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1. Introduction 
RAN2 has made following agreements in RAN2#116e meeting.
Agreements:
1. Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell. FFS on how UE performs location acquisition.
2. When UE uses location based cell reselection enhancements, it's up to UE implementation to guarantee that a valid location information is available
3. For quasi-earth fixed cell, same as legacy, UE shall perform neighbour cell measurements of “higher priority NR inter-frequency or inter-RAT frequencies” regardless of the distance between UE and serving cell reference location.
4. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area, regardless of (the distance between UE and serving cell reference location) or (if legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).
5. Distance based cell reselection criteria for quasi-earth fixed cell is supported
6. For quasi-earth fixed cell, the cell stop time of neighbour cell(s) is NOT broadcast

Also regarding the SMTC adjustment of the neighbor cells, following agreements were made.
1. UE-based solution for SMTC adjustments in NTN is supported for IDLE/INACTIVE UEs. FFS how does the UE perform the necessary shifts in SMTC.

In this document, we provide the details on assistance information for neighbor cell measurements.
2. Discussion 
Location assisted measurement trigger
In the location-assisted cell reselection, it may be just sufficient for a UE to determine whether it is close to the beam center or close to the cell edge. As long as the UE remains close to the beam center (not at the cell edge), it is possible the UE may also take benefit of relaxed cell measurement. If the UE has valid location information, it can determine how far it is from the beam center, i.e., whether it is at cell edge. Network may additionally need to broadcast the cell radius or a threshold for this.
[bookmark: _Toc85374572][bookmark: _Toc85726009][bookmark: _Toc85726013][bookmark: _Toc85728961][bookmark: _Toc90558076][bookmark: _Toc90561865][bookmark: _Toc92737416][bookmark: _Toc92737886]It is sufficient to broadcast reference location of the serving cell for UEs to determine whether it is at cell edge of the quasi-earth fixed cell.
Next candidate cell for measurement
Once the UE triggers the cell reselection procedure, the UE can be configured with next frequency/cell ID in SIB that can be prioritized to select. The next cell will take over the current cell serving area in immediate future. 
The reason in doing this is that network would know which satellite/cell will serve in the area. In case the UE is still within the cell coverage area, this will save power by limiting measurements for cell reselection. For example, before the cell stop time, the UE may just need to track and search the SSB of next candidate cell for measurement. If the UE does not find the configured next candidate cell as suitable, it can follow the existing measurement and cell reselection procedure.
The same goal can be achieved using intraFreqWhiteCellList and InterFreqWhiteCellList. But the difference is that network may not provide this list since it strictly limits the cell reselection candidate cells in a carrier. 
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Satellite information for neighbor cell measurement
Unlike in RRC_CONNECTED state, network-based solution for updating the SMTC of the neighbor cell for a given UE will not be possible. Currently, only one SMTC information is provided in SIB4 for inter frequency measurement. Even though we introduce multiple SMTCs in SIB4 for RRC_IDLE state, broadcast parameters are cell specific and would not work for all UEs.
One option is that UE is allowed to shift or adjust the SMTCs of the inter frequency based on the available information of the satellite. For example, following information would be extremely beneficial for reduction of UE’s power consumption due to extensive search of SSBs over time.
· Whether the frequency belongs to the same serving satellite.
· Whether the frequency belongs to the satellite in the same constellation.
· Whether the frequency belongs to the satellite in the different constellation.
If the frequency belongs to the same serving satellite, then there is no issue in tracking and measuring the SSBs. If the frequency belongs a satellite in the same constellation as the serving satellite, it may be possible with some additional offset information to the orbital parameters of the serving satellite that the UE would be able to track and measure the SSBs. However, if the frequency belongs to a satellite in different constellation, for example, serving satellite is in LEO but the neighbor satellite is in MEO, it would be hard and more power consumption for UEs to keep tracking the SSB without any information on where the satellite might be and how the propagation delay drifts.
Because of the same concern on tracking SSBs of cells from different satellites, RAN4 has sent LS to RAN2 asking whether the satellite information of the neighbor satellite, if network wants UE to measure such satellite, would be provided to UE in [1] (also given below).
For NTN UE measurements, e.g. neighbor cell measurement within- or inter-satellite:
(A1) Neighbor cell Ephemeris information and the format, e.g. PVT format or Keplarian format
(A2) Common TA
(A3) Validity timer information for neighbor cell measurements, e.g. if it is different from that for serving cell open loop TA control
· Would the timer length, if provided, be different from that for serving cell? For example, a required accuracy of service and/or feeder link delay information for neighbor cell measurement may not need to be as accurate as that for serving cell open loop TA control.
(A4) The amount of frequency compensation, if DL frequency compensation for the service link Doppler is applied
(A5) DL Polarization information

For neighbor cell measurement purpose, it is sufficient for UE to have orbital parameters (ephemeris in Keplarian format) and timing drift parameter (e.g., common TA drift parameter). However, broadcasting orbital parameters of each neighbor satellite may incur large signaling overhead. One simple option is broadcasting the delta to the serving cell orbital parameters for a list of neighbor satellites. 
Therefore, a list of the neighbor satellite information can be broadcast and the inter-frequency list in SIB can be associated with the index of the list of the neighbor satellite information. The text proposal is provided in the annex.
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3. Conclusion
Following proposals are made.
Proposal 1	It is sufficient to broadcast reference location of the serving cell for UEs to determine whether it is at cell edge of the quasi-earth fixed cell.
Proposal 2	The UE should be provided with the information of the next candidate cell(s) for cell reselection.
Proposal 3	The list of orbital parameters and timing drift parameters of the neighbor satellites are broadcast in the SIB as delta to the orbital parameters of the serving satellite.
Proposal 4	An indication is provided in the inter frequency list in SIB4 to associate the frequency with the corresponding satellite in the neighbor satellite list.

4. Reference
[1] R2-2200129, “LS on NR NTN Neighbor Cell and Satellite Information”, RAN2#116bis-e, January 17-25, 2022

5. Annex: draft CR
SystemInformationBlockTypeXX information element
-- ASN1START

SystemInformationBlockTypeXX-r17 ::= SEQUENCE {
	servingCellInfo-r17				SEQUENCE {
		ephemerisStateVectors-r17		EphemerisStateVectors-r17		OPTIONAL,	-- Need R
		ephemerisOrbitalParameters-r17	EphemerisOrbitalParameters-r17	OPTIONAL,	-- Need R
		ta-CommonParamaters-r17         TA-CommonParamaters-r17		OPTIONAL,	-- Need R
		epochTime-r17         			FFS		OPTIONAL	-- Need R
	},
    NeighborSatInfoList-r17 ::=        SEQUENCE (SIZE (1..maxSat)) OF NeighborSatInfo-r17 OPTIONAL	-- Need OR,
	lateNonCriticalExtension		OCTET STRING					OPTIONAL,
	...
}

EphemerisStateVectors-r17 ::= 	SEQUENCE {
	positionX-r17					TypeFFS,
	positionY-r17					TypeFFS,
	positionZ-r17					TypeFFS,
	velocityVX-r17					TypeFFS,
	velocityVY-r17					TypeFFS,
	velocityVZ-r17					TypeFFS
}

EphemerisOrbitalParameters-r17 ::= SEQUENCE {
	semiMajorAxis-r17					TypeFFS,
	eccentricity-r17					TypeFFS,
	periapsis-r17						TypeFFS,
	longitude-r17						TypeFFS,
	inclination-r17						TypeFFS,
	anomaly-r17							TypeFFS
}

TA-CommonParamaters-r17 ::= SEQUENCE {
	ta-Common-r17						TypeFFS OPTIONAL,	-- Need R	
	ta-CommonDrift-r17					TypeFFS OPTIONAL,	-- Need R
	ta-CommonDriftVariation-r17			TypeFFS OPTIONAL,	-- Need R
	ta-CommonThirdOrder-r17				TypeFFS OPTIONAL	-- Need R
}

NeighborSatInfo-r17				::= SEQUENCE {
      orbitalParameters-r17		CHOICE {
		deltaOrbitalParameters-r17	DeltaOrbitalParameters-r17
		ephemerisOrbitalParameters-r17	EphemerisOrbitalParameters-r17
 		} OPTIONAL,	-- Need R
	  ta-CommonParamaters-r17     CHOICE {
		deltata-CommonParamaters-r17	Deltata-CommonParamaters-r17
		ta-CommonParamaters-r17         TA-CommonParamaters-r17
		} OPTIONAL	-- Need S		
	}

DeltaOrbitalParameters-r17 ::= SEQUENCE {
	offsetsemiMajorAxis-r17					TypeFFS OPTIONAL,	-- Need S
	offseteccentricity-r17					TypeFFS OPTIONAL,	-- Need S
	offsetperiapsis-r17						TypeFFS OPTIONAL,	-- Need S
	offsetlongitude-r17						TypeFFS OPTIONAL,	-- Need S
	offsetinclination-r17					TypeFFS OPTIONAL,	-- Need S
	offsetanomaly-r17						TypeFFS	OPTIONAL	-- Need S
}
Offsetta-CommonParamaters-r17 ::= SEQUENCE {
	offsetta-CommonDrift-r17					TypeFFS OPTIONAL,	-- Need R
	offsetta-CommonDriftVariation-r17			TypeFFS OPTIONAL,	-- Need R
	offsetta-CommonThirdOrder-r17				TypeFFS OPTIONAL	-- Need R
}

-- ASN1STOP

[bookmark: _Toc60777143][bookmark: _Toc83740098]–	SIB4
SIB4 contains information relevant for inter-frequency cell re-selection (i.e. information about other NR frequencies and inter-frequency neighbouring cells relevant for cell re-selection), which can also be used for NR idle/inactive measurements. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.
SIB4 information element
-- ASN1START
-- TAG-SIB4-START

SIB4 ::=                            SEQUENCE {
    interFreqCarrierFreqList            InterFreqCarrierFreqList,
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...,
    [[
    interFreqCarrierFreqList-v1610      InterFreqCarrierFreqList-v1610              OPTIONAL   -- Need R
    ]],
	[[
    interFreqCarrierFreqList-v1700      InterFreqCarrierFreqList-v1700              OPTIONAL   -- Need R
    ]]

}

InterFreqCarrierFreqList ::=        SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo

InterFreqCarrierFreqList-v1610 ::=  SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1610

InterFreqCarrierFreqList-v1700 ::=  SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1700

InterFreqCarrierFreqInfo-v1700 ::=  SEQUENCE {
	satIndex-r17           INTEGER (1..maxSat)   OPTIONAL     -- Need S
}
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