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	SUMMARY

	This paper summarizes the WRC-27 agenda items that pose potential threats to the spectrum used by aviation, as identified during discussions at the FSMP WG19 meeting – ICAO position for the ITU WRC-27.

It also presents a concise analysis of these items from DECEA's perspective so far, categorizing potential threats to aviation as 'high,' 'low,' or 'none,' based on the key outcomes of the most recent meetings of the ITU-R study groups.


1. INTRODUCTION

1.1 In the current study cycle for WRC-27, FSMP has preliminarily identified several agenda items (1.7, 1.11, 1.12, 1.13, 1.15, 1.16, 1.17, 1.18, and 1.19) that require attention from the aviation sector and must be closely monitored. These items fall under the responsibility of various ITU-R groups (WP 4A, 4C, 5D, 7B, 7C, and 7D). WP 5B is the primary group responsible for studies on aeronautical services within ITU-R, where aviation administrations and stakeholders typically attend. However, at this time, WP 5B serves only as a contributing group for some of these items. 
1.2 So far, these groups have discussed these agenda items in at least two meetings in 2024 and 2025. The outcomes of these discussions now require an analysis by aviation stakeholders.
1.3 Given the budget and personnel constraints faced by certain administrations, it is not feasible for aviation representatives to attend all meetings of the ITU-R WPs. However, FSMP members and aviation stakeholders must still find an effective way to track and monitor studies related to the WRC-27 agenda items.
1.4 In response to these challenges, DECEA has prepared this paper by consolidating the results of the ITU-R WPs into three tables (Attachments 1, 2 and 3). These tables provide relevant information and links to access and download key output documents, including Reports, Recommendations, and Resolutions, from the latest meetings of each group.
1.5 Additionally, Attachment 1 provides ICAO’s position on these agenda items for reference, along with DECEA’s preliminary views based on an analysis of the latest outcomes from the responsible working groups, including reports and annexes from the Chairperson.
2. DISCUSSION

2.1 The World Radiocommunication Conference (WRC) and its preparatory process are held every four years within the framework of Regional Telecommunications Organizations, including CITEL, ASMG, RCC, CEPT, APT, and ATU
. The WRC is responsible for analyzing, reviewing, and, where appropriate, improving and updating the Radio Regulations (RR). Its primary objective is to allocate frequencies to services based on the needs of global radiocommunication operations, while also addressing other regulatory measures as needed.
2.2 At each WRC, the agenda is established for the next conference and provisionally for the one that follows. In addition to recurring agenda items, several specific items are included based on input submitted to the WRC. These agenda items provide various radiocommunication sectors the opportunity to propose changes to the Radio Regulations (RR), guided by the results of the studies requested for each item.
2.3 The RR contains the full texts as adopted by the World Radiocommunication Conference (Geneva, 1995) (WRC-95) and subsequently revised and adopted by WRCs, including all Appendices, Resolutions, Recommendations, and ITU-R Recommendations incorporated by reference.
2.4 The United Nations, through its member countries, recognizes the importance of protecting the safety of the traveling public and the aircraft systems that ensure safe travel. To support the critical security requirements associated with the use of the radio frequency spectrum in aviation, the ITU has established the following provisions:
2.4.1 The ITU Constitution, Article 40: “International telecommunication services must give absolute priority to all telecommunications concerning safety of life at sea, on land, in the air or in outer space, as well as to epidemiological telecommunications of exceptional urgency of the World Health Organization”; and

2.4.2 The ITU Radio Regulations, Article 4.10: “ITU Member States recognize that the safety aspects of radionavigation and other safety services require special measures to ensure their freedom from harmful interference; it is necessary therefore to take this factor into account in the assignment and use of frequencies.”
2.5 The growing demand for access to segments of the frequency spectrum reflects technological advancements and the proliferation of applications requiring greater bandwidth. Consequently, spectrum allocation and coordination present significant challenges, requiring a balance between efficiency and equitable decision-making (ITU-R, 2014). 
2.6 Efficient spectrum management is crucial, as it defines the allocation of radiocommunication services, establishes technical specifications, and determines which systems and technologies can operate within a given country. Spectrum management encompasses several key aspects, including protecting frequencies used by critical services to prevent harmful interference; identifying opportunities to maximize efficiency and enable the development and implementation of new technologies within flexible frameworks; and reducing the cost of telecommunications equipment to ensure equitable access for society (ITU, 2022).
2.7 The compatibility between systems used for the safe operation of aircraft and air traffic systems, and those that do not provide critical safety communications within the same or adjacent radio frequency bands, must be carefully considered to ensure the safety of the traveling public.

2.8 Additionally, there is a general trend toward the development of new mobile communications networks, such as IMT base stations using active antennas with higher radiated power, or the increased density of new terrestrial devices for satellite networks. A review of the unwanted emission levels from these stations should be considered to ensure continued compatibility with other systems and services, particularly aviation safety systems.
3. CONCLUSION
3.1 Given the budget and personnel constraints faced by certain administrations, it is not feasible for aviation representatives to attend all meetings of the ITU-R WPs. However, FSMP members and aviation stakeholders must still find an effective way to track and monitor studies related to the WRC-27 agenda items.
3.2 This information paper provides quick access to relevant details on the ongoing WRC-27 work, enabling administrations that are unable to attend ITU-R meetings to stay informed about potential threats to aviation spectrum and take appropriate action during Regional Telecommunications Organization meetings in preparation for WRC-27.
3.3 This information paper is a living document and will be updated based on the outcomes of upcoming working group meetings.
— END —
ATTACHMENT 1
SUMMARY ANALYSIS OF THE WRC-27 AGENDA ITEMS, BASED ON 

THE OUTCOMES OF THE ITU-R WORKING PARTIES MEETINGS

Related links:

RR edition 2024 (Volume I to 4) - Radio Regulations: 
CA/270 : Results of the first session of the Conference Preparatory Meeting for WRC-27 (result of CPM27-1).

CA/270 Addendum 1 Corrigendum 1: Results of the first session of the Conference Preparatory Meeting for WRC-27.

WRC-23 Resolutions and Recommendations brought to the attention of concerned organizations.
Resolution 813 (WRC-23) - Agenda for the 2027 world radiocommunication conference.
Resolution 814 (WRC-23) - Preliminary agenda for the 2031 world radiocommunication conference.
Conference Preparatory Meeting (CPM).
ITU preparatory studies for WRC-27.
ITU-R Preliminary Studies for WRC-31.
Working Party 4A (WP 4A): Efficient orbit/spectrum utilization for FSS and BSS.

Working Party 4C (WP 4C): Efficient orbit/spectrum utilization for MSS and RDSS.

Working Party 5B (WP 5B):  Maritime mobile service including Global Maritime Distress and Safety System (GMDSS); aeronautical mobile service and radiodetermination service.
Working Party 5D (WP 5D): IMT Systems.

Working Party 7B (WP 7B):  Space radiocommunication applications: Systems for transmission/reception of telecommand, tracking and telemetry data for space operation, space research, Earth exploration-satellite, and meteorological satellite services.

Working Party 7C (WP 7C): Remote sensing systems: active and passive remote sensing applications in the Earth exploration-satellite service and systems of the MetAids service, as well as space research sensors, including planetary sensors.

Working Party 7D (WP 7D): Radio astronomy: radio astronomy and radar astronomy sensors, both Earth-based and space-based, including space very long baseline interferometry (VLBI)ICAO 
ICAO FSMP - Frequency Spectrum Management Panel. 
Draft ICAO Position for the ITU World Radiocommunication Conference in 2027 (WRC-27) – ICAO WRC-27 position.
	WRC-27
	Responsible group 
	Action to be taken by the group
	Potential threat to spectrum used by aviation
	ITU-R Working Parties meeting output documents 

	AI 1.5
	WP 4A

	to consider regulatory measures, and implementability thereof, to limit the unauthorized operations of non-geostationary-satellite orbit earth stations in the fixed-satellite and mobile-satellite services and associated issues related to the service area of non-geostationary-satellite orbit satellite systems in the fixed-satellite and mobile-satellite services, in accordance with Resolution 14 (WRC‑23).
Resolution 14 (WRC‑23): Studies on development of regulatory measures, and implementability thereof, to limit the unauthorized operations of non-geostationary-satellite orbit (non-GSO) earth stations in the fixed-satellite service (FSS) and mobile-satellite service (MSS) and associated issues related to the service area of non-GSO FSS and MSS satellite systems.
Resolution 14 (WRC-23) has two resolves addressing two distinct different issues:

1 studies on regulatory measures to limit the unauthorized operations of non-GSO FSS and MSS earth stations in the Earth-to-space direction in order to address and cease such operations, taking into account technical and operational aspects, as appropriate; 

2 studies on regulatory measures, taking into account recognizing c) with regard to non- GSO FSS and MSS satellite systems, and the implementability of such measures, without adversely affecting the provision of service in the rest of the service area of the non-GSO satellite system.

Recognizing

c) that Member States may wish to exclude its territory from the service area of the non-GSO satellite system;
d) that unauthorized use of non-GSO FSS and MSS earth stations is prohibited,
Noting
g) that No. 15.5 b) provides that “radiation in and reception from unnecessary directions shall be minimized by taking the maximum practical advantage of the properties of directional antennas whenever the nature of the service permits”;

	ICAO POSITION
To ensure the consequences of this agenda item do not impose new regulatory and technical constraints, including but not limited to the creation of service area exclusions, for non-GSO satellite systems which could disrupt or otherwise negatively impact the provision of AMS(R)S, and aeronautical emergency frequencies used by international civil aviation.

ISSUES
The scope of AI 1.5 can impact AMS(R)S services within the following frequency bands: 

-117.975–137 MHz (voice and data for ATC – Space-based VHF).

-1,087.7–1,092.3 MHz (global flight tracking – Space-based ADS-B).

-1,610–1,626.5 MHz: is allocated to AMS(R)S for SATCOM communications.
-5,030–5,091 MHz (RPAS C2 link).

-Additionally, RR No. 5.200 has been updated to include AMS(R)S for the aeronautical emergency frequency at 121.5 MHz. It is crucial to preserve the integrity of emergency and distress communication services and prevent any operational restrictions.
POTENTIAL IMPACT ON AVIATION: LOW
This item calls for conducting studies on regulatory actions to prevent unauthorized operations of earth stations in NGSO satellites within the FSS and MSS. However, the existing measures in the Radio Regulations — such as Article 18.1, Resolution 219 (PP 2022), Resolution 22 (WRC-23), and Resolution 25 (REV.WRC-23) may already be sufficient, potentially rendering regulatory modifications unnecessary.  
Resolution 22 (WRC-23): available on RR 2024, Volume 3

Resolution 25 (REVWRC-23): available on RR 2024, Volume 3

Radio Regulations: RR edition 2024.
18.1 § 1 No transmitting station may be established or operated by a private person or by any enterprise without a license issued in an appropriate form and in conformity with the provisions of these Regulations by or on behalf of the government of the country to which the station in question is subject (however, see RR volume I Nos. 18.2, 18.8 and 18.11).
Resolution 22 (WRC-23) resolves
1 that the operation of transmitting earth stations within the territory of an administration shall be carried out only if authorized by that administration.

2 that the notifying administration for a satellite network or system shall, to the extent practicable, limit the operation of transmitting earth stations on the territory of an administration on which they are located and operated to only those licensed or authorized by that administration.

Resolution 25 (REV.WRC-23) resolves
that administrations licensing global satellite systems and stations intended to provide public personal communications by means of fixed, mobile, or transportable terminals shall ensure, when licensing these systems and stations, that they can be operated only from the territory or territories of administrations having authorized such service and stations in compliance with Articles 17 and 18, in particular No. 18.1,


	Output documents WP 4A (Geneva, 21-31 October 2024):
4A/343 Revision 1 - Report of chair on the meeting of WP 4A.
Annexes of chair Report:

4A/343 Annex 11: Elements towards a working document on WRC-27 agenda item 1.5: Consideration of regulatory measures, and implementability thereof, to limit the unauthorized operations of non-geostationary-satellite orbit earth stations in the fixed-satellite and mobile-satellite services and associated issues related to the service area of non-geostationary-satellite orbit satellite systems in the fixed‑satellite and mobile-satellite services, in accordance with Resolution 14 (WRC‑23).
4A/343 Annex 12:  Elements of working document towards draft CPM text for WRC-27 agenda item 1.5.

Discussion:

In respect of the first resolve of Resolution 14 (WRC-23), it was pointed out that previous WRCs had adopted Resolutions 22, 25 and 18.1 § 1 containing provisions related to network control that could, to some extent, provide information for studies under AI 1.5. The meeting also received contributions suggesting functional requirements for control centers of non-GSO satellite systems.

During the discussions, a proposal was made to liaise with WP 4C. However, no consensus was reached on issuing a liaison statement or its potential content, and as a result, no LS was finalized. The chairs of WP 4A and WP 4C are expected to collaborate to effectively organize the work pertaining to this agenda item.
Plenipotentiary Conference, Bucharest 2022:

Resolution 219: 
encourages Member States
when authorizing non-GSO systems, to take all necessary actions to avoid unacceptable interference to GSO and other non-GSO systems, as well as to other radio services, of other administrations and to ensure the efficient use of radio-frequency spectrum and associated satellite-orbit resources; to this effect, the necessary regulatory frameworks need to be developed for the operation of non-GSO systems,
Next meeting of WP 4A –  05-16 May 2025.



	AI 1.7
	WP 5D
 
	to consider studies on sharing and compatibility and develop technical conditions for the use of International Mobile Telecommunications (IMT) in the frequency bands 4 400-4 800 MHz, 7 125-8 400 MHz (or parts thereof), and 14.8-15.35 GHz taking into account existing primary services operating in these, and adjacent, frequency bands, in accordance with Resolution 256 (WRC-23).
Resolution 256 (WRC‑23): Sharing and compatibility studies and development of technical conditions for the use of International Mobile Telecommunications (IMT) in the frequency bands 4 400-4 800 MHz, 7 125-8 400 MHz (or parts thereof), and 14.8-15.35 GHz for the terrestrial component of IMT.

invites the 2027 world radiocommunication conference, to consider, based on results of studies, the identification of frequency band(s):

– 4 400-4 800 MHz, or parts thereof, in Region 1 and Region 3; 

– 7 125-8 400 MHz, or parts thereof, in Region 2 and Region 3; 

– 7 125-7 250 MHz and 7 750-8 400 MHz, or parts thereof, in Region 1;

– 14.8-15.35 GHz,

for the terrestrial component of IMT.


	ICAO POSITION

To oppose any new identification for IMT in the frequency band 4 400-4 800 MHz that reduces the protection of, or imposes additional regulatory or technical constraints, on radio altimeters and Wireless Avionics Intra-Communications operating in the frequency band 4 200-4 400 MHz.

To ensure the results of this agenda item would not reduce the protection of, or impose additional regulatory or technical constraints, on ground-based air traffic surveillance systems, airborne weather radar, and DAA radars, operating in the frequency band 15.4-15.7 GHz.

ISSUES

- 4 200– 4 400 MHz: Radio altimeter (ARNS) and WAIC systems (AM(R)S), expected applicability by November 2025 (ICAO).

- 7 250– 7 750 MHz (FSS - downlink), 7 900– 8 400 MHz (FSS uplink).
-15.4–15.7 GHz: Airborne Weather Radar, Precision Approach Radar (PAR), Airport Surface Detection Equipment (ASDE), and Detect-and-Avoid (DAA) radar for RPAS.

RR footnotes:

5.436 – The AM(R)S usage in the frequency band 4 200 – 4 400 MHz is reserved exclusively for WAIC systems.

5.438 – ARNS in the frequency band 4 200 -4 400 MHz is reserved exclusively for radio altimeters installed onboard aircraft.

POTENTIAL IMPACT ON AVIATION: HIGH

The transceiver technical parameters and protection criteria outlined in Recommendation ITU‑R M.2059‑0 are accurate for altimeters used worldwide, which will remain in service for the foreseeable future.

ICAO noted that new standards for radio altimeters will not be approved before WRC-27, with global implementation likely expected in the late 2030s.  

Allocation of frequency band 4 400 – 4 990 MHz in Brazil:
- 4 400 – 4 990 MHz: Allocated for Fixed Service (FS).

- 4 500 – 4 800 MHz: Allocated for Satellite Fixed Service (FSS).

- 4 530 – 4 610 MHz: Allocated for Aeronautical Mobile Service (AMS).

- 4 800 – 4 990 MHz: Allocated for Mobile Service (MS).

The 4,830–4,950 MHz band is under study by ANATEL for IMT deployment in Brazil.
The frequency bands 7,250–7,750 MHz (FSS downlink) and 7,900–8,400 MHz (FSS uplink) in Brazil are allocated exclusively for defense and public safety applications.
 
	Output documents WP 5D (Geneva, 3-11 October 2024):
5D/413 Chapter 1 -Report of chair on the 47th meeting of WP 5D 
Annexes of chair Report:

5D/413 Chapter 4 - Annex 4.7 - Meeting Report of SWG WRC-27 agenda item 1.7 

5D/413 Chapter 4 - Annex 4.8 - Working document towards preliminary draft CPM text for WRC-27 agenda item 1.7 - Chapter 2 - Fixed, mobile and radiolocation issues
5D/413 Chapter 4 - Annex 4.9 - [Document on sharing and compatibility studies of IMT systems in the frequency bands 4 400-4 800 MHz, 7 125 8 400 MHz and 14.8-15.35 GHz in relation to WRC-27 agenda item 1.7] /[Working document towards a preliminary draft new report on sharing and compatibility studies in relation to WRC-27 agenda item 1.7 / Supporting material for WRC-27 agenda item 1.7 ] - Main Part
5D/413 Chapter 4 Annex 4.10 - Annex 1 - Sharing and compatibility studies between services to which the band is currently allocated and IMT systems in the frequency band 4 400-4 800 MHz under WRC-27 agenda item 1.7
5D/413 Chapter 4 Annex 4.11 - Annex 2 - Sharing and compatibility studies between services to which the band is currently allocated and IMT systems in the frequency band 7 125-8 400 MHz under WRC-27 agenda item 1.7
5D/413 Chapter 4 Annex 4.12 - Annex 3 - Sharing and compatibility studies between services to which the band is currently allocated and IMT systems in the frequency band 14.8-15.35 GHz under WRC-27 agenda item 1.7

5D/413 Chapter 4 Annex 4.13 - Annex 4 - Elements from discussion on sharing and compatibility studies between services to which the band is currently allocated and IMT Systems under WRC-27 agenda item 1.7

5D/413 Chapter 2 - Working Party 5D Structure and Work plan.
5D/413 Chapter 2 - Annex 2.9.4 - Detailed work plan for WRC-27 agenda item 1.7.
5B/216 Annex 14 - Working document towards a preliminary draft revision of Recommendation ITU-R M.2085-01 - Technical conditions for the use of wireless avionics intra-communication systems operating in the aeronautical mobile (R) service in the frequency band 4 200 4 400 MHz

Recommendation ITU-R M.2089: Technical characteristics and protection criteria for aeronautical mobile service systems in the frequency range 14.5-15.35 GHz (10/2015).

5B/216 Annex 19 - Working document toward preliminary draft revision of Recommendation ITU-R M.2089 - Technical characteristics and protection criteria for aeronautical mobile service systems in the frequency range 14.5-15.35 GHz.

Related Liaison Statements:

5B/147-LS to Working Party 5B - WRC-27 agenda item 1.7 

ICAO LS to ITU - FSMP-WG20-WP17_ICAO LS to ITU on 1.7
Related ITU-R Recommendations and Reports:
Recommendation ITU-R M.2059: Operational and technical characteristics and protection criteria of radio altimeters utilizing the band 4 200-4 400 MHz (02/2014).

Recommendation ITU-R M.2067-0: Technical characteristics and protection criteria for Wireless Avionics Intra-Communication systems (02/2015).

Recommendation ITU-R M.2085: Technical conditions for the use of wireless avionics intra-communication systems operating in the aeronautical mobile (R) service in the frequency band 4 200- 4 400 MHz.(09/2015).

Recommendation ITU-R M.2116: Technical characteristics and protection criteria for the aeronautical mobile service systems operating within the 4 400-4 990 MHz frequency range (01/2018).

5B/216 Annex 23 - Working document towards a preliminary draft revision of Recommendation ITU-R M.2116-0 - Technical characteristics and protection criteria for the aeronautical mobile service systems operating within the 4 400-4 990 MHz frequency range.

Report ITU-R M.2197: Technical characteristics and operational objectives for Wireless avionics intra-communications (WAIC) (2010).

Report ITU-R M.2283: Technical characteristics and spectrum requirements of Wireless Avionics Intra-Communications systems to support their safe operation (12/2013).

Report ITU-R M.2319: Compatibility analysis between wireless avionic intra-communication systems and systems in the existing services in the frequency band 4 200-4 400 MHz (11/2014).

Output document from the WP 5B meeting (11-28 November 2024):

5B/216 Annex 25 - Working document towards a preliminary draft new Recommendation ITU-R M.[15.4-15.7_GHZ_ARNS] - Characteristics of and protection criteria for [radars / airborne detect and avoid and aircraft landing systems] operating in the aeronautical radionavigation service in the frequency band 15.4-15.7 GHz
Next meeting of WP 5D:  04 – 13 February 2-25.

Doc. 5D/563, Chapter 2 , Annex 2.9.6, ​Chapter 4, 
Annexes 4.7, 4.8 , 4.9, 4.10, 4.11, 4.12, 4.13, 4.14 , 
4.1​5, Chapter 6


	AI 1.9
	WP 5B

	To consider appropriate regulatory actions to update Appendix 26 to the Radio Regulations in support of aeronautical mobile (OR) high frequency modernization, in accordance with Resolution 411 (WRC23).

Resolution 411 (WRC-23): Consideration of appropriate regulatory actions to update Appendix 26 in support of modernization of high-frequency spectrum use in the aeronautical mobile (OR) service. 

	ICAO POSITION
To ensure the results of this agenda item would not reduce the protection of, or impose additional regulatory or technical constraints, on internationally recognized aeronautical HF safety communications in line with Appendix 27 to the RR.

ISSUES
The Aeronautical Mobile (Off-Route) Service (AM(OR)S) operating in the frequency range of 3,025 kHz to 18,030 kHz, as regulated by Appendix 26 of the Radio Regulations, and many of those allocations are adjacent to the aeronautical HF safety communications allocations to the AM(R)S within the frequency range of 2,850 kHz to 22,000 kHz, regulated by Appendix 27 of the Radio Regulations.
POTENTIAL THREAT ON AVIATION: LOW or NONE
The WBHF system will operate within the existing 2.8 to 18.05 MHz AM(OR)S HF aeronautical frequency bands, eliminating the need for additional spectrum allocation. The new modulation waveforms will fall under the same J2D emission designator as legacy HFDL.

When using channel aggregation, the required spectrum limits (filtering mask) for aircraft and aeronautical station transmitters, in terms of peak power, must comply with Figure 2.2 of Annex 10, Volume III, Part II. This ensures that unwanted emissions in legacy adjacent channels remain unaffected. 
Considering these requirements and the fact that both services are aeronautical, no impact is anticipated.

	Output documents WP 5B (Geneva, 19-28 November 2024):
5B/216 - Report on the 33rd meeting of WP 5B
Annexes of chair Report:

5B/216 Annex 20 - Working document towards a preliminary draft new [Recommendation/Report] ITU-R M.[MODERNIZATION OF HF AM(OR)S] - Frequency bands, technical characteristics, and protection criteria [and compatibility and sharing studies] for the modernization of high-frequency spectrum use in the aeronautical mobile (OR) service within the 2.8 to 18.05 MHz frequency range.
5B/96 Annex 1 of chair report – Work Plan for WRC-27 AI 1.9.
Related ITU-R Recommendations and Reports:

Recommendation ITU-R BS.80 – Transmitting antennas in HF broadcasting

Recommendation ITU-R BS.705 – HF transmitting and receiving antennas characteristics and diagrams

Recommendation ITU-R F.240 – Signal-to-interference protection ratios for various classes of emission in the fixed service below about 30 MHz  

Recommendation ITU-R F.1761 – Characteristics of HF fixed radiocommunication systems

Recommendation ITU-R F.1762 – Characteristics of enhanced applications for high frequency (HF) radiocommunication systems

Recommendation ITU-R F.1821 – Characteristics of advanced digital high frequency (HF) radiocommunication systems

Report ITU-R BS.458 – Characteristics of systems in LF, MF and HF broadcasting

Report ITU-R F.2061 – HF fixed radiocommunications systems

Report ITU-R F-2062 – Enhanced high frequency digital radiocommunication systems capable of providing enhanced applications

Report ITU-R F.2087 – Requirements for high frequency (HF) radiocommunication systems in the fixed service

Next meeting of WP 5B:  29 April – 08 May 2025.

	AI 1.11
	WP 4C

	To consider the technical and operational issues, and regulatory provisions, for space-to-space links among non-geostationary and geostationary satellites in the frequency bands 1 518-1 544 MHz, 1545-1559 MHz, 1610-1645.5 MHz, 1646.5-1660 MHz, 1670-1675 MHz, and 2483.5-2500 MHz allocated to the mobile-satellite service, in accordance with Resolution 249 (Rev.WRC-23).
Resolution 249 (Rev.WRC-23): Study of technical and operational issues and regulatory provisions for space-to-space transmissions in the frequency bands 1 518-1 544 MHz, 1 545-1 559 MHz, 1 610-1 645.5 MHz, 1 646.5-1 660 MHz, 1 670-1 675 MHz, and 2 483.5-2 500 MHz.


	ICAO POSITION
To ensure the results of this agenda item would not reduce the protection of, or impose additional regulatory or technical constraints, on safety related aeronautical satellite communication for the aeronautical mobile-satellite (R) service in the frequency bands 1 545-1 555 MHz and 1 646.5-1 656.5 MHz, and in RR 5.362A the frequency bands 1 555-1 559 MHz and 1 656.5-1 660.5 MHz as well as frequency band 1 610-1 626.5 MHz, and the aviation radionavigation satellite service receivers in the adjacent frequency band 1 559-1 610 MHz.

ISSUES
-1 525–1 559 MHz (s-E) (s-E) and 1 626,50– 1 660,50 MHz: are allocated to MSS use for aviation SATCOM communications for ATC.

-1 545–1 555 MHz (s-E) and 1 646,5 -1 656,5 MHz: RR No. 5.357A provides priority to AMS(R)S.
-1 555–1 559 MHz and 1 656.5– 1 660.5 MHz: RR No. 5.362A provides similar priority to AMS(R)S in one country.

-1 610–1 626,5 MHz: is allocated to AMS(R)S for SATCOM communications.
-1 559–1 610 MHz (s-E) and (s-s): is allocated to the RNSS, use by aviation GNSS receivers for aircraft navigation. 

POTENTIAL IMPACT ON AVIATION: HIGH
Several aeronautical applications rely on GNSS. 
The following non-exhaustive list highlights examples of issues that may arise from the degradation of GNSS signals, including those from Satellite-Based Augmentation Systems (SBAS) and Ground-Based Augmentation Systems (GBAS):

- A temporary or permanent failure or degradation of PNT (Positioning, Navigation and Timing) information provided by GNSS could result in:

a) Inconsistent flight guidance, potentially leading to route deviations, uncommanded turns, and an increased risk of airspace infringements.

b) Loss of or misleading surveillance systems (e.g., corrupted Automatic Dependent Surveillance-Broadcast (ADS-B), false Terrain Awareness and Warning System (TAWS) alerts such as a triggered “PULL UP” warning during the cruising phase), wind shear detection, terrain awareness, and other surface functionalities.

c) Loss of or misleading time-dependent systems (e.g., clock synchronization, fuel computation systems and flight management systems).

d) Inconsistent or potentially misleading aircraft position, as well as inaccurate ground speed or wind speed readings on the navigation display.

- Inability to use GNSS for navigation, including waypoint navigation, leading to potential disruption in flight path accuracy.

- Inability to conduct or maintain GNSS-based Area Navigation (RNAV) and/or Required Navigation Performance (RNP) operations.


	Output documents WP 4C (Geneva, 10-18 October 2024):
4C/204 - Report of the 32nd meeting of WP 4C
Annexes of chair Report:

4C/204 Annex 12 - Working document regarding WRC-27 agenda item 1.11 - Space-to-space links in Mobile-satellite service (MSS) allocations in the frequency bands 1 518-1 544 MHz, 1 545-1 559 MHz, 1 610-1 645.5 MHz, 1 646.5-1 660 MHz, 1 670-1 675 MHz and 2 483.5-2 500 MHz.

4C/204 Part 1 – Band overlap (AI 1.11, 1.12, 1.13, 1.14)
Doc. 4C/77 Annex 2 – Work Plan for AI 1.11
Related ITU-R Recommendations and Reports:
Recommendation ITU-R M.1183‑0 – 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.
Recommendation 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 (MSS) and other services.
Recommendation ITU‑R M.1228  – Methodology for determining performance objectives for narrow-band channels in mobile satellite systems using geostationary satellites not forming part of the ISDN. 
Recommendation ITU‑R M.1343-1 – Essential technical requirements of mobile earth stations for global non-geostationary mobile-satellite service systems in the band 1-3 GHz. 
Recommendation ITU‑R M.1480– Essential technical requirements of mobile Earth stations of geostationary mobile-satellite systems that are implementing the Global mobile personal communications by satellite (GMPCS) - Memorandum of understanding arrangements in parts of the frequency band 1-3 GHz.
Recommendation ITU‑R M.1787 -  Description of systems and networks in the radionavigation-satellite service (space-to-Earth and space-to-space) and technical characteristics of transmitting space stations operating in the bands 1 164-1 215 MHz,1 215-1 300 MHz and 1 559-1 610 MHz.  
Recommendation ITU-R M.1903– Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) and receivers in the aeronautical radionavigation service operating in the band 1 559-1 610 MHz  
Recommendation ITU-R M.1904 –  Characteristics, performance requirements and protection criteria for receiving stations of the radionavigation-satellite service (space-to-space) operating in the frequency bands 1 164-1 215 MHz, 1 215-1 300 MHz and 1 559-1 610 MHz. 
Next meeting of WP 4C – 23 April – 2 May 2025.


	AI 1.12
	WP 4C
	To consider, based on the results of studies, possible new allocations to the mobile satellite service and possible regulatory actions in the frequency bands 1 427-1 432 MHz (space-to-Earth), 1 645.5-1 646.5 MHz (space-to-Earth) (Earth-to-space), 1 880-1 920 MHz (space-to-Earth) (Earth-to-space) and 2 010-2 025 MHz (space-to-Earth) (Earth-to-space) required for the future development of low-data-rate non-geostationary mobile-satellite systems, in accordance with Resolution 252 (WRC-23);
Resolution 252 (WRC-23): Studies on potential new allocations to, and regulatory actions for, the mobile-satellite service in the frequency bands 1 427-1 432 MHz (space-to-Earth), 1 645.5-1 646.5 MHz (space-to-Earth) (Earth-to-space), 1 880-1 920 MHz (space-to-Earth) (Earth-to-space) and 2 010-2025 MHz (space-to-Earth) (Earth-to-space) required for the future development of low-data-rate non-geostationary mobile-satellite systems 
	ICAO POSITION
To ensure that the results of this agenda item do not reduce the protection of, or impose additional regulatory or technical constraints on, aeronautical mobile-satellite (R) communications provided under the mobile satellite service allocations in the frequency band 1 646.5-1 656.5 MHz where No. 5.357A applies.

ISSUES
The following civil aviation spectrum may be affected:

- 1 435-1 535 MHz: allocated to the AMS for Telemetry with priority over other mobile services, according to RR No. 5.343.

- 1,626.5-1,660.5 MHz: allocated to the MSS (Earth-to-space), with RR No. 5.357A granting priority to AMS(R)S in the frequency band 1,646.5-1,656.5 MHz, is used for aviation SATCOM air-ground communications for ATC.

POTENTIAL IMPACT ON AVIATION: LOW

	Output documents WP 4C (Geneva, 10-18 October 2024):
4A/204 - Report of the 32nd meeting of WP 4C
Annexes of chair Report:

4C/204 Annex 2 - Draft work plan for WRC-27 agenda item 1.12

4C/204 Annex 1 - Working document regarding WRC-27 agenda item 1.12 - Studies on low-data-rate non-GSO mobile-satellite systems in the mobile-satellite service.

4C/204 Part 1 – Band overlap (AI 1.11, 1.12, 1.13, 1.14)

Related ITU-R Recommendations and Reports:
Recommendation ITU-R F.758 - System parameters and considerations in the development of criteria for sharing or compatibility between digital fixed wireless systems in the fixed service and systems in other services and other sources of interference
Recommendation ITU-R F.1336 - Reference radiation patterns of omnidirectional, sectoral and other antennas for the fixed and mobile service for use in sharing studies in the frequency range from 400 MHz to about 70 GHz.
Recommendation ITU-R F.1245 - Mathematical model of average and related radiation patterns for point-to-point fixed wireless system antennas for use in interference assessment in the frequency range from 1 GHz to 86 GHz.
Recommendation ITU-R M.1184 - 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 (MSS) and other services.
Recommendation ITU-R M.2101 - Modelling and simulation of IMT networks and systems for use in sharing and compatibility studies.
Recommendation ITU-R S.1528 - Satellite antenna radiation patterns for non-geostationary orbit satellite antennas operating in the fixed-satellite service below 30 GHz.
Recommendation ITU-R SM.329 - Unwanted emissions in the spurious domain.
Recommendation ITU-R SM.1541 - Unwanted emissions in the out-of-band domain.
Next meeting of WP 4C – 23 April – 2 May 2025.



	AI 1.13
	WP 4C

	to consider studies on possible new allocations to the mobile-satellite service for direct connectivity between space stations and International Mobile Telecommunications (IMT) user equipment to complement terrestrial IMT network coverage, in accordance with Resolution 253 (WRC-23).
Resolution 253 (WRC‑23): Studies on possible new allocations to the mobile-satellite service for direct connectivity between space stations and International Mobile Telecommunications (IMT) user equipment to complement terrestrial IMT network coverage.
resolves to invite the ITU Radiocommunication Sector to complete in time for the 2027 world radiocommunication conference,

1 studies on possible allocations to the MSS in the frequency range between 694/698 MHz and 2.7 GHz, taking into account the IMT frequency arrangements addressed in the most recent version of Recommendation ITU‑R M.1036;

2 studies on spectrum requirements and on technical, operational, and regulatory matters related to the implementation of the mobile-satellite service for direct connectivity to the IMT user equipment to complement the terrestrial IMT network coverage.
	ICAO POSITION
To consider studies on possible new allocations to the mobile-satellite service for direct connectivity between space stations and International Mobile Telecommunications (IMT) user equipment to complement terrestrial IMT network coverage, in accordance with Resolution 253 (WRC-23).

ISSUES
Several civil aviation safety systems operate within or adjacent to the 694–2,700 MHz band:

- 960 – 1 164 MHz: This band is intensively used to support various aviation systems for both civil and military purposes. The civil systems include Distance Measurement Equipment (DME), Secondary Surveillance Radar (SSR), Airborne Collision Avoidance System (ACAS), Automatic Dependent Surveillance – Broadcast (ADS-B), L-band Datalink Aeronautical Communication System (LDACS), Universal Access Transceiver (UAT), Wide Area Multilateration (WAM).
- 1 164 –1 215 MHz: Global Navigation Satellite System (GNSS), DME
- 1 215 –1 300 MHz: GNSS and ATC primary surveillance radar (PSR).

- 1 300 –1 370 MHz: Primary Surveillance radar for ATC.

- 1 525– 1 559 MHz and 1 626,50– 1 660,50 MHz: aviation SATCOM communications for ATC.

- 1 545-1 555 MHz and 1 646,5 -1 656,5 MHz: RR No. 5.357A provides priority to AMS(R)S (ADS-C, CPDLC).

-1 555– 1 559 MHz and 1 656,5– 1 660,5 MHz: RR No. 5.362A provides priority to AMS(R)S in one country.

- 1 610– 1 626,5 MHz: is allocated to AMS(R)S for SATCOM communications.
-1 559– 1 610 MHz: is allocated to the ARNS and RNSS, use by aviation GNSS receivers for aircraft navigation. 

- 2 700 – 2 900 MHz: primary surveillance radar for ATC and meteorological  radar.

POTENTIAL IMPACT ON AVIATION: HIGH
The agenda item specifies a broad frequency range (694/2.7 GHz) without identifying which portions will be the focus of the studies. Within this range, several bands support essential systems for ATC operations.
	Output documents WP 4C (Geneva, 10-18 October 2024):
4C/204 - Report of the thirty-second meeting of WP 4
Annexes of chair Report:
4C/204 Annex 3 - Initial considerations on the possible description and functionality of MSS systems for direct connectivity between space stations and IMT user equipment.

4C/204 Annex 4 - Working document on sharing and compatibility studies in relation to WRC-27 agenda item 1.13.

4C/204 Annex 5 - Working document on technical and operational characteristics of MSS for direct communication with IMT user equipment.

4C/204 Annex 5  Part 1- Technical and Operational characteristics.

4C/204 Annex 6 - Output of the joint sessions of Working Parties 4C and 5D on WRC-27 agenda item 1.13.

4C/204 Annex 7 - Work plan for WRC-27 agenda item 1.13.

4C/204 Annex 8 - Terms of Reference for Working Party 4C Correspondence Group on WRC-27 agenda item 1.13.

- 4C/204 Part 1 – Band overlap (AI 1.11, 1.12, 1.13, 1.14)

Next meeting of WP 4C – 23 April – 2 May 2025.



	AI 1.15
	WP 7B

	To consider studies on frequency-related matters, including possible new or modified space research service (space-to-space) allocations, for future development of communications on the lunar surface and between lunar orbit and the lunar surface, in accordance with Resolution 680 (WRC‑23).
Resolution 680 (WRC‑23): Studies on frequency-related matters, including possible new or modified space research service (space-to-space) allocations, for future development of communications on the lunar surface and between lunar orbit and the lunar surface.
This agenda item calls for new or modified space research service (space-to-space) allocations for the future development of communications on the lunar surface and between lunar orbit and the lunar surface, in the following ranges or portions thereof:

- 390-406.1 MHz, 420-430 MHz, and 440-450 MHz, limited to outside the shielded zone of the moon.

- 2 400-2 690 MHz, 3 500-3 800 MHz, 5 150-5 570 MHz, 5 570-5 725 MHz, 5 775-5 925 MHz, 7 190-7 235 MHz, 8 450-8 500 MHz, and 25.25-28.35 GHz;
	ICAO POSITION
To ensure that ITU-R studies appropriately account for the protection of systems used for the provision of aeronautical services, in particular those operating in the frequency ranges 2 700-2 900 MHz, 3 600-4 200 MHz, 5 350-5 470 MHz. 
To ensure that the proposed methods to satisfy this agenda item would not create constraints on the aviation systems used to support the safe operation of international civil aviation.
ISSUES
This agenda item covers multiple frequency bands that are either within or adjacent to the bands used by the following aviation systems:

- 2 700 – 2 900 MHz: Airport surveillance radar and meteorological ground-based radars (2 400-2 690 MHz is near adjacent).

- 3 700 – 4 200 MHz:  allocated to the FSS and used for satellite downlinks employed by ATC.

- 5 030 – 5 150 MHz: Microwave Landig System for precision approach and landing. 

- 5 091 – 5 150 MHz: AeroMACS (airport surface operations) and aeronautical telemetry.

- 5 150 – 5 250 MHz: Aeronautical Mobile Service limited to aeronautical telemetry.

- 5 350– 5 470 MHz: Airborne weather radar.

- 5 600 – 5 650: Meteorological radar.  
POTENTIAL IMPACT ON AVIATION: LOW or NONE
 Operations in Lunar space include communications on the lunar surface and between the lunar surface and lunar-orbiting satellites, without direct links with Earth. 

To ensure compatibility with existing services, studies will be conducted on the frequencies used for both surface communications and transmissions between the lunar surface and lunar orbit.

The proposed Concept of Operations for spectrum use in Space Research Service (SRS) systems within the lunar  environment is outlined in Table 3.1-2 and 3.2.1 (7B/97 Annex 1). This proposed concept indicates that all frequency bands currently used by aviation will be designated exclusively for lunar surface-to-surface communications. Therefore, no impact on the aeronautical spectrum is expected.
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	Output documents WP 7B (Geneva, 18-27 September 2024)
7B/97 - Report on the September 2024 meeting of WP 7B with a view to its next meeting (March - April 2025).

Annexes of chair Report:

7B/97 Annex_1 - Preliminary draft new Report ITU-R SA.[LUNAR.SRS STATIONS CHAR] - Technical and operational characteristics for space research systems in the vicinity of the Moon.

7B/97 Annex 2 - Working document towards a preliminary draft new Report ITU-R SA.[LUNAR 1.15 STUDIES] - Sharing studies of space research systems for lunar operations under WRC-27 agenda item 1.15.

7B/97 Annex 3 - Revised workplan for WRC-27 agenda item 1.15 and Resolution 680 (WRC-23)

7B/97 Annex 9 - Working document towards representative characteristics and concepts of operation for lunar SRS.
7B/35 Annex 3 – Working Document Towards Characteristics and Concepts of Operation for Lunar SRS
Related Liaison Statements:

3J/75 - Draft liaison statement to ITU-R Working Parties 3J, 4A, 4C, 5A, 5B, 5C, 5D, 7A, 7C and 7D - Report on progress of activities relating to WRC‑27 agenda item 1.15.

4C/187 - Reply liaison statement to Working Party 4C regarding WRC-27 agenda item 1.15 - Technical information to support studies under WRC-27 agenda item 1.15.

3J/76 - Reply liaison statement to ITU-R Working Party 3J (copied for information to Working Parties 4A, 4C, 5A, 5B, 5C, 5D, 7A, 7C and 7D) - Response to Working Party 3J questions related to WRC-27 agenda item 1.15.
Related ITU-R Recommendations and Reports:
Recommendation ITU-R P.525 - Calculation of free-space attenuation.

Recommendation ITU-R RA.479 - Protection of frequencies for radioastronomical measurements in the shielded zone of the Moon.

Recommendation ITU-R SA.609 – Protection criteria for radiocommunication links for manned and unmanned near-Earth research satellites.

Next meeting of WP 7B – 17-26 March 2025.

	AI 1.16
	WP 7D



	To consider studies on the technical and regulatory provisions necessary to protect radio astronomy operating in specific Radio Quiet Zones and, in frequency bands allocated to the radio astronomy service on a primary basis globally, from aggregate radio-frequency interference caused by non-geostationary-satellite orbit systems, in accordance with Resolution 681 (WRC‑23).
Resolution 681 (WRC‑23): Studies of technical and regulatory provisions necessary to protect radio astronomy operating in specific Radio Quiet Zones and, in radio astronomy service primary allocated frequency bands globally, from aggregate radio-frequency interference caused by systems in the non-geostationary-satellite orbit.
Resolution 681 (WRC-23) calls for studies on the protection of the Radio Astronomy Service (RAS) operating in designated Radio Quiet Zones (RQZs) and within globally allocated bands for the RAS on a primary basis, against aggregate radio frequency interference caused by Non-Geostationary Satellite Orbit (NGSO) systems.

Considering 
k) that, for the purpose of this Resolution, the facilities which fall into the category defined in considering j) are: – the Square Kilometer Array Observatory in South Africa; – the Atacama Large Millimeter/submillimeter Array (ALMA) in Chile.

Resolves 1 studies on how the interference from unwanted emissions from a single non-GSO satellite system operating in the adjacent and nearby frequency bands in Table 1 affects the operation of RAS stations in frequency bands allocated to the RAS on a primary basis in Table 1;
Resolves 2 studies on how the aggregate interference from unwanted emissions from multiple nonGSO satellite systems operating in the adjacent and nearby frequency bands in Table 1 affect the operation of RAS stations in frequency bands allocated to the RAS on a primary basis in Table 1; 

Resolves 3 studies on the possible recognition of the RQZs specified in considering k) above, based on their characteristics and existing ITU-R studies;

Resolves 4 calls for studies on how the aggregate interference from single and multiple non-GSO satellite systems affects the operation of RAS stations in the RQZs specified in considering k), and

Resolves 5 calls for studies on new coexistence measures between non-GSO satellite systems and RAS stations in the RQZs specified in considering k).
	ICAO POSITION
To ensure that any measures as part of this agenda item related to  RQZs  would not impose operational and development constraints on non-GSO satellite systems operating in AMS(R)S and RNSS frequency bands.
ISSUES
The scope of AI 1.5 can impact AMS(R)S and ARNS that depend on non-GSO constellations in the following frequency bands: 

AMS(R)S
- 117.975–137 MHz (voice and data for ATC – Space-based VHF).

- 1,087.7–1,092.3 MHz Space-based ADS-B Earth-space.

- 1,610–1,626.5 MHz (SATCOM voice and data) and

-  5,030–5,091 MHz (RPAS C2 link).

RNSS
- 1164 – 1215 MHz - Global Navigation Satellite System (GNSS).
- 1215 – 1350 MHz - GNSS.
- 1559 – 1610 MHz – GNSS.

The results of studies on the impact of aggregate interference from non-GSO satellite systems on the operation of RAS stations, as well as on new coexistence measures in the RQZs specified in consideration k) of Resolution 681 (WRC-23), should not impose any restrictions on non-GSO satellite systems operating within the AMS(R)S and RNSS frequency bands.

POTENTIAL IMPACT ON AVIATION: LOW

	Output documents WP 7D (Geneva, 17-26 September 2024):
7D/128  - Report on the September 2024 meeting of Working Party 7D.
Annexes of Chair Report:
7D/128 Annex 1 - Working document towards a preliminary draft new Report ITU-R RA.[NGSO-RAS-RQZ] - Coexistence Measures between non-GSO satellite systems and RAS stations in the Radio Quiet Zones supporting the Square Kilometre Array (SKA) and the Atacama Large Millimeter/submillimeter Array (ALMA).

7D/128 Annex 2 - Working document towards a preliminary draft new [Recommendation/Report/Resolution] [IRQZ] - [International Radio Quiet Zones on Earth].

7D/128 Annex 3 - Workplan for WRC-27 agenda item 1.16 - Implementation of Resolution 681 (WRC-23).
Related ITU-R Recommendations and Reports:
Recommendation ITU-R RA.769-2 -  Protection criteria used for radio astronomical measurements. (incorporated by reference).

Recommendation ITU-R RA.1031 - Protection of the radio astronomy service in frequency bands shared with active services.  

Recommendation ITU-R RA.1513-2 - Levels of data loss to radio astronomy observations and percentage-of-time criteria resulting from degradation by interference for frequency bands allocated to the radio astronomy service on a primary basis. (incorporated by reference).

Recommendation ITU-R M.1583-1 – Interference calculations between non-geostationary mobile-satellite service or radionavigation-satellite service systems and radio astronomy telescope sites  (incorporated by reference)

Recommendation ITU-R S.1586 - Calculation of unwanted emission levels produced by a non-geostationary fixed-satellite service system at radio astronomy sites. (incorporated by reference)  
Report ITU-R RA.2259-1 - Characteristics of radio quiet zones.

Next meeting of WP 7D – 17-26 March 2025.

	AI 1.17
	WP 7C

	to consider regulatory provisions for receive-only space weather sensors and their protection in the Radio Regulations, taking into account the results of ITU Radiocommunication Sector studies, in accordance with Resolution 682 (WRC‑23).
Resolution 682 (WRC‑23): Consideration of regulatory provisions and potential primary allocations to the meteorological aids service (space weather) to accommodate receive-only space weather sensor applications in the Radio Regulations.
The ITU-R is invited to:
1- Studies on spectrum needs and appropriate protection criteria for receive-only space weather sensors, as well as system characteristics, as appropriate.

2- Sharing and compatibility studies pertaining to potential new primary allocations to MetAids (space weather) in the frequency bands 27.5 - 28.0 MHz, 29.7 - 30.2 MHz, 32.3 - 32.6 MHz, 37.5 - 38.325 MHz, 73.0 - 74.6 MHz and 608 - 614 MHz for receive-only sensors.

3 - study possible regulatory provisions in the Radio Regulations to accommodate the possibility for an administration that desires to notify a receive-only space weather sensor station to be included in the MIFR.
	ICAO POSITION
To support the appropriate regulatory changes for receive-only space weather sensors (excluding active sensors) while ensuring, based on the ITU-R studies as called for by Resolution 682 (WRC-23), any changes would not impose any technical or regulatory constraints on aviation safety systems.

ISSUES
The scope of this agenda item includes receive-only space weather sensors, which, by definition, do not cause harmful interference. Therefore, any potential new primary MetAids (space weather) allocations under the resolves inviting the ITU Radiocommunication Sector should neither seek protection from nor impose constraints on the future development of incumbent services in these or adjacent frequency bands, including aviation safety systems.

POTENTIAL IMPACT ON AVIATION: LOW or NONE

	Output documents WP 7C (Geneva, 18-27 September 2024):
7C/142  - Report on the meeting of Working Party 7C.
Annexes of Chair Report:

7C/142 Annex 7 - Working document towards a preliminary draft new Recommendation ITU-R RS.[RXSW_PROTECT_CRITERIA] - Protection criteria of receive-only space weather sensors in the meteorological aids service (space weather).

7C/142 Annex 9 - Work plan for WRC-27 agenda item 1.17.

7C/142 Annex 10 - Working document toward a preliminary draft new Report ITU-R RS.[SW_STUDIES].

7C/142 Annex 11 - Proposed draft CPM text for WRC-27 agenda item 1.17.
Related ITU-R Recommendations and Reports:
Report ITU-R RS.2456-1 – Space weather sensor systems using radio spectrum.

Next meeting of WP 7C – 17-26 March 2025.

	AI 1.18
	WP 7C resolves 1

WP 7D resolves 2


	to consider, based on the results of ITU Radiocommunication Sector studies, possible regulatory measures regarding the protection of the Earth exploration-satellite service (passive) and the radio astronomy service in certain frequency bands above 76 GHz from unwanted emissions of active services, in accordance with Resolution 712 (WRC-23);
resolves to invite the ITU Radiocommunication Sector to complete in time for the 2027 world radiocommunication conference, 

1
compatibility studies between the EESS (passive) and the corresponding active services in adjacent frequency bands as listed in Table 1.

2
compatibility studies between the RAS and the active satellite services in certain adjacent and nearby frequency bands listed in Table 2 below with a view to setting the relevant threshold levels for unwanted emissions from any GSO and non-GSO space stations and revising and updating Resolution 739 (Rev.WRC‑19) accordingly.

Resolution 712 (WRC‑23): Studies on compatibility between the Earth exploration-satellite service (passive), the radio astronomy service in certain bands above 76 GHz, and active services in adjacent and nearby frequency bands.
	ICAO POSITION
To ensure that the studies undertaken in response to this agenda item take into account FOD detection systems operating in the radiolocation service (RLS) in frequency band 92 – 94 GHz.

To ensure any action taken because of this agenda item in the frequency band 86 - 92 GHz would not impose any technical or operational constraints on FOD detection systems in the frequency band 92 - 94 GHz.
ISSUES
The ITU-Ris invited to:

1 - Study compatibility between the EESS (passive) and the corresponding active services in adjacent bands as listed below:

EESS (passive) in 86-92 GHz, active services in 81-86 GHz (FSS UL, MS) and 92-94 GHz (MS, RLS).

POTENTIAL IMPACT ON AVIATION: LOW or NONE 
The scope of this agenda item is limited to studies on the compatibility of the passive Earth exploration-satellite service (EESS), which, by definition, cannot cause harmful interference. Therefore, no technical or operational restrictions are expected for FOD detection systems operating in the 92–94 MHz frequency band.(Table 1 of Resolution 712 (WRC-23))

	Output documents WP 7C (Geneva, 17-26 September 2024):
7C/142  - Report on the meeting of Working Party 7C.
Annexes of Chair Report:
7C/142 Annex 17 - Working document towards a preliminary draft new Report ITU-R [1.18 - EESS].

7C/142 Annex 18 - Draft work plan for WRC-27 agenda item 1.18 on resolves 1 of Resolution 712 (WRC-23)
7C/142 Annex 19 - Status of issues related to EESS (passive) above 86 GHz.

Related ITU-R Recommendations and Reports:
Recommendation M.2162 - Technical and operational characteristics of radiolocation systems operating in the frequency range 92 - 100 GHz and radionavigation systems operating in the frequency range 95 - 100 GHz.
Report M.2501-0 - Technical and operational characteristics of the foreign object debris detection system operating in the frequency range 92 - 100 GHz.

Next meeting of WP 7C – 17-26 March 2025.

	AI 1.19
	WP 7C
	to consider possible primary allocations in all Regions to the Earth exploration-satellite service (passive) in the frequency bands 4 200-4 400 MHz and 8 400-8 500 MHz, in accordance with Resolution 674 (WRC-23).

resolves to invite the ITU Radiocommunication Sector to complete in time for the 2027 world radiocommunication conference 

sharing and compatibility studies to determine the possibility of a future allocation to the EESS (passive) in the frequency bands 4 200-4 400 MHz and 8 400-8 500 MHz, 

Resolution 674 (WRC-23): Studies on possible allocations to Earth exploration-satellite service (passive) in the bands 4 200-4 400 MHz and 8 400-8 500 MHz. 


	ICAO POSITION
To ensure any changes would not impose any technical, regulatory, or operational constraints, on radio altimeters or wireless avionics intra-communications systems in the frequency band 4 200-4 400 MHz, while recognizing the benefit for civil aviation by providing sea surface temperature measurements for weather forecasting.

ISSUES
Considering that this agenda item calls for primary allocations to the EESS (passive), 

POTENTIAL IMPACT ON AVIATION: HIGH or NONE
During FSMP/18, a proposal was made to mitigate potential interference between radio altimeters and new services, such as the Earth Exploration Satellite Service (EESS), which seeks to operate in the 4200–4400 MHz frequency band. One suggested approach was to disable radio altimeters above 20,000 feet, where they are not operationally required.

 In addition, the aviation community was informed that disabling radio altimeters over oceans and seas could result in a loss of approximately 2% of satellite-derived data critical for sea surface temperature (SST) monitoring and hurricane prediction.

As a result, the airborne industry rejected the proposal. The paper FSMP-WG/19-WP/17 from ICCAIA outlines the operational importance of radio altimeters and explains why this mitigation measure should not be adopted.

DECEA:
In collaboration with Anatel and Brazilian Science Service experts, a consolidated text on Radio Altimeters and WAIC was developed. This text was accepted and incorporated into Brazil’s contributions for WRC-27 AI 1.19 during the latest meeting, as outlined in CITEL Doc GT-CMR27-2024-44-119r2_i – Preliminary Views for WRC-27 Agenda Item 1.19.
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	Output documents WP 7C (Geneva, 17-26 September 2024):
7C/142  - Report on the meeting of Working Party 7C.
Annexes of Chair Report:

7C/142 Annex 13 - Working document towards a PDN Report on WRC-27 agenda item 1.19 - Studies on possible allocations to the Earth exploration-satellite service (passive) in the bands 4 200-4 400 MHz and 8 400-8 500 MHz.

7C/142 Annex 14 - Working document towards a preliminary draft new Report ITU-R RS.[SST MEASUREMENTS] - Spectrum for EESS (passive) sea surface temperature (SST) measurements

7C/142 Annex 15 - Work plan for WRC-27 agenda item 1.19.

Related ITU-R Recommendations and Reports:
Recommendation ITU-R RS.1861 (2021): Typical technical and operational characteristics of Earth exploration-satellite service (passive) systems using allocations between 1.4 and 275 GHz.

Recommendation ITU-R M.2059: Operational and technical characteristics and protection criteria of radio altimeters utilizing the band 4 200-4 400 MHz (02/2014).

Recommendation ITU-R M.2067-0: Technical characteristics and protection criteria for Wireless Avionics Intra-Communication systems (02/2015).

Recommendation ITU-R M.2085: Technical conditions for the use of wireless avionics intra-communication systems operating in the aeronautical mobile (R) service in the frequency band 4 200- 4 400 MHz.(09/2015).

Report ITU-R M.2283: Technical characteristics and spectrum requirements of Wireless Avionics Intra-Communications systems to support their safe operation (12/2013).

Report ITU-R M.2319: Compatibility analysis between wireless avionic intra-communication systems and systems in the existing services in the frequency band 4 200-4 400 MHz (11/2014).

Next meeting of WP 7C – 17-26 March 2025.


ATTACHMENT 2

ALLOCATION OF ITU-R PREPARATORY WORK FOR WRC-27 

	WRC-27 agenda item
	WRC Resolution
	Responsible Group
	Contributing Group

	1.5
	Res.14 (WRC-23)
	WP 4A
	WP 1B; WP 4C

	1.7
	Res.256 (WRC-23)
	WP 5D
	WP 3K; WP 3M; WP 4A; WP 4C; WP 5A; WP 5B; WP 5C; WP 7B; WP 7C; WP 7D

	1.9
	Res.411 (WRC-23)
	WP 5B
	WP 3L; WP 5C; WP 6A; WP 7A

	1.11
	Res.249 (Rev. WRC-​23)
	WP 4C
	WP 3L; WP 3M; WP 4A; WP 4B; WP 5A; WP 5B; WP 5C; WP 5D; WP 7B; WP 7C; WP 7D

	1.12
	Res.252 (WRC-23)
	WP 4C
	WP 3L; WP3M; WP 4B; WP 5A; WP 5B; WP 5C; WP 5D; WP 7B; WP 7C; WP 7D

(WP 4B is requested to provide information on future development of low-data-rate non-GSO MSS systems);

	1.13
	Res.253 (WRC-​23)
	WP 4C
	WP 3L; WP 3M; WP 4A; WP 4B; WP 5A; WP 5B; WP 5C; WP 5D; WP 6A; WP 7B; WP 7C; WP 7D

	1.15
	Res.680 (WRC-​23)
	WP 7B
	WP 3J; WP 4A; WP 4C; WP 5A; WP 5B; WP 5C; WP 5D; WP 7A; WP 7C; WP 7D

	1.16
	Res.681 (WRC-​23)
	WP 7D
	WP 3J; WP 3M; WP 4A; WP 4C; WP 5A; WP 5B; WP 5D

	1.17
	Res.682 (WRC-23)
	WP 7C
	WP 3L; WP 3M; WP 4C; WP 5A; WP 5B; WP 5C; WP 5D; WP 6A; WP 7B; WP 7D

	1.18
	Res.712 (WRC-23)
	WP 7C (resolves 1)

WP 7D (resolves 2)
	WP 3J; WP 3M; WP 4A; WP 4C; WP 5A; WP 5B; WP 5C

	1.19
	Res.674 (WRC-​23)
	WP 7C
	WP 3J; WP 3M; WP 4A; WP 5A; WP 5B; WP 5C; WP 5D; WP 7B


ATTACHMENT 3

AGENDA ITEMS RISK LEVEL/ NEXT MEETINGS OF WPs

	Responsible Group
	WRC-27 agenda item
	Risk level
	Next meeting dates

	WP 4A
	1.5
	LOW
	Next meeting of WP 4A –  05-16 May 2025.

	WP 5D
	1.7
	HIGH
	Next meeting of WP 5D:  04 – 13 February 2-25.

	WP 5B
	1.9
	LOW/NONE
	Next meeting of WP 5B:  29 April – 08 May 2025.

	WP 4C
	1.11
	HIGH
	Next meeting of WP 4C – 23 April – 2 May 2025.

	WP 4C
	1.12
	LOW
	

	WP 4C
	1.13
	HIGH
	

	WP 7B
	1.15
	LOW
	Next meeting of WP 7B – 17-26 March 2025.

	WP 7C
	1.17
	LOW/NONE
	Next meeting of WP 7C – 17-26 March 2025

	WP 7C
	1.18 (resolves 1)
	LOW/NONE
	

	WP 7C
	1.19
	HIGH/NONE
	

	WP 7D
	1.16
	LOW
	Next meeting of WP 7D – 17-26 March 2025.


� African Telecommunication Union (ATU), Asia-Pacific Telecommunity (APT), European Conference of Postal and


Telecommunications Administrations (CEPT), Inter-American Telecommunication Commission (CITEL), Arab Spectrum


Management Group (ASMG) and the Regional Commonwealth in the Field of Communications (RCC).
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Scope

Direct communications between landers, rovers, extravehicular activity (EVA) astronauts conducting sortie missions and experiments is crucial to enable effective scientific activities and consideration of the health of the crew in the lunar environment.  Considering the unique topology of the Moon’s surface, shielded zone of the Moon (SZM) considerations, unique science opportunities in radio astronomy, and remote sensing in the lunar region/surface, technical and operational characteristics are required to determine the feasibility of frequency bands to support any envisioned lunar surface network using standards-based technologies.  This report describes the concept of operations for communications in the vicinity of the Moon, including on its surface and with lunar orbiting satellites, and identifies as examples certain technical and operational characteristics for the different use cases on the Moon’s surface and by lunar-orbiting systems communicating with systems on the Moon’s surface for frequency bands identified for study in Resolution 680 (WRC-23).  

Keywords

EVA, landers, rovers, Moon, surface, shielded zone of the Moon

Glossary / Abbreviations

EVA	Extravehicular activity

LCT	Lunar communications terminal 

LTV	Lunar terrain vehicle 

RF	Radio frequency

SZM	Shielded zone of the Moon

PNT	Positioning, Navigation, and Timing

WLAN	Wireless Local Area Network

Related ITU Recommendations and Reports

Recommendation ITU-R P.525 	Calculation of free-space attenuation

Recommendation ITU-R RA.479	Protection of frequencies for radioastronomical measurements in the shielded zone of the Moon

Recommendation ITU-R SA.609	Protection criteria for radiocommunication links for manned and unmanned near-Earth research satellites

1	Introduction

The need exists to support the most efficient and effective use of spectrum resources on the surface of the moon and in the lunar orbit for short-term and long-term communications and continuous commercial and scientific operations on and around the Moon.  Operations in the lunar space include communications in the vicinity of the Moon, including its surface and in the lunar orbit.

2	General overview

Administrations in all three ITU Regions have announced and are pursuing lunar missions, with remote unmanned exploration already underway, and with human visits to the Moon set to occur as early as 2026. Technological and business model development is underway, and much of this development will transcend the scientific arena and include commercial activity.

It is of utmost importance to the successful exploration and conduct of continuous operations on the Moon for there to be a reliable, understandable, usable, and flexible communications architecture in place to handle operational scenarios for a few users or multiple groups of users. The timely and effective development of this communications architecture is essential to the advancement of human lunar exploration, scientific research  and the innovation and investments in other potential lunar space activities. 

The framework for how the substantial communications requirements for operations in lunar/cislunar space (i.e., cislunar communications relay and data services for missions on the lunar surface and in lunar orbit) and beyond will be structured is rapidly taking shape.  Systems have been and are being designed to create an internet-like architecture to support lunar missions. One of these systems, the LunaNet architecture,[footnoteRef:1] is designed to promote maximum interoperability and to enable use by a broad range of lunar region missions and has been adopted by the Interagency Operations Advisory Group (IOAG).[footnoteRef:2]  LunaNet will include networking services capable of communication between nodes; positioning, navigation, and timing (PNT) services for orientation and velocity determination; time synchronization and dissemination; and science services providing situational alerts and scientific measurements.  Space agencies around the world are developing similar initiatives including jointly developing network architectures to lay the groundwork, through governmental investments and pathfinding missions, for maximum interoperability and to facilitate space commerce development in the years to come. Presently commercial development of lunar surface and lunar orbit communications systems in the form of public/private partnerships characterize significant aspects of space activities – from launch services to space transportation and more. [1:  	See David Israel et al., LunaNet: a Flexible and Extensible Lunar Exploration Communications and Navigation Infrastructure and the Inclusion of SmallSat Platforms, Presentation and Paper before Technical Session XII: Communications at Utah State University Small Satellite Conference, SSC20-XII-03, at Table 1 (2020), https://bit.ly/3LCI3n0.]  [2:  	IOAG Member Agencies, https://www.ioag.org/Lists/Participants/Agencies.aspx.] 


Envisioned systems are being designed to facilitate communications to and from Earth (Earth station) for lunar assets (service users in lunar orbit and on the lunar surface) through lunar orbiting relay satellites (space stations), or to facilitate communications between lunar assets.  Communications links, coupled with radiometric navigation techniques to provide location, velocity, and time information to assets on the lunar surface and in lunar orbit, will also be used.  The planned systems will provide real-time relay capabilities when both ends of the link (Moon and Earth) are visible.  All the communications described in this report are between or among types of space stations on the lunar surface or in lunar orbit.

Some core elements likely to be included in all systems would include:

· Lunar surface communications (notional concept of operation in Figure 1)

•	Functionally similar to terrestrial mobile services topology and standards-based wireless communication topologies.

•	These links also include stations near the lunar surface.

•	These links are used for direct local area communications between spacesuits, experiments, habitation, other lunar assets and communication stations, landers, rovers, and extravehicular activity (EVA) supporting sortie missions and experiments.  These links are crucial to enable effective scientific activities and health monitoring of the crew and equipment in the lunar environment.

•	All of these lunar surface communications described in this report will use space-hardened equipment in closed systems, within a service radius and have no direct communication with Earth.

•	In some cases, existing spectrum allocations in the Space Research Service or Inter-Satellite Service are used to provide direct communication with Earth and intra-lunar relay communication capabilities. Spectrum needs will determine if these existing allocations could enable implementation of needed local area point-to-multipoint network capabilities that leverage advanced wireless technologies for envisioned applications.

· Lunar surface to/from lunar-orbiting satellites

•	The reference mission concepts involve scenarios where multiple exploration EVA teams are tens of kilometers from the lander/habitats and each other, resulting in the need for support from lunar-orbiting satellites to accomplish mission objectives.

•	These links are similar to Earth-to-space/space-to-Earth links but use the Moon in place of the Earth.   

•	All of these lunar surface to/from lunar-orbiting satellite operations described in this report will occur on lunar surface and in lunar orbit, with no direct communication with Earth.

[bookmark: _Ref158783532]•	In some cases, existing spectrum allocations in the Space Research Service (space-to-space) or Inter-Satellite Service could be used to support these links; in other cases, additional frequency bands would help to leverage existing commercial standards and equipment.  
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Notional Lunar Surface Scenario
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3	Concept of operations for communications in the vicinity of the Moon, including its surface and with lunar orbiting satellites

3.1	Use cases

For scientific lunar robotic and human surface missions, there are 3 categories of elements involved in the radio frequency architecture: surface elements, in-space elements and Earth-based elements. The radio links between the in-space elements and the Earth-based elements are planned to utilize spectrum that is currently allocated to space research service (space-to-Earth) (Earth-to-space) and supported by multiple networks of ground stations. In-space elements include transportation spacecraft, space platforms and relay satellites. These in-space elements around the Moon’s orbits may possess capabilities to communicate with the Earth, with another spacecraft/platform/satellite in the Moon’s orbit, and/or surface elements, depending on their individual mission objectives and whether humans are onboard. For surface elements, there are stationary and non-stationary elements. These surface elements may have direct links to the Earth (in a frequency band/service not under consideration under Resolution 680 (WRC-23) or agenda item 1.15), or links with an in-space element or another lunar surface element. The ubiquitous connectivity between surface elements is the means to maximize scientific return and to serve as the safety net to maintain visibility to the instrumentation and astronauts working/traveling on the Moon. Spaceflight lessons-learned confirmed a RF architecture with a minimum number of single point failures and redundancy to enable link connectivity to and between in-space and surface elements is essential, especially in the initial scientific mission roadmap for future missions.  Additionally, regulatory certainty and protection are fundamental in spaceflight missions.

Various frequency ranges (low band, high band) are needed to address varying data rate requirements and distances from the base camp for different expedition crews. Reliable communications including high-definition video, clear audio, high speed bi-directional data transfer between the base camp and each element in a point-to-multipoint network topology that leverages existing commercial technologies would reduce development cycles and non-recurring costs. Additionally, higher frequency bands can support wider bandwidths for increased data throughput, local network capability for high activity areas, and point-to-point links for throughput and/or greater distances.  Selecting potential frequency bands that have commonality with earth-based services leads to efficiencies in hardware and testing.

A number of user scenarios are planned for compatible local communications, for example between a surface vehicle and an orbiter, between surface vehicles, and between orbiters. Sufficient frequency separation is also required to enable compatible and simultaneous communications in the lunar space.  As such, a variety of frequencies may be needed to address this type of operation. 

Additional use cases requiring radio communications include space suits, handhelds, robotic landers and payloads, lunar vehicles, EVA, robotic/pressurized rovers, habitation system support, manufacturing assets, and human landing systems.  Such systems require spectrum access on both Lunar Surface and with Lunar Orbiting Satellites.

Table 3.1-1 

Use Cases and Data Rates for communications

		Users

		Service Type

		Typical Data Rate per User

		Max Data Rate per User



		EVAs

		Voice/data (comm & PNT)/ video

		3-12 Mbps

		100 Mbps



		Stationary Comm Terminal

(including Habitation)

		Voice/data (comm & PNT)/video

		30 Mbps

		100 Mbps



		Non-Stationary Terminals (Landers, Robotic/Pressurized Rover)

		Voice/data (comm & PNT)/video

		3-16 Mbps

		100 Mbps



		In-Space and Surface Elements

		PNT

		500 bps

		2 kbps



		Robotic/Pressurized Rover - LCT/Landers

		Voice/data (comm & PNT)/ video

		3 Mbps

		100 Mbps



		EVAs – Landers, Robotic/Pressurised Rover

		Voice/data (comm & PNT)/video

		3 Mbps – 30 Mbps

		100 Mbps



		In Space and Surface Elements Network

		Voice/data (comm & PNT)/video

		30 Mbps

		100 Mbps



		Surface Backhaul

		Voice/data (comm & PNT)/video

		9.5 Mbps

		1 Gbps



		Lunar Surface Power Grid / Elements

		Data

		1 kbps

		100 kbps







Sharing studies to ensure compatibility with existing services will be based on frequencies used on both the lunar surface and on the lunar surface to lunar orbit, as shown in Table 3.1-2.  

[bookmark: _Ref173557716]


Table 3.1-2 

Envisaged Concept of Operations of Spectrum Use for SRS Systems in the Lunar Environment

		Frequency Band

		Lunar Surface to Lunar Surface 

		Lunar Orbit to Lunar Surface

		Lunar Surface to Lunar Orbit



		390-406 MHz *

		

		X

		



		406-406.1 MHz *

		

		

		X



		420-430 MHz *

		X

		

		



		440-450 MHz *

		

		

		X



		2 400-2 483.5 MHz

		X

		

		



		2 483.5-2 500 MHz

		

		X

		



		2 500-2 690 MHz

		X

		

		



		3 500-3 800 MHz

		X

		

		



		5 150-5 570 MHz

		X

		

		



		5 570-5 725 MHz

		X

		

		



		5 775-5 855 MHz

		X

		

		



		5 855-5 925 MHz

		X

		

		



		7 190-7 235 MHz

		

		X

		



		8 450-8 500 MHz

		

		

		X



		27.5-28.35 GHz

		X

		

		



		* Outside the Shielded Zone of the Moon.







3.2	Lunar surface-to-surface communications terminals

These communication terminals and links include both those on the lunar surface as well as those near the lunar surface. The links can be limited to a range up to 50 km to enhance technical compatibility and frequency re-use.

Communication technology is well-developed and widely deployed on the Earth using industry standards that could be applied to lunar communications.

Tables 3.2-1 through 3.2-3 contain the transmit and receiver characteristics for communications stations on the Lunar Surface that communicate with other stations on the Lunar Surface as described in this section.

The following frequency ranges are under consideration for communications between Lunar surface stations:

–	420-430 MHz, limited to outside the SZM;

–	2 400‑2 483.5 MHz, 2 500-2 690 MHz, 3 500-3 800 MHz, 5 150-5 570 MHz, 5 570-5 725 MHz, 5 775-5 925 MHz, and 27.5-28.35 GHz.

3.2.1	EVA Communications - Operational and technical capabilities 

The EVA suit provides voice/data/video service for astronauts performing activities on the lunar surface outside of the habitation module, lunar lander, or lunar rover. The EVA concept of operations involves different scenarios, including short range direct links between astronauts and longer range line-of-sight links between the astronaut and a lunar communications terminal on a lander or lunar terrain vehicle (LTV). The astronaut may also command a robotic/pressurized rover for remote exploration of the lunar surface during the EVA. 

The EVA communications system is designed to provide astronauts with full audio/video capabilities at walking distances up to 2 km from the lander/LTV, with data rates up to 12 Mbps for high definition video.  For contingency walk-back scenarios where the astronaut must walk back to the lander or habitation module, the EVA link is required to support telemetry data and voice up to 10 km. Due to propagation loss at higher frequencies which impacts the coverage area, critical EVA communications are best suited for frequencies below 6 GHz.

Figure 2

Example of EVA Suit
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Typical Technical Characteristics of EVA Communications links for communications on the Lunar Surface

		EVA Links

		Data Rate per User

		Number of Links per User

		Total Data Rate

		Example Operating Distance

		Antenna Height (AGL)

		Frequency Band(s)



		EVA Suit-to-Suit Comms

		100 kbps

(voice and data)

		Up to 4

		400 kbps

		200 m

		1.5-2 meters

		420-430 MHz

5 855-5 925 MHz



		EVA WLAN

(to lander/ LTV)

		30 Mbps

(data and video)

		2

		60 Mbps

		300 m

		1.5-2 meters

		2 400-2 483.5 MHz

5 150-5 725 MHz

5 775-5 855 MHz



		EVA 

(to lander/ LTV)

		64 kbps (voice)

34 kbps (data)

3-12 Mbps (video)

		1

		12.1 Mbps

		2 km

		1.5-2 meters

		2 500-2 690 MHz

3 500-3 800 MHz

27.5-28.35 GHz



		EVA 

(to Robotic/Pressurized rover / LTV))

		100 kbps

(commands)

		1

		100 kbps

		2 km

		1.5-2 meters

		2 500-2 690 MHz

3 500-3 800 MHz



		EVA Contingency (Walk-back)

		98 kbps(1) 

Up to 3.1 Mbps(2) 

		1

		3.1 Mbps

		10 km

		1.5-2 meters

		420-430 MHz

2 500-2 690 MHz

3 500-3 800 MHz



		(1) 	Required; voice and data only.

(2) 	Voice, data, and limited video depending on range and link availability.







3.2.2	Lunar Communications Terminals on Stationary Platforms - Operational and technical capabilities of communications stations on the Lunar Surface

The habitation module and lunar lander are examples of stationary platforms on the lunar surface that may host a lunar communications terminal.  The lunar lander is included as a stationary platform because it does not move after landing on the lunar surface, even though it moves during the ascent and descent phases.  Under the envisioned con-ops, the lander will provide EVA communications to the crew members after landing including voice, data, and video. The lander may also transmit to a lunar terrain vehicle, primary for commanding.  The LCT on the lander may also be used to command robotic/pressurized rovers used for remote surface exploration. Antennas for lunar surface communications on the stationary platforms such as landers or habitation modules will typically be pointed between 10 degrees from the horizontal direction.  

Table 3.2-2 shows some typical characteristics for LCTs on a stationary platform, using the lander as an example.  

Figure 3

Pictorial Example of a Lunar Lander (stationary LCT)
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Table 3.2-2

Typical Technical Characteristics of Stationary LCTs on the Lunar Surface

		LCT on Stationary Platform

		Data Rate per link

		Number of Links

		Total Data Rate

		Example Operating Distance

		Antenna Height (AGL)

		Frequency Band(s)



		Lander

(to EVA)

		64 kbps (voice)

3 Mbps (video)

		4

		12.3 Mbps

		10 km

		16-50 meters

		420-430 MHz

2 500-2 690 MHz

3 500-3 800 MHz 

27.5-28.35 GHz 



		Lander WLAN

(to EVA)

		30 Mbps

(data and video)

		6

		180 Mbps

		300 m

		16-50 meters

		2 400-2 483.5 MHz

5 150-5 725 MHz

5 775-5 855 MHz



		Lander

(to LTV)

		100 kbps

(commands)

		1

		100 kbps

		10 km

		16-50 meters

		2 500-2 690 MHz

3500-3800 MHz



		Lander

(to Robotic/Pressurized Rover)

		16-100 Mbps

(voice, data, and video)



64 kbps (commands, etc)

		1

		100 Mbps







64 kbps

		20 km

		16-50 meters

		2 400-2 483.5 MHz

2 500-2 690 MHz

3 500-3 800 MHz

27.5-28.35 GHz







3.2.3	Lunar Communications Terminals on Non-Stationary Platforms - Operational and technical capabilities of communications stations on the Lunar Surface

Examples of non-stationary platforms deployed on the lunar surface include the lunar terrain vehicle (LTV) and robotic rovers.  The LTV (shown in Figure 4) provides transport for the crew members, while the robotic rovers carry instrument payloads for lunar exploration and scientific discovery.  

Both the LTV and robotic rovers will host lunar communication terminals. Under the envisioned con-ops, the LTV is assumed to support up to 2 crew members with full voice, data, and video capability. In addition, the LTV will host 2 high definition cameras and various scientific payloads. To support these functions, the LTV communications terminal is required to accommodate at least 16 Mbps data rate. Depending on the mission scenario, the LTV communicate with fixed surface assets (such as a lander or habitat module), EVA suits, and/or with other non-stationary platforms such as robotic rovers.  The LTV may also serve as a portable relay point between two lunar surface elements.

The robotic rover is assumed to host a camera as well as various scientific instruments.  The robotic rover communications terminal will transmit video and data, and receive commands for remote operations.  Similar to the LTV, the robotic rover may communicate with fixed/stationary surface assets, EVA suits, and/or other non-stationary platforms.  Antennas on the non-stationary platforms such as LTVs or pressurized rovers will typically be pointed 20 degrees from the horizontal direction.  

[bookmark: _Ref158083319]Figure 4

Pictorial Example of Lunar Terrain Vehicle (non-stationary LCT)

[bookmark: _Ref173730326][image: A astronaut in a desert vehicle

Description automatically generated]

Table 3.2-3

Typical Technical Characteristics of Non-Stationary LCTs on the Lunar Surface

		LCT on Non-Stationary Platform

		Data Rate per link

		Number of Links

		Total Data Rate

		Example Operating Distance

		Antenna Height (AGL)

		Frequency Band(s)



		LTV/ Pressurized Rover

(to EVA suit)

		3-12 Mbps (voice, data, and video)

		2

		6-24 Mbps

		2 km

		3 meters

		420-430 MHz

2 500-2 690 MHz

3 500-3 800 MHz

27.5-28.35 GHz



		LTV / Pressurized Rover

WLAN

		30 Mbps

(data and video)

		4

		120 Mbps

		300 m

		6 meters

		2 400-2 483.5 MHz

5 150-5 725 MHz

5 775-5 855 MHz



		LTV/ Pressurized Rover

(to robotic rover)

		100 kbps

(commands)

		2

		200 kbps

		2 km

		3 meters

		2 500-2 690 MHz

3 500-3 800 MHz



		LTV/ Pressurized Rover

(to stationary platform)

		16-100 Mbps

(voice, data, and video)

		1

		16-100 Mbps

		10 km

		3 meters

		2 500-2 690 MHz

3 500-3 800 MHz

27.5-28.35 GHz



		Robotic Rover

(to EVA suit)

		3 Mbps

(video and data)

		1

		3 Mbps

		2 km

		1 meter

		420-430 MHz

2 500-2 690 MHz

3 500-3 800 MHz



		Robotic Rover

(to LTV/ Pressurized Rover)

		3 Mbps

(video and data)

		2

		6 Mbps

		2 km

		1 meter

		2 500-2 690 MHz

3 500-3 800 MHz



		Robotic Rover

(to stationary platform)

		3 Mbps

(video and data)

		2

		6 Mbps

		10 km

		1 meter

		2 500-2 690 MHz

3 500-3 800 MHz







3.2.4	Operational and technical capabilities of the Lunar Surface Backhaul 

The lunar surface backhaul is envisioned as point-to-point surface wireless links connecting various sites on the Moon to the core network.  These may range in data rate from 9.5 Mbps up to 1 Gbps depending on the network traffic demands. The envisioned frequency range for this application is 27.5-28.35 GHz.

3.2.5	Propagation considerations 

The composition and electrical characteristics of the lunar atmosphere (exosphere) and lunar surface (regolith) are significantly different than the composition and electrical characteristics of the terrestrial atmosphere and terrestrial surface, and the radius of the Moon is significantly less than the radius of the Earth. As a result, there are no existing ITU-R P-series Recommendations directly applicable to propagation between communications systems on the lunar surface.  

Working Party 3J recommends that the propagation prediction methods contained in Annex 26 to WP 3J Chair’s Report (Document 3J/67) and its attached Appendices, be used for links between systems on the lunar surface. The Longley-Rice irregular terrain model (ITM) modified for the lunar environment is the best available prediction method applicable to propagation between communication systems on the lunar surface.  

An example U.S. implementation of the Irregular Lunar Model is available at https://github.com/NTIA/ILM.

3.2.6	Summary of Lunar Surface-to-Surface Transmit Characteristics 

Table 3.2-4 summarizes the transmit characteristics for lunar SRS surface-to-surface communication by frequency band, rather than by application as shown in the previous tables.
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Lunar Surface-to-Surface Transmit Characteristics by Frequency Band

		

		420-430 MHz

		2 400-2 483.5 MHz

		2 500-2 690 MHz

		3 500-3 800 MHz

		5 150-5 725 MHz

5 775-5 855 MHz

		5 855-5 925 MHz

		27.5-28.35 GHz



		Peak Antenna Gain (dBi)

		0

		6

		16

		26.2

		6

		6

		29.1



		Max EIRP (dBW)

		2.6

		6

		29

		42.3

		6

		13

		39.2



		Channel BW (MHz)

		2

		20

		10

		100

		40

		40

		200



		EIRP Density dB(W/MHz)

		‒0.4

		‒7

		19

		22.3

		‒10

		‒3

		16.2



		Antenna Polarization

		Vertical

CP

		Vertical

CP

		Linear ±45º

CP

		Linear ±45º

CP

		Linear ±45º

CP

		Linear ±45º

CP

		Linear ±45º

CP



		Antenna Pattern

		TBD

		TBD

		TBD

		TBD

		TBD

		TBD

		TBD



		Applications

		EVA Suit-to-Suit, Lander/ LTV/Rover/ HAB to EVA, EVA Contingency

		Lander/LTV/ Rover/HAB WLAN

		Lander/LTV/ Rover/ HAB to EVA, EVA Contingency

		Lander/LTV/ Rover/ HAB to EVA, EVA Contingency

		Lander/LTV/ Rover/HAB WLAN

		EVA Suit-to-Suit

		Lander/LTV/ Rover/ HAB to EVA, backhaul surface comms







{Editor’s note: Need to add deployment characteristics and antenna pattern information to Table.}
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3.3	Lunar surface to/from lunar-orbiting space stations

3.3.1	Operational and technical capabilities 

Where EVA teams are tens of kilometers from the lander/habitats and each other, reliance exclusively on lunar-surface point-to-multipoint networks will not be sufficient, resulting in the need for support from lunar-orbiting space stations to accomplish mission objectives.

Lunar surface to/from lunar-orbiting space station links support lunar relay services including low and high-rate mission data, ranging and timing operations, and extend communications to beyond the approximate 50 km range.

The lunar PNT system will transmit navigation messages which are meant to provide users with the data needed to compute the position and time solutions, to aid various receiver tasks, and to improve positioning accuracy. The PNT message data rate is low, typically around 500 bps. The envisioned frequency range for this application is 2 483.5-2 500 MHz. 

The following frequency ranges are under consideration for Lunar surface to/from lunar-orbiting space station communications:

–	390-406, 406-406.1 MHz (for emergency beacon; crew search and rescue), 440-450 MHz, limited to outside the SZM;

–	2 483.5-2 500 MHz (for lunar PNT), 7 190-7 235 MHz, 8 450-8 500 MHz, and 27-27.5 GHz.

3.3.2	Technical characteristics for communications between Lunar Surface and Lunar Orbit space stations

There are multiple application types to be operated within these frequency bands:

(1) Robotic landers and payloads (Stationary)

(2) Robotic/Pressurized Rovers (Non-stationary)

(3) Human landing systems (Stationary and Non-Stationary)

(4) Spacesuits (Non-stationary)

(5) Handheld terminals (Stationary and Non-Stationary)

(6) Habitation Systems (Stationary)

(7) Power Support (Stationary)

(8) Resource Assets (Stationary and Non-Stationary)

The transmit and receiver parameters are listed in the following tables.

{Editor’s note: The tables below are expected to be further developed based on input contributions to address these frequency bands or any others called for in Resolution 680 (WRC-23), as well as to elaborate on the application types above.}

Tables 3.3-1 through 3.3-4 contain typical transmit and receiver characteristics for stations that communicate between Lunar Orbit and Lunar Surface as described in this section.

Table 3.3-1

Lunar Surface Receiver Characteristics from Lunar Orbit

		Band (MHz)

		390-406

		2 483.5-2 500 

		7 190-7 235



		Beam Type

		Fixed

		Fixed

		Omni



		Polarization

		CP

		CP

		CP



		Receive Gain (dBi)

		0.0

		3.0

		‒4



		G/T (dB/K)

		‒26.4

		‒19.9

		‒35



		Max. Receiver input Saturation Flux Density (dBW/m2) per 1 MHz Ref BW

		‒66.4

		‒100.0

		



		Antenna Height (m)

		<5

		<5

		<5



		Channel BW (MHz)

		2.0

		16

		0.5



		Applications

		4, 5

		1-8 (PNT)

		1, 2





Table 3.3-2

Lunar Surface Transmitter Characteristics to Lunar Orbit

		Band (MHz)

		406-406.1

		440-450

		8 450-8 500

System A

		8 450-8 500

System B



		Beam Type

		Fixed

		Fixed

		Omni

		Fixed



		Polarization

		CP

		CP

		CP

		CP



		Peak Gain (dBi)

		0.0

		0.0

		‒4

		15



		Max. EIRP Density (dBW/Hz)

		‒27.5

		‒61.0

		‒54.5

		‒45



		Max. EIRP (dBW)

		2.5

		2.0

		‒1.5

		22



		Antenna Height (m)

		<5

		<5

		<5

		<5



		Channel BW (MHz)

		0.05

		2.0

		0.2

		5.0



		Applications

		4, 5

		4, 5

		1,2

		1,2







Table 3.3-3

Lunar Orbit Space Station Receiver Characteristics from Lunar Surface

		Band (MHz)

		406-406.1

		440-450

		8 450-8 500



		Beam Type

		Fixed

		Fixed

		Fixed



		Polarization

		CP

		CP

		CP



		Receive Gain (dBi)

		0

		0

		47.5



		G/T (dB/K)

		‒26.4

		‒26.4

		16



		Max. Receiver input Saturation Flux Density (dBW/m2) per 1 MHz Ref BW

		‒66.4

		‒66.4

		



		Orbital Characteristics

	Apolune (km)

	Perilune (km)

		

7 000-11 000

600-2 700

		

7 000-11 000

600-2 700

		

9 500

4 000



		Channel BW (MHz)

		0.05

		2.0

		5



		Applications

		4, 5

		4, 5

		1, 2





Table 3.3-4

Lunar Orbit Space Station Transmitter Characteristics to Lunar Surface

		Band (MHz)

		390-406

		2 483.5-2 500

		7 190-7 235



		Beam Type

		Fixed

		Fixed

		Fixed



		Polarization

		CP

		CP

		CP



		Peak Gain (dBi)

		0

		16

		46



		Max. EIRP Density (dBW/Hz)

		‒63

		‒48

		14.5



		Max. EIRP (dBW)

		0

		24

		57.5



		Orbital Characteristics

	Apolune (km)

	Perilune (km)

		

7 000-11 000

600-2 700

		

7 000-11 000

600-2 700

		

9 500

4 000



		Channel BW (MHz)

		2.0

		16

		0.5



		Applications

		4, 5

		1-8 (PNT)

		1, 2







{Editor’s note: Need to add deployment characteristics and antenna patterns, provide information on how many satellites in lunar orbit, etc.}

3.3.3	Propagation considerations

Per Working Party 3J, Recommendation ITU-R P.525 Calculation of free-space attenuation should be used for propagation calculations between lunar orbiting systems, between lunar orbiting systems and lunar surface systems, and between lunar orbiting and lunar surface systems and systems on or orbiting the Earth.  

3.4	Lunar data relay satellite systems

3.4.1	Concept of operations for Lunar data relay satellite system to provide communications in the vicinity of the Moon, including its surface and lunar orbiting satellites

Figure 5

Lunar data relay satellite system scenario

[image: ]



{Editor’s note: Need to add information on other LDRS systems at next WP 7B meeting}

Satellite component of the envisaged Lunar relay satellite system will be based on two Lunar data relay satellites (LDRS), located in Lagrange points L1 and L2 of the Earth-Moon system, using Halo orbits with time period of 13-16 days.

LDRS will provide tracking, telemetry and telecommand (TT&C) functions, as well as voice and data communication links for various Lunar space stations (LSS): Orbiters (6 000 km maximum orbit height), Landers and Rovers, as well as planned manned missions. Forward inter-orbit links (LDRS – LSS) will be operated in the frequency band 7 190-7 235 MHz, Return inter-orbit links (LSS – LDRS) will be operated in the frequency band 8 450-8 500 MHz, LDRS feeder links will use existing Ku-band SRS allocation in the 14.8-15.35 GHz band.

LDRS will provide TT&C and low data rate/voice communications in multiple access links, involving CDMA and TDMA schemes, as well as medium data rate/voice communications in single access links.

3.4.2	Technical and operational characteristics of LDRS links

Table 3.4-1

		LDRS Links

		LDRS – LSS (Multiple access)

		LDRS – LSS (Single access)

		LSS – LDRS (Multiple access)

		LSS – LDRS (Single access)



		Frequency Band(s)

		7 190-7 235 MHz

		7 190-7 235 MHz

		8 450-8 500 MHz

		8 450-8 500 MHz



		Data Rate per User

		8-64 kbps

(TT&C, voice and low data rate)

		4-12 Mbps 

		8-64 kbps

(TT&C, voice and low data rate)

		4-24 Mbps



		Number of Users

		Up to 8

		1

		Up to 8

		1



		Total Data Rate

		64 kbps

		12 Mbps

		64 kbps

		24 Mbps



		Necessary bandwidth, MHz

		6

		10

		6

		10



		Operating Distance to LDRS, km

		51000-80400 

		51000-80400 

		51000-80400 

		51000-80400 



		Peak Transmitting Antenna Gain, dBi

		22.6

		47.7

		29.9

		29.9-39.5



		Antenna gain pattern

		Rec. ITU-R S.672

(Ls -20 dB)

		Rec. ITU-R S.672

(Ls -20 dB)

		Rec. ITU-R S.672

(Ls -20 dB)

		Rec. ITU-R S.672

(Ls -20 dB)



		EIRP, dBW

		38.5

		63.6

		38.9

		38.9-50.5



		Multiple access scheme

		CDMA, TDMA

		-

		CDMA

		-



		Receiving Antenna Gain

		28.6

		28.6

		23.9

		49



		Antenna gain pattern

		Rec. ITU-R S.672

(Ls -20 dB)

		Rec. ITU-R S.672

(Ls -20 dB)

		Rec. ITU-R S.672

(Ls -20 dB)

		Rec. ITU-R S.672

(Ls -20 dB)



		System noise temperature

		350 K

		350 K

		800 K

		800 K







4	Summary 

The technical and operational characteristics of SRS systems operating on the lunar surface, or SRS systems in lunar orbit communicating with SRS systems on the lunar surface, are provided for use in sharing and compatibility studies.  

_______________
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Agenda Item 1.19	to consider possible primary allocations in all Regions to the Earth exploration-satellite service (passive) in the frequency bands 4 200-4 400 MHz and 8 400-8 500 MHz, in accordance with Resolution 674 (WRC-23).



Background



Source: CITEL/GT/CMR-27/doc. 119/24



The objective of this agenda item is to consider possible primary allocations in all Regions to the EESS (passive) in the frequency bands 4 200-4 400 MHz and 8 400-8 500 MHz to allow for the continuity of SST measurements that are of prime importance for detecting and forecasting meteorological events that significantly impact the safety of administrations and their populations. SST datasets are essential resources for monitoring and comprehending climate variability and climate change. Satellite-based SST measurement, in the microwave domain, remains the only method enabling daily and global SST measurement, regardless of meteorological conditions (i.e., cloud presence). SST measurement across different frequency channels may enhance radio-frequency interference mitigation. Certain frequency bands used for SST measurement have unique physical characteristics, hence complementary frequency bands require careful examination.



The frequency range of 6 425-7 250 MHz has been utilized by the Earth Exploration-Satellite Service (EESS) (passive) for conducting sea surface temperature (SST) measurements from satellites on an unprotected basis under Footnote No. 5.458. Preliminary studies performed in the ITU-R show that SST measurements would be severely constrained by high-density deployment of communication systems (e.g. RLAN or IMT) in this frequency range.  Based on these studies, radiofrequency interference (RFI) to SST measurements in the 6/7 GHz frequency range is expected to increase significantly in the near future, due to the WRC-23 decision, under agenda item 1.2, to identify the 6 425-7 125 MHz frequency band for use by IMT. Therefore, WRC-27 agenda item 1.19 was elaborated to propose a long-term solution for EESS (passive) sensors for SST measurements. ITU-R Working Party 7C has conducted preliminary studies indicating some possibilities for SST measurements in the frequency bands 4 200-4 400 MHz and 8 400-8 500 MHz.



The aim of the studies under WRC-27 agenda item 1.19 is to determine the conditions of usage of the frequency bands 4 200-4 400 MHz and 8 400-8 500 MHz by the EESS (passive). Such potential new allocations to the EESS (passive) would be used in conjunction with the 6/7 GHz frequency range. Combining multiple nearby channels in such a way is required to improve science retrievals and mitigate RFI to the greatest extent. Working Party 7C is the responsible group for studies.



The National Institute for Space Research (INPE) meteorological and earth observation researchers play an important role in SST data research, weather forecasting, and climate monitoring, making efforts to generate information to manage the risks of climate change impacts and contribute to the prediction and the mitigation of natural disasters in Brazil and at the global level, working in collaboration with the Group of Earth Observations (GEO) and specific expert forums of the World Meteorological Organization (WMO).



Additionally, the frequency band 4 200 – 4 400 MHz is allocated globally to the aeronautical mobile (route) service (AM(R)S) and aeronautical radionavigation service (ARNS) on a primary basis and used by the wireless avionics intra-communication (WAIC) and radio altimeter (RA) systems respectively



Pursuant to No. 5.438, the ARNS in frequency band 4 200 – 4 400 MHz is reserved exclusively for RA installed on board aircraft and for the associated transponders on the ground. A RA is the only system that provides a continuous measurement of the aircraft’s height above ground, clearance height above obstacles, and the rate of change of those measurements. Due to their critical safety-of-life function, radio altimeters must be operational during all phases of flight.



Similarly, in accordance with No. 5.436, the AM(R)S in the frequency band 4 200 – 4 400 MHz is reserved exclusively for WAIC systems. WAIC systems provide safety related wireless communication between two points onboard a single aircraft. 



As Resolution 674 (WRC 23) calls to consider possible primary allocations in all Regions to the Earth exploration-satellite service (passive) in the frequency bands 4 200-4 400 MHz and 8 400-8 500 MHz, Brazil presents its Preliminary View about this item.



Source: MEX 6098



Sea surface temperature (SST) measurements with passive sensors are key elements to assess air-sea interactions and are used for weather and climate prediction, coastal disaster prevention, fisheries management, and ecosystem conservation. It should be mentioned that weekly SST maps are made with either traditional infrared or microwave images. The latter make it possible to carry out observations both day and night in all weather conditions.



SST measurements are carried out mostly on the frequency band 6 425‑7 250 MHz, which is subject to No. 5.458 of the Radio Regulations (RR). This provision recognizes the use of passive microwave sensors in the range of 6 425‑7 250 MHz and establishes that administrations must take into account the needs of EESS sensors (passive) when planning for the future of this range of frequencies.



Furthermore, it expected that, in the future, there will be a massive rollout of communication systems in the above-mentioned frequency band, as a result of which SST measurements could end up being constrained. It should be mentioned that said measurements are carried out in the range 6-7 GHz because there is peak sensitivity in this range; nevertheless they are sensitive to wind speed. Therefore, the combination of observations in the range 6-7 GHz with observations in higher frequencies could enhance the accuracy of SST measurements, because of which SST measurements could be carried out in a broader band range, for example in the range 4-10 GHz.



As a result of the above, the objective of AI 1.19 is to establish new allocations so that SST measurements can be carried out in the range 4 to 10 GHz, in particular, in the portions listed below:

 

· Band 4.2-4.4 GHz, already allocated to radionavigation services for use by radio altimeters (emissions from sky to ground) and to mobile aeronautical services for use by Wireless Avionics Intra-Communications (WAIC). 

· Band 8.4-8.5 GHz, allocated to fixed, mobile, and space research services. 





Preliminary Views



Source: CITEL/GT/CMR-27/doc. 119/24



Brazil supports studies considering possible primary allocations in all Regions to the Earth exploration-satellite service (passive) in the frequency bands 4 200-4 400 MHz and 8 400-8 500 MHz, in order to ensure the long-term continuity of SST measurements, in conjunction with the existing 6/7 GHz frequency range. The studies should consider the technical and operational conditions of radio altimeters or wireless avionics intra-communication systems in the 4 200-4 400 MHz frequency band.





Brazil emphasizes the significance of sea surface temperature (SST) measurements in detecting and forecasting meteorological events that significantly affect the safety and security of administrations and their populations, and highlights that given the sensitivity of sea surface brightness temperature to frequency, it is deemed appropriate to conduct SST measurements within frequency bands spanning the range of 4-9 GHz.



Source: MEX 6098



The Administration of Mexico deems it is important to underscore the work conducted by ITU-R Study Groups on WRC-27 AI 1.19, to ensure that propagation and sharing characteristics between incumbent systems and those systems engaged in an allocation update do not cause any constraint whatsoever to any of the services being studied. 
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