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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the past RAN2 meetings, the enhancements on IDLE/INACTIVE modes for NTN have been discussed. But there are still some open issues, listed below:
· Issue 1: Whether the timing information on when a cell is going to stop serving the area can be used for cell reselection in earth moving scenario?
· Issue 2: Whether the timing information on when a cell is coming can be used for cell reselection?
· Issue 3: Whether location based cell (re-)selection should be introduced in NTN?
· Issue 4: Whether cell type should be considered during cell (re-)selection?
Hence, in this contribution, we will further discuss the above open issues.
Discussion
Whether the timing information on when a cell is leaving can be used for cell reselection in earth moving scenario?
In the RAN2#114 meeting, it was agreed that:
1. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is needed to assist cell reselection in NTN for earth fixed scenario.
1. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbor cells.
1. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area for earth fixed scenario is broadcast to UE via system information.
But it is still unclear whether the timing information on when a cell is leaving can be used in earth moving scenario. In earth moving scenario, the cell coverage is moving together with the movement of satellite, and the cell leaving time is different for UEs in different areas even if they belongs to the same serving cell. Hence, if the timing information on when a cell is leaving is used in earth moving scenario, each UE should be able to calculate the UE-specific serving cell leaving time. 
One possible solution for the UE to calculate the UE-specific serving cell leaving time is as below:
· Step 1: The UE determines the cell radius and real-time cell center. 
· Step 2:  The UE predicts the time when the UE is going to get out of the cell coverage based on the cell radius, the real-time cell center and UE position. 
[bookmark: _Ref77692981][bookmark: _Ref78982346]For earth moving scenario, if serving cell leaving time based cell (re-)selection is supported, the main problem is how to determine the real-time cell center since the serving cell center is always moving in earth moving scenario. According to the discussion for RRC_CONNECTED UE, it was already agreed that:
Agreements in RAN2#112
1.	Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.
Based on the above agreements, since the time/timer based CHO is supported for earth moving cell, it means the UE capability should support calculating the real-time cell center in earth moving scenario. If the UE capability supporting the calculation of the real-time cell center, there is no reason to prohibit introducing serving cell leaving time based cell (re-)selection for IDLE/INACTIVE UE.
[bookmark: _Ref79066103]Proposal 1: For earth moving scenario, the timing information on when a cell is going to stop serving the area can be used to trigger the cell reselection measurement, and how to calculate the UE-specific serving cell leaving time can be further discussed.
Whether timing information on when a cell is coming can be used for cell reselection?
In the RAN2#114 meeting, it was agreed that at least in the quasi-earth fixed case, the timing information on when a cell is going to stop serving the area is needed to assist cell reselection in NTN for earth fixed scenario. But it is still FFS whether the timing information on when a cell is coming can be used for cell reselection in NTN.
If there is continuous NTN coverage, the cell leaving time is enough. According to the arguments in the email discussion, the main reason for supporting to introduce this timing information is to solve the discontinuous coverage scenario. In case of discontinuous coverage scenario, this timing information is helpful for UE to know when to begin the measurement on the new coming cell. 
Whether the timing information on when a cell is coming is really useful in discontinuous coverage, our analysis is as below:
· Case 1: GEO case
For GEO case, if UE is static, it does not need to know when the new cell is coming. If the UE is moving, considering the UE is in IDLE/INACTIVE state, the network is impossible to configure the UE-specific timing information on when a new cell is coming. If the timing information on all possible new coming cell(s) is configured, it may result unnecessary cell detection, which contradicts with the intention of introducing the timing information on when a new cell is coming.
· Case 2: LEO case
The discontinuous coverage only happens when there are only limited satellites deployed. With the movement of the satellite, in a certain area, there may be NTN coverage at time T1, but there may be no NTN coverage at time T2. In this scenario, two sub-cases can be considered:
· Case 2.1: There is also no TN coverage.
If the UE is static and the camping cell can notify the timing information on when a new cell is coming, it can reduce the UE measurement and benefit for UE power saving. If the UE is moving, similar as the analysis in Case 1, informing the timing information on when a new cell is coming cannot reduce the measurement.
· Case 2.2: There is TN coverage.
The reasonable UE behaviour is that when the UE detects the NTN cell is leaving, it will search the TN cell for camping. There is no strong motivation to enhancement the cell reselection procedure since there is already TN coverage.
Based on the above analysis, informing the timing information on when a cell is coming is only useful in very limited case. It is meaningless in most cases. In addition, if it is supported, it will introduce complexity for OAM configuration. Hence, it is slightly prefers that the timing information on when a cell is coming is not used for cell reselection in NTN.
[bookmark: _Ref77692984]Proposal 2: The timing information on when a cell is coming is not introduced for cell reselection in NTN.
Whether location based cell (re-)selection should be introduced in NTN?
In TN system, a UE can determine it is near a cell edge based on RSRP/RSRQ measurement since there is large RSRP/RSRQ difference between cell center and cell edge. But in NTN system, the RSRP/RSRQ difference between cell center and cell edge is small, hence, the measurement initiation only based on the RSRP/RSRQ is not enough. Enhancement should be considered.
For earth fixed scenario, it was already agreed that the UE can initiate the measurement based on the timing information on when a cell is going to stop serving the area. Similarly, the location based solution can also be introduced as an optional solution to trigger the cell reselection measurement.
During the past email discussion, regarding to location assisted cell (re-)selection, there are two solutions were proposed to calculate the distance:
· Option 1: distance between the UE and the satellite; 
· Option 2: distance between the UE and the cell center (of either the serving cell or the neighbor cell).
For Option 1, the main shortage is that it is not suitable for intra-satellite cell reselection. Hence, for earth fixed scenario, it had better to adopt Option 2. For Option 2, in order to reduce the specification effort, it had better define the cell center as the serving cell’s cell center.
[bookmark: _Ref77692987][bookmark: _Ref78980545]Proposal 3: At least for earth fixed scenario, location based cell (re-)selection can be considered.
[bookmark: _Ref78980549]Proposal 4: At least for earth fixed scenario, if location based cell reselection is used, the UE can initiate the cell reselection measurement when the distance between the UE and serving cell center is above a configured threshold.
[bookmark: _Ref78980554]Proposal 5: For earth fixed scenario, the serving cell center and threshold can be broadcast in serving cell’s SIB.

For earth moving scenario, if location based cell (re-)selection is supported, the main problem is how to determine the real-time cell center since the serving cell center is always moving in earth moving scenrio. According to the discussion for RRC_CONNECTED UE, it was already agreed that:
Agreements in RAN2#112
3.	Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.

Agreements in RAN2#114e
1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.
1. The reference location for the event description is defined as cell center.
Based on the above agreements, it means the UE capability should support calculating the real-time cell center in earth moving scenario. If the UE capability supporting the calculating the real-time cell center, there is no reason to prohibit introducing location based cell (re-)selection for IDLE/INACTIVE UE.
[bookmark: _Ref77692991][bookmark: _Ref78982232]Proposal 6: For earth moving scenario, location based cell (re-)selection can also be introduced, and how to calculate the real-time cell center can be further discussed.
Whether cell type should be considered during cell (re-)selection?
With the introduction of NTN, the cells can be classified into the following types:
· TN cell;
· Earth fixed cell served by LEO;
· Earth moving cell served by LEO;
· Earth fixed cell served by GEO.
When performing cell (re-)selection, if more than one type of cell can be detected, whether there is cell (re-)selection priority? During the last RAN2 meeting, some companies think TN cell always prioritized over NTN cell and some companies think earth fixed cell always prioritized over earth moving cell.
According to the function division between AS and NAS in RRC_IDLE and RRC_IANCTIVE state as specified in Table 4.2-1 of [1], the NAS layer is responsible for PLMN selection. But till now, it is still unclear whether TN and NTN, LEO and GEO will use same or different PLMN. Hence, in order to make clear whether cell type should be considered during cell (re-)selection in AS layer, it had better send LS to CT1 to check how the PLMN is assigned for TN and NTN, LEO and GEO.
[bookmark: _Ref77692997]Proposal 7: Send LS to CT1 to check whether TN and NTN, LEO and GEO share the same PLMN identity.
Regarding to the earth fixed cell and earth moving cell served by LEO, there seems no need to use different PLMNs for them. If the assumption is acceptable, AS layer can further discuss whether priority is needed for earth fixed LEO cell and earth moving LEO cell during cell (re-)selection. The earth fixed cell can provide longer serving time and less frequent cell re-selection and/or handover, but if it is always prioritized, its overload will be high. Hence, in this release, it had better left to UE implementation. 
[bookmark: _Ref77693000]Proposal 8: The priority of earth fixed cell and earth moving cell during cell (re-)selection can depend on UE implementation in Rel-17.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For earth moving scenario, the timing information on when a cell is going to stop serving the area can be used to trigger the cell reselection measurement, and how to calculate the UE-specific serving cell leaving time can be further discussed.
Proposal 2: The timing information on when a cell is coming is not introduced for cell reselection in NTN.
Proposal 3: At least for earth fixed scenario, location based cell (re-)selection can be considered.
Proposal 4: At least for earth fixed scenario, if location based cell reselection is used, the UE can initiate the cell reselection measurement when the distance between the UE and serving cell center is above a configured threshold.
Proposal 5: For earth fixed scenario, the serving cell center and threshold can be broadcast in serving cell’s SIB.
Proposal 6: For earth moving scenario, location based cell (re-)selection can also be introduced
Proposal 7: Send LS to CT1 to check whether TN and NTN, LEO and GEO share the same PLMN identity.
Proposal 8: The priority of earth fixed cell and earth moving cell during cell (re-)selection can depend on UE implementation in Rel-17.
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