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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#111-e meeting, the issues of IDLE/INACTIVE mode were initially discussed and reached the following agreements:
Agreements:
1. Cell selection / reselection in NR is the baseline in NTN idle mode procedure.
2. Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN
3. The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).

Agreements via email - from offline 106:
1. The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
2. The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.
3. Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.
In RAN2#112-e meeting, the following agreement was reached:
Agreements:
· Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.
In this contribution, we will further discuss the remaining issues for IDLE and INACTIVE Mode.
Discussion
TN/NTN priority
On the last RAN2 meeting, there are many contributions discussed the TN/NTN priority. Regarding to this issue, our understanding is that:
· If TN and NTN cell belonging to different PLMN, when UE power on, it will select only one PLMN in the NAS layer; and then, it can performs cell selection/reselection within the selected PLMN. 
· If TN and NTN cell belonging to the same PLMN, when UE performs the cell selection/reselection, it should considered the TN/NTN priority. Regarding to TN/NTN priority, many solutions were proposed on the last RAN2 meeting:
· 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, not a common solution for cell selection; and 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, it can result the TN cell with heavy load; while the NTN cell with light load. Hence, in this release, it had better leave it to UE implementation.
[bookmark: _Ref59547890][bookmark: _Ref59547894][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 1: If TN/NTN belonging to different PLMN, the NTN/TN priority during cell selection/reselection should be handled in NAS layer.
[bookmark: _Ref59547904]Proposal 2: If TN/NTN belonging to the same PLMN, the NTN/TN priority during cell selection/reselection should be handled in NAS layer and it can be left to UE implementation.
LEO/GEO priority
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 belonging to different PLMN, when UE power on, it will select only one PLMN in the NAS layer; and then, it can performs cell selection/reselection within the selected PLMN. 
· If LEO and GEO belonging to the same PLMN, when UE performs the cell selection/reselection, it 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.
[bookmark: _Ref59547907]Proposal 3: If LEO/GEO belonging to different PLMN, the LEO/GEO priority during cell selection/reselection should be handled in NAS layer.
[bookmark: _Ref59547911][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 4: If LEO/GEO belonging to the same PLMN, the LEO/GEO priority during cell selection/reselection should be handled in AS layer and it can be left to UE implementation.
Cell selection/reselection measurement initiation
According to [1], the measurements for cell re-selection include intra-frequency, inter-frequency and inter-RAT frequency measurement. Considering LTE does not support NTN, hence inter-RAT frequency measurement is not discussed here.
Regarding to intra-frequency cell reselection measurement, for TN system, according to the current spec, if the serving cell fulfills the Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements; otherwise, the UE shall perform intra-frequency measurements. But for NTN system, considering 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, if applying the intra-frequency cell reselection measurement initiation condition of TN system to NTN system, UE may miss the cell reselection, which may impact the UE experience. Hence, the intra-frequency measurement for cell reselection initiation condition in NTN system should be enhanced. One possible method is to initiate the intra-frequency measurement based on UE location, e.g., the UE can determine the distance between UE position and the serving cell center, if it is above a threshold, and it can initiate the intra-frequency cell reselection measurement.
Regarding to the inter-frequency cell reselection measurement, two cases can be considered:
· If the inter-frequency with a reselection priority higher than the reselection priority of the current NR frequency, UE shall perform measurement on the higher priority NR inter-frequency. No enhancement on measurement initiation is needed. 
· [bookmark: OLE_LINK10][bookmark: OLE_LINK9][bookmark: _GoBack]If the inter-frequency with a reselection priority equal or lower than the current NR frequency, if the serving cell fulfills Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, inter-frequency measurement will not be performed.  Due to the similar reason as discussed in intra-frequency cell reselection measurement, UE location can be considered as a condition for initiating the inter-frequency measurement.
[bookmark: _Ref59547914]Proposal 5: For NTN system, UE location based intra/inter-frequency cell reselection measurement initiation should be considered.
UE location based cell selection/re-selection
According to the agreement reached on RAN2#111-e meeting, one open issue is that whether the UE location should be considered for determining the target cell when performing cell selection/reselection?
Regarding to this issue, the analysis can be performed for cell selection and reselection separately:
· For cell selection, to accelerate the cell selection procedure, UE may use ephemeris data together with the UE location info to determine the target cell for camping. E.g., the UE can determine the distance between UE position and the cell center of each detected NTN cell and choose the cell with the shortest distance to camp.
· For cell reselection, if more than one target cell meet the cell reselection condition, UE can also use the ephemeris data and UE location to select the target cell for cell reselection. E.g., the UE can determine the distance between UE position and the cell center of each detected NTN cell and re-select to the cell with the shortest distance.
[bookmark: _Ref53584373]Proposal 6: UE location should be considered for determining the target cell during the cell selection/reselection procedure.
Cell re-selection priority configuration
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]On the RAN2#111-e meeting, it was agreed that the existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement. 
According to the current NR Uu design, the cell reselection priority can be provided to UE via system information or RRCRelease message. 
· If it is delivery through RRCRelease message, it is feasible to configure different cell reselection priority for NTN UE, which depends on the network implementation. No specification effort is needed.
· If it is delivery through SIB, whether NTN UE specific priority handling can be configured depends on how the PLMN ID is designed:
·  If separate PLMN ID is used for NTN, whether NTN UE specific priority is configured also depends on network implementation, no specification effort.
· If same PLMN ID is used for TN and NTN, considering NTN cell’s coverage is very large and it may cover many TN cells. Considering different TN cell may have different neighbor frequencies, hence the cell reselection frequency priority may be different in different TN cell. And the cell reselection frequency priority for TN and NTN cell may also be different. For a UE supporting both TN and NTN, it may have confusion on the cell reselection priority. Hence, it had better not apply NTN-specific priority handling in this case.
[bookmark: _Ref53584376]Proposal 7: No enhancement is needed for the existing cell reselection priority configuration.
System information
Regarding to the system information, two issues needs to be addressed:
· Issue 1: Whether the network type should be indicated to UE in an implicit or explicit way in the system information?
· Issue 2: What should be contained in the ephemeris data?
· Issue 3: How many TAC should be broadcasted per PLMN in SIB1?
Regarding to issue 1, knowing the network type is benefit for the cell selection/reselection procedure. The network type may contain the following information: NTN or TN, GEO or LEO, earth moving cell or earth fixed cell. 
Regarding to NTN/TN identification and GEO/LEO identification, it can be implicit indicated by ephemeris data. Regarding to the earth moving and earth fixed cell, according to the email discussion, there is no UE different behaviours are identified. Hence, explicit indication of network type is unnecessary.
[bookmark: _Ref53584381]Proposal 8: The network type (NTN/TN, LEO/GEO) can be implicit indicated by network.

Regarding to issue 2, there are two alternatives list in the summary of the offline 106:
· Option 1: Orbital parameters (including orbital plane parameters and satellite level parameters);
· Option 2: The satellite in coordinates (x, y, z), e.g. ECEF coordinates.
In our understanding, the ephemeris format will be determined by the required accuracy, signalling overhead and application scenarios. 
Using Orbital parameters would help UE to derive satellite position in a long time. This is very useful for UE to conduct initial satellite search in the initial access stage if UE is awake after long time sleep.  But the typical drawbacks of orbital parameters based ephemeris include signalling overhead, rough accuracy and high computation complexity. Actually if with more frequent broadcasting for orbital parameters, the derived satellite position is accurate enough.
Using PVT ephemeris may need frequent broadcasting, though it owns high accuracy in one moment. For LEO case, the PVT information aging is worse compared to orbital parameters. From technical point of view, orbital parameter based ephemeris type is equivalent with PVT based ephemeris. The essential difference is just relying on which side to make final position calculation. 
Depending on application scenarios, the combination of two types of ephemeris information can be considered. For example, in the initial access stage, orbital parameter is more effective, but in the RRC connected mode, PVT information is much simpler to reduce UE computation complexity.
[bookmark: _Ref53584384]Proposal 9: Both orbital parameters and ECEF coordinates can be adopted in Rel-17 for different application scenarios.

Regarding to issue 3, according to [1], tracking area code is included in SIB1 to indicate the tracking area the cell belongs to. In the last RAN2 meeting, there are mainly two alternatives for the broadcasting the TAC in SIB1:
· Option 1: multiple TACs are indicated per PLMN;
· Option 2: only one TAC is indicated per PLMN.
In NR, when UE performs registration, “registration to multiple tracking areas” is supported. That is to say when UE performs registration, the AMF can allocate a TAI list to UE in the registration accept message. The TAI list can contain at most 16 TAIs. In this case, even if only one TAC is indicated per PLMN in SIB1, the UE does not need to perform registration area update as long as the TAC of its neighbor cells are still belonging to the TAI of the TAI lists. It will not increase the registration area update signaling overhead. Hence compared with Option 2, Option 1 has no gain on reducing the registration area update signaling overhead. 
On the contrary, Option 1 will significantly increase the paging overhead and the number of SI update procedure.  Hence, Option 1 should be excluded.
[bookmark: _Ref53584388]Proposal 10: Only one TAC is indicated per PLMN in SIB1.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: If TN/NTN belonging to different PLMN, the NTN/TN priority during cell selection/reselection should be handled in NAS layer.
Proposal 2: If TN/NTN belonging to the same PLMN, the NTN/TN priority during cell selection/reselection should be handled in NAS layer and it can be left to UE implementation.
Proposal 3: If LEO/GEO belonging to different PLMN, the LEO/GEO priority during cell selection/reselection should be handled in NAS layer.
Proposal 4: If LEO/GEO belonging to the same PLMN, the LEO/GEO priority during cell selection/reselection should be handled in AS layer and it can be left to UE implementation.
Proposal 5: For NTN system, UE location based intra/inter-frequency cell reselection measurement initiation should be considered.
Proposal 6: UE location should be considered for determining the target cell during the cell selection/reselection procedure.
Proposal 7: No enhancement is needed for the existing cell reselection priority configuration.
Proposal 8: The network type (NTN/TN, LEO/GEO) can be implicit indicated by network.
Proposal 9: Both orbital parameters and ECEF coordinates can be adopted in Rel-17 for different application scenarios.
Proposal 10: Only one TAC is indicated per PLMN in SIB1.
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