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REPORT


1.	Opening and Working Arrangements

1.1	The electronic/virtual meeting was opened by Mr Loftur Jonasson from the ICAO Secretariat, Montreal and Mr Mike Biggs, the Rapporteur of Working Group FSMP (FSMP-WG).  Mr Jonasson acted as the Secretary of the meeting. Mr Biggs welcomed the group and provided introductory remarks and meeting information. The meeting noted the retirement of long-time Panel Member Eddy D’Amico, and wished him well. The meeting was also reminded that papers residing on the closed part of the FSMP website reflected incomplete discussions and were intended for working group use only. They were not to be shared outside of FSMP as they could be misunderstood.  Lastly, it noted that developing a run-of-meeting schedule was very difficult when input contributions were not received in a timely manner, and as such it was requested again that meeting papers be submitted a week in advance of the meeting start date.

1.2	The meeting was held in English. After the opening of the meeting the agenda was approved by the group. The agenda is contained in Appendix A. 

1.3	The list of papers submitted for consideration by FSMP-WG/12 is contained in Appendix B. Papers denoted with an asterisk (“*”) are available on the closed website(s). The list of participants is in Appendix C.

1.4	The material in this report is organized by meeting agenda item number, and does not necessarily reflect the order of discussions.  The meeting conducted a review of the actions from the last meeting. Actions captured during discussions are shown in Appendix D, together with status of prior-meeting(s) actions. 

1.5	Based on a suggestion in WP17, the meeting reviewed the terms of Job Card FSMP.006.01 dealing with development of Radio Altimeter SARPS (see Flimsy 2). Considerable discussion ensued, focussing on whether it would still be useful to attempt to derive selectivity masks for current altimeters given the material would not become in-force until well after the requirements for future radio altimeters are developed. No conclusion was reached, however the meeting agreed to two action items related to the discussion. First, (Action Item 12-09), the participants are to review the text of the Job Card and determine if changes are needed. Second, (Action Item 12-10), participants are to determine if generic guidance can be developed to help aviation authorities analyse potential 5G impacts on radio altimeters given their specific State implementation.


2.	Agenda Item 2 –WRC-23 Preparations

2.1	Identified conflicts between administration preliminary proposals and ICAO Position
2.1.1	No contributions were received on this topic

2.2	Discussion of possible future agenda item proposals from administrations

2.2.1	No contributions were received on this topic

3.	Agenda Item 3 – Radio Altimeter and WAIC issues

3.1	Status of SARPS

3.1.1	WP16 contained an update of the draft SARPs for WAIC systems currently under preparation by the FSMP WG. The paper reported that during previous FSMP meetings, 
agreement could not be reached on “WAIC System’s Total Radiated Power”, “Unwanted Emission Limits for a WAIC Transmitter” and “Out-of-Band Interference Tolerance of a WAIC Receiver”. The draft SARPs text contained in the Annex to WP16 are shown as track-changes to the version provided in FSMP-WG/9 WP2. The proposed amendments to the draft SARPs text make an attempt to address all open issues with the aim to restart work on WAIC SARPS. As support to the work, a presentation (IP11) was given that informed on WAIC measurements being performed by Airbus. The trials use a software defined radio, and have assumed that WAIC would operate outside the sweep range of the on-board radio altimeter. The meeting was very supportive of the proposed amendments and agreed to re-start the WAIC SARPS correspondence group (CG-WAIC) to review the material. The goal is to provide agreed draft SARPS 2 weeks prior to FSMP-WG/13 to allow review and action by that meeting. Action Item 12-01

3.2 	Status of testing

3.2.1	IP07 reported on tests made in Japan of 5G impacts on pulsed radio altimeters. The tests, performed on two units (i.e., different serial numbers) of the same radio altimeter model, showed considerable variation in interference susceptibility performance between the two. In discussion it was understood that the altimeter is for rotary craft and regional aircraft and would be considered “usage category 2 & 3” under the RTCA report classification., Additionally it was noted that susceptibility to an interference signal that was lower in frequency than the altimeter band compared to a similar one higher in frequency may simply be an artifact of that specific altimeter design. The meeting appreciated the information and asked to be kept informed of future testing/results.

3.2.2	WP17 reported updates on activities ongoing by industry to assess compatibility of new cellular systems supporting 5G or similar OFDM based communication systems in the C band adjacent to radio altimeters.  Four topics were addressed: (a) a compilation of known 5G spectrum allocations being used to develop standard requirements for radio altimeters robust to future adjacent band interference; (b) flight test results reported from Europe were reviewed against expected results based on radio altimeter tested threshold levels; (c) the need for global safety zones to ensure compatibility for existing altimeters was reiterated with some more detailed guidance and a notional schedule; and (d) updates to the FSMP job card tasks related to Radio Altimeter adjacent band compatibility were discussed for panel consideration. There was considerable discussion on the material presented, and the meeting expressed its appreciation for the updates. It was noted however that some of the national implementation power levels shown in Figure 1 needed corrections, so the meeting took an action (Action Item 12-02) to provide comments on those levels to the author.

3.3 	National efforts to implement broadband mobile near 4200-4400 MHz

3.3.1	IP05 reported that after the Australian radio regulator (ACMA) released the “Replanning the 3700-4200 MHz band - Outcomes Paper” in January 2021, they established a technical liaison group (TLG) to provide advice on the development of changes to the spectrum or apparatus license technical framework. As a result, the aviation sector in Australia formed a coordination group comprised of airlines, defence department, CASA, Air Services, and altimeter manufacturers and developed and an aviation position for the TLG. That position is currently under review by ACMA. In discussion it was revealed that the reflection coefficient used in the early ACMA studies (3.16) was taken from a document on trials in one part of the country using an L-Band radar. The TLG is considering the use of a different reflection coefficient for future studies. The TLG is supposed to complete its work by the end of the year and 5G operations in the bands of interest have not yet begun.

3.3.2	As part of the discussion, meeting participants from Brazil mentioned that there were plans there to auction 3300-3700 MHz later this year. Based however on the ICAO State Letter and other inputs, they are doing their own analysis to consider possible 5G impacts on altimeters. It was mentioned that in general aviation issues are considered with priority by their radio regulator due to safety implications. Finally, it was mentioned that Brazil would support the joint industry paper (working paper 30 for the HLCC) on the topic planned for the ICAO High Level COVID Conference. To inform the meeting, the Brazilian radio regulator (Mr. A. Linhares, ANATEL) provided a briefing on plans for 5G implementation in Brazil (IP12). The meeting expressed appreciation for the briefing and asked to be kept informed as activities progress.

3.4	Report from correspondence group on radio altimeters (CG-RA)

3.4.1	IP08r1 updated the group on the activities of the CG-RA since FSMP-WG/11. The document highlighted the different 5G implementations on-going in different States, as well as the testing and flight trials that have been undertaken. In particular, a presentation was made about a French trial in which a helicopter with a usage category 1 altimeter was flown in the vicinity of a 5G base station and the co-pilot monitored the radio altimeter for abnormal activity. Under the conditions of that trial, no abnormal activity was noted. The meeting discussed the trial and provided suggestions for follow-on work. It was also suggested that for any trials, any caveats/condition should be repeated in the “conclusions” section to preclude readers from getting wrong impressions.

3.4.2	During discussions it was revealed that the United Kingdom is in the midst of their own 5G/altimeter testing, and that results should be available for FSMP-WG/13. In addition, Thailand CAA indicated that they had issued a continuing airworthiness notification to warn pilots of possible interference, instituted a requirement for pilots to provide notification of any radar altimeter interference experienced, and sent official notice of concern to their radio regulator. Thailand is in the early stages of a 3400-3700 MHz auction.


4.	Agenda Item 4 – Development of guidelines for compatibility studies

4.1	Aeronautical protection criteria (e.g., VHF communications)

4.1.1	No contributions were received on this topic.

4.2	Aeronautical safety margins

4.2.1	No contributions were received on this topic.

4.3	Other issues

4.3.1	WP07 suggested the need for a harmonized framework for spectrum sharing considerations. The paper also provided information that can be useful for distinguishing ICAO and non-ICAO systems.

4.3.2	As part of the framework discussion, WP15 was introduced. That paper provided an update to a proposal made in FSMP-WG/9 WP25 to define a process for introducing new systems. In discussion the meeting highlighted the difference between criteria used for ITU compatibility studies between ICAO and non-ICAO systems, and potentially different criteria for studies within ICAO on compatibility between ICAO systems. In particular, good rationale needed to be documented as to why the criteria could be different.  Noting the synergy between the two proposal (WP07 and WP15), the meeting suggested that the WP07 authors try to fit their material into the process outlined in WP15.

5.	Agenda Item 5 – Development of (planned) material for ITU-R studies

5.1	WRC-23 AI 1.6 Suborbital Vehicles

5.1.1	No contributions were received on this topic


5.2	WRC-23 AI 1.7 VHF AMS(R)S

5.2.1	 WP03 presented a liaison from ITU-R WP5B asking ICAO a number of questions to facilitate studies on WRC-23 agenda item 1.7. 

5.2.2	WP10 and Flimsy 1 provided some proposals, developed by the ICAO Communications Panel (CP) Future VHF Sub-Group (FVSG) for an ICAO response to the ITU liaison contained in WP03. The meeting agreed with part of the response, and revised other parts. The agreed elements to form the basis for a reply to WP5B can be found in Appendix E.

5.2.3	IP10 provided input on the current work plan to conduct AMS(R)S (space-VHF) compatibility studies. In particular the input provided detail on several efforts currently ongoing or planned to be performed by Enaire, Indra, SITA and Eurocontrol. These are intended to support Resolution 428 (WRC19) studies by providing aeronautical operational requirements and relevant available technical characteristics to be taken into account. The meeting expressed concern with the VDL Mode-2 proposals, especially considering the amount of unresolved compatibility issues both with in-band ICAO and adjacent band non-ICAO systems and the limited time frame before studies needed to be completed. The meeting appreciated the information, and asked to be kept informed as work progresses. 



5.3	WRC-23 AI 1.8 Resolution 155/FSS for UAS

5.3.1	WP01 provided elements for a proposed liaison statement from ICAO to WP5B (copy WP4A) on the range of some values from the FSS parameters that are considered in its analysis. The Panel member nominated by France supported the principle to share technical information with ITU and proposed go further by sending the full set of FSS characteristics and the link budgets under consideration in the studies at the RPAS Panel in order to ask ITU-R if these FSS characteristics are representative of real FSS network as such information is the result of the satellite coordinations and is not public. This proposal was not agreed, with some FSMP members considering that the aim of this paper was to provide a reply liaison statement to the contribution 5B/646, Annex 23 of the previous study cycle from WP 5B containing an extract from the MIFR, and thus the content of this reply liaison statement should be limited to check that the FSS characteristics are in the range of the values registered in the MIFR considering an updated extract in 5B/377 Annex 2 of the present study cycle. After discussion, as a compromise the meeting agreedto provide in the reply liaison statement the rationale for not requesting comments on these FSS parameters from ITU-R and limiting the FSS parameters shared: the safety of life totally fall under the responsibility of ICAO and not to ITU-R, based on the up to date information from RPAS panel.An offline group worked to develop new introductory text and the result is contained in Appendix F. 

5.3.2	WP13 presented detail on a proposal made within the FSMP WRC-23 AI 1.8 correspondence group (CG-155) to try and address, from an ICAO perspective, the current discussions in the ITU as to what is the ITU’s responsibility. In particular, a series of questions were asked of the CG-155, and responses were catalogued. Offline discussions were held during FSMP-WG/12, however there were no agreed changes to the proposals in the working paper. The meeting took an action (Action Item 12-08) to review the material (Appendix G) and provide specific comments to FSMP-WG/13. 

5.4	WRC-23 AI 1.9 Wideband HF

5.4.1	WP04 provided ICAO with a copy of a reply liaison from WP5B to WP6A. No action was needed.

5.4.2	IP03 informed the meeting that in order to maintain alignment with customer needs and technology roadmaps for Air Traffic Control communications, and react to COVID-related impacts to the aviation market, Collins Aerospace had suspended engineering activities to develop studies required to progress a Wideband HF proposal to update Radio Regulation Appendix 27.  No further contributions by Collins to support WRC-23 Agenda Item 1.9 are expected.  The meeting expressed its disappointment with the decision, especially given the extreme effort by members at WRC-19 to achieve the agenda item. Future FSMP activities related to the WRC-23 agenda item 1.9 will depend on whether other avionics companies continue to support the effort.

5.5	WRC-23 AI1.10 Non-safety AMS

5.5.1	No contributions were received on this topic.

5.6	WRC-23 AI9.2 Radio Regulations clean-up

5.6.1	No contributions were received on this topic.

5.7	Other

5.7.1	WP02 contained a status on the ICAO response to WP7C regarding WRC-23 agenda item 9.1 issue a. The meeting noted the paper.

5.7.2	WP18 highlighted differences in the spectral mask for aeronautical mobile systems as defined by the Radio Regulations and Recommendation ITU-R SM.1541-6 and recommends that action be taken to address those inconsistencies. After discussion the meeting agreed to review the proposal and bring contributions regarding it to FSMP-WG/13 (see Action Item 12-03)


6.	Agenda Item 6 – 5 GHz band planning

6.1	AeroMACS

6.1.1	No contributions were received on this topic.

6.2	Global UAS/RPAS channel plan

6.2.1	IP01 provided information on RPASP discussions on 5030-5091 MHz use for RPAS command and control links. The paper noted that the currently proposed terrestrial and satellite links were not compatible with each other.

6.2.2	WP11r2 also addressed the incompatibility of proposed terrestrial and satellite C2 links. Its conclusion was also that the two planned implementations were not compatible.

6.2.3	After considerable discussion of both documents, the meeting agreed to support the conclusions that in the 5030-5091 MHz frequency band: (a) the allocations are appropriate to support both terrestrial and satellite links, (b) it is unlikely aviation will be able to achieve comparable new allocations for either of those applications in the foreseeable future, and (c) from the standpoint of spectrum efficiency/sharing, consideration of terrestrial and satellite systems should be done in a collaborative manner in the appropriate forums.

7.	Agenda Item 7 – New provisions to support aeronautical radiocommunications

7.1	L-Band digital aeronautical communications system (LDACS)

7.1.1	IP06 gave an update of the ICAO standardization process for LDACS (L-band Digital Aeronautical Communications System). It was noted that while proceeding, the timetables for amendment of Annex 10 Volume III and Annex 10 Volume V are potentially no longer aligned due to delays in the coordination process with other Panels. In discussions related to Volume V, the meeting agreed that a new LDACS section would be minimal, with the bulk of the frequency/channel planning material going in the Spectrum Handbook. To facilitate progress, the Communications Panel (CP) was asked to liaise its initial plans and ultimately its proposed material for both Volume V and the Spectrum Handbook to FSMP as soon as possible.


7.1.2	WP14 identified a process, which has previously been debated by the FSMP, through which LDACS needs to go to prove that the operation of LDACS is viable and will not cause harmful interference to existing/planned systems operating in the frequency band 960-1164 MHz. That process is outlined in FSMP-WG/12 WP15 and the discussion of that paper is contained in Section 4.3 above (see also FSMP-WG/12 Flimsy07*,  as an interim measure, the meeting suggests the Communication Panel to consider applying the process being developed under WP15.) The CP was invited to provide feedback on the process.


7.2	RPAS AMS(R)S use of more than 2x10MHz (AI11-06)

7.2.1	No contributions were received on this topic.

7.3	MSS Guidelines 1525-1559 MHz (AI11-07)

7.3.1	WP08 provided suggested changes to the draft MSS information as contained in Appendix H of the FSMP-WG/11 meeting report. The meeting discussed the proposals and noted that some of the information did not appear to be consistent with the reference documents. Offline meetings of the correspondence group were held during the meeting period and it was agreed to defer work on this Information Note to the next and/or future FSMP meeting(s), so as to consider the outcome from ITU-R Working Parties 4C and 5D in finalizing the development of the Working Document towards a Preliminary Draft New Recommendation ITU-R M.[REC.MSS & IMT L-band COMPATIBILITY]. The material will be carried forward (see Appendix H) for future reference, however at this point none of the text is agreed. Members are encouraged to provide contributions to future FSMP meetings as needed.

7.4	WP09 provided a status update of the work in the CP DCIWG Project Team Satellite (PT – S) for the update of the AMS(R)S SARPs to include new capabilities supported by new SATCOM systems supporting AMS(R)S. The paper requested the advice of the FSMP in relation to the operating frequency bands identified in the draft AMS(R)S SARPs before the next DCIWG meeting in May 2022.

7.5	WP12 noted the contribution contained in WP09, and provided additional background  on the history of the allocation of the frequency bands 1545-1555 MHz &1646.5-1656.5 MHz and the implication for SARPs, including possible options for rewording the existing text 

7.6	Both papers (WP09 and WP12) were presented and then a general discussion was held. In general the meeting supported the idea of explicitly explaining the agreements that had been reached in the past regarding spectrum to support AMS(R)S systems, however the meeting agreed the CP schedule should not be impacted. Flimsy 03 was developed to outline the proposals, and after review the meeting agreed that further review is needed. The participants will consider the options contained in Appendix I and come to a decision at FSMP-WG/13 (Action Item 12-05). 



8.	Agenda Item 8 – Interference from non-aeronautical sources

8.1	Programme making and special events (PMSE)

8.1.1	No contributions were received on this topic.

8.2	Mobile service communications adjacent to 1518 MHz satellite communications band

8.2.1	No contributions were received on this topic. See related discussion in section 7.3 above.

8.3	LED lighting systems

8.3.1	No contributions were received on this topic.

9.	Agenda Item 9 – Revision of ICAO Frequency Spectrum Handbook (Doc 9718)

9.1	Restructure of Volume I

9.1.1      WP05* sought to baseline the status of the ICAO Spectrum Handbook (Doc 9718) revision to assess a way forward and encourage new contributions, detailing the current material that has been provided develop the topic over the last few meetings.  In the discussions, it was noted that with an estimated timeline of 2025 for the next release of Doc 9718, the material for Volume B should be separated into separate work units to encourage development in a more manageable process.  Once the different areas have been completed individually, they will be integrated into a final policy framework near the completion time.
 
9.1.2    WP15 provided an update to a proposal made in FSMP-WG/9 WP25 for text to be (as contained in the attachment) included in Volume B Section 5 of the New ICAO Frequency Spectrum Handbook. The content was discussed under Section 4.3 above, but in the context of the Handbook restructuring the meeting used it as the basis for an in-depth discussion of elements to consider at the next meeting (Action Item 12-06) for an improved ICAO policy on a RF sharing process for aviation.  Additionally, it was agreed that the next meeting would also consider the development of protection criteria and spectral masks for aviation systems, and specific contributions from the membership should be sought on that topic (Action Item 12-07).
 
The result of the discussions was two Flimsies, both of which can be found on the protected part of the website for FSMP-WG/12:
· Flimsy07 was an excerpt of WP05 listing all relevant contributions towards the handbook material, including additional suggestions and relevant contributions to this meeting. The Flimsy also incorporated material from WP07.
· Flimsy08 used WP15 as a framework for elements to consider in the process for consideration of sharing in frequency bands used by or adjacent to aeronautical safety systems.


9.2	Update of Volume II

9.2.1	No contributions were received on this topic.

10.	Agenda Item 10 – Any other business

10.1	WP06 During the work of the RPAS panel and in particular within WG2 in charge of C2 Link provision, different views were expressed on whether or not the feeder link is to be covered by ICAO SARPs as part of the C2 Link for satellite solutions. To facilitate the work of the RPASP on this topic, FSMP was asked to provide a view. After discussion, the meeting agreed that they could think of no instances of feeder links being included in ICAO SARPs, except as a part of a larger requirement such as end-to-end link performance.


10.2	WP19 proposed the need for ICAO Standards and Recommended Practices (SARPs) to contain a minimum definition of a spectral mask for all ICAO defined aeronautical safety of life systems. After discussion the meeting agreed to review the proposal and bring contributions to FSMP-WG/13 (see Action Item 12-04)

10.3	IP02 provided the group with information on C2 link SARPS development in the RPAS Panel. The meeting appreciated the update and asked to be kept informed as efforts progress.

10.4	IP04 reported that Airservices Australia and Skykraft were working together to define a new Space-Based VHF and ADS-B service. Part of that work included conducting Proof of Concept testing, and the paper described planned tests and the spectrum usage as part of that testing. The meeting appreciated the information and asked to be kept informed as efforts progress.

10.5	IP09 provided information about on-going technical studies in Singapore regarding space-based VHF communications systems. Of particular interest were the planned examination of ionospheric scintillation and Doppler effects. The paper also reported that initial estimations are that the satellite will require an antenna with approximately 12-15 dBi of gain; which will effectively rule out cubesats as a payload platform. The meeting appreciated the information, and asked to be kept informed as work progresses.



11.	Date of next meeting and administrative issues

11.1	The FSMP-WG/13 meeting is tentatively scheduled for February 21-25, 2022 in a virtual format, (7-11am Montreal time) focused on WRC-23 issues and with an “Americas Workshop” (see 11.2 below) one afternoon. In addition, the meeting agreed to potentially hold FSMP-WG/14 April 25-29, 2022 in-person in Montreal (with link for virtual participation) with fall-back of being fully virtual. It was also noted that a third FSMP meeting is planned for September/October 2022, with dates and location to be determined.

11.2 	The meeting discussed the best way to hold the regional WRC Workshops. One suggestion was to have a virtual Workshop for a 4 hour period tied to the local time for the intended regional office. In general the meeting agreed, however finding an acceptable schedule would be key. Since the time zones for the countries in the Americas are close to that of Montreal, a virtual workshop for those States is tentatively planned for one afternoon (Montreal time) of the FSMP-WG/13 meeting.

11.3	As agreed by FSMP-WG/12, papers for FSMP-WG/13 are due one week prior to the meeting. In exceptional circumstances, a framework detailing at minimum the paper summary and introduction will be provided one week prior to the meeting, with the full paper provided no later than one work day before the start of the meeting. Any papers received after this deadline will not be accepted unless agreed by the meeting on the first day. No papers received after the first day of the meeting will be accepted.
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Agenda Item 1		Opening and Working arrangements
a)	Action Item Review
b) 	Status of tasks identified on Job Cards

Agenda Item 2		WRC-23 Preparations
a) 	Identified conflicts between administration preliminary proposals and ICAO Position
b)	Discussion of possible future agenda item proposals from administrations

Agenda Item 3		Radio Altimeter and Wireless Aircraft Intra-Communications issues
a)	Status of SARPS
b)	Status of testing
c)	National efforts to implement broadband mobile near 4200-4400 MHz
- Report from correspondence group on radio altimeters (CG-RA)

Agenda Item 4		Development of guidelines for Compatibility Studies:
a)	Aeronautical protection criteria (e.g., VHF Communications)
b)	Aeronautical safety margins

Agenda Item 5		Development of (planned) Material for ITU-R Studies on:
a)	WRC-23 AI1.6 Suborbital Vehicles
b)	WRC-23 AI1.7 VHF AMS(R)S
c)	WRC-23 AI1.8 FSS for UAS
d)	WRC-23 AI1.9 Wideband HF
e)	WRC-23 AI1.10 Non-safety AMS
f)	WRC-23 AI9.2 Radio Regulations clean-up
g)	Other

Agenda Item 6		5 GHz Band Planning
a)	AeroMACS
b)	Global UAS/Remotely Piloted Aircraft Systems (RPAS) channel plan

Agenda Item 7		New Provisions to Support Aeronautical Radiocommunications
a)	L-Band digital aeronautical communications system (LDACS)
b)	RPAS AMS(R)S use of more than 2x10MHz (AI11-06)
c)	MSS Guidelines 1525-1559 MHz (AI11-07)

Agenda Item 8		Interference from Non-Aeronautical Sources
a)	Programme making and special events (PMSE)
b)	Mobile service communications adjacent to 1518 MHz satellite communications frequency band
c)	LED lighting systems

Agenda Item 9		Revision of ICAO Frequency Spectrum Handbook (Doc 9718)
a)	Restructure of Volume I
b)	Update of Volume II

Agenda Item 10		Any Other Business
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	1
	F. Butsch
	Proposed liaison statement to ITU-R WP5B and ITU-R WP4A on characteristics and protection criteria, being used by ICAO in the development of SARPs, for Unmanned Aircraft Earth Stations when operating using the Fixed Satellite Service under ITU-R Resolution 155 (Rev. WRC-19)
	
5c

	2
	Secretary
	Reply liaison statement from ITU-R WP5B to ITU-R WP7C, with ICAO in copy, on WRC-23 agenda item 9.1 topic a
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	3
	Secretary
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	5

	4
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	5
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	A. Roy
	BASELINING OF WORK ON ICAO SPECTRUM HANDBOOK (DOC 9718)
	9a
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	A. Guignot
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	5b
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	C. Fleury
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6b

	12
	J. Mettrop
	Frequency allocations that can be used to provide AMS(R)S according to SARPS
	7

	13
	J. Mettrop
	What ICAO Expects the ITU to Deliver with Respect of FSS for UAS
	5c

	14
	J. Mettrop
	LDACS Compatibility with other Services
	7a

	15
	J. Mettrop
	Volume B – Spectrum:  Spectrum Guidance for the Development of Aeronautical systems
	9

	16
	ICCAIA
	Update on Draft SARPs for Wireless Avionics Intra-Communications (WAIC)
	3a

	17
	ICCAIA
	Updates on Industry Assessment of 5G Cellular Compatibility with Radio Altimeters
	3

	18
	J. Mettrop
	Anomalies Between the Spectral Mask for Aeronautical Mobile Systems as Defined by the Radio Regulations and Recommendation SM.1541
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	Paper #
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	Topic
	Agenda Item

	1
	M. Neale
	Status update on 5 GHz band planning
	6b

	2
	M. Neale
	Status update on SARPS and Manual on C2 links for RPAS
	10

	3
	R. McGowan
	Collins efforts on WRC-23 agenda item 1.9
	5d

	4
	M. Kelly
	Australia Space-Based VHF Update  
	10

	5
	M. Kelly
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APPENDIX D

ACTION ITEM LIST
	Number
	Description
	Actionee
	Due Date
	Status

	03-03
	Provide comment on the spectrum sharing approach between terrestrial and satellite RPAS C2 systems for the 5 030-5 091 MHz as proposed in FSMP-WG/3 WP10 and FSMP-WG/4 WP17
	All


	FSMP-WG/13
	Ongoing 
FSMP-WG/12 IP01 and WP11 provide status information

	04-05
	Provide input to complete the equipment physical characteristics (e.g., weight) table shown in the Annex of FSMP-WG4/WP26.
	All
	FSMP-WG13
	

	04-06
	With regard to the action to “Conduct an aircraft fleet equipage impact analysis and develop detailed transition plans based on industry input and expected safety benefit” in the radio altimeter job card, initiate outreach to the airlines and aircraft manufacturers.
	IATA and ICCAIA
	FSMP-WG13
	Ongoing 

	05-06
	Explore restructuring of Doc 9718 Volume 1. 
	Secretary/A. Roy/correspondence group
	
2022 (complete)
	FSMP-WG/12 WP05 provides updates

	09-05
	Provide material for the relevant structures specified in WG/09 WP17 and WP20 to the spectrum handbook correspondence group before the next FSMP meeting.
	All
	FSMP-WG/13
	

	09-06
	Review system characteristics structure in WG/09 WP20, and provide necessary system information to complete the section for each system.


	K. Masrani (Inmarsat), D. Ladson (Iridium), U. Schwark (WAIC), A. Roy (HF and VHF), and Secretary (for other panels to review)
	FSMP-WG/13
	Partially addressed by FSMP-WG/10 WP14,
FMSP-WG/11 WP25.

	09-08
	Participate in correspondence group to complete WAIC SARPS
	All
	FSMP-WG/12
	Proposal in FSMP-WG/12 WP16. This AI CLOSED and replaced with AI12-01

	09-09
	Provide updated/expanded example outlining the approach for aviation system protection suggested in FSMP-WG/2 WP24.
	J. Mettrop
	FSMP-WG/13
	

	09-10
	Provide comparison of aviation system emission masks with respect to relevant ITU requirements.
	J. Mettrop
	FSMP-WG/13
	
FSMP-WG/12 WP18 and WP19 provide information




	10-01
	Catalogue aviation concerns with the current language in Resolution 155 (Rev. WRC-19). Participants to send their email address to John Mettrop (john.mettrop@caa.co.uk) by 28 August, 2020 if they want to be part of the FSMP correspondence group.
	All
	FSMP-WG/13
	Termed the group CG-155.
FSMP-WG/12 WP13 progressed questions to help delineate ITU tasks from tasks for ICAO/Administration

	10-02
	Provide comments on increased role for ICAO proposed in the longer-term HF frequency coordination approach contained in FSMP-WG/10 WP17.
	All
	FSMP-WG/13
	

	10-03
	Report on current use in States of the 1300-1350 MHz frequency band for radars and longer term plans.
	All
	FSMP-WG/13
	

	10-05
	Review the proposals for draft guidelines (see Appendix H) that may be considered by spectrum regulators to ensure the protection of aeronautical MES receivers operating in the frequency band 1 518-1 559 MHz, from the introduction of IMT in the frequency band below 1518 MHz and provide comments for the next meeting, using the text of the proposed revision as a starting point.
	All
	FSMP-WG/13 (change to WG/13 per WP28)
	FSMP-WG/12 WP08

FSMP-WG/12 Flimsy04r1

CLOSED

	10-06
	Provide contributions describing how ultrawideband systems are being authorized in your State.
	All
	FSMP-WG/13
	FSMP-WG/11 IP01

	10-07
	Monitor ITU-R WP5A deliberations on radiocommunications systems for train and trackside (RSTT) as frequency bands being considered are adjacent to those used by  aeronautical safety systems
	All
	Ongoing
	

	10-08
	Develop contributions on how to ensure protection of aeronautical systems that are not included in the ITU MIFR.
	All
	FSMP-WG/13
	

	11-01
	Provide comments to E. D’Amico  on the concerns regarding raised by the Australian spectrum regulator as reported in FSMP-WG/11 WP13 (see in particular paragraph 2.4). 
	All
	In order to have the material available for input Technical Liaison Group in Q2 2021, comments should be provided by 31 March, 2021.
	CLOSED

	11-02
	Provide comments to the author on the analysis in FSMP-WG/11 WP27. 
	All
	ASAP, but prior to FSMP-WG/12
	CLOSED

	11-03
	Provide comments on the RTCA MSG report (see link in FSMP-WG/11 IP07) 
	
	ASAP
	CLOSED

	11-04
	Participate in the radio altimeter correspondence group (CG-RA)
	All
	Ongoing
	Send Email to christian.fleury@aviation-civile.gouv.fr

	11-05
	Participate in ITU-R WP 3K-3M-9 correspondence group which is modelling air-ground propagation paths
	All
	Ongoing
	

	11-06
	Consider RPAS use of more than just the “2x10 MHz” for AMS(R)S communications in the 1.5/1.6 GHz L-Band
	All
	FSMP-WG/13
	

	11-07
	Participate in an informal correspondence group to progress the effort identified in AI 10-05.
	All
	Ongoing
	Provide email details to Kamlesh.Masrani@inmarsat.com

CLOSED

	11-08
	Review Recommedation ITU-R SM.1535 and determine if updates are required
	All
	FSMP-WG/13
	Noted that any identified changes should be input to ITU-R by State(s) and not ICAO.

	11-09
	Provide the concerns raised in FSMP-WG/11 discussions of Flimsy 06 to the CP PT-S and DCIWG. 
	N. Pringvanich
J. Mettrop
	Next PT-S or DCIWG
	CLOSED

	11-10
	Provide new draft SARPS for SatCom systems for FSMP review of spectrum aspects
	N. Pringvanich

	FSMP-WG/12
	FSMP-WG/21 WP09 and WP12 provide updates
CLOSED

	11-11
	Provide VHF congestion paper (FSMP-WG/11 WP24) to DCIWG
	A. Roy
	Next DCIWG
	CLOSED

	12-01
	Provide agreed draft SARPS 2 weeks prior to FSMP-WG/13 to allow review and action by that meeting
	CG-WAIC
	2 weeks before FSMP-WG/13
	

	12-02
	Provide comments and updates to the national power levels contained in Figure 1 of FSMP-WG/12 WP17 to Sai.Kalyanaraman@collins.com
	All
	ASAP
	

	12-03
	Provide contributions to FSMP-WG/13 regarding the proposals on SM.1541 contained in FSMP-WG/12 WP18
	All
	ASAP to author or to FSMP-WG/13
	

	12-04
	Provide contributions to FSMP-WG/13 regarding the proposals on adding SARPS spectral characteristics requirements contained in FSMP-WG/12 WP19
	All
	ASAP to author or to FSMP-WG/13
	

	12-05
	Consider the options for Annex 10, Vol III, 4.3.1.1 contained in Appendix I  of the FSMP-WG/12 meeting report and come to a decision at FSMP-WG/13
	All
	FSMP-WG/13
	

	12-06
	Provide contributions to WG/13 to further develop and answer outstanding questions on the aviation RF sharing framework in Flimsy08
	All
	FSMP-WG/13
	

	12-07
	Provide contributions to WG/13 to provide material on a methodology to develop aviation system protection criteria and spectral masks.
	All,
Lead: J. Mettrop
	FSMP-WG/13
	

	12-08
	Review and provide comments on the “ITU Res 155 tasks” material contained in Appendix G to the report of FSMP-WG/12.
	All
	FSMP-WG/13
	

	12-09
	Review the text of the Job Card FSMP-006-001 and determine if changes are needed..

	All
	FSMP-WG/13
	

	12-10
	Determine if generic guidance can be developed to help aviation authorities analyse potential 5G impacts on radio altimeters given their specific State implementation
	
	FSMP-WG/13
	













APPENDIX E

Elements on RLS to WP5B regarding WRC-23 agenda item 1.7

















APPENDIX F

Elements for a proposed liaison statement from ICAO to WP5B (copy WP4A) on the range of values of the FSS parameters that ICAO has used in its analysis















APPENDIX G

Delineation of ITU actions under Resolution 155 (WRC-19)

PROPOSED ICAO REQUIREMENTS FROM ITU
· Clear identification that the various elements (Earth station on the UA & Ground and the FSS Space Station as well as the various links) of the UAS CNPC link have primary regulatory status
Modifications to Resolution 155 are required to make it consistent with this ICAO position.
· Which frequency bands can be used and for what purpose (uplink/downlink)
[bookmark: _Hlk83032946]Resolution 155, and the Appendix 4 parameters in the filing, already make this clear. It should be noted that these bands are already identified in Annex 10, Volume V SARPs. Needed for ICAO SARPs and supports safety case (bullet 4) from ICAO position.
· The incumbent services that need protection 
· Type of service
· which frequency band(s)
· protection level (e.g. maximum pfd at the earth's surface)
Modifications to Resolution 155 are required to clearly list the services (ITU-R cannot provide information on individual assignments) that require protection and the levels of protection they require. Needed for ICAO SARPs and supports safety case (bullet 4) from ICAO position.
· The incumbent services from which protection cannot be claimed
· Type of service
· which frequency band(s)
· Maximum level of interference that needs to be tolerated
Modifications of Resolution 155 should clearly list the services (ITU-R cannot provide information on individual assignments) whose interference must be tolerated and the typical (maximum is not available in the ITU-R) levels of that interference. Since coordination does not occur on individual assignments ICAO (RPASP) is developing mitigations in the SARPs to ensure safety is maintained if interference occurs. ICAO SARPs will also have to address reduced regularity of flight if interference occurs multiple times in the same location. Needed for ICAO SARPs and supports safety case (bullet 4) from ICAO position.

A method for identifying satellite networks that have been recorded in the MIFR with a favorable finding 
Using a similar approach to today’s practice of equipment manufacturers certifying that their equipment meets applicable standards for service in traditional aviation safety spectrum makes this method unnecessary. The requirement to ensure that UAS only use satellite networks that have been recorded in the MIFR with a favorable finding (see Resolution 155 Resolves 13.4) will be called out in the SARPs that will mandate the content of the Service Level Agreement that the satellite network operator has with the UAS operator. 
·  A method for coordinating and recording those satellite networks that are compliant with the previous bullet that are providing UAS CNPC 
This is unnecessary as Resolution 155 (which may need modification for clarity) identifies (Instructs BR 3) that a station class UG identifies satellite networks that comply with Resolution 155. And as above ICAO SARPs will mandate that only satellite networks that have station class UG can be used for UAS.
· The area within which the assignment has been coordinated
It is not necessary to ask ITU for this information as it is know by the satellite network operator and can therefore be included in the ICAO mandated Service Level Agreement between the satellite network operator and the UAS operator.
· Clear identification as to why the Earth station on board the UA is not an ESIM
Modifications of Resolution 155 should make this clear as ESIM must not be used for UAS CNPC.
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APPENDIX H

Draft Information Note on the protection of aeronautical MES receivers from the introduction of IMT/LTE in the frequency band below 1518 MHz







APPENDIX I

Possible modification of the text in Annex 10 Volume III 4.3.1.1
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		SUMMARY



		Attached is a proposed response to liaison statement from ITU-R WP5B to ICAO, responding to questions and information on the elements being studied under WRC-23 agenda item 1.7 on space-based aeronautical VHF communications system within the 117.975-137 MHz frequency band.



This WP is drafted by ICAO Communications Panel Data Communications Infrastructure Working Group (DCIWG), the Future VHF Sub-Group (FVSG) under Project Team – Terrestrial (PT-T)



Action:  FSMP WG/12 is invited to review the attached draft liaison statement response and take action as appropriate.







______________
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[bookmark: dbreak]ICAO would like to thank ITU-R Working Party (WP) 5B for its liaison statement related to ongoing studies on space-based aeronautical VHF communications system in the 117.975-137 MHz frequency band, under WRC-23 agenda item 1.7. ICAO reviewed the provided material by WP 5B and would like to provide the following comments and information.  

General Comments:

Status of studies on agenda item 1.7



As shown in the attachment to this reply liaison statement, ICAO provided initial comments on the draft working document to WP 5B for consideration in November 2021.

Regarding the specific WP 5B questions:



Compatibility between AMS(R)S and AM(R)S in-band, and between AMS(R)S and ARNS in adjacent-band



It is noted that WP 5B has acknowledged ICAO’s view that frequency planning and coordination within ICAO will ensure coexistence between AMS(R)S and AM(R)S within the frequency band 117.975-137 MHz, and between AMS(R)S with ARNS in the adjacent frequency band 108-117.975 MHz, hence sharing studies at ITU-R are not necessary between these services.  The sharing studies with other services in the 117.975-137 MHz band would have to be undertaken appropriately by ITU-R. 



[bookmark: _Hlk84831855][bookmark: _Hlk84831646][bookmark: _GoBack]With regard to the extent of frequency band allocation, although having the entire band 117.975-137 MHz allocation would provide maximum flexibility to ICAO in future planning exercises, there are existing AM(R)S application(s) that are mainly operated in sub-bands; for example, terrestrial VHF data-link (VDL) Mode 2  within the sub-band 136 - 137 MHz and the extension of the AMS(R)S allocation to the band 136-137 MHz would require detailed compatibility studies between  AMS(R)S and services  operated in adjacent band. The recommendation to include the ‘last MHz’ (136-137 MHz) will be made after ICAO has reviewed validation tests on the compatibility studies, and relevant information will be shared at subsequent WP 5B meetings. Terrestrial VHF voice links are the main use within the frequency 117.975-136 MHz. 



Therefore, ICAO recommends WP5B to consider dividing its deliberation on the AMS(R)S allocation into two parts. Firstly, to consider the frequency band 117.975-136 MHz for the new AMS(R)S allocation to ease the compatibility with services above 137 MHz. Secondly, to include the sub-band 136 - 137 MHz for the new AMS(R)S allocation only after both the in-band compatibility studies within ICAO and the compatibility studies by the ITU for applications and services in the adjacent frequency band above 137 MHz are completed and agreed.



Power considered for aircraft VHF transmitter



There is no ICAO requirement for power output at the aircraft VHF transmitter. However, ICAO works closely with RTCA and EUROCAE to develop technical guidance and standards for the aviation industry. It is noted that, in the “RTCA DO-186B” and “EUROCAE ED 23C” documents, an output power of at least 16 watts for transmitter classes 3 & 5 is recommended for compliance by equipment manufacturers. Therefore, it is confirmed to WP 5B to consider 16 watts for aircraft transmitter power.



Satellite Doppler shift and latency time



ICAO noted and is aware of the issues regarding maximum Doppler shift and latency times.



Regarding the Doppler effects on aeronautical VHF system, ICAO would like to highlight that it is envisaged to implement a compensation mechanism on the satellite transmitter to mitigate Doppler effects at the aircraft receiver without making any modification on existing aircraft equipment thus maintaining compliance with the existing aviation standards. This would have to be taken into account in compatibility studies with services in adjacent bands.



As for the latency time, ICAO is of the view that no operational impact is expected, as the latency ranges expected from the AMS(R)S systems are compatible with existing aeronautical VHF systems. 





ICAO hopes this information will be helpful and looks forward to continuing fruitful cooperation with ITU-R WP 5B.





		Status:	For information and action, if any

		



		Contact:	Mr. Loftur Jonasson

		E-mail:	LJonasson@icao.int
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[bookmark: dbreak]Scope

[To be populated later]

[Editor’s note: Presented below are the draft main topics to provide a structured outline that can be populated later or upon availability of the results of technical studies, simulations and other operational characteristics within ICAO and ITU-R WP 5B. This is a live working document that will require significant input, revision and update to ensure the draft PDNR can reach maturity for adoption in the ITU-R as a published report.]

Glossary of abbreviations

ADS-B:	Automatic dependent surveillance – broadcast

AM(R)S:	Aeronautical mobile (route) service

AMS(R)S:	Aeronautical mobile satellite (route) service

ANSP:	Air navigation service provider

ATC:	Air traffic control

DCPC:	Direct controller to pilot communications

EPFD:	Effective power flux density

FIR:	Flight information region

ICAO:	International Civil Aviation Organization

LEO:	Low earth orbit 

MSS:	Mobile satellite service

RR:	Radio Regulations

SATCOM:      Satellite communications 

VDES:	VHF data exchange system

Relevant ITU-R Recommendations

		ITU-R M.1231-0

		Interference criteria for space-to-Earth links operating in the mobile-satellite service with non-geostationary satellites in the 137-138 MHz band



		ITU-R M.1232-0

		Sharing criteria for space-to-Earth links operating in the mobile-satellite service with non-geostationary satellites in the 137-138 MHz band



		ITU-R M.2092-0

		Technical characteristics for a VHF data exchange system in the VHF maritime mobile band



		ITU-R P.531-14

		Ionospheric propagation data and prediction methods required for the design of satellite networks and systems



		ITU‑R RA.769-2

		Protection criteria used for radio astronomical measurements



		ITU-R SM.1541-6

		Unwanted emissions in the out-of-band domain





1	Description of space-based VHF communications concept

1.1	General concept

Space-based VHF communication is a concept in which aircraft operating in remote regions and oceanic areas provide communications from the aircraft to air traffic control (ATC) via satellite using VHF frequencies within the 117.975 – 137 MHz range. This concept, when implemented, is expected to be a parallel and complementary system to satellite reception of automatic dependent surveillance broadcast (ADS-B) data from the on-board aircraft navigation and position fixing systems, including aircraft identification, four-dimensional position (latitude, longitude, altitude and time) and additional data as appropriate. The ADS-B technique is termed “automatic” because there is no intervention from the pilot or interrogation from terrestrial stations, and “dependent” because the data is dependent upon on-board systems such as global positioning system  and altimeter. This concept, when implemented, is expected to enhance air traffic management and flight operations in oceanic and remote airspace and will complement current aviation use of satellite-based navigation and surveillance technologies.

While direct ATC communication with aircraft operating in remote areas or oceanic regions is not possible, there are other currently there are other long-range communication systems, such as HF and SATCOM, available to facilitate communications between aircraft to ATC in remote and oceanic airspace, the performance of these current limited communications systems is not adequate to safely support close aircraft-to-aircraft separation available that are dependent on aircraft equipage. These systems range from HF communications to controller to pilot data link communications . However, these systems are not recognised in the context of direct controller to pilot communications (DCPC) that are required for ATC to provide reduced separation minima in remote airspace in a similar fashion as to what is being applied provided in dense airspace in areas where terrestrial-based VHF communications infrastructure is predominant. Therefore, this leads to constraints in airspace capacity and efficiency in oceanic and remote areas, where it is not practical to deploy no VHF terrestrial infrastructure. is practical to provide DCPC communication operations with ATC. Considering the future integration of unmanned aircraft into the same airspace as manned aircraft, the space-based VHF communication concept would foster integration of unmanned aircraft into such airspace with direct communications to ATC while operating in oceanic and remote regions. 

Figure 1 is an illustration of the space-based VHF communication concept. The space segment is able to receive and transmit to standard VHF radios already installed on board aircraft and is designed to behave as if it were was just another VHF- tower located in the sky, with a larger footprint than terrestrial towers.

Figure 1

The space-based VHF communication concept 

[image: ]

Studies are currently underwayThis report provides studies on the use of low-Earth orbiting satellites to relay regional air traffic control messages between the pilot and the controller thus reducing the latencies associated with current geostationary satellite aeronautical systems. Operation of the space-based DCPC VHF system within the frequency band 117.975-137 MHz, currently allocated to the aeronautical mobile (Route) service (AM(R)S), would aims to utilize existing on-board VHF radios used for provision of terrestrial-based DCPCVHF communications, thus avoiding carrying out a prohibitively expensive aircraft retrofit program to install new terminalsbeing compliant with the ITU-R Resolution 428. 

The capability of having all civil aircraft communicate directly with air traffic control (ATC) using space-based VHF communications relay in parallel with space-based ADS-B surveillance in remote continental as well as oceanic regions, as a minimum, would contribute significantly to airspace efficiency through the dynamic availability of optimized direct air routes, preferred altitudes, reduced separation minima, as well as enhanced safety. Therefore, Aa new allocation to the aeronautical mobile satellite (Route) service AMS(R)S within this frequency band 117.975-137 MHz is being considered under the agenda item 1.7 of the WRC-23within the frequency band 117.975-137 MHz.

AMS(R)S links between aircraft and satellite (shown as “Satellite VHF COM” in Figure 1) would bewill operated within the frequency band 117.975-137 MHz and are the subject of considerations contained in this Report. Feeder links between fixed groundearth station and satellite would not beis not implemented within the VHF band, but rather in an appropriate separate allocation (for instance FSS) which is not discussed inout of scope of this Report.

1.2	Proposed Hhigh-level objectives

The following objectives and characteristics are proposed considered for the space-based VHF system under study:

–	The applications provided are within AMS(R)S communications. Voice is the most critical VHF communication application in terms of safety and dependability. 

–	No change is made on:

•	aircraft avionic equipment, RF setup and applicable specifications.

•	terrestrial base stations specifications, and configuration of base stations located in flight information regions (FIRs) which do not make use of the satellite space-based VHF service.

–	No or minimal change would be made on:

•	operational aspects for pilots and controllers.

•	terrestrial base stations configuration in FIRs with space-based VHF satellite service.

The service area covered by the space-based VHF satellite system will depend on satellite constellation   architecture and design. It can be regional,  limited to one or several FIRs, regional or global. The space-based VHF system satellite system is primarily intended to cover oceanic and remote areas where terrestrial service is not available, but it could also be used to backup terrestrial stations in case they are affected by a catastrophic event. 

To achieve the above high-level activitiesobjectives, the following tasks are envisionedneed to be carried out.

–	ITU-R to carry out sharing and compatibility studies for co-existence between potential new AMS(R)S systems in the frequency band 117.975-137 MHz (Earth-to-space and space-to-Earth) and existing primary in-band and adjacent band non-ICAO services considering existing and planned systems.

–	Based on the results of the studies, ITU-R to provides technical and regulatory proposals towards a possible new AMS(R)S allocation within the frequency band 117.975‑137 MHz. 

–	ICAO participation would be beneficial in ITU-R sharing and compatibility studies to provide aeronautical operational requirements, between new AMS(R)S and existing aeronautical systems, and other relevant available operational characteristics.

2	Current use of the VHF frequency band 117.975-137 MHz

Below is the Radio Regulations (RR) table of allocations and associated footnotes for the band 117.975-137 MHz. It shows that services allocated in this band on a primary basis are:

–	Aeronautical mobile (R) service throughout all the band.

–	Aeronautical mobile (OR) service in the bands 132-136 MHz and 136-137 MHz in certain countries listed respectively in RR Nos. 5.201 and 5.202.

		Allocation to Services



		Region 1

		Region 2

		Region 3



		[bookmark: _Hlk54620067]117.975-137	AERONAUTICAL MOBILE (R)

				5.111  5.200  5.201  5.202







5.111	The carrier frequencies 2 182 kHz, 3 023 kHz, 5 680 kHz, 8 364 kHz and the frequencies 121.5 MHz, 156.525 MHz, 156.8 MHz and 243 MHz may also be used, in accordance with the procedures in force for terrestrial radiocommunication services, for search and rescue operations concerning manned space vehicles. The conditions for the use of the frequencies are prescribed in Article 31.

		The same applies to the frequencies 10 003 kHz, 14 993 kHz and 19 993 kHz, but in each of these cases emissions must be confined in a band of  3 kHz about the frequency.     (WRC‑07)

5.200	In the band 117.975-137 MHz, the frequency 121.5 MHz is the aeronautical emergency frequency and, where required, the frequency 123.1 MHz is the aeronautical frequency auxiliary to 121.5 MHz. Mobile stations of the maritime mobile service may communicate on these frequencies under the conditions laid down in Article 31 for distress and safety purposes with stations of the aeronautical mobile service.     (WRC‑07)

5.201	Additional allocation:  in Armenia, Azerbaijan, Belarus, Bulgaria, Estonia, the Russian Federation, Georgia, Hungary, Iran (Islamic Republic of), Iraq (Republic of), Japan, Kazakhstan, Mali, Mongolia, Mozambique, Uzbekistan, Papua New Guinea, Poland, Kyrgyzstan, Romania, Senegal, Tajikistan, Turkmenistan and Ukraine, the frequency band 132-136 MHz is also allocated to the aeronautical mobile (OR) service on a primary basis. In assigning frequencies to stations of the aeronautical mobile (OR) service, the administration shall take account of the frequencies assigned to stations in the aeronautical mobile (R) service.     (WRC‑19)

5.202	Additional allocation:  in Saudi Arabia, Armenia, Azerbaijan, Bahrain, Belarus, Bulgaria, the United Arab Emirates, the Russian Federation, Georgia, Iran (Islamic Republic of), Jordan, Mali, Oman, Uzbekistan, Poland, the Syrian Arab Republic, Kyrgyzstan, Romania, Senegal, Tajikistan, Turkmenistan and Ukraine, the frequency band 136-137 MHz is also allocated to the aeronautical mobile (OR) service on a primary basis. In assigning frequencies to stations of the aeronautical mobile (OR) service, the administration shall take account of the frequencies assigned to stations in the aeronautical mobile (R) service.     (WRC‑19)

3	Current Use of the frequency bands adjacent to 117.975-137 MHz

3.1	Radiocommunication services operating in the 108-117.975 MHz frequency band based on the RR Table of Allocations

Below is the RR table of allocations and associated footnotes for the band 108-117.975 MHz. It shows that services allocated in this band on a primary basis are:

–	Aeronautical radio navigation service

–	Aeronautical mobile (R) service.

		Allocation to Services



		Region 1

		Region 2

		Region 3



		108-117.975 MHz	AERONAUTICAL RADIONAVIGATION

				5.197  5.197A





5.197	Additional allocation:  in the Syrian Arab Republic, the band 108-111.975 MHz is also allocated to the mobile service on a secondary basis, subject to agreement obtained under No. 9.21. In order to ensure that harmful interference is not caused to stations of the aeronautical radionavigation service, stations of the mobile service shall not be introduced in the band until it is no longer required for the aeronautical radionavigation service by any administration which may be identified in the application of the procedures invoked under No. 9.21.    (WRC‑12)

5.197A	Additional allocation:  the band 108-117.975 MHz is also allocated on a primary basis to the aeronautical mobile (R) service, limited to systems operating in accordance with recognized international aeronautical standards. Such use shall be in accordance with Resolution 413 (Rev.WRC‑07)*. The use of the band 108-112 MHz by the aeronautical mobile (R) service shall be limited to systems composed of ground-based transmitters and associated receivers that provide navigational information in support of air navigation functions in accordance with recognized international aeronautical standards.     (WRC-07)

3.2	Radiocommunication services operating in the 137‑143.6 MHz frequency bands based on the Radio Regulations table of allocations

Below is the RR table of allocations and associated footnotes for the band 137-143.6 MHz. It shows that services allocated in this band on a primary basis are:

Primary services in 137-138 MHz:

–	Aeronautical mobile (OR) service in certain countries under RR No. 5.206

–	Broadcasting service in Australia under RR No. 5.207

–	Fixed service in certain countries under RR No. 5.204 and No. 5.205

–	Meteorological satellite service (space-to-Earth)

–	Mobile satellite service (space-to-Earth)

–	Mobile service in certain countries under RR No. 5.204 and No. 5.205

–	Space operation service (space-to-Earth)

–	Space research service (space-to-Earth)

Primary services in 138-143.6 MHz:

–	Aeronautical mobile (OR) service in Region 1

–	Broadcasting service in Australia under RR No. 5.207

–	Fixed service in Region 2, Region 3, and certain countries in Region 1 under RR No. 5.212 and No. 5.214

–	Land mobile service in certain countries in Region 1 under RR No. 5.211

–	Mobile service in Region 2, Region 3, and certain countries in Region 1 under RR No. 5.212

–	Maritime mobile service in certain countries in Region 1 under RR No. 5.211

–	Radio location service in Region 2 and in China under RR No. 5.213

		Allocation to Services



		Region 1

		Region 2

		Region 3



		137-137.025	SPACE OPERATION (space-to-Earth)  5.203C

				METEOROLOGICAL-SATELLITE (space-to-Earth)

				MOBILE-SATELLITE (space-to-Earth)  5.208A  5.208B  5.209

				SPACE RESEARCH (space-to-Earth)

				Fixed

				Mobile except aeronautical mobile (R)

				5.204  5.205  5.206  5.207  5.208 



		137.025-137.175 MHz	SPACE OPERATION (space-to-Earth)  5.203C

				METEOROLOGICAL-SATELLITE (space-to-Earth)

				SPACE RESEARCH (space-to-Earth)

				Fixed

				Mobile except aeronautical mobile (R)

				Mobile-satellite (space-to-Earth)  5.208A  5.208B  5.209

				  5.204  5.205  5.206  5.207  5.208



		137.175-137.825 MHz	SPACE OPERATION (space-to-Earth)  5.203C  5.209A

				METEOROLOGICAL-SATELLITE (space-to-Earth)

				MOBILE-SATELLITE (space-to-Earth)  5.208A  5.208B  5.209 

				SPACE RESEARCH (space-to-Earth)

				Fixed

				Mobile except aeronautical mobile (R)

				  5.204  5.205  5.206  5.207  5.208



		137.825-138 MHz	SPACE OPERATION (space-to-Earth)  5.203C

				METEOROLOGICAL-SATELLITE (space-to-Earth)

				SPACE RESEARCH (space-to-Earth)

				Fixed

				Mobile except aeronautical mobile (R)

				Mobile-satellite (space-to-Earth)  5.208A  5.208B  5.209

				  5.204  5.205  5.206  5.207  5.208



		138-143.6 MHz

AERONAUTICAL MOBILE (OR)

		138-143.6

FIXED

MOBILE

RADIOLOCATION

Space research (space-to-Earth)

		138-143.6

FIXED

MOBILE

Space research (space-to-Earth)

5.207  5.213



		5.210  5.211  5.212  5.214

		

		







5.203C	The use of the space operation service (space-to-Earth) with non-geostationary satellite short-duration mission systems in the frequency band 137-138 MHz is subject to Resolution 660 (WRC‑19). Resolution 32 (WRC‑19) applies. These systems shall not cause harmful interference to, or claim protection from, the existing services to which the frequency band is allocated on a primary basis.     (WRC‑19)

5.204	Different category of service:  in Afghanistan, Saudi Arabia, Bahrain, Bangladesh, Brunei Darussalam, China, Cuba, the United Arab Emirates, India, Indonesia, Iran (Islamic Republic of), Iraq, Kuwait, Montenegro, Oman, Pakistan, the Philippines, Qatar, Singapore, Thailand and Yemen, the frequency band 137-138 MHz is allocated to the fixed and mobile, except aeronautical mobile (R), services on a primary basis (see No. 5.33).     (WRC-19)

5.205	Different category of service:  in Israel and Jordan, the allocation of the band 137‑138 MHz to the fixed and mobile, except aeronautical mobile, services is on a primary basis (see No. 5.33).

5.206	Different category of service:  in Armenia, Azerbaijan, Belarus, Bulgaria, Egypt, the Russian Federation, Finland, France, Georgia, Greece, Kazakhstan, Lebanon, Moldova, Mongolia, Uzbekistan, Poland, Kyrgyzstan, the Syrian Arab Republic, Slovakia, the Czech Rep., Romania, Tajikistan, Turkmenistan and Ukraine, the allocation of the band 137-138 MHz to the aeronautical mobile (OR) service is on a primary basis (see No. 5.33).     (WRC‑2000)

5.207	Additional allocation:  in Australia, the band 137-144 MHz is also allocated to the broadcasting service on a primary basis until that service can be accommodated within regional broadcasting allocations.

5.208	The use of the band 137-138 MHz by the mobile-satellite service is subject to coordination under No. 9.11A.     (WRC-97)

5.208A	In making assignments to space stations in the mobile-satellite service in the frequency bands 137-138 MHz, 387‑390 MHz and 400.15-401 MHz and in the maritime mobile-satellite service (space-to-Earth) in the frequency bands 157.1875-157.3375 MHz and 161.7875‑161.9375 MHz, administrations shall take all practicable steps to protect the radio astronomy service in the frequency bands 150.05-153 MHz, 322-328.6 MHz, 406.1-410 MHz and 608-614 MHz from harmful interference from unwanted emissions as shown in the most recent version of Recommendation ITU‑R RA.769-2.     (WRC‑19)

5.208B[footnoteRef:2]*	In the frequency bands: [2: *	This provision was previously numbered as No. 5.347A. It was renumbered to preserve the sequential order.] 


		137-138 MHz,
		157.1875-157.3375 MHz,
		161.7875-161.9375 MHz,
		387-390 MHz,
		400.15-401 MHz,
		1 452-1 492 MHz,
		1 525-1 610 MHz,
		1 613.8-1 626.5 MHz,
		2 655-2 690 MHz,
		21.4-22 GHz,

Resolution 739 (Rev.WRC-19) applies.     (WRC‑19)

5.209	The use of the bands 137-138 MHz, 148-150.05 MHz, 399.9-400.05 MHz, 400.15‑401 MHz, 454‑456 MHz and 459-460 MHz by the mobile-satellite service is limited to non‑geostationary-satellite systems.     (WRC‑97)

5.209A	The use of the frequency band 137.175-137.825 MHz by non-geostationary-satellite systems in the space operation service identified as short-duration mission in accordance with Appendix 4 is not subject to No. 9.11A.     (WRC-19)

5.210	Additional allocation:  in Italy, the Czech Rep. and the United Kingdom, the bands 138‑143.6 MHz and 143.65-144 MHz are also allocated to the space research service (space-to-Earth) on a secondary basis.     (WRC‑07)

5.211	Additional allocation:  in Germany, Saudi Arabia, Austria, Bahrain, Belgium, Denmark, the United Arab Emirates, Spain, Finland, Greece, Guinea, Ireland, Israel, Kenya, Kuwait, Lebanon, Liechtenstein, Luxembourg, North Macedonia, Mali, Malta, Montenegro, Norway, the Netherlands, Qatar, Slovakia, the United Kingdom, Serbia, Slovenia, Somalia, Sweden, Switzerland, Tanzania, Tunisia and Turkey, the frequency band 138‑144 MHz is also allocated to the maritime mobile and land mobile services on a primary basis.    (WRC‑19)

5.212	Alternative allocation:  in Angola, Botswana, Cameroon, the Central African Rep., Congo (Rep. of the), Eswatini, Gabon, Gambia, Ghana, Guinea, Iraq, Jordan, Lesotho, Liberia, Libya, Malawi, Mozambique, Namibia, Niger, Oman, Uganda, Syrian Arab Republic, the Dem. Rep. of the Congo, Rwanda, Sierra Leone, South Africa, Chad, Togo, Zambia and Zimbabwe, the frequency band 138-144 MHz is allocated to the fixed and mobile services on a primary basis.    (WRC‑19)

5.213	Additional allocation:  in China, the band 138-144 MHz is also allocated to the radiolocation service on a primary basis.

5.214	Additional allocation:  in Eritrea, Ethiopia, Kenya, North Macedonia, Montenegro, Serbia, Somalia, Sudan, South Sudan and Tanzania, the frequency band 138-144 MHz is also allocated to the fixed service on a primary basis.    (WRC‑19)

4	Aircraft VHF transmitter and receiver characteristics

4.1	Aircraft VHF transmitter characteristics

The same antenna pattern is considered for aircraft VHF transmitters and receivers.

In terms of transmitted power, the minimum aircraft transmit output powers for voice are 16 watts for 200 nautical miles maximum range, and 4 watts for 100 nautical miles maximum range. The first figure of 16 watts is retained in this report, as the range between aircraft and satellite will exceed 200 nautical miles as shown in next sections.

4.2	Aircraft VHF receiver characteristics

4.2.1	Aircraft VHF receiver antenna

Aircraft are usually equipped with two or three VHF antennas, in which case at least one of them is located on top of the aircraft, and one on the bottom. In the case of three VHF antennas, their typical location installed on a generic aircraft is shown in Figure 2 below provided by ICAO.

Figure 2

Typical VHF antenna placement location on aircraft

[image: ]

The aircraft VHF receiving antenna pattern is obviously an essential element to consider in the studies. The performances of available products show that:

–	Relatively low gains are achieved

–	Radiation patterns are globally omni-directional, and more precisely

•	omnidirectional in azimuth

•	cosinusoidal in elevation, meaning a theoretical zero is achieved at aircraft zenith (90° elevation).

As a guide, ICAO has provided the following general characteristics of VHF antenna for to be used as a baseline for ITU-R studies. ICAO has also confirmed the co-sinusoidal shape and consequential null at aircraft zenith, which has an important implication on the performance of the satellite VHF link: one can assume that the AMS(R)S downlink operation is expected to be ‘off-zenith’ between the aircraft and the satellite.

–	Frequency range: 118-137 MHz

–	Polarization: Vertical

–	Radiation pattern: Omni directional

–	Gain: −1 dBi









** ICAO Note to ITU-R WP-5B: 

No further inputs from Section 4.2.2 onwards at this time



https://sita365-my.sharepoint.com/personal/eric_wawrzynkowski_sita_aero/Documents/Microsoft Teams Chat Files/WPXX - draft ICAO comments to PDNR_(inputs from FVSG).docxM:\BRSGD\TEXT2019\SG05\WP5B\300\355\355N29e.docx

M:\BRSGD\TEXT2019\SG05\WP5B\300\355\355N29e.docx
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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 fully coordinated as requested by Resolution 155 (WRC-15). 

In this reply liaison statement, ICAO would like to inform ITU-R WP5B and WP4A of the range of values of the parameters of some characteristics that was considered up to now within ICAO, in order to demonstrate to ITU that those values are 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 of the previous study cycle and in the Document 5B/377 Annex 2 of the present study cycle. 

ICAO does not expect to receive any comment on these technical parameters on the FSS as ICAO considers that the safety of the CNPC for a UAS flight is the responsibility of the State(s) certifying RPAS operator or oversighting the C2CSP (C2 communication service provider), which is an entity defined within ICAO SARPs. This/these State(s) are identified independently from, and could be different from, the Administration notifying the FSS network that would be used for CNPC. Consequently, the assessment of the actual link budget of a FSS network for CNPC, taking into account the result of the coordination’s between FSS satellite operators, will be addressed by C2CSP when considering the compliance of the FSS networks with safety requirement link performance. In this respect, ICAO recognizes that the notifying Administrations of any FSS network would not get any responsibility with the safety of CNPC and that any use of FSS for CNPC would not have any impact on the FSS networks that do not support CNPC.


ICAO will inform ITU:  (1) when the link performance requirements are available and (2) when a solution is proposed with the complete set of characteristics, assumptions and link budgets which demonstrate that all the related requirements of Resolution 155 are fulfilled.   
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Attachment


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, operational and regulatory studies by ITU Radiocommunication sector in relation to the implementation of this Resolution. 

In the process of preparation of SARPs ICAO is currently working on performing C2 Link
 budget link margin analyses by combination of – inter alia – the following FSS parameters and in various configurations. 


These link performance analyses were based on the given FSS parameter ranges contained in the ITU-R Document 5B/646, Annex 23 of the WRC-19 ITU study cycle. 


In absence of any replies to previous requests for providing FSS characteristics this working paper summarizes the technical parameter values currently under consideration to assess the compliance of the C2 Link
 performance with the safety requirements


Furthermore, a compliance check of the chosen parameter values against the actual ITU-R Document 5B/377, Annex 2 “Summary of characteristics of frequency assignments to space services not subject to a Plan, recorded in the MIFR, or in the process of being recorded, which may be used in sharing and compatibility studies under  for WRC-23 agenda item 1.8” from the BR has been done. 

2 Compilation of UAS CNPC technical parameters from ITU-R 5B/646


This chapter contains the overview of some 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/712, 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. In most of the 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 some combinations of input parameters. 


Satellite parameters


The performance analysis is considering 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 assumed to be derived from typical state-of-the-art FSS satellite designs and typical satellite specifications..  


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” assumes to represent satellite transponder optimized for the use by the UA / RPA
. The “FSS nominal” setting assumes to represent 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 with a very minor fraction of the transponder bandwidth 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 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) with satellite transponder HPAs
. In any case, the satellite EIRP is not considered to be 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 are 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 5B/712 (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 are 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 are 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 are 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 are 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 are also 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 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]G(6) = Grnge ——
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Transmission parameters


Identical C/N ratios are applied for all link budget calculations as the same MODCOD
 scheme is used. 


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.

1.) Power Spectral density 


The applied spectral power densities into the earth station antenna follows directly all the uplink constraints (regulatory, earth station capabilities, satellite input backoff, etc.) The PSD range is between -81 dBW/Hz and -42 dBW/Hz (average -58 dBW/Hz) and within the MIFR envelope for both, emiss pwr_ds_max and emiss pwr_ds_min. 

Conclusions


The selected RF parameter values for the UAS CNPC link performance via FSS networks are within the ranges given by the ITU-R MIFR, listed, and extrapolated in documents 5B/646, Annex 23 and 5B/578. 

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 currently used in the ICAO analyses come 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 *

		N/A



		Ka band space to Earth

		N/A

		slightly larger than Average



		Ka band Earth to space

		larger than Average *

		N/A





* larger than Average by roughly factor of 1.5; the Max values are significantly 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





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.)





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 within the FSS MIFR range based on the compliance check with the most recent ITU-R contribution in Document 5B/377. 

� 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
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FREQUENCY SPECTRUM MANAGEMENT PANEL (FSMP)

Twelfth Working Group meeting


Web Meeting, 4 – 15 October 2021

Flimsy 04 – Draft Information Note on the protection of aeronautical MES receivers from the introduction of IMT/LTE in the frequency band below 1518 MHz


[Editorial Note.  Following discussions at FSMP WG/12, it was agreed to defer work on this Information Note to the next and/or future FSMP meeting(s), so as to consider the outcome from ITU-R Working Parties 4C and 5D in finalising the development of the Working Document towards a Preliminary Draft New Recommendation ITU-R M.[REC.MSS & IMT L-band COMPATIBILITY].  


There are no agreement on the draft text below as several concerns were expressed during the meeting and edits are likely.]


1.  Introduction

This Information Note is intended to provide information that can be used by radio regulators to facilitate the authorisation of terrestrial IMT systems in the frequency band 1 492-1 518 MHz in a manner that is compatible with the operation of existing aeronautical L-band mobile earth-station receivers (‘aeronautical L-band MES’).  These aeronautical L-band MES are used to support AMS(R)S communications within the frequency range 1 545-1 555 MHz worldwide (and additionally 1 555-1 559 MHz in the US) where AMS(R)S systems have priority access and immediate availability over other mobile-satellite communications operating within a network.  Operation of aeronautical L-band MES is also permitted in the remaining part of the frequency band 1 525-1 559 MHz without priority access and immediate availability provided that in the event of interference such operations can be accommodated in the frequency band 1 545-1 555 / 1 545-1 559 MHz.  Such aeronautical L-band MES are deployed on aircraft that are used in most countries.  It should be noted the use and protection of any aeronautical MSS systems operation in the frequency band 1 518-1 525 MHz is not included or identified as part of this information note, since this band is used exclusively for commercial satcom applications.


The frequency band 1 492-1 518 MHz is part of a wider frequency band (1 427-1 518 MHz) identified for IMT systems in the Radio Regulations.  Some administrations are considering making available all, or a part, of this wider frequency band for terrestrial IMT systems (including use for 4G and 5G terrestrial mobile systems).  The use of the upper part of the frequency band 1 492-1 518 MHz by IMT has a potential to cause interference to aeronautical L-band MES receivers operating within the frequency range 1 525-1 559 MHz.  Studies in the ITU-R and CEPT have shown that there is a significant potential for interference to existing aeronautical L-band MES used at airports, for example when testing the operation of satcom before take-off, and consequently compatibility measures would be necessary to ensure their interference-free operation at airports.  The studies also show the potential for interference is negligible when aircraft are in-flight.


The main potential for interference from IMT transmissions is due to the ‘saturation’ or ‘blocking’ of nearby aeronautical L-band MES receivers.  The aeronautical MES that are affected include the potential for interference to existing Inmarsat aeronautical L-band MES supporting AMS(R)S communications within parts of the frequency band 1 525-1 544 / 1545-1 559 MHz noting the fall-back requirement into the frequency band 1 545-1 555 MHz (and 1 545-1 559 MHz in the US) in the case of interference.


The studies conducted by the CEPT on this issue are contained in ECC Report 299
.  The ECC report identifies the technical measures that could be implemented to address the potential for blocking of aeronautical L-band MES, and contain information on the timing of the compatibility measures.  The ITU-R is also conducting technical studies on the same issue but, as of mid-2021, those studies are not finalised.  This ICAO information note is intended to complement the results of CEPT and ITU-R studies.

2.  IMT Base Station PFD Limits to protect aeronautical MES from receiver blocking


The recommended approach for the protection of aeronautical L-band MES is through the application of power flux density (PFD) limits around airports.  The geographic area to be protected should be defined, which is normally the area within an airport when aircraft are at the gate[, runway] or maintenance hangers.  An illustrative example of an airport protection area is shown in Figure 1.


Figure 1.  Example of defined airport protected area.


[image: image1.jpg]





The PFD produced by IMT base stations must be kept below the maximum PFD limit value at the boundary of the protected area and at any point inside the area (for example, the area shaded red in Figure 1).  Operators of IMT base stations located outside the protected area will need to assess the PFD at the boundary of, and inside, the airport protected area to ensure that the maximum PFD limit is not exceeded.  The PFD approach allows for the mobile operator to take into account the actual IMT base station characteristics (such as base station power, antenna gain height and down-tilt) and the actual propagation loss (e.g., taking account of local clutter loss) in complying with the maximum PFD.  In some cases, it may be possible for operators to deploy IMT base stations inside buildings within the defined area (e.g., inside the airport terminal) while still ensuring the maximum PFD limits outside the building is not exceeded, when the building wall loss is taken into account.


It is anticipated that national licensing authorities will ensure that the airport protected areas and associated maximum PFD limits are defined and included in the IMT operator’s licence conditions.  The airports and areas to be protected should be identified in consultation with the relevant national aviation safety representatives and/or with the airport operator.


The maximum PFD limits identified below are based on the receiver blocking measurements of some aeronautical L-band MES receivers undertaken by satellite MES equipment manufacturers and presented in ECC Report 299.  The measurements identified a blocking criterion for current aeronautical L-band MES receiver design with respect to IMT base stations operating a single IMT channel in the frequency band 1 512-1 517 MHz of -50.3 dBm, while the blocking criterion with respect to IMT base stations operating multiple IMT channel transmissions was measured to be -55.5 dBm.  For the next generation of aeronautical L-band MES receivers, that would be designed to be much more resilient to receiver blocking effects, the blocking criterion with respect to IMT emissions in the band 1 512-1 517 MHz is -30 dBm.


The maximum PFD limits are identified in two parts:  Phase 1 limits are derived for the protection of existing aeronautical L-band MES equipment, while Phase 2 limits are derived based on the protection requirements for next generation aeronautical L-band MES receivers.  


The PFD limits identified in Tables 1 and 2 are based on a MES with an assumed antenna gain values towards the horizon of either 3 dBi or 17 dBi.  The limits are replicated from Annex 1 of Preliminary Draft New Recommendation ITU-R M.[REC.MSS & IMT L-band COMPATIBILITY].  The protection limits for aeronautical MES with an assumed maximum gain of 3 dBi towards the horizon are identical to the PFD levels specified in Annex 2, Option 2 within the ECC Report 299 (i.e., based on measured blocking performance of aeronautical L-band MES). 


For cases where the aeronautical L-band MES antenna gain towards the horizon can exceed 3 dBi, in particular when such aeronautical L-band MESs make use of high gain  L-band antennas (with a maximum gain up to 17 dBi) and are used in airports having a low elevation angle towards the associated MSS satellite, the identification of the lower maximum PFD limits derived for an assumed gain of up to 17 dBi towards the horizon may be appropriate as an aeronautical MES protection requirement.


Table 1


Maximum PFD limits for IMT BS with single IMT channel transmissions


		Phase

		

		Phase 1

		Phase 2



		

		MSS terminal antenna gain (dBi)

		PFD limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)

		PFD limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)

		PFD limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)

		PFD limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)

		PFD limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)

		PFD limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)



		Airports

		3*

		-28.9

		-42.9

		-58.2

		No limit required

		-27.9

		-37.9



		

		17*

		-42.9

		-56.9

		-72.2

		No limit required

		-41.9

		-51.9





Table 2


Maximum PFD limits on IMT BS with multiple IMT channel transmissions


		Phase

		MSS terminal antenna gain (dBi)

		Phase 1

		Phase 2



		

		

		PFD limit for emissions in the band 1 492‑1 512 MHz (dBW/m2)

		PFD limit for emissions in the band 1 512-1 517 MHz (dBW/m2)

		PFD limit for emissions in the band 1 492-1 512 MHz (dBW/m2)

		PFD limit for emissions in the band 1 512-1 517 MHz (dBW/m2)



		Airports

		3*

		-53.5

		-63.4

		-30.9

		-40.9



		

		17*

		-67.5

		-77.4

		-44.9

		-54.9





[* Further revision would be necessary to Tables 1 & 2 to ensure the pfd limits reflect the appropriate values contained in ECC Report 299 for AES Satcom systems having an assumed antenna gain of 3 dBi to the horizon, together with any pfd limits resulting from ITU-R studies for specific cases where the AES Satcom antenna gain to the horizon may exceed 3dBi which might result when used in airports having a very low elevation angle towards the associated MSS satellite (e.g. high latitude).]

The maximum PFD should be considered within and at the perimeter of the airport protected area and calculated at a height of 10 m above local ground level, which is a typical height for an L-band MES on an aeroplane.

The PFD generated by any IMT base station could be measured in the field or determined by calculation.  If determined by calculation, the propagation model in Recommendation P.452 could be used, which allows for the benefits of terrain diffraction and clutter loss to be taken into account.  It is recommended that the percentage of time, p, is set to 20%.


By way of an example, the derivation of the Phase 1 maximum PFD limits from measurements of the aeronautical L-band MES receivers blocking performance referenced in ECC Report 299 for the case of single IMT channel base-station transmissions in the frequency band 1 512-1 517 MHz is shown in Table 3.


Table 3


Derivation of Maximum PFD limits for IMT BS with 
single IMT channel transmissions in the frequency band 1 512-1 517 MHz.


		

		Phase 1

		



		

		PFD limit for emissions in the band 1 512-1 517 MHz (dBW/m2)

		



		MES gain to horizon (dBi)

		3

		Up to 17

		Notes



		Measured aeronautical L-band MES receiver blocking level (dBm)

		-50.3

		-50.3

		



		Blocking level converted to dBW

		-80.3

		-80.3

		



		Lowest frequency (MHz)

		1518

		1518

		



		Wavelength (lamda) (m)

		0.20

		0.20

		



		Effective antenna aperture 
(isotropic) (dB(m2))

		-25.1

		-25.1

		10*log(lamda^2/(4*pi))



		Max. pfd (dB(W/m2))

		-58.2

		-72.2

		blocking level – Ae – G





3.  Timelines in the application of Phase 1 limits and the transition to Phase 2 protection limits.


It is important that the Phase 1 PFD limits protect existing aviation equipment and the transition to Phase 2 PFD limits should be conducted at a date that is supportable by aviation equipage schedules.  


By way of general information, the longstanding position of airlines and operators has been to accommodate updates to aircraft systems as part of the natural lifecycle of airframes and avionics. Such a timeframe is normally between 20-30 years for each aircraft, given the significant cost of change.  Any changes to aeronautical L-band satellite communication equipment requires updates to the performance standards, procedures, regulations and guidelines which govern air transport.  Design of new equipment must be developed to the new aviation standards and be certified as safe for use by a competent authority.  Once new equipment design has been certified, it has to be incorporated into the production of new aircraft for line-fit delivery, mandated for installation and made available to the airline industry.  For retrofit installations, a supplementary type certificate (STC) must be obtained from EASA/FAA for each type and variant of aircraft.  


Currently, as of mid-2021, there are no certified aeronautical L-band satcom terminals available that comply with the new receiver blocking requirement of -30 dBm from mobile-base station transmissions at 1 512-1 517 MHz.  However, some L-band satcom manufacturers are in the process of designing new MES that comply with the revised blocking requirement.


� https://docdb.cept.org/document/9066
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Flimsy03 – Possible modification to Annex 10, Volume III, Section 4.3.1.1



OPTION 1: Keep the current text:

4.3.1.1 When providing AMS(R)S communications, an AMS(R)S system shall operate only in frequency bands which are appropriately allocated to AMS(R)S and protected by the ITU Radio Regulations.



OPTION 2: Modify the text to read:

When providing AMS(R)S communications, an AMS(R)S system shall operate only in frequency bands which are appropriately allocated on a primary basis to the :

·  AMS(R)S, 

or 

· the MSS under the condition that 

a. in at least some portion of the operational frequency band of the system there is a clear indication in the ITU Radio Regulations that priority is given to accommodating the spectrum requirements of the AMS(R)S through priority access and immediate availability, by pre-emption, if necessary, over all other mobile-satellite communications operating within a network in that portion of the frequency band,

and

b. there is the capability in  the case of interference for the system to fall back to operating only in that portion of the frequency band that meets the provisions defined in a. above.





For both options, delete the existing note:

Note.— ITU Radio Regulations permit systems providing mobile-satellite service to use the same spectrum as AMS(R)S without requiring such systems to offer safety services. This situation has the potential to reduce the spectrum available for AMS(R)S. It is critical that States consider this issue in frequency planning and in the establishment of national or regional spectrum requirements.




