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In Rel-18 NTN enhancement WI [1], the objectives on NTN-TN mobility are described as follows:
	· NTN-TN and NTN-NTN mobility and service continuity enhancements
This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]


In this contribution, we focus on the cell reselection enhancements for RRC IDLE/INACTIVE UEs to reduce UE power consumption and, the cell reselection enhancements for earth moving cell.
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The various technical aspects related to the NTN-TN and NTN-NTN mobility and service continuity enhancements were intensively discussed in Rel-17 NTN SI/WI phase. However, due to lack of time in Rel-17 NTN, the timing and location based CHO (Conditional handover) and cell re-selection procedure for earth-fixed cell have been specified targeting mainly for the NTN-NTN mobility scenario where the fluctuation of received signal strength is in general stable compared to TN mobility scenarios. 
· Timing based cell re-selection: a NTN network may provide UEs with time information (t-Service) in case a serving cell will be changed. Then, UEs can start to measure neighbor cells for cell re-selection before t-Service. 
· Location based cell re-selection: a UE can measure the neighbor cells for the cell re-selection when the distance between the UE and the reference location is larger than a distance threshold.
Cell reselection enhancements for RRC IDLE/INACTIVE UEs to reduce UE power consumption
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[bookmark: _Ref110870386]Figure 1. NTN-TN co-existence scenario
In Rel-17 NTN, RAN2 agreed that TN cells can be configured with a higher priority over NTN cells for cell reselection, because TN cells would in general provide UEs with better channel conditions and lower latency than NTN cells. In that, during cell reselection, a UE selects TN cells with higher priority in NTN-TN co-existence scenario as seen in Figure 1. In this scenario, the three UEs (UE 1, 2, 3) in Figure 1 always try to measure firstly neighbor TN cells which are provided by system information, even if there are no neighbor TN cells near the UEs. This will cause serious power consumption at UE side. And, to minimize the power consumption in RRC Idle/Inactive mode is one of the important design factors. Therefore, it should be discussed what solution needs to be specified to reduce the power consumption in Rel-18 NTN enhancements.
The location based cell reselection mechanism which is discussed in Rel-17 NTN can be a baseline to reduce power consumption. The Rel-17 NTN location based cell reselection mechanism is operated based on the reference location of serving cell and the location of UE. To adopt this mechanism in Rel-18 NTN, the reference location of serving cell can be replaced with the reference location of a TN cell or cluster of TN cells or a specific area. Thus, we think that an additional distance based cell measurement rule for cell re-selection is a way to reduce power consumption. For example, UE may not measure TN cells when the distance between UE and the reference location of a TN cell (which can be cluster of TN cells or a specific area) is greater than a threshold. This method can be applied to both earth-moving and fixed cells because the reference location is fixed in terrestrial.
Proposal 1: Introduce additional distance based cell measurement rules for RRC Idle/Inactive UEs to reduce power consumption 
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[bookmark: _Ref110946571]Figure 2. NTN-TN co-existence scenario
In the above, we show our view on NTN→TN scenario for power saving, in that, UE camps on the NTN cell. Also, from our point of view, cell reselection enhancement in TN→NTN scenario can be considered for RRC Idle/Inactive UEs to reduce power consumption. 
	3GPP TS 38.304, 5.2.4.2 Measurement rules for cell re-selection
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; 
· 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.


In Figure 2 and the current specification [2], if a UE is camping on a TN cell with high priority and received RSRP and/or RSRQ of serving cell are lower than the threshold (SnonIntraSearchP and SnonIntraSearchQ), the UE shall perform measurement of NTN cells with equal or lower priority even if there are neighbor TN cells (highlighted). In this case, the UE always measures NTN cells at the TN cell edge and this will cause power consumption. If cell measurement restriction is adopted, UEs can reduce power consumption. In our point of view, some restriction candidates could be used as follows:
· TAC (Tracking area code)
· Cell ID (Cell identity)
· RAC (RAN-area code)
The restriction candidates (TAC, Cell ID and/or RAC) dependent on a specific cell could be considered in measurement rules. These restriction candidates could be used for UE to decide whether to perform measurement of NR inter-frequency cells of equal or lower priority. Network may provide the restriction candidates list to UE to restrict measurement of NTN cell. In other words, UE may choose not to perform measurement of NR inter-frequency cells of equal or lower priority even if RSRP and/or RSRQ of serving cell are lower than the threshold when the TAC, Cell ID and/or RAC of serving cell is in the restriction candidates list.
Proposal 2: We kindly ask RAN2 to discuss NTN cell measurement restriction
Proposal 3: If RAN2 decides the NTN cell measurement restriction, some restriction candidates could be as follows:
· TAC (Tracking area code)
· Cell ID (Cell identity)
· RAC (RAN-area code)

Cell reselection enhancements for earth moving cell
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[bookmark: _Ref110949220]Figure 3. Reference location update
As discussed in Rel-17 NTN and for Rel-18 NTN WID, timing and location based cell reselection for earth moving cell can be considered as starting point. In Rel-17 NTN, timing and location based cell reselection for earth moving cell was not agreed due to satellite moving. It means that if the reference location is fixed on time [T1, T2] in Figure 3 then UE 2 may choose not to perform measurement of NR inter-frequency because the distance between UE 2 and the reference location is smaller than the distance threshold. To solve this problem, we think that the reference location needs to be updated. i.e., UE applies different reference locations at different times.
Proposal 4: Introduce reference location update scheme for cell reselection enhancements for earth moving cell
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[bookmark: _Ref110950869]Figure 4. UlSyncValdityDuration
We think that timer based reference location update could be applied easily. In Figure 4, the parameter (UlSyncValidityDuration) is introduced to update parameters related to the UL Synchronization (TA Common, Ephemeris). UE starts UlSyncValidityDuration from the Epochtime (SFN & Subframe) which is the uplink time synchronization reference point. UE should attempt to re-acquire SIB19 (NTN specific SIB) before the end of the UlSyncValidityDuration. Like this, UlSyncValidityDuration can be re-used to update the reference location which is broadcasted by SIB19. Also, a new timer (e.g., Reference location update timer) can be considered to update the reference location.
Proposal 5: Introduce timer based reference location update
· Option 1: Reuse the UlSyncValidityDuration
· Option 2: Define a new timer (e.g., Reference location update timer)
Conclusion
In this contribution, we discussed cell re-selection enhancement in idle/inactive mode. According to discussion in section 2, we have the following proposals:
Proposal 1: Introduce additional distance based cell measurement rules for RRC Idle/Inactive UEs to reduce power consumption 
Proposal 2: We kindly ask RAN2 to discuss NTN cell measurement restriction
Proposal 3: If RAN2 decides the NTN cell measurement restriction, some restriction candidates could be as follows:
· TAC (Tracking area code)
· Cell ID (Cell identity)
· RAC (RAN-area code)
Proposal 4: Introduce reference location update scheme for cell reselection enhancements for earth moving cell
Proposal 5: Introduce timer based reference location update
· Option 1: Reuse the UlSyncValidityDuration
· Option 2: Define a new timer (e.g., Reference location update timer)
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