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	SUMMARY

	Space-based ADS-B provides a means of surveillance over oceanic and remote continental areas. However, there are no similar ready solutions for the case of VHF voice communication, as Direct Controller Pilot Communication (DCPC), to support radar-like separation minima in these areas.  This paper shares one potential solution using VHF radios relay installed on satellites or high altitude platforms (HAP), and highlight the need for ITU allocation of VHF frequency band for such solutions. 



1. INTRODUCTION

1.1 In order to apply radar-like or other similar reduced separation minima over oceanic and remote areas, both appropriate surveillance and communications are required. 
1.2 For surveillance, Aireon has started the implementation of space-based ADS-B services using their satellite constellation. In November 2015, the International Telecommunications Union (ITU) World Radio communication Conference (WRC-15) allocated the frequency band 1,087.7 to 1,092.3MHz for reception of aircraft broadcasted ADS-B messages by space stations. Space-based ADS-B is expected to perform like terrestrial ADS-B sensors without any need for avionic modification. 

1.3 Appropriate communications means, however, is still an issue in most of these areas. There is currently no suitable solutions to provide VHF voice services over oceanic and remote areas. Although High Frequency (HF) voice, satellite voice (SATVOICE) and  controller-pilot data link communications (CPDLC) may be used in lieu of VHF voice, they are currently not approved for supporting radar-like or other similar reduced  separation minima (e.g. 3, 5 or 10 NM). Moreover, not all aircraft are equipped with SATVOICE and/or CPDLC.
1.4 With advancements made on satellite technologies as a communication medium and the possible reduction in separation minima using space-based ADS-B, CAAS has been working with satellite and communications vendors to conduct design studies and trials/ proof-of-concept for satellite- or HAP-mounted VHF voice communication relay system (“space-based VHF”). 
2. DISCUSSION

2.1.1
CAAS has partnered with Gomspace AS (Gomspace) and Singapore Technologies Engineering Electronics (STEE) on a design study for space-based VHF, whereby VHF radio relay equipment will be installed on Low Earth Orbit (LEO) satellites to relay air-ground and ground-air communication between air traffic controllers and pilots. 

2.1.2
It is expected that the solution will work with all existing civil aircraft, which are equipped with VHF radio voice communications equipment, without any need for avionic modification.  However, some of the challenges of this solution are:

a)
Doppler effects caused by the fast moving satellites;

b)
Satellite as single point of failure;

c)
Limited power budget and space in a nano-satellite; 

c)
Interference to adjacent ground radio stations using the same frequency band, as the satellite footprints may be slightly larger than the coverage of ground-based VHF radios including that of airborn transmitters; and

d)
Need to apply for ITU allocation of existing civil aviation VHF frequency band for space-based VHF radio voice services.

2.2
ConOps & Satellite Constellation
2.2.1
To achieve complete coverage of the Singapore Flight Information Region (FIR) while balancing technical challenges (e.g. Doppler effects, satellite single point of failure, etc.), the following satellite constellation concept was used as baseline for further design fine-tuning:


a)
A constellation of 64 clusters of satellites operating at 600km altitude in near-equatorial orbit is being considered to achieve continuous 100% full coverage for Singapore FIR. This preliminary number of clusters was derived by trying to balance the trade-offs between (i) maintaining continuous data link communication between the satellite constellation and the ground earth stations in Singapore, and (ii) minimising the number of satellites for the constellation. 


b)
Based on our preliminary link budget calculation, it appears that each satellite can only transmit one VHF radio frequency at any one time.  As a result, the number of VHF radio frequencies supported by the constellation will be limited by the number of satellite in each cluster. For this reason, we plan to use only a couple of VHF frequencies via space-based VHF voice services in the initial stage. 

2.2.2
The satellites of the constellation will move above the equator like many other LEO satellites. However, due to the link budget described below, the maximum transmission range will be about 1,300 Km or 702 Nm. This implies that the constellation can provide continuous VHF voice services in portions of the airspace between about +/- 110 latitudes, with a footprint that stretches up to about +/- 120 latitudes as shown in the attachment. With proper frequency management, the constellation could serve multiple States and regions that have interest in using space-based VHF voice services in part of the airspace between +/- 110 latitudes. 

2.3
Link Budget for Space-based VHF

2.3.1
To achieve equivalent performance as that of a terrestrial VHF radio, the VHF relay stations in the constellation will transmit enough signal strength for aircraft’s minimum receiver sensitivity of -109 dBW/m2. In the worst-case scenario, a slant range of 1,300km or 702 Nm from satellite to aircraft (to cover the edge of Singapore FIR) is achievable. 

2.3.2
More detailed studies need to be conducted on space-based VHF radio and antenna design, in order to optimise the trade-offs between maximising radio coverage and minimising transmit power (to reduce satellite payload weight).

2.4
Space-based VHF Frequencies – ITU Allocation

2.4.1
The Singapore radio regulator, Infocomm Media Development Authority (IMDA) has advised that the allocated VHF frequency band for civil aviation usage are for terrestrial (i.e. ground) based VHF stations only, and the approved frequency band does not automatically apply to “VHF stations” mounted at high altitudes.

2.4.2
There is therefore a need for ICAO to initiate and support the ITU application process to allocate VHF frequency band for space-based VHF voice services.

2.5
Space-based VHF Frequencies – Interference Mitigation

2.5.1
To mitigate interference by the space-based VHF radio to other adjacent radio stations using the same or nearby frequencies, the space-based VHF service provider will need to implement one or more of the following preliminary interference mitigation measures:


a)
perform real-time reduction of transmit power control when maximum power is not required;


b)
have real-time antenna beam steering capability to minimise signal transmission into areas outside the required coverage; and


c)
ability to switch off radio transmission from the satellites at designated airspaces, if required.

2.5.2
For ease of frequency management, ICAO may consider reserving a set of say 10 frequencies for the space-based VHF voice services either worldwide or in specific areas such as the areas between +/- 120 latitudes. 

2.6
CAAS Space-based VHF Project – Status
2.6.1
CAAS expects to complete the space-based VHF design study collaboration with Gomspace and STEE by end 2018.  If the study results are positive, it will be followed by a proof-of-concept (POC) demonstration in end 2019 (depending on launch schedule). The POC will include launching of a few satellites equipped with the VHF relay stations to verify the expected performance. 
2.6.2
The 29th meeting of ICAO Asia/Pacific Air Navigation Planning and Implementation Regional Group (APANPIRG/29), held in Sep 2018, has endorsed the operation requirements for space-based VHF voice services and correspondingly supported the ITU application process for the allocation of VHF frequency band for such use. ICAO Asia Pacific Regional Office will also assign appropriate frequencies for POC so that verification tests could take place.

2.6.3
CAAS is also working in parallel with the Singapore radio regulator, on ITU allocation of VHF frequency band for space-based VHF voice services purposes, either to table for WRC-2023 agenda approval at WRC-2019, or to table for allocation directly at WRC-2019 under an appropriate agenda item.
2.7
Recommendation
2.7.1
Space-based VHF Voice Services is a first-of-its-kind, innovative potential solution to be used with space-based ADS-B, to provide radar-like or similar reduced separation services over oceanic and remote areas. While the design work has commenced, there is still much work to be done, especially in terms of frequency allocations, link budget verification, cost-feasibility studies, etc. 
2.7.2
It is recommended that:

a)
the meeting to note the on-going design study of space-based VHF voice services , and States are invited to consider using such services when available; 
b)
ICAO is invited to initiate and support the ITU application process to allocate VHF frequency band for space-based VHF voice services; 
c)
the meeting to consider table for ITU allocation of VHF frequency band for space-based VHF voice services for WRC-2023 agenda approval at WRC-2019, or if possible, the meeting to discuss the possibility of seeking approval of allocating VHF frequency band for space-based VHF voice services at WRC-2019; and

d)
the meeting to consider whether there is a need to allowed such frequency band for data link services as well.
3. ACTION BY THE MEETING

3.1 The meeting is invited to:

a) note and review the contents of this working paper; and
b) endorse the recommended actions in paragraphs 2.7.2.
— END —
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