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Agenda Item 2a:	Outcome of WRC-15 (General)


Does the WRC-15 Result with Respect to Unmanned Aircraft Systems Satisfy Civil Aviation Requirements?


(John Mettrop)


	SUMMARY

	This document examines the result of WRC-15 with respect to unmanned aircraft systems and provides an assessment of whether it is suitable to support routine remotely piloted aircraft operations in non-segregated airspace and if not what are the shortcomings and can they be addressed.




INTRODUCTION
Unmanned aircraft (UA) or as they have more recently come to be known as, remotely piloted aircraft (RPA), is a technology that started within the military but has now progressed into civil aviation.  Originally conceived within civil aviation as means to replace either one or both of the pilots within an aircraft it has now broadened to a myriad of applications such as geographical research, communication relay platforms, filming and parcel delivery. From the outset it was realised that if these vehicles are to fly in airspace used by other manned aircraft then there would be a need for additional spectrum.
In order to address this issue, a case was successfully made at WRC-07 for a WRC-12 agenda item to consider spectrum requirements and possible regulatory actions, including allocations, in order to support the safe operation of unmanned aircraft systems. At WRC-12 a number of satellite and terrestrial  allocations were made/modified, however it was recognised that for the satellite allocations there were no systems currently available nor likely to be available in the near future. Therefore, a follow-on agenda item for WRC-15 was agreed that sought to investigate whether systems operating in the fixed satellite service could be used to support UA/RPAS control and non-payload communication (CNPC) in non-segregated airspace.
WRC-15 modified the Radio Regulations to allow the use fixed satellite systems operating in a number of frequency bands to be used for the provision of UA/RPAS CNPC in non-segregated airspace.  That use being subject to conditions laid out in a new Resolution (Res.155) as well as the frequency band specific articles (see attachments 1 and 2 respectively).  This document seeks to identify whether the overall conditions under which a fixed satellite system can be used for the provision of UA/RPAS CNPC are consistent with the provision of an aeronautical safety service and if not what action, if any, can be taken to address any shortfall.
Note:  This document does not seek to comment on whether the result of the WRC is in line or not with the ICAO position and the potential wider impacts within aviation.
DISCUSSION
Traditionally aviation has relied on the use of primary allocations to acknowledged aeronautical safety services[footnoteRef:1] or identified use under a parent service, and hence having primacy over all other services operating in the same frequency band.  However, in this case the proposed method which was accepted, at least in principle, by ICAO is that a safety critical aeronautical system (UA/RPA CNPC[footnoteRef:2]) can operate where at least one element of that system is operating on a non-interference, no protection basis.  Therefore, instead of relying on the protection afforded by a safety service it relies on link diversity and redundancy to provide the protection. Such an approach has been proposed in the past for operational expediency of other satellite systems but in accepting these proposals it has always been a requirement that there be sufficient fall back capacity in a frequency band identified for aeronautical use on a primary basis   [1:  AM(R)S, AMS(R)S, ARNS]  [2:  Including ATC relay] 

For the approach, taken by WRC-15 to address the satellite spectral requirements of the remotely piloted command and non-payload communication system, to work that system must be certifiable within the environment prevalent at the time at least within the area they intend to fly including tactical re-routing.  Ideally, for an internationally useable system, such certification should be global and not specific to a particular geographical area such as an air-route, State or Region.
The question therefore is whether the arrangements made at WRC-15 are sufficient to allow for the certification of a UA/RPA CNPC system and whether the potential restrictions on geographical use are too restrictive to allow air traffic control freedom of action.  This can be looked at under the following categories: -
· Allocate frequency band and regulatory status:
· Environment that needs to be protected 
· Interference environment within which the remotely piloted aircraft needs to operate
So what is defined in Resolution 155 and what if anything is missing?  The Resolution contains the following information with respect to each of the categories defined above 
Allocated frequency band and regulatory status: Resolves 1 defines the frequency bands within which remotely piloted aircraft can communicate with geostationary fixed satellites.  Conformance with the service definitions and parameters is addressed in resolves 2, 4, & 5 which is dependent on a class of station for the Earth station on the remotely piloted aircraft that is consistent with the space station being defined as per instructs the Director of the Radiocommunication Bureau 3. However, care will need to be taken to ensure that once defined there is no conflict with the definition of an aircraft Earth station. Finally, the required regulatory status of the assignment(s), assuming the class of station is defined correctly, is addressed in resolves 13.
Resolves 9, 10 & 13 seek to define the conditions under which fixed satellite networks providing remotely piloted aircraft command and non-payload communication can be co-ordinated. Certainly the intention of the conditions laid out in resolves 13 are welcome however they appear to be in contradiction with those in resolves 9 & 10 which appear to aim is to ensure that such co-ordinations do not gain any preferential treatment compared with other fixed satellite service networks.  Additionally, if my understanding is correct, even if a suitable level of protection is achieved for a network offering the level of protection required to support that element of the overall CNPC link, the level of protection may well change at a future satellite co-ordination meeting.  Such a change would then have to be verified that the overall CNPC link performance meets the require performance that is consistent with the safety case.
A potential further issue has been introduced by the results of discussion om Earth stations in motion which led to the addition of No 5.X15 which refers to a new Resolution 156 (5/2).  That Resolution in resolves 1.4 requires that an administration responsible for a satellite network, shall upon receipt of a report of harmful interference with respect to any terrestrial systems operating in countries listed in No. 5.542, immediately cease or reduce the interference to an acceptable level which is inconsistent with the wording in Resolution 155 (4/5). This provision would affect most of the Middle East and Asia and is certainly not compatible with the provision of a safety service where cessation or reduction of the transmitted power could affect the tactical control of an aircraft. 
Issue(s) to be resolved: 
· The station class for the Earth station onboard the remotely piloted aircraft needs to be defined that is consistent with that of the space station and not inconsistent with the definition of an aircraft Earth station.
· How to resolve the apparent contradiction of resolves 13 with resolves 9 &10? 
· How to ensure that once a fixed satellite network has finished co-ordination that guarantees the level of protection necessary to ensure the overall CNPC link availability to meet the safety case, that that protection level is not eroded as a result of subsequent satellite co-ordination meetings. 
· How to ensure that resolves 1.4 of Resolutions 156 will never be enacted for satellite links providing UA/RPA CNPC links. 
Environment that needs to be protected: None of the frequency bands identified in Resolution 155 are allocate to the fixed satellite service on an exclusive basis and therefore there are provisions included that are intended to ensure the protection of systems operating under allocations to those other services (resolves 5, 6 7, 8, 14, 15, 16 & 17 apply). These provision define that the Earth stations of the UA/RPA CNPC link shall not cause more interference to, or claim more protection from those systems than specific/typical Earth station would.  For satellite systems it can be assumed that the co-ordination process will address the protection of other satellite networks. However, for terrestrial systems this will have to be calculated based on relevant information from assignment data or ITU-R Recommendations and given the more dynamic aspects (e.g. number of new assignments, mobile nature) of those systems on a case by case basis.  The issue for terrestrial systems is further complicated by the lack of registration and a significant number of these systems in the master international frequency register.
Issue(s) to be resolved: 
· How to calculate the maximum radiated power from a remotely piloted aircraft Earth station in order to protect terrestrial systems (resolves 15 applies for the fixed service).
· How to understand where that protection level needs to be applied given the number of assignments that are not registered in the master international frequency register.
· How to ensure that the level of protection can be defined so that the UA/RPA CNPC system can be certified and that that certification will be valid for the lifetime of the airframe
· How, for routine flights, the above can be achieved without the need for case by case clearances or exclusion zones required both of which would be unacceptable to ATC. 
Interference environment within which the remotely piloted aircraft needs to operate: Resolves (6 & 8) which attempt to address this situation of which two are common with the environment to be protected case (6 & 8).  These provisions simply require that the Earth stations of the UA/RPA CNPC link be designed to work in the interference environment created by other satellite networks or terrestrial systems.  
For satellite systems we can assume this will be addressed as part of the satellite co-ordination process.  However, given that this process is confidential then the question mark is how to get the transparency of those arrangements such that the air traffic control unit responsible for the airspace[footnoteRef:3] can be confident that the level of protection is sufficient for the intended and potential alternate routes authority for the such that an administration can assure itself that any UA/RPA flying within its controlled airspace.   [3:  The airspace may well either be within the State responsible for that air traffic control service or delegated airspace from one or more other States.] 

The situation for terrestrial systems however is a lot more complex due to the lack of registration of a significant proportion of the systems operating in the relevant frequency band, the mobile nature of some of the systems and the ever changing environment.  For larger States such as the USA and Canada it may be possible in agreement with their radio regulatory authority it may be possible to understand the environment for a particular moment in time this is not true for smaller States.  The question is therefore how to assess the maximum level of interference against which to certify an aircraft and even if that can be achieve how to then build a dynamic map of areas where that level is exceeded and hence use of UA/RPA using satellite communication for CNPC would be excluded.  A secondary effect is that flights under such conditions would not be consistent with the initial premise that UA/RPA should act like any other aircraft and hence will have to be cleared on a case by case by case basis
Issues to be resolved:
· How to make sure sufficient information[footnoteRef:4] is available, about the co-ordination status and protection of the satellite network(s) providing UA/RPA CNPC, to allow an administration to assure itself and its air traffic control service provider that the link meets the SARPs requirement. [4:  Such information may require knowledge about the situation in adjacent States] 

· How to assess the interference environment generated by the terrestrial systems in the absence of a full picture as to the deployment and characteristics of all of those systems
· How to certify an UA/RPA CNPC system in the absence of an understanding as to the maximum level of interference that could possibly be experienced
· How, for routine flights, the above can be achieved without the need for case by case clearances or exclusion zones required both of which would be unacceptable to ATC 
In addition to the points made above it is not clear how the final bullet of resolves 13 can be addressed.  As described above there is insufficient information available on the use and deployment of terrestrial systems operating under the appropriate allocation in the frequency bands identified under Resolution 155 for use by UAS CNPC to be able to any form of predictive tool.
In addition to the issues that the ITU were asked to address under agenda item 1.5, ICAO identified the following 4 conditions for which ICAO believed would need to be addressed in ICAO.
4. That any UAS CNPC assignment operating in those frequency bands:
· be in conformity with technical criteria of the ITU Radio Regulations,
· be successfully co-ordinated, including cases where co-ordination was not completed but the ITU-R examination of probability of harmful interference resulted in favourable finding, or any caveats placed on that assignment have been addressed and resolved such that the assignment is able to satisfy the requirements to provide BLOS communications for UAS; and
· be recorded in the ITU International Master Frequency Register.
5.	That any harmful interference to FSS networks supporting CNPC links be reported in a transparent manner and addressed in the appropriate timescale.
6.	That realistic worst case conditions, including an appropriate safety margin, be applied during compatibility studies.
7.	That any operational considerations for UAS be handled in ICAO and not in the ITU‑R.
Resolves 13 of Resolution 155 would appear to address the last 2 sub-bullets of condition 4 and condition 5.  The first bullet of condition 4 will be a pre-requisite to the design of the CNPC link and hence can be assumed to have been addressed and condition 7 is an accepted principle between the ITU and ICAO.  That only leaves condition 6 which may well be difficult to apply during the finalisation of the studies in the ITU given the conditions laid down in Resolution 155 which in effect preclude the inclusion of any safety margin. 
CONCLUSION
Based on the discussion above the following issues will need to be resolved before fixed satellite networks can be used for the provision of UA/RPA CNPC links in non-segregated airspace.
· 	The station class for the Earth station onboard the remotely piloted aircraft needs to be defined that is consistent with that of the space station and not inconsistent with the definition of an aircraft Earth station.
· How to resolve the apparent contradiction of resolves 13 with resolves 9 &10? 
· How to ensure that once a fixed satellite network has finished co-ordination that guarantees the level of protection necessary to ensure the overall CNPC link availability to meet the safety case, that that protection level is not erode as a result of subsequent satellite co-ordination meetings. 
· How to ensure that resolves 1.4 of Resolutions 156 will never be enacted for satellite links providing UA/RPA CNPC links. 
· How to calculate the maximum radiated power from a remotely piloted aircraft Earth station in order to protect terrestrial systems (resolves 15 applies for the fixed service).
· How to understand where that protection level needs to be applied given the number of assignments that are not registered in the master international frequency register.
· How to ensure that the level of protection can be defined so that the UA/RPA CNPC system can be certified and that that certification will be valid for the lifetime of the airframe
· How to make sure sufficient information[footnoteRef:5] is available, about the co-ordination status and protection of the satellite network(s) providing UA/RPA CNPC, to allow an administration to assure itself and its air traffic control service provider that the link meets the SARPs requirement. [5:  Such information may require knowledge about the situation in adjacent States] 

· How to assess the interference environment generated by the terrestrial systems in the absence of a full picture as to the deployment and characteristics of all of those systems
· How to certify an UA/RPA CNPC system in the absence of an understanding as to the maximum level of interference that could possibly be experienced
· How, for routine flights, the above can be achieved without the need for case by case clearances or exclusion zones required both of which would be unacceptable to ATC 
Whilst it may be possible to address most of the above issues, unless there is a fundamental change in some/most States attitudes towards registering all of their terrestrial assignments it will be virtually impossible to assess or model the worst case interference environment in which a UA/RPA Earth station will have to operate.  Without that assessment it is the current view of the UK CAA that a fixed satellite UA/RPA CNPC link cannot be certified for ubiquitous operation in non-segregated airspace.   Therefore, UA/RPA cannot be integrated into controlled airspace without the potential necessity for restrictions to be placed on where those vehicles can be directed to fly, a limitation that would be unacceptable to air traffic control except on an exceptional basis.  Therefore, whilst the result of WRC-15 may well be helpful to the military it does not provide an acceptable solution for civil use within controlled airspace. 
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper;
agree with the list of issues identified in paragraph 3.1 that need to be addressed 
agree that the outcome of WRC-19 with resepct to agenda item 1.5 does not address the requirements of civil beyond line of sight communication in a way that will allow the integration of U/RPA into non-segregated airspace. 



Attachment 1
Resolution 155
[bookmark: _GoBack]Regulatory provisions related to earth stations on board unmanned aircraft which operate with geostationary-satellite networks in the fixed-satellite 
service in certain frequency bands not subject to a Plan of Appendices 30, 
30A and 30B for the control and non-payload communications of 
unmanned aircraft systems in non-segregated airspaces[footnoteRef:6]* [6: * 	May also be used consistent with international standards and practices approved by the responsible civil aviation authority.] 

The World Radiocommunication Conference (Geneva, 2015),
considering
a)	that the operation of unmanned aircraft systems (UAS) requires reliable control and non-payload communication (CNPC) links, in particular to relay air traffic control communications and for the remote pilot to control the flight;
b)	that satellite networks may be used to provide CNPC links of UAS beyond the line-of-sight, as shown in Annex 1;
c)	that CNPC links between space stations and stations on board unmanned aircraft (UA) are proposed to be operated under this resolution in the primary fixed-satellite service (FSS) in frequency bands shared with other primary services, including terrestrial services, however that would not preclude the use of other available allocations to accommodate this application,
considering further
a)	that UAS CNPC links relate to the safe operation of UAS and have to comply with certain technical, operational and regulatory requirements,
noting
a)	that this conference has adopted Resolution COM5/2 on the use of earth stations in motion communicating with geostationary FSS space stations in the frequency bands 19.7-20.2 GHz and 29.5-30.0 GHz;
b)	that Report ITU‑R M.2171 provides information on characteristics of UAS and spectrum requirements to support their safe operation in non-segregated airspace,
recognizing
a)	that the UAS CNPC links will operate in accordance with international standards and recommended practices and procedures established in accordance with the Convention on International Civil Aviation;
b)	that, in this resolution, conditions are provided for operations of CNPC links without prejudging whether the International Civil Aviation Organization (ICAO) would be able to develop standards and recommended practices to ensure safe operation of UAS under these conditions,
resolves
1	that assignments to stations of geostationary FSS satellite networks operating in the frequency bands 10.95-11.2 GHz (space-to-Earth), 11.45-11.7 GHz (space-to-Earth), 11.7-12.2 GHz (space-to-Earth) in Region 2, 12.2-12.5 GHz (space-to-Earth) in Region 3, 12.5-12.75 GHz (space-to-Earth) in Regions 1 and 3 and 19.7-20.2 GHz (space-to-Earth), and in the frequency bands 14-14.47 GHz (Earth-to-space) and 29.5-30.0 GHz (Earth-to-space), may be used for UAS CNPC links in non-segregated airspace[footnoteRef:7]*, provided that the conditions specified in resolves below are met; [7: *	May also be used consistent with international standards and practices approved by the responsible civil aviation authority.] 

2	that earth stations in motion on board UA may communicate with the space station of a geostationary FSS satellite network operating in the frequency bands listed in resolves 1 above, provided that the class of the earth station in motion on board UA is matched with the class of the space station and that other conditions of this resolution are met (see also instructs the Director of the Radiocommunication Bureau 3 below);
3	that the frequency bands specified in resolves 1 shall not be used for the UAS CNPC links before the adoption of the relevant international aeronautical standards and recommended practices (SARPs) consistent with Article 37 of the Convention on International Civil Aviation, taking into account instructs the Director of the Radiocommunication Bureau 4;
4	that administrations responsible for an FSS network providing UA CNPC links shall apply the relevant provisions of Articles 9 (necessary provisions need to be identified or developed) and 11 for the relevant assignments, including, as appropriate, assignments to the corresponding space station, specific and typical earth station and earth station in motion on board UA, including the request for publication in BR IFIC of items referred to in resolves 2 and the course of actions identified in that resolves in order to obtain international rights and recognition as specified in Article 8;
5	that earth stations of UAS CNPC links shall operate within the notified and recorded technical parameters of the associated satellite network, including specific or typical earth stations of the geostationary FSS satellite network(s) as published by the Radiocommunication Bureau;
6	that earth stations of UAS CNPC links shall not cause more interference to, or claim more protection from, other satellite networks and systems than specific or typical earth stations as indicated in resolves 5 as published by the Bureau;
7	that, in order to apply resolves 6 above, administrations responsible for the FSS network to be used for UAS CNPC links shall provide the level of interference for the reference assignments of the network used for CNPC links upon request by an administration authorizing the use of UAS CNPC links within its territory;
8	that earth stations of UAS CNPC links of a particular FSS network shall not cause more interference to, or claim more protection from, stations of terrestrial services than specific or typical earth stations of that FSS network as indicated in resolves 5 that have been previously coordinated and/or notified under relevant provisions of Articles 9 and 11;
9	that the use of assignments of a FSS satellite network for UAS CNPC links shall not constrain other FSS satellite networks during the application of the provisions of Articles 9 and 11;
10	that the introduction of UAS CNPC links shall not result in additional coordination constraints on terrestrial services under Articles 9 and 11;
11	that earth stations on board UA shall be designed and operated so as to be able to accept the interference caused by terrestrial services operating in conformity with the Radio Regulations in the frequency bands listed in resolves 1 without complaints under Article 15;
12	that earth stations on board UA shall be designed and operated so as to be able to operate with interference caused by other satellite networks resulting from application of Articles 9 and 11;
13	that, in order to ensure safety-of-flight operation of UAS, administrations responsible for operating UAS CNPC links shall:
–	ensure that the use of UAS CNPC links be in accordance with the international standards and recommended practices (SARPs) consistent with Article 37 of the Convention on International Civil Aviation;
–	take the required measures, consistent with No. 4.10, to ensure freedom from harmful interference to earth stations on board UA operated in accordance with this resolution;
–	act immediately when their attention is drawn to any such harmful interference, as freedom from harmful interference to UAS CNPC links is imperative to ensure their safe operation, taking into account resolves 11;
–	use assignments associated with the FSS networks for UAS CNPC links (see Figure 1 in Annex 1), including assignments to space stations, specific or typical earth stations and earth stations on board UA (see resolves 2), that have been successfully coordinated under Article 9 (including provisions identified in resolves 4) and recorded in the Master International Frequency Register (MIFR) with a favourable finding under Article 11, including Nos. 11.31, 11.32 or 11.32A where applicable, and except those assignments that have not successfully completed coordination procedures under No. 11.32 by applying Appendix 5 § 6.d.i;
–	ensure that real-time interference monitoring, estimation and prediction of interference risks and planning solutions for potential interference scenarios are addressed by FSS operators and UAS operators with guidance from aviation authorities;
14	that, unless otherwise agreed between the administrations concerned, UA CNPC earth stations shall not cause harmful interference to terrestrial services of other administrations (see also Annex 2); 
15	that, in order to implement resolves 14 above, power flux-density hard limits need to be developed for UAS CNPC links; one possible example of such provisional limits to protect the fixed service is provided in Annex 2; subject to agreement between the administrations concerned, that annex may be used for the implementation of this resolution;
16	that the power flux-density hard limits provided in Annex 2 shall be reviewed and, if necessary, revised by the next conference;
17	that, in order to protect the radio astronomy service in the frequency band 14.47-14.5 GHz, administrations operating UAS in accordance with this resolution in the frequency band 14-14.47 GHz within line-of-sight of radio astronomy stations are urged to take all practicable steps to ensure that the emissions from the UA in the frequency band 14.47-14.5 GHz do not exceed the levels and percentage of data loss given in the most recent versions of Recommendations ITU‑R RA.769 and ITU‑R RA.1513;
18	to consider the progress obtained by ICAO in the process of preparation of SARPs for UAS CNPC links, to review this resolution at WRC‑23, taking into account the results of the implementation of Resolution COM5/2 (WRC‑15), and to take necessary actions as appropriate;
19	that ITU Radiocommunication Sector (ITU‑R) studies on technical, operational and regulatory aspects in relation to the implementation of this resolution shall be completed, together with the adoption of relevant ITU‑R Recommendations defining the technical characteristics of CNPC links and conditions of sharing with other services,
resolves to encourage administrations
1	to provide the relevant information where available in order to facilitate the application of resolves 6;
2	to participate actively in the studies referred to in invites ITU‑R by submitting contributions to ITU‑R,
resolves further to invite the 2023 World Radiocommunication Conference
to consider the results of the above studies referred to in this resolution with a view to reviewing and, if necessary, revising this resolution, and take necessary actions, as appropriate,
invites ITU‑R
to conduct, as a matter of urgency, relevant studies of technical, operational and regulatory aspects in relation to the implementation of this resolution,
instructs the Director of the Radiocommunication Bureau
1	to examine the relevant part of this resolution requiring actions to be taken by administrations to implement this resolution, with a view to sending it to administrations and posting it on the ITU website;
2	to present to subsequent WRCs a progress report relating to the implementation of this resolution;
3	to define a new class of station in order to be able to process satellite network filings submitted by administrations for earth stations providing UA CNPC links, after the resolution is implemented, in accordance with this resolution, and publish the information as referred in resolves 4;
4	not to process satellite network filing submissions by administrations with a new class of a station for earth stations providing UA CNPC links before resolves 1-12 and 14-19 of this resolution are implemented;
5	to report to subsequent WRCs on the progress made by ICAO on the development of SARPs for UAS CNPC links,
instructs the Secretary-General
to bring this resolution to the attention of the Secretary-General of ICAO,
invites the International Civil Aviation Organization
to provide to the Director of the Radiocommunication Bureau, in time for WRC‑19 and WRC‑23, information on ICAO efforts regarding implementation of UAS CNPC links, including the information related to the development of SARPs for UAS CNPC links.




Attachment 2
Extracts of the Radio Regulations as Amended by WRC-19

	10.95-11.2
FIXED
FIXED-SATELLITE
(space-to-Earth)  5.484A
ADD 5.A15
(Earth-to-space)  5.484
MOBILE except aeronautical
mobile
	10.95-11.2
	FIXED
	FIXED-SATELLITE (space-to-Earth)  5.484A ADD 5.A15
	MOBILE except aeronautical mobile



	11.45-11.7
FIXED
FIXED-SATELLITE
(space-to-Earth)  5.484A
(Earth-to-space)  5.484 ADD 5.A15
MOBILE except aeronautical
mobile
	11.45-11.7
	FIXED
	FIXED-SATELLITE (space-to-Earth)  5.484A ADD 5.A15
	MOBILE except aeronautical mobile



	Allocation to services

	Region 1
	Region 2
	Region 3

	11.7-12.5
FIXED
MOBILE except aeronautical mobile
BROADCASTING
BROADCASTING-SATELLITE
5.492
	11.7-12.1
FIXED  5.486
FIXED-SATELLITE
(space-to-Earth)  5.484A  5.488  ADD 5.A15
Mobile except aeronautical mobile
5.485
	11.7-12.2
FIXED
MOBILE except aeronautical mobile
BROADCASTING
BROADCASTING-SATELLITE
5.492

	
	12.1-12.2
FIXED-SATELLITE 
(space-to-Earth)  5.484A  5.488  ADD 5.A15
	

	
	5.485  5.489
	5.487  5.487A

	
	12.2-12.7
FIXED
MOBILE except aeronautical
mobile
BROADCASTING
BROADCASTING-SATELLITE
5.492
	12.2-12.5
FIXED
FIXED-SATELLITE
(space-to-Earth)  ADD 5.A15
MOBILE except aeronautical
mobile
BROADCASTING

	5.487  5.487A
	
	5.487 5.484A

	12.5-12.75
FIXED-SATELLITE
(space-to-Earth)  5.484A  ADD 5.A15
(Earth-to-space)



5.494  5.495  5.496
	5.487A  5.488  5.490  
	12.5-12.75
FIXED
FIXED-SATELLITE
(space-to-Earth)  5.484A  ADD 5.A15
MOBILE except aeronautical
mobile
BROADCASTING-
SATELLITE  5.493



	14.4-14.47	FIXED
	FIXED-SATELLITE (Earth-to-space)  MOD 5.457A  5.457B  5.484A  5.506  5.506B ADD 5.A15
	MOBILE except aeronautical mobile
	Mobile-satellite (Earth-to-space)  5.504B  5.506A  5.509A
	Space research (space-to-Earth)
	5.504A



	19.7-20.1
FIXED-SATELLITE
(space-to-Earth)  5.484A  5.516B ADD 5.5X  ADD 5.A15
Mobile-satellite (space-to-Earth)
	19.7-20.1
FIXED-SATELLITE
(space-to-Earth)  5.484A  5.516B   ADD 5.5X  ADD 5.A15
MOBILE-SATELLITE
(space-to-Earth)
	19.7-20.1
FIXED-SATELLITE
(space-to-Earth)  5.484A  5.516B   ADD 5.5X  ADD 5.A15
Mobile-satellite (space-to-Earth)

	
5.524
	5.524  5.525  5.526  5.527  5.528  5.529
	
5.524

	20.1-20.2	FIXED-SATELLITE (space-to-Earth)  5.484A  5.516B   ADD 5.5X  
				ADD 5.A15
				MOBILE-SATELLITE (space-to-Earth)
				5.524  5.525  5.526  5.527  5.528



	29.5-29.9
FIXED-SATELLITE
(Earth-to-space)  5.484A  5.516B  5.539   ADD 5.5X  ADD 5.A15
Earth exploration-satellite
(Earth-to-space)  5.541
Mobile-satellite (Earth-to-space)
	29.5-29.9
FIXED-SATELLITE
(Earth-to-space)  5.484A  5.516B  5.539   ADD 5.5X  ADD 5.A15
MOBILE-SATELLITE
(Earth-to-space)
Earth exploration-satellite
(Earth-to-space)  5.541
	29.5-29.9
FIXED-SATELLITE
(Earth-to-space)  5.484A  5.516B  5.539   ADD 5.5X  ADD 5.A15
Earth exploration-satellite
(Earth-to-space)  5.541
Mobile-satellite (Earth-to-space) 

	
5.540  5.542
	5.525  5.526  5.527  5.529  5.540 
	
5.540  5.542



	29.9-30		FIXED-SATELLITE (Earth-to-space)  5.484A  5.516B  5.539   ADD 5.5X
				ADD 5.A15
				MOBILE-SATELLITE (Earth-to-space)
				Earth exploration-satellite (Earth-to-space)  5.541  5.543
				5.525  5.526  5.527  5.538  5.540  5.542



5.A15	Resolution 155(WRC-15) shall apply (WRC-15)
5.5X The operation of earth stations in motion communicating with the FSS is subject to Resolution 156 (WRC-15). (WRC-15)
5.457A	In the bands 5 925-6 425 MHz and 14-14.5 GHz, earth stations located on board vessels may communicate with space stations of the fixed-satellite service. Such use shall be in accordance with Resolution 902 (WRC‑03). In the frequency band 5 925-6 425 MHz, earth stations located on board vessels and communicating with space stations of the fixed-satellite service may employ transmit antennas with minimum diameter of 1.2 m and operate without prior agreement of any administration if located at least 330 km away from the low-water mark as officially recognized by the coastal State. All other provisions of Resolution 902 (WRC-03) shall apply.    (WRC-15)
5.457B	In the bands 5 925-6 425 MHz and 14-14.5 GHz, earth stations located on board vessels may operate with the characteristics and under the conditions contained in Resolution 902 (WRC‑03) in Algeria, Saudi Arabia, Bahrain, Comoros, Djibouti, Egypt, United Arab Emirates, Jordan, Kuwait, Libya, Morocco, Mauritania, Oman, Qatar, the Syrian Arab Republic, Sudan, Tunisia and Yemen, in the maritime mobile-satellite service on a secondary basis. Such use shall be in accordance with Resolution 902 (WRC‑03).    (WRC‑12)
5.484	In Region 1, the use of the band 10.7-11.7 GHz by the fixed-satellite service (Earth-to-space) is limited to feeder links for the broadcasting-satellite service.
5.484A	The use of the bands 10.95-11.2 GHz (space-to-Earth), 11.45-11.7 GHz (space-to-Earth), 11.7-12.2 GHz (space-to-Earth) in Region 2, 12.2-12.75 GHz (space-to-Earth) in Region 3, 12.5-12.75 GHz (space-to-Earth) in Region 1, 13.75-14.5 GHz (Earth-to-space), 17.8-18.6 GHz (space-to-Earth), 19.7-20.2 GHz (space-to-Earth), 27.5-28.6 GHz (Earth-to-space), 29.5-30 GHz (Earth-to-space) by a non-geostationary-satellite system in the fixed-satellite service is subject to application of the provisions of No. 9.12 for coordination with other non-geostationary-satellite systems in the fixed-satellite service. Non-geostationary-satellite systems in the fixed-satellite service shall not claim protection from geostationary-satellite networks in the fixed-satellite service operating in accordance with the Radio Regulations, irrespective of the dates of receipt by the Bureau of the complete coordination or notification information, as appropriate, for the non-geostationary-satellite systems in the fixed-satellite service and of the complete coordination or notification information, as appropriate, for the geostationary-satellite networks, and No. 5.43A does not apply. Non-geostationary-satellite systems in the fixed-satellite service in the above bands shall be operated in such a way that any unacceptable interference that may occur during their operation shall be rapidly eliminated.     (WRC‑2000)
5.485	In Region 2, in the band 11.7-12.2 GHz, transponders on space stations in the fixed-satellite service may be used additionally for transmissions in the broadcasting-satellite service, provided that such transmissions do not have a maximum e.i.r.p. greater than 53 dBW per television channel and do not cause greater interference or require more protection from interference than the coordinated fixed-satellite service frequency assignments. With respect to the space services, this band shall be used principally for the fixed-satellite service.
5.487	In the band 11.7-12.5 GHz in Regions 1 and 3, the fixed, fixed-satellite, mobile, except aeronautical mobile, and broadcasting services, in accordance with their respective allocations, shall not cause harmful interference to, or claim protection from, broadcasting-satellite stations operating in accordance with the Regions 1 and 3 Plan in Appendix 30.     (WRC-03)
5.488	The use of the band 11.7-12.2 GHz by geostationary-satellite networks in the fixed-satellite service in Region 2 is subject to application of the provisions of No. 9.14 for coordination with stations of terrestrial services in Regions 1, 2 and 3. For the use of the band 12.2-12.7 GHz by the broadcasting-satellite service in Region 2, see Appendix 30.     (WRC-03)
5.489	Additional allocation:  in Peru, the band 12.1-12.2 GHz is also allocated to the fixed service on a primary basis.
5.494	Additional allocation: in Algeria, Saudi Arabia, Bahrain, Cameroon, the Central African Rep., Congo (Rep. of the), Côte d’Ivoire, Djibouti, Egypt, the United Arab Emirates, Eritrea, Ethiopia, Gabon, Ghana, Guinea, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya, Madagascar, Mali, Morocco, Mongolia, Nigeria, Oman, Qatar, the Syrian Arab Republic, the Dem. Rep. of the Congo, Somalia, Sudan, South Sudan, Chad, Togo and Yemen, the frequency band 12.5-12.75 GHz is also allocated to the fixed and mobile, except aeronautical mobile, services on a primary basis. (WRC-15)
5.495	Additional allocation: in France, Greece, Monaco, Montenegro, Uganda, Romania and Tunisia, the frequency band 12.5-12.75 GHz is also allocated to the fixed and mobile, except aeronautical mobile, services on a secondary basis. (WRC-15)
5.496	Additional allocation:  in Austria, Azerbaijan, Kyrgyzstan and Turkmenistan, the band 12.5-12.75 GHz is also allocated to the fixed service and the mobile, except aeronautical mobile, service on a primary basis. However, stations in these services shall not cause harmful interference to fixed-satellite service earth stations of countries in Region 1 other than those listed in this footnote. Coordination of these earth stations is not required with stations of the fixed and mobile services of the countries listed in this footnote. The power flux-density limit at the Earth’s surface given in Table 21-4 of Article 21, for the fixed-satellite service shall apply on the territory of the countries listed in this footnote.     (WRC‑2000)
5.504A	In the band 14-14.5 GHz, aircraft earth stations in the secondary aeronautical mobile-satellite service may also communicate with space stations in the fixed-satellite service. The provisions of Nos. 5.29, 5.30 and 5.31 apply.     (WRC-03)
5.504B	Aircraft earth stations operating in the aeronautical mobile-satellite service in the frequency band 14-14.5 GHz shall comply with the provisions of Annex 1, Part C of Recommendation ITU-R M.1643-0, with respect to any radio astronomy station performing observations in the 14.47-14.5 GHz frequency band located on the territory of Spain, France, India, Italy, the United Kingdom and South Africa. (WRC-15)
5.506	The band 14-14.5 GHz may be used, within the fixed-satellite service (Earth-to-space), for feeder links for the broadcasting-satellite service, subject to coordination with other networks in the fixed-satellite service. Such use of feeder links is reserved for countries outside Europe.
5.506A	In the band 14-14.5 GHz, ship earth stations with an e.i.r.p. greater than 21 dBW shall operate under the same conditions as earth stations located on board vessels, as provided in Resolution 902 (WRC‑03). This footnote shall not apply to ship earth stations for which the complete Appendix 4 information has been received by the Bureau prior to 5 July 2003.      (WRC-03)
5.506B	Earth stations located on board vessels communicating with space stations in the fixed-satellite service may operate in the frequency band 14-14.5 GHz without the need for prior agreement from Cyprus and Malta, within the minimum distance given in Resolution 902 (WRC‑03) from these countries.     (WRC-05)
5.509A	In the frequency band 14.3-14.5 GHz, the power flux-density produced on the territory of the countries of Saudi Arabia, Bahrain, Botswana, Cameroon, China, Côte d’Ivoire, Egypt, France, Gabon, Guinea, India, Iran (Islamic Republic of), Italy, Kuwait, Morocco, Nigeria, Oman, the Syrian Arab Republic, the United Kingdom, Sri Lanka, Tunisia and Viet Nam by any aircraft earth station in the aeronautical mobile-satellite service shall not exceed the limits given in Annex 1, Part B of Recommendation ITU-R M.1643-0, unless otherwise specifically agreed by the affected administration(s). The provisions of this footnote in no way derogate the obligations of the aeronautical mobile-satellite service to operate as a secondary service in accordance with No. 5.29. (WRC-15)
5.516B	The following bands are identified for use by high-density applications in the fixed-satellite service:
		17.3-17.7 GHz	(space-to-Earth) in Region 1,
		18.3-19.3 GHz	(space-to-Earth) in Region 2,
		19.7-20.2 GHz	(space-to-Earth) in all Regions,
		39.5-40 GHz		(space-to-Earth) in Region 1,
		40-40.5 GHz		(space-to-Earth) in all Regions,
		40.5-42 GHz		(space-to-Earth) in Region 2,
		47.5-47.9 GHz	(space-to-Earth) in Region 1,
		48.2-48.54 GHz	(space-to-Earth) in Region 1,
		49.44-50.2 GHz	(space-to-Earth) in Region 1,
		and
		27.5-27.82 GHz	(Earth-to-space) in Region 1,
		28.35-28.45 GHz	(Earth-to-space) in Region 2,
		28.45-28.94 GHz	(Earth-to-space) in all Regions,
		28.94-29.1 GHz	(Earth-to-space) in Region 2 and 3,
		29.25-29.46 GHz	(Earth-to-space) in Region 2,
		29.46-30 GHz	(Earth-to-space) in all Regions,
		48.2-50.2 GHz	(Earth-to-space) in Region 2.
		This identification does not preclude the use of these bands by other fixed-satellite service applications or by other services to which these bands are allocated on a co-primary basis and does not establish priority in these Radio Regulations among users of the bands. Administrations should take this into account when considering regulatory provisions in relation to these bands. See Resolution 143 (WRC‑03)[footnoteRef:8]*.     (WRC-03) [8: * 	Note by the Secretariat:  This Resolution was revised by WRC-07.] 

5.524	Additional allocation: in Afghanistan, Algeria, Saudi Arabia, Bahrain, Brunei Darussalam, Cameroon, China, Congo (Rep. of the), Costa Rica, Egypt, the United Arab Emirates, Gabon, Guatemala, Guinea, India, Iran (Islamic Republic of), Iraq, Israel, Japan, Jordan, Kuwait, Lebanon, Malaysia, Mali, Morocco, Mauritania, Nepal, Nigeria, Oman, Pakistan, the Philippines, Qatar, the Syrian Arab Republic, the Dem. Rep. of the Congo, the Dem. People’s Rep. of Korea, Singapore, Somalia, Sudan, South Sudan, Chad, Togo and Tunisia, the frequency band 19.7-21.2 GHz is also allocated to the fixed and mobile services on a primary basis. This additional use shall not impose any limitation on the power flux-density of space stations in the fixed-satellite service in the frequency band 19.7-21.2 GHz and of space stations in the mobile-satellite service in the frequency band 19.7-20.2 GHz where the allocation to the mobile-satellite service is on a primary basis in the latter frequency band. (WRC-15)
5.525	In order to facilitate interregional coordination between networks in the mobile-satellite and fixed-satellite services, carriers in the mobile-satellite service that are most susceptible to interference shall, to the extent practicable, be located in the higher parts of the bands 19.7-20.2 GHz and 29.5-30 GHz.
5.526	In the bands 19.7-20.2 GHz and 29.5-30 GHz in Region 2, and in the bands 20.1-20.2 GHz and 29.9-30 GHz in Regions 1 and 3, networks which are both in the fixed-satellite service and in the mobile-satellite service may include links between earth stations at specified or unspecified points or while in motion, through one or more satellites for point-to-point and point-to-multipoint communications.
5.527	In the bands 19.7-20.2 GHz and 29.5-30 GHz, the provisions of No. 4.10 do not apply with respect to the mobile-satellite service.
5.528	The allocation to the mobile-satellite service is intended for use by networks which use narrow spot-beam antennas and other advanced technology at the space stations. Administrations operating systems in the mobile-satellite service in the band 19.7-20.1 GHz in Region 2 and in the band 20.1-20.2 GHz shall take all practicable steps to ensure the continued availability of these bands for administrations operating fixed and mobile systems in accordance with the provisions of No. 5.524.
5.529	The use of the bands 19.7-20.1 GHz and 29.5-29.9 GHz by the mobile-satellite service in Region 2 is limited to satellite networks which are both in the fixed-satellite service and in the mobile-satellite service as described in No. 5.526.
5.539	The band 27.5-30 GHz may be used by the fixed-satellite service (Earth-to-space) for the provision of feeder links for the broadcasting-satellite service.
5.540	Additional allocation:  the band 27.501-29.999 GHz is also allocated to the fixed-satellite service (space-to-Earth) on a secondary basis for beacon transmissions intended for up-link power control.
5.542	Additional allocation:  in Algeria, Saudi Arabia, Bahrain, Brunei Darussalam, Cameroon, China, Congo (Rep. of the), Egypt, the United Arab Emirates, Eritrea, Ethiopia, Guinea, India, Iran (Islamic Republic of), Iraq, Japan, Jordan, Kuwait, Lebanon, Malaysia, Mali, Morocco, Mauritania, Nepal, Oman, Pakistan, Philippines, Qatar, the Syrian Arab Republic, the Dem. People’s Rep. of Korea, Somalia, Sudan, South Sudan, Sri Lanka and Chad, the band 29.5-31 GHz is also allocated to the fixed and mobile services on a secondary basis. The power limits specified in Nos. 21.3 and 21.5 shall apply.    (WRC‑12)
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