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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, some issues in cell reselection aspect are discussed. Firstly, according to the agreements for now, some corrections for cell reselection in TS38.300 and TS38.304 are proposed. Secondly, the problem of location based cell reselection is further discussed.
Discussion
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Corrections of measurement rules for cell re-selection in TS 38.304
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]In RAN#117e, we had an agreement as follow:
Agreement in RAN2#116bis:
1.	UE may choose not to perform neighbour cell measurements of “NR intra-freq or inter-freq with equal or lower priority, or inter-RAT freq with lower priority”, if (the distance between UE and serving cell reference location is shorter than a threshold) and (legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).
According to this agreement, the serving cell reference location and a threshold are all needed for UE to judge whether to perform measurement of “NR intra- frequency or inter- frequency with equal or lower priority, or inter-RAT frequency with lower priority”. However in TS38.304 only the distance threshold is mentioned, the serving cell reference location is missed as following. 
	5.2.4.2	Measurement rules for cell re-selection
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ:
-	If distanceThresh is broadcasted in SIBxx, and if UE supports location-based measurement initiation and has valid UE location information:
-	If the distance between UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements;
-	Otherwise, the UE shall perform intra-frequency measurements;
-	Otherwise, the UE may choose not to perform intra-frequency measurements;
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ:
-	If distanceThresh is broadcasted in SIBxx, and if UE supports location-based measurement initiation and has valid UE location information:
-	If the distance between UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8];
-	Otherwise, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8].
-	If the UE supports relaxed measurement and relaxedMeasurement is present in SIB2, the UE may further relax the needed measurements, as specified in clause 5.2.4.9.



Additionally, reference to TS38.331, the SIB used for NTN configuration has been defined as SIB19, hence the “SIBxx” should be updated as “SIB19”.
Proposal 1: Update the “SIBXX” to be “SIB19” and capture the “reference location” for the measurement rules for cell re-selection in TS 38.304 clause 5.2.4.2. The modifications refer to Annex A.


Corrections for Mobility in RRC_IDLE and RRC_INACTIVE in TS 38.300
In Release 17, time-based and location-based cell selection had not been discussed, so the selection procedure should be executed as legacy. In TS38.300 clause 16.14.3.1, the relevant information for time-based and location-based cell selection should be deleted.
	16.14.3.1	Mobility in RRC_IDLE and RRC_INACTIVE
At least in the quasi-earth fixed cell scenario, UE can perform time-based and location-based cell selection /reselection:
-	The timing and location information associated to a cell are provided via system information;
-	Timing information refers to the time when the serving cell is going to stop serving a geographical area;
-	Location information refers to the reference location of serving or neighbouring cells.



Additionally, same as the problem which had been mentioned in 2.1, the threshold is missed in location based cell reselection.
Proposal 2: Delete the “cell selection” and capture the “threshold” for the Mobility in RRC_IDLE and RRC_INACTIVE in TS 38.300 clause 16.14.3.1. The corrections refer to Annex B.
Location based cell reselection criteria
In the procedure of reselecting a better cell, the benefits that the neighbour cells reference location can bring to UE is still not clear. 
In scenario with different orbits (GEO, MEOs, LEOs), it is not suitable for UE to choose a cell depend on the location information. Choose a cell with shorter distance to the reference point of the neighbor cell which can be assumed to be the center of this cell might avoid UE from selecting GEO or MEO, which may provide longer serving time for UE. To solve this problem, the network may needs to broadcast the neighbour cells radius additionally, and set more complex cell reselection criteria. What’s more, in earth fixed scenario, the neighbour cell reference location can avoid UE selecting a faraway cell, but cannot avoid UE selecting a faraway satellite. It is the distance between UE and satellite that can reflect the signal quality but not the distance to cell reference location. On the other hand, if the cell quality satisfies the RSRP threshold, the distance information is not really meaningful because satisfying the RSRP condition means the UE is already within the effective coverage of the cell.
Observation 1: For cell reselection criteria, take the distance between UE and the reference location of neighbor cells into consideration will bring little benefit while need more complex mechanism.
[bookmark: OLE_LINK28][bookmark: OLE_LINK31][bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK40][bookmark: OLE_LINK41]Proposal 3: The neighbour cells reference location should not be broadcast, and the legacy cell reselection criteria based on RRM measurement should be reused. 
In TS 38.304 clause 5.2.1, there is an editor’s note with “FFS on how UE performs location acquisition. When UE uses location based cell reselection enhancements, it's up to UE implementation to guarantee that a valid location information is available”. For there is already a NOTE in clause 5.2.4.2, the FFS in clause 5.2.1 can be deleted.
	5.2.4.2	Measurement rules for cell re-selection
NOTE:	When evaluating the distance between UE and the serving cell reference location, it's up to UE implementation to have available UE location information.



	5.2.1	Introduction
Editor's note: Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbour cell) taken into account, is supported for quasi-earth fixed cell. FFS on how UE performs location acquisition. When UE uses location based cell reselection enhancements, it's up to UE implementation to guarantee that a valid location information is available.
Editor's note: Distance based cell reselection criteria for quasi-earth fixed cell is supported.


According to the analysis and Proposal 3, the two editor’s notes in TS 38.304 clause 5.2.1 should be deleted. And the corresponding descriptions on neighbor cells reference location in TS 38.300 should be deleted. 
Proposal 4: Refer to Annex C, the two editor’s notes in TS 38.304 clause 5.2.1 and descriptions on neighbor cells reference location in TS 38.300 are deleted.
Conclusion
According to the analysis in section 2, the following observation and proposals are provided:
Observation 1: For cell reselection criteria, take the distance between UE and the reference location of neighbor cells into consideration will bring little benefit while need more complex mechanism.
Proposal 1: Update the “SIBXX” to be “SIB19” and capture the “reference location” for the measurement rules for cell re-selection in TS 38.304 clause 5.2.4.2. The modifications refer to Annex A.
Proposal 2: Delete the “cell selection” and capture the “threshold” for the Mobility in RRC_IDLE and RRC_INACTIVE in TS 38.300 clause 16.14.3.1. The corrections refer to Annex B.
Proposal 3: The neighbour cells reference location should not be broadcast, and the legacy cell reselection criteria based on RRM measurement should be reused.
Proposal 4: Refer to Annex C, the two editor’s notes in TS 38.304 clause 5.2.1 and descriptions on neighbor cells reference location in TS 38.300 are deleted.
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Annex A
[bookmark: _Toc29245206][bookmark: _Toc37298552][bookmark: _Toc46502314][bookmark: _Toc52749291][bookmark: _Toc100784095]Modifications on TS 38.304
5.2.4.2	Measurement rules for cell re-selection
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ:
-	If distanceThresh and referenceLocation areis broadcasted in SIB19xx, and if UE supports location-based measurement initiation and has valid UE location information:
[bookmark: _Hlk96333131]-	If the distance between UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements;
-	Otherwise, the UE shall perform intra-frequency measurements;
-	Otherwise, the UE may choose not to perform intra-frequency measurements;
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ:
-	If distanceThresh and referenceLocation areis broadcasted in SIB19xx, and if UE supports location-based measurement initiation and has valid UE location information:
-	If the distance between UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8];
-	Otherwise, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8].
-	If the UE supports relaxed measurement and relaxedMeasurement is present in SIB2, the UE may further relax the needed measurements, as specified in clause 5.2.4.9.
If the t-Service of the serving cell is present in SIB19, UE should start to perform intra-frequency, inter-frequency or inter-RAT measurements before the t-Service, regardless of the distance between UE and the serving cell reference location or whether the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, or Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and the exact time to start measurement before t-Service is up to UE implementation. UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8] regardless of the remaining service time of the serving cell.
NOTE:	When evaluating the distance between UE and the serving cell reference location, it's up to UE implementation to have available UE location information.
[bookmark: _Toc100782264]Annex B
[bookmark: _Toc100782261][bookmark: OLE_LINK12]Modifications on TS 38.300
16.14.3.1	Mobility in RRC_IDLE and RRC_INACTIVE
The same principles as described in 9.2.1 apply to mobility in RRC_IDLE for NTN and the same principles as described in 9.2.2 apply to mobility in RRC_INACTIVE for NTN unless hereunder specified.
The network may broadcast multiple Tracking Area Codes (TAC) per PLMN in a NR NTN cell. A TAC change in the System Information is under network control, i.e. it may not be exactly synchronised with real-time illumination of beams on ground.
The UE can determine the network type (Terrestrial or non-terrestrial) implicitly by the existence of scheduling information of SIB19 in SIB1.
Editor's note: Non-NTN capable UE can be prevented from accessing an NTN cell in Rel-17. FFS how.
The NTN ephemeris is divided into serving cell's satellite ephemeris and neighbouring cell's satellite ephemeris.
At least in the quasi-earth fixed cell scenario, UE can perform time-based and location-based cell selection /reselection:
-	The timing and location information associated to a cell are provided via system information;
-	Timing information refers to the time when the serving cell is going to stop serving a geographical area;
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]-	Location information refers to the reference location of serving or neighbouring cells and thresholds.
Location information may be used to assist cell reselection in NTN with for example a condition based on the distance between UE and the reference location of the serving cell and/or neighbour cells.
UE may support mobility between radio access technologies based on different orbit (GSO, NGSO at different altitude).

Annex C Modifications on TS 38.300
Modifications on TS 38.300
16.14.3.1	Mobility in RRC_IDLE and RRC_INACTIVE
The same principles as described in 9.2.1 apply to mobility in RRC_IDLE for NTN and the same principles as described in 9.2.2 apply to mobility in RRC_INACTIVE for NTN unless hereunder specified.
The network may broadcast multiple Tracking Area Codes (TAC) per PLMN in a NR NTN cell. A TAC change in the System Information is under network control, i.e. it may not be exactly synchronised with real-time illumination of beams on ground.
The UE can determine the network type (Terrestrial or non-terrestrial) implicitly by the existence of scheduling information of SIB19 in SIB1.
Editor's note: Non-NTN capable UE can be prevented from accessing an NTN cell in Rel-17. FFS how.
The NTN ephemeris is divided into serving cell's satellite ephemeris and neighbouring cell's satellite ephemeris.
At least in the quasi-earth fixed cell scenario, UE can perform time-based and location-based cell selection /reselection:
-	The timing and location information associated to a cell are provided via system information;
-	Timing information refers to the time when the serving cell is going to stop serving a geographical area;
-	Location information refers to the reference location of serving or neighbouring cells.
Location information may be used to assist cell reselection in NTN with for example a condition based on the distance between UE and the reference location of the serving cell and/or neighbour cells.
UE may support mobility between radio access technologies based on different orbit (GSO, NGSO at different altitude).


Modifications on TS 38.304
[bookmark: _Toc29245198][bookmark: _Toc37298544][bookmark: _Toc46502306][bookmark: _Toc52749283][bookmark: _Toc100784087]5.2.1	Introduction
UE shall perform measurements for cell selection and reselection purposes as specified in TS 38.133 [8].
When evaluating Srxlev and Squal of non-serving cells for reselection evaluation purposes, the UE shall use parameters provided by the serving cell and for the final check on cell selection criterion, the UE shall use parameters provided by the target cell for cell reselection.
The NAS can control the RAT(s) in which the cell selection should be performed, for instance by indicating RAT(s) associated with the selected PLMN, and by maintaining a list of forbidden registration area(s) and a list of equivalent PLMNs. The UE shall select a suitable cell based on RRC_IDLE or RRC_INACTIVE state measurements and cell selection criteria.
In order to expedite the cell selection process, stored information for several RATs, if available, may be used by the UE.
When camped on a cell, the UE shall regularly search for a better cell according to the cell reselection criteria. If a better cell is found, that cell is selected. The change of cell may imply a change of RAT. Details on performance requirements for cell reselection can be found in TS 38.133 [8].
The NAS is informed if the cell selection and reselection result in changes in the received system information relevant for NAS.
For normal service, the UE shall camp on a suitable cell, monitor control channel(s) of that cell so that the UE can:
-	receive system information from the PLMN or SNPN; and
-	receive registration area information from the PLMN or SNPN, e.g., tracking area information; and
-	receive other AS and NAS Information; and
-	if registered:
-	receive paging and notification messages from the PLMN or SNPN; and
-	initiate transfer to Connected mode.
For cell selection in multi-beam operations, measurement quantity of a cell is up to UE implementation.
For cell reselection in multi-beam operations, including inter-RAT reselection from E-UTRA to NR, the measurement quantity of this cell is derived amongst the beams corresponding to the same cell based on SS/PBCH block as follows:
-	if nrofSS-BlocksToAverage (maxRS-IndexCellQual in E-UTRA) is not configured in SIB2/SIB4 (SIB24 in E-UTRA); or
-	if absThreshSS-BlocksConsolidation (threshRS-Index in E-UTRA) is not configured in SIB2/SIB4 (SIB24 in E-UTRA); or
-	if the highest beam measurement quantity value is below or equal to absThreshSS-BlocksConsolidation (threshRS-Index in E-UTRA):
-	derive a cell measurement quantity as the highest beam measurement quantity value, where each beam measurement quantity is described in TS 38.215 [11].
[bookmark: _GoBack]-	else:
-	derive a cell measurement quantity as the linear average of the power values of up to nrofSS-BlocksToAverage (maxRS-IndexCellQual in E-UTRA) of highest beam measurement quantity values above absThreshSS-BlocksConsolidation (threshRS-Index in E-UTRA).
Editor's note: Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbour cell) taken into account, is supported for quasi-earth fixed cell. FFS on how UE performs location acquisition. When UE uses location based cell reselection enhancements, it's up to UE implementation to guarantee that a valid location information is available.
Editor's note: Distance based cell reselection criteria for quasi-earth fixed cell is supported.
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