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	Summary: 


	
Over the past decade, the deployment plans of large NGSO satellite constellations has been growing in large numbers of thousands, and even tens of thousands of satellites planned to operate on a global scale. Several of these constellations are planned to operate in adjacent or nearby bands to the RAS bands. The unprecedented huge numbers of LEO systems are far more than were expected to exist when rules on interference were developed. Large constellations may represent a change in the interference environment for RAS. Unlike the case for smaller constellations, multiple satellites may be visible to a radio telescope continuously. In addition, the sidelobes of several satellites may appear in the main beam of the radio telescope.

The out-of-band emissions from the planned large constellations might render the usage of the adjacent and nearby bands by the European RAS stations almost impossible if no proper mitigation is introduced. With thousands of satellites in orbit, unanticipated out-of-band leakage in only a fraction may have significant impacts on the RAS bands. The mitigation of out-of-bands will then need further control through careful design methods and appropriate testing procedures from as early as the design phase by the satellite operators. Trying to control out-of-band emissions into the RAS bands after launching will be difficult to achieve given the enormous number of satellites, and the dense geographical nature in the CEPT region.

Currently, there is no regulatory process for coordinating NGSO satellite systems with RAS during the satellite filings. There are no regulations to let administrations wishing to protect their RAS stations to request coordination with the filing administration. Moreover, the used bands (mainly in the range 10-50 GHz) are not listed in the NGSO table in the Annex of Resolution 739 that allows affected administrations to initiate a consultation process with the filing administration in order to avoid interference. 

Aside from the regulatory issues, several technical challenges are still unanswered. There’s no defined method to assess the impact of aggregate interference when multiple constellations operate simultaneously. Further studies are still required to estimate the 5% total data loss limit from all networks and the contribution from individual networks to this limit. Current studies at SE40 could play a major role on this matter as the work item is planned to conclude during the WRC27 cycle. 

During the last PTA meeting, CRAF initially included the issue in the submitted proposal linked to protection of RAS from space services (Modified preliminary agenda item 2.5 - WRC23) in order to have one proposal for RAS. However, given the confusion expressed by administrations during the meeting, CRAF in this contribution follows the guidance provided by PTA to consider the large NGSO constellations topic in a separate proposal. It should be noted that ITU working party 7D is currently working on a relaxed agenda and has the capacity and resources to accommodate the agenda item during the upcoming cycle.

The objectives of the new agenda item can be summarized as follows:
1- Study how the interference scenarios to radio telescopes from large constellations of satellites differ from those of smaller NGSO satellite systems.
2- Study methods to assess the aggregate interference when multiple large constellations operate in parallel.
3- [bookmark: _Hlk133249660]Develop a regulatory framework to ensure addressing the compatibility issues associated with NGSO systems before they are launched and operational


	Proposal:
Consider a new agenda item for WRC-23 to develop regulatory and technical methods to ensure the continuity of RAS observations in the bands adjacent to and nearby the bands used by NGSO large constellations.


	Background

	



1. RAS bands impacted by NGSO large constellations

The proposed agenda item doesn’t aim to study every RAS impacted band rather than to study the technical and regulatory methods that can be applicable to all bands. The most affected RAS bands (in the range 10 GHz to 50 GHz) are listed below in order to evaluate the impact.

	RAS bands
	Status

	10.6-10.7 GHz
	Primary

	22.21-22.5 GHz
	Primary

	23.6 – 24 GHz
	Primary

	31.3 – 31.8 GHz
	Primary

	42.5 – 43.5 GHz
	Primary

	48.94 – 49.04 GHz
	Primary


This is in addition to the bands listed under footnotes 5.340 and 5.149, and the preferred frequency bands to the radio astronomy service listed in Rec 314. Lower bands below 10 GHz could also be impacted if the large constellations incorporates an IMT direct-to-cell component using the IMT frequency allocations below 10 GHz.




2. [bookmark: _Hlk133250292]Planned large constellations

The following table lists the major known constellations. Numbers of the order of 100,000 low-orbit satellites are expected to be launched in about 10 years from now.

	Network
	Approximate total planned numbers

	Starlink
	~ 45000

	Oneweb
	~ 50000

	Amazon Kuiper
	~ 5000

	Guo Wang (China) 
	~13000

	Samsung (Korea)
	~ 4700

	AST
	~ 4600

	Thales
	~ 8000

	Boeing
	~ 3000

	Eurospace
	TBD



3. Useful references

· UN/IAU Dark and Quiet Skies for Science and Society, 2020-Oct. 
https://www.iau.org/static/publications/dqskies-book-29-12-20.pdf

· UN/IAU Dark and Quiet Skies for Science and Society 2, 2021-Oct. 
https://noirlab.edu/public/media/archives/techdocs/pdf/techdoc051.pdf

· SKAO needs corrective measures from satellite ‘mega-constellation’ operators to minimise impact on its telescopes
https://www.skao.int/en/news/198/skao-needs-corrective-measures-satellite-mega-constellation-operators-minimise-impact-its

· The Impacts of Large Constellations of Satellites
https://www.nsf.gov/news/special_reports/jasonreportconstellations/JSR-20-2H_The_Impacts_of_Large_Constellations_of_Satellites_508.pdf



Filled template for the submission of proposals for agenda items
Subject: Proposal of a new WRC-23 agenda item
Origin: CEPT
	Proposal:
To develop regulatory and technical methods to ensure the continuity of RAS observations in the bands adjacent to and nearby the NGSO large constellations frequency bands.

	Background/reason:
The out-of-band emissions from the planned large constellations might render the usage of the adjacent and nearby bands by RAS almost impossible if no proper mitigation is introduced. With thousands of satellites in orbit, unanticipated out-of-band leakage in only a fraction may have significant impacts on the RAS bands. The mitigation of out-of-bands will then need further control through careful design methods and appropriate testing procedures from as early as the design phase by the satellite operators. Trying to control out of band emissions into the RAS bands after launching will be difficult to achieve given the enormous number of satellites, and the dense geographical nature in the CEPT region.
Currently, there is no regulatory process for coordinating NGSO satellite systems with RAS during the satellite filings. There are no regulations to let administrations wishing to protect their RAS stations to request coordination with the filing administration. Moreover, the used bands (mainly in the range 10-50 GHz) are not listed in the NGSO table in the Annex of Resolution 739 that allows affected administrations to initiate a consultation process with the filing administration in order to avoid interference. 
Aside from the regulatory issues, several technical challenges are still unanswered. There’s no defined method to assess the impact of aggregate interference when multiple constellations operate simultaneously. Further studies are still required to assess the 5% total data loss limit from all networks and the contribution from individual networks to this limit. 

	Radiocommunication services concerned:
Fixed satellite service

	Indication of possible difficulties:
-

	Previous/ongoing studies on the issue:
-

	Studies to be carried out by :
Study Group 7
	with the participation of :


	ITU‑R Study Groups concerned :
Study Group 4 

	ITU resource implications, including financial implications (refer to CV126):
None, everything will be carried out within framework of current Study Groups and their Working Parties.

	Common regional proposal : 
	Multicountry proposal : 
Number of countries :

	Remarks




Draft New Resolution [Protection of RAS from NGSO large constellations] (WRC-23)

The World Radiocommunication Conference (Dubai, 2023),
considering
a) that there are an increasing number of non-GSO satellite filings planned during the next decade.
b) that some non-GSO FSS systems contain tens to hundreds of thousands of satellites and are considered large constellations;
c)  that multiple non-GSO FSS systems is operating or planning to operate in the same frequency bands;
d) that these large constellations in considering b) and c) may operate in frequency bands adjacent to or nearby the bands allocated to the radio astronomy service (RAS).
e) that out-of-band emissions from large satellite constellations may cause unprecedented interference levels to the RAS 
f) that addressing the compatibility issues associated with large non-GSO systems might require technical mitigation measures from the design phase onwards, and before they are launched and operational
g) that the current regulatory provisions and procedures may not be sufficient to ensure protection of the RAS from harmful interference produced by the increasing number of large non-GSO satellite constellations;
h) that there’s no coordination procedure established for non-GSO satellite constellations compatibility with RAS, with almost no practical possibility for administrations to comment on satellite filings to avoid interference into their RAS stations;
i) that the non-GSO thresholds contained in Table 2 in the Annex of Resolution 739 don’t currently include the RAS bands above 2.7 GHz;
recognizing
a) that Recommendation ITU-R RA.1513 provides acceptable levels of data loss to radio astronomy observations, stating in particular that the percentage of data loss caused by any system should be lower than 2% and 5% for the aggregate data loss due to interference from all networks;
b) that Recommendation ITU-R RA.1513 states that further studies of the apportionment between different networks are required in order to assess the contribution of individual networks to the overall aggregate data loss limits of 5% ;
c) that it is necessary to guarantee in practice, the continuity of the RAS operations in all regions;
resolves to invite ITU Radiocommunication Sector
1	to study and develop, as appropriate and as a matter of urgency, the technical and regulatory measures required to ensure addressing the protection of RAS from the harmful interference of large non-GSO constellations before they are launched and operational; 
2	to study suitable methodologies for calculating the aggregate epfd produced by all non-GSO systems operating simultaneously in the same band, with a view to updating or developing ITU-R Recommendations, if appropriate;
3	to complete the studies in time for WRC-27,
invites the 2027 World Radiocommunication Conference
to review the results of these studies and take appropriate action.
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