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1. Introduction
At RAN4#110 meeting, RAN4 finalized the core part work for NTN enhancements including above 10GHz, NW verified UE location and NTN mobility enhancements. Specifically, the progress made for NTN mobility enhancements were captured in latest WF [1]. In this contribution, we will continue to provide our views on the remain issues left for maintenance.
2. Discussion
2.1 Idle/Inactive mode mobility enhancements 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2.1.1	NTN to TN cell reselection
	Issue 4-2: NTN to TN cell reselection
Agreement: (ad-hoc agreement)
· Requirement applicability
· Only inter-frequency cell reselection from NTN in FR1-NTN to TN
· FFS inter-RAT cell resection
· Measurement requirements on cell reselection from NTN to NR TN (inter-frequency)
· Remove HST components.
· Remove HST components if inter-RAT considered in Rel-18 



According to RAN2 design on NTN to TN cell reselection, both of the NR TN coverage and EUTRA TN coverage can be provided in the SIB information. When EUTRA TN coverage information is broadcast to UE, UE performs measurements for cell reselection on EUTRA cell once UE is in the coverage of this TN frequency, for which is similar to NR TN cell case. Therefore, from requirement applicability perspective, the inter-RAT case needs to be considered in Rel-18 as well.
Proposal 1: For requirement applicability on NTN to TN cell reselection, inter-RAT cell reselection case from NTN to EUTRA TN cell needs to be considered in Rel-18.
2.2 Connected mode mobility enhancements 
2.2.1	‘Soft’ Satellite switch

	Issue 5-2-S1: (‘Soft’ Satellite switch) RAN2 LS on soft satellite switch
Agreement: (ad-hoc agreement – details for LS reply is separately discussed/approved, ledy by Apple)
· It is feasible that a soft satellite switch capable UE can perform downlink synchronization with the target NGSO satellite and keep the connection (DL and UL) with the source NGSO satellite simultaneously under the following conditions.
· Only if SSBs from the two satellites are spaced apart from each other at least by [1 OFDM symbol] in the time domain at UE Rx side.
· [If the UE not capable of parallelMeasurementWithoutRestriction-r17 then scheduling restriction shall be expected within the duration from Tstart to T service.]
Agreement: 
Further discuss on the solutions of alleviating the scheduling restriction problem can be further discussed in maintenance phase. 
Online Agreement:
· Tsearch
· Tfirst_SSB [ms], where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by 
· SMTC of serving cell + ssb-TimeOffset + PDD propagation difference 
· TIU (ending point of interruption is at TIU)
· The interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling, or PRACH if TA timer is not running and there is no PUCCH SR
· Note: Anything not compliant with RAN2 spec, if identified, will be removed.
· T∆: Same as the existing requirements
· Tmargin: Same as the existing requirements
· Further discuss whether UE is allowed to skip or deprioritize measurements on the serving cell and neighbor cells from T-Start in maintenance phase



Based on the agreement on delay requirement on soft satellite switch, the interruption on soft switch for processing only starts after t-service. Before interruption time, UE shall hold on the connection (DL and UL) with the source NGSO satellite simultaneously. To maintain the normal connection with source satellite, the measurements on the serving cell is still required from t-starts to t-service. Therefore, we suggest not to consider further optimization on skipping/deprioritizing measurements on serving cell before source satellite stops serving. 
Whereas for the measurements on neighbor cells, in order to align with the corresponding time point defined in the hard switch, we can define that UE is allowed to skip measurements on other cells and satellites once UE starts to perform sync with target satellites to the satellite switch completion.
Proposal 2: RAN4 not to consider the optimization on UE behavior of skipping measurements on serving cell during the time gap from t-start to t-service.
Proposal 3: For soft switch, the UE is allowed to skip measurements other cells and satellites than the target satellite from UE starts to perform downlink synchronization with the target NGSO satellite to the satellite switch completion
Besides, compared with hard switch, the synchronization is initiated before T-service, at this point the target satellite has been detectable. It is possible that target cell has become the known cell as long as it has been meeting the relevant cell identification requirement during the last 5 seconds before UE starts synchronizing with target satellite. Therefore, we suggest to define known case for soft switch case. 
Proposal 4: For soft switch requirement, RAN4 to define known case and correspondingly Tsearch shall be 0 ms if the target cell is known
2.2.2	NTN to NTN RACH-less (C)HO
	Issue 5-1: NTN to NTN RACH-less (C)HO
Online Agreement: (f/u can be through CRs in the future meetings)
· For RACH-less HO, 
· on PRACH in TIU
· Leave TIU as is. RAN4 to add back PRACH to TIU if supported by RAN2 spec in maintenance phase, e.g.
· PRACH if TA timer is not running and there is no PUCCH SR
· PRACH if no valid configured grant based PUSCH is found
· Remove SR on PUCCH from TIU
· RAN4 to add back it to TUE if supported by RAN2 spec in maintenance phase.
· For RACH-less CHO, 
· The requirement for time-based CHO can be the baseline, with the following modification on TIU
· For combination of RACH-less handover with time-based conditional handover, TIU can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH, according to NW configuration and scheduling.



On the ending point for NTN to NTN RACH-less (C)HO, according to the following description in TS38.321, the Random access will be triggered when the configured uplink grant is not valid. Based on this, the first UL transmission is possible to be the PRACH for both RACH-less HO and CHO. Therefore, RAN4 needs to add back PRACH to TIU.
	For an uplink grant configured for configured grant Type 1 for RACH-less handover, when RACH-less handover is triggered and not terminated, for each configured uplink grant valid according to TS 38.214 [7] for which the above formula is satisfied, the MAC entity shall:
1>	if, after the initial transmission of RACH-less handover has been performed according to clause 5.4.1 and 5.33, PDCCH addressed to the MAC entity's C-RNTI has not been received:
2>	if the SSB corresponding to the configured UL grant has the same SSB index as the SSB selected for the initial transmission of RACH-less handover (i.e., retransmission of initial transmission of RACH-less handover):
3>	select this SSB;
3>	indicate the SSB index corresponding to the configured uplink grant to the lower layer;
3>	consider this configured uplink grant as valid.
1>	else if at least one SSB corresponding to the configured uplink grant with SS-RSRP above cg-RRC-RSRP-ThresholdSSB is available:
2>	select an SSB with SS-RSRP above rach-less-RSRP-ThresholdSSB amongst the SSB(s) associated with the configured uplink grant;
2>	indicate the selected SSB index to the lower layer;
2>	consider this configured uplink grant as valid.
1>	else:
2>	consider this configured uplink grant as not valid;
2>	initiate Random Access procedure in clause 5.1.



Proposal 5: RAN4 to add back PRACH to TIU for the delay requirements on NTN to NTN RACH-less (C)HO, as described below:
· PRACH if no valid configured grant based PUSCH is found

2.2.3	NTN to NTN location-based trigger CHO enhancements
For the NTN to NTN location-based trigger CHO enhancements, according to following RAN2 agreements, the earth-moving cell scenario is also considered. Correspondingly, the measurement event in EMC in introduced. From RAN4 perspective, this part of requirement also needs to be specified.
	· Agreements (for CHO in EMC) in RAN2#124 meeting:
· For CHO in EMC a new event (e.g. condEventD2) is introduced.
· New event comprises a reference location and distance threshold for source and target cell.
· Ephemeris and epochTime information for candidate CHO cell is also provided in RRC Reconfiguration (configuring the CHO) within the configuration prepared by the source cell (outside of the new event).
· If ephemeris and epochTime information for candidate CHO cell is not provided in RRC Reconfiguration, the UE may use the corresponding neighbour information from SIB19.
· Agreements (for CHO in EMC) in RAN2#125 meeting:
· We go for option 3, reverting the agreement from the last meeting, which is replaced by: for the EMC case, ephemeris and epochTime information for candidate CHO cell need to be provided in RRC Reconfiguration
· Make the relevant fields conditionally mandatory in ASN.1 (i.e. for the EMC case)
· For serving cell reference location evaluation for condEventD2, besides the reference location the UE also receives the reference time from dedicated signalling and serving satellite ephemeris (and corresponding Epoch time) from SIB19.
· For condEventD2 evaluation, the UE always relies on the ephemerisInfo, epochTime and associated movingReferenceLocation in SIB19 for serving cell. (the description of movingReferenceLocation needs to be updated accordingly and reference location1 removed from dedicated signalling, TP in R2-2400250 is used as a reference). This also needs a clarification in the field description of movingReferenceLocation to indicate that if there is no associated threshold the feature is not supported for idle. 
· We go for option 2
· RAN2 understands that for CHO evaluation in EMC it’s up to UE to update the serving cell reference location based on new SIB19 acquisition (no spec impact)
· Same behaviour is adopted for IoT-NTN
· CondEventD2 is only applicable to moving cell to moving cell scenario



[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Specifically, in RAN2#125 meeting, it is updated that location-based conditional handover (condEventD2) applies only to moving cells or a combination of moving cell to moving cell scenario. RAN4 can correspondingly update the applicable scenario in the spec.
Proposal 6: RAN4 to define NTN to NTN location-based CHO requirements (with and without L3 measurement) for earth-moving cell scenario, specifically, the corresponding requirement is only applicable to moving cell to moving cell scenario. 
3. Conclusions
Proposal 1: For requirement applicability on NTN to TN cell reselection, inter-RAT cell reselection case from NTN to EUTRA TN cell needs to be considered in Rel-18.
Proposal 2: RAN4 not to consider the optimization on UE behavior of skipping measurements on serving cell during the time gap from t-start to t-service.
Proposal 3: For soft switch, the UE is allowed to skip measurements other cells and satellites than the target satellite from UE starts to perform downlink synchronization with the target NGSO satellite to the satellite switch completion
Proposal 4: For soft switch requirement, RAN4 to define known case and correspondingly Tsearch shall be 0 ms if the target cell is known
Proposal 5: RAN4 to add back PRACH to TIU for the delay requirements on NTN to NTN RACH-less (C)HO, as described below:
· PRACH if no valid configured grant based PUSCH is found
Proposal 6: RAN4 to define NTN to NTN location-based CHO requirements (with and without L3 measurement) for earth-moving cell scenario, specifically, the corresponding requirement is only applicable to moving cell to moving cell scenario. 
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