PART  B

SECTION  B3

Rules concerning calculation methodology for calculation of probability�of harmful interference between space networks (C/I ratios)

1	Introduction

In application of the provisions of No. S11.32A of the Radio Regulations when, as a consequence of continuing disagreement (Nos. S9.63 to S9.65) between two (or a limited number of) administrations, the notifying administration requests the Radiocommunication Bureau, an examination of the probability of harmful interference under No. S11.32A is carried out. For the calculation method and criteria to be used for the interference assessment as well as the Findings to be formulated with respect to coordination of their networks under No. S9.7, the Bureau shall proceed as follows. 

2	Probability of harmful interference

The Bureau, in performing its mandatory tasks relating to the application of the above-mentioned provisions, shall proceed as follows:

2.1	Recommendation ITU-R S.741, shall be used to examine the subject assignments with respect to the provisions of No. S11.32A.

2.2	The Bureau shall request the administrations concerned to provide the mutually agreed criteria for accepted interference in the format appearing in Table 2 of Recommendation ITU-R S.741.

2.2.1	In the case where this information is provided by the administrations concerned: 

a)	The probability of harmful interference is considered to be negligible if the C/I calculation shows that the applicable criteria for a particular examination between two networks concerned are satisfied. The finding in column 13 A3 shall thus be favourable.

b)	The probability of harmful interference is considered not to be negligible, if the C/I calculation shows that the applicable criteria for a particular examination between two networks concerned are not satisfied. The finding in column 13 A3 shall be unfavourable.

�2.2.2	In the case where this information is not provided by the administrations concerned:

a)	The probability of harmful interference is considered to be negligible if the interference is less than the single entry interference limits indicated in Table 2 of Recommen�dation ITU-R S.741. The finding in column 13 A3 shall be favourable.

b)	The probability of harmful interference is considered not to be negligible, if the interference is greater than the single entry interference limits indicated in Table 2 of the above mentioned Recommendation. The finding in column 13 A3 shall be unfavourable.

3	Methodology 

To perform the above mentioned compatibility analysis the following methodology will be used.

The methodology is based on Recommendation ITU-R S.741. A set of carrier-to-interference C/I calculations are performed following the geometrical considerations of Recommenda�tion ITU-R S.740 and an interference adjustment factor is calculated as shown below to take into consideration the frequency offset situations as well as the difference in the bandwidths between the wanted and the interfering carriers. These C/I values are then compared with the required C/I values derived from the criteria appearing in Table 2 of Recommenda�tion ITU�R S.741 shown below which contains a set of single entry interference criteria to protect different carriers from noise like or slowly swept interference (caused by TV-FM modulated with energy dispersal). In the case of required C/I values agreed by administrations and communicated to the Bureau, the calculated C/I values will be compared with these mutually agreed C/I values.

Thereafter, a set of margins M (C/I calculated – C/I required) are derived. It should be noted that to evaluate the C/I required for each test point1, a set of carrier-to-noise ratios C/N are calculated (performance) and a K value, generally of either 12.2 or 14.0 dB, is added in accordance with the above-mentioned Table 2 of Recommendation ITU-R S.741. It should also be noted that these values correspond to a maximum permissible interference of 6% or 4% of the total noise power N of the protected assignments (performance).

In respect of C/N ratio calculations, Table 2 of Recommendation ITU-R S.741 (see below) defines “C/N” as a “ratio (dB) of carrier to total noise power which includes all internal system noise and interference from other systems”. Therefore, and to comply with this definition, an additional margin of 0.46 dB for cases involving wanted analogue TV emissions and 1.87 dB for other wanted emissions will be added to the margins calculated on the basis of the internal system noise values provided by the concerned administrations. Attachment 2 contains the calculation methodology used for deriving the above-mentioned additional margin.

�3.1	Interfering cases

Table 1 below presents a summary of the different interfering situations to be dealt with when performing C/I calculations.

TABLE 1

Interfering cases

�Desired

Interfering�Digital�Analogue�(TV-FM)�Analogue�(other than TV-FM)��Digital�Use C/I plus interference adjustment factor

(I)�Use C/I plus interference adjustment factor

(II)�Use C/I plus interference adjustment factor

(III)��Analogue (TV-FM)�Use C/I plus interference adjustment factor1

�����

(IV)�Co-frequency:

	use C/I plus interference adjustment factor

Non co-frequency:

	use relative protection ratio mask�(Rec. ITU-R S.483)

(V)�Use C/I plus interference adjustment factor1

�����

(VI)��Analogue�(other than TV-FM)�Use C/I plus interference adjustment factor1

(VII)�Use C/I plus interference adjustment factor1

(VIII)�Use C/I plus B

�(IX)��1	See § 3.5 below.��

3.2	Margin M, C/I, C/N algorithms

The algorithms described in Attachment1 shall be used to evaluate compliance with the mutually accepted interference criteria or with the single entry limits established in Table 2 of Recommendation ITU-R S.741.

3.3	Single channel per carrier (SCPC) cases

When dealing with composite interference from a number of narrow-band carriers such as a transponder loaded with SCPC carriers the assumption is made, in the absence of more detailed data from administrations, that the interfering satellite has its transponder fully loaded with SCPC carriers and the individual carriers can be replaced with one wideband carrier which has a total power equal to the sum of the powers of the individual SCPC carriers. The protection ratios given in Recommendation ITU-R S.671 are used to protect SCPC transmissions interfered with by analogue television carriers only modulated with energy dispersal signals. 

�TABLE  2

(Recommendation ITU-R S.741)

Single entry interference (SEI) protection criteria for FSS carriers

��FSS��ITU-R�Recommendations ���Type of��Single entry (SEI) Protection criteria��carrier�for SEI�interference�API before 19871 �API after 1987��FDM-FM�CFDM-FM�Rec. ITU-R S.466 �Any�600 pW0p�800 pW0p��TV-FM�Rec. ITU-R S.483 �Noise-like�C/N  +  14 (dB)�C/N  +  14 (dB)��Digital�Rec. ITU-R S.523 �Noise-like�C/N  +  14 (dB)�C/N  +  12.2 (dB)��SCPC-FM�2�Noise-like�C/N  +  14 (dB)�C/N  +  12.2 (dB)��SCPC-FM�Rec. ITU-R S.671�Slowly-swept�13.5  +  2 log (d )  –  3 log (i/10) (dB)��Digital�narrow-band�–	with coding���Rec. ITU-R S.671���Slowly-swept���C/N  +  9.4  +  3.5 log (d )  –  6 log (i/10) (dB)��–	without coding�Rec. ITU-R S.671�Slowly-swept�C/N  +  6.4  +  3 log (d )  –  8 log (i/10) (dB)��API:	Advanced Publication of Information of networks

C/N:	ratio (dB) of carrier to total noise power which includes all internal system noise and interference from other systems

d:	ratio of desired signal bandwidth to peak-to-peak deviation of the TV carrier caused by the energy dispersal signal

i:	pre-demodulation interference power in the desired signal bandwidth expressed as a percentage of the total pre-demodulation noise power

1	Not applicable.

2	The criteria for noise-like interference are being used for the purposes of coordination.��

3.4	Interference between analogue FDM-FM signals (Case IX in Table 1 above)

When dealing with FDM-FM carriers, and to find out the resulting margin, the C/I ratio is calculated and compared with the required C/I. However a C/N + K type protection criteria is developed based on the equations of Recommendation ITU-R SF.766 which are required to calculate the B factor (interference reduction factor).

3.5	Other interference cases 

For cases (IV), (VI), (VII) and (VIII) in Table 1 above, the interference adjustment factor mentioned in § 3 above shall be used. In calculating this factor consideration shall be given to third paragraph of § 3.4 of Annex 1 to Recommendation ITU-R S.741.

�3.6	Additional information to be provided by the administrations concerned

In addition to the data provided under Appendix S4 of the Radio Regulations and in order to permit the Bureau to carry out this examination, the mutually agreed criteria for the acceptable interference, the modulation characteristics and a set of test points (maximum 20) defining the service area shall be requested from the administrations concerned.





ATTACHMENT  1

Calculation algorithms (M, C/I, C/N)

1	Margin algorithm

To compute the margins, it is necessary first to determine the minimum desired � EMBED Equation.2  ���

value, which is a function of the C/N and the K factor:

		�EMBED EQUATION ���

where:

� EMBED Equation.2  ���:	minimum desired C/I value (dB)

� EMBED Equation.2  ���:	calculated value of C/N (dB)

K:	factor used in computing the minimum desired C/I (dB). Generally, this will be either 14.0 or 12.2, depending on the modulation characteristics of the desired signals (see Recommendations ITU�R S.483 and ITU�R S.523).

�Since � EMBED Equation.2  ��� will vary with each test point, the margin is also computed at each test point. The margin is the difference between the calculated C/I value and the minimum desired C/I value:

		M  =  �EMBED EQUATION ���

where:

M:	margin (dB)

� EMBED Equation.2  ���:	adjusted value of C/I, taking into account the interference adjustment factor (dB)

� EMBED Equation.2  ���:	is the minimum desired C/I value (dB) computed above.

Therefore, substituting, we have:

		M  =  �EMBED EQUATION ��� –  K

2	The � EMBED Equation.2  ��� algorithm for interfering situations

The basic C/I is adjusted as follows:

		�EMBED EQUATION ���

where:

� EMBED Equation.2  ���:	adjusted value of C/I, taking into account the interference adjustment factor (dB)

� EMBED Equation.2  ���:	basic calculated value of C/I, before taking into account the interference adjustment factor (dB)

Ia :	interference adjustment factor (dB).

The adjusted C/I values will be determined separately for the uplink and downlink, keeping in mind that the interference adjustment factor may be different for the uplink and for the downlink.

�The overall C/I will also be computed. If there are uplink calculations only (i.e., no downlink for the desired or interfering signal, or both, or no downlink frequency overlap between the desired and interfering signals), the values of the overall C/I are simply the uplink values of C/I. Similarly, if there are downlink calculations only (i.e., no uplink for the desired or interfering signal, or both, or no uplink frequency overlap between the desired and interfering signals), the values of the overall C/I are simply the downlink values of C/I. However, if the desired and interfering signals have both an uplink and a downlink, the overall C/I will be computed for each downlink test point using the worst case uplink C/I and the individual downlink C/I values:

		�EMBED Equation ���

where:

� EMBED Equation.2  ���:	overall value of C/I for a particular downlink test point (dB)

� EMBED Equation.2  ���:	worst case uplink C/I at any uplink test point (dB)

� EMBED Equation.2  ���:	downlink C/I for a particular downlink test point (dB).

2.1	Determination of interference adjustment factor

2.1.1	Interference from noise-like digital carriers (interference adjustment factor 1)

The current version of Recommendation ITU-R S.741 covers the case of co-frequency interference from noise-like digital carriers. For non�co-frequency interference an interference adjustment factor (or bandwidth advantage factor) will be assumed as a result of the work of Working Party 4A concerning the methodology to treat cases of frequency offset carriers trough the application of a factor “A” defined below (mentioned as Ia in § 2 above). 

�For the case of frequency offset between carriers, the resultant C/I can be determined by the following equation:

		C/I  =  10 log (c/i )  –  A

where A  is the bandwidth advantage factor (dB).

The factor “A” is the ratio of the interfering carrier power contained in the desired signal bandwidth to the total interfering carrier power under the assumption that the interfering carrier has uniform power spectral density across its occupied bandwidth.

2.1.2	Interference from noise-like analogue carriers (interference adjustment factor 2)

For these cases, the resultant C/I can be determined by using the equation in § 2.1.1 above where the factor “A” is the ratio of the interfering carrier power contained in the desired signal bandwidth to the interfering carrier power with the approximation that the power spectral density of the interfering carrier is constant over the bandwidth of the desired carrier and is equal to the maximum value (see the third paragraph of § 3.4 of Annex 1 to Recommendation ITU-R S.741).

3	The C/N algorithm

The algorithm for C/N requires the computation of the value of N, as follows:

		�EMBED Equation ���

where:

N  :	value of noise (dBW)

TR :	receiving system noise temperature K

BW :	bandwidth (MHz).

The value of N is determined once for the uplink (if there is an uplink) and once for the downlink (if there is a downlink) for the desired system.

Once N is determined, C/N will be computed at each uplink test point (if there’s an uplink) and each downlink test point (if there’s a downlink):

		�EMBED Equation ���

where:

C :	carrier (dBW)

N :	noise (dBW) computed above.

�The overall C/N is also computed. f there is an uplink only, the values of the overall C/N are simply the uplink values of C/N. Similarly, if there is a downlink only, the values of the overall C/N are simply the downlink values of C/N. However, if there is both an uplink and a downlink, the overall C/N is computed for each downlink test point using the worst case uplink C/N and the individual downlink C/N values:

		�EMBED Equation ���

where:

� EMBED Equation.2  ���:	overall value of C/N for a particular downlink test point (dB)

� EMBED Equation.2  ���:	worst case uplink C/N at any uplink test point (dB)

� EMBED Equation.2  ���:	downlink C/N for a particular downlink test point (dB).

3.1	Determination of relative protection ratio for case (V) in Table 1 above (TV-FM) into (TV-FM)

When dealing with a non-co-frequency interfering situation from a TV-FM carrier into another TV-FM carrier, the Radiocommunication Bureau is using the protection ratio mask as it appears in Recommendation ITU-R S.483. This protection ratio relaxation is applied to the K factor of 14.0 dB established by Recommendation ITU-R S.483.

�ATTACHMENT  2

Additional margins to be taken into consideration 

1	Introduction

To finally assess the interfering effect on a given emission, it is necessary to adjust the resulting margins taking into consideration the definition of “C/N ” given by Recommen�dation ITU-R S.741 which, for most of the cases, is the performance reference necessary to derive the single entry interference criteria levels for FSS carriers (see Table 2 of Recommendation ITU-R S.741).

In the above-mentioned Table “C/N ” is defined as: “ratio (dB) of carrier to total noise power which includes all internal system noise and interference from other systems”.

2	Calculations performed according to No. S1.174

Number S1.174 defines the equivalent satellite link noise temperature as follows:

“The noise temperature referred to the output of the receiving antenna of the earth station corresponding to the radio frequency noise power which produces the total observed noise at the output of the satellite link excluding the noise due to interference coming from satellite links using other satellites and from terrestrial systems.”

The internal system noise temperature values provided by the administrations to derive the internal system noise “N ” i.e. “Ts” and “Te” are defined in Appendix S8 to the RR as follows:

“Ts :	the receiving system noise temperature of the space station, referred to the output of the receiving antenna of the space station (K)”

“Te :	the receiving system noise temperature of the earth station referred to the output of the receiving antenna of the earth station (K)”

The above mentioned values are combined in accordance with Recommendation ITU�R S.738 to derive “Tmin”, lowest equivalent satellite link noise temperature, as follows:

		Tmin  =  Te  +  gmin  Ts  +  Ta

Where:

Ta :	“other internal noise” 

gmin :	minimum transmission gain of a specific satellite link subject to interference.

�3	Noise to be calculated in accordance with Recommendation ITU�R S.741

To be in accordance with Recommendation ITU-R S.741 it seems necessary to add to the values of “N ” calculated by the program on the basis of “Te” and “Ts” mentioned above, the maximum permissible level of aggregate interference caused by other space networks as appears in Recommendations ITU-R S.466 (for FDM-FM telephony), ITU-R S.483 (for TV analogue) and ITU-R S.523 (for digital emissions) as well as the contribution of terrestrial emissions sharing the same frequency bands as defined in Recommendation ITU-R SF.356 (into telephone channels employing frequency modulation), and ITU-R SF.558 (into systems employing 8-bit PCM encoded telephony).

4	Calculations of additional margins

4.1	Telephony FDM-FM

4.1.1	Aggregate interference produced by other space networks sharing the same frequency band (Recommendation ITU-R S.466)

In accordance with Recommendation ITU-R S.466, in frequency bands in which the network does not practice frequency re-use: the aggregate interference noise power should not exceed 2 500 pW0p, psophometrically weighted one minute mean power for more than 20% of any month. This amount corresponds to the 25% of the allowable noise power of 10 000 pW0p established by Recommendation ITU-R S.353 for the same percentage of time.

4.1.2	Maximum allowable values of aggregate interference from radio relay systems in a telephone channel of a system in the FSS (Recommendation ITU�R SF.356)

In accordance with this Recommendation the interference caused by the aggregate of the transmitters of radio relay stations should not exceed 1 000 pW0p psophometrically weighted one minute mean power for more than 20% of any month. This amount corresponds to 10% of the allowable noise power of 10 000 pW0p established by Recommendation ITU-R S.353 for the same percentage of time. 

4.1.3	Calculation of the additional margin

	Ntot :	total link noise including all internal noise and interference from other systems

	Ni :	link internal noise

	X :	noise due to interference from other systems

�then:

	Ntot  =  Ni  +  X

where:

	X  =  (0.25  +  0.1) Ntot

Therefore:

	Ntot  =  Ni  +  0.35 Ntot

	Ntot (1  –  0.35)  =  Ni

	Ntot  =  1.53 Ni 

	Additional margin: 10*log(1.53)  =  1.87 dB.

In the absence of sufficient information to calculate an additional margin for cases in which uplink and downlink are treated independently e.g. telemetry and telecommand signals the initial margins will be used i.e. no additional margin will be considered for these cases.

4.2	Digital emissions

4.2.1	Aggregate interference produced by other space networks sharing the same frequency band (Recommendation ITU-R S.523)

In accordance with Recommendation ITU-R S.523, in frequency bands in which the network does not practice frequency re-use: the aggregate interference power level averaged over any 10 min, should not exceed, for more than 20% of any month, 25% of the total noise power level at the input to the demodulator that would give rise to a bit error ratio of 1 in 106 as it is established by Recommendation ITU-R S.522 for the same percentage of time.

4.2.2	Maximum allowable values of aggregate interference from radio relay systems into systems in the FSS. employing 8-bit PCM encoded telephony (Recommendation ITU-R SF.558)

In accordance with this Recommendation the interference caused by the aggregate of the transmitters of radio relay stations, averaged over any ten minutes, should not exceed, for more than 20% of any month, 10% of the total noise power at the input of the demodulator that would give rise to a bit error ratio of 1 in 106 as it is established by Recommen�dation ITU-R S.522 for the same percentage of time.

4.2.3	Calculation of the additional margin

The same values as in § 4.1.3 above are obtained.

�4.3	Analogue TV

4.3.1	Aggregate interference produced by other space networks sharing the same frequency band (Recommendation ITU-R S.483)

In accordance with Recommendation ITU-R S.483, the aggregate interference noise power should not exceed 10% of the permissible video noise in the hypothetical reference circuit for more than 1% of the month.

4.3.2	Maximum allowable values of aggregate interference from radio relay systems into FSS analogue video channel

No recommendations have been arrived at yet for interference from transmitters of the fixed service into FSS analogue video channel.

4.3.3	Calculation of the additional margin

	Ntot  =  Ni  +  0.1 Ntot

	Ntot (1  –  0.1)  =  Ni

	Ntot  =  1.11 Ni

	Additional margin: 10*log(1.11)  =  0.46 dB

5	Based on the above a value of 0.46 dB should be added to the margins involving wanted analogue TV emissions and 1.87 dB for other wanted emissions.

____________________

























�



1 	A set of a maximum of 20 test points defining the service area shall be provided by the administrations. Otherwise, the Bureau will use a set of randomly chosen test points within the service area of the satellite networks likely to be affected (including those test points already communicated).
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