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	SUMMARY

	In the context of preparations for WRC-23 ICAO has a responsibility to report in due time on its progress on RPAS SARPS development. Therefore, it is proposed that ICAO provides to ITU-R the characteristics of the FSS Earth stations and space stations, which it is using in its general C2 Link analyses.  This will give ITU-R an opportunity to provide feedback on the representativeness of these values and provide them the necessary information which they can use in their own analysis.
This paper provides a proposed liaison statement to ITU-R WP5B and ITU-R WP4A on FSS characteristics, being used by ICAO in the development of SARPs and in performing the C2 Link performance analyses, for Unmanned Aircraft Earth Stations when operating using the Fixed Satellite Service under ITU-R Resolution 155 in its attachment for consideration and endorsement by the FSMP-WG.


1. INTRODUCTION

1.1 ITU-R Resolution 155 (Rev. WRC-19) invites the International Civil Aviation Organization to provide to the Director of the Radiocommunication Bureau, in time for WRC-23, information on ICAO efforts regarding implementation of UAS CNPC links, as an application of the Fixed Satellite Service (FSS), known as RPAS C2 Links in ICAO terminology.
1.2 ICAO RPASP has been working for several years to fulfil this invitation by not only developing the required SARPs (for all C2 Links) but also analyzing the performance that can be achieved in general by those C2 Links including those ones supported by FSS Earth stations onboard Unmanned Aircraft operating within the limitations imposed by the various resolves of ITU-R Resolution 155 (Rev. WRC-19) and the more general ITU-R Radio Regulations applying to all FSS networks.
1.3 Since safe aircraft operation is the responsibility of ICAO and safe RPAS operation relies on adequately performing C2 Links it is important to base the ICAO link analysis on realistic characteristics that represent the characteristics that, in this case, FSS networks can provide and are notified for (according to favorable entries in the MIFR
 of ITU-R).
2. DISCUSSION

2.1 Based on its request to ITU-R in April 2106, in early 2019, ITU-R WP5B did provide ICAO in Document 5B/646, Annex 23 - 5B/578 with an extract of the characteristics of all of the, Resolution 155 (WRC-15) complaint, FSS networks that were, at that time, contained in the MIFR (specifically in BR IFIC 2861, 09.01.2018).
2.2 Furthermore, ITU-R WP5B requested the ITU-R Radiocommunication Bureau, for supporting the sharing and compatibility studies under the WRC-23 agenda items 1.7 – 1.10, to extract and summarize the characteristics of the frequency assignments recorded in the MIFR. Document 5B/377, Annex 2 contains the requested information on FSS characteristics for Agenda Item 1.8. 
2.3 That ITU-R data provided ICAO with the range of values for the parameters of the characteristics within which FSS Earth stations and space stations filed and operated at that time, in the frequency bands under consideration, and within which it is anticipated that RPA/UA Earth stations must also operate in accordance with Resolution 155 (WRC-15). 
2.4 During ICAO’s analysis, to achieve the link margins that are anticipated to be required to support safe operation, and to compensate for rain and interference, it was necessary to limit some of the values of the parameters to less than the full spread contained in the ITU-R data.
2.5 Consequently, it is appropriate for ICAO to check with ITU-R that this narrower range of parameter values is still representative of a significant percentage of FSS networks so that the use of the FSS by RPAS will not be limited to only a small percentage of the entire population of FSS networks that do comply with the requirements of Resolution 155 (Rev. WRC-19).
2.6 Additionally, this information should help ITU-R with any analysis they need to perform to fulfil their obligations under Resolution 155.

3. ACTION BY THE MEETING

3.1 The meeting is invited to:

a) note this working paper;
b) review the attached draft liaison statement and revise, as necessary
c) endorse sending the final version of the liaison statement to ITU-R WP5B and WP4A
— END —
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	Radiocommunication Study Groups
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Introduction

ICAO thanks ITU-R WP5B for the information it provided in Document 5B/646, Annex 23 related to the Generic Envelope of Characteristics of Earth Stations communicating with Space Stations in the Fixed Satellite Service which are in compliance with Resolution 155 (WRC-15). 
ICAO has performed a statistical analysis of this data and derived values of the parameters of the characteristics it needs to perform its link analysis. In general, the values of the FSS parameters have been selected being well within the range given by the MIFR based FSS characteristics with margins to the edges with the objective to demonstrate the C2 Link performance with representative FSS values. To achieve the link margins that are anticipated to be required to support safe operation, and to compensate for rain and interference, ICAO found it was necessary to limit some of the values of the parameters to less than the full spread contained in the ITU-R data. Literally thousands of link budgets have been performed by ICAO with varying technical FSS parameter values, under a wide range of operating and environmental conditions, to assess the performance that the FSS can provide UAS CNPC within the limitations imposed by the various resolves of ITU-R Resolution 155 (Rev. WRC-19) and the more general ITU-R Radio Regulations applying to all FSS networks. This approach ensures, as Resolution 155 requires, that the UAS CNPC will and can be operated clearly within the notified and recorded technical parameters of the FSS networks including specific and typical earth stations without causing more interference to, or claim more protection from, other satellite networks and systems in comparison to them. 
In this liaison reply ICAO would like to inform ITU-R WP5B and WP4A of the range of values of the parameters of the characteristics that is has used in its analysis and notes that those values lie within the maximum and minimum values contained in the MIFR (specifically in BR IFIC 2861, 09.01.2018) that was the basis of the information provided by WP5B in Document 5B/646, Annex 23. 
Furthermore, ICAO would also include Document ITU-R 5B/377, Annex 2 in its response as being an update of FSS characteristics done by the Bureau of ITU-R in July 2021 as requested by ITU-R WP5B confirming that the chosen FSS parameter values are still within the FSS envelope.
	Status:
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1 Introduction
Resolution 155 (Rev.WRC-19) resolves, that assignments to stations of geostationary FSS satellite networks operating in the frequency bands 10.95-11.2 GHz (space-to-Earth), 11.45-11.7 GHz (space‑to-Earth), 11.7‑12.2 GHz (space-to-Earth) in Region 2, 12.2-12.5 GHz (space-to-Earth) in Region 3, 12.5‑12.75 GHz (space-to-Earth) in Regions 1 and 3 and 19.7-20.2 GHz (space-to-Earth), and in the frequency bands 14-14.47 GHz (Earth-to-space) and 29.5-30.0 GHz (Earth-to-space), may be used for unmanned aircraft system (UAS) control and non-payload communication (CNPC) Links in non-segregated airspace, provided that the conditions specified in resolves are met.
In the context of reviewing this Resolution at WRC-23 resolves 18 states that the ICAO SARPs have to be considered and resolves 19 requires the completion of technical studies in relation to the implementation of this Resolution. 
In the process of preparation of SARPs ICAO has had to perform C2 Link
 performance analyses under a large variation of different system parameters and operational / environmental conditions. While doing this the aspects of resolves 11, 12, 13 and 14 – inter alia – have to be taken into account. 
These link performance analyses were based on the given FSS parameter ranges contained in the ITU-R Document 5B/646, Annex 23. 

In absence of any replies to previous requests for providing FSS characteristics this working paper summarizes the chosen technical parameter values used for the C2 Link
 performance analyses in comparison with the parameter ranges given in the ITU-R Document 5B/646, Annex 23.
Furthermore, a compliance check of the chosen parameter values against the actual ITU-R Document 5B/377, Annex 2 has been done. 
2 Compilation of UAS CNPC technical parameters from ITU-R 5B/646
This chapter contains the overview of the main technical FSS parameters of the UA
 and UACS
 earth stations as well as the satellites for the identified Ku band frequencies (14 / 11 GHz) and Ka band (30 / 20 GHz) frequencies. Furthermore, the values were compared with the value range given by ITU-R Document 5B/646, Annex 23. It should be noted in this regard, that the identical content is contained in Document 5B/377, Annex 5 from April 2019, but complemented by an extraction of the parameter ranges into 
· Maximum value

· 90% of all values are covered by this threshold

· Average value

· 10% of all values are covered by this threshold

· Minimum value

The classification of the chosen technical parameter values is based on these extracted levels. When mentioning individual links (Link 1 to 4), this is based on the architecture given in Resolution 155 (Rev. WRC-19), Annex 1. 
It is important to note that the parameter values below only characterize the considered RF capability of FSS systems including satellite and earth stations. This does not necessarily mean that all the performance values can / will be utilized completely in the link performance calculations. In most of the thousands of calculated link budgets regulatory limitations such as off-axis uplink limitations like Recommendations ITU-R S.738 (Ku band) or S. 524 (Ku band and Ka band), the PFD mask from Resolution 155 (Rev. WRC-19), Annex 2 Example b (Ku band), the downlink PFD limits (ITU-R Article 21) are limiting first and therefore are the driving performance factors. 

Satellite parameters

The performance analyses considered two types of satellite, a rather classical one with regional beam sizes (low gain satellite) and a High Throughput Satellite (HTS) oriented one with narrow beams (high gain satellite). 
1.) Antenna gain

The used satellite antenna gains are based on consideration of the average values (low gain satellite) and 90 percentile values (high gain satellite) of the s_beam gain parameter in ITU-R 5B/578 (RPASP#13-WP/5). It should be noted that – when comparing the values – the ITU documents always contain the center of beam gain. 

	Satellite Antenna gains for Edge of Coverage (EoC)
	Low gain satellites*
	High gain satellites*
	Remarks

	Gmin Ku band
	32.3 (R) / 30.8 (E) dBi
	36.8 (R) / 36 (E) dBi
	EoC is defined as the area with a relative gain of Center of Beam minus 5 dB

	Gmin Ka band
	40.6 (R) / 36.2 (E) dBi
	49 (R)/ 45.6 (E) dBi
	

	Performance range inside the MIFR envelope
	 50%
	 90%
	R15-WP5B-C-0712!N05!MSW-E.docx



* for uplink (R) and downlink (E) each

Table 1: FSS satellite antenna gains

2.) Figure of Merit, G/T

The used satellite antenna G/Ts are based on consideration of the EoC antenna gains and the average grp noise_t parameter in ITU-R 5B/578 (RPASP#13-WP/5).  

G/T = Antenna Gain (dBi) – 10 Log (Noise Temperature).

	Satellite Antenna G/T for EoC
	Low gain satellites
	High gain satellites
	

	G/Tmin Ku band 

(Tavg = 970K)
	2.4 dBK-1
	6.9 dB K-1
	EoC is defined as relative gain of Center of Beam minus 5 dB

	G/Tmin Ka band 

(Tavg = 1111K)
	10.1 dB K-1
	18.5 dB K-1
	

	Performance range of the noise temperature inside the MIFR envelope
	 50%
	 50%
	R15-WP5B-C-0712!N05!MSW-E.docx


Table 2: FSS satellite antenna G/T (Figure of Merit)

3.) Saturated Flux Density (SFD) and transponder gain setting
The used satellite saturated flux-densities (SFDs) ranges are not notified to the ITU-R as not being part of the Appendix 4 information to be provided with satellite network filings. Therefore, they are derived from typical state-of-the-art FSS satellite designs and typical satellite specifications. For the performance verification an SFD level is used well within the given range also compliant to the gain setting described below.  

Note 1 This parameter is needed for calculating link budgets and ensuring that the satellite transponders are working in their linear range. On the other side they do not have a determining impact on the C2 Link performance as the regulatory constraints are the dominating factors.

Note 2 The inclusion of the G/T in the formulas for SFD ensures a generically valid approach and independency on specific satellite payload designs.

	Satellite SFD ranges
	Lower edge of SFD range
	Upper edge of SFD range
	Gain setting ranges
	

	SFD Ku band
	-(95 … 92 + G/T)
	-(70 + G/T)
	22 … 25 dB
	Small range variations do not have significant impact on the C2 Link performance

	SFD Ka band
	-(92 … 87 + G/T)
	-(70 … 60 + G/T)
	22 … 30 dB
	


Table 3: FSS satellite Saturated Flux Densities (SFD)

The transponder attenuator or gain setting is another parameter needed for the link budgets but not contained in the ITU databases. It sets the used SFD level within the given range above. The analyses consider two different attenuator or gain settings representing two different SFDs as listed in Table 4. The setting type “C2 Link adapted” represents satellite transponder optimized for the use by the UA / RPA
. The “FSS nominal” setting represents a typical transponder setting for classical FSS applications which can happen in case of the RPAS backup-switching to another transponder / satellite or in a typical leasing case (minor fraction of the transponder resource used for UAS CNPC).

	Satellite repeater attenuator setting
	Low gain satellites
	High gain satellites
	

	Gain setting Ku band

C2 Link adapted

FSS nominal
	4 dB

10 dB
	8 dB

14 dB
	Compared to typical FSS satellite attenuator settings an adapted C2 Link setting (especially to Link 3) reduces the attenuation, i. e. increases the transponder gain. 

	Gain setting Ka band

C2 Link adapted

FSS nominal
	5 dB

10 dB
	22 dB

25 dB
	


Table 4: FSS satellite transponder attenuator setting

4.) Satellite EIRP
The satellite EIRP needs to be high enough to realize channel gains in combination with the UA / RPA  G/Ts (Link 2) and with UACS / GCS
 G/Ts (Link 4) with link margins. For the performance verification the link budgets have been calculated with typical state-of-the-art satellites, using the above given antenna gains for EoC and the 90 percentile values of the input RF power emiss pep_max parameter in ITU-R 5B/578 (RPASP#13-WP/5) following state of the art satellite transponder HPAs
. In any case, the satellite EIRP is not a driving factor as a C2 Link only consumes a small fraction of it. 
	Satellite EIRP for EoC
	Low gain satellites
	High gain satellites
	

	EIRP Ku band
	48.6 dBW
	53.8 dBW
	EoC is defined for relative gain of Center of Beam minus 5 dB

	EIRP Ka band
	56.7 dBW
	66.1 dBW
	

	emiss_pep_max inside the MIFR envelope
	90%
	90%
	R15-WP5B-C-0712!N05!MSW-E.docx


Table 5: FSS satellite EIRP (Equivalent Isotropic Radiated Power)

Earth station parameters

For both types of earth stations, the UA or RPA and the UACS or GCS, two different sizes have been considered in the performance analyses inside the envelope defined by the ITU-R MIFR. Whereas the size of the UA / RPA antennas is rather in the lower half of the MIFR envelope (driven by the size of the aircraft), the size of the UACS / GCS antennas should be selected out of the upper half of the MIFR envelope to become as large as possible fitting to the specific installation case. In the considered frequency ranges, only directivity antennas can be deployed. 
1.) Antenna diameter and gains

For the performance verification the link budgets have been calculated with antenna sizes and gains of the UACS / GCS based on consideration of the upper half of the given MIFR ranges of the e_as_stn gain and e_as_stn ant_diam parameters in ITU-R 5B/578 (RPASP#13-WP/5) and R15-WP5B-C-0712!N05!MSW-E.docx, respectively.
	UACS / GCS antenna sizes and gains
	UACS / GCS medium
	UACS / GCS large
	Remarks

	Diameter Ku band
	4 m 
	13 m 
	All sizes and diameters are within the FSS range / MIFR

	G(Tx / Rx) Ku band
	53.8 dBi / 51.7 dBi
	63.7 dBi / 61.4 dBi
	APPENDIX K 

	Diameter Ka band
	4.1 m 
	15 m 
	APPENDIX K 

	G(Tx / Rx) Ka band
	60.2 dBi / 56.7 dBi
	71.4 dBi / 68.0 dBi
	APPENDIX K 

	Performance range inside the MIFR envelope
	 50% up to 90%
	 90% up to max. 
	R15-WP5B-C-0712!N05!MSW-E.docx


Table 6: UACS / GCS antenna sizes and gains

For the performance verification the link budgets have been calculated with antenna sizes of the UA / RPA (considering market available products as well) having antenna sizes in the lower half of the given MIFR ranges of the e_as_stn gain and e_as_stn ant_diam, particular between the 10-percentile value and the 30-percentile value (30%) of the e_as_stn ant_diam parameters in ITU-R 5B/578 (RPASP#13-WP/5). 
The gains of the RPA antennas are in the range of the 10 percentile values up to the 50 percentile values (for Ka band) of the e_as_stn gain parameters in ITU-R 5B/578 (RPASP#13-WP/5).

Note 3 It should be noted that the antenna gain efficiency has been very conservatively assumed being only 50% (instead of ≥ 65% provided by available products) for also covering planar antennas with bad gain patterns for large off-axis angles. Consequently, the performance of deployed products is better than assumed here giving additional link margin. 

	UA / RPA terminal antenna sizes and gains
	UA / RPA medium / small
	UA / RPA large
	Remarks

	Diameter Ku band
	0.8 m 
	1.25 m 
	All sizes and diameters are within the FSS range / MIFR

	G(Tx / Rx) Ku band
	38.9 dBi / 37.4 dBi
	42.8 dBi / 40.6 dBi
	APPENDIX K 

	Diameter Ka band
	0.45 m – 0.5m 
	1.0 m 
	APPENDIX K 

	G(Tx / Rx) Ka band
	40.9 – 41.2 dBi / 37.5 – 37.8 dBi
	47.2 dBi / 43.8 dBi
	APPENDIX K 

	e_as_stn ant_diam and e_as_stn gain ranges inside the MIFR envelope
	( 10% range
	( 10% up to 30% 
	R15-WP5B-C-0712!N05!MSW-E.docx


Table 7: UA / RPA antenna sizes and gains

2.) EIRP and G/T
For the performance verification the link budgets have been calculated with EIRP and G/T values for an UACS / GCS based on consideration of the above given antenna gains and the 90 percentiles values of the e_as_stn pwr_max (for EIRP) and the average value of e_as_stn noise_t (for G/T) parameters in ITU-R 5B/578 (RPASP#13-WP/5).

	RPS terminal antenna sizes and gains
	RPS medium
	RPS large
	Remarks

	EIRP Ku band
	72.8 dBW
	82.7 dBW
	All values are well within the FSS range / MIFR

	G/T Ku band
	28.8 dBK-1
	38.5 dBK-1
	APPENDIX K 

	EIRP Ka band
	81.4 dBW
	92.6 dBW
	APPENDIX K 

	G/T Ka band
	32.6 dBK-1
	43.9 dBK-1
	APPENDIX K 

	emiss_pep_max inside the MIFR envelope
	 90%
	( 90%
	R15-WP5B-C-0712!N05!MSW-E.docx

	e_as_stn noise_t inside the MIFR envelope
	50%
	50%
	


Table 8: RPS EIRP and G/T

For the performance verification the link budgets have been calculated with EIRP and G/T for an UA / RPA based on consideration of the above given antenna gains described in 5.2.5 and the average to 90 percentile values of the e_as_stn pwr_max (for EIRP) and average value of the e_as_stn noise_t (for G/T) parameters in ITU-R 5B/578 (RPASP#13-WP/5).

	RPA terminal antenna sizes and gains
	RPA medium / small
	RPA large
	Remarks

	EIRP Ku band
	57.4 dBW
	61.3 dBW
	All values are well within the FSS range / MIFR

	G/T Ku band
	13.4 dBK-1
	17.8 dBK-1
	APPENDIX K 

	EIRP Ka band
	61.1 – 61.4 dBW
	67.4 dBW
	APPENDIX K 

	G/T Ka band
	13.4 – 13.7 dBK-1, see Note 6
	19.7 dBK-1
	APPENDIX K 

	miss_pep_max inside the MIFR envelope
	 90%*
	 90%*
	R15-WP5B-C-0712!N05!MSW-E.docx

	e_as_stn noise_t inside the MIFR envelope
	50%
	50%
	


* In Ku band only fractionally used due to more stringent PFD mask limitation
Table 9: RPA EIRP and G/T

Note 4 The EIRP and G/T values of the Ku band RPA are reduced by 0.5 dB for covering the (potentially existing) Radom loss. Furthermore, a 1.5 dB feeder loss between the HPA and the antenna is taken into account in the link budget calculations. 

Note 5 The EIRP and G/T values of the Ka band RPA are reduced by 1.0 dB for covering the (potentially existing) Radom loss. Furthermore, a 1.5 dB feeder loss between the HPA and the antenna is taken into account in the link budget calculations.

Note 6 The smaller values for the RPA small terminal in Ka band are based on an existing product and the basis for all link performance analyses.

3.) Antenna gain pattern

The MIFR contains a large variation of different antenna gain envelopes. Out of them – also for calculating the smooth pattern curve from the main lobe up to the 180° gain – the pattern according to Appendix 7 and Appendix 8, as applicable respectively, has been considered. 

In addition – to become more realistic for the UA / RPA antenna gain – the envelope function of a circular antenna being modelled by a Bessel function (compare ITU-R WP 5B studies for WRC-15 and WRC-19) in both, the uplink and downlink frequencies have been taken into account in the link budget calculations.

Note 7 Whereas the classical FSS related antenna pattern envelopes defined in the ITU-R documents limits the minimum back-lobe gain in theory to -10 dBi (because it was not needed to specify this in more detail as looking towards the ground behind the terminal), there is a need for modelling the UA / RPA antennas more correctly w. r. t. the antenna gain in the back-lobe direction. When flying and consequently not being protected by the ground from behind, the incoming interference also from the terrestrial stations needs to be aggregated from all directions. The antenna gain envelope of the Bessel function antenna, characterizes the antenna patterns more realistically than the existing antenna gain reference patterns of ITU-R for other typical FSS applications.

Note 8 Note 5.79.— The envelope of a Bessel function antenna gain of the first kind can be approximated by the asymptotic expansion from the half-integer case. With d as the antenna diameter and λ as the wavelength of the frequency, the following formulas can be used: [image: image3.png]84
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Transmission parameters

This group comprises operational link parameters like C/N ratios and spectral power densities (PSD) / EIRP densities. Identical C/N ratios are applied for all link budget calculations as the same MODCOD
 scheme is used. 
1.) C/N or ES/N0
According to typical TM/TC and / or SOTM
 waveforms in the satellite communications power-efficient MODCODs have been selected with required ES/N0 ratios in the range of -4 dB up to 6 dB, the calculations have been performed for an ES/N0 = -1 dB + 1 dB implementation margin = 0 dB for the end-to-end performance. This value corresponds to the 5% percentile of the emiss c_to_n envelope.
2.) Spectral EIRP density (EIRP-SD) 
The EIRP-SD is the combination of antenna gain and the spectral power density (PSD) fed into the antenna. This parameter is not part of the MIFR, hence not contained in document ITU-R 5B/578.

The applied spectral power densities into the earth station antenna follows directly all the uplink constraints (regulatory, earth station capabilities, satellite input backoff, etc.). For all the transmitting earth station this parameter is uniquely determined by directly deriving from:

· Recommendations ITU-R S.524 (Ku / Ka band) and ITU-R S.738 (Ku band), respectively

· PFD mask according to Example b) from Resolution 155 (Rev. WRC-19), Annex 2

· Satellite SFD and gain setting levels to ensure an overall transponder input backoff (IBO) of better than -7 dB as well as a carrier-based input backoff (IBO) compliant to the bandwidth share (PEB
) of the used transponder (with an increase factor of 10 do justice to CNPC criticality)
From all link budgets with positive link margins the PSD range is between -81 dBW/Hz and -42 dBW/Hz (average -58 dBW/Hz) and well within the MIFR envelope for both, emiss pwr_ds_max and emiss pwr_ds_min. 
For the satellite transmission the EIRP-SD 

· either directly follows coordination agreements (e. g. Ka band) by means of EIRP-SDs

· or can directly derived from the general PFD limits according to Article 21 ITU-RR (Ku band). 

Hence, there is no room for increasing the value but only to reduce according to the link budget needs. 
· In Ka band a maximum EIRP-SD of -10 dBW/Hz is assumed as the upper limit as no general ITU limit exist, the minimum EIRP-SD is around -22 dBW/Hz. 

· In Ku band the EIRP-SDs following the PFD limit for the considered UA / UACS elevations span a range of -42 dBW/Hz up to -15 dBW/Hz. 

Conclusions

The selected RF parameter values for the UAS CNPC link performance via FSS networks are well within the ranges given by the ITU-R MIFR, listed, and extrapolated in documents 5B/646, Annex 23 and 5B/578 and also considered market available UA product and FSS satellite RF performance capabilities. 
3 Compliance with the MIFR envelope given in document 5B/377

Whereas Chapter 2 of this Annex considers the history about where the link budget parameter values used in the ICAO analyses came from, this chapter contains the compliance check, whether these values (selected in 2019) are still in the MIFR range with a status of July 2021. This compliance check is based on the Document ITU-R 5B/377 provided by the Bureau of ITU-R and that contains the selected characteristics for the use in sharing and compatibility studies under WRC-23 agenda item 1.8 among others. 
For GSO satellite networks the following FSS parameters have been extracted:
· Antenna gains for satellite and earth stations

· Noise temperature for satellite and earth stations

· G/T of earth stations

· Maximum power density of satellite and earth station emissions

Compliance for the antenna gains listed in Table 1, Table 6 and Table 7 in this Annex in comparison with the value ranges in Document 5B/377:
	Antenna gains
	Low / high gain satellites
	UA earth station / UACS earth stations

	Ku band space to Earth
	around / above Average
	between Min and Average / between Average and Max

	Ku band Earth to space
	around / above Average
	at Min and larger / between Average and Max

	Ka band space to Earth
	within standard deviation (SD) around Average 
	below Average / between Average and Max

	Ka band Earth to space
	within SD around Average 
	below Average / between Average and Max


Table 10: Antenna gain compliance with 5B/377
Compliance for the noise temperatures according to Table 2, Table 8 and Table 9 in comparison with the value ranges set in document 5B/377:
	Noise temperatures
	Satellites
	Earth stations

	Ku band space to Earth
	N/A
	slightly larger than Average

	Ku band Earth to space
	larger than Average (not far)*
	N/A

	Ka band space to Earth
	N/A
	slightly larger than Average

	Ka band Earth to space
	larger than Average (not far)*
	N/A


* larger than Average by roughly factor of 1.5; the Max values are far (unrealistically) larger 

Table 11: Noise temperature compliance with 5B/377
Compliance for the G/T according to Table 2, Table 8 and Table 9 in comparison with the value ranges set in document 5B/377:
	G/T
	Low / high gain satellites
	UA earth station / UACS earth stations

	Ku band space to Earth
	N/A
	Not given (but inherently checked via gain and noise temp.)

	Ku band Earth to space
	around Average
	N/A

	Ka band space to Earth
	N/A
	Not given (but inherently checked via gain and noise temp.)

	Ka band Earth to space
	Average / Average + SD
	N/A


* larger than Average by roughly factor of 1.5; the Max values are far (unrealistically) larger 

Table 12: G/T compliance with 5B/377

The check against the maximum PSD is not easily possible as the document 5B/377 does not give a reference to the corresponding antenna gain (large variation of combinations possible). Therefore, only a general examination can be done:
	Max. PSD
	Used maximum PSD
	UA earth station / UACS earth stations

	Ku band space to Earth
	around Average
	Not given (but clearly dependent on the off-axis limitations being compliant with.)

	Ka band space to Earth
	3 dB smaller than Average
	Not given (but clearly dependent on the off-axis limitations being compliant with.)


* larger than Average by roughly factor of 1.5; the Max values are far (unrealistically) larger 

Table 13: PSD compliance with 5B/377

Conclusions

The RF parameter values for ICAO’s UAS CNPC link performance analyses selected in 2019 based on ITU-R’s Liaison statement containing Document 5B/646, Annex 23 are confirmed as being still well within the FSS MIFR range based on the compliance check with the most recent ITU-R contribution in Document 5B/377. 
� Master International Frequency Register


� ICAO terminology for what ITU-R calls the UAS CNPC link


� Command and Control Link


� Unmanned Aircraft


� Unmanned Aircraft Control Station


� Chairman’s Report Annex 5, ITU-WP5B, 05/2019


� Remotely Piloted Aircraft


� Ground Control Station


� High Power Amplifiers


� Modulation and Coding 


� SATCOM on the move


� Power Equivalent Bandwidth
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