noise-like power limits the co-channel or adjacent channel LTE interference rejection capability of the DTV receiver, just as occurs when the interference signal is another DTV signal. The amount of interference rejection degradation can be calculated using the formula found in OET Bulletin 69 (Reference 3).

This test demonstrates the effects of LTE interference on DTV receivers due to different amounts of spectrum overlap of undesired LTE and desired DTV signals. The frequency offset between the desired and undesired signals is sometimes referred to as “Off Frequency Rejection”. Moving from completely co-channel to adjacent channel interference in 1 MHz steps, varying amounts of spectrum overlap will occur between the desired DTV signal and the undesired LTE signal.

Increasing spectrum overlap increases the integrated co-channel interference energy, and thus should increase susceptibility to the interfering signal. Starting with the lower band edges of the ATSC and LTE spectral signals lined up, as the LTE signal is shifted higher in frequency in 1 MHz steps, less co-channel interference and more adjacent channel interference will eventually occur. Since a DTV receiver is more sensitive to co-channel interference than adjacent channel interference, the interference D/U ratio should change from worst to best as the undesired LTE interferer signal moves out of the desired channel and increasingly into the adjacent channel. In this pair of tests, a sensitivity D/U curve can be created versus the amount of spectral overlap. Additionally, the difference in interference effects between 5 MHz and 10 MHz fully-loaded LTE signals can be evaluated as well.

However, there is an important issue to consider. As a general rule, when the partial overlap of the LTE and DTV signals is small, allowing for very low (i.e., large negative D/U values), the amount of interference energy falling into either the narrow band carrier synchronization circuitry (at the DTV signal’s lower band edge) or the clock synchronization circuitry (at the DTV signal’s upper band edge) can be large. Therefore, the interference threshold of data errors may be determined by either or both of two effects: excessive noise-like interference that overruns the error correction circuits or excessive stress on the synchronization circuitry due to this extreme interference noise within this circuit bandwidth.

However, since this pair of tests start with the lower band edges of the desired DTV and undesired LTE signal spectrums lined up, and this test only calls for shifting the LTE interferer higher in frequency (not lower), it is the DTV upper band edge alone that will experience a small but concentrated partial overlap in these two specific interference tests. A smaller overlap spectrum scenario means that a larger interference signal is required to reach error threshold, but it also creates a more concentrated interference region near the upper band edge where narrow- band symbol clock recovery typically occurs. Careful testing is required in these partial overlap regions as TOV determination may be very sensitive and even time-varying (e.g., possible algorithm variations selected by smart controllers within the DTV receiver). The sharp digital “cliff effect” that is common with a broadband white noise impairment is much broader in this test scenario, making TOV determination more difficult and somewhat less accurate.

After preliminary testing revealed some testing sensitivity to TOV determination, a change in test methodology was recommended. For these sliding LTE interference tests, the TOV threshold algorithm was modified to use 1-dB interference signal steps (instead of 0.5 dB steps) and to use 3 consecutive 60-second observation intervals (instead of 20-second intervals) before the final determination of the TOV threshold point for better testing repeatability.

One factor that must be accounted for during these tests is the different total powers between the fully-loaded 5 MHz and 10 MHz LTE interference test signals. Both types of interference signals have the same power density, as they would in full-power mode in actual field applications. This means that the 10 MHz LTE interference signal will have twice the power (i.e., will be a 3 dB stronger signal). When D/U ratios are calculated, this 3-dB difference needs to be noted. It is possible to normalize any resulting D/U interference curves by accounting for this 3-dB difference, if so desired, during analysis, especially when comparing sliding interference results between the two types of LTE test signals.

This interference test is performed by adjusting the unimpaired desired DTV signal level a matched impedance feed to a weak level (-68 dBm) or a very weak signal level (-81 dBm), setting the LTE interference signal to one of the LTE centre frequencies in the test matrix, and then raising the added interfering signal level in 1.0 dB steps until TOV is achieved. For the part of the test where the LTE interference signal is completely in the adjacent channel (i.e., no overlap with the  desired DTV signal),  out-of-band noise  energy from  the interference test sources is removed from CH 30 using a stop band filter before addition to the desired CH 30 DTV signal. Acquisition is verified at TOV by performing a dual channel change test (up/down and down/up), and then TOV is documented. The LTE centre frequency is then adjusted to a new value, and the process repeated until all LTE frequencies have been tested. LTE-into-DTV interference was tested on eight DTV receivers (6 recent-model test receivers plus the two older- model test receivers) for both 5 MHz and 10 MHz LTE interference signals.

[bookmark: _Toc421286887]3	Test Results

A summary of the raw laboratory test results are contained within tables in the sections below. The data was analyzed using a desired RF CH 30 while various nearby channels were used for the interference signals.

The general tests (sensitivity, overload, AWGN threshold, co-channel interference) were performed first using the twelve 2012 – 2013 DTV receivers. These general tests were used as a pre-screen (i.e., looking for anomalous behaviour) when finalizing the subset of six DTV receivers for the remaining interference testing, so the results were important in reducing the total population of test receivers to six. Two older model DTV receivers were added to the sensitivity and AWNG threshold tests as well as to the sliding LTE interference tests for comparative purposes. A summary of the general tests for the six recent-model DTV receivers is contained in Table 5 below. 

Table 6

Summary of general performance test results for 12 ATSC consumer receivers (circa 2012-2013)



		Statistical Parameter

		Sensitivity Threshold

		Overload Threshold

		Dynamic Range

		AWGN

Threshold

		Noise Figure

		D-into-D Co-CH

		LTE1-

into-D Co-CH

		LTE2-

into-D Co-CH



		(*)

		(dBm)

		(dBm)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		Mean

		-86.6

		> +5.0

		-----

		14.8

		4.8

		14.7

		15.5

		13.7



		Median

		-86.2

		> +5.0

		-----

		14.8

		5.4

		14.4

		15.3

		13.7



		Minimum

		-89.4

		> +5.0

		>90.1

		14.6

		2.0

		14.2

		15.0

		13.3



		Maximum

		-85.1

		-----

		-----

		14.9

		6.3

		16.1

		16.5

		14.3



		Std Dev

		1.3

		0.0

		-----

		0.1

		1.3

		0.6

		0.4

		0.3





[bookmark: _Toc421286888]3.1	Sensitivity Threshold

The results of the sensitivity threshold test for the 12 recent-model DTV test receivers were very favourable. A summary of these results can be found in Table 7.

All 12 of these receivers showed good sensitivity, better than the A/74 guideline of -83 dBm. The median signal sensitivity threshold for these 12 recent-model receivers occurred at -86.2 dBm. The worst case AWGN threshold was -85.1 dBm, which is still better than the A/74 value. The sensitivity variance for all 12 receivers was only 1.3 dB, which shows consistency amongst various consumer receivers from different manufacturers.

Table 7

Dynamic range, sensitivity, overload, noise threshold, and noise figure for 14 DTV receivers



		Test Receiver 1

		Sensitivity Threshold

		Overload Threshold 2, 3, 7

		Dynamic Range 4, 7

		SNR

Threshold 5

		Noise Figure 6



		(#)

		(dBm)

		(dBm)

		(dB)

		(dB)

		(dB)



		1

		-87.9

		> 5.0

		> 92.9

		14.7

		3.6



		2

		-85.6

		> 5.0

		> 90.6

		14.7

		5.9



		3

		-87.9

		> 5.0

		> 92.9

		14.7

		3.6



		4

		-86.1

		> 5.0

		> 91.1

		14.6

		5.5



		5

		-87.6

		> 5.0

		> 92.6

		14.8

		3.8



		6

		-89.4

		> 5.0

		> 94.4

		14.8

		2.0



		7

		-86.3

		> 5.0

		> 91.3

		14.7

		5.2



		8

		-85.6

		> 5.0

		> 90.6

		14.8

		5.8



		9

		-85.6

		> 5.0

		> 90.6

		14.8

		5.8



		10

		-85.4

		> 5.0

		> 90.4

		14.9

		5.9



		11

		-85.1

		> 5.0

		> 90.1

		14.8

		6.3



		12

		-86.8

		> 5.0

		> 91.8

		14.8

		4.6



		13

		-81.9

		NA

		NA

		14.9

		9.4



		14

		-85.8

		NA

		NA

		14.9

		5.5



		A/74 Value

		≤ -83.0

		≥ -5.0

		≥ 78.0

		-----

		-----



		Mean 8

		-86.6

		>+5.0

		>91.6

		14.8

		4.8



		Median 8

		-86.2

		>+5.0

		> 91.2

		14.8

		5.4



		Minimum 8

		-89.4

		---

		> 90.1

		14.6

		2.0



		Maximum 8

		-85.1

		---

		> 94.4

		14.9

		6.3



		Std Dev 8

		1.3

		---

		---

		0.1

		1.3





1 Sensitivity was determined by lowering the CH 30 DTV signal until TOV occurred.

2 Overload was determined by increasing the CH 30 DTV signal until TOV occurred or +5 dBm was reached with error-free results.

3 Receivers with measured threshold above +5 dBm, and therefore could not be reached, are denoted with “>+5”.

4 Dynamic range is calculated difference between CH 30 overload and sensitivity values.

5 Noise threshold measured with externally added white Gaussian noise (AWGN) to CH 30 DTV moderate signal level (-53 dBm), and measured with 0.25 dB steps. An often-assumed industry value is that this parameter should be <

15.5 dB.

6 Noise figure is calculated using actual white noise threshold but assumes ideal kTB value of -106.2 dBm/6 MHz @ T=25 degrees Celsius in matched 75-Ω system.

7 Note that a “>” sign indicates that threshold of errors was not reached in the test bed; NA means not applicable.

8 The statistics in this table are calculated only for the six recent-model DTV receivers. Results for older-model receivers (Rx #13 and Rx #14) are for comparative purposes only.



Although the subset of six receivers (circa 2012-2013) were not selected on the basis of performance, they had even better sensitivity statistical performance, as they varied between -85.6 dBm and -89.4 dBm, with a median value of -87.8 dBm. Interestingly, one of the subset of six test units had the best sensitivity value (-89.4 dBm) of the 12 receivers.

One of the two older-model DTV receivers (Rx #14) had a good sensitivity value (-85.8 dBm) but the other unit (Rx #13) had a poor sensitivity value (-81.9 dBm) that did not meet the A/74 recommended value Since it was subsequently determined that it had a reasonable AWGN threshold, the assumption is that the poor sensitivity was the result of a poor tuner noise figure (9.4 dB). This poor sensitivity value indicates an increased noise floor for this unit, which has a direct effect on interference rejection performance.

[bookmark: _Toc421286889]3.2	Overload Threshold

The results of the overload threshold test for the 12 recent-model DTV test receivers were also very favourable. A summary of these results can be found in Table 7.

All 12 of these receivers sustained maximum test power without reaching the threshold of errors (i.e., DTV receivers always produced picture and sound), and therefore have the ability to handle more than +5 dBm DTV signals on CH 30. This +5 dBm maximum test value easily met the A/74 guideline of -5 dBm, and is 13 dB higher than the largest signal level expected by the industry to occur in the field (i.e., -8 dBm per ATSC A/74 “Multi-Signal Overload”). This test is the only time in the laboratory test plan where this large signal value was used. Together with the sensitivity results,  all  12  recent-model receivers  were observed  to have better  than 90  dB dynamic range capability for a single unimpaired desired DTV signal. While signals this large are not expected in the field, this special test shows that the dynamic range of each receiver is such that its on-channel overload capability is at least 13 dB better than the maximum expected signal level in the field.

The results of this overload test using only the desired signal confirmed that the dynamic range of error-free operation is such that when the subsequent multiple signal overload test was performed with two adjacent channel signals (N+2 and N+3) each at -8 dBm, the measured limit of receiver performance will indeed be due to the effects of two interfering signals with very little contributing degradation from the receiver’s in-band dynamic range (i.e., AGC range and overload capability).

It should be noted that one (Rx #8) of the 12 receivers (not part of the subset of six selected for more detailed testing) exhibited some anomalous behaviour above -5 dBm. This receiver appears to use some sort of algorithm to track signal strength. When the signal strength trends are unfavourable (i.e., trending towards weakness), a "signal weakening" message is displayed to the user. For very strong signals, this message also appears, claiming that signal weakening is occurring, although the opposite is happening. Perhaps this is due to a decreasing SNR caused by the noise-like IM3 components generated in the tuner. If the signal strength is slowly increased from -5 dBm to +5 dBm, the algorithm appears to adjust the tuner settings properly (i.e. with error free data recovery). However, if the signal level suddenly increases from -5 dBm to +5 dBm, the signal strength algorithm seems to become unstable, causing near continuous MPEG data errors. Similar results occur if a "re-acquisition" (e.g., channel change) is performed with the signal level already fixed at +5 dBm. Therefore, it appears that this particular receiver is unstable under these specific strong signal conditions. However, it should be noted that this anomaly for this particular receiver occurs only at very strong levels, well beyond the -8 dBm maximum signal level expected in the field.

[bookmark: _Toc421286890]3.3	AWGN Threshold

The AWGN threshold test, performed at a moderate desired signal level (-53 dBm) for all 12 recent model DTV test receivers, indicated very good and very consistent white noise threshold values below the expected 15 dB value assumed by industry practice for ATSC (8-VSB) receivers (and measured at the Advanced Television Test Centre on the Grand Alliance reference receiver). A summary of the test results can be found in Table 7.

A median value of 14.8 dB for all 12 of these receivers was observed in this measurement, with only a 0.1 dB standard deviation value and a mere a 0.3 dB difference between the maximum and minimum values. Even the worst case value of 14.9 dB (observed in only one recent-model unit) was still below the expected 15 dB value. While performance in the field can be noticeably different from this ideal impedance condition (e.g., mismatched complex impedance between antennas coupled via long cables to tuners, presence of multipath, etc.), these 12 receivers from a variety of manufacturers showed extreme consistency under well-controlled laboratory conditions.

AWGN threshold and receiver noise figure each affect the ultimate signal sensitivity threshold under these ideal impedance matching conditions (e.g., impedance mismatch loss in “real-world” applications adds to noise figure, which in turn affects sensitivity). The equivalent ideal receiver noise figure (NF) can be calculated from the sensitivity (SMIN) and AWGN threshold (SNRTHR) measurements, as well as the amount of white Gaussian noise in a matched impedance scenario (kTB where B = 6 MHz). The following equation describes the method.



SMIN = kTB + NF + (SNRTHR)

or

NF = SMIN – kTB - (SNRTHR)

where kTB is -106.2 dBm/6 MHz at “room” temperature (i.e., 25 degrees Celsius).



For the 12 receivers, the median receiver noise figure was 5.4 dB. The entire range of calculated noise figures was 2.0 dB to 6.3 dB; only one of the 12 recent-model DTV receivers had a noise figure above 6 dB. The subset of six receivers had a superb median value of noise figure of 3.7 dB.

The two older receivers both had white noise TOV thresholds of 14.9 dB. While this threshold value matched the worst performance of the recent-model DTV receivers, it was nonetheless still less than 15 dB, and better than earlier DTV models.

[bookmark: _Toc421286891]3.4	Co-Channel Interference

The DTV-into-DTV co-channel interference test performed for all 12 recent-model test receivers at a moderate desired level (-53 dBm) showed that, with a couple of exceptions, the co-channel D/U threshold ratio was essentially the same or slightly better than the AWGN threshold. A summary of the results can be found in Table 8.

The median value of this co-channel D/U ratio was 14.4 dB, about 0.4 dB below the white noise threshold. It’s possible to have a slightly better value than white noise since the ATSC (8-VSB) DTV signal has a 2-dB lower peak-to-average power ratio (PAPR) than additive white Gaussian noise (AWGN) and LTE (OFDMA) signals (at the 99.9% statistical point). The results for these12 receivers were consistent with only a 0.6 dB standard deviation and a difference of less than 2 dB between the absolute maximum and minimum values.

However, two of the 12 DTV receivers had higher values of DTV-into-DTV co-channel interference ratios (15.7 dB for receiver #10 and 16.1 dB for receiver #5) than their white noise thresholds (14.9 dB and 14.8 dB, respectively). The cause of this anomaly is not known at this time. One of the receivers (Rx #5) is part of the subset of six receivers.

The LTE1-into-DTV co-channel interference test performed for these 12 receivers showed a slightly higher (i.e., worse) D/U threshold ratio than for DTV-into-DTV co-channel interference. The median value of co-channel D/U ratio was 15.3 dB, about 0.9 dB greater (i.e., worse) than for its DTV equivalent, probably due in part to its higher peak-to-average power ratio. Like DTV co-channel interference, the test results for the 12 DTV receivers were consistent (0.4 dB standard deviation).

The LTE2-into-DTV co-channel interference test performed for these 12 receivers showed a lower (i.e., better) D/U ratio than for DTV-into-DTV co-channel interference. However, it should be noted the lightly-loaded LTE2 signal level is defined in its cellular deployment as average power during its one active resource block (i.e., its power density) rather than the average power of the entire signal (which is about 6 dB lower than the fully-loaded case). Therefore, the interference effects from this “bursty” LTE2 signal occurs primarily during this one active block and much less the rest of the time when the signal is at much lower levels. This is reflected by the lower (i.e., better) median D/U value of 13.7 dB for LTE2.

Table 8

DTV-into-DTV & LTE-into-DTV co-channel interference at moderate level for 12 DTV receivers



		Test Receiver

		DTV-into-DTV D/U 1,2

		LTE1-into-DTV D/U 1,2,3

		DTV – LTE1

Difference Δ4

		LTE2-into-DTV D/U 1,2,3

		DTV – LTE2

Difference Δ4



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		1

		14.3

		15.2

		-0.9

		13.7

		0.6



		2

		14.9

		15.1

		-0.2

		13.5

		1.4



		3

		14.5

		15.7

		-1.2

		13.8

		0.7



		4

		14.2

		15.0

		-0.8

		13.3

		0.9



		5

		16.1

		16.5

		-0.4

		14.3

		1.8



		6

		14.2

		15.4

		-1.2

		13.6

		0.6



		7

		14.3

		16.1

		-1.8

		14.1

		0.2



		8

		14.2

		15.3

		-1.1

		13.5

		0.7



		9

		14.2

		15.2

		-1.0

		13.6

		0.6



		10

		15.7

		15.3

		0.4

		14.2

		1.5



		11

		14.9

		15.5

		-0.6

		13.4

		1.5



		12

		14.6

		15.2

		-0.6

		13.8

		0.8



		A/74 Value

		15.5

		-----

		-----

		-----

		-----



		Mean

		14.7

		15.5

		-0.8

		13.7

		0.9



		Median

		14.4

		15.3

		-0.9

		13.7

		0.8



		Minimum

		14.2

		15.0

		-1.8

		13.3

		0.2



		Maximum

		16.1

		16.5

		0.4

		14.3

		1.8



		Std Dev

		0.6

		0.4

		0.6

		0.3

		0.5





1 The desired CH 30 DTV signal is at moderate level (-53 dBm).

2 The undesired DTV interference signal is 6 MHz wide the undesired LTE1 and LTE2 interference signals are 5 MHz wide.

3 The undesired LTE1signal is fully loaded and the undesired LTE2 interference signal is lightly loaded.

4 A negative number means LTE1 or LTE2 had a worse (higher) D/U threshold.

[bookmark: _Toc421286892]3.5	Multi-Signal Overload Interference

[bookmark: _Toc421286893]3.5.1	DTV-into-DTV

The DTV-into-DTV multi-signal overload test performed for the subset of six receivers showed that while good interference results were obtained, the presence of two DTV interference signals (N+2 and N+3) is significantly worse than for a single interferer. A summary of the results can be found in Table 9.

The median D/U value measured on the subset of six receivers for this dual (non-IM3 pair) interference scenario was -45.5 dB, with values ranging from -39.8 dB to -46.8 dB. Essentially, all six units had D/U values better than -40 dB, which is fairly robust. The ATSC A/74 document recommends a test methodology but does not recommend a specific performance value regarding multi-signal interferers.




Table 9

DTV-into-DTV and LTE1-into-DTV multi-signal overload interference for six receivers



		Test Receiver

		DTV-into-DTV D/U 1,2

		LTE1-into-DTV D/U 1,2, 3

		DTV – LTE1

Difference Δ4



		(#)

		(dB)

		(dB)

		(dB)



		1

		-39.8

		-41.0

		1.2



		2

		-42.4

		X

		X



		3

		-46.3

		X

		X



		4

		-45.7

		X

		X



		5

		-46.8

		X

		X



		6

		-45.2

		X

		X



		Mean

		-44.4

		X

		X



		Median

		-45.5

		X

		X



		Minimum

		-46.8

		X

		X



		Maximum

		-39.8

		X

		X





1 The desired CH 30 DTV and the interfering DTV signals are 6 MHz wide while the LTE signal is 5 MHz wide.

2 The desired CH 30 DTV signal level is varied while the undesired channel signals (CH 32 and CH 33) are both at -8 dBm.

3 The undesired LTE1signal is fully loaded.

4 A negative number means LTE1 had a worse (higher) D/U threshold.

[bookmark: _Toc421286894]3.5.2	LTE-into-DTV

The LTE-into-DTV multi-signal overload test was performed on just one DTV receiver (Rx #1), with LTE1 as the “closest” interference signal and DTV as the “farthest” interference signal. The interference threshold D/U was -41 dB, about 1.2 dB better than the two DTV interference signals. However, it should be noted that while the LTE signal has a higher PAPR than DTV, it is also only 5 MHz wide (in reality, it is only 4.515 MHz wide in a 5 MHz transmission channel just as DTV is only 5.381 MHz wide in a transmission 6 MHz channel). Therefore, the combined IM3 splatter below these N+2 and N+3 interfering signals (approximately 9.9 MHz wide in total) will not reach as far across CH 31 and into the desired CH 30 DTV signal (compared to two 6 MHz DTV signals) to cause interference, which might explain the slightly better (1.2 dB) interference threshold for this particular LTE/DTV-into-DTV test.

[bookmark: _Toc421286895]3.6	Single Interferer Interference (DTV-into-DTV and LTE-into- DTV)

[bookmark: _Toc421286896]3.6.1	DTV-into-DTV

The single DTV-into-DTV interferer interference test was performed for the subset of six receivers at both weak (-68 dBm) and strong (-28 dBm) levels. The results showed excellent robustness, often with results that did not allow the interference error threshold to be reached for the test plan’s maximum interference level (-8 dBm) for many of the adjacent interference channels (denoted with “< -60.9 dB”). A summary of the results can be found in Tables 10 and 11. See Figures 22 and 23 for summary plots.
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Table 10

DTV-into-DTV single-channel interference at weak desired level (-68 dBm) for six receivers



		Adjacent CH 1

		RX #1

D/U 3

		RX #2

D/U 3

		RX #3

D/U 2, 3

		RX #4

D/U 3

		RX #5

D/U 3

		RX #6

D/U 3

		A/74

Value

		Median D/U

		Mean D/U

		Min D/U

		Max D/U



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		N – 10

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		-57

		-60.9

		

		-60.9

		-60.9



		N – 8

		< -60.9

		-59.6

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		-57

		-60.9

		

		-60.9

		-59.6



		N - 7

		< -60.9

		-58.6

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		-57

		-60.9

		

		-60.9

		-58.6



		N – 6

		< -60.9

		-58.7

		< -60.9

		-59.9

		< -60.9

		< -60.9

		-57

		-60.9

		

		-60.9

		-58.7



		N – 5

		< -60.9

		-57.6

		< -60.9

		-58.1

		< -60.9

		< -60.9

		-56

		-60.9

		

		-60.9

		-57.6



		N – 4

		< -60.9

		-55.9

		-60.9*

		-56.4

		-60.4

		< -60.9

		-52

		-60.7

		

		-60.9

		-55.9



		N – 3

		-59.7

		-55.8

		-59.2*

		-55.3

		-58.2

		-60.7

		-48

		-58.7

		-58.2

		-60.7

		-55.3



		N – 2

		-54.1

		-54.1

		-56.4*

		-54.6

		-49.5

		-58.0

		-44

		-54.4

		-54.5

		-58.0

		-49.5



		N – 1

		-46.4

		-44.5

		-42.0

		-50.5

		-46.0

		-42.6

		-33

		-45.3

		-45.3

		-50.5

		-42.0



		N + 1

		-40.8

		-38.9

		-45.5

		-49.5

		-47.4

		-46.4

		-33

		-46.0

		-44.8

		-49.5

		-38.9



		N + 2

		-59.4

		-53.9

		-54.9*

		-54.9

		-57.9

		-53.9

		-44

		-54.9

		-55.8

		-59.4

		-53.9



		N + 3

		< -60.9

		-54.1

		-57.5*

		-55.6

		-60.1

		-59.1

		-48

		-58.3

		

		-60.9

		-54.1



		N + 4

		< -60.9

		-56.0

		-58.8*

		-56.5

		< -60.9

		< -60.9

		-52

		-59.9

		

		-60.9

		-56.0



		N + 5

		< -60.9

		-57.8

		-59.8*

		-57.8

		< -60.9

		< -60.9

		-56

		-60.4

		

		-60.9

		-57.8



		N + 6

		< -60.9

		-59.0

		-60.0*

		-59.4

		< -60.9

		< -60.9

		-57

		-60.5

		

		-60.9

		-59.0



		N + 7

		< -60.9

		-59.4

		-60.6

		-60.6

		< -60.9

		< -60.9

		-57

		-60.8

		

		-60.9

		-59.4



		N + 8

		< -60.9

		-60.2

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		-57

		-60.9

		

		-60.9

		-60.2



		N + 10

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		-57

		-60.9

		

		-60.9

		-60.9



		N + 13

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		-57

		-60.9

		

		-60.9

		-60.9



		N + 14

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		-50

		-60.9

		

		-60.9

		-60.9



		N + 15

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		< -60.9

		-50

		-60.9

		

		-60.9

		-60.9





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 An asterisk (*) denotes threshold hysteresis was observed during testing, i.e., “backoff” by 0.5 dB did not allow error-free reception.

3 Note that a “<” sign indicates that threshold of errors was not reached in the test bed.




Table 11

DTV-into-DTV single-channel interference at strong desired level (-28 dBm) for six receivers



		Adjacent CH 1

		RX #1

D/U

		RX #2

D/U

		RX #3

D/U

		RX #4

D/U

		RX #5

D/U

		RX #6

D/U

		A/74

Value

		Median D/U

		Mean D/U

		Min D/U

		Max D/U



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		N – 10

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N – 8

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		--20

		-20.0

		

		-20.0

		-20.0



		N - 7

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		--20

		-20.0

		

		-20.0

		-20.0



		N – 6

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N – 5

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N – 4

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N – 3

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N – 2

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N – 1

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 1

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 2

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 3

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 4

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 5

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 6

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 7

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 8

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 10

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 13

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 14

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0



		N + 15

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		< -20.0

		-20

		-20.0

		

		-20.0

		-20.0





1 Desired channel N is CH 30 at strong level (-28 dBm);  the channel offset value in each row is relative to this desired channel.

2 Note that a “<” sign indicates that threshold of errors was not reached in the test bed.







Figure 22

Single DTV channel interferer interference results for six individual DTV receivers
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Figure 23

Single DTV channel interferer interference results for the median of six DTV receivers
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All six of the test receivers met the ATSC A/74 recommended performance for all of the adjacent channel tests (even the “worst case” receiver). While both weak (-68 dBm) and strong (-28 dBm) desired signal levels were measured, it is the weak signal test that has the most interesting results since the test for the strong level resulted in error-free performance for all six receivers, i.e., maintaining video at or beyond the maximum signal level of -8 dBm (i.e., they did not reach TOV). Therefore the rest of this section will focus on the weak desired signal analysis. 

These single interferer test results can be divided into three performance groups: 1st adjacent channel, 2nd through 4th adjacent channel, and 5th adjacent channel and beyond.

D/U thresholds had median values for first lower and upper adjacent channel interference of -45.3 dB and -46.0 dB, respectively, with values for the various receivers falling within approximately an 11 dB range. The upper and lower adjacent channel D/U interference ratios were not identical in each unit, with differences varying between 1.0 dB and 5.6 dB. However, there was no consistency regarding which adjacent channel was more robust since 3 receivers had a better interference ratio for the lower adjacent channel, and 3 had a better interference ratio for the upper adjacent channel. The worst case D/U value was -38.9 dB, easily meeting the ATSC-recommended value -33 dB. However, this is not a valid representation of the performance in the field since this test uses interference signals with no adjacent channel splatter. Care must be taken when interpreting field performance and requirements from this laboratory data.

Second adjacent channel interference was found to have D/U values -49.5 dB or better, with many of them having D/U values better than -54 dB. Third and fourth adjacent channel D/U interference thresholds followed a similar pattern.

For adjacent interference channels N±5 and beyond, the test results exceeded A/74 single interferer guidelines, but with less margin than closer adjacent test results. This performance demonstrates a marked improvement in consumer tuner performance over the last 7 years (e.g., see Reference 2). Some of the receivers (Rx #1, Rx #5, and Rx #6) reached the limits of the test bed (approximately -60 dB D/U) beginning at adjacent channel N±4.

It should be noted that for special adjacent channel interference tests, no anomalies were noticed. For example, there was no interference threshold degradation on N+14 or N+15 results when interference was present on the image frequency for a single conversion tuner (i.e., threshold could not be reached due to the maximum interference test signal level of -8 dBm). The “½-IF beat” interference scenario (N+4), where the 2nd harmonic of the interference signal at the input and the 2nd harmonic of the local oscillator beat together to create a traditional 44 MHz IF frequency, was not observed either (D/U values better than -56 dB for all six receivers).

One anomaly (measurement hysteresis) that was observed during laboratory testing occurred with receiver Rx #3 on eight different interference channels: (N-2) through (N-4) and (N+2 through (N+6). When errors were observed on their screen at the interference threshold, and the interference signal reduced by a 0.5 dB step followed by a channel change, errors did not cease. Usually a 1 dB to 2 dB interference signal decrease was required before error-free operation was observed. This is not a major issue, especially since only one receiver exhibited this anomaly.

[bookmark: _Toc421286897]3.6.2	LTE-into-DTV (Fully Loaded and Lightly Loaded LTE)

The LTE-into-DTV single interferer interference test was performed for only one of the six receivers at both weak (-68 dBm) and strong (-28 dBm) levels, and showed excellent robustness against LTE1 and LTE2, often with results that did not allow the interference error threshold to be reached for the test plan’s maximum interference level (-8 dBm) for many of the adjacent interference channels (denoted with “< -60.9 dB”). A summary of the results can be found in Tables 12 and 13. See Figure 24 for a summary plot.

All of the receivers did meet the ATSC A/74 recommended performance for all of the adjacent channel tests (even the “worst case” receiver). While both weak (-68 dBm) and strong (-28 dBm) desired signal levels were measured, it is the weak signal test that has the most interesting results since the test for the strong level test, just as with the DTV-into-DTV test, resulted in this receiver not being able to reach the interference threshold using the test plan’s maximum signal level of -8 dBm (i.e., they did not reach TOV). Therefore the rest of this section will focus on the weak desired signal analysis.

These single interferer test results can be divided into three performance groups: 1st adjacent channel, 2nd adjacent channel, and 3rd adjacent channel and beyond.

The first adjacent channel interference D/U threshold was better for LTE1 than DTV on the upper adjacent channel (by 1.4 dB) and slightly worse for LTE1 than DTV on the lower adjacent channel (0.4 dB), despite the 2 dB higher PAPR of the LTE1 signal. Part of the compensating effect for the higher PAPR might be the fact that there was a 0.5 MHz guard band between the undesired LTE signal and the desired DTV signal that exists since the 5 MHz LTE signal is centred in the 6 MHz DTV channel. The first adjacent channel interference D/U threshold was slightly better for LTE2 than DTV on both the upper adjacent channel (0.8 dB) and the lower adjacent channel (0.9 dB). The “burstiness” of the LTE2 signal, with periods of low signal level might be the compensating factor for the higher PAPR. Nevertheless, all of the LTE D/U interference ratios on this single receiver were better than -40 dB and thus easily meet the ATSC-recommended value of -33 dB (A/74 document), which was determined by taking the average of the FCC-required first adjacent D/U values and then adding 6 dB for margin.




Table 12

LTE1-into-DTV & LTE2-into-DTV single-channel interference at weak desired level (-68 dBm) for one receiver



		Adjacent CH 1

		RX #1 DTV D/U

		RX #1

LTE1 D/U

		ΔRX1 2, 4
D/U

		RX #1

LTE2 D/U

		ΔRX1 3, 4

D/U



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		N – 10

		< -60.9

		< -60.9

		

		< -61.5

		



		N – 8

		< -60.9

		< -60.7

		

		< -61.3

		



		N – 7

		< -60.9

		< -60.8

		

		< -61.2

		



		N – 6

		< -60.9

		< -60.6

		

		< -61.1

		



		N – 5

		< -60.9

		< -60.5

		

		< -61.1

		



		N – 4

		< -60.9

		< -60.4

		

		< -61.4

		



		N – 3

		-59.7

		-57.8

		-1.9

		-58.8

		-0.9



		N – 2

		-54.1

		-50.9

		-3.2

		-52.9

		-1.2



		N – 1

		-46.4

		-46.0

		-0.4

		-47.3

		0.9



		N + 1

		-40.8

		-42.2

		1.4

		-41.6

		0.8



		N + 2

		-59.4

		-57.4

		-2.0

		-59.8

		0.4



		N + 3

		< -60.9

		-59.0

		

		< -61.3

		



		N + 4

		< -60.9

		< -60.3

		

		< -61.2

		



		N + 5

		< -60.9

		< -60.3

		

		< -61.4

		



		N + 6

		< -60.9

		< -60.1

		

		< -61.4

		



		N + 7

		< -60.9

		< -60.9

		

		< -61.6

		



		N + 8

		< -60.9

		< -60.9

		

		< -61.5

		



		N + 10

		< -60.9

		< -60.7

		

		< -61.4

		



		N + 13

		< -60.9

		< -60.7

		

		< -61.2

		



		N + 14

		< -60.9

		< -60.6

		

		< -61.2

		



		N + 15

		< -60.9

		< -60.6

		

		< -61.3

		





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 ΔRX1 is the difference between the LTE1 D/U ratio and the DTV D/U ratio of the same test unit #1 (i.e., DTV - LTE1).

3 ΔRX1 is the difference between the LTE2 D/U ratio and the DTV D/U ratio of the same test unit #1 (i.e., DTV – LTE2).

4 A negative number means LTE had a worse (higher) D/U threshold.

5 Note that a “<” sign indicates that threshold of errors was not reached in the test bed.




Table 13

LTE1-into-DTV and LTE2-into-DTV single-channel interference at strong level (-28 dBm) for one receiver



		Adjacent CH 1

		RX #1 DTV D/U

		RX #1

LTE1 D/U

		ΔRX1 2

D/U

		Median DTV D/U

		RX #1

LTE2 D/U

		ΔRX1 3

D/U

		Median DTV D/U



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		N – 10

		< -20.0

		< -20.8

		

		-20.0

		< -21.2

		

		-20.0



		N – 8

		< -20.0

		< -20.8

		

		-20.0

		< -21.0

		

		-20.0



		N – 7

		< -20.0

		< -20.1

		

		-20.0

		< -21.0

		

		-20.0



		N – 6

		< -20.0

		< -20.1

		

		-20.0

		< -21.3

		

		-20.0



		N – 5

		< -20.0

		< -20.1

		

		-20.0

		< -21.3

		

		-20.0



		N – 4

		< -20.0

		< -20.1

		

		-20.0

		< -21.2

		

		-20.0



		N – 3

		< -20.0

		< -20.1

		

		-20.0

		< -21.1

		

		-20.0



		N – 2

		< -20.0

		< -20.1

		

		-20.0

		< -21.1

		

		-20.0



		N – 1

		<-20.0

		<-20.5

		

		-20.0

		<-20.8

		

		-20.0



		N + 1

		<-20.0

		<-20.6

		

		-20.0

		<-20.8

		

		-20.0



		N + 2

		< -20.0

		< -20.1

		

		-20.0

		< -21.0

		

		-20.0



		N + 3

		< -20.0

		< -20.8

		

		-20.0

		< -21.0

		

		-20.0



		N + 4

		< -20.0

		< -20.8

		

		-20.0

		< -21.3

		

		-20.0



		N + 5

		< -20.0

		< -20.5

		

		-20.0

		< -21.1

		

		-20.0



		N + 6

		< -20.0

		< -20.5

		

		-20.0

		< -21.1

		

		-20.0



		N + 7

		< -20.0

		< -20.8

		

		-20.0

		< -21.3

		

		-20.0



		N + 8

		< -20.0

		< -20.8

		

		-20.0

		< -21.3

		

		-20.0



		N + 10

		< -20.0

		< -20.6

		

		-20.0

		< -21.1

		

		-20.0



		N + 13

		< -20.0

		< -20.6

		

		-20.0

		< -20.9

		

		-20.0



		N + 14

		< -20.0

		< -20.5

		

		-20.0

		< -21.4

		

		-20.0



		N + 15

		< -20.0

		< -20.5

		

		-20.0

		< -21.4

		

		-20.0





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 ΔRX1 is the difference between the LTE1 D/U ratio and the DTV D/U ratio of the same test unit #1 (i.e., DTV - LTE1).  3 ΔRX1 is the difference between the LTE2 D/U ratio and the DTV D/U ratio of the same test unit #1 (i.e., DTV – LTE2). 4 Note that a “<” sign indicates that threshold of errors was not reached in the test bed.

Figure 24

Single LTE channel interferer interference LTE and DTV comparison results for six individual receivers
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Second adjacent channel interference for LTE1 was found to have D/U values better than -50 dB on the lower adjacent channel and better than -57 dB on the upper adjacent channel. For the LTE1 signal, these results were about 2 dB to 3 dB worse than the DTV interference for this specific receiver. On the other hand, the LTE2 signal exhibited slightly more robustness than the DTV signal on the upper 2nd adjacent channel (by about 0.4 dB) but less robustness on the lower 2nd adjacent channel (by about 1 dB). The results are such that the performance of LTE1 and LTE2 are essentially the same as DTV plus about 1 dB for these particular types of interference.

For adjacent channel interference N±3 and beyond, the test results for both DTV and LTE1 and LTE2 were all at maximum capability of the test bed, with no errors observed.

[bookmark: _Toc421286898]3.7	Equal-Power IM3 Paired Interference: N+k=N+2k

The equal-power DTV-into-DTV and LTE1-into-DTV IM3-paired interference test (at weak desired DTV signal level) was performed for the subset of six receivers. For this test, the closest (i.e., N+k) interferer and the farthest (i.e., N+2k) interferer were equal in power, with the closest interferer used as the reference interference power for D/U calculations. A summary of the results can be found in Tables 14, 15, and 16.

Good robustness was observed, but there was significant interference performance degradation (increased D/U threshold ratios) from that of the single interferer test results for both DTV-into- DTV and LTE-into-DTV. This was due to the generation of IM3 components from the specially- paired interferer channels that cause noise-like interference to fall within the desired DTV channel due to the tuner’s nonlinearities.




Table 14

DTV-into-DTV Equal-Power IM3-Generating Paired interferer D/U
 at weak desired level (-68 dBm) for six receivers (N+k = N+2k).

		IM3 Pair Adj CH 1

		Rx #1

D/U

		Rx #2

D/U

		Rx #3

D/U

		Rx #4

D/U

		Rx #5

D/U

		Rx #6

D/U

		Median

		Mean

		Min

		Max



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		N - 5, N - 10

		-39.9

		-37.2

		-41.4

		-52.3

		-45.4

		-38.3

		-40.7

		-42.4

		-52.3

		-37.2



		N - 4, N - 8

		-38.5

		-36.4

		-40.4

		-50.3

		-43.9

		-37.4

		-39.5

		-41.2

		-50.3

		-36.4



		N - 3, N - 6

		-37.4

		-34.8

		-40.4

		-48.9

		-43.4

		-36.4

		-38.9

		-40.2

		-48.9

		-34.8



		N - 2, N - 4

		-39.8

		-33.3

		-39.3

		-48.4

		-43.3

		-35.7

		-39.6

		-40.0

		-48.4

		-33.3



		N - 1, N - 2

		-42.1

		-39.9

		-36.8

		-45.9

		-42.1

		-34.7

		-41.0

		-40.3

		-45.9

		-34.7



		N + 1, N+2

		-35.4

		-32.5

		-40.9

		-45.8

		-43.0

		-41.9

		-41.4

		-39.9

		-45.8

		-32.5



		N + 2, N+4

		-35.4

		-33.8

		-39.1

		-48.4

		-44.8

		-35.9

		-37.5

		-39.6

		-48.4

		-33.8



		N + 3, N+6

		-36.4

		-33.8

		-38.9

		-49.4

		-43.4

		-34.9

		-37.7

		-39.5

		-49.4

		-33.8



		N + 4, N+8

		-37.4

		-34.9

		-39.4

		-50.4

		-43.9

		-34.9

		-38.4

		-40.2

		-50.4

		-34.9



		N + 5, N+10

		-38.9

		-36.3

		-40.3

		-51.2

		-45.2

		-36.9

		-39.6

		-41.5

		-51.2

		-36.3





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 Closest undesired signal power equal to farthest undesired signal power; D/U ratio calculation based on N+k (closest) interferer.

Table 15

D/U Comparison of DTV-into-DTV Equal-Power IM3-Generating Paired interferer to single interferer D/U 
at weak desired level (-68 dBm) for six receivers (N+k = N+2k).

		IM3 Pair Adj CH 1

		Rx #1

Δ D/U

		Rx #2

Δ D/U

		Rx #3

Δ D/U

		Rx #4

Δ D/U

		Rx #5

Δ D/U

		Rx #6

Δ D/U

		Median

		Mean

		Min

		Max



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		N - 5, N - 10

		-21.0

		-20.4

		-19.5

		-5.8

		-15.5

		-22.6

		-20.0

		-17.5

		-22.6

		-5.8



		N - 4, N - 8

		-22.4

		-19.5

		-20.5

		-6.1

		-16.5

		-23.5

		-20.0

		-18.1

		-23.5

		-6.1



		N - 3, N - 6

		-22.3

		-21.0

		-18.8

		-6.4

		-14.8

		-24.3

		-19.9

		-17.9

		-24.3

		-6.4



		N - 2, N - 4

		-14.3

		-20.8

		-17.1

		-6.2

		-6.2

		-22.3

		-15.7

		-14.5

		-22.3

		-6.2



		N - 1, N - 2

		-4.3

		-4.6

		-5.2

		-4.6

		-3.9

		-7.9

		-4.6

		-5.1

		-7.9

		-3.9



		N + 1, N+2

		-5.4

		-6.4

		-4.6

		-3.7

		-4.4

		-4.5

		-4.6

		-4.8

		-6.4

		-3.7



		N + 2, N+4

		-24.0

		-20.1

		-15.8

		-6.5

		-13.1

		-18.0

		-16.9

		-16.3

		-24.0

		-6.5



		N + 3, N+6

		-24.5

		-20.3

		-18.6

		-6.2

		-16.7

		-24.2

		-19.5

		-18.4

		-24.5

		-6.2



		N + 4, N+8

		-23.5

		-21.1

		-19.4

		-6.1

		-17.0

		-26.0

		-20.3

		-18.9

		-26.0

		-6.1



		N + 5, N+10

		-22.0

		-21.5

		-19.5

		-6.6

		-15.7

		-24.0

		-20.5

		-18.2

		-24.0

		-6.6





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 Closest undesired signal power equal to farthest undesired signal power; D/U ratio calculation based on N+k (closest) interferer.




Table 16

LTE1/DTV-into-DTV Equal-Power IM3-Generating Paired interferer D/U 
at weak desired level (-68 dBm) for one receiver (N+k = N+2k)

		IM3 Pair Adjacent CH 1

		Rx #1 DTV D/U

		Rx #1 LTE1 D/U

		ΔRX1

D/U



		(#)

		(dB)

		(dB)

		(dB)



		N - 5, N - 10

		-39.9

		-40.3

		0.4



		N - 4, N - 8

		-38.5

		-39.9

		1.4



		N - 3, N - 6

		-37.4

		-37.3

		-0.1



		N - 2, N - 4

		-39.8

		-43.4

		3.6



		N - 1, N - 2

		-42.1

		-43.2

		1.1



		N + 1, N+2

		-35.4

		-36.3

		0.9



		N + 2, N+4

		-35.4

		-36.7

		1.3



		N + 3, N+6

		-36.4

		-37.1

		0.7



		N + 4, N+8

		-37.4

		-38.2

		0.8



		N + 5, N+10

		-38.9

		-39.1

		0.2



		Median

		X

		X

		0.9



		Mean

		X

		X

		1.0





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 Closest undesired signal power equal to farthest undesired signal power; D/U ratio calculation based on N+k (closest) interferer.

3 Undesired interference signals include one LTE1 (closest to CH 30) and one DTV (farthest from CH 30).

4 ΔRX1 = (DTV D/U) – (LTE1 D/U); difference number > 0 indicates Rx experiences less interference from LTE1 than DTV.

[bookmark: _Toc421286899]3.7.1.	DTV-into-DTV

DTV-into-DTV interference test results (Table 14) for the six individual receivers are plotted in Figure 25. These curves show noticeable D/U variability between units (e.g. up to 15 dB over the various paired interference channels), while clearly indicating that receivers #4 and #5 were consistently better than the other units across all ten of the IM3-paired interferer scenarios. This figure also shows that there is not very much improvement in robustness as the interfering channels get farther from the desired channel.

Figure 26 shows the median results of both the single interferer and IM3-paired interferers. From this plot, the median D/U interference ratio of the six receivers at each IM3 pair is centred around -40 dB and varied only ±2 dB around this value across ten different interferer pairs, exhibiting a fairly flat curve. The median interference performance difference between the IM3-paired interferers and single interferers is clearly observed in this plot, especially at farther frequencies from the desired DTV channel.

Figure 27 illustrates the calculated difference (i.e., degradation)  for the six test receivers between each of the IM3 interference D/U ratios and its equivalent single interferer test result (Table 15) using the closest (i.e., N+k) signal of the IM3-paired channels for the D/U interference calculation. In other words, this figure shows in graphical form how much the second interferer in an IM3 pair degrades the D/U performance from the single interferer case. A negative number indicates worse IM3-paired interference performance, thus illustrating the D/U degradation (and its unit-to-unit variability) from that of a single interferer. A clear degradation of this IM3-paired interferer scenario from that of the single interferer is illustrated for each IM3 pair (about 5 – 9 dB for the first adjacent channel and 6 – 25 dB for the taboo channels). Figure 28 is a plot of the median degradation value of the six test receivers, where a 5 dB degradation at N±1 and a 15 – 20 dB degradation for the N±2 and beyond taboo channels is illustrated.

Figure 25

DTV equal-power IM3 pair interference results for six individual DTV receivers
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Figure 26

DTV equal-power IM3 pair interference results for the median of six DTV receivers

[image: ]

Figure 27

DTV equal-power IM3 pair and single interferer interference comparison for six individual DTV receivers
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Figure 28

DTV equal-power IM3 pair and single interferer interference comparison for the median of six DTV receivers
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[bookmark: _Toc421286900]3.7.2	LTE1-into-DTV (Fully Loaded LTE)

LTE1-into-DTV interference test results are illustrated in Figure 29 for one test receiver, comparing IM3-paired interference results to single interferer results. It can be seen that there is 3 – 5 dB of degradation at the first adjacent channel and significant degradation (up to 20 dB) occurs beyond that of a single interferer when a second IM3-paired taboo interferer is added.

A comparison between DTV and LTE interference is shown in Table 16. The LTE signal for this one test receiver had slightly better interference performance over all ten of the IM3-paired interferers (median value of 0.9 dB) than that of the DTV signal. While the LTE signal has a higher PAPR, it is only 5 MHz wide (with a 0.5 MHz guard band) as opposed to the six MHz DTV signal (with no guard band), which might have a compensating effect.

Figure 29

LTE1 equal-power IM3 pair and single interferer interference comparison 
for a single DTV receiver:  (N+k=N+2k)
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[bookmark: _Toc421286901]3.8.	Unequal-Power IM3 Paired Interference:  N+k > N+2k

The unequal DTV-into-DTV and LTE1-into-DTV IM3-paired interference test (at weak desired DTV signal level) was performed for a subset of six receivers. For this test, the closest (i.e., N+k) interferer was 10 dB higher (i.e., N+k = N+2k+10 dB) than the farthest (i.e., N+2k) interferer, with the closest interferer again used as the reference interference power for D/U calculations. A summary of the results can be found in Tables 17, 18, and 19.

Good robustness was observed, but there was again interference performance degradation (increased D/U threshold ratios) from that of the single interferer test results for both DTV-into- DTV and LTE-into-DTV. This was again due to the generation of noise-like IM3 components from the specially-paired interferer channels that cause noise-like interference to fall within the desired DTV channel due to the tuner’s nonlinearities. However, this degradation, while noticeable, was not as significant as the equal-power case due to the fact that the farthest interferer was reduced by 10 dB from that of the closest interferer.

Table 17

DTV-into-DTV Unequal-Power IM3-Generating Paired interferer D/U
 at weak signal level (-68 dBm) for six receivers (N+k = N+2k+10 dB).

		IM3 Pair Adj CH 1

		Rx #1

D/U

		Rx #2

D/U

		Rx #3

D/U

		Rx #4

D/U

		Rx #5

D/U

		Rx #6

D/U

		Median

		Mean

		Min

		Max



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		N - 5, N - 10

		-44.9

		-44.4

		-48.4

		-54.9

		-51.3

		-43.9

		-46.7

		-48.0

		-54.9

		-43.9



		N - 4, N - 8

		-43.4

		-42.9

		-48.4

		-53.3

		-50.8

		-41.9

		-45.9

		-46.8

		-53.3

		-41.9



		N - 3, N - 6

		-41.3

		-41.3

		-46.9

		-52.3

		-48.9

		-40.9

		-44.1

		-45.3

		-52.3

		-40.9



		N - 2, N - 4

		-47.3

		-39.9

		-43.9

		-51.3

		-46.8

		-39.9

		-45.4

		-44.9

		-51.3

		-39.9



		N - 1, N - 2

		-45.1

		-43.2

		-39.9

		-48.7

		-45.1

		-40.4

		-44.2

		-43.7

		-48.7

		-39.9



		N + 1, N+2

		-39.1

		-35.9

		-44.1

		-48.4

		-44.1

		-45.0

		-44.1

		-42.8

		-48.4

		-35.9



		N + 2, N+4

		-40.4

		-40.4

		-42.9

		-53.3

		-48.9

		-43.9

		-43.4

		-45.0

		-53.3

		-40.4



		N + 3, N+6

		-41.4

		-41.4

		-44.9

		-54.8

		-50.3

		-39.4

		-43.2

		-45.4

		-54.8

		-39.4



		N + 4, N+8

		-42.9

		-42.4

		-45.3

		-53.4

		-51.4

		-40.4

		-44.1

		-46.0

		-53.4

		-40.4



		N + 5, N+10

		-43.2

		-43.2

		-47.3

		-54.2

		-52.3

		-41.2

		-45.3

		-46.9

		-54.2

		-41.2





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 Closest undesired signal power 10 dB above farthest undesired signal power. D/U ratio calculation based on N+k (closest) interferer.

Table 18

Comparison of DTV-into-DTV Unequal-Power IM3-Generating Paired interferer to single interferer D/U 
at weak level (-68 dBm) for six receivers (N+k = N+2k+10 dB)

		IM3 Pair Adj CH 1

		Rx #1

Δ D/U

		Rx #2

Δ D/U

		Rx #3

D/U

		Rx #4

Δ D/U

		Rx #5

Δ D/U

		Rx #6

Δ D/U

		Median

		Mean

		Min

		Max



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		N - 5, N - 10

		-16.0

		-13.2

		-12.5

		-3.2

		-9.6

		-17.0

		-12.9

		-11.9

		-17.0

		-3.2



		N - 4, N - 8

		-17.5

		-13.0

		-12.5

		-3.1

		-9.6

		-19.0

		-12.8

		-12.5

		-19.0

		-3.1



		N - 3, N - 6

		-18.4

		-14.5

		-12.3

		-3.0

		-9.3

		-19.8

		-13.4

		-12.9

		-19.8

		-3.0



		N - 2, N - 4

		-6.8

		-14.2

		-12.5

		-3.3

		-2.7

		-18.1

		-9.7

		-9.6

		-18.1

		-2.7



		N - 1, N - 2

		-1.3

		-1.3

		-2.1

		-1.8

		-0.9

		-2.2

		-1.6

		-1.6

		-2.2

		-0.9



		N + 1, N+2

		-1.7

		-3.0

		-1.4

		-1.1

		-3.3

		-1.4

		-1.6

		-2.0

		-3.3

		-1.1



		N + 2, N+4

		-19.0

		-13.5

		-12.0

		-1.6

		-9.0

		-10.0

		-11.0

		-10.9

		-19.0

		-1.6



		N + 3, N+6

		-19.5

		-12.7

		-12.6

		-0.8

		-9.8

		-19.7

		-12.7

		-12.5

		-19.7

		-0.8



		N + 4, N+8

		-18.0

		-13.6

		-13.5

		-3.1

		-9.5

		-20.5

		-13.6

		-13.0

		-20.5

		-3.1



		N + 5, N+10

		-17.7

		-14.6

		-12.5

		-3.6

		-8.6

		-19.7

		-13.6

		-12.8

		-19.7

		-3.6





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 Closest undesired signal power 10 dB above farthest undesired signal power. D/U ratio calculation based on N+k (closest) interferer.




Table 19

LTE1/DTV-into-DTV Unequal-Power IM3-Generating Paired interferer D/U 
at weak level (-68 dBm) for one receiver (N+k = N+2k+10 dB).

		IM3 Pair Adjacent CH 1

		RX #1 DTV D/U

		RX #1 LTE1 D/U

		Δ

D/U



		(#)

		(dB)

		(dB)

		(dB)



		N - 5, N - 10

		-44.9

		-48.3

		3.4



		N - 4, N - 8

		-43.4

		-47.4

		4.0



		N - 3, N - 6

		-41.3

		-43.7

		2.4



		N - 2, N - 4

		-47.3

		-48.4

		1.1



		N - 1, N - 2

		-45.1

		-45.3

		0.2



		N + 1, N+2

		-39.1

		-41.7

		2.6



		N + 2, N+4

		-40.4

		-41.7

		1.3



		N + 3, N+6

		-41.4

		-44.0

		2.6



		N + 4, N+8

		-42.9

		-45.6

		2.7



		N + 5, N+10

		-43.2

		-46.1

		2.9



		Median

		X

		X

		2.6



		Mean

		X

		X

		2.3





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 Closest undesired signal power 10 dB above farthest undesired signal power. D/U ratio calculation based on N+k (closest) interferer.

3 Undesired interference signals include one LTE1 (closest to CH 30) and one DTV (farthest from CH 30).

4 ΔRX1 = (DTV D/U) – (LTE1 D/U); difference number > 0 indicates receiver experiences less interference from LTE1 than DTV.
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DTV-into-DTV interference test results (Table 17) for the six individual receivers are plotted in Figure 30. These curves show noticeable D/U variability between units (up to 15 dB over the various paired interference channels), similar to the equal-power IM3-paired interference test, while clearly indicating that receivers #4 and #5 were consistently better than the other units across all ten of the IM3-paired interferer scenarios. There is some but not very much improvement in robustness as the interfering channels get farther from the desired channel.

Figure 31 shows the median results of both the single interferer and IM3-paired interferers. From this plot, the median D/U interference ratio of the six receivers at each IM3 pair is centred around -45 dB and varied only ±2 dB around this value across ten different interferer pairs, once again exhibiting a fairly flat curve. The median D/U interference degradation between these unequal IM3 paired interferers and the corresponding single interferers for the six receivers is about 5 dB less (‑40 dB versus -45 dB) than the equal power interferers due to the farthest interferer (N+2k) signal power being 10 dB lower. The interference performance difference between IM3-paired interferers and single interferers is clearly observed in these two plots, especially at farther frequencies from the desired DTV channel.

Figure 32 illustrates the calculated difference for the six test receivers between each of the IM3 interference D/U ratios and its equivalent single interferer test result (Table 18) using the closest (i.e., N+k) signal of the IM3-paired channels for the D/U interference calculation. As before, a negative number indicates worse IM3-paired interference performance, thus illustrating the D/U degradation (and its unit-to-unit variability) from that of a single interferer. A clear degradation of this IM3-paired interferer scenario from that of the single interferer is illustrated for each IM3 pair (about 1 – 2 dB for the first adjacent channel and 3 – 20 dB for the taboo channels). Figure 33 is a plot of the median value of the six test receivers, where a 2 dB degradation at N±1 and a 10 – 14 dB degradation for the N±2 and beyond taboo channels is illustrated (i.e., 5 dB better than the equal-power scenario).

Figure 30

DTV unequal-power IM3 pair and single interferer interference comparison for six individual DTV receivers
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Figure 31

DTV unequal-power IM3 pair and single interferer interference comparison for the median of six DTV receivers
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Figure 32

DTV unequal-power IM3 pair and single interferer interference comparison for six individual DTV receivers
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Figure 33

DTV unequal-power IM3 pair and single interferer interference comparison for the median of six DTV receivers
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[bookmark: _Toc421286903]3.8.2	LTE1-into-DTV (Fully Loaded LTE)

LTE1-into-DTV interference test results are illustrated in Figure 34 for one test receiver, comparing IM3-paired interference results to single interferer results. It can be seen that there is only about 1 dB of degradation at the first adjacent channel and still significant degradation (up to 12 dB) occurs beyond that of a single interferer when a second IM3-paired taboo interferer is added.

A comparison between DTV and LTE interference is shown in Table 19. The LTE signal for this one test receiver had slightly better interference performance over all ten of the IM3-paired interferers (median value of 2.6 dB) than that of the DTV signal. Again, the trade-off between higher PAPR and bandwidth (with guard band) might have a compensating effect on performance.

Figure 34

LTE1-unequal power IM3 pair and single interferer interference comparison 
for a single DTV receiver:  (N+k>N+2k)
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[bookmark: _Toc421286904]3.9	Unequal-Power IM3 Paired Interference:  N+k < N+2k

The unequal DTV-into-DTV and LTE-into-DTV IM3-paired interference test (at weak desired DTV signal level) was performed for a subset of six receivers. For this test, the closest (i.e., N+k) interferer was 10 dB lower (i.e., N+k = N+2k–10 dB) than the farthest (i.e., N+2k) interferer, with the closest interferer again used as the reference interference power for D/U calculations. A summary of the results can be found in Tables 20, 21, and 22.

Good robustness was observed, but there was again an interference performance degradation (increased D/U threshold ratios) from that of the single DTV interferer test results for both DTV- into-DTV and LTE-into-DTV. This was once again due to the generation of noise-like IM3 components from the specially-paired interferer channels that fall within the desired channel due to the tuner’s nonlinearities. However, this degradation was greater than that experienced in the equal-power IM3-paired interferer test due to the fact that the farthest interferer was increased by 10 dB from that of the closest interferer as well as the fact that the reference interference power was taken to be that of the closest (and lower) interferer. Since the farthest interferer is a known level (i.e., 10 dB) above the closest interferer, the IM3-paired D/U curves in the associated plots can be shifted down (i.e., improved) by 10 dB, if it is desired to use the farthest interferer as the reference point (described later).

Table 20

DTV-into-DTV Unequal-Power IM3-Generating Paired interferer D/U 
at weak level (-68 dBm) for six receivers (N+k = N+2k-10 dB).

		IM3 Pair Adj CH 1

		Rx #1

D/U

		Rx #2

D/U

		Rx #3

D/U

		Rx #4

D/U

		Rx #5

D/U

		Rx #6

D/U

		Median

		Mean

		Min

		Max



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		N - 5, N - 10

		-40.4

		-36.3

		-43.3

		-48.4

		-45.8

		-36.3

		-41.9

		-41.8

		-48.4

		-36.3



		N - 4, N - 8

		-40.0

		-36.4

		-41.9

		-46.9

		-44.9

		-36.4

		-41.0

		-41.1

		-46.9

		-36.4



		N - 3, N - 6

		-37.9

		-36.3

		-40.9

		-45.8

		-44.9

		-35.8

		-39.4

		-40.3

		-45.8

		-35.8



		N - 2, N - 4

		-34.3

		-35.9

		-39.9

		-45.8

		-43.4

		-35.9

		-37.9

		-39.2

		-45.8

		-34.3



		N - 1, N - 2

		-38.3

		-32.3

		-36.8

		-42.0

		-36.8

		-31.3

		-36.8

		-36.3

		-42.0

		-31.3



		N + 1, N+2

		-33.1

		-33.1

		-36.4

		-41.9

		-41.9

		-37.7

		-37.1

		-37.4

		-41.9

		-33.1



		N + 2, N+4

		-37.9

		-35.9

		-39.4

		-45.3

		-44.9

		-35.6

		-38.7

		-39.8

		-45.3

		-35.6



		N + 3, N+6

		-37.4

		-35.9

		-39.9

		-47.8

		-44.8

		-35.4

		-38.7

		-40.2

		-47.8

		-35.4



		N + 4, N+8

		-38.4

		-35.9

		-40.5

		-46.9

		-45.4

		-34.4

		-39.5

		-40.3

		-46.9

		-34.4



		N + 5, N+10

		-38.7

		-37.3

		-40.9

		-47.8

		-45.2

		-35.8

		-39.8

		-41.0

		-47.8

		-35.8





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 Closest undesired signal power 10 dB below farthest undesired signal power. D/U ratio calculation based on N+k (closest) interferer.

Table 21

Comparison of DTV-into-DTV Unequal-Power IM3-Generating Paired interferer to single interferer D/U 
at weak level (-68 dBm) for six receivers (N+k = N+2k-10 dB).

		IM3 Pair Adj CH 1

		Rx #1

Δ D/U

		Rx #2

Δ D/U

		Rx #3

Δ D/U

		Rx #4

Δ D/U

		Rx #5

Δ D/U

		Rx #6

Δ D/U

		Median

		Mean

		Min

		Max



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		N - 5, N - 10

		-20.5

		-21.3

		-17.6

		-9.7

		-15.1

		-24.6

		-19.1

		-18.1

		-24.6

		-9.7



		N - 4, N - 8

		-20.9

		-19.5

		-19.0

		-9.5

		-15.5

		-24.5

		-19.3

		-18.2

		-24.5

		-9.5



		N - 3, N - 6

		-21.8

		-19.5

		-18.3

		-9.5

		-13.3

		-24.9

		-18.9

		-17.9

		-24.9

		-9.5



		N - 2, N - 4

		-19.8

		-18.2

		-16.5

		-8.8

		-6.1

		-22.1

		-17.4

		-15.3

		-22.1

		-6.1



		N - 1, N - 2

		-8.1

		-12.2

		-5.2

		-8.5

		-9.2

		-11.3

		-8.9

		-9.1

		-12.2

		-5.2



		N + 1, N+2

		-7.7

		-5.8

		-9.1

		-7.6

		-5.5

		-8.7

		-7.7

		-7.4

		-9.1

		-5.5



		N + 2, N+4

		-21.5

		-18.0

		-15.5

		-9.6

		-13.0

		-18.3

		-16.8

		-16.0

		-21.5

		-9.6



		N + 3, N+6

		-23.5

		-18.2

		-17.6

		-7.8

		-15.3

		-23.7

		-17.9

		-17.7

		-23.7

		-7.8



		N + 4, N+8

		-22.5

		-20.1

		-18.3

		-9.6

		-15.5

		-26.5

		-19.2

		-18.8

		-26.5

		-9.6



		N + 5, N+10

		-22.2

		-20.5

		-18.9

		-10.0

		-15.7

		-25.1

		-19.7

		-18.7

		-25.1

		-10.0





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 Closest undesired signal power 10 dB below farthest undesired signal power. D/U ratio calculation based on N+k (closest) interferer.




Table 22

LTE1/DTV-into-DTV Unequal-Power IM3-Generating Paired interferer 
at weak level (-68 dBm) for one receiver (N+k = N+2k-10 dB).

		IM3 Pair Adjacent CH 1

		RX #1 LTE D/U

		RX #1 DTV D/U

		Δ

D/U



		(#)

		(dB)

		(dB)

		(dB)



		N - 5, N - 10

		-40.4

		-40.3

		-0.1



		N - 4, N - 8

		-40.0

		-40.4

		0.4



		N - 3, N - 6

		-37.9

		-38.8

		0.9



		N - 2, N - 4

		-34.3

		-35.4

		1.1



		N - 1, N - 2

		-38.3

		-38.8

		0.5



		N + 1, N+2

		-33.1

		-33.4

		0.3



		N + 2, N+4

		-37.9

		-39.7

		1.8



		N + 3, N+6

		-37.4

		-39.6

		2.2



		N + 4, N+8

		-38.4

		-38.7

		0.3



		N + 5, N+10

		-38.7

		-39.1

		0.4



		Median

		X

		X

		0.4



		Mean

		X

		X

		0.8





1 Desired channel N is CH 30 at weak level (-68 dBm); the channel offset value in each row is relative to this desired channel.

2 Closest undesired signal power 10 dB below farthest undesired signal power. D/U ratio calculation based on N+k (closest) interferer.

3 Undesired interference signals include one LTE1 (closest to CH 30) and one DTV (farthest from CH 30).

4 ΔRX1 = (DTV D/U) – (LTE1 D/U); difference number > 0 indicates Rx experiences less interference from LTE1 than DTV.
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DTV-into-DTV interference test results (Table 20) for the six individual receivers are plotted in Figure 35. These curves exhibited noticeable D/U variability between units (up to 13 dB) similar to the previous IM3-paired tests. Receivers #4 and #5 were consistently better than the other units across all ten of the IM3-paired interferer scenarios. Following a similar pattern previously observed there is some but not very much improvement in robustness as the interfering channels get farther from the desired channel.

Figure 36 shows the median results of both the single interferer and IM3-paired interferers. From this plot, the median D/U ratios of the six receivers for each IM3 pair is centred about -39 dB and varied only ±3 dB around this value across 10 different interferer pairs, which once again exhibits a fairly flat curve. When using the closest interferer as the reference comparison, the median D/U interference degradation between these unequal IM3 paired interferers and the corresponding single interferers (Table 21) for the six receivers is only about 1 dB worse (-40 dB versus -39 dB) than the equal power interferers due to the fact that the 10 dB larger interferer (N+2k) is farther away and has slightly less effect than the closer interferer. The interference performance difference between IM3-paired interferers and single interferers is clearly observed in these two plots, especially at farther frequencies from the desired DTV channel.

Figure 37 illustrates the calculated difference for the six test receivers between each of the IM3 interference D/U ratios and its equivalent single interferer test result (Table 21) using the closest (i.e., N+k) signal of the IM3 paired channels as the D/U calculation reference point. As before, a negative number indicates worse interference performance, thus illustrating the D/U degradation (and its unit-to-unit variability) from that of a single interferer. A clear degradation of the IM3-paired interferer scenario from that of the single interferer is observed for each IM3 pair tested (about 6 – 12 dB for the first adjacent channel and 5 – 25 dB for the taboo channels). Figure 38 is a plot of the median value of the six test receivers, where an 8 dB degradation at N±1 and a 17 – 20 dB degradation for the N±2 and beyond taboo channels is illustrated.

Figure 35

DTV unequal-power IM3 pair and single interferer interference comparison for six individual DTV receivers
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Figure 36

DTV unequal-power IM3 pair and single interferer interference comparison for the median of six DTV receivers
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Figure 37

DTV unequal-power IM3 pair and single interferer interference comparison for six individual DTV receivers
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Figure 38

DTV unequal-power IM3 pair and single interferer interference comparison for the median of six DTV receivers
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It should be noted that for the above analysis, the closest interferer (i.e., N+k) was used as the reference signal level for calculating D/U ratios in order to obtain a consistent comparison with the previous two IM3-paired interference test scenarios. Use of the closest interferer is quite understandable in the first two interference IM3-paired scenarios: equal power (N+k=N+2k) where both interferers are at the same level and unequal power (N+k=N+2k+10 dB) where the closest interferer is the stronger of the two interferers. For completeness, the third scenario was also analyzed using the closest interferer as a reference in order to determine the various effects on DTV reception when a 2nd IM3-paired interferer was added (1) at the same power level as the original single interferer, (2) below the original interferer, or (3) above the original interferer. The comparison to the single interferer scenario was then straightforward: the closest interferer was always used as the reference for D/U value calculations and the D/U interference threshold for the single interferer on this same (i.e., closest) channel was used for the comparison.

However, another possible analysis methodology is to always use the largest interference signal as the reference. This means only one change to the previous analysis, and that would be for the scenario where the farthest interferer is the larger signal. Since the power difference is exactly 10 dB, the analysis would be straightforward in that the previous calculations for the IM3-paired D/U ratio values (observed in both the tables and plots) would just be decreased (i.e., improved) by 10 dB for this one scenario. The primary difference, though, comes in the plots (six individual receivers or the median value of all six of them) that compare the IM3-paired results with those of the single interferer. Instead of comparing the IM3 –paired interferer results with the closest (i.e., N+k) lower and upper adjacent channels single interferers, the farthest (i.e., N+2k) channels would be used for comparison. Figure 39 illustrates this comparison for the six individual DTV receivers while Figure 40 shows a similar comparison between the median values of the single interferer and IM3-paired interferers. Note that the results still show significant degradation with the presence of IM3-pairs compared to the single interferer scenario.

Figure 39

DTV unequal power IM3 pair and single interferer interference comparison 
for six individual DTV receivers using N+2k as the reference interference level
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Figure 40

DTV unequal power IM3 pair and single interferer interference comparison 
for the median of six DTV receivers using N+2k as the reference interference level
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[bookmark: _Toc421286906]3.9.2	LTE-into-DTV (Fully Loaded LTE)

LTE1-into-DTV interference test results are illustrated in Figure 41 for one test receiver, comparing IM3-paired performance results to single interferer results. It can be seen that there is only about seven to ten dB of degradation at the first adjacent channel and still significant degradation (up to 20 dB) occurs beyond that of a single interferer when a second IM3-paired taboo interferer is added.

Figure 41

Unequal power LTE1 IM3 pair and single interferer interference comparison 
for a single DTV receiver:  (N+k<N+2k)
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A comparison between DTV and LTE interference is shown in Table 22. The LTE signal for this one test receiver had slightly better interference performance over all ten of the IM3-paired interferers (median value of 0.4 dB) than that of the DTV signal. Again, the trade-off between higher PAPR and bandwidth (with guard band) might have a compensating effect on performance. Since a direct comparison between two signals with IM3-paired interference is being made, the reference to either the closest or farthest interferer is not relevant.

[bookmark: _Toc421286907]3.10	Sliding LTE Interference (Weak Desired Signal)

The two separate “sliding” LTE interference test results (5 MHz LTE1 signal and the 10 MHz LTE3 signal) are included in Tables 23 and 24, where the D/U interference ratios vary as the undesired LTE interference signal is shifted in frequency in 1 MHz steps, providing varying amounts of overlap with the weak (-68 dBm) desired DTV signal. Units tested were the six recent-model DTV receivers used in all of the previous adjacent channel interference tests, plus two older receivers from 2006 for comparison with the recent DTV models.

In this test, certain signal spectral alignments caused TOV results to vary somewhat, in some units by as much as three to five dB. The variation occurred when determining TOV as described for the other tests in this report. The variation was enough that getting consistently repeatable results was uncertain. An underlying goal of this effort is that the test results should be reasonably repeatable by independent tests after this report is published, and the amount of variation made this less likely. Therefore, the method of determining TOV for these tests was altered to account for those test scenarios where the interference threshold was not stable, and thus made determining TOV difficult.

Table 23

Sliding 5 MHz BW LTE1-into-DTV interference for six receivers at weak desired signal (-68 dBm)



		Interference Frequency 1, 2

		RX

#1

D/U

		RX

#2

D/U

		RX

#3

D/U

		RX

#4

D/U

		RX

#5

D/U

		RX

#6

D/U

		RX #13

D/U

		RX #14

D/U

		Mean

D/U

		Median

D/U

		Min

D/U

		Max

D/U



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		568.5

		14.7

		14.9

		14.7

		14.9

		14.9

		14.9

		14.5

		14.5

		14.9

		14.8

		14.7

		14.9



		569.0

		15.0

		15.0

		14.8

		15.0

		15.0

		15.0

		15.5

		14.5

		15.0

		15.0

		14.8

		15.0



		569.5

		14.6

		15.1

		14.6

		14.6

		14.8

		14.8

		14.5

		14.5

		14.7

		14.8

		14.6

		15.1



		570.5

		14.3

		13.2

		14.3

		13.2

		13.2

		17.2

		13.5

		13.5

		13.8

		14.2

		13.2

		17.2



		571.5

		15.1

		11.0

		15.1

		12.0

		16.0

		17.1

		11.5

		11.5

		15.1

		14.4

		11.0

		17.1



		572.5

		11.0

		8.3

		12.1

		8.3

		14.2

		10.2

		7.7

		7.9

		10.6

		10.7

		8.3

		14.2



		573.5

		-5.8

		-1.9

		-6.7

		-0.9

		6.3

		-4.0

		-1.2

		-1.2

		-3.0

		-2.2

		-6.7

		6.3



		574.5

		-43.0

		-36.0

		-44.9

		-49.0

		-47.0

		-45.4

		-39.6

		-41.6

		-45.2

		-44.2

		-49.0

		-36.0



		575.5

		-45.1

		-40.1

		-46.6

		-49.6

		-48.6

		-46.1

		-40.8

		-43.8

		-46.4

		-46.0

		-49.6

		-40.1



		576.5

		-48.4

		-44.1

		-47.2

		-50.4

		-51.4

		-47.6

		-41.8

		-45.8

		-48.0

		-48.2

		-51.4

		-44.1



		577.5

		-52.9

		-48.4

		-48.9

		-51.0

		-51.8

		-47.9

		-42.9

		-47.8

		-50.0

		-50.2

		-52.9

		-47.9



		578.5

		-55.8

		-49.9

		-49.9

		-51.0

		-53.9

		-48.9

		-43.9

		-48.9

		-50.5

		-51.6

		-55.8

		-48.9



		579.5

		-55.4

		-50.4

		-50.9

		-51.4

		-54.9

		-49.4

		-44.0

		-49.9

		-51.2

		-52.1

		-55.4

		-49.4





1 Desired channel N is CH 30 at weak level (-68 dBm).

2 Undesired LTE1 signal is varied in frequency in 1 MHz increments.

Table 24

Sliding 10 MHz BW LTE3-into-DTV interference for six receivers at weak desired signal (-68 dBm)



		Interference Frequency 1, 2

		RX

#1

D/U

		RX

#2

D/U

		RX

#3

D/U

		RX

#4

D/U

		RX

#5

D/U

		RX

#6

D/U

		RX

#13

D/U

		RX

#14

D/U

		Mean

D/U

		Median

D/U

		Min

D/U

		Max

D/U



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		571.0

		12.9

		12.9

		12.9

		12.8

		12.8

		12.9

		12.2

		12.2

		12.9

		12.9

		12.8

		12.9



		571.5

		11.9

		12.4

		11.9

		11.9

		11.9

		11.9

		12.2

		12.2

		11.9

		12.0

		11.9

		12.4



		572.0

		11.4

		11.4

		11.4

		11.4

		11.4

		12.4

		11.2

		11.2

		11.4

		11.6

		11.4

		12.4



		573.0

		12.5

		10.6

		11.5

		10.6

		10.6

		14.6

		9.4

		9.4

		11.1

		11.7

		10.6

		14.6



		574.0

		11.4

		8.4

		11.4

		8.4

		13.5

		12.4

		7.4

		7.4

		11.4

		10.9

		8.4

		13.5



		575.0

		6.3

		4.2

		5.2

		4.2

		9.4

		5.2

		3.3

		3.3

		5.2

		5.7

		4.2

		9.4



		576.0

		-9.8

		-10.8

		-9.8

		-9.8

		-12.8

		-14.8

		-5.7

		-10.8

		-10.3

		-11.3

		-14.8

		-9.8



		577.0

		-40.8

		-36.4

		-44.8

		-49.8

		-47.3

		-45.8

		-42.3

		-43.3

		-45.3

		-44.2

		-49.8

		-36.4



		578.0

		-41.3

		-37.3

		-45.3

		-49.8

		-49.3

		-46.3

		-42.4

		-43.4

		-45.8

		-44.9

		-49.8

		-37.3



		579.0

		-41.3

		-39.9

		-45.8

		-50.9

		-50.3

		-46.8

		-43.5

		-43.5

		-46.3

		-45.8

		-50.9

		-39.9



		580.0

		-43.1

		-41.0

		-46.6

		-51.2

		-52.2

		-47.6

		-44.5

		-44.5

		-47.1

		-47.0

		-52.2

		-41.0



		581.0

		-46.7

		-44.2

		-47.7

		-51.7

		-53.6

		-48.7

		-45.4

		-45.4

		-48.2

		-48.8

		-53.6

		-44.2



		582.0

		-49.6

		-46.7

		-49.1

		-52.2

		-55.1

		-50.1

		-46.4

		-46.4

		-49.9

		-50.5

		-55.1

		-46.7





1 Desired channel N is CH 30 at weak level (-68 dBm).

2 Undesired LTE3 signal is varied in frequency in 1 MHz increments.



The hypothesis made from the test results is that as the LTE interference signal starts off overlapping most (5 MHz signal) or all (10 MHz signal) of the desired DTV signal (i.e., with both lower band edges of the desired DTV and undesired LTE signals lined up), the D/U interference ratio (determined by the total integrated noise power of the interferer that falls within the desired channel) must be around 15 dB (same as white noise threshold). With the LTE signal this far below the desired DTV signal during this initial testing and spread out across most or all the entire desired channel, all of the DTV receiver synchronization loops in the receiver should still be working reasonably well, just as they do when the receiver is  near the flat spectrum white noise threshold.

However, as the LTE interference signal is shifted in frequency (in 1 MHz steps), there is less overlap with the desired DTV signal so the undesired LTE signal strength can increase to reach about the same integrated in-band noise level at TOV. Therefore, the D/U interference ratio drops since some of the undesired LTE interference power is outside of the desired DTV channel (i.e., partially in the adjacent channel). Since the LTE signal was shifted higher in frequency, there is still overlap with the desired DTV signal at its upper band edge frequency. The symbol clock synchronization circuits in most DTV receivers use the energy in this area to create a local symbol clock with which to decode the incoming symbols.

With the interfering signal shifted to this particular alignment, while the overall integrated LTE interference noise over the 6 MHz desired channel still reaches about 15 dB at TOV, the interference is not spread out evenly over the entire 6 MHz desired channel. Since it is concentrated at the upper band edge, the SNR ratio that occurs within the DTV receiver’s symbol clock recovery bandwidth is now much lower due to the partial spectrum overlap. This additional interference energy in this specific region can possibly affect the DTV receiver’s performance, and therefore make the normally steep digital cliff effect less well defined and more difficult to determine. When a weak desired signal level (-68 dBm) was employed that was well above the receiver’s internal broadband noise floor, this particular sliding LTE interference test exhibited this adverse TOV effect when there was 4 MHz or less of partial LTE interference overlap (at the upper band edge). When a very weak signal level (-81 dBm) was used, the receiver’s internal broadband noise added to the LTE noise-like interference to determine TOV, thus reducing the allowed amount of LTE interference level. Therefore, this adverse TOV effect was less significant under this condition.

During the partial spectral overlap testing when TOV was first reached (i.e., errors just became visible in the video), the video errors would come and go over a long period of time (e.g., 1 minute), thus making TOV determination long and tedious in the partial overlap region. In the 5 MHz testing, the adverse measurement effect occurred for four different centre frequencies (570.5 MHz through 573.5 MHz, inclusive) and five different centre frequencies in the 10 MHz testing (572.0 MHz through 576.0 MHz, inclusive). While all of the DTV receivers under test exhibited this type of “variable” threshold effect, some receivers were worse than others.

To alleviate this problem as much as possible and improve testing repeatability, the new TOV methodology (for this sliding LTE interference test only) called for stepping the interference signal level in 1 dB increments (instead of 0.5 dB), and waiting for three consecutive one- minute observation intervals (instead of three 20-second intervals) to get visible errors. At the first sign of visible errors in all three one-minute test intervals, the LTE interference level was recorded and the D/U interference value calculated. This methodology, while not perfect, did provide a better chance of having repeatable test results than the normal methodology used during the rest of the laboratory testing, although some measurements may still be difficult to repeat.

[bookmark: _Toc421286908]3.10.1	5 MHz LTE Interference

The 5 MHz sliding LTE interference test data for eight receivers at weak level (-68 dBm) is contained in Table 23. A plot of this data is shown in Figure 42. The x-axis location of 574.5 MHz is the point at which the lower band edge of the interfering LTE signal is coincident with the upper band edge of the desired DTV signal; this is the point of zero guard band. To the left of 574.5 MHz is the overlap region; to the right is the region of increasing (nonzero) guard band. This plot indicates that with full 5 MHz LTE interference overlap (from 568.5 MHz to 569.5 MHz) the D/U ratio is about 15 dB, which is the typical D/U ratio for co-channel interference from a broadband, noise-like signal.

As the LTE interferer is shifted higher in frequency (in 1 MHz steps), it can be seen that the D/U ratio varies up and down by a small amount, but ultimately decreases (i.e., robustness increases) since more and more of the interference energy is out of band and therefore not causing in-band interference to the desired DTV signal. These TOV threshold variations are present to some degree in most of the receivers under test.

As the lower band edge of the LTE interferer just reaches the upper band edge of the DTV signal (i.e., at the no overlap condition at 574.5 MHz for the 5 MHz test), the LTE signal is considered to be completely a first adjacent channel interferer (with no guard band), thus exhibiting very large D/U ratios. Further increases in the frequency shift provides more guard band between the desired DTV signal and the undesired LTE interference signal, which allows for increased robustness (i.e., lower D/U ratios).

Figure 42

Sliding 5 MHz LTE1 interference signal results at weak desired signal for six individual DTV receivers

[image: ]

Considering this “zero guard band” point of 574.5 MHz, and referring now to the median D/U interference ratio curve (for the six recent receivers) in Figure 43, there is about a 2 dB D/U improvement for each 1 MHz guard band increase. When the 5 MHz wide LTE signal is at a centre frequency of 574.5 MHz, it is approximately zero MHz of guard band away from the 6 MHz wide ATSC signal at 569 MHz (“approximately” because this is only considering the allocated bandwidths of 5 MHz and 6 MHz, not the slightly smaller occupied bandwidths). At this 574.5 MHz zero guard band point, the median D/U ratio value of the six recent receivers reaches ‑45 dB at 574.5 MHz and decreases (improves) from there with increasingly positive guard band.

Figure 43

Sliding 5 MHz LTE1 interference signal results at weak desired signal for median of six DTV receivers

[image: ]

The TOV uncertainty exhibited during partial overlap of the upper band edge region is insignificant once the signal is completely in the adjacent channel. For instance, in this test with no transmitter splatter present, a 3 MHz guard band would provide an improvement in D/U interference ratio of about 5 dB. However, for situations in the field, LTE interferer transmitter splatter will have a definite effect on first adjacent channel interference and should therefore be taken into account.

Finally, note that the performance of the older receivers (Rx #13 and Rx #14) is fairly consistent with that of the newer receivers (Rx #1 through Rx #6). With the desired DTV signal at weak level, the tuner’s internal white noise is relatively small compared to the amount needed to cause TOV. Therefore, TOV is dependent on the AWGN threshold of each receiver (along with linearity characteristics), which for both of these older units was identical (14.9 dB). In the overlap and partial overlap regions, both older receivers replicated the performance of the better- performing recent receivers (i.e., no rise in the D/U interference ratio in the partial overlap region). However, in the far non-overlap region (with 3 MHz or more guard band), these units were slightly worse than all of the recent receivers.

[bookmark: _Toc421286909]3.10.2	10 MHz LTE Interference

The 10 MHz sliding LTE interference test data for eight receivers at weak level (-68 dBm) is contained in Table 24. A plot of this data is shown in Figure 44. The x-axis location of 577 MHz is the point at which the lower band edge of the interfering LTE signal is coincident with the upper band edge of the desired DTV signal; this is the point of zero guard band. To the left of 577 MHz is the overlap region; to the right is the region of increasing (nonzero) guard band.

This plot indicates similar results as those obtained for the 5 MHz LTE sliding interference test. Note that 10 MHz interference test curve, while very similar to the 5 MHz curve, is shifted lower by about 3 dB in the overlap region. This is due to the fact that the undesired 10 MHz LTE signal power (which has the same power density as the 5 MHz signal) was measured in a 10 MHz bandwidth before being used in the D/U calculation, and therefore exhibits a 3 dB total power increase over the 5 MHz LTE signal and a 3 dB D/U interference threshold decrease.

There is an exception with regard to this 3 dB shift for the first point (shifted by only 2 dB) since the 5 MHz LTE signal does not overlap the entire 6 MHz desired channel while the 10 MHz LTE interferer does. Note that both sets of curves are essentially the same when the LTE signal’s lower band edge is shifted by 1 MHz since at this point both signals overlap the desired DTV channel by 5 MHz. Further frequency shifts of the LTE signal cause identical amounts of overlap for the 5 MHz and 10 MHz interferers. Likewise, when both types of LTE signals are completely in the adjacent channel, and only the interferer’s tuner-generated IM3 splatter is present in the desired DTV channel acting as a co-channel signal to the desired DTV signal, the two signals behave similarly (with the exception of the 3 dB power reference difference); the only difference being the 10 MHz may have more splatter energy fall within the desired DTV channel because of its increased bandwidth.

As the lower band edge of the LTE interferer just reaches the upper band edge of the DTV signal (i.e., no overlap condition at 577.0 MHz for the 10 MHz test), the LTE signal is considered to be completely a first adjacent channel interferer (with no guard band), thus exhibiting very large D/U ratios. Under these conditions, only the interferer’s IM3 splatter caused by non-linearities in the tuner is present in the desired DTV channel, and act as a co-channel signal to the desired DTV signal. Further increases in the LTE frequency shift add more guard band between the desired DTV signal and the undesired LTE interference signal, which allows for slightly increased robustness (i.e., lower D/U ratios).

Figure 44

Sliding 10 MHz LTE1 interference signal results at weak desired signal for six individual DTV receivers

[image: ]



As with the 5 MHz test in the preceding section, the performance of the older receivers (Rx #13 and Rx #14) is consistent with that of the newer receivers (Rx #1 trough Rx #6) due to their similar AWGN thresholds and tuner linearity. Again, their performance in the overlap and partial overlap regions is very good, while their performance in the non-overlap region is comparable with the moderately-performing recent receivers.

Using the median D/U interference ratio curve (for the six recent receivers) in Figure 45, there is about a 1 dB D/U improvement for each 1 MHz guard band increase. The median D/U ratio value starts at -46 dB (-43 dB when the 3 dB power correction factor is applied) and decreases (improves) from there with increasing guard band. The TOV uncertainty exhibited during partial overlap of the upper band edge region is again insignificant once the signal is completely in the adjacent channel. For instance, in this test with no transmitter splatter present, a 3 MHz guard band would provide an improvement in D/U interference ratio of about 2 dB. However, for situations in the field, LTE interferer transmitter splatter will have a definite effect on first adjacent channel interference and should therefore be taken into account.

Figure 45

Sliding 10 MHz LTE1 interference signal results at weak desired signal for median of six DTV receivers
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A comparison of the two median curves for the six receivers for the 5 MHz and 10 MHz sliding LTE interference at weak desired signal level is shown in Figure 46. The 10 MHz D/U data in this plot has been shifted 3 dB down. This normalizes the 10 MHz test to the 5 MHz test in terms of power density. This curve is relevant because it represents the D/U interference performance for the 5 MHz case compared to the performance when a second, equal-strength 5 MHz LTE transmitter is added immediately adjacent to it (which, of course, is simulated here by a 10 MHz wide signal). When viewed on this basis of power density rather than total power, the two curves look quite similar in the overlap region, and the 10 MHz curve is somewhat less robust in the positive guard band region due to the additional interference energy.

Figure 46

Median comparison of sliding 5 MHz and 10 MHz LTE1 interference results 
at weak desired signal (-68 dBm) for six DTV receivers

[image: ]



[bookmark: _Toc421286910]3.11	Sliding LTE Interference (Very Weak Desired Signal)

Two additional separate “sliding” LTE interference test results (5 MHz LTE1 signal and the 10 MHz LTE3 signal) are included in Tables 25 and 26, where the D/U interference ratios vary as the undesired LTE interference signal is shifted in frequency in 1 MHz steps, providing varying amounts of overlap with the very weak (-81 dBm) desired DTV signal. The same eight DTV receivers were tested again (six receivers, circa 2012-2013, plus two older receivers, circa 2006).

In this test, the same variations and instability in TOV threshold determination occurred, and therefore required the use of a modified methodology identical to the one used in the weak signal condition (i.e., 1-dB steps and three 60-second observation windows).  Since the desired DTV signal is at a very weak signal level, reasonably near the DTV receiver’s sensitivity threshold, less adjacent channel interference can be tolerated. The noise-like IM3 interference signal will add to the DTV receiver’s internal tuner white Gaussian noise, with both contributing a fair amount to the limiting the interference D/U threshold. Therefore, the robustness of the DTV receiver at the very weak desired DTV signal condition can be degraded from that of the weak desired DTV signal condition due to this multiple impairment scenario. The amount of degradation, if any, depends on the sensitivity level (and thus the tuner’s internal noise floor) for each DTV receiver.



Table 25

Sliding 5 MHz BW LTE1-into-DTV interference for six receivers at very weak desired signal (-81 dBm)



		Interference Frequency 1, 2

		RX

#1

D/U

		RX

#2

D/U

		RX

#3

D/U

		RX

#4

D/U

		RX

#5

D/U

		RX

#6

D/U

		RX

#13

D/U

		RX

#14

D/U

		Mean

D/U

		Median

D/U

		Min

D/U

		Max

D/U



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		568.5

		16.1

		16.5

		16.1

		16.5

		16.0

		16.1

		21.8

		16.9

		16.1

		16.2

		16.0

		16.5



		569.0

		16.0

		17.0

		16.1

		16.6

		16.1

		15.6

		22.3

		17.0

		16.1

		16.2

		15.6

		17.0



		569.5

		16.1

		17.0

		15.6

		16.5

		16.1

		15.6

		21.9

		17.0

		16.1

		16.2

		15.6

		17.0



		570.5

		14.6

		15.6

		14.6

		15.6

		15.1

		14.6

		21.0

		15.4

		14.9

		15.0

		14.6

		15.6



		571.5

		13.7

		13.7

		13.2

		14.2

		13.2

		14.2

		19.1

		13.4

		13.7

		13.7

		13.2

		14.2



		572.5

		11.8

		11.3

		11.8

		11.3

		11.3

		12.8

		16.5

		11.0

		11.6

		11.7

		11.3

		12.8



		573.5

		3.2

		4.3

		2.8

		3.3

		2.3

		3.8

		9.4

		3.2

		3.3

		3.3

		2.3

		4.3



		574.5

		-45.3

		-39.4

		-45.3

		-47.3

		-47.3

		-45.2

		-38.9

		-40.9

		-45.3

		-45.0

		-47.3

		-39.4



		575.5

		-46.8

		-40.7

		-46.8

		-47.8

		-49.3

		-46.8

		-40.1

		-43.0

		-46.8

		-46.4

		-49.3

		-40.7



		576.5

		-49.2

		-43.9

		-48.2

		-48.1

		-51.8

		-47.1

		-40.1

		-44.1

		-48.2

		-48.1

		-51.8

		-43.9



		577.5

		-54.2

		-48.2

		-49.2

		-49.2

		-53.2

		-48.2

		-41.2

		-46.0

		-49.2

		-50.4

		-54.2

		-48.2



		578.5

		-55.2

		-50.1

		-50.1

		-49.2

		-55.2

		-49.2

		-42.1

		-47.1

		-50.1

		-51.5

		-55.2

		-49.2



		579.5

		-55.1

		-50.1

		-51.1

		-49.2

		-55.1

		-50.1

		-43.1

		-48.1

		-50.6

		-51.8

		-55.1

		-49.2





1 Desired channel N is CH 30 at weak level (-68 dBm).

2 Undesired LTE1 signal is varied in frequency in 1 MHz increments.

Table 26

Sliding 10 MHz BW LTE3-into-DTV interference for six receivers at very weak desired signal (-81 dBm)



		Interference Frequency 1, 2

		RX

#1

D/U

		RX

#2

D/U

		RX

#3

D/U

		RX

#4

D/U

		RX

#5

D/U

		RX

#6

D/U

		RX

#13

D/U

		RX

#14

D/U

		Mean

D/U

		Median

D/U

		Min

D/U

		Max

D/U



		(#)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)

		(dB)



		571.0

		13.5

		14.5

		13.5

		14.4

		13.5

		13.5

		18.9

		14.4

		13.5

		13.8

		13.5

		14.5



		571.5

		13.0

		14.0

		13.0

		13.5

		13.0

		12.4

		18.9

		14.3

		13.0

		13.2

		12.4

		14.0



		572.0

		12.4

		13.5

		12.4

		13.0

		12.4

		12.0

		18.8

		13.3

		12.4

		12.6

		12.0

		13.5



		573.0

		11.0

		12.0

		11.0

		12.0

		11.4

		11.5

		17.4

		11.8

		11.5

		11.5

		11.0

		12.0



		574.0

		10.0

		10.0

		9.5

		10.0

		9.5

		11.0

		15.3

		9.8

		10.0

		10.0

		9.5

		11.0



		575.0

		7.4

		6.5

		7.4

		6.5

		6.5

		8.4

		12.3

		6.4

		7.0

		7.1

		6.5

		8.4



		576.0

		-10.5

		-9.1

		-10.5

		-6.1

		-9.5

		-7.6

		-0.6

		-6.7

		-9.3

		-8.9

		-10.5

		-6.1



		577.0

		-46.4

		-39.5

		-45.5

		-48.4

		-48.4

		-46.4

		-40.5

		-43.4

		-46.4

		-45.8

		-48.4

		-39.5



		578.0

		-46.5

		-39.5

		-46.5

		-48.5

		-50.5

		-46.5

		-41.6

		-44.5

		-46.5

		-46.3

		-50.5

		-39.5



		579.0

		-47.5

		-40.6

		-47.5

		-48.5

		-51.5

		-47.5

		-42.5

		-45.5

		-47.5

		-47.2

		-51.5

		-40.6



		580.0

		-48.5

		-41.6

		-47.5

		-49.5

		-53.5

		-48.5

		-43.5

		-47.5

		-48.5

		-48.2

		-53.5

		-41.6



		581.0

		-49.5

		-43.5

		-49.5

		-49.5

		-55.5

		-49.5

		-44.5

		-48.5

		-49.5

		-49.5

		-55.5

		-43.5



		582.0

		-51.9

		-46.4

		-51.0

		-50.0

		-55.3

		-51.0

		-45.5

		-49.5

		-51.0

		-50.9

		-55.3

		-46.4





1 Desired channel N is CH 30 at weak level (-68 dBm).

2 Undesired LTE2 signal is varied in frequency in 1 MHz increments.



[bookmark: _Toc421286911]3.11.1	5 MHz LTE Interference

The 5 MHz sliding LTE interference test data for eight receivers at very weak level (-81 dBm) is contained in Table 25. A plot of this data is shown in Figure 47. The x-axis location of 574.5 MHz is the point at which the lower band edge of the interfering LTE signal is coincident with the upper band edge of the desired DTV signal; this is the point of zero guard band. To the left of 574.5 MHz is the overlap region; to the right is the region of increasing (nonzero) guard band.

This plot indicates that with full 5 MHz LTE interference overlap the D/U ratio is about 16 dB, which is about 1 dB worse than the typical D/U ratio for co-channel interference from a broadband, noise-like signal. The slight degradation is due to the fact that the desired DTV signal is near its sensitivity threshold and therefore each DTV receiver’s own internal tuner noise is combining with the IM3 noise caused by the external LTE interferer signal within the tuner. During this very weak signal test, all six recent DTV receivers behaved very consistently in the overlap region, even more so than under the weak desired signal condition, perhaps due to the presence of the fixed wideband white noise from the tuner’s front end.

In the non-overlap region, the units experienced more variation than the overlap region among the eight different DTV receivers, by as much as 10 dB. However, more robustness was observed for all of the receivers as the guard band increased.

For the two older receivers, one unit performed consistently with the recent models. However, Rx #13 was about 6 dB worse in performance in the overlap region and somewhat less in the positive guard band region, reflecting the rather poor sensitivity performance of this unit as noted earlier. This same older receiver also was the second poorest performing receiver of the eight test units, most likely due to a combination of its non-linearity and sensitivity performance.

Figure 47

Sliding 5 MHz LTE1 interference signal results at very weak desired signal (-81 dBm) for six individual DTV receivers

[image: ]



Using the median D/U interference ratio curve (for the six recent receivers) in Figure 48, there is on the average about a 1 dB D/U improvement for each 1 MHz guard band increase. The median D/U ratio value starts at -46 dB and decreases (improves) from there with increasing guard band. This increase in robustness is not as great for the very weak signal condition as it is for the weak signal condition, but there is some improvement.

Figure 48

Sliding 5 MHz LTE1 interference signal results at very weak desired signal for median of six DTV receivers

[image: ]
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The 10 MHz sliding LTE interference test data for eight receivers at very weak level (-81 dBm) is contained in Table 26. A plot of this data is shown in Figure 49. The x-axis location of 577 MHz is the point at which the lower band edge of the interfering LTE signal is coincident with the upper band edge of the desired DTV signal; this is the point of zero guard band. To the left of 577 MHz is the overlap region; to the right is the region of increasing (nonzero) guard band.

This plot indicates similar results as those obtained for the 5 MHz LTE sliding interference test (except for the 3 dB difference due to the 10 MHz power measurement). Performance consistency was very good among all of the recent model receivers.

In the overlap region, increased performance variation was observed among the eight different DTV receivers, by as much as 13 dB. However, all the units showed improved robustness with increased guard band.

For the two older receivers, as in the 5 MHz case, one unit performed consistently with the recent models but Rx #13 was perhaps 5 dB – 6 dB worse in performance in the overlap region. This unit fared better in the positive guard band region, however, performing comparably to the less performing recent receivers.

Figure 49

Sliding 10 MHz LTE1 interference signal results at very weak desired signal (-81 dBm)
for six individual DTV receivers
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Using the median D/U interference ratio curve (for the six recent receivers) in Figure 50, there is about a 1 dB D/U improvement for each 1 MHz guard band increase. The median D/U ratio value starts at -48 dB (-45 dB when the 3 dB power correction factor is applied) and decreases (improves) from there with increasing guard band. 

Figure 50

Sliding 10 MHz LTE1 interference signal results at very weak desired signal (-81 dBm) 
for the median of six DTV receivers
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A comparison of the two median curves for the six receivers for the 5 MHz and 10 MHz sliding LTE interference at very weak desired signal level is shown in Figure 51. The 10 MHz D/U data in this plot has been shifted 3 dB down. This normalizes the 10 MHz test to the 5 MHz test in terms of power density. This curve is relevant because it represents the D/U interference performance for the 5 MHz case compared to the performance when a second, equal-strength 5 MHz LTE transmitter is added immediately adjacent to it (which, of course, is simulated here by a 10 MHz wide signal). When viewed on this basis of power density rather than total power, the two curves look quite similar in the overlap region, and the 10 MHz curve is somewhat less robust in the positive guard band region due to the additional interference energy.

Figure 51

Median comparison of sliding 5 MHz and 10 MHz LTE1 interference results 
at very weak desired signal (-81 dBm) for six DTV receivers
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Laboratory RF tests were performed on a sampling of recently popular Advanced Television System Committee (ATSC) compatible flat-screen consumer digital television (DTV) receivers that have been on the market in the period 2012 - 2013. The main goal of the tests was to evaluate overall receiver performance in the presence of simple impairments (signal dynamic range, added white noise threshold); and with various configurations of co-channel and adjacent channel DTV and LTE interference.

The ATSC A/74 guidelines (Reference 1) provided a baseline expectation for many of the test configurations of interest, including sensitivity; multi-signal overload; co-, adjacent-, and taboo-channel rejection; two or more undesired signals; and burst noise. Martin 2007 (Reference 2) provided historical data from receivers in the period 2005-2006 for comparison. Martin 2007 tested with 5 MHz DVB-H using COFDM modulation as interference because of the growing prevalence of OFDM-based digital wireless systems. The testing performed here included a simulated LTE 4G downlink interferer, to evaluate DTV receiver performance in the presence of LTE signals (LTE-into-DTV) used in 4G cellular communication systems that may share nearby spectrum.

Twelve recent model (2012 and 2013) and two older-model (2006) DTV receivers of various screen sizes were tested. These receivers were all production units (or pre-production in one case), from the top ten brands as ranked by U.S. market share (in unit volume). General laboratory testing was performed on these fourteen units. Based on market data and manufacturer interviews, it was estimated that the twelve recent-model receivers represent about 85% of DTV shipments in the U.S. market during 2012 and 2013.

A subset of six of these receivers was selected for detailed DTV-into-DTV adjacent channel interference testing, and another single unit was selected from the subset of six for LTE- into-DTV interference testing. Again based on market data and manufacturer interviews, it was estimated that the six recent-model receivers represent about 75% of DTV shipments in the U.S. market during 2012 and 2013. Additionally, the two older-model DTV sets were included in the sliding LTE interference tests to provide some performance information on older DTV sets; both older units were earlier models from brands represented in the subset of six.

The DTV signals employed were 6 MHz ATSC A/53 signals (with 8-VSB modulation) representing traditional UHF terrestrial broadcast.

The LTE signals were traditional 5 MHz and 10MHz LTE (with OFDMA modulation) representing both fully-loaded and lightly-loaded (in terms of data traffic) LTE (3GPP E-UTRA) Release 10 base station signals utilizing nearby spectrum expected to be purchased by wireless companies in the upcoming forward auction.

However, it is imperative to note that these tests used ideal desired and undesired test signals under ideal test conditions, thus not simulating typical conditions found in the field, such as adjacent channel transmitter splatter. Desired DTV signals were high quality and had no impairments while DTV and LTE interferer signals were also high quality, with no non-linearity- induced adjacent channel splatter. Therefore, care must be taken in applying these laboratory test results directly to any planning in the spectrum allocation process.

The test bed consisted of high-quality laboratory test equipment (both for source generation and signal measurement). Two variations of precision commercial band stop filters (narrowband and wideband) were employed to significantly extend the dynamic range of the test bed beyond the expected D/U interference ratios.

Test results are summarized as follows (median test results are shown in Figures 51 and 52):

(1)	DYNAMIC RANGE: The dynamic range (difference between overload and sensitivity thresholds) of all 12 of the DTV sets was measured greater than 90 dB. The sensitivity threshold of the recent DTV receivers is noticeably improved over that observed in the early days of the DTV transition (late 1990s), with all 12 test receivers consistently having sensitivity levels better than the ATSC recommended value of -83 dBm. Likewise, all 12 receivers could handle at least +5 dBm signals as well.

(2)	IMPAIRMENT THRESHOLDS: The additive white Gaussian (AWGN) noise threshold for all 12 receivers was better than the ATSC guideline, another improvement over early 8‑VSB tuners. The resulting median SNR threshold measurement of 14.8 dB helps to lower the effects of the white noise-like intermodulation in DTV tuners that occurs from noise-like DTV or LTE interference. From the combination of sensitivity level thresholds and the AWGN thresholds, the calculated ideal noise figure for all of the units was better than 7 dB.

(3)	CO-CHANNEL INTERFERENCE THRESHOLDS: Co-channel DTV and fully-loaded LTE interference exhibited similar performance around 14.4 dB and 15.4 dB, respectively, and therefore both types of interference met the ATSC recommended value (15.5 dB). Therefore, these two types of interference can be treated similarly in the field, assuming an additional margin of 1 dB for LTE interferers to account for the slightly worse LTE-into- DTV results.

(4)	SINGLE INTERFERER INTERFERENCE: A significant improvement in commercial RF tuner performance since the early days of the DTV transition was observed. All 6 of the subset receivers met the recommended ATSC A/74 single interferer interference D/U ratios for both DTV-into-DTV and LTE-into-DTV for both first adjacent (-33 dB) and the taboo channels.

(5)	MULTIPLE INTERFERER INTERFERENCE: These laboratory tests focused not only on the traditional single interferer case, but also on multiple interferers and the relative effect on DTV receiver interference thresholds. The results were clear that multiple DTV or LTE interferers, for which no A/74 recommended D/U interference values are specified, caused significantly worse thresholds (5 – 20 dB) than the equivalent single interferer scenarios. The N+2/N+3 dual interferer tests had 10-15 dB of threshold degradation from its equivalent single interferer test. Equal-power IM3 pairs that had their intermodulation components fall directly within the desired channel caused 15 – 20 dB degradation in interference thresholds compared with their single interferer counterparts. Even when one of the IM3 pairs was reduced by 10 dB, while the threshold degradation was less than the equal-power case, it still had a degrading effect (5 – 15 dB).

(6)	SLIDING LTE INTERFER INTERFERENCE: The sliding LTE interference results were varied. The resulting shape of the interference threshold curve was predictable and verified expectations, with the most sensitive (least robust) situations occurring with the most overlap between the undesired LTE interferer and the desired DTV signal. As more undesired interference energy fell outside the desired DTV channel, the interference D/U ratio got better, achieving maximum interference rejection when all of the undesired LTE interference energy was outside the DTV channel. It was found that as the guard band increased, the interference rejection improved (2 dB/MHz for the 5 MHz LTE interferer and 1 dB/MHz for the 10 MHz LTE interferer). For very weak (-81 dBm) desired DTV signals, the LTE signal interference (co-channel or adjacent channel) was found to act like DTV interferers in that it added to the DTV receiver’s internal white noise to produce a predictable D/U interference degradation in most cases. However, for some of the six subset receivers, the TOV thresholds that were measured with partial overlapping of the two signals near the upper DTV band edge were found to be sensitive to time-varying threshold effects. The specific cause of this anomaly are not known (although presumed to be caused by clock recovery circuitry), and are beyond the scope of this laboratory test.

Figure 52

DTV-into-DTV single interferer and IM3-paired interferer median interference summary comparison

[image: ]

Figure 53

LTE-into-DTV single interferer and IM3-paired interferer median interference summary comparison
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[bookmark: _Toc421286914]5	Conclusions

Laboratory tests were performed on 14 consumer television receivers primarily from 2012-2013, with two from 2006 for comparison. The more modern units represented an estimated 85% of ATSC (tuner) shipments in the U.S. in the period 2012-2013. While general tests (signal dynamic range, added white noise threshold) were performed on all units, a subset of six underwent more extensive ATSC-into-ATSC and LTE-into-ATSC interference testing.

Important guideposts for this testing were the ATSC A/74 “Recommended Practice” (see Reference 1) and the FCC OET test report of 2007 (see Reference 2).

The testing evaluated the interference rejection capability of modern ATSC receivers, now and in what might be expected in a post-spectrum-auction world of repacked television spectrum. Interference sources included ATSC 8-VSB test transmissions and LTE (3GPP E-UTRA Rel. 10) base station test transmissions. The LTE test signals were 5 MHz and 10 MHz wide, and included a simulated “lightly loaded” 5 MHz version to probe for impact of LTE signal power variations in the absence of data traffic.

The testing was conducted in the Meintel, Sgrignoli, and Wallace (MSW) laboratory, where the test bed consisted of high-quality laboratory source and measurement test equipment, with a dynamic range beyond the expected D/U interference ratios required to be measured. 

The tests were designed to isolate the receiver D/U performance, and so transmitter splatter was carefully filtered out. Consequently, care must be taken in applying these results directly to any planning in the spectrum allocation process.

From the results, it can be seen that the ATSC receivers performed extremely well to A/74 guidelines and in the presence of single interferers. Receiver performance was impaired in the presence of intermodulation effects from N+k/N+2k interference pairs.

Dynamic range (based on overload and sensitivity results), added white Gaussian noise, and computed noise figure all met or exceeded A/74 guidelines. Dynamic range was greater than 90 dB; sensitivity was consistently better than -84 dBm; SNR threshold better than 15.2 dB; noise figure better than 7 dB; and all receivers were able to receive signals up to +5 dBm.

With ATSC co-channel interference, receivers again exceeded A/74 guidelines; with median performance of 14.4 dB D/U required (vs. 15.5 dB per A/74) in the presence of an undesired ATSC signal co-channel.

With a single ATSC interferer, all six receivers tested met the D/U ratio targets in A/74. Again, it is important to note that the testing was performed without the first adjacent ATSC splatter; this splatter must be considered before applying these results to spectrum allocation.

For cases with multiple ATSC interferers, where there are no ATSC A/74 recommended targets, thresholds decreased by 5 to 20 dB as compared to single interferer scenarios. The impact of an interference pair correlates to the power in the stronger interferer, as would be expected.

When considering LTE as the interference source, the results are similar to ATSC; however some additional points should be noted.

· For LTE co-channel interference, the receivers needed approximately 1 dB additional D/U ratio margin as compared to a ATSC co-channel interferer

· For an LTE single channel interferer, the results are similar to those for an ATSC single channel interferer.

· With a pair of sources, one LTE and one ATSC for the multiple interferer pair, the results were similar to two ATSC sources, including the worst case IM3 (N±k/N±2k) interference pairs.

This testing also investigated the required guard band between an ATSC channel and an LTE interferer.

· ATSC tuners exhibited co-channel-like behaviour when the spectrum overlap between ATSC and LTE was from 3 to 5 MHz (i.e., -3 to -5 MHz guard band), with some 15 dB D/U ratio required.

· Tuners transitioned to something like adjacent channel behaviour when there was near or at zero guard band, but with 15 – 20 dB less robustness as compared to the true single channel interferer curves.

· There was a transition region 2 – 3 MHz wide between these two regions, and in this transition region the D/U ratios fluctuated about 1 – 2 dB. The root cause of this effect is not known, but as long as there is a guard band between LTE and ATSC in the field, the effect can be avoided.

With regard to receiver-to-receiver variations, most of the modern receivers were typically clustered around similar performance points, with one receiver showing less sensitivity and linearity than the others (but still generally within the comments in this section). The two older receivers were split: one had higher noise and less apparent linearity, the other was clustered with the current (2012-2013) units.
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[bookmark: _Toc421373652]1	Introduction

It has been noted that multiple interferers on various digital terrestrial television (DTT) frequencies are significant. It has been reported that combinations of unwanted (undesired) signals can cause interference on a wanted (desired) DTT channel (see Annexes 3A, 3B). For example, as reported, if the wanted DTT channel is N, signals on channels N + K and N + 2K, where K is an integer between one and ten, will combine to cause interference into the wanted channel N. These results have been confirmed in the report found in Annex 3D with the observation of single and double interferers on frequencies near the DTT channel.

[bookmark: _Toc421373653]2	Analysis

The reports in Annexes 3A, 3B, and 3D represent a total of 60 ATSC receivers that have been tested under various multiple interference conditions. Measurements of the ratio between the wanted signal and the unwanted interference signal pairs at the receiver threshold were made for wanted signal levels of -78 dBm (“very weak”), -68 dBm (“weak”), and -53 dBm (“moderate”). Appendix A tabulates the results of these measurements. It has also been noted in Annex 3D that the receiver is symmetrical with respect to interference in adjacent channels both above and below the wanted channel.  Consequently, the protection ratios above the wanted channel also apply to interference in channels below the wanted channel.








[bookmark: _Toc421373654]3	Results

The ratio between the wanted signal and the unwanted interference signal pairs at equal levels at the receiver threshold represents the protection ratio needed to ensure DTT reception.  Table 1 summarizes the protection ratios for the 90th percentile of DTT receivers (only ten percent of receivers would fail). These protection ratios provide the planning criteria for DTT reception.

Table 1

Protection ratios (dB) for a 6 MHz ATSC signal (wanted channel N) with interference 
from two 6 MHz ATSC signals (unwanted) in multiple adjacent channels, N+K and N+2K,
where K = -10, ..., -1, +1, +2, +3, ... +10, at given wanted signal average power levels at the receiver input

		Type of interference

		Multiple adjacent channel protection ratio (dB)



		

		Very weak wanted
ATSC signal
(-78 dBm)

		Weak wanted
ATSC signal
(–68 dBm)

		Moderate wanted
ATSC signal
(–53 dBm)



		N+1 and N+2;

N-1 and N-2

		-30.0

		-31.5

		-30.5



		N+2 and N+4;

N-2 and N-4

		-38.2

		-37.6

		-35.1



		N+3 and N+6;

N-3 and N-6

		-42.2

		-38.8

		-35.2



		N+4 and N+ 8;

N-4 and N-8

		-41.6

		-38.9

		-35.8



		N+5 and N+10;

N-5 and N-10

		-40.8

		-40.8

		-37.1



		N+6 and N+12;

N-6 and N-12

		-44.3

		-42.7

		-37.7



		N+7 and N+14;

N-7 and N-14

		-47.7

		-43.4

		-38.1



		N+8 and N+16;

N-8 and N-16

		-52.3

		-44.2

		-39.4



		N+9 and N+18;

N-9 and N-18

		-48.8

		-43.2

		-38.7



		N+10 and N+20;

N-10 and N-20

		-50.9

		-43.6

		-37.3
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[bookmark: _Toc421373655]APPENDIX A  
Protection ratio results for 60 ATSC receivers

Table A.1

Protection ratios (dB) for a 6 MHz ATSC signal in the UHF band (wanted channel N) with interference from
 two 6 MHz ATSC signals (unwanted) in multiple adjacent channels N + K and N + 2K (where K = 1 to 5) 
at given wanted signal average power levels of -78, -68, and -53 dBm at the receiver input


		Receiver

		N+1, N+2

		

		N+2, N+4

		

		N+3, N+6

		

		N+4, N+8

		

		N+5, N+10



		

		-78

		-68

		-53

		

		-78

		-68

		-53

		

		-78

		-68

		-53

		

		-78

		-68

		-53

		

		-78

		-68

		-53



		Annex 3A-1

		 

		 

		 

		

		-35.0

		-38.3

		-36.6

		

		-47.4

		-42.5

		-39.0

		

		-47.5

		-42.8

		-40.5

		

		-48.3

		-43.6

		-38.6



		Annex 3A-2

		 

		 

		 

		

		-50.3

		-47.0

		 

		

		-53.0

		-47.0

		-37.5

		

		-54.5

		-48.0

		-37.7

		

		-56.4

		-50.0

		-39.8



		Annex 3A-3

		 

		 

		 

		

		-46.6

		-47.4

		 

		

		-52.5

		-51.8

		 

		

		-55.3

		-52.9

		 

		

		-58.0

		-52.9

		 



		Annex 3A-4

		 

		 

		 

		

		-45.5

		-44.1

		 

		

		-48.7

		-44.7

		-40.3

		

		-49.2

		-43.8

		-37.7

		

		-52.5

		-45.6

		-37.6



		Annex 3A-6

		 

		 

		 

		

		-50.1

		-46.1

		-39.3

		

		-52.7

		-47.0

		-37.9

		

		-54.1

		-47.2

		-37.1

		

		-56.2

		-49.6

		-38.9



		Annex 3A-7

		 

		 

		 

		

		-44.7

		-45.9

		 

		

		-46.5

		-41.7

		-41.6

		

		-47.1

		-40.9

		-40.7

		

		-47.1

		-41.7

		-40.5



		Annex 3A-8

		 

		 

		 

		

		-48.3

		-48.8

		 

		

		-57.6

		-51.4

		 

		

		-56.1

		-50.1

		 

		

		-59.8

		-53.5

		 



		Annex 3A-9

		 

		 

		 

		

		 

		-44.6

		 

		

		-49.5

		-49.0

		 

		

		-53.3

		-51.0

		 

		

		-57.2

		-53.0

		 



		Annex 3A-10

		 

		 

		 

		

		-49.0

		-47.1

		 

		

		-50.1

		-46.2

		 

		

		-51.4

		-46.8

		-40.7

		

		-54.2

		-48.3

		 



		Annex 3A-11

		 

		 

		 

		

		-43.0

		-44.0

		-42.0

		

		-48.4

		-48.9

		 

		

		-53.5

		-52.1

		 

		

		-59.5

		-54.6

		 



		Annex 3A-12

		 

		 

		 

		

		-45.0

		-45.4

		 

		

		-49.9

		-49.3

		 

		

		-53.1

		-49.7

		 

		

		-56.8

		-51.8

		 



		Annex 3A-13

		 

		 

		 

		

		-50.5

		-48.8

		 

		

		-56.4

		-49.9

		-38.9

		

		-56.0

		-49.8

		-39.4

		

		-58.0

		-51.5

		-40.8



		Annex 3A-14

		 

		 

		 

		

		-49.7

		-45.3

		-39.5

		

		-53.1

		-46.4

		-40.8

		

		-53.8

		-49.1

		-40.3

		

		-57.0

		-50.0

		 



		Annex 3A-15

		 

		 

		 

		

		-50.2

		-50.1

		 

		

		-55.9

		-51.8

		 

		

		-58.6

		-52.4

		 

		

		-60.1

		-54.3

		 



		Annex 3A-16

		 

		 

		 

		

		-46.9

		-43.1

		-39.9

		

		-46.8

		-42.0

		-39.3

		

		-46.0

		-40.3

		-36.0

		

		-46.6

		-40.5

		-37.0



		Annex 3A-17

		 

		 

		 

		

		-50.8

		-46.4

		-36.0

		

		-51.3

		-45.2

		-37.3

		

		-53.3

		-46.8

		-36.5

		

		-57.1

		-50.2

		-39.9



		Annex 3A-18

		 

		 

		 

		

		-48.0

		-44.0

		-38.1

		

		-50.2

		-44.3

		-39.8

		

		-52.8

		-45.5

		-38.0

		

		-55.2

		-49.7

		-39.9



		Annex 3A-19

		 

		 

		 

		

		-53.3

		-47.6

		-39.8

		

		-55.2

		-48.6

		-41.0

		

		-56.3

		-50.0

		-39.4

		

		-59.3

		-52.8

		 



		Annex 3A-20

		 

		 

		 

		

		-44.0

		-48.4

		 

		

		 

		-48.7

		 

		

		-41.5

		-47.7

		-41.4

		

		 

		-48.0

		-42.0



		Annex 3A-21

		 

		 

		 

		

		-46.5

		-46.7

		-42.0

		

		-52.4

		-50.6

		 

		

		-54.7

		-49.5

		 

		

		-58.7

		-51.6

		 



		Annex 3A-22

		 

		 

		 

		

		-52.9

		-50.6

		 

		

		-55.8

		-51.8

		 

		

		-59.2

		-52.6

		 

		

		-58.2

		-51.7

		 



		Annex 3A-23

		 

		 

		 

		

		-47.3

		-46.5

		-41.1

		

		-55.0

		-48.0

		-37.6

		

		-54.3

		-47.6

		-37.5

		

		-56.7

		-50.1

		-39.8



		Annex 3A-25

		 

		 

		 

		

		-50.1

		-45.3

		-38.7

		

		-50.8

		-44.5

		-36.6

		

		-51.7

		-45.5

		-35.2

		

		-53.7

		-47.3

		-37.2



		Annex 3A-26

		 

		 

		 

		

		-45.4

		-46.0

		-41.5

		

		-50.6

		-52.0

		-41.8

		

		-55.0

		-49.3

		 

		

		-58.2

		-52.2

		-41.9



		Annex 3A-30

		-35.0

		-36.5

		-36.0

		

		-53.5

		-49.8

		 

		

		-59.2

		-53.2

		 

		

		-58.9

		-52.8

		 

		

		-59.6

		-53.1

		-41.7



		Annex 3A-31

		-28.0

		-34.7

		-35.2

		

		-41.5

		-43.6

		-37.6

		

		-41.7

		-43.5

		-38.1

		

		-41.7

		-45.3

		-39.2

		

		-44.3

		-47.3

		-39.6



		Annex 3A-32

		-34.9

		-37.2

		-37.0

		

		-50.7

		-50.3

		 

		

		-58.5

		-52.2

		 

		

		-54.5

		-48.8

		 

		

		-61.0

		-54.0

		 



		Annex 3A-33

		-34.6

		-29.9

		-36.0

		

		-48.7

		-47.3

		-40.8

		

		-52.7

		-47.5

		-39.4

		

		-54.4

		-47.8

		-39.9

		

		-59.6

		-53.1

		-41.7



		Annex 3A-34

		-32.8

		-34.8

		-35.0

		

		-47.4

		-48.0

		 

		

		-52.5

		-51.7

		 

		

		-54.0

		-52.9

		 

		

		-56.2

		-53.7

		 



		Annex 3A-35

		-29.6

		-30.5

		-30.5

		

		-35.1

		-36.5

		-34.9

		

		-37.2

		-37.1

		-35.7

		

		-38.0

		-38.2

		-37.1

		

		-39.6

		-40.3

		-39.5



		Annex 3A-36

		-30.3

		-31.6

		-31.5

		

		-43.8

		-43.5

		 

		

		-46.0

		-45.4

		 

		

		-47.5

		-47.5

		 

		

		-49.6

		-49.3

		 



		Annex 3A-37

		-33.3

		-32.6

		-30.4

		

		-42.6

		-38.2

		-35.0

		

		-43.1

		-38.8

		-34.9

		

		-43.5

		-38.9

		-36.0

		

		-45.4

		-40.3

		-37.2



		Annex 3A-38

		-31.6

		-33.0

		-33.6

		

		-46.9

		-46.5

		 

		

		-48.0

		-48.0

		 

		

		-48.6

		-49.5

		 

		

		-51.4

		-51.5

		 



		Annex 3A-39

		-28.9

		-32.7

		-32.1

		

		-42.3

		-43.8

		 

		

		-46.5

		-48.0

		 

		

		-47.8

		-48.5

		 

		

		-49.8

		-50.1

		 



		Annex 3A-40

		-32.8

		-31.7

		-29.5

		

		-42.2

		-36.9

		-34.1

		

		-42.8

		-37.7

		-34.6

		

		-43.8

		-38.8

		-35.8

		

		-45.7

		-40.4

		-36.3



		Annex 3A-41

		-33.4

		-35.0

		-34.5

		

		-49.6

		-49.8

		 

		

		-49.2

		-48.9

		 

		

		-47.5

		-46.0

		 

		

		-48.1

		-46.1

		 



		Annex 3A-42

		-30.5

		-31.5

		-30.5

		

		-37.0

		-37.8

		-37.1

		

		-38.6

		-39.2

		-38.6

		

		-40.5

		-40.5

		-39.0

		

		-42.7

		-42.9

		 



		Annex 3A-43

		-30.0

		-31.5

		-31.0

		

		-36.7

		-38.0

		-37.2

		

		-38.0

		-38.8

		-38.0

		

		-39.1

		-39.5

		-39.4

		

		-40.6

		-41.1

		-40.5



		Annex 3A-44

		-30.1

		-30.0

		-29.5

		

		-36.0

		-37.0

		-36.0

		

		-37.2

		-38.8

		-38.1

		

		-40.0

		-40.2

		-38.5

		

		-42.4

		-42.5

		 



		Annex 3A-45

		-32.9

		-33.0

		-31.0

		

		-41.8

		-41.5

		 

		

		-43.1

		-42.9

		 

		

		-47.0

		-43.4

		 

		

		-44.9

		-44.2

		 



		Annex 3A-46

		-32.8

		-34.9

		-34.8

		

		-49.3

		-51.3

		 

		

		-47.7

		-51.0

		 

		

		-46.0

		-48.0

		 

		

		-48.3

		-48.0

		 



		Annex 3A-47

		-34.0

		-36.0

		-35.0

		

		-50.5

		-49.0

		 

		

		-47.5

		-48.0

		 

		

		-47.5

		-47.1

		 

		

		-48.3

		-48.0

		 



		Annex 3A-48

		-40.8

		-36.0

		-34.7

		

		-43.0

		-38.7

		-35.2

		

		-45.7

		-43.4

		-40.0

		

		-43.8

		-39.4

		-35.8

		

		 

		 

		 



		Annex 3A-49

		-32.2

		-33.9

		-32.5

		

		-37.4

		-37.7

		-37.5

		

		-43.7

		-42.9

		 

		

		-40.0

		-40.0

		-39.4

		

		 

		 

		 



		Annex 3A-50

		-46.0

		-46.0

		-40.6

		

		-48.5

		-48.5

		 

		

		-50.2

		-50.5

		 

		

		-46.5

		-46.4

		 

		

		 

		 

		 



		Annex 3A-51

		-40.0

		-43.1

		-39.9

		

		-46.5

		-42.0

		-36.7

		

		-49.9

		-43.5

		-34.2

		

		-52.5

		-45.1

		-34.0

		

		 

		 

		 



		Annex 3A-52

		-42.2

		-42.0

		-36.0

		

		-52.0

		-46.6

		-38.1

		

		-53.6

		-51.7

		-40.7

		

		-57.6

		-50.4

		-41.6

		

		 

		 

		 



		Annex 3A-53

		-47.2

		-48.4

		-40.9

		

		-49.4

		-50.0

		 

		

		-50.2

		-51.0

		 

		

		-46.0

		-44.0

		 

		

		 

		 

		 



		Annex 3A-54

		-37.3

		-38.0

		-38.0

		

		-46.0

		-46.4

		 

		

		-50.7

		-51.0

		 

		

		-52.4

		-50.3

		 

		

		 

		 

		 



		Annex 3B-2

		-37.7

		-38.3

		 

		

		-44.8

		-44.0

		 

		

		-46.5

		-46.5

		 

		

		-47.6

		-47.3

		 

		

		-50.1

		-49.7

		 



		Annex 3B-4

		-39.3

		-37.1

		 

		

		-43.1

		-39.2

		 

		

		-43.5

		-38.6

		 

		

		-44.6

		-38.9

		 

		

		-45.4

		-40.4

		 



		Annex 3B-5

		-40.4

		-40.4

		 

		

		-45.1

		-44.5

		 

		

		-45.8

		-44.7

		 

		

		-47.0

		-46.4

		 

		

		-47.9

		-47.0

		 



		Annex 3B-8

		-35.7

		-36.5

		 

		

		-45.6

		-45.9

		 

		

		-47.8

		-47.6

		 

		

		-48.8

		-48.7

		 

		

		-50.2

		-49.7

		 



		Annex 3B-11

		-35.0

		-34.9

		 

		

		-41.6

		-43.3

		 

		

		-42.0

		-43.3

		 

		

		-41.9

		-43.9

		 

		

		-42.9

		-44.8

		 



		Annex 3D-1

		 

		-35.4

		 

		

		 

		-35.4

		 

		

		 

		-36.4

		 

		

		 

		-37.4

		 

		

		-38.9

		 

		 



		Annex 3D-2

		 

		-32.5

		 

		

		 

		-33.8

		 

		

		 

		-33.8

		 

		

		 

		-34.9

		 

		

		-36.3

		 

		 



		Annex 3D-3

		 

		-40.9

		 

		

		 

		-39.1

		 

		

		 

		-38.9

		 

		

		 

		-39.4

		 

		

		-40.3

		 

		 



		Annex 3D-4

		 

		-45.8

		 

		

		 

		-48.4

		 

		

		 

		-49.4

		 

		

		 

		-50.4

		 

		

		-51.2

		 

		 



		Annex 3D-5

		 

		-43.0

		 

		

		 

		-44.8

		 

		

		 

		-43.4

		 

		

		 

		-43.9

		 

		

		-45.2

		 

		 



		Annex 3D-6

		 

		-41.9

		 

		

		 

		-35.9

		 

		

		 

		-34.9

		 

		

		 

		-34.9

		 

		

		-36.9

		 

		 



		90th percentile

		-30.0

		-31.5

		-30.5

		

		-38.2

		-37.6

		-35.1

		

		-42.2

		-38.8

		-35.2

		

		-41.6

		-38.9

		-35.8

		

		-40.8

		-40.8

		-37.1










Table A.2

Protection ratios (dB) for a 6 MHz ATSC signal in the UHF band (wanted channel N) with interference from
 two 6 MHz ATSC signals (unwanted) in multiple adjacent channels N + K and N + 2K (where K = 6 to 10) 
at given wanted signal average power levels of -78, -68, and -53 dBm at the receiver input

		Receiver

		N+6, N+12

		

		N+7, N+14

		

		N+8, N+16

		

		N+9, N+18

		

		N+10, N+20



		

		-78

		-68

		-53

		

		-78

		-68

		-53

		

		-78

		-68

		-53

		

		-78

		-68

		-53

		

		-78

		-68

		-53



		Annex 3A-1

		 

		-43.3

		-37.8

		

		-48.7

		-43.6

		-39.3

		

		-49.4

		-44.2

		-40.3

		

		-47.2

		-43.1

		-38.6

		

		-49.6

		-44.4

		-38.6



		Annex 3A-2

		-57.7

		-51.3

		-40.8

		

		-56.5

		-50.2

		-40.4

		

		-57.4

		-51.3

		-41.0

		

		-55.6

		-50.6

		-40.7

		

		-58.0

		-51.6

		-41.0



		Annex 3A-3

		-61.4

		-53.8

		 

		

		-55.9

		-54.6

		 

		

		-62.6

		 

		 

		

		-61.0

		-55.9

		 

		

		-63.7

		 

		 



		Annex 3A-4

		 

		-47.4

		-37.6

		

		-50.5

		-46.7

		-37.8

		

		-56.9

		-49.5

		-39.8

		

		-58.2

		-49.9

		-40.1

		

		-61.8

		-54.4

		-41.6



		Annex 3A-6

		-58.6

		-51.8

		-41.0

		

		-56.7

		-52.2

		-41.6

		

		-59.8

		-53.1

		 

		

		-59.0

		-53.3

		 

		

		-62.5

		-55.2

		 



		Annex 3A-7

		 

		 

		-39.9

		

		-47.8

		-42.5

		-40.7

		

		-51.3

		-43.2

		-41.1

		

		-47.5

		-41.8

		-39.4

		

		-47.3

		-41.8

		-38.1



		Annex 3A-8

		-61.2

		-54.8

		 

		

		-57.4

		-54.5

		 

		

		-61.2

		-54.9

		 

		

		-58.0

		-54.0

		 

		

		-61.0

		-54.1

		 



		Annex 3A-9

		-59.7

		-53.1

		 

		

		-58.0

		-54.7

		 

		

		-62.2

		-54.0

		 

		

		-61.6

		-55.6

		 

		

		-64.8

		 

		 



		Annex 3A-10

		-56.8

		-49.9

		-41.4

		

		-57.1

		-52.5

		-41.0

		

		-60.4

		-54.3

		 

		

		-57.0

		-52.3

		 

		

		-59.5

		-53.2

		 



		Annex 3A-11

		-61.9

		-55.4

		 

		

		-56.5

		-55.5

		 

		

		-61.6

		-55.8

		 

		

		-58.3

		-54.4

		 

		

		-63.1

		 

		 



		Annex 3A-12

		-58.8

		-53.3

		 

		

		-57.4

		-53.4

		 

		

		-64.5

		-56.0

		 

		

		-61.0

		 

		 

		

		-65.2

		 

		 



		Annex 3A-13

		-59.3

		-52.4

		 

		

		-60.7

		-54.4

		 

		

		-64.3

		 

		 

		

		-62.0

		 

		 

		

		-65.2

		 

		 



		Annex 3A-14

		-59.1

		-52.4

		-41.7

		

		-58.4

		-51.8

		-41.2

		

		-57.5

		-51.5

		-40.9

		

		-55.3

		-49.9

		-39.9

		

		-58.2

		-51.8

		-41.0



		Annex 3A-15

		-61.2

		-55.8

		 

		

		-62.2

		-56.5

		 

		

		-62.8

		 

		 

		

		-59.0

		-56.1

		 

		

		-61.9

		-56.0

		 



		Annex 3A-16

		 

		 

		-34.7

		

		-46.7

		-41.1

		-38.0

		

		-47.7

		-42.8

		-38.6

		

		-46.4

		-41.5

		-39.3

		

		-47.0

		-40.3

		-34.0



		Annex 3A-17

		-59.2

		-52.5

		-41.7

		

		-57.5

		-53.8

		 

		

		-62.0

		-54.2

		 

		

		-61.9

		-55.7

		 

		

		-65.7

		 

		 



		Annex 3A-18

		-56.1

		-49.2

		-40.9

		

		-56.1

		-49.8

		-39.7

		

		-56.3

		-49.8

		-39.7

		

		-54.2

		-48.7

		-38.7

		

		-56.3

		-49.8

		-39.5



		Annex 3A-19

		-59.5

		-53.3

		 

		

		-59.3

		-53.6

		 

		

		-59.6

		-53.6

		 

		

		-56.1

		-52.2

		 

		

		-59.4

		-53.3

		 



		Annex 3A-20

		 

		-47.4

		-41.1

		

		 

		-48.3

		-41.8

		

		 

		-48.8

		-41.8

		

		 

		-44.3

		-40.1

		

		 

		-47.3

		-40.5



		Annex 3A-21

		-60.7

		-53.7

		 

		

		-60.6

		-54.9

		 

		

		-62.4

		-56.3

		 

		

		-59.3

		-55.0

		 

		

		-63.1

		-56.0

		 



		Annex 3A-22

		-58.7

		-52.2

		-41.5

		

		-57.0

		-51.6

		-40.5

		

		-57.3

		-51.3

		-41.0

		

		-55.0

		-49.8

		-40.0

		

		-56.3

		-50.3

		-39.7



		Annex 3A-23

		-58.6

		-52.1

		-41.3

		

		-59.0

		-53.3

		 

		

		-61.2

		-54.8

		 

		

		-61.0

		-55.0

		 

		

		-62.6

		-55.4

		 



		Annex 3A-25

		-55.8

		-49.5

		-39.2

		

		-57.7

		-51.2

		-40.9

		

		-59.1

		-52.6

		 

		

		-60.3

		-53.4

		 

		

		-63.8

		-56.3

		 



		Annex 3A-26

		-59.9

		-54.2

		 

		

		-56.9

		-55.0

		 

		

		-59.7

		-54.6

		 

		

		-56.2

		-52.8

		 

		

		-61.7

		-56.0

		 



		Annex 3A-30

		-61.6

		-54.7

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-31

		-44.3

		-48.0

		-39.7

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-32

		-63.5

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-33

		-61.6

		-54.7

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-34

		-57.0

		-54.3

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-35

		-40.7

		-41.5

		-40.2

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-36

		-50.8

		-50.0

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-37

		-46.2

		-40.8

		-38.6

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-38

		-50.2

		-51.4

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-39

		-49.0

		-50.5

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-40

		-46.5

		-41.1

		-37.7

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-41

		-44.5

		-47.3

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 

		

		 

		 

		 



		Annex 3A-42

		-44.4

		-43.8
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		90th percentile

		-44.3

		-42.7

		-37.7

		

		-47.7

		-43.4

		-38.1

		

		-52.3

		-44.2

		-39.4

		

		-48.8

		-43.2

		-38.7

		

		-50.9

		-43.6

		-37.3
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has
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results of these measurements. 



It has also been noted in Annex 3D that the receiver is 
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th above and below the wanted 



channel.  Consequently, the protection ratios above the wanted channel also apply to interference in 
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[bookmark: _Toc423276496]1	Introduction

Twenty-one ATSC receivers more recently manufactured (circa 2013) were measured for ATSC protection ratios caused by LTE signals in neighbouring channels.  The tests were made to evaluate the susceptibility of ATSC receivers to unwanted LTE signals on multiple adjacent channels[footnoteRef:1].  The susceptibility of the ATSC receiver is compared to the protection ratios in Recommendation ITU-R BT.1368. [1:  These tests were made by Charles W. Rhodes (formerly Chief Scientist for the Advanced Television Test Center) and Linley Gumm (formerly with Tektronix).] 


The United States Federal Communications Commission (FCC) has proposed various band plans for LTE in the 600 MHz UHF band[footnoteRef:2].  Figure 1 illustrates eleven (two through 12) band plan scenarios.  Each DTV channel occupies 6 MHz while each LTE block occupies 5 MHz.  For this study, two adjacent LTE blocks are used to accommodate an LTE signal with a 10 MHz bandwidth. [2:  “Expanding the Economic and Innovation Opportunities of Spectrum Through Incentive Auctions – EDOCS – Report and Order”, Document FCC-14-50A1, May 15, 2014, https://apps.fcc.gov/edocs_public/attachmatch/FCC-14-50A1.pdf] 


Figure 1

600 MHz Band Plan Scenarios

[image: ]

The tests described in this Annex evaluated the performance of ATSC receivers in the presence of pairs of LTE signals in adjacent channels.

[bookmark: _Toc423276497]2	Receiver performance tests

[bookmark: _Toc423276498]2.1	Receivers tested

The receivers tested are all mass production consumer models from various manufacturers and purchased in the United States.  Table 1 tabulates the 21 ATSC receivers manufactured in 2012 to 2013 which were used in the tests. The receivers are the same as those tested in Annex 3A.  All of the receivers contained single conversion tuners. Four of the receivers contained conventional discrete “can” tuners with a 44 MHz IF centre frequency. Thirteen of the receivers contained IC-based “silicon” tuners that used a low IF frequency. The type of tuner in the remaining four receivers could not be determined.

Table 1

ATSC receivers tested (circa 2013)

		Receiver Name

		Rx
34

		Rx
35

		Rx
36

		Rx
37

		Rx
37

		Rx
39

		Rx
40

		Rx
41

		Rx
42

		Rx
43

		Rx
44



		Tuner Type**

		SCT
Si

		SCT 
Si

		SCT 
Si

		SCT 
Can

		SCT 
Si

		SCT
***

		SCT
Si

		SCT
Si

		SCT 
Si

		SCT 
Si

		SCT 
Si



		Receiver Name

		Rx
45

		Rx
46

		Rx
47

		Rx
48

		Rx
49

		Rx
50

		Rx
51

		Rx
52

		Rx
53

		RX
54

		



		Tuner Type**

		SCT 
Si

		SCT
***

		SCT
***

		SCT 
Si

		SCT 
Si

		SCT 
Can

		SCT 
Can

		SCT 
Can

		SCT
Si

		SCT
***

		



		* 	Not included in the analysis – poor receiver performance
**	SCT: Single conversion tuner; Si: “Silicon” tuner with a low IF frequency; Can: “Can” tuner with a 44 MHz IF
***	Indeterminate







[bookmark: _Toc423276499]2.2	Receiver test setup and test methodology

The receiver test setup is illustrated in Figure 2.  The block diagram shows two 10 MHz LTE base station signals at 739 MHz and 751 MHz are acquired off-air and used as the unwanted signals.  These signals are downconverted to occupy selected frequencies in the 600 MHz band for the tests.

The LTE base station transmitters send data in one millisecond (1 ms) blocks, during which the average power of the LTE signal is constant.  Adjacent 1 ms blocks are typically sent at a different power level.  Given that this variation is essentially random, it is difficult to define the power of the LTE signal.  It was noted, however, that each base station had a definite maximum power level which was never exceeded.  Consequently, the power of the LTE signal was defined as the maximum average power level observed within the 1 ms block.

The use of off-air LTE signals results in a large wideband noise floor.  The SNR of these test signals is only somewhat greater than 30 dB.  In order to make reasonable protection ratio interference measurements it was necessary to pass the LTE signals through a band-stop filter.  The band-stop filter is tuned to the frequency of the wanted signal so as to eliminate this wideband noise floor in the channel of the wanted signal.  The filter used has eight poles and exhibits a rejection of about 100 dB in channel 29 (560 to 566 MHz).  Because of the inflexibility in retuning the band-stop filter, it was necessary to transpose the band plan as if the highest DTV channel was always at the wanted channel (channel 29).
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Figure 2

Test Setup

[image: ]



The power of the wanted signal was held at -68 dBm at the receiver RF terminal.  At this signal level the test setup was capable of measuring protection ratios up to -60 dB (unwanted power level up to – 8 dBm). 

The test methodology consisted of starting with the unwanted signal at maximum power and then decreasing the power while observing each receiver until it was determined that there were no observed picture defects for a period of at least 30 seconds.  With LTE interference, with its highly variable amplitude, a given receiver may perform extremely well for 20 seconds or more and then suddenly display interference.  The wanted signal was a static colour bar signal with a moving “wiper” bar at the bottom of the display.

[bookmark: _Toc423276500]2.3	Description of tests

Figure 1 above illustrates the eleven 600 MHz band plan scenarios for LTE and DTV.  With the possibility of LTE signals occupying multiple channels adjacent to the DTV channel, the potential for interference resulting from third-order intermodulation (IM3) in the receiver is of concern.  If F1 and F2 are the frequencies of the two LTE signals, then the IM3 products occur above and below the LTE signals at 2F2 – F1 and 2F1 – F2, respectively.  The IM3 product occurring at 2F1 – F2 (F2 > F1) is the concern for a DTV receiver.

IM3 created by two 10 MHz LTE signals is 30 MHz wide so the peak of the IM signal will be essentially as wide as a TV channel.  Therefore, the concern is any situation where the centre of the IM3 would fall anywhere within the wanted DTV channel.

The eleven band plan scenarios were evaluated and scenarios 12, 10, and 7 were selected for further study.  With two LTE signals available, the LTE signals were transposed in frequency so that any IM3 created in the receiver would fall within the DTV channel 29.

Figure 3 illustrates the Band Plan Scenario 10 with DTV channel 29 located at the edge of the band.  Consequently, the frequencies did not need to be transposed for testing scenario 10.  The lines above and below the various blocks show the combinations that may generate IM3 within the DTV channel 29.  The top lines show that if one 10 MHz LTE signal is placed in Block A and B while the other LTE signal is placed in Blocks D and E, the centre frequency of any IM3 will fall at the midpoint of the DTV channel.  There are also two other combinations that will produce in-channel IM3: AB and EF; and, DE and HI.

Figure 3

Band Plan Scenario 10 showing Block pairs producing in-channel IM3

[image: ]



Similarly, Figures 4 and 5 illustrate the Band Plan Scenarios 12 and 7, respectively.  Scenario 12 has four combinations of LTE Blocks that may produce in-channel IM3: AB and DE; BC and FG; CD and HI; and FG and KL.  Scenario 7 has three combinations of LTE Blocks that may produce in-channel IM3: AB and DE; AB and EF; and, BC and FG.  It should be noted that the frequencies occupied by the various LTE Blocks for scenario 12 are different than scenarios 10 and 7.  Therefore, all of the combinations in scenarios 12 and 10 were tested.  Scenario 7, however, has only one combination which is unique and subsequently tested, namely, the combination BC and FG.

Figure 4

Band Plan Scenario 12 showing Block pairs producing in-channel IM3

[image: ]

Figure 5

Band Plan Scenario 7 showing Block pairs producing in-channel IM3

[image: ]

In addition to the tests using LTE signals as the interferer, previous tests using interference from ATSC signals in the adjacent channels, N+1 through N+6, and N+10, were used for comparison.  The test setup, procedures, and results are described in Annex 3C.  The results were interpolated to obtain the protection ratios at a given wanted signal level of -68 dBm.




[bookmark: _Toc423276501]3	Test results

The following sections summarized the test results.  Detailed results are tabulated in Appendix A.

[bookmark: _Toc423276502]3.1	Protection ratios of ATSC receivers (circa 2013) in the presence of ATSC interference

Table 2 summarizes the wanted to unwanted signal power ratios of 21 ATSC receivers (Rx 34 through Rx 54, circa 2013) necessary to ensure reception at the 90th and 50th percentile threshold level in the presence of a single unwanted ATSC signal on an adjacent channels (N+1, N+2, N+3, N+4, N+5, N+6, or N+10) at a wanted signal level of -68 dBm on channel N.  These results were obtained from the detailed results in Annex 3C.  The table illustrates that the measured values are comparable to the protection ratios found in Recommendation ITU-R BT.1368.

Table 2

Protection ratios (dB) for an ATSC signal on channel N 
in the presence of an ATSC interferer on an adjacent channel

		Unwanted Channel

		N+1

		N+2

		N+3

		N+4

		N+5

		N+6

		N+10



		Frequency separtation between
wanted signal and unwanted
interferer (MHz)

		6

		12

		18

		24

		30

		36

		60



		90th percentile

		-32.0

		-48.0

		-53.1

		-55.0

		-58.7

		-57.6

		-59.7



		50th percentile

		-34.2

		-52.3

		-55.5

		-57.9

		-61.0

		-60.0

		-63.0



		Rec. ITU-R BT.1368

		-26

		-44

		-48

		-52

		-56

		-57

		-57







[bookmark: _Toc423276503]3.2	Protection ratios of ATSC receivers (circa 2013) in the presence of LTE signal pairs

Table 3 summaries the wanted to unwanted signal power ratios of 21 ATSC receivers (Rx 34 through Rx54, circa 2013) necessary to ensure reception at the 90th and 50th percentile threshold level in the presence of unwanted LTE 10 MHz signal pairs.  The wanted ATSC signal level is ‑68 dBm.  The LTE signal pair frequency locations confirm to various Band Plan Scenarios and frequency Block allocations.  Table 3 also indicates the frequency separation between the centre of the wanted signal and each of the unwanted signals.  An LTE 10 MHz signal pair with an 18 MHz separation is included for comparison since it does not generate third-order intermodulation within the channel of the wanted signal.

[bookmark: _Toc423276504]3.3	Comparison of ATSC and LTE interference

Figure 6 illustrates a comparison of the impact of LTE interference versus ATSC interference into an ATSC DTV receiver.  The figure also compares the impact with the protection ratios in Recommendation ITU-R BT.1368.  The ATSC interference for both the 50th and 90th percentile protection ratios remains below the Recommendation for all frequencies.  LTE interference, however, exceeds the Recommendation for all frequencies.  Furthermore, as the frequency separation increases, the LTE signal pairs adversely increase the protection ratio threshold needed for DTV reception.  It is noted that four of the ATSC DTV receivers (Rx 35, 42, 44, and 49; all with “silicon” tuners) are particularly susceptible to LTE interference.  It is evident that both third-order intermodulation and the variability of the LTE signal can cause interference to the ATSC DTV receiver.




Table 3

Protection ratio (dB) for an ATSC signal in the presence of interference
 from LTE 10 MHz signal pairs on various adjacent channels

		Band Plan Scenario

		

		12

		10

		10

		12

		7

		12

		10

		12



		Band Plan Blocks

		No IM3

		AB

DE

		AB

DE

		AB

EF

		BC

FG

		BC

FG

		CD

HI

		DE

HI

		FG

KL



		Frequency separation between
wanted signal and first
 unwanted interferer (MHz)

		+18

		15

		17

		17

		20

		22

		25

		32

		40



		Frequency separation between
wanted signal and second
 unwanted interferer (MHz)

		-18

		30

		32

		37

		40

		42

		50

		64

		80



		90th Percentile

		-32.0

		-28.3

		-29.0

		-29.3

		-29.3

		-29.0

		-30.7

		-31.3

		-33.3



		50th Percentile

		-53.7

		-44.7

		-44.3

		-45.0

		-45.7

		-44.3

		-46.3

		-48.3

		-49.3





Figure 6

Protection ratio thresholds for ATSC receivers in the presence of 
LTE 10 MHz signal pairs or ATSC signals on adjacent channels

[image: ]



[bookmark: _Toc423276505]4	Conclusions

Measurements of protection ratio thresholds were made on 21 ATSC receivers (four “can”, 13 silicon, and four indeterminate tuners) under interference from pairs of 10 MHz LTE signals on adjacent channels.  The LTE signals were obtained off-air.  These off-air signals demonstrate the variability of the power levels being transmitted from an LTE base station and the impact on the performance of a DTV receiver.

The results demonstrate that the protection ratios in Recommendation ITU-R BT.1368 are adequate for interfering ATSC signals which are “noise-like” and maintain a constant power level.  Signals from an LTE base station, on the other hand, adjust their power levels every one millisecond.  Consequently, some DTV receivers appear to have difficulty handling these power variations even with significant frequency separation.  In addition, LTE signal pairs adversely impact the performance of all DTV receivers by generating third-order intermodulation in the DTV receiver even though there is substantial frequency separation between the DTV and the LTE signals.






[bookmark: _Toc423276506]Appendix A – Protection ratio measurements of ATSC receivers (circa 2013) in the presence of interference from LTE signals on adjacent channels

Tables A.1 to A.9 tabulate the results of tests on the ATSC receivers (Rx 34 through Rx 54), circa 2013, for unwanted LTE signal pairs on various adjacent channels.  Blank entries indicate that the measurements were not obtained.

Table A.1 tabulates the results of three measurement tests using unwanted LTE 10 MHz signal pairs located 18 MHz above and below (545 MHz and 581 MHz) the wanted ATSC 6 MHz channel 29 (563 MHz) such that no third-order intermodulation occurs in the wanted channel.

Table A.1

Protection ratios (dB) for an ATSC signal in the presence of interference of 
two LTE signals located 18 MHz above and below (no IM3 inteference)

		Receiver
Rx

		Test 1

		Test 2

		Test 3

		Mean



		34

		-53

		-53

		-53

		-53.0



		35

		-38

		-30

		-28

		-32.0



		36

		-49

		-50

		-49

		-49.3



		37

		-54

		-56

		-54

		-54.7



		38

		-51

		-53

		-52

		-52.0



		39

		-50

		-53

		-51

		-51.3



		40

		-54

		-56

		-54

		-54.7



		41

		-52

		-53

		-53

		-52.7



		42

		-28

		-29

		-39

		-32.0



		43

		-52

		-56

		-55

		-54.3



		44

		-28

		-29

		-31

		-29.3



		45

		-56

		-58

		-58

		-57.3



		46

		-57

		-57

		-56

		-56.7



		47

		-59

		-59

		-60

		-59.3



		48

		-56

		-56

		-56

		-56.0



		49

		-28

		-28

		-28

		-28.0



		50

		-54

		-54

		-53

		-53.7



		51

		-56

		-53

		-55

		-54.7



		52

		-59

		-58

		-58

		-58.3



		53

		-57

		-59

		-56

		-57.3



		54

		-50

		-50

		-52

		-50.7



		90th percentile

		-32.0



		50th percentile

		-53.7










Table A.2 tabulates the results of three measurement tests for Band Plan Scenario 12 with two 10 MHz LTE signal pairs located in Blocks AB and DE.  The LTE signal pairs located at 578 MHz and 593 MHz generate third-order intermodulation interference to the wanted ATSC 6 MHz signal located at 563 MHz.

Table A.2

Protection ratios (dB) for an ATSC signal in the presence of interference from 
two LTE signals located in Blocks AB and DE for Band Plan Scenario 12

		Receiver
Rx

		Test 1

		Test 2

		Test 3

		Mean



		 

		-48

		-50

		-48

		-48.7



		35

		-28

		-28

		-26

		-27.3



		36

		-42

		-43

		-42

		-42.3



		37

		-40

		-40

		-39

		-39.7



		38

		-46

		-43

		-48

		-45.7



		39

		-46

		-47

		-47

		-46.7



		40

		-40

		-38

		-37

		-38.3



		41

		-51

		-52

		-52

		-51.7



		42

		-28

		-30

		-31

		-29.7



		43

		-44

		-45

		-45

		-44.7



		44

		-27

		-29

		-29

		-28.3



		45

		-39

		-41

		-40

		-40.0



		46

		-51

		-52

		-52

		-51.7



		47

		-49

		-51

		-49

		-49.7



		48

		-38

		-36

		-38

		-37.3



		49

		-28

		-25

		-28

		-27.0



		50

		-48

		-47

		-48

		-47.7



		51

		-43

		-44

		-47

		-44.7



		52

		-48

		-47

		-49

		-48.0



		53

		-51

		-49

		-51

		-50.3



		54

		-46

		-42

		-46

		-44.7



		90th percentile

		-28.3



		50th percentile

		-44.7










Table A.3 tabulates the results of three measurement tests for Band Plan Scenario 12 with two 10 MHz LTE signal pairs located in Blocks BC and FG.  The LTE signal pairs located at 583 MHz and 603 MHz generate third-order intermodulation interference to the wanted ATSC 6 MHz signal located at 563 MHz.

Table A.3

Protection ratios (dB) for an ATSC signal in the presence of interference from 
two LTE signals located in Blocks BC and FG for Band Plan Scenario 12

		Receiver
Rx

		Test 1

		Test 2

		Test 3

		Mean



		34

		-46

		-50

		-47

		-47.7



		35

		-28

		-30

		-29

		-29.0



		36

		-44

		-49

		-42

		-45.0



		37

		-39

		-42

		-40

		-40.3



		38

		-45

		-49

		-46

		-46.7



		39

		-46

		-49

		-45

		-46.7



		40

		-39

		-41

		-40

		-40.0



		41

		-53

		-54

		-49

		-52.0



		42

		-30

		-31

		-31

		-30.7



		43

		-45

		-48

		-44

		-45.7



		44

		-28

		-29

		-31

		-29.3



		45

		-39

		-43

		-39

		-40.3



		46

		-49

		-47

		-48

		-48.0



		47

		-48

		-46

		-46

		-46.7



		48

		-40

		-39

		-40

		-39.7



		49

		-28

		-28

		-29

		-28.3



		50

		-48

		-51

		-49

		-49.3



		51

		-43

		-44

		-45

		-44.0



		52

		-49

		-51

		-49

		-49.7



		53

		-52

		-52

		-50

		-51.3



		54

		-46

		-46

		-49

		-47.0



		90th percentile

		-29.3



		50th percentile

		-45.7












Table A.4 tabulates the results of three measurement tests for Band Plan Scenario 12 with two 10 MHz LTE signal pairs located in Blocks CD and HI.  The LTE signal pairs located at 588 MHz and 613 MHz generate third-order intermodulation interference to the wanted ATSC 6 MHz signal located at 563 MHz.

Table A.4

Protection ratios (dB) for an ATSC signal in the presence of interference from 
two LTE signals located in Blocks CD and HI for Band Plan Scenario 12

		Receiver
Rx

		Test 1

		Test 2

		Test 3

		Mean



		34

		-52

		-55

		-46

		-51.0



		35

		-31

		-31

		-25

		-29.0



		36

		-46

		-49

		-45

		-46.7



		37

		-41

		-42

		-39

		-40.7



		38

		-45

		-51

		-42

		-46.0



		39

		-44

		-50

		-42

		-45.3



		40

		-40

		-42

		-40

		-40.7



		41

		-47

		-48

		-50

		-48.3



		42

		-32

		-32

		-32

		-32.0



		43

		-47

		-48

		-46

		-47.0



		44

		-30

		-31

		-31

		-30.7



		45

		-42

		-44

		-42

		-42.7



		46

		-49

		-49

		-49

		-49.0



		47

		-48

		-48

		-48

		-48.0



		48

		-40

		-38

		-44

		-40.7



		49

		-29

		-28

		-32

		-29.7



		50

		-48

		-47

		-49

		-48.0



		51

		-46

		-45

		-48

		-46.3



		52

		-52

		-51

		-48

		-50.3



		53

		-51

		-48

		-50

		-49.7



		54

		-50

		-47

		-48

		-48.3



		90th percentile

		-30.7



		50th percentile

		-46.3












Table A.5 tabulates the results of three measurement tests for Band Plan Scenario 12 with two 10 MHz LTE signal pairs located in Blocks FG and KL.  The LTE signal pairs located at 603 MHz and 640 MHz generate third-order intermodulation interference to the wanted ATSC 6 MHz signal located at 563 MHz.

Table A.5

Protection ratios (dB) for an ATSC signal in the presence of interference from 
two LTE signals located in Blocks FG and KL for Band Plan Scenario 12

		Receiver
Rx

		Test 1

		Test 2

		Test 3

		Mean



		34

		-50

		-54

		-46

		-50.0



		35

		-32

		-33

		-32

		-32.3



		36

		-48

		-51

		-48

		-49.0



		37

		-42

		-42

		-47

		-43.7



		38

		-50

		-53

		-47

		-50.0



		39

		-50

		-54

		-47

		-50.3



		40

		-43

		-43

		-45

		-43.7



		41

		-52

		-53

		-49

		-51.3



		42

		-34

		-34

		-36

		-34.7



		43

		-47

		-44

		-49

		-46.7



		44

		-33

		-33

		-34

		-33.3



		45

		-43

		-44

		-45

		-44.0



		46

		-52

		-51

		-49

		-50.7



		47

		-48

		-50

		-50

		-49.3



		48

		-43

		-42

		-43

		-42.7



		49

		-32

		-32

		-34

		-32.7



		50

		-50

		-49

		-50

		-49.7



		51

		-54

		-52

		-53

		-53.0



		52

		-57

		-52

		-52

		-53.7



		53

		-52

		-50

		-53

		-51.7



		54

		-54

		-49

		-53

		-52.0



		90th percentile

		-33.3



		50th percentile

		-49.3












Table A.6 tabulates the results of three measurement tests for Band Plan Scenario 10 with two 10 MHz LTE signal pairs located in Blocks AB and DE.  The LTE signal pairs located at 580 MHz and 595 MHz generate third-order intermodulation interference to the wanted ATSC 6 MHz signal located at 563 MHz.

Table A.6

Protection ratios (dB) for an ATSC signal in the presence of interference from 
two LTE signals located in Blocks AB and DE for Band Plan Scenario 10

		Receiver
Rx

		Test 1

		Test 2

		Test 3

		Mean



		34

		-51

		-51

		-52

		-51.3



		35

		-28

		-29

		-28

		-28.3



		36

		-41

		-42

		-43

		-42.0



		37

		-40

		-40

		-38

		-39.3



		38

		-40

		-47

		-46

		-44.3



		39

		-44

		-44

		-46

		-44.7



		40

		-37

		-39

		-38

		-38.0



		41

		-52

		-51

		-51

		-51.3



		42

		-29

		-28

		-30

		-29.0



		43

		-46

		-43

		-45

		-44.7



		44

		-27

		-27

		-29

		-27.7



		45

		-40

		-41

		-39

		-40.0



		46

		-51

		-51

		-51

		-51.0



		47

		-49

		-48

		-47

		-48.0



		48

		-37

		-37

		-38

		-37.3



		49

		-38

		-26

		-27

		-30.3



		50

		-48

		-48

		-46

		-47.3



		51

		-42

		-42

		-42

		-42.0



		52

		-47

		-47

		-49

		-47.7



		53

		-51

		-48

		-53

		-50.7



		54

		-45

		-44

		-45

		-44.7



		90th percentile

		-29.0



		50th percentile

		-44.3












Table A.7 tabulates the results of three measurement tests for Band Plan Scenario 10 with two 10 MHz LTE signal pairs located in Blocks AB and EF.  The LTE signal pairs located at 580 MHz and 600 MHz generate third-order intermodulation interference to the wanted ATSC 6 MHz signal located at 563 MHz.

Table A.7

Protection ratios (dB) for an ATSC signal in the presence of interference from 
two LTE signals located in Blocks AB and EF for Band Plan Scenario 10

		Receiver
Rx

		Test 1

		Test 2

		Test 3

		Mean



		34

		-46

		-50

		-51

		-49.0



		35

		-29

		-30

		-28

		-29.0



		36

		-49

		-48

		-47

		-48.0



		37

		-42

		-42

		-41

		-41.7



		38

		-38

		-49

		-48

		-45.0



		39

		-47

		-49

		-48

		-48.0



		40

		-39

		-42

		-40

		-40.3



		41

		-53

		-53

		-52

		-52.7



		42

		-29

		-28

		-31

		-29.3



		43

		-45

		-45

		-45

		-45.0



		44

		-28

		-27

		-29

		-28.0



		45

		-44

		-41

		-42

		-42.3



		46

		-53

		-52

		-52

		-52.3



		47

		-51

		-50

		-50

		-50.3



		48

		-37

		-38

		-39

		-38.0



		49

		-37

		-27

		-28

		-30.7



		50

		-47

		-50

		-48

		-48.3



		51

		-42

		-43

		-43

		-42.7



		52

		-46

		-50

		-50

		-48.7



		53

		-51

		-51

		-51

		-51.0



		54

		-43

		-45

		-46

		-44.7



		90th percentile

		-29.3



		50th percentile

		-45.0












Table A.8 tabulates the results of three measurement tests for Band Plan Scenario 10 with two 10 MHz LTE signal pairs located in Blocks DE and HI.  The LTE signal pairs located at 595 MHz and 627 MHz generate third-order intermodulation interference to the wanted ATSC 6 MHz signal located at 563 MHz.

Table A.8

Protection ratios (dB) for an ATSC signal in the presence of interference from 
two LTE signals located in Blocks DE and HI for Band Plan Scenario 10

		Receiver
Rx

		Test 1

		Test 2

		Test 3

		Mean



		34

		-48

		-52

		-53

		-51.0



		35

		-31

		-31

		-32

		-31.3



		36

		-46

		-48

		-48

		-47.3



		37

		-40

		-41

		-40

		-40.3



		38

		-48

		-48

		-49

		-48.3



		39

		-47

		-53

		-49

		-49.7



		40

		-42

		-41

		-41

		-41.3



		41

		-55

		-52

		-50

		-52.3



		42

		-33

		-33

		-32

		-32.7



		43

		-46

		-46

		-45

		-45.7



		44

		-31

		-31

		-32

		-31.3



		45

		-43

		-42

		-41

		-42.0



		46

		-51

		-50

		-48

		-49.7



		47

		-49

		-49

		-48

		-48.7



		48

		-41

		-39

		-41

		-40.3



		49

		-30

		-29

		-30

		-29.7



		50

		-49

		-48

		-48

		-48.3



		51

		-49

		-48

		-50

		-49.0



		52

		-52

		-52

		-54

		-52.7



		53

		-53

		-51

		-50

		-51.3



		54

		-51

		-48

		-48

		-49.0



		90th percentile

		-31.3



		50th percentile

		-48.3










Table A.9 tabulates the results of two or three measurement tests for Band Plan Scenario 7 with two 10 MHz LTE signal pairs located in Blocks BC and FG.  The LTE signal pairs located at 585 MHz and 605 MHz generate third-order intermodulation interference to the wanted ATSC 6 MHz signal located at 563 MHz.

Table A.9

Protection ratios (dB) for an ATSC signal in the presence of interference from 
two LTE signals located in Blocks BC and FG for Band Plan Scenario 7

		Receiver
Rx

		Test 1

		Test 2

		Test 3

		Mean



		34

		-52

		-49

		-51

		-50.7



		35

		-28

		-30

		-28

		-28.7



		36

		-43

		-45

		-43

		-43.7



		37

		-39

		-42

		-40

		-40.3



		38

		-45

		-44

		-44

		-44.3



		39

		-46

		-46

		-43

		-45.0



		40

		-39

		-41

		-39

		-39.7



		41

		-53

		-53

		-52

		-52.7



		42

		-30

		-30

		-32

		-30.7



		43

		-45

		-46

		-46

		-45.7



		44

		-28

		-29

		-30

		-29.0



		45

		-40

		-42

		-41

		-41.0



		46

		-48

		-48

		-48

		-48.0



		47

		-49

		-49

		-49

		-49.0



		48

		-38

		-37

		

		-37.5



		49

		-29

		-26

		

		-27.5



		50

		-49

		-45

		

		-47.0



		51

		-44

		-42

		

		-43.0



		52

		-50

		-47

		

		-48.5



		53

		-53

		-47

		

		-50.0



		54

		-49

		-42

		

		-45.5



		90th percentile

		-29.0



		50th percentile

		-44.3
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