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Introduction
[bookmark: _Hlk66110521]RAN2 agreed that the UE is not required to perform the cell search and can deactivate UE’s AS functions during the period when the UE is not within the coverage of a satellite, and this feature would require the UE to predict the satellite coverage. To facilitate the UE to predict the satellite coverage, RAN2 further agreed the following agreements [1][2][3] regarding the contents of the assistance information that the eNB can provide in the system information.
	Agreement in RAN2#116-e:
· Satellite Ephemeris Parameters (not same as for L1 pre-compensation, for the constellation, not just single satellite) is needed for the UE for predicting coverage discontinuity. Other info, e.g., beam info, elevation angle, reference location or corresponding is FFS. 
· Providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites.
Agreement in RAN2#116bis-e:
· The contents of the ephemeris / assistance info for non-continuous coverage: Confirm that we Reuse the satellite ephemeris orbital parameters, already agreed for UL pre-compensation, for multiple satellites (Ref L1 params from R1).
Agreement in RAN2#117-e:
· RAN2 will use a new SIB to share the ephemeris information for Discontinuous Coverage with the UEs. Sharing the information using dedicated RRC signalling is FFS.
· For Discontinuous Coverage, ephemeris information of up to a maximum X satellites can be shared using the new SIB, where X is limited by the volume of information vs capacity of the SIB (X=4 is baseline). Increasing this maximum number by using dedicated RRC Signalling and by any further ephemeris optimization is FFS.
· RAN2 assumes that for Discontinuous Coverage, network can signal mean ephemeris parameters (for neighbours and potentially serving satellite for coverage prediction purpose), using the same (already introduced) ephemeris format. UE can always assume these are mean values and It is up to the network implementation to derive this mean value (and any trade-off between instantaneous and mean values if needed). FFS whether additional assumptions (like averaging time) need to be clarified, e.g., to have predictable performance.
· P3: For Prediction of discontinuous coverage, Information about satellite id, ephemeris type (FFS if two, three of four types) and epoch time will be provided with the ephemeris information. FFS if epoch time can be optional and be implicitly derived.


As the UE needs to predict the coverage for two types of satellites: the quasi-Earth-fixed cell and the Earth-moving cell, it is unclear which of the agreed contents the UE shall use to predict the coverage for a certain satellite type. This paper aims to provide a clear mapping between the contents of the assistance information and the types of satellite, provide missing pieces, and prevent the network from broadcasting redundant information. 
Discussion
It was agreed that the eNB may provide start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage, for the UE to predict the coverage of the quasi-Earth-fixed cell. However, as the incoming/upcoming satellite(s) may provide cell(s) that only partially overlaps with the current cell (i.e., not every UE in the current cell can be covered by the incoming cell), the eNB needs to provide additional information such as the reference/central location and the radius of the cell coverage provided by the incoming satellite. Each UE can determine whether it will be within the coverage of the incoming satellite by doing some simple calculation based on the received information and its GNSS coordinate. 
[bookmark: _Toc101474023]In order to assist the UE to predict the coverage of the quasi-Earth-fixed cell, in addition to the start-time of incoming satellite's coverage and the end-time of serving satellite's coverage, the network provides the satellite footprint reference location and the coverage radius of the quasi-Earth-fixed cell (refer to the TP in session 5).
It should be noted that as long as the above information is provided for predicting the coverage of the quasi-Earth-fixed cell, there is no need to provide the ephemeris information for the same satellite. The current ASN.1 Review File for LTE [4] has made the ephemeris information mandatory in any situation, which may produce unnecessary overheads that are redundant. 
SystemInformationBlockType32 information element
-- ASN1START

SystemInformationBlockType32-r17 ::= SEQUENCE {
	satelliteInfoList-r17				SatelliteInfoList-r17	OPTIONAL,	-- Need OR
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...
}

SatelliteInfoList-r17 ::= SEQUENCE (SIZE (1..maxSat-r17)) OF SatelliteInfo-r17

SatelliteInfo-r17 ::= SEQUENCE {
	ephemerisOrbitalParameters-r17		EphemerisOrbitalParameters-r17,	
	t-Service-r17							TimeUTC-r17				OPTIONAL,	-- Need OR
	...
}

-- ASN1STOP

Broadcasting the start-time and end-time for the coverage provided by the Earth-moving cell is not suitable, as different UEs at different locations may experience different start-times and end-times, even if they are in the same cell. Therefore, RAN2 agreed to broadcast the ephemeris information (containing mean ephemeris parameters) dedicatedly for predicting the coverage of the Earth-moving cell.  However, as not every satellite projects its beam(s) perpendicularly onto the Earth, the eNB may need to provide additional information such as the antenna panel tilt, to facilitate UEs to determine the central location of the Earth-moving cell. In addition, the coverage radius of the cell, or other information that helps to determine the cell footprint size is also needed, otherwise it is difficult for the UE to estimate whether and when it will be within the coverage of the Earth-moving cell. 
[bookmark: _Toc101474024]In order to assist UEs to predict the coverage of a earth-moving cell, in addition to the mean/average ephemeris information, the network needs to provide the antenna panel tilt, as well as the coverage radius, of both the serving and incoming cells (refer to the TP in session 5).
Since the information set needed for predicting the coverage of an Earth-moving cell and for predicting the coverage of a quasi-Earth-fixed cell are different, it is better if the SatelliteInfo-r17 IE contains two IEs under the CHOICE structure. One IE contains the assistance information for predicting the Earth-moving cell and the other contains the assistance information for predicting the quasi-Earth-fixed cell. In this way, the possibility of having redundant information in SIB32 is eliminated. In addition, since different UEs may have different preference on staying with a certain type of satellite (e.g., Earth-moving vs. quasi-Earth-fixed), and these preference can be influenced by the way UE is implemented, by the PLMN the UE selects, and by the type of the cell which the UE is currently camping on. Having two separate IEs representing two cell types in SatelliteInfo-r17 would make UE implementation easier for picking/filtering the information it needs to predict the satellite coverage. 
[bookmark: _Toc101474025]Consider to change the structure of SatelliteInfo-r17, and make it contain two IEs under the CHOICE structure. One IE contains the assistance information for predicting the Earth-moving cell and the other contains the assistance information for predicting the quasi-Earth-fixed cell (refer to the TP in session 5). 
Conclusion
In this paper, the missing parts of the assistance information used to predict the satellite coverage are highlighted, and the issues of the current SatelliteInfo-R17 structure are discussed. 
Based on the discussion and analysis in this paper, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	In order to assist the UE to predict the coverage of the quasi-Earth-fixed cell, in addition to the start-time of incoming satellite's coverage and the end-time of serving satellite's coverage, the network provides the satellite footprint reference location and the coverage radius of the quasi-Earth-fixed cell (refer to the TP in session 5).
Proposal 2	In order to assist UEs to predict the coverage of a earth-moving cell, in addition to the mean/average ephemeris information, the network needs to provide the antenna panel tilt, as well as the coverage radius, of both the serving and incoming cells (refer to the TP in session 5).
Proposal 3	Consider to change the structure of SatelliteInfo-r17, and make it contain two IEs under the CHOICE structure. One IE contains the assistance information for predicting the Earth-moving cell and the other contains the assistance information for predicting the quasi-Earth-fixed cell (refer to the TP in session 5).
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TP to the ASN.1 Review File (LTE): R2-2204310 [4]
-------------------------------------------------------- Draft TP Begins --------------------------------------------------------
–	SystemInformationBlockType32
The IE SystemInformationBlockType32 contains satellite assistance information for prediction of discontinuous coverage.
SystemInformationBlockType32 information element
-- ASN1START

SystemInformationBlockType32-r17 ::= SEQUENCE {
	satelliteInfoList-r17				SatelliteInfoList-r17	OPTIONAL,	-- Need OR
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...
}

SatelliteInfoList-r17 ::= SEQUENCE (SIZE (1..maxSat-r17)) OF SatelliteInfo-r17

SatelliteInfo-r17 ::= SEQUENCE CHOICE {
	ephemerisOrbitalParameters-r17		EphemerisOrbitalParameters-r17,	
	t-Service-r17							TimeUTC-r17				OPTIONAL,	-- Need OR
	quasiEarthFixedInfo-r17				QuasiEarthFixedInfo-r17,
	earthMovingInfo-r17					EarthMovingInfo-r17,
	...
}

QuasiEarthFixedInfo-r17 ::= SEQUENCE {
	t-Service-r17						TimeUTC-r17,
	referenceLocation-r17				ReferenceLocation-r17			OPTIONAL,	-- Need R
	coverageRadius-r17					CoverageRadius-r17				OPTIONAL,	-- Need R
	...
}

EarthMovingInfo-r17 ::= SEQUENCE {
	ephemerisOrbitalParameters-r17		EphemerisOrbitalParameters-r17,
	antennaPanelTilt-r17				AntennaPanelTilt-r17			OPTIONAL,	-- Need R
	coverageRadius-r17					CoverageRadius-r17				OPTIONAL,	-- Need R
	...
}

ReferenceLocation-r17 ::= ENUMERATED { ffs }
CoverageRadius-r17 ::= INTEGER (10 ... 500)
AntennaPanelTilt-r17 ::= INTEGER (-90 ... 90)


-- ASN1STOP

Editor’s Note: Agreement: For Prediction of discontinuous coverage, Information about satellite id, ephemeris type (FFS if two, three of four types) and epoch time will be provided with the ephemeris information. FFS if epoch time can be optional and be implicitly derived.

	SystemInformationBlockType32 field descriptions

	ephemerisOrbitalParameters
Mean values of the satellite orbital parameters.

	t-Service
Time information on when the incoming satellite is going is to start serving the area for Quasi-Earth Fixed satellites.

	quasiEarthFixedInfo
Assistance information used to predict the coverage of a cell provided via NTN quasi-Earth fixed system.

	earthMovingInfo
Assistance information used to predict the coverage of a cell provided via NTN Earth moving system.

	referenceLocation
Reference location of a cell provided via NTN quasi-Earth fixed system. FFS for exact field description.

	coverageRadius
Coverage radius of a cell provided via NTN quasi-Earth fixed or NTN Earth moving system. FFS for exact field description.

	antennaPanelTilt
Antenna panel tilt (in degree) of the NTN satellite providing the Earth moving cell. FFS for exact field description.



-------------------------------------------------------- Draft TP Ends --------------------------------------------------------

