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[bookmark: bookmark=id.30j0zll](Presented by ENAIRE, Indra, SITA and EUROCONTROL)

	SUMMARY



	Studies on WRC-23 agenda item 1.7 are performed within ITU-R WP5B since July 2020. Important progress has been made at the recent meeting of ITU-R WP 5B by including technical interference studies on several technologies (voice, data-link) and covering the whole band 117.975-137 MHz towards potential AMS(R)S allocation. Also, CPM text (regulatory text for the WRC 23 to take decisions) has been drafted. This text includes several alternative methods to satisfy the WRC-23 agenda item.

ITU-R WP 5B has sent a liaison statement to ICAO providing the current draft of a working document towards a preliminary draft new report ITU-R M.[SPACE-VHF], under development by WP 5B, containing interference studies towards a possible new allocation to AMS(R)S.

This contribution aims at assisting ICAO on its response to the LS from ITU-R WP 5B while also providing the context of the different work which ITU-R and ICAO should undertake. The ITU-R is studying a possible allocation to AMS(R)S. These studies are aimed at identifying the interference coexistence between a new allocation to AMS(R)S and other existing services, particularly non-ICAO services in adjacent bands. To conduct such studies, ITU-R usually adopt assumptions on typical reference parameters for the operation of services under the new allocation which help to conduct more precise sharing and compatibility analysis. Based on the results of the sharing studies, the ITU-R will identify any restrictions or limits applicable to the operation of the services under the new allocation to AMS(R)S; then, ICAO would take the further steps towards any action regarding standardization of equipment, assignment of frequencies, internal spectrum management between AMS(R)S and AM(R)S, preferences for operation in one sub-band versus other sub-band, type of technologies to be used in each sub-band, etc. 

Consequently, it is highly recommendable to exploit the potential for the Agenda Item 1.7 at WRC 23 to ensure ITU R decides on a new allocation to AMS(R)S in the whole band 117.975-137 MHz. 

With the above overall perspective in mind, it is also recommendable to contribute to the ongoing studies of the ITU-R and provide feedback on the specific technical parameters which ITU-R is taking as a reference for conducting sharing studies.




1. INTRODUCTION
1.1 Under WRC-23 agenda item 1.7, WP5B is developing a working document towards a preliminary draft new report ITU-R M.[SPACE-VHF], which latest version was sent to ICAO for review and comments. In addition, ITU-R is already drafting the material to be included in the Conference Preparatory Meeting (CPM) where methods to decide on the allocation are considered.
1.2 It should be borne in mind that such ITU-R report is produced to include sharing and compatibility analysis, which aim at studying the compatibility with other non-ICAO services operating in adjacent frequency bands to 117.975-137 MHz. Therefore, the parameters associated to the future operation of AMS(R)S should be considered as a reference but not a mandatory or restriction or a confirmation on the type of future operations. These parameters should represent the widest set of potential cases of AMS(R)S operation in the future but not necessarily the final actual operating parameters which ICAO would recommend or decide via appropriate SARPS.
1.3 In this context, it seems fully appropriate that ICAO confirms the assumptions made in the ITU-R WP 5B report regarding the several technologies which could potentially be used for future AMS(R)S operations, which would include voice and data throughout the whole band, thus ensuring the highest flexibility for later ICAO decisions when developing the appropriate SARPS. Among the ITU-R assumptions there is also the possibility to derive different technical interference conditions when operating in a frequency sub-band, which ICAO may wish to confirm as a valid assumption.
2. DISCUSSION

2.1 In this context, Indra, ENAIRE, SITA and EUROCONTROL are working in a European project called VOICE (Reduced separations and improved efficiency based on Vhf cOmmunICations over LEO satEllites).
2.2 The main objective of this project is to perform a proof of concept for this technology in real environment by end 2022. 
2.3 This initiative aims to respond the needs of the ATM sector for infrastructure rationalization, providing ANS services in Oceanic and Remote areas in which current systems cannot provide today the required performances.
2.4 This solution based in a Low Earth Orbit (LEO) constellation designed by ATM manufacturer and for ATM applications will add an overlapped infrastructure to the existing CNS ground infrastructure, solving major problems in the ATM sector such as continuity in oceanic regions, capacity, implementation costs, technology commonality or uniform application of standards and recommended practices. Furthermore, satellite-based solutions reduce the fragmentation of Ground based systems, reduce Technology deployment time and result in a reduction of need for investments on ground infrastructure, resulting in lower costs for the users
2.5 The studies and tests outcomes that Eurocontrol, Enaire, Indra and SITA are carrying out and the plan to complete them have been presented in the Information Paper FSMP-WG13 IP/XXX.
2.6 Several operational considerations and technical parameters were studied;  the outcome show the feasibility of the compatibility of AMS(R)S with other services allocated in adjacent bands and with the AM(R)S within the aeronautical VHF frequency band 117.975-137 MHz.
In the next sections are presented a summary of the relevant conclusions.

2.7 Signal propagation and link budget
Transmitted power, propagation loss, receiver sensibility and potential antennas characteristic have been analysed concluding that a space based solution with LEO satellite constellation is feasible to provide AMS(R)S while fulfilling the operational requirement form the propagation and link budget perspective.
2.8 Doppler effect on VHF link
Two different operational scenarios are analysed with the following outcomes:
· For voice operational services, both the requirement operational voice services and the airborne radio equipment behaviour are pointing that the Doppler effect could be ignored and pre-compensation for the frequency shift would not be necessary.
· For data operational services using VDL-Mode 2 applications the Doppler effect has to be taken into account in the use case that require broadcast radiation for which several solutions could be defined:
· A multi-beam antenna with independent shift pre-compensation for each beam.
· A multi radiation schedule in the affected sector with different shift pre-compensation for each radiation schedule.
· Statistic traffic tracks processing and an optimal accommodation for a broadcasting radiation.
· Unicast communications services are easily stablished due to the single and defined pre-compensation frequency shift value for each aircraft.   
· The final solutions could be one of the above or a combination of the above solutions in addition to proper satellite and the satellite constellation designs.
Therefore the Doppler effect is indeed a well known  phenomenon, which can be pre-compensate; its effect can be perfectly corrected via appropriate technical design to be implemented by the system manufacturer.
It is necessary to mention here also that the Doppler effect does not cause any change in the considerations of out-of-band emissions for the common signalling channel (CSC) frequency at 136.975 MHz. 
2.9 Spectrum compatibility
The WP 5B’s working document towards a preliminary draft new Report ITU-R M.[Space-VHF] includes an exhaustive analysis about the spectrum compatibility of AMS(R)S with the adjacent bands and within the frequency band 117.975-137 MHz.
The first outcome assumes that compatibility studies below the 117.975 MHz and the compatibility studies in band 117.975-137 MHz are a matter of ICAO coordination in the corresponding frequencies assignment procedures.
For the compatibility studies with services allocated in frequency band above 137MHz it is concluded that the ASM(R)S is compatible with other adjacent band services via observing the protection criterial defined for these other services.
2.10 Compatibility to use VLD Mode 2 from Space
The satellite system is similar to the ground station in term of behaviour. Both the CSMA protocol, the used modulation D8PSK, the centralized VDL-Mode 2 management entity (CVME) assigning to the space-radio a dedicated channel as specified by ICAO and the ground stations and the space-based VHF system will be visible each other managing the space-radio station as an additional radio station in the system. 
As a result, adding space-based VHF radios will imply significant benefits for the system, among others, the following:
· It will avoid the issue of the hidden transmitters in the event that they use the same channel (CSC).
· The space-based VHF radio will be a complementary component to the ground-based VDL network.
· CVME could manage the space-based VHF radios for a minimum overlap with ground stations operating close to the coastline to ensure continuity of service. 
· Extending the coverage over oceanic and remote areas.
· Seamlessly transition from ground station to the satellite component.
· Specific channel could be assigned by ICAO to improve the airspace management.

3. Operational consideration
3.1 The ITU-R WP 5B has made assumptions on a number of future AMS(R )S applications which can be provided. Among them, data-based services are important. Few reasons are provided here below to justify the need of data communications within the AMS(R)S and consequently, support the inclusion of data services as part of the cases which ITU-R WP 5B should study. 
3.2 The World Radiocommunication Conference 2015 (WRC-15) approved the allocation of frequency for space-based Automatic Dependent Surveillance – Broadcast (ADS-B) services. Following the frequency allocation, space-based ADS-B has been implemented via a satellite constellation which overcame the line-of-sight (LOS) limitations of terrestrial ADS-B sensors. It has extended surveillance coverage over remote continental and oceanic airspace, without the need for aircraft avionics modification.
3.3 However, to apply radar-like separation for civil aircraft, surveillance must be complemented with effective communications. That is, space-based ADS-B has to be complemented with Direct Controller-Pilot Communications (DCPC) such as Very High Frequency (VHF) voice communication means and with the exchange of datalink services as CPDLC and ADS-C, which are both still lacking in most oceanic and remote continental areas.
3.4 In this way, SB-CNS concept must be based on the use of existing airborne equipment. The system will be able to interact with standard on-board ADS-B and VHF, both for Data Link using VDL-Mode 2 and the standard radio communication by VHF-Voice.
3.5 Major operational ATM benefits from the SB-CNS concept are:
· Use of the same operational procedures as in continental areas.
· No need of additional equipment on board at the aircraft. No impact at all in current avionics.
· Significant increase of safety in the aircraft operation since now full CNS services are provided to the aircraft.
· Significant increase in capacity in oceanic and remote continental areas.
· Neither additional training for crew and ATCOs is required, as operation is the same as in continental areas.
3.6 ANSPs are requiring more data communication for more ATC automation, allowing extra capacity while improving safety. This new automation related communication requirements shall however be combined with the AOC evolutions for a smooth integration on board the aircraft while mastering the overall infrastructure cost.
3.7 The ICAO Performance-Based Communications and Surveillance (PBCS) Manual (Doc 9869) defines a performance framework to quantify the datalink system performance needed to meet operational requirements. It introduces two concepts: 
· Required Communication Performance (RCP) applicable to two way Controller-Pilot Data Link Communication (CPDLC) dialogues, and 
· Required Surveillance Performance (RSP) applicable to one way transfer of surveillance data by contract based Automatic Dependent Surveillance (ADS-C). 
3.8 PBCS is needed to ensure operator systems and infrastructure meet global required performance. Some ICAO Regional Planning Groups concluded to develop an RCP Implementation Plan that would propose to mandate RCP in these ICAO regions.
3.9 ICAO intends to improve safety and maximize operational benefits by promoting the PBCS concept and its general application to emerging technologies for communication and surveillance supporting ATM operations.
3.10 SB-CNS concept (both voice and data) appears here as a clear facilitator for implementing this PBCS concept in order to provide AMS(R)S services. Supporting voice but not data in SB-CNS systems would not allow the implementation of the full PBCS concept, not being able to take the benefits highlighted in this chapter.
3.11 In consequence, it is highly recommendable to exploit the potential for the Agenda Item 1.7 at WRC 23 to ensure ITU R decides on a new allocation to AMS(R)S in the whole band 117.975-137 MHz. to be able to provide both voice and data services in support of the ICAO PBCS concept.

4. Standardisation considerations
A number of decisions will have to be adopted by ICAO, assuming that a new allocation is decided by ITU-R at the WRC-23, and assuming that the standardization consideration that ICAO has to adopt for the sector benefit exploiting  this potential new allocation will take time. ICAO could start or continue their internal studies and considerations on the subject of AMS(R)S to develop Standards and Recommended Practices (SARPs) for the AMS(R)S in the whole VHF aeronautical frequency band 117.975-137 MHz in order to advance as much as possible with the availability of the required Standards and Recommended Practices (SARPs) an be capable to foment operational AMS(R)S systems as after the WRC-23. 
4.1 On timeline for ITU-R and ICAO developments on new allocation to AMS(R )S
We consider it is important to clarify the different timelines of ICAO and ITU. Each Organization has different responsibilities and carry out their work under different rules and timelines. 

The ITU-R:
A. Sharing and compatibility studies between future AMS(R)S and other radio services. The interference assessment must be made with respect to, in particular, adjacent band services. This ITU decision will set the restrictions and conditions to use the AMS(R)S in order to protect adjacent band services. ITU-R will not decide on the way AMS(R)S and AM(R)S will share the band.
B. Establishes reference parameters of services and applications which would work under the new AMS(R)S allocation, purely for the purpose of conducting sharing and compatibility analysis. These parameters do not need being standardized or being confirmed as mandatory parameters. This is the usual way of conducting interference studies by ITU for any future allocation to any service.
C. Will take decisions on the way AMS(R)S would use the whole band 117.975 – 137 MHz, as per the Agenda Item 1.7 addresses the whole band 117.975-137 MHz. ITU may decide to establish different conditions for each sub-band within the whole band if necessary. 
D. Will not assign the AMS(R)S to any specific usage and will not make any frequency assignments. It is important to distinguish between allocation (under the purview of ITU-R) and assignments (under the purview of ICAO and national Spectrum and Civil Aviation Authorities).
E. Takes decisions every 4 years or longer, depending on the WRCs decisions. It is an opportunity for ICAO to influence WRC-23 process of obtaining a new AMS(R)S allocation in the whole band, because otherwise, there will be long process to bring the discussion again at another WRC should WRC-23 take decisions only for a sub-band and not for the whole band.



The ICAO:
I. Can assist ITU-R on and reasonable expectations about future use of the AMS(R)S from the perspective of sharing with other non-ICAO services. It is assumed that the management of the assignments within the AMS(R)S band will be made by ICAO and will not be an ITU issue.
II. In this way, ICAO may wish contribute to ITU-R WP 5 B to provide technical parameters on future use of AMS(R)S for the widest set of potential services and applications (including voice and data) without prejudice of later definition of SARPs. 
III. The final design or conditions to use the AMS(R)S band (and associated ICAO standards or ICAO operational procedures) will depend upon the final restrictions to use the band due to requirements to protect adjacent band services as decided by ITU-R. It is reasonable to expect that ICAO SARPS will be completed once ITU-R would have taken decision on the new allocation to AMS(R)S.
IV. Consequently, should contribute to ensure firstly the AMS(R)S allocation in the whole band (studies have to be conducted for the whole band as per agenda item 1.7 requirement), ensuring the whole band is studied by WRC-23. Then, once conditions to use the band (or different conditions for each sub-band, as appropriate) are decided by WRC-23, ICAO can complete the strategy on standardization, operational aspects for the use of the allocation and adopt/recommend assignment procedures to civil aviation authorities.

The following picture provides a summary of the typical timeline:
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4.2 Conclusions
Considering the above, it seems appropriate for ICAO to support the efforts of the ITU-R WP 5B to identify the potential for new allocation in the band 117.975-137 MHz and recommend the completion of studies on time for consideration at the WRC-23, while ensuring the highest flexibility for ICAO to manage the band 117.975-137 MHz after WRC-23 in accordance with the needs of ICAO as well as technology evolution.
It would be appropriate for ICAO to study technologies, standards and operational procedures towards exploitation of  a potential new AMS(R)S allocation while understanding that ITU-R is defining the criteria for AMS(R)S compatibility with services allocated in the frequency band above 137 MHz. ICAO should define the criteria for the compatibility of AMS(R)S with AM(R)S operating within the frequency band 117.975-137 MHz. 
5. ACTION BY THE MEETING
The meeting is invited to:
a) note and review the contents of this working paper; 
b) consider the context of the ITU-R when taking decisions for a new allocation to AMS(R)S and the convenient flexibility to be maintained by ICAO for further elaboration of SARPS and operational measures to manage the AMS(R)S and AM(R)S spectrum;
c) use these elements in its reply to WP5B request for the review and comment by ICAO of its working document towards a preliminary draft new report ITU-R M.[SPACE-VHF], as proposed in Attachment.
— END —
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ICAO would like to thank ITU-R Working Party (WP) 5B for its liaison statement related to the ongoing studies on a space-based aeronautical VHF communications system within the 117.975‑137 MHz frequency band, as conducted under WRC-23 agenda item 1.7. 
ICAO notes that WP 5B’s working document towards a preliminary draft new Report ITU-R M.[Space-VHF] includes studies and technical parameters for future ASM(R)S systems including voice and data and have included separate studies for the sub-bands 117.975-136 MHz and 136-137 MHz. 
ICAO support this approach of the WP 5B and would like to comment on specific points.

VDL Mode 2 performance requirement in section 4.2.2.2
ICAO confirms that the parameter used for aircraft VHF receiver sensitivity data using VDL Mode 2 modulation application, -120 dBW/m2 of sensitivity power flux, is the required signal strength at the edge of the service volume as it is contained in ICAO Standards and Recommended Practices (SARPs) Annex 10 Volume III (Communication System) Part I (Digital Data Communication Systems), section 6.3.5.2 of the Convention on International Civil Aviation.     

Additional technical considerations on VDL Mode 2 applications
· Noting that there are no ICAO requirements for power output at the aircraft VHF transmitter and noting that EUROCAE ED 92C specifies that the aircraft output power will not be less than 15 watts measured at the transmitter antenna port, WP 5B should therefore considers this level of 15 watts for VDL Mode 2 in section 4.1 and related calculations.

Additional AMS(R)S compatibility considerations on VDL Mode 2 applications

· Noting that VDL Mode 2 applications uses the common signalling channel (CSC) frequency at 136.975 MHz, noting that the Doppler shift effect with a maximum of +/- 4kHz, noting that the necessary bandwidth for VDL Mode 2 of 14kHz for a 8DPSK modulation, noting the state of the art to control the roll-off signal, noting that the outcomes of studies concludes that AMS(R) services are feasible to be used at 136.975 MHz fulfilling the protection criteria defined for the other services allocated in the frequency band above 137MHz, ICAO therefore considers important that the AMS(R)S takes into account also the data services and using the characteristics of VDL Mode 2 data as a valid reference for sharing the studies. .
 
·  Noting VDL Mode 2 applications uses the common signalling channel (CSC) frequency at 136.975 MHz, and there are protocols defined to Carrier-Sense Multiple Access (CSMA) for these applications, noting that the VDL Mode 2 applications from space (AMS(R)S) are feasible to be used in a coordinated way with the VDL Mode 2 applications from Earth (AM(R)S) observing the requirement applicable and defined by ICAO Standards and Recommended Practices (SARPs) for VDL Mode 2, ICAO therefore considers that inclusion of data services as part of the set of scenarios for sharing and compatibility studies is appropriate. 

ICAO’s recommendation regarding WP 5B’s studies under WRC-23 agenda item 1.7.
ICAO support the approach of the WP 5B regarding sharing and compatibility studies between future AMS(R)S and other non-ICAO services operating in adjacent bands.

ICAO therefore recommends WP 5B to finalize studies for the whole frequency band 117.975-137 MHz, including voice and data services, on time for consideration by WRC-23 as prescribed by the agenda item 1.7. ICAO would also understand the splitting of study cases should WP 5B would decide to carry out separate studies for each sub-band, 117.975-136 MHz and 136-137 MHz with the aim of concluding on minimum (or no restrictions) for the operation of AMS(R)S in the band 117.975-136 MHz and specific conditions (limits) in the band 136-137 MHz, if required.

	Status:	For information and action
	

	Contact:	Loftur Jonasson
	E-mail: 	LJonasson@icao.int
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