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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 
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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
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