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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the previous RAN2 meetings, the enhancements on IDLE/INACTIVE mode for NTN have been discussed but there are still some leftover issues. After RAN2#113bis meeting, an email discussion [Post113bis-e] [101] [NTN] cell reselection (ZTE) were assigned, but there are divergences on some points.
 In this contribution, we will further discuss these leftover issues, and provide corresponding observations and proposals.
Discussion
Cell selection/re-reselection principles
This section mainly discusses the leftover issues related to cell selection/reselection, which includes the following topics:
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]TN/NTN priority during cell (re-)selection
In the past RAN2 meetings, there were many contributions discussed the TN/NTN priority. Regarding to this issue, our understanding is that:
· If TN and NTN cell belong to different PLMN, considering the PLMN selection procedure is performed in NAS layer, hence the TN/NTN priority can be handled in NAS layer. 
· If TN and NTN cell belong to the same PLMN, when UE performs the cell selection/reselection, AS layer should consider how to deal with the TN/NTN priority. Regarding to the TN/NTN priority, many solutions were proposed in the past RAN2 meetings:
· [bookmark: _GoBack]Option 1: TN is always prioritized;
· Option 2: SIB indicates the priority between TN and NTN;
· Option 3: When performing cell reselection, the current serving cell type is prioritized.
For Option 3, it is only suitable for cell reselection, and it is not a common solution for cell selection and reselection. For Option 2, considering the coverage of NTN cell is larger than the TN cell, it should ensure the NTN/TN priority indication should be same amongst the different TN/NTN cells with overlapped coverage; otherwise, UE behavior is unclear. For Option 1, load unbalance will be introduced and the TN cell will be overloaded. Since there is no perfect solution, in this release, it had better leave it to UE implementation in Rel-17.
[bookmark: _Ref59547890][bookmark: _Ref59547894][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 1: If TN and NTN belong to different PLMN, the NTN/TN priority during cell selection/reselection can be handled in NAS layer.
[bookmark: _Ref59547904]Proposal 2: If TN and NTN belong to same PLMN, the NTN/TN priority during cell selection/reselection can be handled in AS layer and the details can be left to UE implementation in Rel-17.
LEO/GEO priority during cell (re-)selection
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Besides the TN/NTN priority, the LEO/GEO priority should also be discussed. The analysis on LEO/GEO priority is as below:
· If LEO and GEO belong to different PLMN, considering the PLMN selection procedure is performed in NAS layer, hence the LEO/GEO priority can be handled in NAS layer.  
· If LEO and GEO belong to same PLMN, when UE performs the cell selection/reselection, AS layer should considered the LEO/GEO priority. In our understanding, prioritizing GEO can reduce the number of HO; and prioritizing LEO can reduce the latency. It hard to say which one is better than another; hence, it had better leave it to UE implementation in Rel-17.
[bookmark: _Ref59547907]Proposal 3: If LEO and GEO belong to different PLMN, the LEO/GEO priority during cell selection/reselection can be handled in NAS layer.
[bookmark: _Ref59547911][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 4: If LEO and GEO belong to the same PLMN, the LEO/GEO priority during cell selection/reselection can be handled in AS layer and the details can be left to UE implementation in Rel-17.
Cell selection/reselection measurement initiation
On the last RAN2#113-e meeting, the following agreement was reached:
Agreements:
1. The information on when a cell is going to stop serving the area and/or the timing information (e.g. timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.
Based on the above agreements, the following issues will be addressed further:
· Issue 1:  How to use the above information? Whether both the the two time information is needed?
· Issue 2:  How to notify the time information, via system information and/or ephemeris?
· Issue 3: Besides the information about the time, whether addition information can also be used for cell selection/reselection?

For issue 1, in our understanding, the information when a cell is going to leave and/or is going to come can be used for measurement initiation for cell reselection due to either service or feeder link switch in case of earth fixed beam or due to feeder link switch in case of earth moving cell.
According to [1], the measurements for cell re-selection include intra-frequency, inter-frequency and inter-RAT frequency measurement. The detailed UE measurement behaviours are as below:
	Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, 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, 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.


[bookmark: OLE_LINK13][bookmark: OLE_LINK14]For the intra-frequency measurement, inter-frequency measurement with an equal or lower reselection priority than the reselection priority of the current NR frequency or inter-RAT measurement (if TN and NTN are different RATs) with lower reselection priority of the current NR frequency, if reuse the current measurement initiation condition based on Srxlev and Squal, UE may miss the cell reselection. The reason why UE will miss the cell reselection is that the RSRP/RSRQ difference between the satellite cell center and cell edge is limited and the time for UE camping on a cell is also limited. Hence, the time information about when a serving cell is going to leave or come can be used to improve the cell reselection robustness. 
And the next, we should analyse whether these two information are both needed or not. In our understanding, only the time when the serving cell is stop to leave is enough. E.g., assuming the serving cell will stop to provide services to the UE at time T, the UE can start measurement at the time T- Tdeltaoffset.  The reason why not use the time when the new cell is coming is that for different UEs with different movement directions and/or different position, the new coming cell may be different, it will cause additional complexity and no obvious gain.
[bookmark: _Ref66807012]Proposal 5: The time information can be used as the intra/inter-frequency and inter-RAT frequency measurement initiation condition.
Proposal 6: Only the information on when a cell is going to stop serving the area is needed.

For issue 2, it should further discuss how to transmit the time information about when a serving cell is going to leave and/or come. In our understanding, if only the time information about when a serving cell is going to leave is needed, SIB1 is enough; but if the time information about when a serving cell is going to come should be introduced, it had better carry it together with the ephemeris data instead of carrying it in SIB3/SIB4/SIB5 redundantly.
[bookmark: _Ref66807018]Proposal 7: If only the information on when a cell is going to stop serving the area is needed, it can be carried in SIB1.

For issue 3, in our understanding, besides the time information about when a serving cell is going to leave and/or come, UE location information can also be considered in cell selection/reselection, e.g., e.g., the UE can determine the distance between UE position and the serving cell center, if it is above a preconfigured threshold, and it can initiate the corresponding cell reselection measurement. The time information and the UE location information can be used separately or jointly in cell selection/reselection. E.g., the UE location can be used for mobility due to UE movements; and the time information can be used for service/feeder link switch.
[bookmark: _Ref59547914][bookmark: _Ref66807021]Proposal 8: The UE location used as the cell selection/reselection measurement initiation condition should also be supported in Rel-17.
Ephemeris data
In RAN2#113-e meeting, regarding to the ephemeris data, the following agreements were reached:
Agreements:
1. The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.    
2. Consider pre-configuration in uSIM, NAS, SIB and RRC signalling for providing the NTN ephemeris. Further discussion depends on the agreed ephemeris contents.  
3. RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception.
Based on the above agreements, the following issues should be addressed further:
· Issue 1: What are the difference between the serving cell’s ephemeris and neighbor’s ephemeris data accuracy and signaling? And what is the content of the ephemeris data?
· Issue 2: Whether the network type (TN/NTN, LEO/GEO) should be indicated to UE in an implicit or explicit way in the system information?
For issue 1, as discussed in [1], the ephemeris data accuracy mainly depends on RAN1. It had better wait until RAN1 concluded on the required accuracy as we have proposed in [1].
[bookmark: _Ref66807027]Proposal 9: Postpone any decisions how the ephemeris should be represented until RAN1 concludes their discussion on the required accuracy.

For issue 2, there are many implicit methods, e.g., NTN-specific PLMN, NTN-specific SIB. Whether NTN-specific PLMN is feasible depends on CT1, whether NTN-specific SIB is feasible depends on what information should be contained in the NTN-specific SIB. It had better postpone the discussion until we have clear understanding on these issues.
[bookmark: _Ref66807030]Proposal 10: Postpone the discussion on whether implicit or explicit network type should be supported until we have clear understanding on whether the PLMN is allocated per TN/NTN network type and what should be contained in the NTN-specific SIB.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: If TN and NTN belong to different PLMN, the NTN/TN priority during cell selection/reselection can be handled in NAS layer.
Proposal 2: If TN and NTN belong to same PLMN, the NTN/TN priority during cell selection/reselection can be handled in AS layer and the details can be left to UE implementation in Rel-17.
Proposal 3: If LEO and GEO belong to different PLMN, the LEO/GEO priority during cell selection/reselection can be handled in NAS layer.
Proposal 4: If LEO and GEO belong to the same PLMN, the LEO/GEO priority during cell selection/reselection can be handled in AS layer and the details can be left to UE implementation in Rel-17.
Proposal 5: The time information can be used as the intra/inter-frequency and inter-RAT frequency measurement initiation condition.
Proposal 6: Only the information on when a cell is going to stop serving the area is needed.
Proposal 7: If only the information on when a cell is going to stop serving the area is needed, it can be carried in SIB1.
Proposal 8: The UE location used as the cell selection/reselection measurement initiation condition should also be supported in Rel-17.
Proposal 9: Postpone any decisions how the ephemeris should be represented until RAN1 concludes their discussion on the required accuracy.
Proposal 10: Postpone the discussion on whether implicit or explicit network type should be supported until we have clear understanding on whether the PLMN is allocated per TN/NTN network type and what should be contained in the NTN-specific SIB.
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