











	
Recommendation  ITU-R  BT.2033-2
(01/2022)

	
Planning criteria, including protection ratios, for second generation of digital terrestrial television broadcasting systems in the VHF/UHF bands 

	


BT Series
Broadcasting service
(television)










[image: rec_maquette-2009-2]

[bookmark: c2tope]Foreword
The role of the Radiocommunication Sector is to ensure the rational, equitable, efficient and economical use of the radio-frequency spectrum by all radiocommunication services, including satellite services, and carry out studies without limit of frequency range on the basis of which Recommendations are adopted.
The regulatory and policy functions of the Radiocommunication Sector are performed by World and Regional Radiocommunication Conferences and Radiocommunication Assemblies supported by Study Groups.
[bookmark: _Toc410204678][bookmark: _Toc93402525]Policy on Intellectual Property Right (IPR)
ITU-R policy on IPR is described in the Common Patent Policy for ITU-T/ITU-R/ISO/IEC referenced in Resolution ITU‑R 1. Forms to be used for the submission of patent statements and licensing declarations by patent holders are available from http://www.itu.int/ITU-R/go/patents/en where the Guidelines for Implementation of the Common Patent Policy for ITU‑T/ITU‑R/ISO/IEC and the ITU-R patent information database can also be found. 


	Series of ITU-R Recommendations 
(Also available online at http://www.itu.int/publ/R-REC/en)

	Series
	Title

	BO
	Satellite delivery

	BR
	Recording for production, archival and play-out; film for television

	BS
	Broadcasting service (sound)

	BT
	Broadcasting service (television)

	F
	Fixed service

	M
	Mobile, radiodetermination, amateur and related satellite services

	P
	Radiowave propagation

	RA
	Radio astronomy

	RS
	Remote sensing systems

	S
	Fixed-satellite service

	SA
	Space applications and meteorology

	SF
	Frequency sharing and coordination between fixed-satellite and fixed service systems

	SM
	Spectrum management

	SNG
	Satellite news gathering

	TF
	Time signals and frequency standards emissions

	V
	Vocabulary and related subjects




	Note: This ITU-R Recommendation was approved in English under the procedure detailed in Resolution ITU-R 1.




Electronic Publication
Geneva, 2022

[bookmark: iiannee] ITU 2022
All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without written permission of ITU.
36	Rec.  ITU-R  BT.2033-2
	Rec.  ITU-R  BT.2033-2	37

[bookmark: irecnoe]RECOMMENDATION  ITU-R  BT.2033-2
Planning criteria, including protection ratios, for second generation of digital terrestrial television broadcasting systems in the VHF/UHF bands
(2013-2015-2022)
Scope
This Recommendation defines planning criteria, including protection ratios, for various methods of providing second generation digital terrestrial television broadcasting (DTTB) systems in the VHF/UHF bands.
Keywords
DTTB, DVB-T2, ISDB-T, ATSC 3.0, DTMB, DTMB-A, planning criteria, protection ratio, second generation
The ITU Radiocommunication Assembly,
considering
a)	that the digital terrestrial television systems for use in broadcasting bands have been developed in Recommendation ITU-R BT.1306, which are referred to as the current systems;
b)	that these current first generation DTTB systems have been deployed for the transmission of digital terrestrial television services in the VHF/UHF bands;
c)	that analogue television services have migrated out of the VHF/UHF television bands within many administrations;
d)	that DTTB television services will remain in use for a considerable period of time;
e)	that many types of interference, including co-channel and adjacent channel, ignition noise, multipath and other signal distortions exist in the VHF/UHF bands;
f)	that recent developments in the field of channel coding and modulation have produced new techniques with performances approaching the Shannon limit;
g)	that the error-correction, data framing, modulation and emission methods for the second generation worldwide digital terrestrial television broadcasting systems have been defined in Recommendation ITU-R BT.1877;
h)	that these new digital techniques would offer better spectrum and/or power efficiency, in comparison to the current systems, whilst maintaining the possibility to be flexibly configured to cope with the specific broadcasting bandwidth and power resources;
i)	that the recommended system makes use of such techniques and thus allows for a wide‑ranging trade-off between operation under minimal C/N levels or maximum transmission capacity;
j)	that the planning criteria for various methods of providing first generation digital terrestrial television services in the VHF/UHF bands have been defined in Recommendation ITU‑R BT.1368;
k)	that the availability of consistent sets of planning criteria agreed by administrations will facilitate the introduction of second generation digital terrestrial television services,
recommends
that the relevant planning criteria, including protection ratios (PRs) and the relevant minimum field strength values given in Annexes 1, 2, 7 and 8 should be used as the basis for frequency planning for second generation digital terrestrial television services.
NOTE – Annexes 4 and 6 are an integral part of the Recommendation. Annexes 3 and 5 are provided for information.
Introduction
This Recommendation contains the following Annexes:
Annex 1 – Planning criteria, including protection ratios, for DVB second generation digital terrestrial television systems in the VHF/UHF bands for 7 and 8 MHz channel bandwidth
Annex 2 – Planning criteria, including protection ratios, for DVB second generation digital terrestrial television systems in the VHF/UHF bands for 6 MHz channel bandwidth
Annex 3 – Additional test results from UK and Russian Federation
Annex 4 – Other planning factors such as antenna types and antenna discrimination, height loss, etc.
Annex 5 – Subjective failure point description
Annex 6 – Tropospheric and continuous interference
Annex 7 – Planning criteria, including protection ratios, for ATSC 3.0 second generation digital terrestrial television systems in the VHF/UHF bands
Annex 8 – Planning criteria for DTMB-A digital television systems in the VHF/UHF bands
General
The RF protection ratio is the minimum value of wanted-to-unwanted signal ratio, usually expressed in decibels at the receiver input.
The protection ratios defined in this Recommendation are based on measurements using the test methodology and signal power references defined in [1].
Administrations are invited to contribute with additional results of measurements in order to complete this Recommendation.
[bookmark: _Toc225581360]Wanted digital terrestrial television systems
The protection ratios for digital terrestrial television systems apply to both continuous and tropospheric interference. The protection ratios refer to the centre frequency of the wanted digital terrestrial television system.
Because a digital television receiver needs to operate successfully in the presence of high level interference signals on nearby channels, a high degree of receiver front-end linearity is required.
The protection ratios for digital terrestrial television systems as the interfering system are those for the case where the wanted and unwanted signals are not synchronized and/or do not have a common programme source.
Protection ratios are measured at based on setting the interference conditions to be at the onset of picture failure using the subjective failure point (SFP) method as defined in [1].
[bookmark: _Toc519676834][bookmark: _Toc519920903][bookmark: _Toc519933462][bookmark: _Toc519938458][bookmark: _Toc521919389]
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[bookmark: _Toc410204679][bookmark: _Toc93402526][bookmark: _Toc519680592][bookmark: _Toc519933491]Annex 1
(Normative)

Planning criteria, including protection ratios, for DVB second generation
digital terrestrial television systems in the VHF/UHF bands 
for 7 and 8 MHz channel bandwidth
[bookmark: _Toc519676853][bookmark: _Toc519680590][bookmark: _Toc519938486][bookmark: _Toc521919416][bookmark: _Toc225581393][bookmark: _Toc346028295][bookmark: _Toc346187796][bookmark: _Toc410204680][bookmark: _Toc93402527]1	Protection ratios for DVB-T2 wanted digital terrestrial television signals
[bookmark: _Toc346028296][bookmark: _Toc346187797][bookmark: _Toc410204681][bookmark: _Toc93402528]1.1	Wanted signal configuration
To reduce the number of measurements and tables, it is proposed that protection ratio measurements for DVB-T2 systems should be made with the following mode shown in Table 1. Protection ratio values for the different required operational modes can be calculated from the given measured values. All data in this Annex corresponds to this mode unless stated otherwise.
[bookmark: _Ref338512785][bookmark: _Toc519680558][bookmark: _Toc519933460]TABLE 1
Preferable DVB-T2 mode type for measurements on protection ratios
	Overall
	Parameter value

	FFTSIZE
	32 K

	GI
	1/128

	Data symbols
	59

	SISO/MISO
	SISO

	PAPR
	None

	Frames per superframe
	2

	Bandwidth (MHz)
	8 

	Extended bandwidth mode
	Yes

	Pilot pattern
	PP7

	L1 Modulation
	64-QAM

	PLP #0
	

	Type
	1

	Modulation
	256-QAM

	Rate
	2/3

	FEC Type
	64 800

	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

	C/N (AWGN Channel) (dB)
	19.7

	Data rate Mbit/s
	40.2


[bookmark: _Toc346028297][bookmark: _Toc346187798][bookmark: _Toc410204682][bookmark: _Toc93402529]1.2	Characteristics of the LTE interfering signal
The protection ratios and overload thresholds for LTE base stations (BS) and User Equipment (UE) in this Recommendation are based on measurements using recorded 10 MHz wide LTE waveforms from real BS and UE devices with three different traffic loadings. These recordings were filtered to remove out of band recording artifacts and formatted into I/Q data suitable for replay from standard laboratory vector signal generators.
The BS traffic loadings were categorized as:
a)	Idle – consisting mainly of synchronization and broadcast signals with occasional data;
b)	50% loading – medium loading;
c)	100% loading – where all the resource blocks were used all the time.
The UE traffic loadings were categorized as:
a)	1 Mbit/s – light loading where only a small number of resource blocks are used for some of the time;
b)	10 Mbit/s – medium loading;
c)	20 Mbit/s – high loading.
There is significantly more time variation in the power of the lighter traffic loaded waveforms which can cause PR and Oth degradation in some receivers.
[bookmark: _Toc346028298][bookmark: _Toc346187799][bookmark: _Toc410204683][bookmark: _Toc93402530]1.3	Notes applying to protection ratio and overload threshold tables
To avoid repetition, unless stated otherwise, the following notes apply to Tables 2 to 11 and Tables 14 to 18.
NOTE 1 – The 90th percentile for the protection ratio value corresponds to the protection of 90% of receivers measured, with respect to the given frequency offset and parameter; whereas the 10th percentile for the overload threshold should be used to protect 90% of receivers measured.
NOTE 2 – f is the difference between the centre frequency of the unwanted channel and the centre frequency of the wanted channel.
NOTE 3 – NR: Oth is not reached. That is at this frequency offset PR is the predominant criterion.
NOTE 4 – 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 5 – 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 6 − PR for different system variants and various reception conditions can be obtained using the correction factors in Table 10 of this Annex. The overload threshold is assumed to be independent of system variant and reception conditions.
NOTE 7 – Protection ratios are rounded to the nearest integer.
NOTE 8 – The Ricean and static Rayleigh channels are defined in section 14.1 of ETSI TS 102 831 Digital Video Broadcasting (DVB); Implementation guidelines for a second-generation digital terrestrial television broadcasting system (DVB-T2). They are also described in ETSI EN 300 744 Digital Video Broadcasting (DVB); Framing structure, channel coding and modulation for digital terrestrial television (DVB-T).
NOTE 9 – The LTE BS interference signals used in the measurements had ACLRs of 60 dB or greater for N‑1, and significantly higher ACLRs for N-2 and beyond.
Tables 2 to 11 and Tables 14 to 18 show protection ratios for the DVB-T2 wanted digital terrestrial television signals interfered with:
	by DVB-T2 digital terrestrial television signals;
	by LTE base station (BS) signals;
	by LTE user equipment (UE) signals.
[bookmark: _Toc519676854][bookmark: _Toc519680591][bookmark: _Toc519938487][bookmark: _Toc521919417][bookmark: _Toc225581394][bookmark: _Toc346028299][bookmark: _Toc346187800][bookmark: _Toc410204684][bookmark: _Toc93402531]1.4	Protection of a DVB-T2 digital terrestrial television signal interfered with by a DVB‑T2 digital terrestrial television signal
The values in Table 2 are theoretical values calculated for the mode in Table 1 using the method described in Report ITU-R BT.2254.
[bookmark: _Ref338512511]TABLE 2
Co-channel protection ratios (dB) for a DVB-T2 signal (defined in Table 1)
interfered with by a DVB-T2 signal of similar mode
	Modulation
	Code rate
	Gaussian
channel
	Ricean channel Note 8
	Rayleigh channel (static) Note 8

	QPSK
	1/2
	2.4
	2.6
	3.4

	QPSK
	3/5
	3.6
	3.8
	4.9

	QPSK
	2/3
	4.5
	4.8
	6.3

	QPSK
	3/4
	5.5
	5.8
	7.6

	QPSK
	4/5
	6.1
	6.5
	8.5

	QPSK
	5/6
	6.6
	7.0
	9.3

	16-QAM
	1/2
	7.6
	7.8
	9.1

	16-QAM
	3/5
	9.0
	9.2
	10.7

	16-QAM
	2/3
	10.3
	10.5
	12.2

	16-QAM
	3/4
	11.4
	11.8
	13.9

	16-QAM
	4/5
	12.2
	12.6
	15.1

	16-QAM
	5/6
	12.7
	13.1
	15.9

	64-QAM
	1/2
	11.9
	12.2
	14.0

	64-QAM
	3/5
	13.8
	14.1
	15.8

	64-QAM
	2/3
	15.1
	15.4
	17.2

	64-QAM
	3/4
	16.6
	16.9
	19.3

	64-QAM
	4/5
	17.6
	18.1
	20.9

	64-QAM
	5/6
	18.2
	18.7
	21.8

	256-QAM
	1/2
	15.9
	16.3
	18.3

	256-QAM
	3/5
	18.2
	18.4
	20.5

	256-QAM
	2/3
	19.7
	20.0
	22.1

	256-QAM
	3/4
	21.7
	22.0
	24.6

	256-QAM
	4/5
	23.1
	23.6
	26.6

	256-QAM
	5/6
	23.9
	24.4
	28.0



Protection ratios in Table 3 are given for three types of propagation channels (i.e. Gaussian, Ricean and Rayleigh). For fixed and portable reception, the values relevant to the Ricean and Rayleigh channels, respectively, should be adopted.
The same protection ratio corrections in Table 3 should be applied for DVB-T2 systems with 6, 7 and 8 MHz bandwidth.
[bookmark: _Ref338710175][bookmark: _Toc519680594][bookmark: _Toc519933493]TABLE 3
[bookmark: _Toc519680595][bookmark: _Toc519933494]Protection ratios (dB) and overload threshold (dBm) for a DVB-T2 signal (defined in Table 1) 
interfered with by a DVB-T2 signal (defined in Table 1) in adjacent channels for silicon tuners
	Channel offset N
(8 MHz channels)
	Centre frequency offset 
(MHz)
	Number of receivers tested
	PR
(dB)
	Oth
(dBm)

	
	
	
	Percentile
	Percentile

	
	
	
	50th
	90th
	10th
	50th

	–9
	72
	11
	–54
	–50
	–14
	0

	–4
	–32
	11
	–50
	–44
	–14
	–2

	–3
	–24
	11
	–48
	–44
	–14
	–2

	–2
	–16
	11
	–47
	–43
	–15
	–6

	–1
	–8
	11
	–35
	–33
	–15
	–6

	Co-channel
	0
	11
	19.0
	19.0
	–
	–

	1
	8
	11
	–32
	–30
	–15
	–6

	2
	16
	11
	–46
	–43
	–15
	–5

	3
	24
	11
	–47
	–43
	–14
	–2

	4
	32
	11
	–50
	–44
	–13
	1

	9
	72
	11
	–54
	–49
	–13
	1


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
The values given apply to the case where wanted and unwanted DVB-T2 signals have the same channel width. Other combinations of channel width need further studies.
The interfering signal had the same mode parameters as the wanted signal but was uncorrelated to it.
The protection ratio is given in dB and applies to both continuous and tropospheric interference.
[bookmark: _Toc346028300][bookmark: _Toc346187801][bookmark: _Toc410204685][bookmark: _Toc93402532]1.5	Protection ratios and overload thresholds for DVB-T2 interfered with by LTE base station and user equipment signals
This section provides protection ratios and overload thresholds for DVB-T2 systems interfered with by LTE OFDMA (base station) and SC-FDM (user equipment) systems. All measurements to derive these parameters were performed on DVB-T2 receivers designed for a frequency tuning range from 470 to 862 MHz, all interfering signals were within the frequency range 759 to 862 MHz.
Only a small number (3) of DVB-T2 receivers with can tuners were available for testing, preventing any statistical analysis of the results. The individual receiver performance is tabulated for reference in Attachment 2 to this Annex.
The characteristics of the LTE signal used in the measurements are given in Report ITU-R BT.2215 – Measurement of protection ratios and overload threshold for broadcast TV receivers.
The sharing between DVB-T2 and the mobile LTE service is an evolving situation where the design of both the television tuners and the implementation of base stations are changing. All parties involved are actively encouraged to improve the performance of their respective equipment so that these tables can be revisited in the near future.
Due to the time variation in the LTE signal, the worst-case degradation of PR and Oth in some tuner designs corresponds to very low BS and UE traffic loadings. Three levels of traffic load are provided here as the actual traffic load in the real BS and UE operation is unlikely to be predictable.
The highest level of protection (to protect broadcasting for all BS and UE traffic load cases) is achieved by taking the highest value for the protection ratio and the lowest value for the overload threshold for either tuner technology.
The frequency offset is measured between the centre frequencies of wanted and interfering signals.
[bookmark: _Toc346028301][bookmark: _Toc346187802]1.5.1	Protection of a DVB-T2 digital terrestrial television signal interfered with by a LTE‑BS signal
The following Tables show protection ratios and overload thresholds for three different traffic loadings on the LTE base station.
TABLE 4
Measured protection ratios (dB) for a DVB-T2 signal (defined in Table 1) 
interfered with by an LTE BS signal in adjacent channels for silicon tuners
	Channel Offset N
(8 MHz channels)
	Centre frequency offset
(MHz)
	Number of receivers tested
	0% BS traffic loading PR
(dB)
	50% BS traffic loading PR
(dB)
	100% BS traffic loading PR
(dB)

	
	
	
	Percentile
	Percentile
	Percentile

	
	
	
	50th
	90th
	50th
	90th
	50th
	90th

	Co-channel AWGN
	0
	11
	19
	19
	19
	19
	19
	19

	Co-channel LTE
	0
	11
	10
	11
	18
	18
	19
	19

	1
	10
	11
	–44
	–24
	–40
	–38
	–38
	–36

	2
	18
	11
	–50
	–32
	–48
	–44
	–47
	–43

	3
	26
	11
	–51
	–35
	–49
	–45
	–48
	–44

	4
	34
	11
	–52
	–39
	–51
	–46
	–50
	–45

	5
	42
	11
	–53
	–41
	–51
	–47
	–51
	–46

	6
	50
	11
	–55
	–46
	–54
	–48
	–52
	–47

	7
	58
	11
	–56
	–46
	–54
	–49
	–54
	–48

	8
	66
	11
	–57
	–45
	–54
	–50
	–53
	–49

	9
	74
	11
	–58
	–45
	–55
	–50
	–53
	–49



TABLE 5
Measured overload thresholds (dBm) for a DVB-T2 signal (defined in Table 1) 
interfered with by an LTE BS signal in adjacent channels for silicon tuners
	Channel offset N
(8 MHz channels)
	Centre frequency offset
(MHz)
	Number of receivers tested
	0% BS traffic loading
Oth
(dBm)
	50% BS traffic loading
Oth
(dBm)
	100% BS traffic loading
Oth
(dBm)

	
	
	
	Percentile
	Percentile
	Percentile

	
	
	
	10th
	50th
	10th
	50th
	10th
	50th

	1
	10
	11
	–18
	–6
	–15
	–6
	–13
	–8

	2
	18
	11
	–14
	1
	–12
	–2
	–13
	–3

	3
	26
	11
	–12
	3
	–13
	0
	–12
	–1

	4
	34
	11
	–11
	5
	–12
	2
	–12
	0

	5
	42
	11
	–10
	6
	–12
	3
	–12
	2

	6
	50
	11
	–10
	4
	–12
	2
	–12
	2

	7
	58
	11
	–10
	4
	–11
	2
	–12
	1

	8
	66
	11
	–10
	4
	–12
	2
	–12
	1

	9
	74
	11
	–10
	5
	–12
	3
	–12
	1



[bookmark: _Toc346028302][bookmark: _Toc346187803]1.5.2	Protection of a DVB-T2 digital terrestrial television signal interfered with by a LTE‑UE signal
The following Tables show PR and Oth for three different UE traffic loadings:
Table 6 – Uncorrected UE PR results
Table 7 – Estimated UE ACLR based on 3GPP TS 36.101 and ETSI masks
Table 8 – UE PR results corrected for UE out-of-band noise degradation
Table 9 – UE overload threshold results.


[bookmark: _Ref338706595]TABLE 6
Un-corrected protection ratios (dB) for a DVB-T2 signal (defined in Table 1) 
interfered with by an LTE UE signal in adjacent channels for silicon tuners
	Channel offset N
8 MHz channels/
(centre frequency offset)
	No. of Rx.
tested
	1 Mbit/s UE 
traffic loading
Signal generator ACLR = 100 dB all offsets
	10 Mbit/s UE 
traffic loading
Signal generator ACLR = 100 dB all offsets
	20 Mbit/s UE 
traffic loading
Signal generator ACLR =
67.8 dB (N+1) 
80.4 dB (N+2)
100 dB (N+3 to N+9)

	
	
	PR percentile 
(dB)
	PR percentile 
(dB)
	PR percentile 
(dB)

	
	
	50th
	90th
	50th
	90th
	50th
	90th

	Co-channel AWGN (0)
	11
	19
	19
	19
	19
	19
	19

	Co-channel LTE (0)
	11
	10
	11
	18
	18
	19
	19

	1/(10)
	11
	–36
	–19
	–41
	–39
	–41
	–39

	2 (18)
	11
	–41
	–24
	–47
	–45
	–47
	–43

	3 (26)
	11
	–44
	–26
	–48
	–45
	–50
	–44

	4 (34)
	11
	–46
	–36
	–48
	–45
	–52
	–45

	5 (42)
	11
	–47
	–37
	–48
	–44
	–54
	–46

	6 (50)
	11
	–50
	–38
	–49
	–43
	–52
	–45

	7 (58)
	11
	–50
	–41
	–49
	–44
	–53
	–44

	8 (66)
	11
	–50
	–41
	–49
	–42
	–54
	–45

	9 (74)
	11
	–50
	–43
	–49
	–43
	–54
	–47



The UE protection ratios are corrected for the estimated UE ACLR in 8 MHz adjacent and non‑adjacent channels to take account of the degradation in protection ratio caused by UE out‑of band noise. The ACLR estimates based on the mask in Table 6.6.2.1.1 of 3GPP TS 36.101 v.11.1.0 and the draft ETSI 301-908-13 requirement for −65 dBm out-of-band noise in the band 470‑790 MHz. These are shown in Table 7.
[bookmark: _Ref338659528]TABLE 7
Assumed UE ACLRs for corrected UE PR values
	Channel offset N
(8 MHz channels)
	Centre frequency offset 
(MHz)
	ACLR 
(dB)

	1
	10
	25.2

	2
	18
	32.2

	Other offsets (corresponding to 
−65 dBm/8 MHz)
	26-74
	88.0



The co-channel PR0 values used in the correction calculation were the AWGN figures in Table 8. The ACLR correction method is described below.
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 interference 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 device at (f), ACLR:


		

This method can also be used to reverse the corrected PRs back to the uncorrected PRs to allow the effect of different UE ACLR assumptions to be calculated.
Note that the ACLR and ACLR in the equations above are based on power measurements using the channel bandwidth of the LTE interferer (e.g. 10 MHz) and the channel bandwidth of the wanted DVB-T2 signal (e.g. 8 MHz) at the appropriate frequency offsets of the interferer.
[bookmark: _Ref338706596]TABLE 8
Corrected protection ratios (dB) for a DVB-T2 signal (defined in Table 1) 
interfered with by an LTE UE signal in adjacent channels for silicon tuners
	Channel offset N
8 MHz channels/ (centre frequency offset)
	No. of Rx.
tested
	1 Mbit/s UE 
traffic loading
Signal generator ACLR = 100 dB 
all offsets
	10 Mbit/s UE 
traffic loading
Signal generator ACLR = 100 dB 
all offsets
	20 Mbit/s UE 
traffic loading
Signal generator ACLR =
67.8 dB (N+1) 
80.4 dB (N+2)
100 dB (N+3 to N+9)

	
	
	PR Percentile 
(dB)
	PR Percentile 
(dB)
	PR Percentile 
(dB)

	
	
	50th
	90th
	50th
	90th
	50th
	90th

	Co-channel AWGN (0)
	11
	19
	19
	19
	19
	19
	19

	Co-channel LTE (0)
	11
	10
	11
	18
	18
	19
	19

	1/(10)
	11
	–6
	–6
	–6
	–6
	–6
	–6

	2 (18)
	11
	–13
	–13
	–13
	–13
	–13
	–13

	3 (26)
	11
	–44
	–26
	–48
	–45
	–50
	–44

	4 (34)
	11
	–46
	–36
	–48
	–45
	–52
	–45


TABLE 8 (end)
	Channel offset N
8 MHz channels/ (centre frequency offset)
	No. of Rx.
tested
	1 Mbit/s UE 
traffic loading
Signal generator ACLR = 100 dB 
all offsets
	10 Mbit/s UE 
traffic loading
Signal generator ACLR = 100 dB 
all offsets
	20 Mbit/s UE 
traffic loading
Signal generator ACLR =
67.8 dB (N+1) 
80.4 dB (N+2)
100 dB (N+3 to N+9)

	
	
	PR Percentile 
(dB)
	PR Percentile 
(dB)
	PR Percentile 
(dB)

	
	
	50th
	90th
	50th
	90th
	50th
	90th

	5 (42)
	11
	–47
	–37
	–48
	–44
	–54
	–46

	6 (50)
	11
	–50
	–38
	–49
	–43
	–52
	–45

	7 (58)
	11
	–50
	–41
	–49
	–44
	–53
	–44

	8 (66)
	11
	–50
	–41
	–49
	–42
	–54
	–45

	9 (74)
	11
	–50
	–43
	–49
	–43
	–54
	–47



[bookmark: _Ref338706597]TABLE 9
Measured overload thresholds (dBm) for a DVB-T2 signal (defined in Table 1) 
interfered with by an LTE UE signal in adjacent channels for silicon tuners
	Channel offset N
(8 MHz channels)
	Centre frequency offset (MHz)
	Number of receivers tested
	1 Mbit/s UE traffic loading
	10 Mbit/s UE traffic loading
	20 Mbit/s UE traffic loading

	
	
	
	Oth 
(dBm)
	Oth 
(dBm)
	Oth 
(dBm)

	
	
	
	10th
	50th
	10th
	50th
	10th
	50th

	1
	10
	11
	–37
	–6
	–15
	–5
	–12
	–5

	2
	18
	11
	–12
	5
	–11
	0
	–11
	0

	3
	26
	11
	–10
	6
	–11
	2
	–11
	0

	4
	34
	11
	–24
	5
	–11
	2
	–11
	1

	5
	42
	11
	–10
	6
	–11
	2
	–11
	1

	6
	50
	11
	–10
	6
	–11
	2
	–11
	2

	7
	58
	11
	–10
	5
	–11
	2
	–11
	2

	8
	66
	11
	–10
	5
	–11
	2
	–11
	2

	9
	74
	11
	–11
	6
	–11
	2
	–11
	2



[bookmark: _Toc309290161][bookmark: _Toc309290550][bookmark: _Toc309718885][bookmark: _Toc346028303][bookmark: _Toc346187804][bookmark: _Toc410204686][bookmark: _Toc93402533]1.6	Correction factors for different wanted DVB-T2 system variants and different reception conditions
Table 10 was developed for DVB-T2 signals using other modes interfered with by DVB‑T2. It is calculated as the difference in AWGN C/N between other modes and the reference mode in Table 1 and should be used with caution, particularly if the difference in C/N for the required mode compared with the reference mode is large. The values have yet to be verified through measurement. It is proposed to be used for other types of interferers but further studies are required to confirm the values.
[bookmark: _Ref338514732][bookmark: _Ref338745992][bookmark: _Toc309290551][bookmark: _Toc309719073]TABLE 10
[bookmark: _Toc309290552][bookmark: _Toc309719074]Theoretical correction factor estimates for protection ratios (dB) for different wanted 
DVB‑T2 system variants relative to the reference mode in Table 1 
(interfered with by DVB-T2 or other services)
	Modulation
	Code rate
	Gaussian
channel
	Rice channel 
Note 8
	Rayleigh channel (static) 
Note 8

	QPSK
	1/2
	–17.3
	–17.1
	–16.3

	QPSK
	3/5
	–16.1
	–15.9
	–14.8

	QPSK
	2/3
	–15.2
	–14.9
	–13.4

	QPSK
	3/4
	–14.2
	–13.9
	–12.1

	QPSK
	4/5
	–13.6
	–13.2
	–11.2

	QPSK
	5/6
	–13.1
	–12.7
	–10.4

	16-QAM
	1/2
	–12.1
	–11.9
	–10.6

	16-QAM
	3/5
	–10.7
	–10.5
	–9.0

	16-QAM
	2/3
	–9.4
	–9.2
	–7.5

	16-QAM
	3/4
	–8.3
	–7.9
	–5.8

	16-QAM
	4/5
	–7.5
	–7.1
	–4.6

	16-QAM
	5/6
	–7.0
	–6.6
	–3.8

	64-QAM
	1/2
	–7.8
	–7.5
	–5.7

	64-QAM
	3/5
	–5.9
	–5.6
	–3.9

	64-QAM
	2/3
	–4.6
	–4.3
	–2.5

	64-QAM
	3/4
	–3.1
	–2.8
	–0.4

	64-QAM
	4/5
	–2.1
	–1.6
	1.2

	64-QAM
	5/6
	–1.5
	–1.0
	2.1

	256-QAM
	1/2
	–3.8
	–3.4
	–1.4

	256-QAM
	3/5
	–1.5
	–1.2
	0.8

	256-QAM
	2/3
	0.0
	0.3
	2.4

	256-QAM
	3/4
	2.0
	2.3
	4.9

	256-QAM
	4/5
	3.4
	3.9
	6.9

	256-QAM
	5/6
	4.2
	4.7
	8.3



As compared to a static Rayleigh transmission channel, the time-variant Rayleigh channel which is relevant for portable DVB-T2 reception shows a significantly higher need for protection ratios. Further measurement is needed for evaluation of this effect.
[bookmark: _Toc346028304][bookmark: _Toc346187805][bookmark: _Toc410204687][bookmark: _Toc93402534]1.7	Selection of PR and Oth for sharing studies
Table 11 illustrates recommended values for PR and Oth to be used in sharing studies. By applying these values 90 percent of receivers (among all 14 tuners measured), would be protected across all traffic loadings. For the UE, the corrected PR 90th percentiles were used based on the UE ACLR assumptions in Table 7. 
[bookmark: _Ref338635014][bookmark: _Ref338659411][bookmark: _Ref338686554]TABLE 11
Recommended sharing study values of PR and Oth for a DVB-T2 signal (defined in Table 1) 
in a clear channel, interfered with by an LTE BS or UE signal in adjacent 
channels for 3 can and 11 silicon tuners combined
	Channel offset N
(8 MHz channels)
	Centre frequency offset 
(MHz)
	LTE BS
	LTE UE

	
	
	PR
(dB)
	Oth 
(dBm)
	Corrected PR
(dB)
	Oth 
(dBm)

	Co-channel (AWGN)
	0
	19
	–
	19
	–

	Co-channel (LTE)
	0
	19
	–
	19
	–

	1
	10
	–25
	–16
	–6
	–30

	2
	18
	–33
	–12
	–13
	–11

	3
	26
	–36
	–11
	–28
	–10

	4
	34
	–40
	–13
	–37
	–20

	5
	42
	–43
	–11
	–38
	–10

	6
	50
	–46
	–11
	–40
	–9

	7
	58
	–47
	–11
	–42
	–9

	8
	66
	–46
	–11
	–43
	–10

	9
	74
	–46
	–10
	–44
	–10



[bookmark: _Toc346028305][bookmark: _Toc346187806][bookmark: _Toc410204688][bookmark: _Toc93402535]1.8	Effect of transient interference on protection ratios
In the previous sections, the interference has been active at the time the DTT wanted signal is acquired. Recent studies have shown significantly higher protection ratios (10-12 dB) are measured when the interference source is applied after the DTT wanted signal has been acquired. This is particularly relevant when the interference is occasional such as in the case of an LTE UE where the user may have long gaps (many seconds) of no activity allowing the DTT receiver AGC to stabilize in a “no interference” state. Examples include:
–	regular polling of data “pull” servers (e.g. email updating, social networking applications);
–	“keep alive” messages for stateful applications;
–	other network signalling traffic.
Details of these measurements are given in Attachment 3 to Annex 1. These measurements are preliminary pending further study.
[bookmark: _Toc338634835][bookmark: _Toc346028306][bookmark: _Toc346187807][bookmark: _Toc410204689][bookmark: _Toc93402536][bookmark: _Toc519680661][bookmark: _Toc519933543]2	Minimum field strengths for DVB-T2 terrestrial digital television
The formula for calculating minimum field strength is given in Attachment 1 to Annex 1. For other reception modes (mobile rural, handheld portable outdoor and handheld mobile with integrated antenna) field strength calculations are available in Report ITU-R BT.2254 – Frequency and network planning aspects of DVB-T2.
TABLE 12
Calculation of minimum field strength DVB-T2 8 MHz system at 200 MHz
	DVB‑T2 in Band III
	Fixed
	Portable outdoor/urban
	Portable
indoor/urban

	Frequency
	Freq
	MHz
	200
	200
	200

	Minimum C/N required by system
	C/N
	dB
	20.0
	17.9
	18.3

	System variant (example)
	
	
	256‑QAM
FEC 2/3, 32k, PP7 Normal
	64‑QAM
FEC 2/3, 32k, PP4 Normal
	64‑QAM
FEC 2/3, 16k, PP1 Normal

	Bit rate (indicative values)
	
	Mbit/s
	30-35
	22-25
	19-24

	Receiver noise figure
	F
	dB
	6
	6
	6

	Equivalent noise bandwidth
	B
	MHz
	6.66
	6.66
	6.66

	Receiver noise input power
	Pn
	dBW
	–128.6
	–128.9
	–128.5

	Min. receiver signal input power
	Ps min
	dBW
	–109.7
	–111.8
	–111.4

	Min. equivalent receiver input voltage, 75 Ω
	Umin
	dBµV
	29.0
	26.9
	27.3

	Feeder loss
	Lf
	dB
	2
	0
	0

	Antenna gain relative to half dipole
	Gd
	dB
	7
	–2.2
	–2.2

	Effective antenna aperture
	Aa
	dBm2
	1.7
	–7.5
	–7.5

	Min power flux-density at receiving location
	min
	dB(W)/m2
	–109.4
	–104.3
	–103.9

	Min equivalent field strength at receiving location
	Emin
	dBµV/m
	36.4
	41.5
	41.9

	Allowance for man-made noise
	Pmmn
	dB
	2
	8
	8

	Penetration loss (building or vehicle)
	Lb, Lh
	dB
	0
	0
	9

	Standard deviation of the penetration loss
	
	dB
	0
	0
	3

	Diversity gain
	Div
	dB
	0
	0
	0




TABLE 12 (end)
	DVB‑T2 in Band III
	Fixed
	Portable outdoor/urban
	Portable indoor/urban

	Location probability
	
	%
	70
	70
	70

	Distribution factor
	
	
	0.5244
	0.5244
	0.5244

	Standard deviation
	
	
	5.5
	5.5
	6.3

	Location correction factor
	Cl
	dB
	2.8842
	2.8842
	3.30372

	Minimum median power flux-density at reception height(1); 50% time and 50% locations
	med
	dB(W)/m2
	–104.5
	–93.4
	–83.6

	Minimum median equivalent field strength at reception height(1); 50% time and 50% locations
	Emed
	dBµV/m
	41.3
	52.4
	62.4

	Location probability
	
	%
	95
	95
	95

	Distribution factor
	
	
	1.6449
	1.6449
	1.6449

	Standard deviation
	
	
	5.5
	5.5
	6.3

	Location correction factor
	Cl
	dB
	9.04695
	9.04695
	10.36287

	Minimum median power flux-density at reception height(1); 50% time and 50% locations
	med
	dB(W)/m2
	–98.4
	–87.3
	–77.6

	Minimum median equivalent field strength at reception height(1); 50% time and 50% locations
	Emed
	dBµV/m
	47.4
	58.5
	69.2

	(1)	10 m for fixed reception and 1.5 m for the other reception modes.



TABLE 13
Calculation of minimum field strength DVB-T2 8 MHz system at 650 MHz
	DVB‑T2 in Band IV/V
	Fixed
	Portable outdoor/urban
	Portable
indoor/urban

	Frequency
	Freq
	MHz
	650
	650
	650

	Minimum C/N required by system
	C/N
	dB
	20.0
	17.9
	18.3

	System variant (example)
	 
	
	256‑QAM
FEC 2/3, 32k, PP7 Extended
	64‑QAM
FEC 2/3, 32k, PP4 Extended
	64‑QAM
FEC 2/3, 16k, PP1 Extended

	Bit rate (indicative values)
	
	Mbit/s
	35-40
	26-29
	23-28

	Receiver noise figure
	F
	dB
	6
	6
	6

	Equivalent noise bandwidth
	B
	MHz
	7.77
	7.77
	7.77

	Receiver noise input power
	Pn
	dBW
	–128.0
	–128.3
	–127.9


TABLE 13 (end)
	DVB‑T2 in Band IV/V
	Fixed
	Portable outdoor/urban
	Portable
indoor/urban

	Min. receiver signal input power
	Ps min
	dBW
	–109.1
	–111.2
	–110.8

	Min. equivalent receiver input voltage, 75Ω
	Umin
	dBµV
	29.7
	27.6
	28.0

	Feeder loss
	Lf
	dB
	4
	0
	0

	Antenna gain relative to half dipole
	Gd
	dB
	11
	0
	0

	Effective antenna aperture
	Aa
	dBm2
	–4.6
	–15.6
	–15.6

	Min power flux-density at receiving location
	min
	dB(W)/m2
	–100.5
	–95.6
	–94.2

	Min equivalent field strength at receiving location
	Emin
	dBµV/m
	45.3
	50.2
	50.6

	Allowance for man-made noise
	Pmmn
	dB
	0
	1
	1

	Penetration loss (building or vehicle)
	Lb, Lh
	dB
	0
	0
	11

	Standard deviation of the penetration loss
	
	dB
	0
	0
	6

	Diversity gain
	Div
	dB
	0
	0
	0

	Location probability
	
	%
	70
	70
	70

	Distribution factor
	
	
	0.5244
	0.5244
	0.5244

	Standard deviation
	
	
	5.5
	5.5
	8.1

	Location correction factor
	Cl
	dB
	2.8842
	2.8842
	4.24764

	Minimum median power flux-density at reception height(1); 50% time and 50% locations
	med
	dB(W)/m2
	–97.6
	–91.7
	–79.0

	Minimum median equivalent field strength at reception height(1); 50% time and 50% locations
	Emed
	dBµV/m
	48.2
	54.1
	66.8

	Location probability
	
	%
	95
	95
	95

	Distribution factor
	
	
	1.6449
	1.6449
	1.6449

	Standard deviation
	
	
	5.5
	5.5
	8.1

	Location correction factor
	Cl
	dB
	9.04695
	9.04695
	13.32369

	Minimum median power flux-density at reception height(1); 50% time and 50% locations
	med
	dB(W)/m2
	–91.5
	–85.6
	–72.3

	Minimum median equivalent field strength at reception height(1); 50% time and 50% locations
	Emed
	dBµV/m
	54.3
	60.2
	75.9

	(1)	10 m for fixed reception and 1.5 m for the other reception modes.
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[bookmark: _Toc346028308][bookmark: _Toc346187809][bookmark: _Toc410204691][bookmark: _Toc93402538]Attachment 1 
to Annex 1

Calculation of minimum field strength and 
minimum median equivalent field strength
The minimum field strength and minimum median equivalent field strength values calculated using the following equations:
	Pn	= 	F + 10 log (k T0 B)
	Ps min	= 	C/N + Pn
	Aa	= 	G + 10 log (1.642/4 )
	φmin	= 	Ps min – Aa + Lf
	Emin	= 	φmin + 120 + 10 log (120 ) 
		= 	φmin + 145.8
	Emed	= 	Emin + Pmmn + Cl 		for roof top level fixed reception
	Emed	= 	Emin + Pmmn + Cl + Lh		for portable outdoor and mobile 							reception
	Emed	= 	Emin + Pmmn + Cl + Lh + Lb	for portable indoor and mobile					hand‑held reception

	Cl	= 	µ  t


	t	= 	

where:
	Pn :	receiver noise input power (dBW)
	F :	receiver noise figure (dB)
	k :	Boltzmann’s constant (k = 1.38  10–23 (J/K))
	T0 :	absolute temperature (T0 = 290 (K))
	B :	receiver noise bandwidth (B = 7.61  106 (Hz))
	Ps min :	minimum receiver input power (dBW)
	C/N :	RF S/N at the receiver input required by the system (dB)
	Aa :	effective antenna aperture (dBm2)
	G :	antenna gain related to half dipole (dBd)
	 :	wavelength of the signal (m)
	φmin :	minimum pfd at receiving place (dB(W/m2))
	Lf :	feeder loss (dB)
	Emin :	equivalent minimum field strength at receiving place (dB(V/m))
	Emed :	minimum median equivalent field strength, planning value (dB(V/m))
	Pmmn :	allowance for man-made noise (dB)
	Lh :	height loss (reception point at 1.5 m above ground level) (dB)
	Lb :	building or vehicle entry loss (dB)
	Cl :	location correction factor (dB)
	t :	total standard deviation (dB)
	m :	standard deviation macro-scale (m = 5.5 (dB))
	b :	standard deviation building entry loss (dB)
	µ :	distribution factor being 0.52 for 70%, 1.28 for 90%, 1.64 for 95% and 2.33 for 99%.
[bookmark: _Toc309290174][bookmark: _Toc309718898]
[bookmark: _Toc346028309][bookmark: _Toc346187810][bookmark: _Toc410204692][bookmark: _Toc93402539]Attachment 2 
to Annex 1

Can tuner test results
LTE BS PR & Oth
Tables 14 and 15 give the raw measurement results for three can tuners for the case of LTE BS interference. These values are for guidance and should be used carefully.
[bookmark: _Ref339008003]TABLE 14
Measured protection ratios (dB) for a DVB-T2 signal (defined in Table 1) 
interfered with by an LTE BS signal in adjacent channels for can tuners
	Channel offset N
(8 MHz channels)
	Centre frequency offset
(MHz)
	0% BS traffic 
loading PR
(dB)
	50% BS traffic 
loading PR
(dB)
	100% BS traffic loading PR
(dB)

	
	
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28

	Co-channel AWGN (0)
	0
	19
	19
	19
	19
	19
	19
	19
	19
	19

	Co-channel LTE (0)
	0
	11
	10
	10
	18
	18
	18
	19
	19
	19

	1
	10
	–43
	–44
	–40
	–41
	–42
	–39
	–40
	–41
	–36

	2
	18
	–58
	–55
	–43
	–57
	–51
	–39
	–56
	–47
	–38

	3
	26
	–55
	–55
	–38
	–42
	–47
	–36
	–41
	–45
	–35

	4
	34
	–50
	–64
	–43
	–45
	–55
	–32
	–45
	–45
	–33


TABLE 14 (end)
	Channel offset N
(8 MHz channels)
	Centre frequency offset
(MHz)
	0% BS traffic 
loading PR
(dB)
	50% BS traffic 
loading PR
(dB)
	100% BS traffic loading PR
(dB)

	
	
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28

	5
	42
	–53
	–71
	–58
	–50
	–65
	–55
	–49
	–67
	–54

	6
	50
	–56
	–72
	–72
	–53
	–69
	–60
	–52
	–67
	–58

	7
	58
	–58
	–73
	–74
	–55
	–70
	–61
	–54
	–68
	–68

	8
	66
	–60
	–72
	–68
	–55
	–67
	–64
	–54
	–66
	–62

	9
	74
	–58
	–63
	–52
	–50
	–56
	–46
	–50
	–55
	–44


[bookmark: _Ref339008004]
TABLE 15
Measured overload thresholds (dBm) for a DVB-T2 signal (defined in Table 1)
interfered with by an LTE BS signal in adjacent channels for can tuners
	Channel offset N
(8 MHz channels)
	Centre frequency offset
(MHz)
	0% BS traffic 
loading
Oth
(dBm)
	50% BS traffic loading
Oth
(dBm)
	100% BS traffic loading
Oth
(dBm)

	
	
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28

	1
	10
	–12
	–11
	–10
	–15
	–13
	–12
	–16
	–15
	–15

	2
	18
	0
	–1
	–2
	–5
	–2
	–5
	–4
	–3
	–5

	3
	26
	–2
	–1
	2
	–3
	–2
	1
	–4
	–3
	0

	4
	34
	1
	–3
	3
	–5
	–14
	–8
	–3
	–2
	–8

	5
	42
	4
	2
	2
	–2
	–2
	2
	2
	–2
	–2

	6
	50
	5
	3
	2
	0
	0
	1
	5
	–1
	0

	7
	58
	5
	4
	5
	1
	1
	2
	5
	0
	0

	8
	66
	5
	4
	2
	1
	0
	–3
	4
	0
	–4

	9
	74
	5
	4
	3
	5
	0
	–3
	4
	–2
	–3



[bookmark: _Toc346028310]LTE UE PR & Oth
Table 16 shows uncorrected UE PR measurements for three can tuners. Table 17 shows the same tuners with the PR values corrected for the assumed UE ACLR values shown in Table 7.
The co-channel PR0 values used in the correction calculation were the AWGN figures in Table 8. Table 18 shows the overload threshold for the same three can tuners.
Due to the small number of can tuners available on T2 receivers, these values are for guidance only and should be used carefully.
[bookmark: _Ref339008107]TABLE 16
Uncorrected protection ratios (dB) for a DVB-T2 signal (defined in Table 1)
interfered with by an LTE UE signal in adjacent channels for can tuners
	Channel offset N
8 MHz channels/
(centre frequency offset)
	No. of Rx.
tested
	1 Mbit/s UE 
traffic loading
Signal generator ACLR = 100 dB all offsets
	10 Mbit/s UE 
traffic loading
Signal generator ACLR = 100 dB all offsets
	20 Mbit/s UE 
traffic loading
Signal generator ACLR =
67.8 dB (N+1) 
80.4 dB (N+2)
100 dB (N+3 to N+9)

	
	
	PR
(dB)
	PR
(dB)
	PR
(dB)

	
	
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28

	Co-channel AWGN (0)
	11
	19
	19
	19
	19
	19
	19
	19
	19
	19

	Co-channel LTE (0)
	11
	11
	10
	10
	18
	18
	18
	19
	19
	19

	1/(10)
	11
	–40
	–44
	–28
	–42
	–43
	–41
	–42
	–43
	–40

	2 (18)
	11
	–57
	–55
	–31
	–58
	–51
	–35
	–58
	–51
	–39

	3 (26)
	11
	–48
	–59
	–39
	–44
	–52
	–38
	-42
	–51
	–38

	4 (34)
	11
	–49
	–60
	–41
	–45
	–54
	–33
	–45
	–51
	–33

	5 (42)
	11
	–53
	–72
	–52
	–50
	–70
	–65
	–50
	–68
	–66

	6 (50)
	11
	–56
	–74
	–64
	–53
	–71
	–65
	–53
	–70
	–66

	7 (58)
	11
	–55
	–75
	–63
	–54
	–71
	–65
	–55
	–70
	–70

	8 (66)
	11
	–60
	–72
	–68
	–56
	–68
	–65
	–56
	–67
	–65

	9 (74)
	11
	–62
	–67
	–56
	–52
	–57
	–47
	–50
	–55
	–45


[bookmark: _Ref339008126]


TABLE 17
Corrected protection ratios (dB) for a DVB-T2 signal (defined in Table 1)
interfered with by an LTE UE signal in adjacent channels for can tuners
	Channel offset N
8 MHz channels/ (centre frequency offset)
	No. of Rx.
tested
	1 Mbit/s UE 
traffic loading
Signal generator ACLR = 100 dB all offsets
	10 Mbit/s UE 
traffic loading
Signal generator ACLR = 100 dB all offsets
	20 Mbit/s UE 
traffic loading
Signal generator ACLR =
67.8 dB (N+1) 
80.4 dB (N+2)
100 dB (N+3 to N+9)

	
	
	PR
(dB)
	PR
(dB)
	PR
(dB)

	
	
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28

	Co-channel AWGN (0)
	11
	19
	19
	19
	19
	19
	19
	19
	19
	19

	Co-channel 
LTE (0)
	11
	11
	10
	10
	18
	18
	18
	19
	19
	19

	1/(10)
	11
	–6
	–6
	–6
	–6
	–6
	–6
	–6
	–6
	–6

	2 (18)
	11
	–13
	–13
	–13
	–13
	–13
	–13
	–13
	–13
	–13

	3 (26)
	11
	–48
	–59
	–39
	–44
	–52
	–38
	–42
	–51
	–38

	4 (34)
	11
	–49
	–60
	–41
	–45
	–54
	–33
	–45
	–51
	–33

	5 (42)
	11
	–53
	–67
	–52
	–50
	–67
	–64
	–50
	–66
	–64

	6 (50)
	11
	–56
	–68
	–63
	–53
	–67
	–64
	–53
	–67
	–64

	7 (58)
	11
	–55
	–68
	–62
	–54
	–67
	–64
	–55
	–67
	–66

	8 (66)
	11
	–60
	–67
	–65
	–56
	–66
	–64
	–56
	–65
	–64

	9 (74)
	11
	–61
	–65
	–56
	–52
	–57
	–47
	–50
	–55
	–45


[bookmark: _Ref339008396]
TABLE 18
Measured overload thresholds (dBm) for a DVB-T2 signal (defined in Table 1)
interfered with by an LTE UE signal in adjacent channels for can tuners
	Channel offset N
(8 MHz channels)
	Centre frequency offset
(MHz)
	1 Mbit/s UE traffic 
loading
Oth
(dBm)
	10 Mbit/s UE traffic 
loading
Oth
(dBm)
	20 Mbit/s UE traffic loading
Oth
(dBm)

	
	
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28

	1
	10
	–6
	–4
	NR
	–9
	–7
	–13
	–14
	–7
	–10

	2
	18
	2
	2
	NR
	–2
	–2
	–3
	–2
	–2
	–6

	3
	26
	1
	0
	5
	–4
	–1
	1
	–3
	–2
	1

	4
	34
	2
	–9
	0
	–3
	–15
	–8
	–2
	–18
	–8

	5
	42
	6
	3
	5
	1
	0
	–4
	2
	0
	–3


TABLE 18 (end)
	Channel offset N
(8 MHz channels)
	Centre frequency offset
(MHz)
	1 Mbit/s UE traffic 
loading
Oth
(dBm)
	10 Mbit/s UE traffic 
loading
Oth
(dBm)
	20 Mbit/s UE traffic loading
Oth
(dBm)

	
	
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28
	Rx 5
	Rx 6
	Rx 28

	6
	50
	8
	5
	3
	4
	1
	0
	4
	0
	0

	7
	58
	8
	5
	4
	4
	1
	1
	4
	1
	0

	8
	66
	8
	4
	1
	–4
	0
	–2
	4
	0
	–3

	9
	74
	8
	5
	2
	4
	0
	–3
	4
	0
	–3




[bookmark: _Toc346028311][bookmark: _Toc346187811][bookmark: _Toc410204693][bookmark: _Toc93402540]Attachment 3 
to Annex 1

Effect of transient interference on protection ratios
[bookmark: _Toc346028312][bookmark: _Toc346187812][bookmark: _Toc410204694][bookmark: _Toc93402541]1	Background
Initial 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 UEs 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-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.
It should be noted that at the time of making this submission, relatively few results had been obtained. However, given that significant degradation in performance had been noted, it was felt important to submit these initial results. It is hoped to submit further results either to a later meeting of WP 6A and/or direct to the JTG in due course.
[bookmark: _Toc346028313][bookmark: _Toc346187813][bookmark: _Toc410204695][bookmark: _Toc93402542][bookmark: _Toc302649720][bookmark: _Toc302975792][bookmark: _Toc302976291][bookmark: _Toc302976861][bookmark: _Toc302976957][bookmark: _Toc314721554]2	Measurements
[bookmark: _Toc346028314][bookmark: _Toc346187814][bookmark: _Toc410204696][bookmark: _Toc93402543]2.1	Signal sources
The wanted signal is a DVB-T2 waveform, frequency 706 MHz, provided by a DTT signal generator. The DVB parameters used are those most frequently encountered in the UK (option 6 from the DVB‑T2 specification [2]). The parameters are given in Table 19.
[bookmark: _Ref339008676]TABLE 19
	Standard
	DVB-T2

	Number of OFDM carriers
	27 841 (32KE)

	Modulation
	256QAM

	Inner coding Rc
	2/3

	Guard interval (∆/Tu)
	1/128

	Pilot pattern
	PP7

	Frame length (data symbols)
	59

	FEC blocks per interleaving frame
	202

	Transport stream data rate
	40.2146452



The LTE interfering signal is a gated version of that used in previous tests [1]. The underlying waveforms represent typical outputs from UEs at 2 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 Mbit/s and 1 Mbit/s.
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 Mbit/s or 20 Mbit/s signal. Time domain plots of the signals are given in Figs 1 and 2.
FIGURE 1
Gated LTE 20 Mbit/s signal
[image: Table

Description automatically generated with medium confidence]
FIGURE 2
Gated LTE 1 Mbit/s signal
[image: Chart

Description automatically generated]
[bookmark: _Toc346028315][bookmark: _Toc346187815][bookmark: _Toc410204697][bookmark: _Toc93402544]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: _Toc346028316][bookmark: _Toc346187816][bookmark: _Toc410204698][bookmark: _Toc93402545]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 [1].
[bookmark: _Toc346028317][bookmark: _Toc346187817][bookmark: _Toc410204699][bookmark: _Toc93402546]2.4	Receivers tested
In this early phase of work, three receivers were selected for test.
TABLE 20
	Receiver
	Type
	Tuner type

	R1
	STB/PVR
	Silicon

	R2
	STB
	Can

	R3
	STB
	Can



[bookmark: _Toc346028318][bookmark: _Toc346187818][bookmark: _Toc410204700][bookmark: _Toc93402547]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 results [1] 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 Mbit/s and 1 Mbit/s waveforms. For reference, the performance of the receivers with the non-transient waveforms is also plotted.
FIGURE 3
Receiver R1 11 MHz offset
[image: Chart, line chart

Description automatically generated]
FIGURE 4
Receiver R1 18 MHz offset
[image: Chart

Description automatically generated]
FIGURE 5
Receiver R2 11 MHz offset
[image: Chart

Description automatically generated]
FIGURE 6
Receiver R2 18 MHz offset
[image: Chart

Description automatically generated]
FIGURE 7
Receiver R3 11 MHz offset
[image: Chart

Description automatically generated]
FIGURE 8
Receiver R3 18 MHz offset
[image: Chart

Description automatically generated]
[bookmark: _Toc346028319][bookmark: _Toc346187819][bookmark: _Toc410204701][bookmark: _Toc93402548]4	Conclusions
R1 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.
Receivers R2 and R3’s performance 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 Mbit/s UE waveform which requires greater protection than the 1 Mbit/s version.
The protection ratio numbers presented in this Recommendation are based on measurements made with a signal generator with a good adjacent channel performance and therefore will need to be corrected to take account of the out-of-band emission figures for LTE hardware.
Although only a small set of receivers has been investigated so far, 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, it is considered important that these interim results based on limited measurements are presented now, with a recommendation that further measurements are undertaken.
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[bookmark: _Toc410204702][bookmark: _Toc93402549]Attachment 4 
to Annex 1

TV tuner technologies and characteristics
The protection ratio and overload threshold can be significantly different for silicon tuners[footnoteRef:1] and can tuners[footnoteRef:2]. Silicon tuners are increasingly being used in TV receiver equipment including high-end products such as iDTVs and PVRs. [1:  	“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. When integrated onto the silicon there are different compromises in performance when compared with discrete classical layouts. The units measured represent a mixture of early and recent generations on the market. This technology is still developing.]  [2: 	“Can” tuners are classical super heterodyne tuners housed in a metal enclosure containing discrete components. Classically, there are fixed and tuneable 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.] 

As silicon and can tuners have different performance characteristics, planners are advised to consider the relative usage volumes of each tuner type and the difference in characteristics during network planning. Compared to can tuners, silicon tuners do not suffer from degradations in PR and Oth when the interferer is at the 36 MHz IF frequency or at the 2  IF = 72 MHz image frequency; however some have higher protection ratios at other interferer offsets.
It is likely that a mixture of these types of tuners will exist and their proportion is likely to change with time. This Recommendation provides separate results for each type of tuners. (For further information the technical explanation of the differences can be found in Report ITU-R BT.2215 – Measurement of protection ratios and overload threshold for TV receivers.)
For the case of larger guardbands where the can tuner image channel may not coincide with N+9, PR and Oth performance can be estimated by using the N+9 figures for the frequency offset when the image channel occurs, and the N+8 figures for the nearby frequency offsets that are close but not on image channel frequency offset.


[bookmark: _Toc410204703][bookmark: _Toc93402550]Annex 2
(Normative) 

Planning criteria, including protection ratios, for DVB second generation 
digital terrestrial television systems in the VHF/UHF bands 
for 6 MHz channel bandwidth
[bookmark: _Toc410204704][bookmark: _Toc93402551]1	Protection ratios for 6 MHz DVB-T2 wanted digital terrestrial television signal
The following Tables show the protection ratios for 6 MHz DVB-T2 digital terrestrial television signal interfered with by: 
1)	6 MHz DVB-T2 digital terrestrial television signal;
2)	6 MHz ISDB-T digital terrestrial television signal;
3)	6 MHz NTSC analogue terrestrial television signal.
Ricean channel protection ratios are provided, which models roof fixed reception using a directional antenna.
[bookmark: _Toc410204705][bookmark: _Toc93402552]1.1	Protection ratios for a wanted DVB-T2 signal interfered with by a digital terrestrial television signal
The co-channel protection ratios depend on the modulation and the FEC rate of the desired signal. Neither the FFT size of the interferer signal nor the usage of the extended bandwidth mode affects the co-channel protection ratios.
Recommended values are presented in Table 21. The effect of pilot pattern can be considered negligible because variations are of the order of tenths of a dB.
TABLE 21
Co-channel protection ratios (dB) of a DVB-T2 signal 
(Ricean channel) interfered with by a DVB-T2 signal (BW = 6 MHz)
	Modulation
	FEC rate
	Protection ratio
	Modulation
	FEC rate
	Protection ratio

	QPSK
	1/2
	6
	64-QAM
	1/2
	13

	QPSK
	3/5
	6
	64-QAM
	3/5
	15

	QPSK
	2/3
	7
	64-QAM
	2/3
	16

	QPSK
	3/4
	8
	64-QAM
	3/4
	18

	QPSK
	4/5
	8
	64-QAM
	4/5
	19

	QPSK
	5/6
	9
	64-QAM
	5/6
	20

	16-QAM
	1/2
	11
	256-QAM
	1/2
	17

	16-QAM
	3/5
	12
	256-QAM
	3/5
	20

	16-QAM
	2/3
	13
	256-QAM
	2/3
	21

	16-QAM
	3/4
	14
	256-QAM
	3/4
	23

	16-QAM
	4/5
	15
	256-QAM
	4/5
	24

	16-QAM
	5/6
	16
	256-QAM
	5/6
	26



The adjacent channel protection ratios for wanted DVB-T2 signals interfered with by DVB-T2 signals are affected by the modulation and the FEC rate of the wanted signal.
Table 22 shows the protection ratios for the lower and the upper adjacent channel.
TABLE 22
Adjacent channel protection ratios (dB) for wanted DVB-T2 signal 
(Ricean channel) interfered with by a DVB-T2 signal (BW = 6 MHz)
	Modulation
	FEC rate
	Protection ratio
N ± 1
	Modulation
	FEC rate
	Protection ratio
N ± 1

	QPSK
	1/2
	–43
	64-QAM
	1/2
	–39

	QPSK
	3/5
	–43
	64-QAM
	3/5
	–39

	QPSK
	2/3
	–42
	64-QAM
	2/3
	–39

	QPSK
	3/4
	–42
	64-QAM
	3/4
	–39

	QPSK
	4/5
	–42
	64-QAM
	4/5
	–37

	QPSK
	5/6
	–42
	64-QAM
	5/6
	–35

	16-QAM
	1/2
	–42
	256-QAM
	1/2
	–39

	16-QAM
	3/5
	–42
	256-QAM
	3/5
	–38

	16-QAM
	2/3
	–41
	256-QAM
	2/3
	–36

	16-QAM
	3/4
	–40
	256-QAM
	3/4
	–33

	16-QAM
	4/5
	–40
	256-QAM
	4/5
	–31

	16-QAM
	5/6
	–40
	256-QAM
	5/6
	–29



Co-channel protection ratios for wanted DVB-T2 signal interfered with by ISDB-T signal are shown in Table 23. These protection ratios are affected primarily by the modulation and coding rate of the useful signal.
The ISDB-T standard has an optional +1/7 MHz frequency offset. This offset has an effect on the protection ratios as explained in the Note 1 of Table 23 and Note 1 of Table 24.
TABLE 23
Co-channel protection ratios (dB) for wanted DVB-T2 signal (Ricean channel) 
interfered with by ISDB-T signal (BW = 6 MHz). (See Note 1)
	Modulation
	FEC rate
	Protection ratio
	Modulation
	FEC rate
	Protection ratio

	QPSK
	1/2
	6
	64-QAM
	1/2
	13

	QPSK
	3/5
	6
	64-QAM
	3/5
	15

	QPSK
	2/3
	7
	64-QAM
	2/3
	16

	QPSK
	3/4
	8
	64-QAM
	3/4
	18

	QPSK
	4/5
	8
	64-QAM
	4/5
	19

	QPSK
	5/6
	9
	64-QAM
	5/6
	20

	16-QAM
	1/2
	11
	256-QAM
	1/2
	17

	16-QAM
	3/5
	12
	256-QAM
	3/5
	20

	16-QAM
	2/3
	13
	256-QAM
	2/3
	21

	16-QAM
	3/4
	14
	256-QAM
	3/4
	23

	16-QAM
	4/5
	15
	256-QAM
	4/5
	24

	16-QAM
	5/6
	16
	256-QAM
	5/6
	26

	NOTE 1 – In the case of ISDB-T signal with + 1/7 MHz frequency offset, the co-channel protection ratios should be decreased by 1 dB.



Table 24 shows the adjacent channel protection ratios for wanted DVB-T2 signal interfered with by ISDB-T signal. These protection ratios are affected by the modulation and FEC rate of the useful signal and optional offset used in the interfering signal.
TABLE 24
Adjacent channel protection ratios (dB) for wanted DVB-T2 (Ricean channel) signal interfered with by ISDB-T signal (BW = 6 MHz) (See Note 1)
	Modulation
	FEC rate
	Protection ratio
N ± 1

	QPSK
	1/2
	–46

	QPSK
	3/5
	–46

	QPSK
	2/3
	–45

	QPSK
	3/4
	–45

	QPSK
	4/5
	–45

	QPSK
	5/6
	–45

	16-QAM
	1/2
	–45

	16-QAM
	3/5
	–45

	16-QAM
	2/3
	–44

	16-QAM
	3/4
	–43

	16-QAM
	4/5
	–43

	16-QAM
	5/6
	–43


TABLE 24 (end)
	Modulation
	FEC rate
	Protection ratio
N ± 1

	64-QAM
	1/2
	–42

	64-QAM
	3/5
	–42

	64-QAM
	2/3
	–42

	64-QAM
	3/4
	–42

	64-QAM
	4/5
	–40

	64-QAM
	5/6
	–38

	256-QAM
	1/2
	–42

	256-QAM
	3/5
	–41

	256-QAM
	2/3
	–39

	256-QAM
	3/4
	–36

	256-QAM
	4/5
	–34

	256-QAM
	5/6
	–32

	NOTE 1 – In the case of ISDB-T signal with + 1/7 MHz frequency offset, the lower adjacent channel protection ratios should be decreased by 1 dB and the upper adjacent channel protection ratios should be increased by 2 dB.


[bookmark: _Toc410204706][bookmark: _Toc93402553]1.2	Protection ratios for a wanted DVB-T2 signal interfered with by an analogue terrestrial television signal
In the case of a DVB-T2 digital terrestrial television signal interfered with by an analogue television signal, the co-channel protection ratios depend on the modulation and the FEC rate of the DVB‑T2 signal.
Table 25 shows values based on the modulation and FEC rate.
TABLE 25
Co-channel protection ratios (dB) for wanted DVB-T2 signal (Ricean channel) interfered with 
by NTSC analogue terrestrial television signal (BW = 6 MHz)
	Modulation
	FEC rate
	Protection ratio
	Modulation
	FEC rate
	Protection ratio

	QPSK
	1/2
	–13
	64-QAM
	1/2
	–5

	QPSK
	3/5
	–12
	64-QAM
	3/5
	–3

	QPSK
	2/3
	–11
	64-QAM
	2/3
	–1

	QPSK
	3/4
	–9
	64-QAM
	3/4
	2

	QPSK
	4/5
	–9
	64-QAM
	4/5
	4

	QPSK
	5/6
	–7
	64-QAM
	5/6
	5

	16-QAM
	1/2
	–10
	256-QAM
	1/2
	–3

	16-QAM
	3/5
	–8
	256-QAM
	3/5
	2

	16-QAM
	2/3
	–8
	256-QAM
	2/3
	3

	16-QAM
	3/4
	–5
	256-QAM
	3/4
	6

	16-QAM
	4/5
	–4
	256-QAM
	4/5
	6

	16-QAM
	5/6
	–5
	256-QAM
	5/6
	9



In the case of adjacent channel interference, the protection ratios are primarily affected by the same factors as in the case of co-channel. That is, modulation and FEC rate of the useful signal DVB-T2.
In Table 26 are presented the values for the upper and lower adjacent channels N ± 1.
For adjacent channels N ± 2 measurements have been performed for configurations 64-QAM 3/5 and 64-QAM 3/4. The protection ratio values are –39 dB and –35 dB respectively.
TABLE 26
Adjacent channel N ± 1 protection ratios (dB) for wanted DVB-T2 signal (Ricean channel) interfered with by NTSC analogue terrestrial television signal (BW = 6 MHz)
	Modulation
	FEC rate
	Protection ratio
N ± 1
	Modulation
	FEC rate
	Protection ratio
N ± 1

	QPSK
	1/2
	–1
	64-QAM
	1/2
	–29

	QPSK
	3/5
	–39
	64-QAM
	3/5
	–27

	QPSK
	2/3
	–36
	64-QAM
	2/3
	–25

	QPSK
	3/4
	–33
	64-QAM
	3/4
	–22

	QPSK
	4/5
	–32
	64-QAM
	4/5
	–20

	QPSK
	5/6
	–30
	64-QAM
	5/6
	–19

	16-QAM
	1/2
	–34
	256-QAM
	1/2
	–25

	16-QAM
	3/5
	–32
	256-QAM
	3/5
	–22

	16-QAM
	2/3
	–29
	256-QAM
	2/3
	–20

	16-QAM
	3/4
	–27
	256-QAM
	3/4
	–17

	16-QAM
	4/5
	–26
	256-QAM
	4/5
	–16

	16-QAM
	5/6
	–24
	256-QAM
	5/6
	–14




[bookmark: _Toc346028321][bookmark: _Toc346187821][bookmark: _Toc410204707][bookmark: _Toc93402554]Annex 3
(Informative) 

Additional test results
[bookmark: _Toc346028322][bookmark: _Toc346187822][bookmark: _Toc410204708][bookmark: _Toc93402555]1	Additional test result from the UK
A set of measurements on the performance of TV receivers in the presence of LTE base station signals were performed by the UK to support a field trial and subsequent modelling analysis and assessment.
The report on the protection ratio measurements for LTE base stations into DVB-T and T2 reception in a comparative way is attached as an embedded word file below.
The testing covered the fixed roof top reception modes in use in the UK. For DVB-T this is 8k at 64‑QAM 2/3 using MPEG-2, while for DVB-T2 the mode is 32k at 256-QAM 2/3 with MPEG‑4. The transmissions are in the 8 MHz bandwidth channels of the standard European raster. The two transmission modulation modes were chosen to give almost the same transmission coverage, and this has been proven in practice during the ongoing digital switchover in the UK.
The LTE base station signals were recorded from an actual unit in both fully loaded and idle formats and could be played back through a signal generator and amplifier plus filtering. The transmission mask of the 10 MHz LTE signal was set to conform to EC Decision 2010/267/EU for the 800 MHz band.
The units tested included TV sets, set top boxes, and a personal video recorder with twin tuners.


[bookmark: _Toc346028323][bookmark: _Toc346187823][bookmark: _Toc410204709][bookmark: _Toc93402556]2	Additional test result from the Russian Federation
The attached contribution presents the results of the preliminary comparative evaluation of DVB-T and DVB-T2 system characteristics on the basis of measurements performed in the Russian Federation.




[bookmark: _Toc519933566][bookmark: _Toc519938527][bookmark: _Toc521919456][bookmark: _Toc225581442][bookmark: _Toc309290220][bookmark: _Toc309718944][bookmark: _Toc346028324][bookmark: _Toc346187824][bookmark: _Toc410204710][bookmark: _Toc93402557]Annex 4 
(Normative)

Other planning factors
[bookmark: _Toc519676890][bookmark: _Toc519680693][bookmark: _Toc519938528][bookmark: _Toc521919457][bookmark: _Toc225581443][bookmark: _Toc309290221][bookmark: _Toc309290700][bookmark: _Toc309718945][bookmark: _Toc346028325][bookmark: _Toc346187825][bookmark: _Toc410204711][bookmark: _Toc93402558]1	Field strength distribution with location
It is to be expected that the distributions of field strength with location for digital television signals will not be the same as those applicable to analogue television signals. Recommendation ITU‑R P.1546 includes the standard deviation for the analogue and for the digital case in Tables 1, 2 and 3 for 100 MHz, 600 MHz and 2 000 MHz, respectively.
The results of propagation studies for digital systems are given in Fig. 9 for the VHF and UHF bands. The figure corresponds to a standard deviation of 5.5 dB. These results may also be used to derive propagation prediction curves for location percentages other than 50%. Refer to Recommendation ITU-R P.1546 for the location percentages other than 50% for analogue and digital systems, where the digital system bandwidth is greater than 1.5 MHz.
[bookmark: _Toc309292327][bookmark: _Toc309719200]FIGURE 9
[bookmark: _Toc309292328][bookmark: _Toc309719201]Ratio (dB) of the field strength for a given percentage of the receiving
locations to the field strength for 50% of the receiving locations
[image: Chart, scatter chart

Description automatically generated]
[bookmark: _Toc519676891][bookmark: _Toc519680694][bookmark: _Toc519938529][bookmark: _Toc521919458][bookmark: _Toc225581444][bookmark: _Toc309290222][bookmark: _Toc309290701][bookmark: _Toc309718946][bookmark: _Toc346028326][bookmark: _Toc346187826][bookmark: _Toc410204712][bookmark: _Toc93402559]2	Reception using portable equipment inside buildings and vehicles
[bookmark: _Toc225581445][bookmark: _Toc309290223][bookmark: _Toc309290702][bookmark: _Toc309718947][bookmark: _Toc346028327][bookmark: _Toc346187827][bookmark: _Toc410204713][bookmark: _Toc93402560]2.1	Height loss: Lh
For land paths, the curves in Recommendation ITU-R P.1546 give field‑strength values for a receiving antenna height above ground equal to the representative height of ground cover around the receiving antenna location. Subject to a minimum height value of 10 m, examples of reference heights are 20 m for an urban area, 30 m for a dense urban area and 10 m for a suburban area. (For sea paths, the notional value is 10 m.)
If the receiving antenna height is different from the representative height, a correction is applied to the field strength taken from the curves of Recommendation ITU-R P.1546 according to a procedure given in the Recommendation.
[bookmark: _Toc225581446][bookmark: _Toc309290224][bookmark: _Toc309290703][bookmark: _Toc309718948][bookmark: _Toc346028328][bookmark: _Toc346187828][bookmark: _Toc410204714][bookmark: _Toc93402561]2.2	Building entry loss: Lb
Losses due to penetration into a building depend significantly on the building material, angle of incidence and frequency. Consideration should also be given as to whether reception is in an interior room or in one located near an exterior wall. The building entry loss is defined as the difference (dB) between the mean field strength inside a building at a given height above ground level and the mean field strength outside the same building at the same height above ground level.
Whilst no single comprehensive formula is available for computing building entry loss, useful statistical information based on measured losses in several types of building, at frequencies from about 500 MHz to 5 GHz, are given in Recommendation ITU-R P.679. Once inside the building, propagation loss due to walls and floors are dealt with in Recommendation ITU-R P.1238.
A large spread of building entry losses has been measured. Table 27 gives three classes of the relative possibilities to achieve indoor reception and the corresponding mean and standard deviation values of the building entry losses, for the same outdoor field strength, based on UHF measurements.
[bookmark: _Ref339009189][bookmark: _Toc309290705][bookmark: _Toc309719187]TABLE 27
Building entry loss variations in the UHF Bands IV/V
	Classification of the relative possibilities 
to achieve indoor reception
	Mean building entry loss
(dB)
	Standard deviation
(dB)

	High
	7
	5

	Medium
	11
	6

	Low
	15
	7



Examples of buildings with different relative possibilities to achieve indoor reception:
[bookmark: _Toc225581447][bookmark: _Toc346028329][bookmark: _Toc346187829]High:
–	suburban residential building without metallised glass windows;
–	room with a window on the exterior wall in an apartment in an urban environment.
[bookmark: _Toc225581448][bookmark: _Toc346028330][bookmark: _Toc346187830]Medium:
–	exterior rooms in an urban environment with metallised glass windows;
–	inner rooms in an apartment in an urban environment.
[bookmark: _Toc225581449][bookmark: _Toc346028331][bookmark: _Toc346187831]Low:
–	inner rooms in office buildings.
If more precise values based on local measurements are available, these could be used as a basis for planning a specific service.
[bookmark: _Toc225581450][bookmark: _Toc309290225][bookmark: _Toc309290706][bookmark: _Toc309718949][bookmark: _Toc346028332][bookmark: _Toc346187832][bookmark: _Toc410204715][bookmark: _Toc93402562]2.3	Vehicle entry loss: Lv
For reception with a hand-held device inside a vehicle, the vehicle body loss should be taken into account. A typical vehicle entry loss for the UHF Bands IV/V, based on cellular radio experience, is 6 dB.
[bookmark: _Toc225581451][bookmark: _Toc309290226][bookmark: _Toc309290707][bookmark: _Toc309718950][bookmark: _Toc346028333][bookmark: _Toc346187833][bookmark: _Toc410204716][bookmark: _Toc93402563]3	Receiving antenna discrimination
Information concerning the directivity and polarization discrimination of domestic receiving antennas is given in Recommendation ITU-R BT.419.
[bookmark: _Toc225581452][bookmark: _Toc309290227][bookmark: _Toc309290708][bookmark: _Toc309718951][bookmark: _Toc346028334][bookmark: _Toc346187834][bookmark: _Toc410204717][bookmark: _Toc93402564]4	Antennas for portable and mobile receivers
[bookmark: _Toc225581453][bookmark: _Toc309290228][bookmark: _Toc309290709][bookmark: _Toc309718952][bookmark: _Toc346028335][bookmark: _Toc346187835][bookmark: _Toc410204718][bookmark: _Toc93402565]4.1	Antennas for portable reception
A spread in antenna gain has been measured for different types of antenna. The following antenna gain values are typical:
[bookmark: _Toc309290711][bookmark: _Toc309719189]TABLE 28
Antenna gain (dBd) for portable reception 
	Band
	Gain 
(dBd)

	VHF Band III
	–2

	UHF Band IV
	0

	UHF Band V
	0



No polarization discrimination is expected.
[bookmark: _Toc225581454][bookmark: _Toc309290229][bookmark: _Toc309290712][bookmark: _Toc309718953][bookmark: _Toc346028336][bookmark: _Toc346187836][bookmark: _Toc410204719][bookmark: _Toc93402566]4.2	Antennas for hand-held reception
The antenna in a small hand-held terminal has to be an integral part of the terminal construction and will therefore be small when compared to the wavelength. Current understanding of the design problem indicates that the worst-case antenna gain is in the lowest part of the UHF band. The antenna gain for three frequencies in the UHF band is given in Table 29. Nominal antenna gain between these frequencies can be obtained by linear interpolation.
[bookmark: _Ref339009166][bookmark: _Toc309290714][bookmark: _Toc309719191]TABLE 29
Antenna gain (dBd) for hand-held reception
	Frequency
(MHz) 
	Gain 
(dBd)

	474
	–12

	698
	–9

	858
	–7



Generally, no polarization discrimination is expected from this type of portable reception antenna and the radiation pattern in the horizontal plane is omnidirectional.
[bookmark: _Toc225581455][bookmark: _Toc309290230][bookmark: _Toc309290715][bookmark: _Toc309718954][bookmark: _Toc346028337][bookmark: _Toc346187837][bookmark: _Toc410204720][bookmark: _Toc93402567]4.3	Antennas for mobile reception
The practical standard antenna for vehicle reception is l/4 monopole, which uses the metallic roof as a ground plane. The antenna gain for conventional incident wave angles depends on the position of the antenna on the roof. For passive antenna systems the values in Table 30 can be expected.
[bookmark: _Ref339009159][bookmark: _Toc309290717][bookmark: _Toc309719193]TABLE 30
Antenna gain (dBd) for mobile reception
	Band
	Gain 
(dBd) 

	VHF Band III
	–5

	UHF Band IV
	–2

	UHF Band V
	–1



The polarization discrimination is theoretically about 4 to 10 dB depending on the roof position of the antenna.
[bookmark: _Toc346028338][bookmark: _Toc346187838][bookmark: _Toc410204721][bookmark: _Toc93402568]5	Man-Made Noise (MMN)
For planning purposes, the man-made noise figures in Tables 31 and 32 are used.
[bookmark: _Ref339009157]TABLE 31
Allowance for man-made noise used in the calculation for urban areas
	Urban
	Band III
	Bands IV/V

	Allowance for man-made noise
	
	

	Relevant value for integrated antenna in a handheld portable receiver
	0
	0

	Relevant value for external antenna* in a handheld portable receiver
	1
	0

	Relevant value for rooftop antenna
	2 dB
	0 dB

	Relevant value for adapted antenna for portable and mobile receivers
	8 dB
	1 dB

	*	Telescopic or wired handsets.



[bookmark: _Ref339009158]TABLE 32
Allowance for man-made noise used in the calculation for rural areas
	Rural
	Band III
	Bands IV/ V

	Allowance for man-made noise
	
	

	Relevant value for integrated antenna in a handheld portable receiver
	0
	0

	Relevant value for external antenna* in a handheld portable receiver
	0
	0

	Relevant value for rooftop antenna
	2 dB
	0 dB

	Relevant value for adapted antenna for portable and mobile receivers
	5 dB
	0 dB

	*	Telescopic or wired handsets.



[bookmark: _Toc519933571][bookmark: _Toc519938540][bookmark: _Toc521919469][bookmark: _Toc225581464][bookmark: _Toc309290239][bookmark: _Toc309718963]
[bookmark: _Toc346028339][bookmark: _Toc346187839][bookmark: _Toc410204722][bookmark: _Toc93402569]Annex 5 
(Informative) 

Failure point assessment methods
[bookmark: _Toc519676902][bookmark: _Toc519680706][bookmark: _Toc519938543][bookmark: _Toc521919472][bookmark: _Toc225581466][bookmark: _Toc309290241][bookmark: _Toc309290728][bookmark: _Toc309718965][bookmark: _Toc346028340][bookmark: _Toc346187840][bookmark: _Toc410204723][bookmark: _Toc93402570]1	Subjective failure point (SFP) method for protection ratio measurements
For domestic receivers it may not be possible to measure the BER and therefore a new method called the SFP method has been proposed 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-T2 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 over 30 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 condition (post BCH BER of 1  10–11) and the SFP method is a few points of a dB due to the sharp “waterfall” characteristic of LDPC decoding. Historically, protection ratio values for wanted digital TV signals are measured with a receiver input power of 60 dBm. Where possible, protection ratios for digital TV systems are derived from measurements using a range of signal levels as described in the recommended methodology (Report ITU-R BT.2215).
It is proposed that the SFP method should be adopted for assessment of all DTTB systems. (For the digital system ISDB‑T this method will be studied in Japan.)
[bookmark: _Toc519676903][bookmark: _Toc519933573][bookmark: _Toc519938544][bookmark: _Toc521919473][bookmark: _Toc225581467][bookmark: _Toc309290242][bookmark: _Toc309718966]

[bookmark: _Toc346028341][bookmark: _Toc346187841][bookmark: _Toc410204724][bookmark: _Toc93402571][bookmark: _Toc519933574][bookmark: _Toc519938545][bookmark: _Toc521919474]Annex 6
(Normative) 

Tropospheric and continuous interference
[bookmark: _Toc346028342][bookmark: _Toc346187842][bookmark: _Toc410204725][bookmark: _Toc93402572]1	Tropospheric and continuous interference
When using the protection ratios in planning, it is necessary to determine whether, in particular circumstances, the interference should be considered as tropospheric or continuous. This can be done by comparing the nuisance fields for the two conditions, the nuisance field being defined as the field strength of the interfering transmitter (at its pertinent e.r.p.) enlarged by the relevant protection ratio.
Thus, the nuisance field for continuous interference:

		EC = E(50, 50) + P + AC
and the nuisance field for tropospheric interference:

		ET = E(50, t) + P + AT
where:
	E(50, t) :	field strength (dB(V/m)) of the interfering transmitter, normalized to 1 kW, and exceeded during t % of the time
	P :	e.r.p. (dB(1 kW)) of the interfering transmitter
	A :	protection ratio (dB)
	C and T :	continuous and tropospheric interference, respectively.
The protection ratio for continuous interference is applicable when the resulting nuisance field is stronger than that resulting from tropospheric interference, that is, when EC > ET.
This means that AC should be used in all cases when:

[bookmark: _Toc93402573]Annex 7
(Normative)

Planning criteria, including protection ratios, for ATSC 3.0 second generation digital terrestrial television systems in the VHF/UHF bands 
[bookmark: _Toc93402574]1 	Protection ratios for ATSC 3.0 digital terrestrial television signals
1.1	The co-channel and adjacent channel interference protection ratios (or desired-to-undesired signal ratios, D/U) with respect to other ATSC signals should not exceed the thresholds listed in Table 5.2 of CTA-CEB32.2, reproduced here as Table 33. The 256 QAM and 4096 QAM constellations shown here are representative of one recommended option, and the least-robust modulation option, respectively. The accompanying conditions are, for 256 QAM – 13/15 code rate with 32K FFT and 64 800-bit codelength, and for 4096 QAM – 13/15 code rate with 32K FFT and 64800 bit codelength. The ATSC 1.0 transmission parameters are as given in ATSC RP A/54A, Table 8.1, Terrestrial Mode: 6 MHz channel, 8-VSB modulation, 2/3 rate Trellis code.
TABLE 33
Co-channel rejection thresholds
	Interference type
	Planning factor co-channel D/U ratio (dB)3
Desired power = sensitivity + 20 dBm

	 ATSC 1.0 interference into desired ATSC 3.0
	 32.8 dB (256 QAM), < 48.3 dB (optional 4096 QAM)

	 ATSC 3.0 interference into desired ATSC 1.0
	 15.5 dB

	 ATSC 3.0 interference into desired ATSC 3.0
	 32.8 dB (256 QAM), < 48.3 dB (optional 4096 QAM)



1.2	The adjacent channel interference protection ratios with respect to LTE base station and user equipment interference for ATSC 3.0 are under investigation.  The protection ratios for ATSC 1.0 are shown in § 1.3 of Recommendation ITU-R BT.2036-4, which may be useful for ATSC 3.0 planning.
[bookmark: _Toc93402575]2	Minimum field strengths for ATSC 3.0 terrestrial digital television
2.1	Table 34 provides the ATSC 3.0 link budget for determining minimum field strengths for urban indoor, suburban indoor and quasi-open/rural propagation environments.
TABLE 34
	ATSC 3.0
	Urban indoor
	Suburban indoor
	Quasi open /rural

	Channel BW (MHz)
	8
	8
	8

	Transmission BW (MHz])
	7.78
	7.78
	7.78

	Transmitter /base station
	
	
	

	Transmitter antenna height (m)
	30
	30
	30

	Frequency (MHz)
	700
	700
	700

	Wavelength (m)
	0.43
	0.43
	0.43

	Transmitter power (W)
	40
	40
	40


TABLE 34 (cont.)
	ATSC 3.0
	Urban indoor
	Suburban indoor
	Quasi open /rural

	Transmitter power (dBm)
	46.0
	46.0
	46.0

	Transmitter antenna gain (dBd)
	8
	8
	8

	Cable loss (dB)
	2
	2
	2

	Equivalent radiated power (ERP) (dBm)
	52.0
	52.0
	52.0

	Receiver (Tablet)
	
	
	

	Diversity
	No
	No
	No

	ATSC 3 FFT
	8k
	8k
	8k

	Total capacity of mode (Mbit/s)
	3.68
	3.68
	3.68

	Modulation 
	16QAM
	16QAM
	16QAM

	Code rate 
	2/15
	2/15
	2/15

	C/N required (Rayleigh) static
	0.50
	0.50
	0.50

	ATSC 3.0 guard interval
	GI1_192
	GI1_192
	GI1_192

	Receiver noise bandwidth (MHz) 
	7.78
	7.78
	7.78

	Receiver noise figure (dB)
	7
	7
	7

	Receiver noise input power (dBW)
	−128.0
	−128.0
	−128.0

	S/N Signal to noise ratio (dB) 
	1.0
	1.0
	1.0

	Minimum receiver input power (dBW)
	−127.0
	−127.0
	−127.0

	Antenna gain (dBd) [GdBi = GdBd + 2.15]
	−9.2
	−9.2
	−9.2

	Body loss
	−2.0
	−2.0
	−2.0

	Effective antenna aperture (dBm2)
	−27.4
	−25.4
	−25.4

	Feeder loss (dB)
	0.0
	0.0
	0.0

	Minimum power flux-density (dBW/m2)
	−99.7
	−101.7
	−101.7

	Equivalent minimum field strength (dBµV/m)
	46.1
	44.1
	44.1

	Location probability (%)
	95
	95
	95

	Outdoor standard deviation (dB)
	5.5
	5.5
	5.5

	Indoor standard deviation (dB)
	6.0
	6.0
	0.0

	Combined standard deviation (dB)
	8.1
	8.1
	5.5

	Location correction factor (dB)
	13.4
	13.4
	9.0

	Interference allowance (Reuse 1)
	0.0
	0.0
	0.0

	Height loss (dB)
	0.0
	0.0
	0.0

	Building penetration loss (dB)
	17.0
	17.0
	17.0

	Minimum median equivalent field strength (dBµV/m)
	76.5
	74.5
	70.1

	Minimum required power level@rec_antenna (dBm) - no loc. correction
	−88.0
	−97.0
	−97.0

	Allowed/Planned propagation loss for cell range (dB)
	109.7
	111.7
	116.0

	Coverage radius (km)
	0.40
	0.84
	2.65


TABLE 34 (end)
	ATSC 3.0
	Urban indoor
	Suburban indoor
	Quasi open /rural

	Circle cell area (km2)
	0.51
	2.24
	22.09

	Approx. SFN cell radius (km)
	0.65
	1.30
	3.97

	SFN circle cell area (km2)
	1.34
	5.30
	49.54



2.2	Table 35 provides an ATSC 3.0 link budget scenario for the use of an external outdoor antenna mounted at a height of 10 metres.
There are several relevant features for this link budget. Since the antenna has some directivity, the channel model used for this case is the Rice model. Using the parameters selected for this use case, a minimum C/N value of 16.9 dB is used. This C/N threshold includes the channel model effects as well as margin for other real-world effects such as channel estimation errors. The ATSC 3.0 parameters are as follows: 64 QAM, 11/15 LDPC code, 32K FFT, pilot mode SP8_4. The downlead is assumed to be 75 feet (22.9 m) of RG-59 coaxial cable.
TABLE 35
Outdoor antenna link budget
	Channel centre frequency (MHz)
	69
	195
	605

	Channel bandwidth (MHz)
	6
	6
	6

	Antenna gain (dB)
	4.0
	6.0
	10.0

	Downlead loss (dB)
	1.4
	2.0
	4.0

	Receiver noise figure (dB)
	7.0
	7.0
	7.0

	Receiver generated noise (dB)
	−99.2
	−99.2
	−99.2

	Sky noise (dBm)
	−90.0
	−102.4
	−106.2

	Equivalent noise at the antenna input (dBm)
	−89.7
	−99.8
	−102.6

	Channel model
	Rice
	Rice
	Rice

	Minimum C/N (dB)
	16.9
	16.9
	16.9

	Minimum antenna input power (dBm)
	−72.8
	−82.9
	−85.7

	Dipole factor (dB)
	111.8
	120.8
	130.7

	Minimum required field strength at antenna (dBuV/m)
	39.0
	38.0
	44.9

	Required area coverage
	70.0
	70.0
	70.0

	Distribution factor
	0.5
	0.5
	0.5

	Standard deviation (dB)
	5.5
	5.5
	5.5

	Location correction factor (dB)
	2.9
	2.9
	2.9

	Minimum required field strength at antenna with margin (dBuV/m)
	41.9
	40.8
	47.8

	Required area coverage (%)
	95.0
	95.0
	95.0

	Distribution factor
	1.6
	1.6
	1.6

	Standard deviation (dB)
	5.5
	5.5
	5.5

	Location correction factor (dB)
	9.0
	9.0
	9.0

	Minimum required field strength at antenna with margin (dBuV/m)
	48.0
	47.0
	54.0



2.3	Table 36 provides an ATSC 3.0 link budget scenario for automotive reception. The antenna has no directivity so the Rayleigh channel model is used. The ATSC 3.0 parameters are as follows: 16 QAM, 5/15 LDPC code, 16K FFT, pilot mode SP4_2. The downlead loss is assumed to be that of 10 feet (3.0 m) of RG-59 coaxial cable.
TABLE 36
Automotive reception link budget
	Channel centre frequency (MHz)
	69
	195
	605

	Channel bandwidth (MHz)
	6
	6
	6

	Antenna gain (dB)
	−4.0
	−2.0
	0.0

	Downlead loss (dB)
	0.2
	0.3
	0.6

	Receiver noise figure (dB)
	7.0
	7.0
	7.0

	Receiver generated noise (dB)
	−99.2
	−99.2
	−99.2

	Sky noise (dBm)
	−90.0
	−102.4
	−106.2

	Equivalent noise at the antenna input (dBm)
	−88.8
	−95.8
	−97.9

	Channel model
	Rayleigh
	Rayleigh
	Rayleigh

	Minimum C/N (dB)
	7.8
	7.8
	7.8

	Minimum antenna input power (dBm)
	−81.0
	−88.0
	−90.1

	Dipole factor (dB)
	111.8
	120.8
	130.7

	Minimum required field strength at antenna (dBuV/m)
	30.8
	32.8
	40.6

	Required area coverage
	90.0
	90.0
	90.0

	Distribution factor
	1.3
	1.3
	1.3

	Standard deviation (dB)
	5.9
	5.9
	5.9

	Location correction factor (dB)
	7.7
	7.7
	7.7

	Minimum required field strength at antenna with margin (dBuV/m)
	38.5
	40.5
	48.2

	Required area coverage (%)
	99.0
	99.0
	99.0

	Distribution factor
	2.3
	2.3
	2.3

	Standard deviation (dB)
	5.9
	5.9
	5.9

	Location correction factor (dB)
	13.6
	13.6
	13.6

	Minimum required field strength at antenna with margin (dBuV/m)
	44.4
	46.4
	54.1



2.4	The adjacent channel interference protection ratios with respect to LTE base station and user equipment interference for ATSC 1.0 are shown in § 1.3 of Recommendation ITU-R BT.2036‑4, which may be useful for ATSC 3.0 planning.
[bookmark: _Toc93402576]3	References
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[bookmark: _Toc93402577]Annex 8
(Normative)

Planning criteria for DTMB-A digital television systems
in the VHF/UHF bands
[bookmark: _Toc309718926][bookmark: _Toc346544139][bookmark: _Toc309290202][bookmark: _Toc309290664][bookmark: _Toc410199492][bookmark: _Toc410199599][bookmark: _Toc93402578]1	Protection ratios for DTMB-A wanted digital terrestrial television signals
Tables 37 and 38 show protection ratios for the DTMB-A wanted signals interfered with by DTMB‑A signals and by analogue terrestrial television signals; respectively.
[bookmark: _Toc309290203][bookmark: _Toc346544140][bookmark: _Toc309290665][bookmark: _Toc410199600][bookmark: _Toc410199493][bookmark: _Toc309718927][bookmark: _Toc93402579]1.1	Protection of a DTMB-A signal interfered with by a DTMB-A signal
[bookmark: _Toc309719160][bookmark: _Toc309290666][bookmark: _Toc346544014][bookmark: _Toc410200187]TABLE 37
[bookmark: _Toc309290667][bookmark: _Toc309719161][bookmark: _Toc346544015][bookmark: _Toc410200188]Co-channel protection ratios (dB) for a DTMB-A 8 MHz signal
interfered with by a DTMB-A signal
	Modulation
	Code rate
	Gaussian channel
	Ricean channel
	Rayleigh channel

	QPSK
	1/2
	2.5
	3.5
	5.0

	16APSK
	1/2
	8.0
	9.0
	11.0

	64APSK
	1/2
	12.0
	13.0
	15.0

	256APSK
	1/2
	16.0
	17.0
	19.0

	QPSK
	2/3
	4.5
	5.5
	8.0

	16APSK
	2/3
	10.0
	11.0
	14.0

	64APSK
	2/3
	15.0
	16.0
	19.0

	256APSK
	2/3
	19.5
	20.5
	23.0

	QPSK
	5/6
	7.0
	8.0
	12.0

	16APSK
	5/6
	12.5
	14.0
	18.0

	64APSK
	5/6
	18.5
	19.5
	24.0

	256APSK
	5/6
	24.5
	25.5
	30.5



Protection ratios are given for three types of propagation channels (i.e. Gaussian, Ricean and Rayleigh). For fixed and portable reception, the values relevant to the Ricean and Rayleigh channels, respectively, should be adopted.
[bookmark: _Toc346544016][bookmark: _Toc410200189][bookmark: _Toc309719162][bookmark: _Toc309290668]TABLE 38
[bookmark: _Toc346544017][bookmark: _Toc410200190][bookmark: _Toc309290669][bookmark: _Toc309719163]Protection ratios (dB) for a DTMB-A 8 MHz signal interfered with by a DTMB-A 8 MHz 
signal in the lower (N – 1) and upper (N + 1) adjacent channels
	Modulation
	Code rate
	Gaussian channel
	Ricean channel
	Rayleigh channel

	QPSK
	1/2
	−37
	−36
	−34

	16APSK
	1/2
	−32
	−31
	−30

	64APSK
	1/2
	−28
	−27
	−25

	256APSK
	1/2
	−27
	−26
	−24

	QPSK
	2/3
	−36
	−35
	−32

	16APSK
	2/3
	−31
	−30
	−29

	64APSK
	2/3
	−27
	−26
	−24

	256APSK
	2/3
	−26
	−24
	−23

	QPSK
	5/6
	−33
	−32
	−29

	16APSK
	5/6
	−30
	−29
	−28

	64APSK
	5/6
	−26
	−25
	−22

	256APSK
	5/6
	−23
	−22
	−18



The protection ratio is given in dB and applies to both continuous and tropospheric interference.
The values given apply to the case where wanted and unwanted DTMB-A signals have the same channel width. Other combinations of channel width need further studies.
It is known from measurements of existing receivers that they permit lower protection ratios, but for planning purposes it is an advantage to have this value.
[bookmark: _Toc309290204][bookmark: _Toc410199601][bookmark: _Toc346544141][bookmark: _Toc309718928][bookmark: _Toc309290670][bookmark: _Toc410199494][bookmark: _Toc93402580]1.2	Protection of DTMB-A signal interfered with by analogue terrestrial television
[bookmark: _Toc346544142][bookmark: _Toc309290205][bookmark: _Toc309718929][bookmark: _Toc410199495]1.2.1	Protection from co-channel interference
[bookmark: _Toc309290671][bookmark: _Toc410200195][bookmark: _Toc346544018][bookmark: _Toc309719164]TABLE 39
[bookmark: _Toc309719165][bookmark: _Toc346544019][bookmark: _Toc410200196][bookmark: _Toc309290672]Co-channel protection ratios (dB) for DTMB-A 8 MHz signal interfered with by analogue
television (non-controlled frequency condition) signals
	Modulation
	Code rate
	Gaussian channel
	Ricean channel
	Rayleigh channel

	QPSK
	1/2
	−5
	−4
	−3

	16APSK
	1/2
	−3
	−1
	2

	64APSK
	1/2
	5
	3
	7

	256APSK
	1/2
	5
	7
	12

	QPSK
	2/3
	−1
	0
	4

	16APSK
	2/3
	1
	2
	8

	64APSK
	2/3
	7
	10
	16

	256APSK
	2/3
	11
	16
	19

	QPSK
	5/6
	2
	3
	9

	16APSK
	5/6
	8
	11
	15


TABLE 39 (end)
	Modulation
	Code rate
	Gaussian channel
	Ricean channel
	Rayleigh channel

	64APSK
	5/6
	15
	17
	24

	256APSK
	5/6
	16
	18
	27


[bookmark: _Toc309718930][bookmark: _Toc346544143][bookmark: _Toc309290206][bookmark: _Toc410199496]
1.2.2	Protection from lower adjacent channel (N – 1) interference
[bookmark: _Toc309290673][bookmark: _Toc346544020][bookmark: _Toc410200199][bookmark: _Toc309719166]TABLE 40
[bookmark: _Toc346544021][bookmark: _Toc309719167][bookmark: _Toc410200200][bookmark: _Toc309290674]Protection ratios (dB) for lower adjacent channel (N – 1) interference for DTMB-A 8 MHz
signal interfered with by analogue television signals including sound
	Wanted signal
	Unwanted signal PAL-D

	Constellation
	Code rate
	Gaussian channel
	Ricean channel
	Rayleigh channel

	QPSK
	1/2
	−43
	−42
	−39

	16APSK
	1/2
	−42
	−41
	−38

	64APSK
	1/2
	−40
	−38
	−37

	256APSK
	1/2
	−36
	−35
	−33

	QPSK
	2/3
	−42
	−40
	−36

	16APSK
	2/3
	−41
	−40
	−36

	64APSK
	2/3
	−37
	−35
	−33

	256APSK
	2/3
	−33
	−32
	−30

	QPSK
	5/6
	−39
	−38
	−32

	16APSK
	5/6
	−38
	−37
	−32

	64APSK
	5/6
	−33
	−32
	−25

	256APSK
	5/6
	−30
	−29
	−22



All values are applicable for fixed and portable reception conditions.
[bookmark: _Toc410199497][bookmark: _Toc309718931][bookmark: _Toc309290207][bookmark: _Toc346544144]1.2.3	Protection from upper adjacent channel (N + 1) interference
[bookmark: _Toc309290675][bookmark: _Toc309719168][bookmark: _Toc346544022][bookmark: _Toc410200203]TABLE 41
[bookmark: _Toc309290676][bookmark: _Toc410200204][bookmark: _Toc346544023][bookmark: _Toc309719169]Protection ratios (dB) for upper adjacent channel (N + 1) interference for DTMB-A
8 MHz signal interfered with by an analogue television signal
	Wanted signal
	Unwanted signal PAL-D (dB)

	Constellation
	Code rate
	Gaussian channel
	Ricean channel
	Rayleigh channel

	QPSK
	1/2
	−46
	−45
	−44

	16APSK
	1/2
	−45
	−44
	−41

	64APSK
	1/2
	−43
	−42
	−40

	256APSK
	1/2
	−39
	−38
	−36

	QPSK
	2/3
	−46
	−45
	−43

	16APSK
	2/3
	−44
	−43
	−39


TABLE 41 (end)
	Wanted signal
	Unwanted signal PAL-D (dB)

	Constellation
	Code rate
	Gaussian channel
	Ricean channel
	Rayleigh channel

	64APSK
	2/3
	−41
	−40
	−38

	256APSK
	2/3
	−37
	−36
	−30

	QPSK
	5/6
	−47
	−45
	−40

	16APSK
	5/6
	−40
	−39
	−37

	64APSK
	5/6
	−35
	−34
	−29

	256APSK
	5/6
	−33
	−32
	−25


[bookmark: _Toc410199498][bookmark: _Toc309290677][bookmark: _Toc410199602][bookmark: _Toc309290208][bookmark: _Toc309718932][bookmark: _Toc346544145]
[bookmark: _Toc93402581]2	Protection ratios for wanted analogue terrestrial television signals interfered with by unwanted DTMB-A 8 MHz signals
Tables 42 to 46 show protection ratios for a wanted analogue television signal interfered with by a DTMB-A signal.
[bookmark: _Toc309290209][bookmark: _Toc410199603][bookmark: _Toc410199499][bookmark: _Toc309290678][bookmark: _Toc309718933][bookmark: _Toc346544146][bookmark: _Toc93402582]2.1	Protection of wanted vision signals interfered with by DTMB-A 8 MHz signal
In this section, the protection ratios for an analogue wanted signal interfered by an unwanted DTMB‑A signal relate only to the interference to the vision signal.
[bookmark: _Toc309718934][bookmark: _Toc309290210][bookmark: _Toc346544147][bookmark: _Toc410199500]2.1.1	Protection from co-channel interference
[bookmark: _Toc309719170][bookmark: _Toc309290679][bookmark: _Toc346544024][bookmark: _Toc410200207]TABLE 42
[bookmark: _Toc309290680][bookmark: _Toc309719171][bookmark: _Toc346544025][bookmark: _Toc410200208]Protection ratios (dB) for a wanted analogue vision signal interfered with by
an unwanted DTMB-A 8 MHz signal
	Wanted signal:
analogue system
	Unwanted signal: DTMB-A, 8 MHz

	
	Tropospheric interference
	Continuous interference

	PAL-D
	34
	40

	D/SECAM
	34
	40



[bookmark: _Toc309290211][bookmark: _Toc309718935][bookmark: _Toc346544148][bookmark: _Toc410199501]2.1.2	Protection from lower adjacent channel interference
[bookmark: _Toc346544026][bookmark: _Toc410200211][bookmark: _Toc309719172][bookmark: _Toc309290681]TABLE 43
[bookmark: _Toc309290682][bookmark: _Toc346544027][bookmark: _Toc309719173][bookmark: _Toc410200212]Protection ratios (dB) for a wanted analogue vision signal interfered with by
DTMB-A 8 MHz signal (lower adjacent channel)
	Wanted signal:
analogue system
	Unwanted signal: DTMB-A 8 MHz
(lower adjacent channel)

	
	Tropospheric interference
	Continuous interference

	PAL-D
	−9
	−5

	D/SECAM
	−13
	−9



[bookmark: _Toc309290212][bookmark: _Toc410199502][bookmark: _Toc309718936][bookmark: _Toc346544149]2.1.3	Protection from upper adjacent channel interference
[bookmark: _Toc410200215][bookmark: _Toc346544028][bookmark: _Toc309719174][bookmark: _Toc309290683]TABLE 44
[bookmark: _Toc309290684][bookmark: _Toc346544029][bookmark: _Toc410200216][bookmark: _Toc309719175]Protection ratios (dB) for a wanted analogue vision signal interfered with 
by DTMB-A 8 MHz signal (upper adjacent channel)
	Wanted signal:
analogue system
	Unwanted signal: DTMB-A 8 MHz 
(upper adjacent channel)

	
	Tropospheric interference
	Continuous interference

	PAL-D
	−8
	−5

	D/SECAM
	−15
	−12



[bookmark: _Toc309718937][bookmark: _Toc346544150][bookmark: _Toc309290213][bookmark: _Toc410199503]2.1.4	Protection from image channel interference
[bookmark: _Toc410200219][bookmark: _Toc309719176][bookmark: _Toc309290685][bookmark: _Toc346544030]TABLE 45
[bookmark: _Toc309719177][bookmark: _Toc410200220][bookmark: _Toc346544031][bookmark: _Toc309290686]Protection ratios (dB) for a wanted analogue vision signal interfered with by
a DTMB-A 8 MHz signal (image channel)
	Wanted signal:
analogue system
	Unwanted signal: DTMB-A 8 MHz 
(N + 9 channel)

	
	Tropospheric interference
	Continuous interference

	PAL-D
	−19
	−15

	D/SECAM
	−16
	−11



[bookmark: _Toc309290214][bookmark: _Toc410199504][bookmark: _Toc346544151][bookmark: _Toc309718938]2.1.5	Protection from adjacent and overlapping channel interference
[bookmark: _Toc309290687][bookmark: _Toc309719178][bookmark: _Toc346544032][bookmark: _Toc410200223]TABLE 46
[bookmark: _Toc410200224][bookmark: _Toc309719179][bookmark: _Toc309290688][bookmark: _Toc346544033]Protection ratios (dB) for an analogue vision signal interfered with by
a DTMB-A 8 MHz signal (overlapping channels)
	Centre frequency of the unwanted DTMB-A signal minus the vision carrier frequency of 
the wanted analogue television signal 
(MHz)
	Protection ratio

	
	Tropospheric interference
	Continuous interference

	− 8.25
	−20
	−15

	(N − 1) 	−5.25
	−13
	−9

	− 4.75
	−11
	−4

	− 4.25
	5
	13

	−3.75
	24
	30

	−3.25
	29
	36

	−2.25
	33
	39

	−1.25
	34
	40

	(N) 	2.75
	34
	40

	4.75
	34
	40


TABLE 46 (end)
	Centre frequency of the unwanted DTMB-A signal minus the vision carrier frequency of 
the wanted analogue television signal 
(MHz)
	Protection ratio

	
	Tropospheric interference
	Continuous interference

	5.75
	30
	37

	6.75
	27
	34

	7.75
	25
	32

	8.75
	5
	11

	(N + 1) 	10.75
	−15
	−12

	12.75
	−15
	−12


[bookmark: _Toc346544152][bookmark: _Toc410199604][bookmark: _Toc309290215][bookmark: _Toc309718939][bookmark: _Toc410199505][bookmark: _Toc309290690]
[bookmark: _Toc93402583]3	Minimum field strengths for DTMB-A fixed reception
The formula for calculating minimum field strength is given in Attachment 1 to this Annex.
[bookmark: _Toc309719180][bookmark: _Toc309290691][bookmark: _Toc346544034][bookmark: _Toc410200227]TABLE 47
[bookmark: _Toc309290692][bookmark: _Toc346544035][bookmark: _Toc309719181][bookmark: _Toc410200228]Calculation of minimum field strength DTMB-A 8 MHz system
	Frequency (MHz)
	65
	200
	500
	700

	Receiver noise figure, F (dB)
	5
	5
	5
	5
	5
	5
	7
	7
	7
	7
	7
	7

	Receiver carrier/noise ratio (1) (C/N) (dB)
	8
	14
	20
	8
	14
	20
	8
	14
	20
	8
	14
	20

	Feeder loss Af (dB)
	1
	1
	1
	3
	3
	3
	3
	3
	3
	5
	5
	5

	Antenna gain, G (dB)
	3
	3
	3
	5
	5
	5
	10
	10
	10
	12
	12
	12

	Minimum field strength for fixed reception,
Emin (dB(µV/m))(1)
	17
	23
	29
	27
	33
	39
	33
	39
	45
	35
	41
	47

	(1)	For formula, see Attachment 1 to this Annex.


[bookmark: _Toc309718940][bookmark: _Toc346544153][bookmark: _Toc410199506][bookmark: _Toc410199605][bookmark: _Toc309290216][bookmark: _Toc309290693]
[bookmark: _Toc93402584]4	Minimum median field strength for mobile DTMB-A reception
The equations for calculating the minimum median field strength are given in Attachment 1 to this Annex. The input values to the calculation are found in this section and in Attachment 1. Mobile reception should be calculated with a location probability of 99%.
[bookmark: _Toc346544154][bookmark: _Toc410199507][bookmark: _Toc309718941][bookmark: _Toc309290217][bookmark: _Toc309290694][bookmark: _Toc410199606][bookmark: _Toc93402585]4.1	Required average C/N for mobile reception
For a given DTMB-A mode the required average C/N for a certain quality level is a function of Doppler frequency only, and a graph like the one presented in Fig. 10.
[bookmark: _Toc309719198][bookmark: _Toc309292325][bookmark: _Toc378674772]FIGURE 10
[bookmark: _Toc378674773][bookmark: _Toc309719199][bookmark: _Toc309292326]Required average C/N in a mobile propagation channel
[image: Diagram

Description automatically generated with medium confidence]
The minimum required average C/N values (C/Nmin), Doppler frequency for an average C/N equal to C/Nmin + 3 dB and the maximum Doppler (speed) limits for mobile reception without diversity are given in Table 48. The speed limits for C/Nmin + 3 dB are given for four frequencies (65 MHz, 200 MHz, 500 MHz and 700 MHz). The average C/N value, C/Nmin + 3 dB, is suitable for calculation of required field strength. The values are based on the typical channel profile ‘typical urban’ shown in Table 49. Quality criterion is the subjective failure point (SFP) corresponding to erroneous seconds ratio, –ESR = 5% with 5 minutes.
[bookmark: _Toc410200231][bookmark: _Toc309290695][bookmark: _Toc309719182][bookmark: _Toc346544036]TABLE 48
[bookmark: _Toc410200232][bookmark: _Toc309719183][bookmark: _Toc309290696][bookmark: _Toc346544037]Required average C/N for 8 MHz DTMB-A system, speed limits for mobile 
reception for the non-diversity case
	Modulation
	Code
rate
	Bit rate
(Mbit/s)
	C/Nmin
(dB) at Cf =
762 MHz,
Fd = 70 Hz
	Fd at
C/Nmin
+ 3 dB
(Hz)
	Speed at Fd, 3 dB (km/h)

	
	
	
	
	
	65 MHz
	200 MHz
	500 MHz
	700 MHz

	QPSK
	1/2
	6.71
	7
	160
	2 658
	864
	345
	246

	QPSK
	2/3
	8.94
	10
	140
	2 326
	756
	302
	216

	16QAM
	1/2
	13.41
	12
	130
	2 160
	702
	280
	200

	16QAM
	2/3
	17.88
	16
	120
	1 993
	648
	259
	185

	64QAM
	1/2
	20.12
	17
	120
	1 993
	648
	259
	185

	64QAM
	2/3
	26.82
	21
	100
	1661
	540
	216
	154


[bookmark: _Toc346544038][bookmark: _Toc309719184][bookmark: _Toc309290697][bookmark: _Toc410200235]
TABLE 49
[bookmark: _Toc309290698][bookmark: _Toc410200236][bookmark: _Toc309719185][bookmark: _Toc346544039]Channel profile for measurement of required average C/N for
mobile reception of DTMB-A reception ‘typical urban’
	Tap
number
	Delay
(µs)
	Power
(dB)
	Doppler 
category

	1
	0
	–3
	Ricean

	2
	0.2
	0
	Ricean

	3
	0.5
	–2
	Ricean

	4
	1.6
	–6
	Ricean

	5
	2.3
	–8
	Ricean

	6
	5
	–10
	Ricean



The performance in a mobile channel depends to large extent on the design of the DTMB-A receiver. Improvements may be achieved with receivers particularly designed for mobile reception.
[bookmark: _Toc309290218][bookmark: _Toc346544155][bookmark: _Toc410199508][bookmark: _Toc309290699][bookmark: _Toc309718942][bookmark: _Toc410199607][bookmark: _Toc93402586]4.2	Receiver noise figure
Noise figure of 7 dB is for integrated vehicle mobile receivers. 


[bookmark: _Toc346544156][bookmark: _Toc309290219][bookmark: _Toc410199509][bookmark: _Toc309718943][bookmark: _Toc410199608]Attachment 1 
to Annex 8

Calculation of minimum field strength and minimum 
median equivalent field strength
The minimum field strength and minimum median equivalent field strength values calculated using the following equations:
	Pn = F + 10 log (k T0 B)
	Ps min = C/N + Pn
	Aa = G + 10 log (1.642/4 )
	φmin = Ps min – Aa + Lf
	Emin = φmin + 120 + 10 log (120 ) 
	= φmin + 145.8
	Emed = Emin + Pmmn + Cl 		for roof top level fixed reception
	Emed = Emin + Pmmn + Cl + Lh		for portable outdoor and 
mobile reception
	Emed = Emin + Pmmn + Cl + Lh + Lb	for portable indoor and mobile
hand-held reception
	C1 = µ  t

	t = 
where:
	Pn :	receiver noise input power (dBW)
	F :	receiver noise figure (dB)
	k :	Boltzmann’s constant (k = 1.38  10–23 (J/K))
	T0 :	reference temperature expressed in absolute temperature (T0 = 290 (K))
	B :	receiver noise bandwidth (B = 5.67 106 (Hz) for 6 MHz RF bandwidth, B = 6.62 106 (Hz) for 7 MHz RF bandwidth and B = 7.56 106 (Hz) for 8 MHz RF bandwidth)
	Ps min :	minimum receiver input power (dBW)
	C/N :	RF S/N at the receiver input required by the system (dB)
	Aa :	effective antenna aperture (dBm2)
	G :	antenna gain related to half dipole (dBd)
	 :	wavelength of the signal (m)
	φmin :	minimum pfd at receiving place (dB(W/m2))
	Lf :	feeder loss (dB)
	Emin :	equivalent minimum field strength at receiving place (dB(V/m))
	Emed :	minimum median equivalent field strength, planning value (dB(V/m))
	Pmmn :	allowance for man-made noise (dB)
	Lh :	height loss (reception point at 1.5 m above ground level) (dB)
	Lb :	building or vehicle entry loss (dB)
	C1 :	location correction factor (dB)
	t :	total standard deviation (dB)
	m :	standard deviation macro-scale (m = 5.5 (dB))
	b :	standard deviation building entry loss (dB)
	µ :	distribution factor being 0.52 for 70%, 1.28 for 90%, 1.64 for 95% and 2.33 for 99%.
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Executive Summary


This report presents the results of a measurement programme to investigate the impact of interference from 800 MHz Long Term Evolution (LTE) base station emissions to Digital Terrestrial Television (DTT) services operating below 790 MHz. The results of the study are intended to inform the Ofcom consultation on technical restrictions that may be needed for co-existence of new services in the 800 MHz band with adjacent DTT use in bands below 790 MHz [1].


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 base station (BS) signals used in the testing were recorded directly from an equipment vendor’s 800 MHz test network; the base station was configured for both maximum traffic loading (i.e. 100% loading) and idle conditions (i.e. no traffic on the base station, giving rise to time-discontinuous or “bursty” emissions). The recorded base station signals were replayed through a signal generator and the out-of-block emissions were adjusted to comply with the minimum requirements for Case A operation specified in ECC Dec 2010/267/EU [3]. Although base station equipment might reasonably be expected to perform better than the ECC requirement in practice, we have taken a cautious approach in this study by considering the scenario of equipment engineered to just meet the ECC out-of-block limits across DTT channel 60.


The results are presented as Carrier-to-Interference (C/I) protection ratios calculated at the point where interference results in visible degradation to viewed picture quality (the appearance of macroblock artefacts). C/I performance is a measure of receiver 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.

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;


· The wanted DTT operating mode does not appear to have a big impact on susceptibility to interference. Results using a DVB-T wanted signal are comparable to those using a DVB-T2 signal;

· Receivers become more susceptible to interference as the wanted signal level increases. This is most likely due to the receiver front-end becoming desensitised at higher signal levels (i.e. receiver overload), resulting in the interferer requiring less power to degrade the received picture quality. When the receiver is in overload 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 DTT transmission mode, wanted signal level at the input to the receiver and base station operating conditions;


· Protection ratios for adjacent channel interference, with the DTT 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). The N+9 image channel rejection of DTT receivers based on superhet tuner designs is critical to minimising the susceptibility of these receivers to LTE base station interference. The results show that a C/I protection ratio of around -40 dB should be specified for superhet receivers. Silicon tuners have a low, or zero, intermediate frequency and do not suffer the same N+9 image problems as superhet receivers.
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1. Introduction


1.1 Background

In March 2011 Ofcom published a consultation document setting out proposals for the award of spectrum in the 800 MHz and 2.6 GHz frequency bands [2]. The 800 MHz band is part of the digital dividend; the spectrum freed up as a result of the switchover from analogue to digital TV. Ofcom envisions this spectrum will be used to deliver the next generation of mobile broadband services using technologies such as LTE and WiMAX. 

The harmonised frequency arrangements for the 800 MHz band are set out in ECC Decision 2010/267/EU [3], based on Frequency Division Duplex operation with the downlink located in the lower part of the band, from 791 – 821 MHz, an 11 MHz duplex gap between 821 – 832 MHz and then the up link located from 832 – 862 MHz. A 1 MHz guard band, from 790 – 791 MHz, separates the edge of the broadcasting band (DTT channel 60) from the LTE downlink allocation, as illustrated in Figure 1.


[image: image1]

Figure 1: LTE and DTT frequency allocations

The deployment of future mobile services in the 800 MHz band introduces the risk of potential interference to DTT receiving equipment. This report considers the coexistence issue between the uppermost DTT channels (channels 51 to 60) and emissions from LTE base stations operating in the 791 – 821 MHz band. Since DTT receivers are designed to operate across UHF Band IV and V, from 470 – 862 MHz, there is the potential for base stations to cause interference to DTT reception through two principal mechanisms:

· Front end overload of the receiver: The receiver becomes overloaded if the sum of the signal powers at the receiver input exceeds a certain threshold. Since this is dependent on the cumulative effect of a number of different signal levels, the severity of the interference will vary in different geographic regions. When the receiver is in overload the ability to discriminate against Adjacent Channel Interference falls as the RF input level rises. 

· Degradation in receiver Signal-to-Noise ratio: If the ratio of wanted signal power to that of interference power at the receiver input reduces below a specific threshold then the DTT receiver will fail to operate properly. Unwanted signal power reduces as the frequency offset between the interferer and victim increases.

In this study we consider the potential for interference to ten different DTT receivers 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).

Two different DTT transmission standards were considered:


· DVB-T, the most widely deployed DTT system worldwide, with more than 200 million receivers operating in over 60 countries [6]. DVB-T transmissions were first broadcast in the UK in 1998;


· DVB-T2, an evolution of the DVB-T standard offering better spectrum efficiency, robustness and flexibility. DVB-T2 uses the latest modulation and coding techniques to enable efficient use of spectrum for the delivery of video, audio and data services to fixed, portable and mobile devices. DVB-T2 transmissions were first broadcast in the UK in March 2010.

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 results of this study have been used to inform the Protection Clause field trial undertaken by Ofcom to test and verify the results of theoretical modelling
.

1.2 Scope & Objectives


The objectives of the practical measurement study were to derive Carrier-to-Interference (C/I) protection ratios for a range of DTT receivers under the following operating conditions:

· DVB-T and DVB-T2 operating modes;

· 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.


2. Test Setup

2.1 Receivers Under Test


DTT receivers can be implemented using a variety of RF tuner architectures [7]. The most common are the super heterodyne (can) receiver and the silicone receiver:


· In a superhet receiver the received RF signal is mixed with a local oscillator (LO) signal to produce a resulting intermediate frequency (IF). This type of receiver is particularly prone to image channel interference at 72 MHz above the wanted frequency (“the N+9 problem”).

· Silicone receivers overcome the superhet IF image response issue by having a zero or low IF stage. The zero IF receiver directly converts the RF signal to baseband centred on 0 Hz using two mixers operating in quadrature. However, this type of architecture introduces other issues centred on the need to amplify signals near or at DC. A low IF receiver attempts to overcome the problems with zero IF receivers by choosing an IF frequency which causes the image frequency to fall into an adjacent channel. The receiver must still achieve sufficient image channel rejection to meet the required adjacent channel specification, but many radio standards require less selectivity for interfering signals occurring in adjacent channels than they do for interfering signals in other channels. Zero and low IF receiver architectures lend themselves to a high degree of integration and are hence often referred to as silicon receivers 
.

The receivers under test in this study are shown in Table 1 below. These consisted of a mix of iDTV, PVR and STBs with either can or silicon tuner architectures. 


Table 1:
Receivers Under Test

		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



		Receiver 13

		DVB-T

		STB

		Can





2.2 Wanted Signal


The wanted DTT test signal was produced by a Rohde & Schwarz SFE signal generator configured for either DVB-T or DVB-T2 transmissions based on the appropriate parameters from ETSI standards EN 300 744 (DVB-T) [8] and EN 302 755 (DVB-T2) [9]. The key parameters are summarised in Table 2.

Table 2:
Wanted DVB-T/DVB-T2 system parameters


		Parameter

		DVB-T

		DVB-T2



		Multiple access

		COFDM

		COFDM



		Modulation

		64-QAM

		256-QAM



		Forward error correction

		2/3

		2/3



		FFT points

		8 k

		32 k



		Guard Interval ((s)

		7  (1/32)

		28  (1/128)



		Data rate (Mbit/s)

		24.1

		40.2



		Channel bandwidth

		8 MHz

		8 MHz





All measurements were based on the non-critical DVB-T mask described in ETSI EN 302 296 [10] as shown in Table 3. The resulting spectral emissions of the wanted signal are compared with the ETSI non-critical mask in Figure 2 below, measured in a 5 kHz resolution bandwidth (RBW).

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
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Figure 2: DVB-T wanted non-critical transmitter mask

Measurements were undertaken for wanted signal levels at the antenna input to the DTT receiver of -70, -50, -30, -20 and -12 dBm and for channel offsets from co-channel (N), channel 60 to channel 48 (in 8 MHz steps) and channel 38.

2.3 Interfering Signal


Commission Decision 2010/267/EU [3] sets out the technical parameters that apply to the use of the 800 MHz band by networks other than high-power broadcasting networks. The technical licence conditions that Ofcom proposes to adopt for the 800 MHz band are set out in a consultation document published in June 2011 [4] and are fully consistent with the ECC Decision 2010/267/EU parameters.

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) [11] and summarised in Table 5 below.


Measurements were undertaken with the base station frequency centred on 796 MHz, occupying the frequency range 791 – 801 MHz (Block A) for a 10 MHz bandwidth signal.


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





ECC Dec 2010/267/EU sets out Block Edge Masks (BEMs) as an essential requirement of the technical conditions necessary to ensure coexistence between services at a national level. These BEMs are a set of technical parameters that define the in-block and out-of-block power for the LTE base station. Three cases are defined; Case A for TV channels where broadcasting is protected, Case B for TV channels where broadcasting is subject to an intermediate level of protection and Case C for TV channels where broadcasting is not protected. Ofcom has indicated [4] that they intend to apply Case A limits at all locations and for all DTT frequencies, as summarised in Table 5.


Table 5:
Base station out-of-block EIRP limits


		Case

		Frequency
range

		Condition on base station in-block EIRP, P 
dBm/10 MHz

		Maximum mean 
out-of-block EIRP

		Measurement 


bandwidth



		A

		470 – 790 MHz

		P ≥ 59

		0 dBm

		8 MHz



		

		

		36 ≤ P < 59

		(P-59) dBm

		8 MHz



		

		

		P < 36

		-23 dBm

		8 MHz





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 is not known at the time of this study we have taken a somewhat worst-case approach by assuming that BASE STATION emissions just meet the maximum mean out-of-block EIRP requirement over DTT channel 60, given in Table 5. Although base station equipment might reasonably be expected to perform better than the ECC requirement, the scenario presented in this report does reflect the potential results of equipment engineered to just meet the ECC out-of-block limits.

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 3.


[image: image3]

Figure 3: Generation of LTE BASE STATION interferer

The resulting spectral emissions, for the base station under fully loaded and idle conditions, are shown in Figure 4 and Figure 5 below. 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.
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Figure 4: Spectral emissions for LTE base station under fully loaded traffic conditions
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Figure 5: Spectral emissions for LTE base station under idle traffic conditions

The relative emissions for fully loaded and idle traffic conditions are compared in the figure below. 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.
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Figure 6: Comparison of fully loaded and idle base station emissions

The figure below shows the discontinuous (“bursty”) nature of the base station emissions in idle mode, captured using a fast sweep time on the spectrum analyzer.

[image: image7.emf]-80.00


-70.00


-60.00


-50.00


-40.00


-30.00


-20.00


-10.00


0.00


10.00


770 775 780 785 790 795 800 805 810 815 820 825


Frequency (MHz)


Power (dBm)




Figure 7: Bursty nature of base station emissions under idle conditions

2.4 Failure Criterion


DVB-T/T2 systems use Coded Orthogonal Frequency Division Multiplexing (COFDM) which spreads the information over a large number of orthogonal carriers. Forward Error Correction (FEC) is then applied to improve the Bit Error Ratio (BER). In many digital systems the data to be transmitted undergoes two types of FEC coding; Reed Solomon and convolutional coding (Viterbi). At the receiver end, the pseudo-random sequence added at the transmitter by the convolutional encoder is decoded by the Viterbi decoder, followed by Reed Solomon decoding for parity checking. 


The error protection employed by such digital systems usually results in an abrupt “cliff-edge” effect in the presence of interference when compared to analogue systems. The Digital TV Group
 publishes the D-Book, which includes degradation criteria to be used when assessing interference to digital systems. The different DVB-T receiver degradation criteria taken from the D-Book are compared in Table 6 below.

Table 6:
D-Book comparison of degradation criteria


		Criterion

		Description

		Comments



		REFBER

		Post Viterbi BER=2x10-4

		BER can be very erratic with some types of impairment (e.g. impulsive inference), so an accurate measure can be hard to achieve. A measure of BER is often not available (e.g. in a commercial receiver).



		UCE

		No un-correctable Transport Stream errors in a defined period.

		Probably the most useful measure, but unfortunately this is often not available (e.g. in a commercial receiver).



		UCE 


Rate

		A measure of the number of UCE in a defined period.

		Sometimes normalised to ‘Error Seconds’ (Used for ‘mobile’ applications).



		PF

		“Picture Failure”. No. of observed, (or detected) picture artefacts in a defined period. 

		This is what the consumer sees and cares about. There is always access to a ‘picture’ in a commercial receiver. However, when testing demodulators alone, MPEG decoding and picture display is not always available.



		SFP

		“Subjective failure point”

		Essentially the same as PF





The reference BER, defined as BER = 2 x 10-4 after Viterbi decoding, corresponds to the Quasi Error Free (QEF) criterion in the DVB-T standard, which states “less than one uncorrelated error event per hour”. 


However, as noted in the D-Book, there is often no direct way of identifying BER or transport stream errors for commercial receivers. In this case Picture Failure (PF) is the only means of assessing the interference effects.

The PF point was identified by visual observation as shown in Figure 8 below, 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.
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Figure 8: Received picture showing onset of interference


2.5 Measurement Set Up

The test set-up used to perform the conducted interference measurements is shown in Figure 9 below.

The wanted DVB-T/T2 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.


[image: image9]

Figure 9: Equipment Test Setup


2.6 Test Method


The following measurement procedure was used to calculate the C/I protection ratios using the conducted test set-up shown in Figure 6:

1. 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. 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.

3. Results

In the following sections results are presented as the Carrier-to-Interference protection ratio required to protect the DTT receiver under test from LTE base station interference for the following operating scenarios:

· DVB-T and DVB-T2 signal reception;

· Wanted carrier signal levels of -70, -50 and -30 dBm;


· DTT channel offsets from co-channel
 to channel 38;


· LTE base station signals representing fully loaded and idle traffic conditions.

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. 

In the following sections:

· Figure 10 to Figure 15 show the C/I protection ratio results for 5 receivers receiving DVB-T signals, for different wanted signal levels and channel offsets;

· Figure 16 to Figure 21 show the C/I protection ratio results for 9 receivers receiving DVB-T2 signals, for different wanted signal levels and channel offsets;

· Figure 22 and Figure 23 provide a comparison between DVB-T and DVB-T2 modes of operation for channel 60, for receivers 1, 4, 6 and 8;

· Figure 24 and Figure 25 provide a comparison between fully loaded and idle base station interference for channel 60, for receivers 1, 4, 6 and 8.

Appendix A provides additional results for channel 60 (the first adjacent channel to the LTE base station frequency allocation) plotted as wanted signal level (C) against interfering signal level (I).

3.1 Carrier-to-Interference protection ratios
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Figure 10: C/I protection ratios for DVB-T; fully loaded BS; C = -70 dBm
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Figure 11: C/I protection ratios for DVB-T; idle BS; C = -70 dBm
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Figure 12: C/I protection ratios for DVB-T; fully loaded BS; C = -50 dBm
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Figure 13: C/I protection ratios for DVB-T; idle BS; C = -50 dBm
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Figure 14: C/I protection ratios for DVB-T; fully loaded BS; C = -30 dBm
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Figure 15: C/I protection ratios for DVB-T; idle BS; C = -30 dBm
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Figure 16: C/I protection ratios for DVB-T2; fully loaded BS; C = -70 dBm
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Figure 17: C/I protection ratios for DVB-T2; idle BS; C = -70 dBm
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Figure 18: C/I protection ratios for DVB-T2; fully loaded BS; C = -50 dBm
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Figure 19: C/I protection ratios for DVB-T2; idle BS; C = -50 dBm
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Figure 20: C/I protection ratios for DVB-T2; fully loaded BS; C = -30 dBm


[image: image21.emf]C/I Protection Ratio for DVB-T2 receivers


Wanted DVB-T2 signal level -30 dBm


LTE Frequency = 796 MHz, Bandwidth = 10 MHz


LTE BS idle


-80


-70


-60


-50


-40


-30


-20


-10


0


10


20


30


Co-Ch 60 59 58 57 56 55 54 53 52 51 50 49 48 38


DTT Channel


C/I (dB)


Rx1 (iDTV)


Rx4 (iDTV)


Rx6 (PVR)


Rx7 (iDTV)


Rx8 (STB)


Rx9 (iDTV)


Rx10 (PVR)


Rx11 (iDTV)


Rx12 (STB)




Figure 21: C/I protection ratios for DVB-T2; idle BS; C = -30 dBm


3.2 Comparison between DVB-T and DVB-T2 reception
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Figure 22: Comparison between DVB-T and DVB-T2; fully loaded BS
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Figure 23: Comparison between DVB-T and DVB-T2; idle BS


3.3 Comparison between fully loaded and idle BS operation
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Figure 24: Comparison between fully loaded and idle BS; DVB-T transmission
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Figure 25: Comparison between fully loaded and idle BS; DVB-T2 transmission

3.4 Analysis of Results

3.4.1 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.


For the DVB-T2 receivers operating in channel 60:


· 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. Previous work by ERA [12] has 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, 7, 9, 11 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); 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 (Figure 18). The C/I protection ratios are summarised in the tables below for co-channel (N), channel N+1, N+2 and N+9.

Table 7:
Summary of C/I protection ratios for C = -70 dBm

		Wanted transmission:

		DVB-T

		DVB-T2



		BS operating mode:

		Idle

		100%

		Idle

		100%



		Rx1

		Co-channel


N+1

N+2

N+9

		18.89


-42.37


-46


-

		15.46


-45.79


-52.81


-62.51

		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

		18.18


-33.27


-40.01


-39.87

		14.63


-41.54


-44.21


-45.31

		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

		20.64


-38.68


-48.42


-

		18.17


-42.98


-54.87


-70.85

		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

		19.35


-19.13


-21.08


-15.72

		15.53


-44.4


-45.94


-53.44

		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



		Rx13

		Co-channel


N+1


N+2


N+9

		22.67


-36.12


-42.21


-44.23

		12.93


-46.25


-46


-52.98

		

		





Table 8:
Summary of C/I protection ratios for C = -50 dBm


		Wanted transmission:

		DVB-T

		DVB-T2



		BS operating mode:

		Idle

		100%

		Idle

		100%



		Rx1

		Co-channel


N+1


N+2


N+9

		19.21


-39.02


-42.32


-

		15.28


-45.82


-48.81


-

		17.98


-39.15


-43.03


-

		19.74


-45.54


-48.42


-55.78



		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

		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

		19.75


-31.08


-41.4


-

		15.93


-36.96


-47.55


-53.77

		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

		19.79


-3.84


-7.37


-15.72

		15.37


-40.09


-42.92


-44.52

		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


-



		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

		

		





Table 9:
Summary of C/I protection ratios for C = -30 dBm


		Wanted transmission:

		DVB-T

		DVB-T2



		BS operating mode:

		Idle

		100%

		Idle

		100%



		Rx1

		Co-channel


N+1


N+2


N+9

		19.50


-22.16


-


-

		15.56


-28.71


-33.76


-

		17.53


-


-


-

		18.15


-28.45


-32.16


-



		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

		17.88


-17.16


-23.12


-

		19.25


-22.55


-26.45


-28.58



		Rx6

		Co-channel


N+1


N+2


N+9

		20.56


-19.55


-23.20


-

		15.14


-24.03


-29.63


-

		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

		20.05


0.80


-1.23


-7.19

		15.14


-23.08


-24.78


-24.46

		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


-



		Rx13

		Co-channel


N+1


N+2


N+9

		20.80


-16.77


-23.94


-

		16.61


-25.09


-30.10


-

		

		





3.4.2 DTT transmission mode

Receivers 1, 4, 6 and 8 are capable of operating in either DVB-T or DVB-T2 reception modes. Figure 22 and Figure 23 show the difference in results for DVB-T and DVB-T2 wanted signals under fully loaded and idle base station operating conditions for channel 60.


The results show that the susceptibility of DVB-T and DVB-T2 signals to LTE base station interference is very similar; DVB-T2 signals appear to be slightly more susceptible to interference when the base station is fully loaded with traffic and DVB-T signals are slightly more susceptible when the base station is in idle mode. 

Receiver 1 was more susceptible to interference when receiving DVB-T2 signals regardless of base station operating mode.


3.4.3 Base Station operating mode


Figure 24 and Figure 25 show 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 architectures. 

Receiver 8 requires an additional 25 dB of protection from idle base station emissions in channel 60, compared to fully loaded base station emissions.

4. Conclusions

A measurements programme has been undertaken to derive Carrier-to-Interference protection ratios for a selection of DVB-T and 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 base station signals used in the testing were recorded directly from a vendor’s 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 resulting in time-discontinuous, or “bursty” emissions). The recorded base station signals were replayed through a signal generator and the out-of-block emissions were adjusted to comply with the minimum requirements for Case A operation specified in ECC Dec 2010/267/EU. Although base station equipment might reasonably be expected to perform better than the ECC requirement in practice, we have taken a cautious approach in this study by considering the scenario of equipment engineered to just meet the ECC out-of-block limits across DTT channel 60.

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;


· Results for DVB-T and DVB-T2 reception modes are similar; DVB-T receivers appear to be slightly more susceptible to idle base station conditions while 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 DTT transmission mode, wanted signal level at the input to the receiver and base station operating conditions;


· Protection ratios for adjacent channel interference, with the DTT 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); 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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Appendix A 
Carrier against Interference Results
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Figure 26: C against I for channel 60, DVB-T transmission, fully loaded BS
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Figure 27: C against I for channel 60, DVB-T transmission, idle BS
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Figure 28: C against I for channel 60, DVB-T2 transmission, fully loaded BS
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Figure 29: C against I for channel 60, DVB-T2 transmission, idle BS
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� � HYPERLINK "http://stakeholders.ofcom.org.uk/consultations/coexistence-with-dtt/" ��http://stakeholders.ofcom.org.uk/consultations/coexistence-with-dtt/� 



� For a detailed discussion on receiver architecture the reader is referred to reference [7]



� The Digital TV Group is the industry association for digital television in the UK. See �HYPERLINK "http://www.dtg.org.uk/"�http://www.dtg.org.uk/� 



� Co-channel C/I protection ratios are included for information only; co-channel operation of DTT receivers and LTE base stations will not be possible in practice.
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Introduction

This document presents the results of the preliminary comparative evaluation of DVB-T and DVB-T2 system characteristics on the basis of measurements performed in Russian Federation.

The target purposes of the measurements were: 

1)	To carry out measurements of the main modes of DVB-T and DVB-T2 systems in the reception area of Moscow Ostankino transmitter, 30 TV channel, in two reception directions.

2)	To define the reception border for DVB-T mode in the selected directions.

3)	To carry out comparative analysis of DVB-T и DVB-T2 systems in the selected test points.

Measurements results

Locations of measurements and the estimated coverage area of DVB-T transmitter (Ostankino, 30 TV channel) are shown in Figures 1-2. ERP of transmitter in DVB-T and DVB-T2 modes is 53.6 dBW, peak factor is 11,6..11,8 dB.

Analog TV stations Tver, Tula and Ryazan (see Figure 3) is the closest TV station to the transmitter Ostankino working in 30 TV channel. Maps of the estimated field strength for stations Tver, Tula and Ryazan shown in Figures 3-5. The maximum field strength from station Tver in measurement locations of the town Klin region was about 34 dBµV/m, the sum field strength of Tula and Ryazan stations near the Kolomna town was 43 dBµV/m.

During the measurements the field strength in test points and the reception parameters was measured for the four following digital terrestrial broadcasting modes:

1)	DVB-T, 64 QAM 3/4, 8k;

2)	DVB-T2, 64 QAM 5/6, 32k ext.

3)	DVB-T2, 256 QAM 3/4, 32k ext and 8k ext.

4)	DVB-T2, 64 QAM 3/4, 32k ext.

The signal quality evaluation based on assessment of video image quality displayed by:

1)	Measuring test receiver R&S ETL (only DVB-T2);

2)	Digital set-top-box «General Satellite TE 8511» (DVB-T/T2, MPEG-2/MPEG4 AVC H.264).

3)	Digital set-top-box «Signal TLS3001T2 HD» (DVB-T/T2, MPEG-2/MPEG4 AVC H.264).








figure 1

The estimated coverage area of DVB-T transmitter Ostankino, 30 TV channel
(DVB-T, 64QAM 3/4, fixed reception)

[image: ]






Figure 2

Locations of measurements and the map of the receiver field strength

[image: рис 1.bmp]



–	Red color: field strength above 55 dBµV/m (95% of locations);

–	Yellow color: field strength is 49-55 dBµV/m (70% of locations);

–	Green color: field strength is 46-49 dBµV/m (50% of locations);

–	Blue color:  field strength below 46 dBµV/m.




figure 3

Location of 30 TV channel stations near the measurements area

[image: Помехи 3.bmp]




figure 4

The field strength level of 30 TV channel Tver station 
(with the measurement sites location marked, t=50%)
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figure 5

The field strength level of Tula station on 30 TV channel
(with the measurement sites location marked, t=50%)

[image: 2]




figure 6

The field strength level of Ryazan station on 30 TV channel
(with the measurement sites location marked, t=50%)

[image: 3]

The results of TV image reception in the selected points in the field measurements and comparison of the studied modes are shown in Table 1. At each point of measurement received TV picture was registered on the TV screen, and depending on the quality of the received image the grade was put. Grade 5 corresponds to the reception of TV image without distortion, grade 3 corresponds to the reception of TV image with distortions, grade 1 corresponds to absence of TV image on a TV screen, and a dash indicates that the measurement of the mode was not carried out. After collecting data of the receiving image quality the average reception quality indicator (Q), relative increase of the bit rate (RC) and the average indicator of the channel efficiency (CE) was calculated by the following formulas:



			(1)

		[image: ]	(2)

		[image: ]	(3)

where:

Q –the average reception quality indicator for corresponding mode DVB-T or DVB-T2;

Mi– the grade, placed at the ith measurement for corresponding mode;

N – the number of measurements for corresponding mode;

C– the information bit rate for corresponding mode;

RC – the increase of information bit rate of the relative mode DVB-T (64QAM 3/4);

CE – the indicator of the channel efficiency (implemented relative information bit rate in the measurement locations).

Table 1

Comparison of the main digital terrestrial broadcasting modes

		№

		Name

		Reception quality



		test point

		

		DVB-T

		DVB-T2

		DVB-T2

		DVB-T2



		

		

		64 QAM 3/4

		64 QAM 3/4

		64 QAM 5/6

		256 QAM 3/4



		1

		YuzhnoeButovo 1 

		5

		5

		5

		5



		2

		YuzhnoeButovo 2 

		5

		5

		5

		3



		3

		Setovka

		5

		5

		5

		5



		4

		NizhnyeeHoroshovo

		1

		5

		5

		3



		5

		Nastasino

		3

		5

		5

		3



		6

		Boris-Gleb

		5

		-

		5

		5



		7

		Between Boris-Gleb and Sogolevo

		5

		-

		3

		1



		8

		Zalesye

		5

		-

		3

		1



		9

		Koskovo

		5

		-

		3

		1



		

		Average reception quality indicator %, Q

		86

		100

		87

		60



		

		Bit rate Mbit/s, C

		22.3

		29.8

		33.1

		39.7



		

		Increase of bit rate, RC

		1.00

		1.34

		1.48

		1.78



		

		Average indicator of the channel efficiency, CE

		0.86

		1.34

		1.29

		1.07





Measurement locations and main results are shown in Figures 6-7.




Figure 6

Example of comparison DVB-T64QAM 3/4 (indicated by circles, bit rate– 22.3 Mbit/s) with DVB-T2 64QAM 3/4 (indicated by diamonds, bit rate–30 Mbit/s), with DVB-T2 64QAM 5/6 (indicated by triangles, bit rate - 33,1 Mbit/s),with DVB-T2 256QAM 3/4 (indicated by squares, bit rate - 39,7 Mbit/s)
by measurements results: green color – stable reception, yellow color –
reception with distortions, red color – no reception.
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figure 7

Example of comparison DVB-T 64QAM 3/4 (indicated by circles, bit rate – 22.3 Mbit/s) with DVB-T2 64QAM 5/6 (indicated by triangles, bit rate - 33,1 Mbit/s), with DVB-T2 256QAM 3/4 (indicated by squares, bit rate - 39,7 Mbit/s) by measurements results of S/N parameter: green color – S/N is above
than table values, red color – S/N is below than table values.

[image: ]

To verify the results of field studies laboratory measurements of set-top-boxes were carried out. Below in Tables 2-5, the S/N values measured in laboratory are shown for two set-top-boxes - «General Satellite TE 8511» и «Signal», which was testing DVB-T and DVB-T2 receivers at field measurements.

For laboratory measurements the same modes as for field measurements were selected:

–	DVB-T, 8K, 64-QAM, 3/4 CC + RS, GI 1/4;

–	DVB-T2, 32K ext., 64-QAM, 3/4 LDPC + BCH, GI1/16;

–	DVB-T2, 32K ext., 64-QAM, 5/6 LDPC + BCH, GI1/16

–	DVB-T2, 32K ext., 256- QAM, 3/4 LDPC + BCH, GI1/16.




The measurements were made for three types of reception channel - for Gaussian channel, Rayleigh channel and Rice channel. Simulation of receiving channels carried on the device Rohde & Schwarz SFE, designed to test the broadcasting equipment. Simulation of the Rice channel and Rayleigh channel made with 12-beam model. Measurements were as follows: TV signal was supplied from a test transmitter R&S®SFE to the input of studied set-top-boxes. The level of the input signal was adjusted at -60 dBm (according to Recommendation ITU-R BT.1368). Then, changing the value of S/N on R&S®SFE, presence of artifacts or signal failure was fixed for 20 seconds on the TV screen. The lowest S/N, which provides TV signal without distortion and disruption, was chosen for the measured ratio of S/N for the set-top-box.

As seen from Tables 2-5, results are heterogeneous. The set-top-box «General Satellite TE 8511» showed significantly better S/N ratio compared with the set-top-box «Signal». Meanwhile, in some cases measured values of S/N are below than S/N contained in ETSIdocuments. This can be explained by errors of subjective evaluation method of distortion instead of estimation of the reception quality by BER (according to Recommendation ITU-R BT.1368 to 1 dB) as well as possible technical improvements implemented in the set-top-boxes.

Table 2

S/N values for DVB-T 64QAM 3/4

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI EN
300 744
v 1.6.1

		Measured
value

		ETSI EN
300 744
v 1.6.1

		Measured
value

		ETSI EN
300 744
v 1.6.1



		«General Satellite 

TE 8511»

		15,7

		18,2

		16,7

		18,9

		19,0

		23,0



		«Signal»

		17,6

		

		18,9

		

		21,6

		





Table 3

S/N values for DVB-T2 64QAM 3/4

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1



		«General Satellite
TE 8511»

		14,6

		15,1

		15,6

		15,4

		17,1

		17,7



		«Signal»

		16,4

		

		17,7

		

		19,4

		










Table 4

S/N values for DVB-T2 64QAM 5/6

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1



		«General Satellite
TE 8511»

		16.4

		16,8

		17.5

		17,2

		19.5

		20,2



		«Signal»

		18.6

		

		20.2

		

		23.9

		





Table 5

S/N values for DVB-T2 256QAM 3/4

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1



		«General Satellite 
TE 8511»

		20.1

		20,0  

		21.2

		20,3

		22.9

		22,6



		«Signal»

		22.7

		

		24.2

		

		26.9

		







Main conclusions:

1)	Field test of DVB-T2 generally confirmed the theoretical values of S/N given in ETSI TS 102 831. Thus, the efficiency of the DVB-T and DVB-T2 systems against interference (and thus on implementing coverage areas) can be compared on the basis of the theoretical values given in ETSI EN 300 744 and ETSI TS 102 831.

[bookmark: _GoBack]2)	It was revealed that DVB-T and DVB-T2 receivers have an average deviation of the S/N values about 2-4 dB from the theoretical values given in ETSI EN 300 744 and ETSI TS 102 831. Meanwhile the deviation can be positive or negative. Thus, this fact should be considered in the experimental determination of the service area of DVB‑T/T2 stations based on the evaluation of image quality displayed on TV screens as well as on network frequency planning and qualitative comparison of the DVB-T/T2 network characteristics.
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