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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #108bis, the conclusions on RRM requirements for NR NTN enhancement were captured and recorded in WF [1]. In this contribution, we herein present our views and proposals on the remaining issues in the objective ‘NTN-TN and NTN-NTN mobility and service continuity enhancements’. 
Discussion
Issue 4-1: TN to NTN cell reselection
	[bookmark: _Hlk147849822]Agreement:
· FFS: whether/how to define TN to NTN cell reselection.



To our understanding, the entire mechanism providing the NTN neighbor cell info in TN cell hasn’t been finalized in RAN2, secondly the details has not been studied. It’s most likely Rel-19 will fix it. Another issue is GNSS validity in TN cell. Valid GNSS position, as the prerequisite of operations in NTN cell, demands the UE in TN cell to initiate GNSS positioning procedure and enable GNSS position before cell reselection to NTN cell. The problematic consequence is draining battery even when the UE is in TN cell, if no enhancements are designed for it, we shall take care the issue and wait for clear interpretations from RAN2. 
Proposal 1: Deprioritize defining RRM requirements for TN-to-NTN cell reselection, at the least before the procedure is carried out by RAN2.

Issue 4-3: NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell
	Agreement:
Further discuss the requirements on time-based measurement initiation for cell reselection in earth-moving cell based on following Options:
· Option 1: For NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell, the existing RRC idle/inactive mode requirements referring to ‘t-service’ are reused.
· Option 2: Enhance the requirements on time-based measurement initiation for cell reselection in earth-moving cell
· Introduce coverage information of serving cell for helping UE to assess the available time left for cell reselection measurement before UE leaves the coverage area of serving cell
· Option 3: For earth-moving cell, time-based measurement initiation may only apply to hard satellite switch in RAN2 design. (Nokia)



As described in Option 3, RAN2 agreed that time-based measurement initiation for earth-moving cell only applies to hard satellite switch. In case of only satellite switch without cell change, the UE shall initiate satellite switch, e.g., detect and measure reference signals from the target satellite starting from a time instant, e.g., t-service in hard switch. t-service herein as the time for the UE indicating stopping measurements on the serving/source satellite and starting measurements on the serving/source satellite, the time instant has not relationship with serving cell coverage.

Proposal 2: In hard satellite switch, no need to enhance the time-based measurement initiation in earth-moving cell. In other cases, we don’t preclude possible enhancements however it depends on time plan of WI. 

Issue 4-4: NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell
	[bookmark: _Hlk147849842]Agreement:
· For NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell, RAN4 to define the requirements based on the existing requirements on ‘4.2C Cell Re-selection for NR UE for Satellite Access,’ and introduce a new definition of reference location and an extra location margin.



For cell reselection in Earth moving cell, the reference location with respect to the projection on earth by the satellite varies with time. UE shall be able to keep the track of reference location by the implementation of various estimations and evaluations, otherwise the entire mechanism is invlaid. But, limited by UE’s capability, the distance error determined by UE may be unneglectable and different from that in Earth fixed cell.
Quote referenceLocation IE for quasi-Earth cell in SIB19 message as follows. If referenceLocation by extension for earth-moving cell indicates measurement initiation in same way, we don’t observe the necessity of amendment to current requirements in clause 4.2C, TS 38.133 for Earth-moving cell.

	SIB19 field descriptions 

	distanceThresh 
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m. 

	ntn-Config 
Provides parameters needed for the UE to access NR via NTN access such as Ephemeris data, common TA parameters, k_offset, validity duration for UL sync information and epoch. 

	ntn-NeighCellConfigList, ntn-NeighCellConfigListExt 
Provides a list of NTN neighbour cells including their ntn-Config, carrier frequency and PhysCellId. This set includes all elements of ntn-NeighCellConfigList and all elements of ntn-NeighCellConfigListExt. If ntn-Config is absent for an entry in ntn-NeighCellConfigListExt, the ntn-Config provided in the entry at the same position in ntn-NeighCellConfigList applies. 

	referenceLocation 
Reference location of the serving cell provided via NTN quasi-Earth fixed system and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. 

	t-Service 
Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it is currently covering. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field. 



Proposal 3: No need to introduce new cell reselection requirements for earth-moving cell since that referenceLocation for earth-moving cell only indicates initiating measurement but no impact current measurement delay requirements in ‘Clause 4.2C Cell Re-selection for NR UE for Satellite Access’. 
Proposal 4: Extra location margin for or earth-moving cell may be implemented in performance part. Core part doesn’t need to take it into account.

Issue 5-1: NTN to NTN RACH-less (C)HO
	Agreement:
· RACH-less handover delay requirement consists of ‘RRC procedure delay + Interruption time,’ i.e. = TRRC + TInterrupt, where  TInterrupt = Tprocessing + Tsearch + T∆ + Tmargin + TIU.
· Tsearch: the definition and values are the same as that in 6.1C.1.2.2 in NTN HO. 
· Tprocessing: the definition and values are the same as that in 6.1C.1.2.2 in NTN HO.
· T∆: the definition and values are the same as that in 6.1C.1.2.2 in NTN HO.
· Tmargin: the definition and values are the same as that in 6.1C.1.2.2 in NTN HO.
· TIU is 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 no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running.
· The RACH-less handover delay requirement applies to 
· both known and unknown cases
· both intra-satellite and inter-satellite handover cases
· both intra-frequency and inter-frequency target cell cases
· The RACH-less handover delay requirement is applicable only when the UE is provided with all essential information of the target satellite as the existing NTN handover requirement, i.e.
· (from 6.1C.1.2 of TS38.133) The requirements apply provided that UE has the valid and applicable parameters of ephemeris information, common TA, DL and UL Polarization information, K offset , and K mac  for target NR SAN cell during D handover, otherwise interruption time may be longer than the requirements in clause 6.1C.1.2.2.



Cite the below agreements on RACH-less HO in RAN2 #123bis meeting, it can be observed that:
· No fallback to RACH-based HO
· The RACH less HO completion is determined by the UE of successful reception of its first UL data.
· Can be either DL assignment or UL grant addressed to same HARQ process for the "new transmission".
To RAN4 RRM requirement, the first UL transmission in the target cell still is valid as the end of handover interruption time. 
	· Upon T304 expiry, the UE does not fallback to RACH-based HO.
· Preallocated UL grant must be configured with an associated RSRP threshold.
· UE relies on T304 and RRC Re-establishment procedure to address RACH-less HO failure in Rel-18 NTN (as in LTE). No new NTN-specific enhancements are introduced. If TAT expires, the UE follows the legacy procedures, regardless of the RACH-less HO configuration. RAN2 understands that the NW can ensure a proper configuration for TAT and T304 values (up to NW implementation, no need to capture this in the specs). 
· As for RACH-less LTM, for RACH-less NTN, the UE determines successful reception of its first UL data based on receiving a PDCCH addressing the UE's C-RNTI in the target cell scheduling a new transmission as first UL transmission. Can be either DL assignment or UL grant addressed to same HARQ process for the "new transmission". RAN understands this does not exclude the possibility to use a Contention Resolution MAC CE but this will not be used as a determination of the RACH less HO completion



Proposal 5: regarding the TIU, keep agreement that ‘TIU can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH’, but remove ‘PRACH if no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running’.

Issue 5-2: NTN to NTN Satellite switching without PCI change
	Agreement:
· For satellite switching without PCI change, 
· define requirements for both hard and soft switch scenarios.
· TBD on how to define hard/soft satellite switch without PCI change (which will be determined mostly based on further clarification expected to be made by RAN2)
· define requirements for PRACH-based and for without RACH performed solution.
· The above does not necessarily mean that a common requirement formula cannot be defined. e.g. requirements for each case can be represented by a common formula with different definitions of respective components.
· Starting point of the interruption time for the switch is t-Service, FFS other starting point needs to be considered for other cases depending on RAN2 progress
· Ending point of the interruption time for the switch is PRACH transmission for PRACH-based case and [first UL transmission excepting PRACH for without RACH performed solution]
· Interruption time for the hard switch is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = [Trs] ms 
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
· FFS Interruption time for soft switch
· FFS on
· whether/how to define requirements resulting from separate link switch time instances for UL and DL. 
· Note: the starting and ending may be revisited depending outcome of discussions
· whether/how to define UE behavior (e.g. skipping/relaxation of L1/L3 measurement and evaluation) during the switch.



We cite the below agreements on unchanged PCI in RAN2 #123bis meeting.
	· We don’t consider the impact on Rel-17 UEs behavior (or Rel-18 UEs not supporting unchanged PCI) when defining the Rel-18 unchanged PCI solution
· Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling
· RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system
· Only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. FFS on exact signalling
· SMTC configuration of target satellite needs further discussion:
· FFS on whether and how to provide the SMTC configuration of target satellite.
· FFS on how to handle the SMTC adjustment. 
· We support soft satellite switching in Rel-18
· There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
· At least soft satellite switching, network provides SSB information of target satellite to UE. FFS on the details: options include e.g. indicating a time offset/information or indicating a different SSB index for the target satellite (FFS for Hard satellite switch)
· In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
· We introduce a T-start which indicates the earliest occasion when the UE can start synchronizing with target satellite (actual signalling is FFS). In soft switch scenario, T-start of target satellite is earlier than T-service of source satellite (FFS if T-start is also used for hard satellite switch)
· For soft satellite switching, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is up to UE implementation.
· UE is not required to connect to source satellite when the UE switches to target satellite.



In hard switch, the interruption time including start, duration and end is agreed in essence. 
Different from hard switch, soft switch has not explicit the start time from network perspective, instead T-start indicates the earliest occasion when the UE can start synchronizing with target satellite. As a result, the start time of interruption time of soft switch in fact is up to UE, and the UE is not required to connect to source satellite when the UE switches to target satellite upon the start time. One consequence is that the network doesn’t know the exact time when UE disconnects the source satellite, of course the network can re-connect the UE through UL transmission to the target satellite.
Yet it’s worth noting that since RAN2 agreed that the source cell will provide necessary sync. information of the target satellite before satellite switching, the UE is able to gain the uplink synchronization to the target satellite upon starting satellite switch.
Proposal 6: In soft switch, the start point of interruption time is the time when the UE starts searching the target satellite after T-start and it’s up to UE; the end point of interruption time is identical with that in hard switch, i.e., the first UL transmission.
Proposal 7: The interruption time definition of soft switch is same as that of hard switch, i.e., Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin.

In either soft switch or hard switch, the UE isn’t able to continue measuring the serving cell during a transit time period, particularly, after the source satellite (operating the serving cell) stops service and before target satellite (operating the serving cell) starts service. Such that the requirements on measurements of serving cell in the time period shall be updated accordingly. In addition, it also appears that the UE doesn’t need to continue measurements on neighbor cells during such transit time period. 
Proposal 8: During hard switch, starting from T-service if no extra gap is provided, the UE shall skip or deprioritize measurements on serving cell and neighbor cells.
Proposal 9: During soft switch, the UE may start searching the target satellite after T-start, such that the UE shall skip or deprioritize measurements on serving cell and neighbor cells after T-start.
Conclusion
Proposal 1: Deprioritize defining RRM requirements for TN-to-NTN cell reselection, at the least before the procedure is carried out by RAN2.
Proposal 2: In hard satellite switch, no need to enhance the time-based measurement initiation in earth-moving cell. In other cases, we don’t preclude possible enhancements however it depends on time plan of WI. 
Proposal 3: No need to introduce new cell reselection requirements for earth-moving cell since that referenceLocation for earth-moving cell only indicates initiating measurement but no impact current measurement delay requirements in ‘Clause 4.2C Cell Re-selection for NR UE for Satellite Access’. 
Proposal 4: Extra location margin for or earth-moving cell may be implemented in performance part. Core part doesn’t need to take it into account.
Proposal 5: regarding the TIU, keep agreement that ‘TIU can be a configured grant based PUSCH, dynamic grant based PUSCH, SR on PUCCH’, but remove ‘PRACH if no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running’.
Proposal 6: In soft switch, the start point of interruption time is the time when the UE starts searching the target satellite after T-start and it’s up to UE; the end point of interruption time is identical with that in hard switch, i.e., the first UL transmission.
Proposal 7: The interruption time definition of soft switch is same as that of hard switch, i.e., Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin.
Proposal 8: During hard switch, starting from T-service if no extra gap is provided, the UE shall skip or deprioritize measurements on serving cell and neighbor cells.
Proposal 9: During soft switch, the UE may start searching the target satellite after T-start, such that the UE shall skip or deprioritize measurements on serving cell and neighbor cells after T-start.
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