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	SUMMARY

	This Information Paper describes the current work plan to conduct AMS(R)S compatibility studies.
This work plan presents a compilation of several working teams and programs currently ongoing or plan to be performed by Enaire, Indra, SITA and Eurocontrol to support the Resolution 428 (WRC19) as per “…invites the International Civil Aviation Organization to participate in the studies by providing aeronautical operational requirements and relevant available technical characteristics to be taken into account in ITU Radiocommunication Sector (ITU-R) studies and to take into account the sharing and compatibility conclusions reached at ITU-R in the SARPs to be developed for the AMS(R)S, …”







1. INTRODUCTION
1.1 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.
1.2  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, which is still lacking in most oceanic and remote continental areas.
1.3 During last meeting of the DCIWG WGW held by the end of October 2020, a new subgroup was created under the DCIWG PT-T called FVSG that work on reviewing ICAO Annex 10 SARPs and propose SARPs amendments, if required, in order to enable the future adoption of space-based VHF system.
1.4 Terms of Reference (ToR) of this FVSG subgroup have been presented during the DCIWG PT-T meeting held on January 28 for their pre-approval that have been now sent to the DCIWG for its formal approval.
1.5 The FVSG will coordinate with FSMP on the joint ICAO/ITU works on the ITU-R study group 5B technical studies required according to Resolution 428 (WRC-19), as defined in agenda item 1.7 of WRC-23, and other relevant content required in terms of aeronautical spectrum management.
1.6 Enaire and Indra have created a company named STARTICAL just to allocate all the efforts of both companies to carry out all the necessary activities, technical and operational, to study the feasibility to provide AMS(R)S from a Space-Based infrastructure. All the outcomes from these activities, studies, test and proof of concept will be provided to ITU-R and ICAO in order to support the endorsement from Resolution 428 to ITU and ICAO.
1.7 A VHF System Test Emulator is under implementation at Enaire facilities to recreate and en to end VHF system for testing. VHF The System Test Emulator is initially composed of:
· Voice Communications System (VCS).
· ATM application.
· ATC Controller Working Position.
· IP Network Simulator.
· VHF Ground Station mock-up supporting VHF Voice and Data.
· Satellite Channel Emulator which consists in an equipment that introduces the effects of the satellite channel, such as Doppler (offset and rate), variable path attenuation, satellite amplifier effects, scintillation, delay and delay variation.
· Airborne VHF Radio mock-up, supporting VHF Voice and Data.
· A Virtual connection to a VHF Mode-2 Data Link Coordinator. 

1.8 In order to speed up the feasibility studies from a real scenario, STARTICAL has a contract with Gomspace, a Danish company, to develop a spacecraft capable to allocate a specific payload to provide AMS(R)S from a LEO orbit. It is planned to launch the first satellite by September 2022 and two additional satellites by September 2023.
1.9 In addition to this, STARTICAL is working in collaboration with some other entities to study and test the feasibility to develop and to implement on board VHF transmitters with up to four VHF simultaneous channels controlling the intermodulation and radiated spectrum.  In addition, analytic studies are ongoing to define the potential solutions to make compatible the simultaneous use or shared use of Common Signal Channel (CSC) between a station in the space and a station on the Earth. This analysis and identified solutions will be tested under the SESAR VOICE project and later programs.
1.10 Most of these activities to demonstrate technical and operational feasibility of the satellite-based CNS concept are performed under the umbrella of a SESAR project called VOICE (Reduced separations and improved efficiency based on Vhf cOmmunICations over LEO satEllites).
1.11 The SESAR Joint Undertaking has launched a Very Large Demonstration project called VOICE (Reduced separations and improved efficiency based on Vhf cOmmunICations over LEO satEllites) that intends to demonstrate that standard communication services such as VDLm2 and Voice Communication (25 kHz channel bandwidth) can be provided by a LEO satellite constellation. 
1.12 In this context of SESAR, Indra, ENAIRE, SITA, GOMspace and EUROCONTROL are working together in this project and developing the technical and operational description as well as the used cases that intends to be evaluated during the 2nd half of 2022. 
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1.13 The main objective of this project is to perform a proof of concept for this technology in real environment by end 2022. Future proof of concept activities are scheduled beyond the scope of this VLD in 2023. 
2. ACTIVITIES TO SUPPORT RESOLUTION 428 (WRC19)
2.1 Spectrum compatibility
2.1.1 Objectives
Evaluate potential interferences inside the band (117.975-137MHz), below adjacent band (<117.975MHz) and above adjacent band (>137MHz). The channels will be both, 25 kHz channels with AM Voice Signal and 8DPSK Data Signal. The interference levels at different bands will be studied at aircraft and ground levels transmitting different number of VHF carriers and measuring in band and out band interference levels. Power Flow Density (PFD) and absolute value (dBW) on ground will be the key parameters involved.
2.1.2 Studies/Analysis
· Identify the worst cases of intermodulation interferences and spectrum behaviour using up to four simultaneous channels. Analysis of ITU-R regulations affecting the harmful protection and determine the protection to be implemented if required. 
· Analyze interference over adjacent channels coming from spectrum shift due to satellite Doppler.
· Analyze simultaneous transmission from several satellites with overlapped coverage (TBC, only if same frequency).

2.1.3 Tests/Measurements
Test in the lab the intermodulation products and transmitter spectrum mask behaviour using a real multicarrier VHF amplifier developed for the spacecraft.
2.1.4 Schedule
· Studies outcome: Ongoing. Planned first contribution for ITU-R/5B November 2021 Workshop.
· Tests outcome: Starting. Planned first contribution for ITU-R/5B April-May 2022 Workshop.

2.2 Signal propagation impact on VHF link
2.2.1 Objectives
Evaluate impact of higher propagation attenuation and scintillation effect to verify PFDs and SNRs for Voice and Data links requested in ICAO SARPS.
2.2.2 Studies/Analysis
Analysis considering variable propagation conditions, scintillation, Faraday rotation and the typical aircraft antennas characteristics and by taking into account the relevant ITU-R Recommendations for this kind of studies.
2.2.3 Tests/Measurements
Test in the lab the behaviour of a real airborne VHF radio installed on a complete Rockwell Collins mock-up environment using a System Channel Emulator to simulate the satellite channel installed in Enaire facilities.
· Theoretical effects from existing models and attenuation patterns will be introduced in the Satellite Channel Emulator to measure the impact on the end to end communication path. During the VOICE program, different testing will be carried out by measurement of the key parameters using both, ground station and an aircraft lab from EUROCONTROL.
· Scintillation will be modelled and added into the System Channel Emulator in order to analyse its effect in both voice and data signals.
  
2.2.4 Schedule
· Studies outcome: Ongoing. First contribution was submitted to the ITU-R/5B in May 2021 Workshop. A second contribution is planned for the ITU-R/5B November 2021 Workshop.
· Tests outcome: Ongoing. First contribution is planned for the ITU-R/5B April-May 2022 Workshop.

2.3 Doppler effect impact on VHF link
2.3.1 Objectives
Evaluate the impact of the satellite Doppler effect in airborne VHF radios, taking into account currently defined ICAO SARPS specification for carrier frequency acquisition range. To be assessed for VHF Voice and VHF Data (POA and VDLm2).
2.3.2 Studies/Analysis
· Computation of the aggregated frequency offset and frequency rate over the Satellite footprint with the main contribution of the Satellite Doppler effect.
· Study of the impact on VHF data reception and assess the necessity of a pre-compensation mechanism for VHF data.
· Study of the impact on VHF Voice airborne reception for 25 kHz channel and considering also offset carrier.
2.3.3 Tests/Measurements
Test in the lab the behaviour of a real airborne VHF radio installed on a complete Rockwell Collins mock-up environment using the System Channel Emulator to simulate the satellite channel installed in ENAIRE facilities. Representative satellite Doppler effect profiles will be introduced in the transmitted signals by the Satellite Channel Emulator. The final target is to characterize the behaviour of the airborne VHF radio and evaluate the maximum Doppler shift, both for voice and data that a real airborne VHF radio is able to cope with. During the VOICE program, different testing will be carried out by measurement of the key parameters using both, ground station and an aircraft lab from EUROCONTROL.  
2.3.4 Schedule
· Studies outcome: Ongoing. First contribution is planned for the ITU-R/5B November 2021 Workshop.
· Tests outcome: Ongoing. First contribution is planned for the ITU-R/5B November 2021 Workshop.

2.4 Compatibility to use VDL-Mode 2 from space
2.4.1 Objectives
Compatibility analysis for the use of space stations for transmission in the 136 – 137 MHz frequency band.
Definition of the Space based VHF CONOPS for operations in the 136 - 137 MHz frequency band.
Identification of any limitations of use and operational impact of these limitations.
2.4.2 Studies/Analysis
· Analysis of the compatibility of the use of the VHF datalink from satellite system assessing the efficiency of the Carrier Sense Multiple Access (CSMA) scheme. 
· Definition of Concept of Operations (CONOPS) of the VDLm2 network over satellite system addressing the  shared use of the Common Signalling Channel between shared with terrestrial and space-based VHF networks.
· Identification of any technical and operational constraint and their impact on the satellite services.

2.4.3 Tests/Measurements
During the SESAR VOICE Very Large Demonstration activity, an operational infrastructure will be implemented in the Gran Canary Island between the ENAIRE ATC system, the SITA network and some preliminary and initial assets within the future STARTICAL space-based infrastructure (Ground Segment and first satellite). VOICE project will demonstrate that, with the use of Satellite based VHF systems providing Voice and Datalink ATS, traffic in remote airspace can be handled as in a continental, and current separation could be reduced without compromising safety.
In addition, VOICE project will perform some cross-border operations between adjacent FIR belonging to different countries. Demonstration will cover operations in CANARIAS and SAL FIRs with ATCOs communicating in real time with aircraft at distances bigger than 800NM.  
2.4.4 Schedule
· Studies outcome: Starting. First contribution is planned for the ITU-R/5B April-May 2022 Workshop.
· Tests outcome: Planned. First contribution is planned for the ITU-R/5B second half of 2022.
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