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APT VIEW AND PRELIMINARY APT COMMON PROPOSAL 
ON WRC-23 AGENDA ITEM 7 (TOPIC G)

Agenda Item 7: 
to consider possible changes, in response to Resolution 86 (Rev. Marrakesh, 2002) of the Plenipotentiary Conference, on advance publication, coordination, notification and recording procedures for frequency assignments pertaining to satellite networks, in accordance with Resolution 86 (Rev.WRC-07), in order to facilitate the rational, efficient and economical use of radio frequencies and any associated orbits, including the geostationary-satellite orbit.
Topic G: Amendments to Res. 770 (WRC-19)

1.	Background 
· In addressing the invites of Resolution 770 (WRC-19) to provide a functional description to implement the methodology contained in that Resolution, it has been determined that additional information is required to allow for a proper implementation. That is, corrections or clarifications need to be made to Resolution 770 (WRC-19) before it can be consistently applied, some of which are regulatory in nature.
· The WD towards a preliminary draft new Recommendation ITU-R S.[RES 770] includes the compilation of relevant studies and results. Based on this work, it has been recognized that some modifications to Resolution 770 (WRC-19) are required to allow for its implementation. 
· ITU-R studies showed the need to implement such guidance in this Resolution. 
· Include the value of speed of light: 2.99792458 x 105 km/s 
· Modify the lower value for prain (unavailability of the link without interference) in (Step 0-10) as 0.01% instead of 0.001%
· Determine procedural and regulatory provisions to ensure that administrations having submitted CR/Cs and/or notifications before 15 December 2023 are given the opportunity to rectify the data already submitted (e.g. pfd and e.i.r.p. masks used to compute epfd statistics at the victim GSO receiver by applying the methodology contained in Recommendation ITU-R S.1503) based upon which the methodology in Resolution 770 (WRC-19) is applied.
· There are 3 methods shown in Section 4/7/7.4 of the final CPM Report:
· Method G1: No changes to Resolution 770 (WRC-19).
· Method G2: Modify Resolution 770 (WRC-19) to allow for its implementation.
· Method G3: Remove Annex 2 from Resolution 770 (WRC-19) and move it to a new Recommendation which would be incorporated by reference in Resolution 770 (WRC-19).


2. 	Documents
· Input Documents AP23-6/INP-39(J), INP-50(INS), INP-61(THA), INP-68(IRN), INP-83(AUS), INP-90(Rev.1)(KOR), INP-106(CHN), INP-112(MLA), INP-120(VTN)
· Information Documents APG23-6/INF-35(Chairs of DG 7), INF-45(RCC), INF-46(CEPT), INF-52(CITEL) 


3. 	Summary of discussions
3.1	Summary of APT Members’ views
3.1.1 	Japan - Document APG23-6/INP-39
· For Topic G, Japan supports possible modifications to Resolution 770 (WRC-19). Method G2 can be supported.

3.1.2 	Indonesia (Republic of) - Document APG23-6/INP-50
· Indonesia considers modification of Resolution 770 (WRC-19) as a possible solution to address difficulties in application of Article 22 ITU Radio Regulations to the protection of geostationary fixed-satellite service and broadcasting-satellite service networks from non-geostationary fixed-satellite service systems in the frequency bands 37.5-39.5 GHz, 39.5-42.5 GHz, 47.2-50.2 GHz and 50.4-51.4 GHz due to insufficient parameters in Resolution 770 (WRC-19) with respect to the Rec. ITU-R S.2131 and Rec. ITU-R P.618-13.
· Therefore, Indonesia supports Method G2, in order to modify the Resolution 770 (WRC-19) to allow for its implementation in a single document.

3.1.3    Thailand (Kingdom of) – Document APG23-6/INP-61
· Thailand supports modifications to Resolution 770 (WRC-19) in order to eliminate difficulties applying this Resolution as indicated in Method G3 in the CPM Report.




3.1.4	Iran (Islamic Republic of) – Document APG23-6/INP-68
· Islamic Republic of Iran supports the Method G2, as contained in the draft CPM 23-2 Report;
· The Islamic Republic also could consider Method G3, if the subject Recommendation recently agreed by Study Group 4 is adopted and approved before WRC-23 and referred to in the Resolution 770 (WRC-19); 
· Islamic Republic of Iran proposes a Preliminary APT Common Proposal for Method G2 in the CPM Report as follows:
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3.1.5	Australia – Document APG23-6/INP-83
· Australia could accept either method G2 or G3 in the proposed in CPM Report.
· Australia does not propose a Preliminary APT Common Proposal for this topic.

3.1.6	Korea (Republic of) – Document APG23-6/INP-90(Rev.1)
· As the Republic of Korea supports possible modifications to Resolution 770 (WRC-19) to make its implementation feasible based on results of ITU-R studies, among the methods presented in the CPM Report, Method G3 is supported.

3.1.7	China (People’s Republic of) – Document APG23-6/INP-106
· China supports modification of Resolution 770 (WRC‐19) to facilitate the implementation of the methodology contained in that Resolution, and is in favor of Method G3 presented in the CPM Report.

3.1.8	Malaysia – Document APG23-6/INP-112
· Malaysia supports regulatory corrections and clarifications related to the implementation of the methodology contained in Resolution 770 (WRC-19) before it can be consistently applied.

3.1.9	Viet Nam (Socialist Republic of) – Document APG23-6/INP-120
· Vietnam supports method G2 which proposes that the editorial and regulatory modifications are included in a revision of Resolution 770 (WRC‑19) to allow its implementation.  
Reasons: It would be appropriate to provide for the above-mentioned regulatory corrections and clarifications related to the implementation of the methodology contained in Resolution 770 (WRC‑19). 


3.2 	Summary of issues raised during the meeting
· None.

4. 	APT View(s)
· APT Members support possible modifications to Resolution 770 (WRC-19) to make its implementation feasible based on results of ITU-R studies.
· APT Members support Method G3 in the CPM Report.
5. 	Preliminary APT Common Proposal



6. 	Issues for Consideration at APG Coordination Meeting at WRC-23 (if any)
· None.


7. 	Views from Other Organisations 
7.1 	Regional Groups
7.1.1	ASMG – (as of February 2023) 
· Support amending Resolution 770 (WRC-19) and follow the discussions on this subject to ensure that there is no impact on GSO systems.

7.1.2 	ATU – (as of February 2023) 
· Support the modification of Resolution 770, with the need to follow up on the results of discussions on this agenda item to ensure that there is no impact on geostationary satellites.

7.1.3 CEPT – Document APG23-6/INF 46
· CEPT supports to amend Resolution 770 (WRC-19) by suppressing Annex 2 from Resolution 770 (WRC-19) and move it to a new recommendation ITU-R S.[QV-METH-REF-LINKS] to be incorporated by reference in Resolution 770 (WRC-19).

7.1.4	CITEL – Document APG23-6/INF-52
Draft Inter-American Proposal (DIAP)
· Some Administrations supports moving the methodology to determine conformity of non-GSO satellite systems with single-entry interference thresholds in RR Article 22 to ensure the protection of the GSO fixed-satellite service (FSS) and broadcasting-satellite service (BSS) in the frequency bands 37.5 39.5 GHz, 39.5-42.5 GHz, 47.2-50.2 GHz and 50.4-51.4 GHz from Resolution 770 and retaining it instead in a new ITU-R Recommendation to be incorporated by reference in the RR, based on Method G3 of the CPM report for Topic G. 

7.1.5	RCC – Document APG23-6/INF-45
· Support the revision of Resolution 770 (WRC-19) in accordance with the results of ITU-R studies in order to eliminate difficulties applying this resolution. Method G2

7.2 	International Organisations

7.2.1	IARU R3 
· None.

7.2.2	ICAO 
· None.

7.2.3	IMO 
· None. 

7.2.4	WMO 
· None.


---------------------------


	DG-7A: for Topics A, B, F, G & H 
	

	Contact: 

	Ting Ling Lee 
Singapore
	Email: tingling.lee@ses.com
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		Thailand



		Proposals for the work of the conference



		



		Agenda item 7(G)





7	to consider possible changes, in response to Resolution 86 (Rev. Marrakesh, 2002) of the Plenipotentiary Conference, on advance publication, coordination, notification and recording procedures for frequency assignments pertaining to satellite networks, in accordance with Resolution 86 (Rev.WRC‑07), in order to facilitate the rational, efficient and economical use of radio frequencies and any associated orbits, including the geostationary-satellite orbit;

7(G) 	Topic G - Revisions to Resolution 770 (WRC-19) to allow its implementation






MOD	THA/5012A22A9/1#2072

RESOLUTION 770 (rev.WRC-1923)

[bookmark: _Toc35789423][bookmark: _Toc35857120][bookmark: _Toc35877755][bookmark: _Toc35963698][bookmark: _Toc39649622]Application of Article 22 of the Radio Regulations to the protection of geostationary fixed-satellite service and broadcasting-satellite service networks from non-geostationary fixed-satellite service systems in the frequency bands 37.5-39.5 GHz, 39.5‑42.5 GHz, 47.2-50.2 GHz and 50.4-51.4 GHz 

…

resolves

1	that during the examination under Nos. 9.35 and 11.31, as applicable, of a non-GSO FSS satellite system with frequency assignments in the frequency bands 37.5-39.5 GHz (space-to-Earth), 39.5-42.5 GHz (space-to-Earth), 47.2-50.2 GHz (Earth-to-space) and 50.4-51.4 GHz (Earth-to-space), the compliance with No. 22.5L shall be established using the technical characteristics of generic GSO reference links contained in Annex 1 to this Resolution shall be used in conjunction with the methodology in Annex 2 to this Resolution to determine compliance with No. 22.5Land Recommendation ITU‑R S.[QV-METH-REF-LINKS];

…

6	that resolves 3, 4 and 5 shall no longer be applied after BR has communicated to all administrations via a circular letter that validation software is available and BR is able to verify compliance with the limits in No. 22.5L,;

7	that administrations responsible for those non-GSO systems having submitted coordination requests and/or notification information under the applicable provisions of Article 9 or Article 11 of the Radio Regulations, as appropriate, prior to 15 December 2023, shall be given the possibility to resubmit the information used to derive the probability density function of the epfd computed as per Recommendation ITU‑R S.[QV-METH-REF-LINKS],

…

instructs the Director of the Radiocommunication Bureau

1	to review, once the validation software as described in resolves 3 is available, BR’s findings made in accordance with Nos. 9.35 and 11.31.;

2	to take all necessary measures to facilitate the implementation of this Resolution, in particular its resolves 7.

[bookmark: _Toc119922817]ANNEX 1 TO RESOLUTION 770 (rev.WRC-1923)

Generic GSO reference links for evaluation of compliance with single-entry requirements for non-GSO systems 

…

Table 1

Parameters of generic GSO reference links to be used in examination of the downlink (space-to-Earth) impact
from any one non-GSO system

		1

		Generic GSO reference link parameters - service

		

		

		

		

		Parameters



		

		Link type

		User #1

		User #2

		User #3

		Gateway

		



		1.1

		E.i.r.p. density (dBW/MHz)

		44

		44

		40

		36

		eirp



		1.2

		Equivalent antenna diameter (m)

		0.45

		0.6

		2

		9

		Dm



		1.3

		Bandwidth (MHz)

		1

		1

		1

		1

		BMHz



		1.4

		ES antenna gain pattern

		S.1428

		S.1428

		S.1428

		S.1428

		



		1.5

		Additional link losses (dB)

This field includes non-precipitation impairments

		3

		3

		3

		3

		Lo



		1.6

		Additional noise contribution including margin for inter-system interference (dB)

		2

		2

		2

		2

		M0inter



		1.7

		Additional noise contribution including margin for intra-system interference (dB) and non-time varying sources

		1

		1

		1

		1

		M0intra







		2

		Generic GSO reference link parameters - parametric analysis

		Parametric cases for evaluation

		



		2.1

		E.i.r.p. density variation

		−3, 0, +3 dB from value in 1.1

		eirp



		2.2

		Elevation angle (deg)

		20

		55

		90

		ε



		2.3

		Rain height (m) for specified latitude in item 2.4 

		5 000

		3 950

		1 650

		5 000

		3 950

		5 000

		hrain



		2.4

		Latitude* (deg. N)

		0

		± 30

		± 61.8

		0

		± 30

		0

		Lat



		2.5

		ES noise temperature (K) 

		340

		T



		2.6

		0.01% rain rate (mm/hr)

		10, 50, 100

		R0.01



		2.7

		Height of ES above mean sea level (m)

		0, 500, 1 000

		hES



		2.8

		Threshold C/N (dB)

		−2.5, 2.5, 5, 10

		





		2.9

		Probability of non-zero rain attenuation

		10

		pmax  (%)



		NOTE – For items 2.2, 2.3 and 2.4, these three groups of data are be considered as unique sets of data to be used in the larger, overall set of total possible permutations. For example, 20 degrees of elevation angle will consider three different latitudes of 0, 30 and 61.8 degrees while 90 degrees of elevation will only consider a latitude of 0 degrees and one possible rain height 5 km. The above parameters are chosen as representative propagation parameters for purposes of calculations of precipitation fade statistics. These precipitation fades are representative of other geographic locations. 

*	Latitude is evaluated as a single value representing the absolute value of the latitude







Table 2

Parameters of generic GSO reference links to be used in examination of the uplink (Earth-to-space) impact
from any one non-GSO system

		1

		Generic GSO reference link parameters - service

		

		

		

		

		



		 

		Link type

		Link #1

		Link #2

		Link #3

		Gateway

		



		1.1

		ES e.i.r.p. density (dBW/MHz)

		49

		49

		49

		60

		eirp



		1.2

		Bandwidth (MHz)

		1

		1

		1

		1

		BMHz



		1.3

		Half-power beamwidth (deg)

		0.2

		0.3

		1.5

		0.3

		



		1.4

		ITU‑R S.672 sidelobe level (dB)

		−25

		−25

		−25

		−25

		



		1.5

		Satellite antenna peak gain (dBi)

		58.5

		54.9

		38.5

		54.9

		Gmax



		1.6

		Additional link losses (dB)

This field includes non-precipitation impairments 

		4.5

		4.5

		4.5

		4.5

		Lo



		1.7

		Additional noise contribution including margin for inter-system interference (dB)

		2

		2

		2

		2

		M0inter



		1.8

		Additional noise contribution including margin for intra-system interference (dB) and non-time varying sources

		1

		1

		1

		1

		M0intra







		2

		Generic GSO reference link parameters - parametric analysis

		Parametric cases for evaluation

		



		2.1

		E.i.r.p. density variation

		−6, 0, +6 dB from value in 1.1

		eirp



		2.2

		Elevation angle (deg)

		20

		55

		90

		ε



		2.3

		Rain height (m) for specified latitude in item 2.4

		5 000

		3 950

		1 650

		5 000

		3 950

		5 000

		hrain



		2.4

		Latitude* (deg. N)

		0

		± 30

		± 61.8

		0

		± 30

		0

		Lat



		2.5

		0.01% rain rate (mm/hr)

		10, 50, 100

		R0.01



		2.6

		Height of ES above mean sea level (m)

		0, 500, 1 000

		hES



		2.7

		Satellite noise temperature (K)

		500, 1 600

		T



		2.8

		Threshold C/N (dB)

		−2.5, 2.5, 5, 10

		





		2.9

		Probability of non-zero rain attenuation

		10

		pmax  (%)



		NOTE – For items 2.2, 2.3 and 2.4, these three groups of data are be considered as unique sets of data to be used in the larger, overall set of total possible permutations. For example, 20 degrees of elevation angle will consider three different latitudes of 0, 30 and 61.8 degrees while 90 degrees of elevation will only consider a latitude of 0 degrees and one possible rain height 5 km. The above parameters are chosen as representative propagation parameters for purposes of calculations of precipitation fade statistics. These precipitation fades are representative of other geographic locations. 

*	Latitude is evaluated as a single value representing the absolute value of the latitude 





ANNEX 2 TO RESOLUTION 770 (WRC‑19)

Description of parameters and procedures for the evaluation of interference from any one non-GSO system into a global set of generic GSO reference links

This Annex provides an overview of the process to validate compliance with the single-entry permissible interference of a non-GSO system into GSO networks using the generic GSO reference link parameters in Annex 1 and the interference impact using the latest version of Recommendation ITU‑R S.1503. The procedure to determine compliance with the single-entry permissible interference relies on the following principles.

Principle 1: The two time-varying sources of link performance degradation considered in the verification are link fading (from rain) using the characteristics of the generic GSO reference link and interference from a non-GSO system. The total C/N in the reference bandwidth for a given carrier is:



			(1)

where:

	C:	wanted signal power (W) in the reference bandwidth, which varies as a function of fades and also as a function of transmission configuration

	NT:	total system noise power (W) in the reference bandwidth

	I:	time-varying interference power (W) in the reference bandwidth generated by other networks.

Principle 2: The calculation of spectral efficiency is focused on satellite systems utilizing adaptive coding and modulation (ACM) by calculating the throughput degradation as a function of C/N, which varies depending on the propagation and interference impacts on the satellite link over the long term.

Principle 3: During a fading event in the downlink direction the interfering carrier is attenuated by the same amount as the wanted carrier. This principle results in slight underestimation of the impact of the downlink interference.

Implementation of verification algorithm

The generic GSO reference link parameters described in Annex 1 should be used as described in the following algorithm to determine if a non-GSO FSS network is compliant with No. 22.5L.

Within the parametric analysis there are a range of values for each of the following parameters in Section 2 of Tables 1 and 2:

−	e.i.r.p. density variation

−	elevation angle (degree)

−	rain height (m)

−	latitude (degree)

−	0.01% rain rate (mm/hr)

−	height of ES (m)

−	ES noise temperature (K) or satellite noise temperature (K), as appropriate.

A set of generic GSO reference links should be created using one per service case identified in Section 1 of Tables 1 and 2 and one value from each of the parametric analysis parameters in Section 2 of Tables 1 and 2. Then, with this set of generic GSO reference links, the following process should be undertaken:

Determine the frequency that should be used in the analysis, fGHz, by applying the methodology in Recommendation ITU‑R S.1503 to the non-GSO system filed frequencies and the frequency bands for which No. 22.5L applies

For each of the generic GSO reference links

{

Step 0: Determine if this generic GSO reference link is valid and select the appropriate threshold

If the generic GSO reference link is valid, then

{

	Step 1: Derive the probability density function (PDF) of the rain fade to use in the convolution

	Step 2: Recommendation ITU‑R S.1503 should be used to derive the PDF of the EPFD from the non-GSO FSS system

	Step 3: Perform a modified convolution (space-to-Earth) or convolution (Earth-to-space) with the PDF of the rain fade and the PDF of the EPFD. This convolution yields a PDF of C/N and C/(N+I)

	Step 4: Use the C/N and C/(N+I) PDFs to determine compliance with No. 22.5L

}

}

If the non-GSO system under examination is found to comply with No. 22.5L with respect to all generic GSO reference links, then the result of the evaluation is pass otherwise it is an unfavourable finding.

Each of these steps are described further in Appendices 1 and 2 to this Annex for the space-to-Earth and Earth-to-space procedures, respectively.

Appendix 1 TO Annex 2 to RESOLUTION 770 (WRC‑19)

Algorithm steps to be applied in the space-to-Earth direction to determine compliance with No. 22.5L

By applying the following steps, the single-entry interference impact from a non-GSO system on the availability and spectral efficiency of a generic GSO reference link is determined. The generic GSO reference link parameters of Annex 1 to this Resolution are used, considering all possible parametric permutations, in conjunction with the worst-case geometry (“WCG”) epfd output of the latest version of Recommendation ITU‑R S.1503. The output of Recommendation ITU‑R S.1503 is a set of interference statistics that a non-GSO system creates. These interference statistics are then used to determine the effect of the interference into each generic GSO reference link. 

Step 0: Verification of the generic GSO reference link and selection of C/N threshold



The following steps should be used to determine if the generic GSO reference link is valid and if so, which of the thresholds  should be used. It is assumed that Rs = 6 378.137 km, Rgeo = 42 164 km and kdB = −228.6 dB(J/K). Note that the term “cumulative distribution function” is meant to include the concept of the complementary cumulative distribution function depending upon context.

1)	Calculate the peak gain of the ES in dBi using:

	for 20 ≤ D/λ ≤ 100



		Gmax    20 log   7.7           dBi

	for D/λ > 100



		Gmax  =  20 log  + 8.4           dBi

2)	Calculate the slant distance in km using: 



		

3)	Calculate the free-space path loss in dB using:

		Lfs = 92.45 + 20log(fGHz) + 20log(dkm)

4)	Calculate the wanted signal power in the reference bandwidth in dBW accounting for additional link losses:

		C = eirp + eirp − Lfs + Gmax − Lo

5)	Calculate the total noise power in the reference bandwidth in dBW/MHz using:

		NT = 10log(T ∙ BMHz ∙ 106) + kdB + Mointra + Mointer 

6)	For each threshold (C/N)Thr,i, derive the margin available for precipitation for that case in dB:



		

7)	If for each threshold (C/N)Thr,i the margin Arain,i  Amin, then this generic GSO reference link is not valid.

8)	For each of the thresholds (C/N)Thr,i for which Arain,i > Amin, undertake step 9: 

9)	Using the precipitation model in Recommendation ITU‑R P.618 together with the selected rain rate, ES height, rain height, ES latitude, elevation angle, frequency, calculated rain fade margin and an assumed polarization of vertical, calculate the associated percentage of time, prain,i.

10)	If for each threshold (C/N)Thr,i the associated percentage of time is not within the range:



		

	then this generic GSO reference link is not valid.

11)	If at least one threshold meets the criteria in steps 7 and 10, then the lowest threshold, (C/N)Thr that meets these criteria is used in the analysis.

NOTE – Amin is 3 dB.

Step 1: Generation of precipitation fade PDF

The precipitation fade PDF should be generated using Recommendation ITU‑R P.618 from the selected rain rate, ES height, ES latitude, rain height, elevation angle, frequency and an assumed polarization of vertical as follows: 

1)	Calculate the maximum fade depth Amax using p = 0.001%

2)	Create a set of 0.1 dB bins of precipitation fade Arain between 0 dB and Amax 

3)	For each of the bins, determine the associate probability p to create a cumulative distribution function (CDF) of Arain

4)	For each of the bins, convert this CDF into a PDF of Arain

When using Recommendation ITU‑R P.618, the precipitation attenuation should be 0 dB for time percentages above pmax where pmax is the minimum value of a) 10% and b) the probability of rain attenuation on a slant path calculated from § 2.2.1.2. of Recommendation ITU‑R P.618‑13. 

A bin size of 0.1 dB should be used to ensure consistency with the output from Recommendation ITU‑R S.1503. Each bin of the CDF contains the probability that the precipitation fade is at least Arain dB. Each bin of the PDF contains the probability that the precipitation fade is between Arain and Arain + 0.1 dB. During implementation, the array of bins can be capped at the minimum of Amax and the fade for which the resulting C/N would lead to the link being unavailable or have zero through-put. 

Step 2: Generation of epfd PDF

Recommendation ITU‑R S.1503 should be used to determine the epfd CDF from the non-GSO FSS parameters and the frequency, dish size and ES gain pattern. The epfd CDF will be calculated at the worst-case geometry from Recommendation ITU‑R S.1503.

The epfd CDF should then be converted into a PDF. 

Step 3: Creation of C/N and C/(N+I) CDFs by modified convolution of precipitation fade PDF with epfd PDF

For the selected generic GSO reference link, the C/N and C/(N+I) PDFs should be generated using the following steps to undertake the modified discrete convolution:

	Initialize the C/N and C/(N+I) distributions with bin size of 0.1 dB

	Calculate the effective area of an isotropic antenna at wavelength  using:



		

	Calculate the wanted signal power accounting for additional link losses and gain at edge of coverage:

		C = eirp + eirp − Lfs + Gmax − Lo

	Calculate the system noise power using:

		NT = 10log(T ∙ BMHz ∙ 106) +kdB + Mointra

	For each value Arain in the precipitation fade PDF

{

	Calculate the faded wanted signal power using:

		Cf = C − Arain

	Calculate the C/N using:



		

	Update the C/N distribution with this C/N and the probability associated with this Arain

	For each value EPFD in the EPFD PDF

	{

	Calculate the interference from the EPFD taking into account the precipitation fading using:



		

	Calculate the noise plus interference using:



		

	Calculate the C/(N+I) using:



		

	Identify the relevant C/(N+I) bin for this C/(N+I) value

	Increment this bin’s probability with the product of the probabilities of this precipitation fade and EPFD

	}

}

Step 4: Use of C/N and C/(N+I) distributions with the criteria in No. 22.5L

The C/N and C/(N+I) distributions should then be used to check against the availability and spectral efficiency criteria in No. 22.5L as follows:

Step 4A: Check on unavailability increase



Using the selected threshold for the generic GSO reference link, determine the following:



		UR = Sum of the probabilities from all bins for which C/N <  



		URI = Sum of the probabilities from all bins for which C/(N+I) < 

Then the condition to be verified for compliance is:

		URI ≤ 1.03 × UR

Step 4B: Check on the time-weighted average spectral efficiency decrease

Determine the long-term time-weighted average spectral efficiency, SER, assuming precipitation only by:

		Set SER = 0



		For all bins in the C/N PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131-0 should be used to convert the C/N to a spectral efficiency

Increment SER by the spectral efficiency multiplied by the probability associated with this C/N

	}

Determine the long-term time-weighted average spectral efficiency, SERI, assuming precipitation and interference by:

		Set SERI = 0



		For all bins in the C/(N+I) PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131-0 should be used to convert the C/(N+I) to a spectral efficiency

Increment SERI by the spectral efficiency multiplied by the probability associated with this C/(N+I)

	}

Then the condition to be verified for compliance is:

		SERI >= SER*(1 – 0.03)

Appendix 2 TO Annex 2 to RESOLUTION 770 (WRC‑19)

Algorithm steps to be applied in the Earth-to-space direction to determine compliance with No. 22.5L

By applying the following steps, the single-entry interference impact from a non-GSO system on the availability and spectral efficiency of a generic GSO reference link is determined. The generic GSO reference link parameters of Annex 1 to this Resolution are used, considering all possible parametric permutations, in conjunction with the worst-case geometry (“WCG”) epfd output of the latest version of Recommendation ITU‑R S.1503. The output of Recommendation ITU‑R S.1503 is a set of interference statistics that a non-GSO system creates. These interference statistics are then used to determine the effect of the interference into each generic GSO reference link. 

Step 0: Verification of the generic GSO reference link and selection of C/N threshold



The following steps should be used to determine if the generic GSO reference link is valid and if so, which of the thresholds  should be used. It is assumed that Rs = 6 378.137 km, Rgeo = 42 164 km and kdB = −228.6 dB(J/K). Note that the term cumulative distribution function is meant to include the concept of the complementary cumulative distribution function depending upon context.

1)	Calculate the slant distance in km using: 





		

2)	Calculate the free-space path loss in dB using:

		Lfs = 92.45 + 20log (fGHz) + 20log(dkm)

3)	Calculate the wanted signal power in the reference bandwidth in dBW accounting for additional link losses and gain at edge of coverage:

		C = eirp + eirp − Lfs + Gmax − Lo + Grel

4)	Calculate the total noise power in the reference bandwidth in dBW/MHz using:

		NT = 10log(T · BMHz · 106) +kdB + Mointra +Mointer 

5)	For each threshold (C/N)Thr,i, derive the precipitation margin for that case in dB:



		

6)	If for each threshold (C/N)Thr,i the margin Arain,i  Amin, then this generic GSO reference link is not valid.

7)	For each of the thresholds (C/N)Thr,i for which Arain,i > Amin, undertake step 8: 

8)	Using the precipitation model in Recommendation ITU‑R P.618 together with the selected rain rate, ES height, rain height, ES latitude, elevation angle, frequency, calculated precipitation fade margin and an assumed polarization of vertical, calculate the associated percentage of time, prain,i.

9)	If for each threshold (C/N)Thr,i the associated percentage of time is not within the range:





	then this generic GSO reference link is not valid.

10)	If at least one threshold meets the criteria in steps 6 and 9, then the lowest threshold, (C/N)Thr that meets these criteria should be used in the analysis.

NOTE – Amin is 3 dB and the gain relative to peak towards the ES, Grel = −3 dB.

Step 1: Generation of precipitation fade PDF

The precipitation fade PDF should be generated using Recommendation ITU‑R P.618 from the selected rain rate, ES height, ES latitude, rain height, elevation angle, frequency and an assumed polarization of vertical as follows:

1)	Calculate the maximum fade depth Amax using p = 0.001%

2)	Create a set of 0.1 dB bins between 0 dB and Amax 

3)	For each of the bins, determine the associate probability p to create a cumulative distribution function (CDF) of Arain

4)	For each of the bins, convert this CDF into a PDF of Arain

When using Recommendation ITU‑R P.618, the precipitation attenuation should be 0 dB for time percentages above pmax where pmax is the minimum value of a) 10% and b) the probability of rain attenuation on a slant path calculated from § 2.2.1.2. of Recommendation ITU-R P.618-13. 

A bin size of 0.1 dB should be used to ensure consistency with the output from Recommendation ITU‑R S.1503. Each bin of the CDF contains the probability that the precipitation fade is at least Arain dB. Each bin of the PDF contains the probability that the precipitation fade is between Arain and Arain + 0.1 dB. During implementation, the array of bins can be capped at the minimum of Amax and the fade for which the resulting C/N would lead to the link being unavailable or have zero through-put. 

Step 2: Generation of epfd PDF

Recommendation ITU‑R S.1503 should be used to determine the epfd CDF from the non-GSO FSS parameters and the frequency, dish size and ES gain pattern. The epfd CDF will be calculated at the worst-case geometry from Recommendation ITU‑R S.1503.

The epfd CDF should then be converted into a PDF. 

Step 3: Creation of C/N and C/(N+I) CDFs by convolution of precipitation fade PDF with epfd PDF

For the selected generic GSO reference link, the C/N and C/(N+I) PDFs should be generated using the following steps to undertake the discrete convolution:

	Initialize the C/N and C/(N+I) distributions with bin size of 0.1 dB

	Calculate the effective area of an isotropic antenna at wavelength  using:



		

	Calculate the wanted signal power accounting for additional link losses and gain at edge of coverage:

		C = eirp + eirp − Lfs + Gmax − Lo+ Grel

	Calculate the system noise power using:

		NT = 10log(T ∙ BMHz ∙ 106) + kdB + Mointra

	For each value Arain in the precipitation fade PDF

{

	Calculate the faded wanted signal power using:

		Cf = C − Arain

	Calculate the C/N using:



		

	Update the C/N distribution with this C/N and the probability associated with this Arain

	For each value EPFD in the EPFD PDF

	{

	Calculate the interference from the EPFD:



		

	Calculate the noise plus interference using:



		

	Calculate the C/(N+I) using:



		

		Identify the relevant C/(N+I) bin for this C/(N+I) value

Increment this bin’s probability with the product of the probabilities of this precipitation fade and EPFD

	}

}

Step 4: Use of C/N and C/(N+I) distributions with the criteria in No. 22.5L

The C/N and C/(N+I) distributions should then be used to check against the availability and spectral efficiency criteria in No. 22.5L as follows:

Step 4A: Check on unavailability increase



Using the selected threshold for the generic GSO reference link, determine the following:



	UR 	= Sum of the probabilities from all bins for which C/N < 



	URI 	= Sum of the probabilities from all bins for which C/(N+I) < 

Then the conditions to be verified for compliance are:

		URI ≤ 1.03 × UR

Step 4B: Check on the time-weighted average spectral efficiency decrease

Determine the long-term time-weighted average spectral efficiency, SER, assuming precipitation only by:

		Set SER = 0



		For all bins in the C/N PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131-0 should be used to convert the C/N to a spectral efficiency

Increment SER by the spectral efficiency multiplied by the probability associated with this C/N

	}

Determine the long-term time-weighted average spectral efficiency, SERI, assuming precipitation and interference by:

		Set SERI = 0



		For all bins in the C/(N+I) PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131-0 should be used to convert the C/(N+I) to a spectral efficiency

Increment SERI by the spectral efficiency multiplied by the probability associated with this C/(N+I)

	}

Then the conditions to be verified for compliance are:

		SERI ≥ SER*(1 − 0.03)

Reasons:	

Thailand supports modifications to Resolution 770 (WRC-19) in order to eliminate difficulties applying this Resolution as indicated in Method G3 in the CPM Report.
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7	to consider possible changes, and other options, in response to Resolution 86 (Rev. Marrakesh, 2002) of the Plenipotentiary Conference, an advance publication, coordination, notification and recording procedures for frequency assignments pertaining to satellite networks, in accordance with Resolution 86 (Rev.WRC-07), in order to facilitate rational, efficient and economical use of radio frequencies and any associated orbits, including the geostationary-satellite orbit;



[bookmark: _Hlk50049151]7(G)     Topic G – Revisions to Resolution 770 (WRC-19) to allow its implementation

	



[bookmark: _Toc454787492]


For Method G2

MOD

[bookmark: _GoBack]RESOLUTION 770 (REV.WRC-1923)

Application of Article 22 of the Radio Regulations to the protection of geostationary fixed-satellite service and broadcasting-satellite service networks from non-geostationary fixed-satellite service systems in the frequency bands 37.5-39.5 GHz, 39.5‑42.5 GHz, 47.2-50.2 GHz and 50.4-51.4 GHz 

The World Radiocommunication Conference (Sharm el-Sheikh, 2019Dubai, 2023),

…

resolves

…

6	that resolves 3, 4 and 5 shall no longer be applied after BR has communicated to all administrations via a circular letter that validation software is available and BR is able to verify compliance with the limits in No. 22.5L,;

7	that administrations responsible for those non-GSO systems having submitted coordination requests and/or notification information under the applicable provisions of Article 9 or Article 11 of the Radio Regulations, as appropriate, prior to 15 December 2023, shall be given the possibility to resubmit the information used to derive the probability density function of the epfd computed as per Annex 2 to this Resolution,

…

instructs the Director of the Radiocommunication Bureau

1	to review, once the validation software as described in resolves 3 is available, BR’s findings made in accordance with Nos. 9.35 and 11.31.;

2	to take all necessary measures to facilitate the implementation of this Resolution, in particular its resolves 7. 

[bookmark: _Toc119922814]ANNEX 1 TO RESOLUTION 770 (REV.WRC‑1923)

Generic GSO reference links for evaluation of compliance with single-entry requirements for non-GSO systems 

…

TABLE 1

Parameters of generic GSO reference links to be used in examination of the downlink (space-to-Earth) impact
from any one non-GSO system

		1

		Generic GSO reference link parameters - service

		

		

		

		

		Parameters



		

		Link type

		User #1

		User #2

		User #3

		Gateway

		



		1.1

		E.i.r.p. density (dBW/MHz)

		44

		44

		40

		36

		eirp



		1.2

		Equivalent antenna diameter (m)

		0.45

		0.6

		2

		9

		Dm



		1.3

		Bandwidth (MHz)

		1

		1

		1

		1

		BMHz



		1.4

		ES antenna gain pattern

		S.1428

		S.1428

		S.1428

		S.1428

		



		1.5

		Additional link losses (dB)

This field includes non-precipitation impairments

		3

		3

		3

		3

		Lo



		1.6

		Additional noise contribution including margin for inter-system interference (dB)

		2

		2

		2

		2

		M0inter



		1.7

		Additional noise contribution including margin for intra-system interference (dB) and non-time varying sources

		1

		1

		1

		1

		M0intra







		2

		Generic GSO reference link parameters - parametric analysis

		Parametric cases for evaluation

		



		2.1

		E.i.r.p. density variation

		−3, 0, +3 dB from value in 1.1

		eirp



		2.2

		Elevation angle (deg)

		20

		55

		90

		ε



		2.3

		Rain height (m) for specified latitude in item 2.4 

		5 000

		3 950

		1 650

		5 000

		3 950

		5 000

		hrain



		2.4

		Latitude* (deg. N)

		0

		± 30

		± 61.8

		0

		± 30

		0

		Lat



		2.5

		ES noise temperature (K) 

		340

		T



		2.6

		0.01% rain rate (mm/hr)

		10, 50, 100

		R0.01



		2.7

		Height of ES above mean sea level (m)

		0, 500, 1 000

		hES



		2.8

		Threshold C/N (dB)

		−2.5, 2.5, 5, 10

		





		[bookmark: _Hlk99960102]2.9

		Probability of non-zero rain attenuation

		10

		pmax  (%)



		NOTE – For items 2.2, 2.3 and 2.4, these three groups of data are be considered as unique sets of data to be used in the larger, overall set of total possible permutations. For example, 20 degrees of elevation angle will consider three different latitudes of 0, 30 and 61.8 degrees while 90 degrees of elevation will only consider a latitude of 0 degrees and one possible rain height 5 km. The above parameters are chosen as representative propagation parameters for purposes of calculations of precipitation fade statistics. These precipitation fades are representative of other geographic locations. 

*	Latitude is evaluated as a single value representing the absolute value of the latitude





TABLE 2

Parameters of generic GSO reference links to be used in examination of the uplink (Earth-to-space) impact
from any one non-GSO system

		1

		Generic GSO reference link parameters - service

		

		

		

		

		



		 

		Link type

		Link #1

		Link #2

		Link #3

		Gateway

		



		1.1

		ES e.i.r.p. density (dBW/MHz)

		49

		49

		49

		60

		eirp



		1.2

		Bandwidth (MHz)

		1

		1

		1

		1

		BMHz



		1.3

		Half-power beamwidth (deg)

		0.2

		0.3

		1.5

		0.3

		



		1.4

		ITU‑R S.672 sidelobe level (dB)

		−25

		−25

		−25

		−25

		



		1.5

		Satellite antenna peak gain (dBi)

		58.5

		54.9

		38.5

		54.9

		Gmax



		1.6

		Additional link losses (dB)

This field includes non-precipitation impairments 

		4.5

		4.5

		4.5

		4.5

		Lo



		1.7

		Additional noise contribution including margin for inter-system interference (dB)

		2

		2

		2

		2

		M0inter



		1.8

		Additional noise contribution including margin for intra-system interference (dB) and non-time varying sources

		1

		1

		1

		1

		M0intra







		2

		Generic GSO reference link parameters - parametric analysis

		Parametric cases for evaluation

		



		2.1

		E.i.r.p. density variation

		−6, 0, +6 dB from value in 1.1

		eirp



		2.2

		Elevation angle (deg)

		20

		55

		90

		ε



		2.3

		Rain height (m) for specified latitude in item 2.4

		5 000

		3 950

		1 650

		5 000

		3 950

		5 000

		hrain



		2.4

		Latitude* (deg. N)

		0

		± 30

		± 61.8

		0

		± 30

		0

		Lat



		2.5

		0.01% rain rate (mm/hr)

		10, 50, 100

		R0.01



		2.6

		Height of ES above mean sea level (m)

		0, 500, 1 000

		hES



		2.7

		Satellite noise temperature (K)

		500, 1 600

		T



		2.8

		Threshold C/N (dB)

		−2.5, 2.5, 5, 10

		





		2.9

		Probability of non-zero rain attenuation

		10

		pmax  (%)



		NOTE – For items 2.2, 2.3 and 2.4, these three groups of data are be considered as unique sets of data to be used in the larger, overall set of total possible permutations. For example, 20 degrees of elevation angle will consider three different latitudes of 0, 30 and 61.8 degrees while 90 degrees of elevation will only consider a latitude of 0 degrees and one possible rain height 5 km. The above parameters are chosen as representative propagation parameters for purposes of calculations of precipitation fade statistics. These precipitation fades are representative of other geographic locations. 

*	Latitude is evaluated as a single value representing the absolute value of the latitude 





[bookmark: _Toc119922815][bookmark: _Toc35789424][bookmark: _Toc35857121][bookmark: _Toc35877756][bookmark: _Toc35963699]ANNEX 2 TO RESOLUTION 770 (REV.WRC‑1923)

Description of parameters and procedures for the evaluation of interference from any one non-GSO system into a global set of generic GSO reference links

…

APPENDIX 1 TO ANNEX 2 TO RESOLUTION 770 (REV.WRC‑1923)

[bookmark: _Toc35789425][bookmark: _Toc35857122][bookmark: _Toc35877757][bookmark: _Toc35963700]Algorithm steps to be applied in the space-to-Earth direction to determine compliance with No. 22.5L

…

Step 0: Verification of the generic GSO reference link and selection of C/N threshold



The following steps should be used to determine if the generic GSO reference link is valid and if so, which of the thresholds  should be used. It is assumed that Rs = 6 378.137 km, Rgeo = 42 164 km, and kdB = −228.6 dB(J/K) and c = 2.99792458  105 km/s. Note that the term “cumulative distribution function” is meant to include the concept of the complementary cumulative distribution function depending upon context.

…

[bookmark: _Hlk23857300]9)	Using the precipitation model in Recommendation ITU‑R P.618 Annex 3 together with the selected rain rate, ES height, rain height, ES latitude, elevation angle, frequency, calculated rain fade margin and an assumed polarization of vertical, calculate the associated percentage of time, prain,i.

10)	If for each threshold (C/N)Thr,i the associated percentage of time is not within the range:





		

…

Step 1: Generation of precipitation fade PDF

The precipitation fade PDF should be generated using Recommendation ITU‑R P.618Annex 3 to this Resolution from the selected rain rate, ES height, ES latitude, rain height, elevation angle, frequency (summarized in Table 2 of Annex 3) and an assumed polarization of vertical as follows: 

1)	Calculate the maximum fade depth Amax Arain(p) using p = pmin0.001%, noting that pmin is provided in Annex 3

2)	Create a set of N bins of 0.1 dB widthbins of precipitation fade Arain between 0 dB and round to 1 digit to the right of the decimal point of (Arainmax(pmin)) + 0.1 dB

3)	For each of the bins, determine the associate probability p to create a cumulative distribution function (CDF) of Arain:



		CDFn = Probability that 	for n < N

		CDFn = 0%	for n = N

	with n = 1, 2, 3, …N. 

4)	For each of the bins, convert this CDF into a PDF of Arain:

		PDFn = CDFn − CDFn+1	for n < N

		PDFn = 0% 	for n = N



	with: 

When using Recommendation ITU‑R P.618, the precipitation attenuation should be 0 dB for time percentages above pmax where pmax is the minimum value of a) 10% and b) the probability of rain attenuation on a slant path calculated from § 2.2.1.2. of Recommendation ITU‑R P.618‑13.

A bin size of 0.1 dB should be used to ensure consistency with the output from Recommendation ITU‑R S.1503. Each bin of the CDF contains the probability that the precipitation fade is at least Arain dB. Each bin of the PDF contains the probability that the precipitation fade is between Arain and Arain + 0.1 dB. During implementation, the array of bins can be capped at the minimum of Amax and the fade for which the resulting C/N would lead to the link being unavailable or have zero through-put. 

…

Step 4: Use of C/N and C/(N+I) distributions with the criteria in No. 22.5L

…

Step 4B: Check on the time-weighted average spectral efficiency decrease

Determine the long-term time-weighted average spectral efficiency, SER, assuming precipitation only by:

		Set SER = 0



		For all bins in the C/N PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131-01 should be used to convert the C/N to a spectral efficiency

Increment SER by the spectral efficiency multiplied by the probability associated with this C/N

	}

Determine the long-term time-weighted average spectral efficiency, SERI, assuming precipitation and interference by:

		Set SERI = 0



		For all bins in the C/(N+I) PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131‑01 should be used to convert the C/(N+I) to a spectral efficiency

Increment SERI by the spectral efficiency multiplied by the probability associated with this C/(N+I)

	}

Then the condition to be verified for compliance is:

		SERI >= SER*(1 – 0.03)

APPENDIX 2 TO ANNEX 2 TO RESOLUTION 770 (REV.WRC‑1923)

[bookmark: _Toc35789426][bookmark: _Toc35857123][bookmark: _Toc35877758][bookmark: _Toc35963701]Algorithm steps to be applied in the Earth-to-space direction to determine compliance with No. 22.5L

…

Step 0: Verification of the generic GSO reference link and selection of C/N threshold



The following steps should be used to determine if the generic GSO reference link is valid and if so, which of the thresholds  should be used. It is assumed that Rs = 6 378.137 km, Rgeo = 42 164 km, and kdB = −228.6 dB(J/K) and c = 2.99792458  105 km/s. Note that the term cumulative distribution function is meant to include the concept of the complementary cumulative distribution function depending upon context.

…

8)	Using the precipitation model in Recommendation ITU‑R P.618 Annex 3 to this Resolution together with the selected rain rate, ES height, rain height, ES latitude, elevation angle, frequency, calculated precipitation fade margin and an assumed polarization of vertical, calculate the associated percentage of time, prain,i.

9)	If for each threshold (C/N)Thr,i the associated percentage of time is not within the range:





	then this generic GSO reference link is not valid.

…

Step 1: Generation of precipitation fade PDF

The precipitation fade PDF should be generated using Recommendation ITU‑R P.618Annex 3 to this Resolution from the selected rain rate, ES height, ES latitude, rain height, elevation angle, frequency and an assumed polarization of vertical as follows: 

1)	Calculate the maximum fade depth Amax Arain(p) using p = pmin 0.001%, noting that pmin is provided in Annex 3

2)	Create a set of N bins of 0.1 dB binswidth of precipitation fade Arain between 0 dB and round to 1 digit to the right of the decimal point of (Amaxrain(pmin)) + 0.1 dB

3)	For each of the bins, determine the associate probability p to create a cumulative distribution function (CDF) of Arain:



		CDFn = Probability that 	for n < N

		CDFn = 0%	for n = N

	with n = 1, 2, 3, …N

4)	For each of the bins, convert this CDF into a PDF of Arain:

		PDFn = CDFn − CDFn+1	for n < N

		PDFn = 0% 	for n = N



	with: 

When using Recommendation ITU‑R P.618, the precipitation attenuation should be 0 dB for time percentages above pmax where pmax is the minimum value of a) 10% and b) the probability of rain attenuation on a slant path calculated from § 2.2.1.2. of Recommendation ITU‑R P.618‑13.

A bin size of 0.1 dB should be used to ensure consistency with the output from Recommendation ITU‑R S.1503. Each bin of the CDF contains the probability that the precipitation fade is at least Arain dB. Each bin of the PDF contains the probability that the precipitation fade is between Arain and Arain + 0.1 dB. During implementation, the array of bins can be capped at the minimum of Amax and the fade for which the resulting C/N would lead to the link being unavailable or have zero through-put. 

…

Step 4: Use of C/N and C/(N+I) distributions with the criteria in No. 22.5L

…

Step 4B: Check on the time-weighted average spectral efficiency decrease

Determine the long-term time-weighted average spectral efficiency, SER, assuming precipitation only by:

		Set SER = 0



		For all bins in the C/N PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131‑01 should be used to convert the C/N to a spectral efficiency

Increment SER by the spectral efficiency multiplied by the probability associated with this C/N

	}

Determine the long-term time-weighted average spectral efficiency, SERI, assuming precipitation and interference by:

		Set SERI = 0



		For all bins in the C/(N+I) PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131‑01 should be used to convert the C/(N+I) to a spectral efficiency

Increment SERI by the spectral efficiency multiplied by the probability associated with this C/(N+I)

	}

Then the conditions to be verified for compliance are:

SERI ≥ SER*(1 − 0.03)

[bookmark: _Toc119922816]ANNEX 3 TO RESOLUTION 770 (REV.WRC‑23)

Calculation of precipitation fade statistics 

The long-term statistics of the precipitation fade to be used are provided by the following equations:

		Arain (pmin)	for	 0% 	≤ p ≤ pmin

		Arain (p)	for	 pmin 	< p ≤ p1 



				p1 	< p ≤ pmax

		0 dB		pmax	< p ≤ 100%

where: 

	pmax	is the probability of rain fade higher than 0 dB (see 2.9 in Tables 1 and 2 in Annex 1 of Resolution 770 (Rev.WRC‑23))

	Arain(p)	is generated using § 2.2.1.1. of Recommendation ITU‑R P.618‑13 

	p1 and pmin 	are provided in Table 1 for the GSO space-to-Earth direction (F = 42 GHz), in Table 2 for the GSO Earth-to-space direction (F = 48 GHz) and the rain index and the associated rain conditions for both space-to-Earth and Earth-to-space directions are in Table 3 below. 

TABLE 1

p1 and pmin to be used for the space-to-Earth direction (downlink) 

		Index

		p1
(%)

		pmin 
(%)

		Index

		p1
(%)

		pmin 
(%)

		Index

		p1
(%)

		pmin 
(%)

		Index

		p1
(%)

		pmin 
(%)



		1

		2.3581

		0.0026

		15

		2.22303

		0.0017

		29

		2.47911

		0.0012

		43

		2.156191

		0.0010



		2

		2.37715

		0.0025

		16

		2.077825

		0.0025

		30

		2.50404

		0.0011

		44

		2.17964

		0.0010



		3

		2.39856

		0.0024

		17

		2.09965

		0.0023

		31

		2.20629

		0.0024

		45

		2.20728

		0.0010



		4

		2.11823

		0.0049

		18

		2.125081

		0.0022

		32

		2.22521

		0.0023

		46

		2.491

		0.0018



		5

		2.136121

		0.0047

		19

		2.5703

		0.0010

		33

		2.24656

		0.0021

		47

		2.51571

		0.0017



		6

		2.156221

		0.0044

		20

		2.63781

		0.0010

		34

		2.10366

		0.0031

		48

		2.54323

		0.0016



		7

		2.01934

		0.0062

		21

		2.765

		0.0010

		35

		2.121864

		0.0029

		49

		2.16559

		0.0043



		8

		2.0368

		0.0060

		22

		2.32372

		0.0010

		36

		2.14242

		0.0028

		50

		2.191301

		0.0041



		9

		2.056404

		0.0057

		23

		2.38707

		0.0010

		37

		2.51255

		0.0010

		51

		2.21998

		0.0038



		10

		2.41044

		0.0010

		24

		2.49144

		0.0010

		38

		2.54424

		0.0010

		52

		2.022331

		0.0062



		11

		2.4347

		0.0010

		25

		2.22289

		0.0010

		39

		2.5807

		0.0010

		53

		2.04828

		0.0058



		12

		2.46293

		0.0010

		26

		2.28419

		0.0010

		40

		2.2583

		0.0010

		54

		2.07725

		0.0054



		13

		2.17425

		0.0019

		27

		2.3852

		0.0010

		41

		2.28273

		0.0010

		

		

		



		14

		2.19677

		0.0018

		28

		2.45877

		0.0012

		42

		2.31152

		0.0010

		

		

		





TABLE 2

p1 and pmin to be used for the Earth-to-space direction (uplink)

		Index

		p1
(%)

		pmin
(%)

		Index

		p1
(%)

		pmin
(%)

		Index

		p1
(%)

		pmin
(%)

		Index

		p1
(%)

		pmin
(%)



		1

		2.3176

		0.0029

		15

		2.1883

		0.0018

		29

		2.4364

		0.0013

		43

		2.1196

		0.0010



		2

		2.3369

		0.0028

		16

		2.0439

		0.0027

		30

		2.4605

		0.0012

		44

		2.1437

		0.0010



		3

		2.3586

		0.0026

		17

		2.0663

		0.0025

		31

		2.1688

		0.0026

		45

		2.1722

		0.0010



		4

		2.0845

		0.0053

		18

		2.0923

		0.0024

		32

		2.1881

		0.0025

		46

		2.4455

		0.0021



		5

		2.1027

		0.0051

		19

		2.5308

		0.0010

		33

		2.2100

		0.0023

		47

		2.4707

		0.0020



		6

		2.1231

		0.0048

		20

		2.5992

		0.0010

		34

		2.0677

		0.0034

		48

		2.4987

		0.0018



		7

		1.9881

		0.0069

		21

		2.7270

		0.0010

		35

		2.0865

		0.0032

		49

		2.1259

		0.0048



		8

		2.0059

		0.0065

		22

		2.2907

		0.0010

		36

		2.1076

		0.0030

		50

		2.1523

		0.0045



		9

		2.0258

		0.0062

		23

		2.3552

		0.0010

		37

		2.4682

		0.0010

		51

		2.1817

		0.0042



		10

		2.3689

		0.0011

		24

		2.4614

		0.0010

		38

		2.5005

		0.0010

		52

		1.9844

		0.0071



		11

		2.3935

		0.0011

		25

		2.1920

		0.0010

		39

		2.5377

		0.0010

		53

		2.0112

		0.0064



		12

		2.4222

		0.0010

		26

		2.2546

		0.0010

		40

		2.2203

		0.0010

		54

		2.0410

		0.0059



		13

		2.1385

		0.0021

		27

		2.3577

		0.0010

		41

		2.2453

		0.0010

		

		

		



		14

		2.1615

		0.0020

		28

		2.4158

		0.0013

		42

		2.2749

		0.0010

		

		

		





TABLE 3

Rain index and corresponding rain conditions

		Rain index

		Ε

		hrain

		Lat

		R0.01

		hES

		Rain index

		ε

		hrain

		Lat

		R0.01

		hES



		1

		20

		5 000

		0

		10

		0

		28

		55

		5 000

		0

		10

		0



		2

		20

		5 000

		0

		10

		500

		29

		55

		5 000

		0

		10

		500



		3

		20

		5 000

		0

		10

		1 000

		30

		55

		5 000

		0

		10

		1 000



		4

		20

		5 000

		0

		50

		0

		31

		55

		5 000

		0

		50

		0



		5

		20

		5 000

		0

		50

		500

		32

		55

		5 000

		0

		50

		500



		6

		20

		5 000

		0

		50

		1 000

		33

		55

		5 000

		0

		50

		1 000



		7

		20

		5 000

		0

		100

		0

		34

		55

		5 000

		0

		100

		0



		8

		20

		5 000

		0

		100

		500

		35

		55

		5 000

		0

		100

		500



		9

		20

		5 000

		0

		100

		1 000

		36

		55

		5 000

		0

		100

		1 000



		10

		20

		3 950

		30

		10

		0

		37

		55

		3 950

		30

		10

		0



		11

		20

		3 950

		30

		10

		500

		38

		55

		3 950

		30

		10

		500



		12

		20

		3 950

		30

		10

		1 000

		39

		55

		3 950

		30

		10

		1 000



		13

		20

		3 950

		30

		50

		0

		40

		55

		3 950

		30

		50

		0



		14

		20

		3 950

		30

		50

		500

		41

		55

		3 950

		30

		50

		500



		15

		20

		3 950

		30

		50

		1 000

		42

		55

		3 950

		30

		50

		1 000



		16

		20

		3 950

		30

		100

		0

		43

		55

		3 950

		30

		100

		0



		17

		20

		3 950

		30

		100

		500

		44

		55

		3 950

		30

		100

		500



		18

		20

		3 950

		30

		100

		1 000

		45

		55

		3 950

		30

		100

		1 000



		19

		20

		1 650

		61.8

		10

		0

		46

		90

		5 000

		0

		10

		0



		20

		20

		1 650

		61.8

		10

		500

		47

		90

		5 000

		0

		10

		500



		21

		20

		1 650

		61.8

		10

		1 000

		48

		90

		5 000

		0

		10

		1 000



		22

		20

		1 650

		61.8

		50

		0

		49

		90

		5 000

		0

		50

		0



		23

		20

		1 650

		61.8

		50

		500

		50

		90

		5 000

		0

		50

		500



		24

		20

		1 650

		61.8

		50

		1 000

		51

		90

		5 000

		0

		50

		1 000



		25

		20

		1 650

		61.8

		100

		0

		52

		90

		5 000

		0

		100

		0



		26

		20

		1 650

		61.8

		100

		500

		53

		90

		5 000

		0

		100

		500



		27

		20

		1 650

		61.8

		100

		1 000

		54

		90

		5 000

		0

		100

		1 000







_____
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		Asia-Pacific Telecommunity Common Proposals



		Proposals for the work of the conference



		



		Agenda item 7(G)





7	to consider possible changes, in response to Resolution 86 (Rev. Marrakesh, 2002) of the Plenipotentiary Conference, on advance publication, coordination, notification and recording procedures for frequency assignments pertaining to satellite networks, in accordance with Resolution 86 (Rev.WRC‑07), in order to facilitate the rational, efficient and economical use of radio frequencies and any associated orbits, including the geostationary-satellite orbit;

7(G) 	Topic G - Revisions to Resolution 770 (WRC-19) to allow its implementation





1.	Introduction 

The APT has considered Agenda Item 7 Topic G and drafted a Preliminary APT Common Proposal to support Method G3 in the CPM Report to address this topic. 





2.	Proposal 




MOD	ASP (APT)/5465A22A9/1#2072

RESOLUTION 770 (rev.WRC-1923)

[bookmark: _Toc35789423][bookmark: _Toc35857120][bookmark: _Toc35877755][bookmark: _Toc35963698][bookmark: _Toc39649622]Application of Article 22 of the Radio Regulations to the protection of geostationary fixed-satellite service and broadcasting-satellite service networks from non-geostationary fixed-satellite service systems in the frequency bands 37.5-39.5 GHz, 39.5‑42.5 GHz, 47.2-50.2 GHz and 50.4-51.4 GHz 

…

resolves

1	that during the examination under Nos. 9.35 and 11.31, as applicable, of a non-GSO FSS satellite system with frequency assignments in the frequency bands 37.5-39.5 GHz (space-to-Earth), 39.5-42.5 GHz (space-to-Earth), 47.2-50.2 GHz (Earth-to-space) and 50.4-51.4 GHz (Earth-to-space), the compliance with No. 22.5L shall be established using the technical characteristics of generic GSO reference links contained in Annex 1 to this Resolution shall be used in conjunction with the methodology in Annex 2 to this Resolution to determine compliance with No. 22.5Land Recommendation ITU‑R S.[QV-METH-REF-LINKS];

…

6	that resolves 3, 4 and 5 shall no longer be applied after BR has communicated to all administrations via a circular letter that validation software is available and BR is able to verify compliance with the limits in No. 22.5L,;

7	that administrations responsible for those non-GSO systems having submitted coordination requests and/or notification information under the applicable provisions of Article 9 or Article 11 of the Radio Regulations, as appropriate, prior to 15 December 2023, shall be given the possibility to resubmit the information used to derive the probability density function of the epfd computed as per Recommendation ITU‑R S.[QV-METH-REF-LINKS],

…

instructs the Director of the Radiocommunication Bureau

1	to review, once the validation software as described in resolves 3 is available, BR’s findings made in accordance with Nos. 9.35 and 11.31.;

2	to take all necessary measures to facilitate the implementation of this Resolution, in particular its resolves 7.

[bookmark: _Toc119922817]ANNEX 1 TO RESOLUTION 770 (rev.WRC-1923)

Generic GSO reference links for evaluation of compliance with single-entry requirements for non-GSO systems 

…

Table 1

Parameters of generic GSO reference links to be used in examination of the downlink (space-to-Earth) impact
from any one non-GSO system

		1

		Generic GSO reference link parameters - service

		

		

		

		

		Parameters



		

		Link type

		User #1

		User #2

		User #3

		Gateway

		



		1.1

		E.i.r.p. density (dBW/MHz)

		44

		44

		40

		36

		eirp



		1.2

		Equivalent antenna diameter (m)

		0.45

		0.6

		2

		9

		Dm



		1.3

		Bandwidth (MHz)

		1

		1

		1

		1

		BMHz



		1.4

		ES antenna gain pattern

		S.1428

		S.1428

		S.1428

		S.1428

		



		1.5

		Additional link losses (dB)

This field includes non-precipitation impairments

		3

		3

		3

		3

		Lo



		1.6

		Additional noise contribution including margin for inter-system interference (dB)

		2

		2

		2

		2

		M0inter



		1.7

		Additional noise contribution including margin for intra-system interference (dB) and non-time varying sources

		1

		1

		1

		1

		M0intra







		2

		Generic GSO reference link parameters - parametric analysis

		Parametric cases for evaluation

		



		2.1

		E.i.r.p. density variation

		−3, 0, +3 dB from value in 1.1

		eirp



		2.2

		Elevation angle (deg)

		20

		55

		90

		ε



		2.3

		Rain height (m) for specified latitude in item 2.4 

		5 000

		3 950

		1 650

		5 000

		3 950

		5 000

		hrain



		2.4

		Latitude* (deg. N)

		0

		± 30

		± 61.8

		0

		± 30

		0

		Lat



		2.5

		ES noise temperature (K) 

		340

		T



		2.6

		0.01% rain rate (mm/hr)

		10, 50, 100

		R0.01



		2.7

		Height of ES above mean sea level (m)

		0, 500, 1 000

		hES



		2.8

		Threshold C/N (dB)

		−2.5, 2.5, 5, 10

		





		2.9

		Probability of non-zero rain attenuation

		10

		pmax  (%)



		NOTE – For items 2.2, 2.3 and 2.4, these three groups of data are be considered as unique sets of data to be used in the larger, overall set of total possible permutations. For example, 20 degrees of elevation angle will consider three different latitudes of 0, 30 and 61.8 degrees while 90 degrees of elevation will only consider a latitude of 0 degrees and one possible rain height 5 km. The above parameters are chosen as representative propagation parameters for purposes of calculations of precipitation fade statistics. These precipitation fades are representative of other geographic locations. 

*	Latitude is evaluated as a single value representing the absolute value of the latitude







Table 2

Parameters of generic GSO reference links to be used in examination of the uplink (Earth-to-space) impact
from any one non-GSO system

		1

		Generic GSO reference link parameters - service

		

		

		

		

		



		 

		Link type

		Link #1

		Link #2

		Link #3

		Gateway

		



		1.1

		ES e.i.r.p. density (dBW/MHz)

		49

		49

		49

		60

		eirp



		1.2

		Bandwidth (MHz)

		1

		1

		1

		1

		BMHz



		1.3

		Half-power beamwidth (deg)

		0.2

		0.3

		1.5

		0.3

		



		1.4

		ITU‑R S.672 sidelobe level (dB)

		−25

		−25

		−25

		−25

		



		1.5

		Satellite antenna peak gain (dBi)

		58.5

		54.9

		38.5

		54.9

		Gmax



		1.6

		Additional link losses (dB)

This field includes non-precipitation impairments 

		4.5

		4.5

		4.5

		4.5

		Lo



		1.7

		Additional noise contribution including margin for inter-system interference (dB)

		2

		2

		2

		2

		M0inter



		1.8

		Additional noise contribution including margin for intra-system interference (dB) and non-time varying sources

		1

		1

		1

		1

		M0intra







		2

		Generic GSO reference link parameters - parametric analysis

		Parametric cases for evaluation

		



		2.1

		E.i.r.p. density variation

		−6, 0, +6 dB from value in 1.1

		eirp



		2.2

		Elevation angle (deg)

		20

		55

		90

		ε



		2.3

		Rain height (m) for specified latitude in item 2.4

		5 000

		3 950

		1 650

		5 000

		3 950

		5 000

		hrain



		2.4

		Latitude* (deg. N)

		0

		± 30

		± 61.8

		0

		± 30

		0

		Lat



		2.5

		0.01% rain rate (mm/hr)

		10, 50, 100

		R0.01



		2.6

		Height of ES above mean sea level (m)

		0, 500, 1 000

		hES



		2.7

		Satellite noise temperature (K)

		500, 1 600

		T



		2.8

		Threshold C/N (dB)

		−2.5, 2.5, 5, 10

		





		2.9

		Probability of non-zero rain attenuation

		10

		pmax  (%)



		NOTE – For items 2.2, 2.3 and 2.4, these three groups of data are be considered as unique sets of data to be used in the larger, overall set of total possible permutations. For example, 20 degrees of elevation angle will consider three different latitudes of 0, 30 and 61.8 degrees while 90 degrees of elevation will only consider a latitude of 0 degrees and one possible rain height 5 km. The above parameters are chosen as representative propagation parameters for purposes of calculations of precipitation fade statistics. These precipitation fades are representative of other geographic locations. 

*	Latitude is evaluated as a single value representing the absolute value of the latitude 



















ANNEX 2 TO RESOLUTION 770 (WRC‑19)

Description of parameters and procedures for the evaluation of interference from any one non-GSO system into a global set of generic GSO reference links

This Annex provides an overview of the process to validate compliance with the single-entry permissible interference of a non-GSO system into GSO networks using the generic GSO reference link parameters in Annex 1 and the interference impact using the latest version of Recommendation ITU‑R S.1503. The procedure to determine compliance with the single-entry permissible interference relies on the following principles.

Principle 1: The two time-varying sources of link performance degradation considered in the verification are link fading (from rain) using the characteristics of the generic GSO reference link and interference from a non-GSO system. The total C/N in the reference bandwidth for a given carrier is:



			(1)

where:

	C:	wanted signal power (W) in the reference bandwidth, which varies as a function of fades and also as a function of transmission configuration

	NT:	total system noise power (W) in the reference bandwidth

	I:	time-varying interference power (W) in the reference bandwidth generated by other networks.

Principle 2: The calculation of spectral efficiency is focused on satellite systems utilizing adaptive coding and modulation (ACM) by calculating the throughput degradation as a function of C/N, which varies depending on the propagation and interference impacts on the satellite link over the long term.

Principle 3: During a fading event in the downlink direction the interfering carrier is attenuated by the same amount as the wanted carrier. This principle results in slight underestimation of the impact of the downlink interference.

Implementation of verification algorithm

The generic GSO reference link parameters described in Annex 1 should be used as described in the following algorithm to determine if a non-GSO FSS network is compliant with No. 22.5L.

Within the parametric analysis there are a range of values for each of the following parameters in Section 2 of Tables 1 and 2:

−	e.i.r.p. density variation

−	elevation angle (degree)

−	rain height (m)

−	latitude (degree)

−	0.01% rain rate (mm/hr)

−	height of ES (m)

−	ES noise temperature (K) or satellite noise temperature (K), as appropriate.

A set of generic GSO reference links should be created using one per service case identified in Section 1 of Tables 1 and 2 and one value from each of the parametric analysis parameters in Section 2 of Tables 1 and 2. Then, with this set of generic GSO reference links, the following process should be undertaken:

Determine the frequency that should be used in the analysis, fGHz, by applying the methodology in Recommendation ITU‑R S.1503 to the non-GSO system filed frequencies and the frequency bands for which No. 22.5L applies

For each of the generic GSO reference links

{

Step 0: Determine if this generic GSO reference link is valid and select the appropriate threshold

If the generic GSO reference link is valid, then

{

	Step 1: Derive the probability density function (PDF) of the rain fade to use in the convolution

	Step 2: Recommendation ITU‑R S.1503 should be used to derive the PDF of the EPFD from the non-GSO FSS system

	Step 3: Perform a modified convolution (space-to-Earth) or convolution (Earth-to-space) with the PDF of the rain fade and the PDF of the EPFD. This convolution yields a PDF of C/N and C/(N+I)

	Step 4: Use the C/N and C/(N+I) PDFs to determine compliance with No. 22.5L

}

}

If the non-GSO system under examination is found to comply with No. 22.5L with respect to all generic GSO reference links, then the result of the evaluation is pass otherwise it is an unfavourable finding.

Each of these steps are described further in Appendices 1 and 2 to this Annex for the space-to-Earth and Earth-to-space procedures, respectively.

Appendix 1 TO Annex 2 to RESOLUTION 770 (WRC‑19)

Algorithm steps to be applied in the space-to-Earth direction to determine compliance with No. 22.5L

By applying the following steps, the single-entry interference impact from a non-GSO system on the availability and spectral efficiency of a generic GSO reference link is determined. The generic GSO reference link parameters of Annex 1 to this Resolution are used, considering all possible parametric permutations, in conjunction with the worst-case geometry (“WCG”) epfd output of the latest version of Recommendation ITU‑R S.1503. The output of Recommendation ITU‑R S.1503 is a set of interference statistics that a non-GSO system creates. These interference statistics are then used to determine the effect of the interference into each generic GSO reference link. 

Step 0: Verification of the generic GSO reference link and selection of C/N threshold



The following steps should be used to determine if the generic GSO reference link is valid and if so, which of the thresholds  should be used. It is assumed that Rs = 6 378.137 km, Rgeo = 42 164 km and kdB = −228.6 dB(J/K). Note that the term “cumulative distribution function” is meant to include the concept of the complementary cumulative distribution function depending upon context.

1)	Calculate the peak gain of the ES in dBi using:

	for 20 ≤ D/λ ≤ 100



		Gmax    20 log   7.7           dBi

	for D/λ > 100



		Gmax  =  20 log  + 8.4           dBi

2)	Calculate the slant distance in km using: 



		

3)	Calculate the free-space path loss in dB using:

		Lfs = 92.45 + 20log(fGHz) + 20log(dkm)

4)	Calculate the wanted signal power in the reference bandwidth in dBW accounting for additional link losses:

		C = eirp + eirp − Lfs + Gmax − Lo

5)	Calculate the total noise power in the reference bandwidth in dBW/MHz using:

		NT = 10log(T ∙ BMHz ∙ 106) + kdB + Mointra + Mointer 

6)	For each threshold (C/N)Thr,i, derive the margin available for precipitation for that case in dB:



		

7)	If for each threshold (C/N)Thr,i the margin Arain,i  Amin, then this generic GSO reference link is not valid.

8)	For each of the thresholds (C/N)Thr,i for which Arain,i > Amin, undertake step 9: 

9)	Using the precipitation model in Recommendation ITU‑R P.618 together with the selected rain rate, ES height, rain height, ES latitude, elevation angle, frequency, calculated rain fade margin and an assumed polarization of vertical, calculate the associated percentage of time, prain,i.

10)	If for each threshold (C/N)Thr,i the associated percentage of time is not within the range:



		

	then this generic GSO reference link is not valid.

11)	If at least one threshold meets the criteria in steps 7 and 10, then the lowest threshold, (C/N)Thr that meets these criteria is used in the analysis.

NOTE – Amin is 3 dB.

Step 1: Generation of precipitation fade PDF

The precipitation fade PDF should be generated using Recommendation ITU‑R P.618 from the selected rain rate, ES height, ES latitude, rain height, elevation angle, frequency and an assumed polarization of vertical as follows: 

1)	Calculate the maximum fade depth Amax using p = 0.001%

2)	Create a set of 0.1 dB bins of precipitation fade Arain between 0 dB and Amax 

3)	For each of the bins, determine the associate probability p to create a cumulative distribution function (CDF) of Arain

4)	For each of the bins, convert this CDF into a PDF of Arain

When using Recommendation ITU‑R P.618, the precipitation attenuation should be 0 dB for time percentages above pmax where pmax is the minimum value of a) 10% and b) the probability of rain attenuation on a slant path calculated from § 2.2.1.2. of Recommendation ITU‑R P.618‑13. 

A bin size of 0.1 dB should be used to ensure consistency with the output from Recommendation ITU‑R S.1503. Each bin of the CDF contains the probability that the precipitation fade is at least Arain dB. Each bin of the PDF contains the probability that the precipitation fade is between Arain and Arain + 0.1 dB. During implementation, the array of bins can be capped at the minimum of Amax and the fade for which the resulting C/N would lead to the link being unavailable or have zero through-put. 

Step 2: Generation of epfd PDF

Recommendation ITU‑R S.1503 should be used to determine the epfd CDF from the non-GSO FSS parameters and the frequency, dish size and ES gain pattern. The epfd CDF will be calculated at the worst-case geometry from Recommendation ITU‑R S.1503.

The epfd CDF should then be converted into a PDF. 

Step 3: Creation of C/N and C/(N+I) CDFs by modified convolution of precipitation fade PDF with epfd PDF

For the selected generic GSO reference link, the C/N and C/(N+I) PDFs should be generated using the following steps to undertake the modified discrete convolution:

	Initialize the C/N and C/(N+I) distributions with bin size of 0.1 dB

	Calculate the effective area of an isotropic antenna at wavelength  using:



		

	Calculate the wanted signal power accounting for additional link losses and gain at edge of coverage:

		C = eirp + eirp − Lfs + Gmax − Lo

	Calculate the system noise power using:

		NT = 10log(T ∙ BMHz ∙ 106) +kdB + Mointra

	For each value Arain in the precipitation fade PDF

{

	Calculate the faded wanted signal power using:

		Cf = C − Arain

	Calculate the C/N using:



		

	Update the C/N distribution with this C/N and the probability associated with this Arain

	For each value EPFD in the EPFD PDF

	{

	Calculate the interference from the EPFD taking into account the precipitation fading using:



		

	Calculate the noise plus interference using:



		

	Calculate the C/(N+I) using:



		

	Identify the relevant C/(N+I) bin for this C/(N+I) value

	Increment this bin’s probability with the product of the probabilities of this precipitation fade and EPFD

	}

}

Step 4: Use of C/N and C/(N+I) distributions with the criteria in No. 22.5L

The C/N and C/(N+I) distributions should then be used to check against the availability and spectral efficiency criteria in No. 22.5L as follows:

Step 4A: Check on unavailability increase



Using the selected threshold for the generic GSO reference link, determine the following:



		UR = Sum of the probabilities from all bins for which C/N <  



		URI = Sum of the probabilities from all bins for which C/(N+I) < 

Then the condition to be verified for compliance is:

		URI ≤ 1.03 × UR

Step 4B: Check on the time-weighted average spectral efficiency decrease

Determine the long-term time-weighted average spectral efficiency, SER, assuming precipitation only by:

		Set SER = 0



		For all bins in the C/N PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131-0 should be used to convert the C/N to a spectral efficiency

Increment SER by the spectral efficiency multiplied by the probability associated with this C/N

	}

Determine the long-term time-weighted average spectral efficiency, SERI, assuming precipitation and interference by:

		Set SERI = 0



		For all bins in the C/(N+I) PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131-0 should be used to convert the C/(N+I) to a spectral efficiency

Increment SERI by the spectral efficiency multiplied by the probability associated with this C/(N+I)

	}

Then the condition to be verified for compliance is:

		SERI >= SER*(1 – 0.03)

Appendix 2 TO Annex 2 to RESOLUTION 770 (WRC‑19)

Algorithm steps to be applied in the Earth-to-space direction to determine compliance with No. 22.5L

By applying the following steps, the single-entry interference impact from a non-GSO system on the availability and spectral efficiency of a generic GSO reference link is determined. The generic GSO reference link parameters of Annex 1 to this Resolution are used, considering all possible parametric permutations, in conjunction with the worst-case geometry (“WCG”) epfd output of the latest version of Recommendation ITU‑R S.1503. The output of Recommendation ITU‑R S.1503 is a set of interference statistics that a non-GSO system creates. These interference statistics are then used to determine the effect of the interference into each generic GSO reference link. 

Step 0: Verification of the generic GSO reference link and selection of C/N threshold



The following steps should be used to determine if the generic GSO reference link is valid and if so, which of the thresholds  should be used. It is assumed that Rs = 6 378.137 km, Rgeo = 42 164 km and kdB = −228.6 dB(J/K). Note that the term cumulative distribution function is meant to include the concept of the complementary cumulative distribution function depending upon context.

1)	Calculate the slant distance in km using: 





		

2)	Calculate the free-space path loss in dB using:

		Lfs = 92.45 + 20log (fGHz) + 20log(dkm)

3)	Calculate the wanted signal power in the reference bandwidth in dBW accounting for additional link losses and gain at edge of coverage:

		C = eirp + eirp − Lfs + Gmax − Lo + Grel

4)	Calculate the total noise power in the reference bandwidth in dBW/MHz using:

		NT = 10log(T · BMHz · 106) +kdB + Mointra +Mointer 

5)	For each threshold (C/N)Thr,i, derive the precipitation margin for that case in dB:



		

6)	If for each threshold (C/N)Thr,i the margin Arain,i  Amin, then this generic GSO reference link is not valid.

7)	For each of the thresholds (C/N)Thr,i for which Arain,i > Amin, undertake step 8: 

8)	Using the precipitation model in Recommendation ITU‑R P.618 together with the selected rain rate, ES height, rain height, ES latitude, elevation angle, frequency, calculated precipitation fade margin and an assumed polarization of vertical, calculate the associated percentage of time, prain,i.

9)	If for each threshold (C/N)Thr,i the associated percentage of time is not within the range:





	then this generic GSO reference link is not valid.

10)	If at least one threshold meets the criteria in steps 6 and 9, then the lowest threshold, (C/N)Thr that meets these criteria should be used in the analysis.

NOTE – Amin is 3 dB and the gain relative to peak towards the ES, Grel = −3 dB.

Step 1: Generation of precipitation fade PDF

The precipitation fade PDF should be generated using Recommendation ITU‑R P.618 from the selected rain rate, ES height, ES latitude, rain height, elevation angle, frequency and an assumed polarization of vertical as follows:

1)	Calculate the maximum fade depth Amax using p = 0.001%

2)	Create a set of 0.1 dB bins between 0 dB and Amax 

3)	For each of the bins, determine the associate probability p to create a cumulative distribution function (CDF) of Arain

4)	For each of the bins, convert this CDF into a PDF of Arain

When using Recommendation ITU‑R P.618, the precipitation attenuation should be 0 dB for time percentages above pmax where pmax is the minimum value of a) 10% and b) the probability of rain attenuation on a slant path calculated from § 2.2.1.2. of Recommendation ITU-R P.618-13. 

A bin size of 0.1 dB should be used to ensure consistency with the output from Recommendation ITU‑R S.1503. Each bin of the CDF contains the probability that the precipitation fade is at least Arain dB. Each bin of the PDF contains the probability that the precipitation fade is between Arain and Arain + 0.1 dB. During implementation, the array of bins can be capped at the minimum of Amax and the fade for which the resulting C/N would lead to the link being unavailable or have zero through-put. 

Step 2: Generation of epfd PDF

Recommendation ITU‑R S.1503 should be used to determine the epfd CDF from the non-GSO FSS parameters and the frequency, dish size and ES gain pattern. The epfd CDF will be calculated at the worst-case geometry from Recommendation ITU‑R S.1503.

The epfd CDF should then be converted into a PDF. 

Step 3: Creation of C/N and C/(N+I) CDFs by convolution of precipitation fade PDF with epfd PDF

For the selected generic GSO reference link, the C/N and C/(N+I) PDFs should be generated using the following steps to undertake the discrete convolution:

	Initialize the C/N and C/(N+I) distributions with bin size of 0.1 dB

	Calculate the effective area of an isotropic antenna at wavelength  using:



		

	Calculate the wanted signal power accounting for additional link losses and gain at edge of coverage:

		C = eirp + eirp − Lfs + Gmax − Lo+ Grel

	Calculate the system noise power using:

		NT = 10log(T ∙ BMHz ∙ 106) + kdB + Mointra

	For each value Arain in the precipitation fade PDF

{

	Calculate the faded wanted signal power using:

		Cf = C − Arain

	Calculate the C/N using:



		

	Update the C/N distribution with this C/N and the probability associated with this Arain

	For each value EPFD in the EPFD PDF

	{

	Calculate the interference from the EPFD:



		

	Calculate the noise plus interference using:



		

	Calculate the C/(N+I) using:



		

		Identify the relevant C/(N+I) bin for this C/(N+I) value

Increment this bin’s probability with the product of the probabilities of this precipitation fade and EPFD

	}

}

Step 4: Use of C/N and C/(N+I) distributions with the criteria in No. 22.5L

The C/N and C/(N+I) distributions should then be used to check against the availability and spectral efficiency criteria in No. 22.5L as follows:

Step 4A: Check on unavailability increase



Using the selected threshold for the generic GSO reference link, determine the following:



	UR 	= Sum of the probabilities from all bins for which C/N < 



	URI 	= Sum of the probabilities from all bins for which C/(N+I) < 

Then the conditions to be verified for compliance are:

		URI ≤ 1.03 × UR

Step 4B: Check on the time-weighted average spectral efficiency decrease

Determine the long-term time-weighted average spectral efficiency, SER, assuming precipitation only by:

		Set SER = 0



		For all bins in the C/N PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131-0 should be used to convert the C/N to a spectral efficiency

Increment SER by the spectral efficiency multiplied by the probability associated with this C/N

	}

Determine the long-term time-weighted average spectral efficiency, SERI, assuming precipitation and interference by:

		Set SERI = 0



		For all bins in the C/(N+I) PDF above the threshold 

	{

Equation 3 of Recommendation ITU‑R S.2131-0 should be used to convert the C/(N+I) to a spectral efficiency

Increment SERI by the spectral efficiency multiplied by the probability associated with this C/(N+I)

	}



Then the conditions to be verified for compliance are:

		SERI ≥ SER*(1 − 0.03)



Reasons:	

APT supports modifications to Resolution 770 (WRC-19) in order to eliminate difficulties applying this Resolution as indicated in Method G3 in the CPM Report.
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