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FREQUENCY SPECTRUM MANAGEMENT PANEL (FSMP)

Eleventh Working Group meeting

Web Meeting, 1 – 12 March 2021

Agenda Item 4:
Development of (planned) Material for ITU-R Studies on

a)
WRC-23 AI1.6 Suborbital Vehicles

Consideration of the use of MSS Frequency Bands at 1.6/1.5 GHz
to Support Communications for Sub-Orbital Vehicles
(Presented by Kamlesh Masrani, Inmarsat)

	SUMMARY

	This paper provides information on the benefits that may be gained in identifying MSS systems operating in the 1.6/1.5 GHz frequency bands to support safety and non-safety related voice and data communications (including the transmission of flight tracking data and other aeronautical telemetry information) by stations on sub-orbital vehicles (SoV) when they are operating their flight paths in space.  Such provisions would complement the use of MSS by stations on SoV when operating their flight paths within the Earth’s atmosphere.
The ICAO FSMP-WG/11 meeting is invited to review the proposals contained in this paper and to take them into account, as appropriate, in the development of any ITU-R studies on WRC-23 Agenda Item 1.6 within FSMP, and in any future update to the draft ICAO position for WRC-23.  
FSMP is also invited to provide comments on the proposals that may assist in progressing the discussions at WP 5B in identifying the radio communication services that may suitable for use by stations on sub-orbital vehicles.


1. INTRODUCTION

1.1 Inmarsat proposes the use of GSO MSS systems operating in the frequency bands: 1 518-1 544 & 1 545-1 559 MHz; 1 626.5-1 645.5 & 1 646.5-1 660.5 MHz; 1 670-1 675 MHz, be identified as one of the candidate radiocommunication services that may be used to support radiocommunications by stations to sub-orbital vehicles (SoV) during periods of their flight in space.   In making this proposal, Inmarsat recognises that other MSS systems operating in other parts of L-band also provide safety and non-safety related aeronautical communication services and may additionally be identified as candidate radiocommunication services for SoV communications.  It is also understood the operation of MSS systems on SoV is permissible under No. 1.63 and other RR provisions during periods of SoV flight within major portions of the Earth’s atmosphere. 
2. DISCUSSION

2.1 Inmarsat submitted an input contribution to the February 2020 meeting of WP 4C (Document 4C/157) proposing the identification of the mobile-satellite service (MSS) as a potential candidate radiocommunication technology that may assist in the provision of safety and non-safety related voice and data communications by stations on sub-orbital vehicles.   
2.2 In the WP 4C input contribution, Inmarsat noted that aeronautical MSS systems are routinely used to support safety and non-safety related radio communications to aircraft, particularly over remote and oceanic regions of the Earth, and thereby could be suitable for use for use on SoV when operating within the Earth’s atmosphere.  
2.3 An extension in the operation of such aeronautical MSS systems on SoV to address cases when a SoV is operating in regions of near-Earth space is considered to be practicable, both from a technological and MSS satellite coverage perspective.
2.4 Inmarsat also considers the use of existing aeronautical MSS technology providing aviation messaging for Air Traffic Services and Emergency communications (via the ACARS and FANS 1/A) may also be suitable (with appropriate development and compliance with revised performance requirements) for use by stations on sub-orbital vehicles.

2.5 Inmarsat takes note of the text in the current draft ICAO position for ITU WRC-23 on Agenda Item 1.6, and particularly on the comment that the “introduction of sub-orbital vehicles will create numerous challenges for spectrum usage and frequency management”.
2.6 Comments are welcome from FSMP members on the various proposals that were contained in Inmarsat’s WP 4C contribution.  From brevity, these proposals are not repeated here but are listed in bullet points 1 to 6 in the Background Section of the WP 4C contribution.
2.7 During the WP 4C discussions comments made on aspects of the proposals including:
· there may be no need to identify any new category of MSS earth station class for operation on SoV, as the existing class identification may be sufficient to identify the frequency coordination requirements with other services and other MSS satellite networks;

· Similarly, there may be no need to identify any specific telemetry and telecommand service operation, as aeronautical telemetry data may be conveyed over MSS channels, following current practices in use of the MSS to support aeronautical telemetry; and

· to remove identification of the frequency band 1 668-1 670 MHz as a candidate frequency range, as it overlaps Radio Astronomy Service use and co-frequency sharing is likely to difficult under radio line-of​-sight conditions.
2.8 WP 4C recommended Inmarsat re-submit the proposal to WP 5B for further discussion.

3. CONCLUSION
3.1 FSMP-WG/11 is invited to review and note the contents of this information paper.  

3.2 Inmarsat plans to submit a revision of the attached WP 4C paper to WP 5B taking into account the comments made at WP 4C (listed in paragraph 2.7 above).
3.3 FSMP members are invited to provide any further comments on the proposals (looking to identify use of the MSS as a candidate radiocommunication service for use by stations on SoV) and which may assist in the on-going discussions at WP 5B on WRC-23 Agenda Item 1.6.
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[bookmark: dbreak]Introduction

At the October 2020 meeting, Working Party (WP) 4C reviewed the liaison statement (Document 4C/39) from WP 5B on the ‘Facilitation of radiocommunication for sub-orbital vehicles’.  In its response, WP 4C provided information on the potential use of RNSS receivers to support the radio navigation of sub-orbital vehicles during flight (Document 5B/160).  

This contribution proposes that WP 4C considers responding to WP 5B, augmenting the information provided to date, and to identify the potential use of MSS in certain frequency bands to support both safety and non-safety related voice and data communications on a global basis to sub-orbital vehicles.

[bookmark: _GoBack]Inmarsat proposes that the use of GSO MSS systems operating in the frequency bands: 1 518-1 544 & 1 545-1 559 MHz; 1 626.5-1 645.5 & 1 646.5-1 660.5 MHz; 1 668-1 675 MHz, be considered as a potential means to satisfy the communications requirements for sub-orbital vehicles.  Inmarsat is aware that other MSS systems operating in other parts of L-band currently provide safety and non-safety aeronautical services and could also be interested in providing service to sub-orbital vehicles.  Inmarsat would be content to consider the inclusion of additional frequency bands to the scope of this work, as appropriate.

Background

Working Party 4C is identified by CPM23-1 as a contributing group under WRC-23 agenda item 1.6.  Some of the aspects identified under Resolution 772 (WRC-19) (that is associated with WRC‑23 agenda item 1.6) are: 

•	Which existing radiocommunication services can be used by stations on sub-orbital vehicles;

•	The technical and regulatory conditions to allow sub-orbital vehicles to operate under existing aeronautical regulations and to be considered as earth stations or terrestrial stations, even if a part of the flight occurs in space;

•	Sharing and compatibility studies with incumbent services; and

•	What appropriate modification, if any, may be appropriate to the Radio Regulations, whilst avoiding any impact on conventional space launch systems.

This contribution identifies the use of MSS in certain frequency bands as being well-placed to support both safety and non-safety related voice and data communications on sub-orbital vehicles.  The basis for the identification is the existing use of MSS systems to provide communication services in L-band to aircraft on a global basis.  In many respects, sub-orbital vehicles may be considered as high-flying, high-speed aircraft that would likely operate within the existing operational framework for aircraft – and making use of existing aeronautical mobile services and aeronautical mobile-satellite services when within conventional airspace.  Extending the current AMSS and AMS(R)S communication systems to sub-orbital vehicles provides a relatively straightforward technology requirement, since the satellite capacity already exists and the requirements for mobile earth stations located on a sub-orbital vehicle are at a general level the same as those for conventional aircraft.  Furthermore, the use of existing MSS networks to support communications to sub-orbital vehicles would facilitate their integration into the existing satellite aviation communications networks.

However, the use of MSS systems to support sub-orbital vehicles may not be consistent with the current Radio Regulations, given that the definition of a mobile earth station must be “located either on the Earth's surface or within the major portion of the Earth's atmosphere” (see RR No. 1.63).  Hence, the use of systems which currently operate as part of the MSS may require a revision to the Radio Regulations.

Aside for the issue of consistency with the RR Article 1 definitions, the existing regulatory procedures for the MSS could be applied to regulate the operation of MSS space-stations and earth-stations when operated above conventional airspace, as well as temporarily in space, taking account of the following:

i)	That existing GSO MSS systems, in particular those providing safety and non-safety aviation services, should be considered as a potential means to support safety and non-safety related voice and data communications on stations on board sub-orbital vehicles;

ii)	That the following MSS frequency bands are considered for the operation of stations on board sub-orbital vehicles:

–	1 518-1 544 & 1 545-1 559 MHz (space-to-Earth);

–	1 626.5-1 645.5 & 1 646.5-1 660.5 (Earth-to-space);

–	1 668-1 675 MHz (Earth-to-space);

	The basis for the proposal is the current use of existing MSS systems which support safety / AMS(R)S communications, and non-safety voice and data communications to aircraft on a global basis;

iii)	That the existing procedures under RR Article 9 and RR Article 11 are sufficient to ensure the frequency coordination of MSS space stations and the use of mobile earth stations on board sub-orbital vehicles provided that such use is clearly identified;

iv)	That operation of mobile earth stations on board sub-orbital vehicles would not degrade the interference environment for any terrestrial services using the above frequency bands.  The sharing issues with respect to terrestrial services in these bands are more benign when considering the use of mobile earth stations on sub-orbital vehicles when operating in space, given the greater separation distances that will exist to terrestrial services relative to the use of mobile earth stations when operating within the Earth’s atmosphere;

v)	That operation of mobile earth stations on sub-orbital vehicles in conventional airspace is permitted under existing regulations, i.e., such stations may be treated as conventional aircraft earth stations, albeit deployed on vehicles that may operate at significantly greater velocities and altitudes than comparable conventional aircraft;

vi)	It will fall within the remit of ICAO to determine how any ICAO standardised AMS(R)S operation on sub-orbital vehicles would be integrated into the current air-traffic control system and procedures, and how such ICAO systems are to be authorised, managed and operated; and

vii)	Radio communications to sub-orbital vehicles are likely to include elements of telemetry and telecommand communications requirements, in addition to voice and data communication requirements, which in principle would also be able to be supported through MSS systems.  It is noted that mobile earth stations used for telemetry and telecommand currently have different symbols to those used for general communications (for example, “UD” denotes a space telecommand mobile earth station).  A similar differentiation, if needed, could be identified through one or more new Earth Station Class of Stations appropriate for sub-orbital vehicles.  This would need to be given due consideration within WP 4C and WP 5B.

A draft liaison statement is attached on the above proposals, pending further discussions on the matter within WP 4C.  The draft response also contains relevant references to ITU-R Recommendations relating to provision of MSS, which may be of use for WP 5B.
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Attachment

Subject:	WRC-23 agenda item 1.6				Document:
	Resolution 772 (WRC‑19)

Working Party 4C

Reply LIAISON STATEMENT TO Working party 5B
(COPy TO Working Parties 3m, 4a & 7B for information)

[bookmark: _Hlk63356779]Information for studies on WRC-23 agenda item 1.6

[bookmark: _Hlk63150621]Working Party (WP) 4C thanks WP 5B for its liaison statement (Document 4C/39) on the ‘Facilitation of radiocommunication for sub-orbital vehicles’.  At its twenty-fourth meeting in October 2020, WP 4C provided WP 5B with information on the potential use of the radionavigation-satellite service (RNSS) systems to assist with the radionavigation of sub-orbital vehicles (Document 5B/160).  In this reply liaison statement, WP 4C identifies the potential use of systems operating in the mobile-satellite service (MSS) as candidate radiocommunication technologies that may assist in the provision of safety and non-safety related voice and data communications to stations on sub-orbital vehicles.

It is understood that WP 5B is still in the process of studying the technical and regulatory conditions that may allow some stations on board sub-orbital vehicles to operate under the aeronautical regulations, and to be considered as earth stations or terrestrial stations even if a part of the flight occurs in space. In this respect, WP 4C offers the following views for further consideration within WP 5B.

WP 4C views that an extension in the use of the MSS to support radio communication services to sub-orbital vehicles, when mobile earth stations are operated in regions of space, is both technically and operationally feasible.  Aeronautical MSS systems are routinely being used to support safety and non-safety communications to aircraft, particularly over remote and oceanic regions of the Earth.  An extension in the operation of aircraft earth stations to cover operation in regions of near-Earth space is considered to be practicable from an MSS satellite coverage perspective.  The use of aeronautical mobile satellite systems that are typically deployed on aircraft may also be suitable for use with sub-orbital vehicles, with appropriate modification to take into account the faster velocities and harsher environment when operating communications in space.

WP 4C notes that Resolution 772 (WRC-19) references, under resolves 2, a need to avoid any impact on conventional space launch systems in accommodating stations onboard sub-orbital vehicles.  WP 4C would like to propose the use of systems in the MSS may also be suitable for use on proposed new launch vehicles that may be operated as a sub-orbital vehicle.  Such use of MSS systems could also assist in minimising the impact of the use of frequency bands utilised for conventional space launch systems.

Proposed candidate MSS frequency bands

From the discussions to date within WP 4C, WP 4C considers the following candidate MSS frequency bands as suitable to support safety and non-safety related voice and data communications to sub-orbital vehicles:  1 518-1 544 & 1 545-1 559 MHz (space-to-Earth), 1 626.5-1 645.5 & 1 646.5-1 660.5 (Earth-to-space), 1 668-1 675 MHz (Earth-to-space).  All of the identified frequency bands have GSO MSS systems deployed that provide safety and non-safety voice and data communications to aircraft on a global basis.

Application of existing MSS radio regulations

The operation of existing aeronautical MSS systems in the above identified frequency bands are regulated under existing RR provisions. WP 4C is of the view that, in general, the existing RR Article 9 procedures would be adequate to capture any new coordination requirements with other satellite services, in the operation of mobile earth stations onboard sub-orbital vehicles.

Frequency coordination may be effected through a new class(es) of mobile earth station(s) for communication functions specifically for sub-orbital vehicles, including for telemetry and telecommand functions.  This approach would allow existing frequency coordination procedures identified under Section II of RR Article 9 to remain applicable.

It is noted that the operation of mobile earth stations on sub-orbital vehicles in space is expected to result in less interference to terrestrial services, relative to the comparable case of the mobile earth stations operating in the Earth’s atmosphere.  This is due to the increased separation distances that would result at the Earth’s surface when operating in space.  

Relevant MSS Recommendations

In order to assist Working Party 5B (WP 5B) in its deliberations on WRC-19 agenda item 1.6, WP 4C wishes to highlight the following ITU-R Recommendations that provide information on operation (in terms of protection requirements and link design) of MSS systems, together with methodologies in calculating interference to other services:

ITU-R M.827	Hypothetical reference digital path for systems in the mobile-satellite service using feeder links	

ITU-R M.828-2	Definition of availability for radiocommunication circuits in the mobile-satellite service

ITU-R M.1037	Bit error performance objectives for aeronautical mobile-satellite (R) service (AMS(R)S) radio link

ITU-R M.1038	Efficient use of the geostationary-satellite orbit and spectrum in the 1-3 GHz frequency range by mobile-satellite systems

ITU-R M.1142-2	Sharing in the 1-3 GHz frequency range between geostationary space stations operating in the mobile satellite service and stations in the fixed service

[bookmark: _Hlk63166546]ITU-R M.1180	Availability of communication circuits in the aeronautical mobile-satellite (R) services (AMS(R)S)

ITU-R M.1183	Permissible levels of interference in a digital channel of a geostationary network in mobile-satellite service in 1-3 GHz caused by other networks of this service and fixed-satellite service

ITU-R M.1184-3	Technical characteristics of mobile satellite systems in the frequency bands below 3 GHz for use in developing criteria for sharing between the mobile-satellite service and other services

ITU-R M.1229	Performance objectives for the digital aeronautical mobile-satellite service (AMSS) channels operating in the bands 1 525 to 1 559 MHz and 1 626.5 to 1 660.5 MHz not forming part of the ISDN

ITU-R M.1316-1	Principles and a methodology for frequency sharing in the 1 610.6-1 613.8 MHz and 1 660-1 660.5 MHz bands between the mobile-satellite service (Earth-to-space) and the radio astronomy service

ITU-R M.1319-3	The basis of a methodology to assess the impact of interference from a time division multiple access/frequency division multiple access (TDMA/FDMA) mobile-satellite service (MSS) space-to-Earth transmissions on the performance of line-of-sight fixed service receivers in the frequency range 1-3 GHz

[bookmark: _Hlk63169047]ITU-R M.1469-2	Methodology for evaluating potential for interference from time division multiple access/frequency division multiple access (TDMA/FDMA) mobile satellite service (MSS) Earth-to-space transmissions into line-of-sight (LoS) fixed service receivers in the frequency range 1-3 GHz 

ITU-R M.1471-1	Guide to the application of the methodologies to facilitate coordination and use of frequency bands shared between the mobile-satellite service and the fixed service in the frequency range 1-3 GHz

		This Recommendation references applicable methodologies to access interference to fixed service receivers contained in ITU-R M.1472-1 and 
ITU-R M.1474-1

ITU-R M.1741	Methodology for deriving performance objectives and its optimization for IP packet applications in the mobile-satellite service

WP 4C invites WP 5B to take account of this information in its work on WRC-23 agenda item 1.6.  WP 4C looks forward to further collaboration with WP 5B on the potential use of MSS systems to support the requirements for sub-orbital vehicles. 



		Status:	For action

		



		Deadline: 	TBD

		



		Contact:	TBD 

		E-mail:	TBD 
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