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1. Introduction
At RAN4#108-bis meeting, RAN4 further discussed on Rel-18 NTN mobility enhancements including NTN-NTN mobility, NTN-TN mobility, RACH-less handover and Unchanged PCI. It made some progress and the corresponding agreements were captured in latest WF [1]. In this paper, we will continue to provide our views on these aspects in more details.
2. Discussion
2.1 NTN-NTN mobility enhancements
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For time-based measurement initiation 
	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. 



In the last meeting, time-based measurement initiation in earth-moving cell was initially discussed in RAN4. To make it clear, we would like to provide our analysis as following.
	Agreement in RAN2#121bis-e meeting
For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
Agreement in RAN2#122 meeting
Re-use t-Service-r17 format for the IE used to trigger UE neighbour cell measurements prior to cell replacement due to feeder link switch. FFS whether we reuse exactly the same IE name as in R17 (updating the field description) or a new one


Upon the above conclusion from RAN2, time-based measurement initiation is used to address feeder link switch. For this case, the stop time due to feeder link switching is configured for a cell-level serving cell, which is a common value for all UEs currently camping in this cell. It is quite similar to t-service on time-based mechanism for earth-fixed cell. This is the reason why RAN2 agreed that t-service-r17 would be reused in R18. As shown in Fig.3, the stop time due to feeder link switch corresponds to the time point T3, which is irrelevant to the stop time caused by “cell coverage sliding over the earth surface”. 
Observation 1: For the ‘t-service’ which is reused in time-based cell-resection initiation in R18, it corresponds to the stop time due to feeder link switching, which is a common value for all UEs currently camping in this cell. It is irrelevant to the stop time caused by “cell coverage sliding over the earth surface”


Fig.1 time-based scenario on earth moving cell
However, as shown in Fig.1 above, except for the UEs which are still within serving area at time point T3, the UE that is at the edge of cell may leave the area in advance at time point T2 caused by ‘cell coverage sliding over the earth surface’. By contrast, the actual service time is a UE-specific value, which is relevant to UE location. 
After clarifying the difference between the actual stop time for specific UE (specified as time point T2) and the stop time due to feeder link switching (specified as time point T3), we would like to point out the potential problem if RAN4 decides to reuse the the existing RRC idle/inactive mode requirements referring to ‘t-service’. In the current requirements on time-based measurements for earth-fixed cell, the requirement applicability is through the assessment whether expected remain service time is larger than Ttrigger. As shown in Fig.1, note that the expected remain service time here refers to the time between T3 and T1. It may lead to the misalignment that, even the applicability rule is met (i.e., expected remain service time is larger than Ttrigger), UE cannot finish measurements before time point T2. 
Observation 2: Due to “cell coverage sliding over the earth surface” for earth-moving cell, the actual stop time point at which some UE leaves the area currently covered by serving cell may be earlier than the stop time due to feeder link switching.
Observation 3: If the existing requirement on time-based cell reselection measurement is reused in earth-moving cell, it may occur that UE cannot finish measurements before leaving the area currently covered by serving cell even the applicability rule is met (i.e., expected remain service time is larger than Ttrigger). 
In response to this issue, we think introducing the coverage information of serving cell is quite essential. Only with this information is provided, UE is able to assess the available service time left for cell reselection measurement and further to determine how and when to trigger the measurement. For reference, we provide the draft LS in the appendix.
Proposal 1: 
· For the case that the actual stop time point for specific UE is earlier than the stop time due to feeder link switching, RAN4 to introduce coverage information of serving cell for helping UE to assess the available service time left for cell reselection measurement. 
Proposal 2: RAN4 to send a LS to ask RAN2 to introduce the coverage information (i.e., a reference point of cell centre plus radius) of serving cell for time-based cell reselection measurement initiation.
2.2 NTN-TN mobility enhancements
· TN-to-NTN cell reselection 
	Issue 4-1: TN to NTN cell reselection
[bookmark: _Hlk147849822]Agreement:
· FFS: whether/how to define TN to NTN cell reselection.



Based on WID on NR NTN enhancements, only NTN-TN mobility is prioritized in Rel-18 as specified and correspondingly the discussion in RAN2 also mainly focus on NTN-TN mobility. Regarding whether to define RRM requirements for TN-to-NTN cell reselection, it depends on whether TN-to-NTN is supported in RAN2 since it may involve new design on how to provide neighbor NTN cell information. 
In RAN2#123-bis meeting, the related discussion was triggered, specifically on the details of how to provide NTN neighbor cell info in a TN cell, e.g., broadcast SIB19 or provided in SIB3/SIB4. There was no consensus so far and it will continue to be discussed in the next RAN2 meeting. Therefore, we prefer to suspend the discussion on whether/how to define TN-to-NTN cell reselection requirements until RAN2 design on TN-to-NTN mobility is stable.
Proposal 3: RAN4 to suspend discussion on whether/how to define TN-to-NTN cell reselection requirements until RAN2 design on TN-to-NTN mobility is stable.
2.3 Combination of RACH-less HO with time-based CHO
	Agreement in RAN2#123bis meeting
Combination of RACH-less HO with time-based CHO is supported in Rel-18 NTN for both Configured and Dynamic Grant. For the Dynamic Grant case this should be configured by the NW only when the is no risk of confusion about which beam to use (up to NW implementation).



According to the discussion in RAN2, it was agreed that the combination of RACH-less HO with time-based CHO is supported in Rel-18. Correspondingly, the time-based CHO requirements without RACH procedure needs to be specified in RAN4. Compared with existing time-based CHO requirement, RACH-less configuration is included in time-based CHO command, which is valid from T1 and is released after T2. The only difference in requirement is reflected in the definition of TIU. For reference, we provide one modification way as following, in which TIU needs to be updated as 
	For combination of RACH-less HO with time-based CHO
· TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and [10] ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3]. [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, or PRACH if no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running.]



Proposal 4: RAN4 to define requirements for combination of RACH-less HO with time-based CHO. Use the current requirements on time-based CHO as baseline and correspondingly add following description in the definition of TIU to adapt RACH-less based procedure: 
· 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, or PRACH if no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running.
2.4 Unchanged PCI
	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.



As per the conclusions in the last meeting, the delay requirements on both hard switch and soft switch would be defined in RAN4. The details would be based on progress from RAN2. For reference, we provide the latest agreements achieved in RAN2#123-bis meeting as below.
	Agreement in RAN2#123bis meeting
1.	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.
2.	There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
3.	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)
4.	In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
5.	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)
6.	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
7.	UE is not required to connect to source satellite when the UE switches to target satellite.



Based on RAN2 guidance, T-start was introduced for soft switch case, which indicates the earliest occasion when the UE can start synchronizing with target satellite. UE would start synchronizing with target satellite between T-start and T-service. and the actual starting point is up to UE implementation. Another difference compared with hard switch is, since 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 both known and unknown case for soft switch case. Correspondingly, the known condition of cell needs to be updated.
As for the solution on without RACH performed, so far there is no further progress made by RAN2, we prefer to suspend defining corresponding requirements until RAN2 procedure is stable.
Based on above analysis, we propose as following: 
Proposal 5: 
· For the requirement on Satellite switching without PCI change for soft switch case,
· Starting point of the interruption time for the switch is UE start synchronizing with target satellite
· 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]
· Both known and unknown cases need to be considered for soft switch case
· Correspondingly, the known condition of cell needs to be updated as:
In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before UE starts synchronizing with target satellite otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.4 for inter-frequency handover.
· Interruption time for the soft switch is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = 0 ms if the target cell is known, and Trs ms if the target cell is an unknown cell and the target cell Es/Iot ≥ -2 dB
· Tprocessing = 5 ms
· T∆, Tmargin are same as existing requirements
Proposal 6: As for the solution on without RACH performed, so far there is no further progress made by RAN2, RAN4 to suspend defining corresponding requirements until RAN2 procedure is stable
Furthermore, according to the RAN2 agreement#1, whether and how to provide the SMTC configuration of target satellite is under discussion in RAN2. Therefore, so far it is not clear whether SMTC periodicity of the source NR SAN cell can be reused or it would newly configure SMTC configuration of target satellite. From RAN4 perspective, it has impact on the definition of Trs in delay requirement on satellite switching without PCI change. Therefore, we added the brackets to these two alternatives in draft CR [2] for further determination.
Proposal 7: RAN4 to wait for more RAN2 decision on whether and how to provide the SMTC configuration of target satellite for Unchanged PCI scenario.
2.5 NTN to NTN time and location-based trigger CHO enhancements
	Issue 5-3: NTN to NTN time and location-based trigger CHO enhancements
Agreement:
· Define time and location-based NTN to NTN CHO requirements without L3 measurement criteria by modifying the current NTN to NTN CHO requirements.



According to the above agreement on NTN-NTN CHO enhancement, RAN4 needs to define time and location-based NTN to NTN CHO requirements without L3 measurement criteria. 
	For time-based 
DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
-	TRRC is the RRC procedure delay defined in clause 12 in TS 38.331 [2].
-	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition T1-1 is fulfilled exists at the measurement reference point which will trigger the conditional handover 
-	Tmeasure is the measurements time stated in clause 6.1C.4.2.2. The measurement time delay is defined from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
-	TCHO_execution is the UE conditional execution preparation time for conditional handover in clause 6.C1.2.2.3. 
-	Tinterrupt is the interruption time stated in clause 6.1C.2.2.4.
The conditional handover delay requirements are applied if condition T1-2 is later than the end of Tmeasure for time based CHO, or both condition D1-1 and condition D1-2 are fulfilled before the end of Tmeasure for location-based CHO, otherwise no CHO requirement is applied.



	For location-based 
DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
-	TRRC is the RRC procedure delay defined in clause 12 in TS 38.331 [2].
-	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a both condition D1-1 and condition D1-2 are fulfilled exists at the measurement reference point which will trigger the conditional handover 
-	Tmeasure is the measurements time stated in clause 6.1C.4.2.2. The measurement time delay is defined from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
-	TCHO_execution is the UE conditional execution preparation time for conditional handover in clause 6.C1.2.2.3. 
-	Tinterrupt is the interruption time stated in clause 6.1C.2.2.4.
The conditional handover delay requirements are applied if condition T1-2 is later than the end of Tmeasure for time based CHO, or both condition D1-1 and condition D1-2 are fulfilled before the end of Tmeasure for location-based CHO, otherwise no CHO requirement is applied.



Proposal 8: 
· For NTN to NTN time-based trigger CHO enhancements, the delay components shall be modified as: 
· TEvent_DU shall be updated as: 
TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until  condition T1-1 is fulfilledwhich will trigger the conditional handover
· The measurement delay Tmesure is not needed 
· For NTN to NTN location-based trigger CHO enhancements, the delay components shall be modified as: 
· TEvent_DU shall be updated as: 
TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until both condition D1-1 and condition D1-2 are fulfilledwhich will trigger the conditional handover
· The measurement delay Tmesure is not needed 
3. Conclusions
Observation 1: For the ‘t-service’ which is reused in time-based cell-resection initiation in R18, it corresponds to the stop time due to feeder link switching, which is a common value for all UEs currently camping in this cell. It is irrelevant to the stop time caused by “cell coverage sliding over the earth surface”
Observation 2: Due to “cell coverage sliding over the earth surface” for earth-moving cell, the actual stop time point at which some UE leaves the area currently covered by serving cell may be earlier than the stop time due to feeder link switching.
Observation 3: If the existing requirement on time-based cell reselection measurement is reused in earth-moving cell, it may occur that UE cannot finish measurements before leaving the area currently covered by serving cell even the applicability rule is met (i.e., expected remain service time is larger than Ttrigger). 
Proposal 1: 
· For the case that the actual stop time point for specific UE is earlier than the stop time due to feeder link switching, RAN4 to introduce coverage information of serving cell for helping UE to assess the available service time left for cell reselection measurement. 
Proposal 2: RAN4 to send a LS to ask RAN2 to introduce the coverage information (i.e., a reference point of cell centre plus radius) of serving cell for time-based cell reselection measurement initiation.
Proposal 3: RAN4 to suspend discussion on whether/how to define TN-to-NTN cell reselection requirements until RAN2 design on TN-to-NTN mobility is stable.
Proposal 4: RAN4 to define requirements for combination of RACH-less HO with time-based CHO. Use the current requirements on time-based CHO as baseline and correspondingly add following description in the 
definition of TIU to adapt RACH-less based procedure: 
· 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, or PRACH if no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running.
Proposal 5: 
· For the requirement on Satellite switching without PCI change for soft switch case,
· Starting point of the interruption time for the switch is UE start synchronizing with target satellite
· 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]
· Both known and unknown cases need to be considered for soft switch case
· Correspondingly, the known condition of cell needs to be updated as:
In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before UE starts synchronizing with target satellite otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.4 for inter-frequency handover.
· Interruption time for the soft switch is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = 0 ms if the target cell is known, and Trs ms if the target cell is an unknown cell and the target cell Es/Iot ≥ -2 dB
· Tprocessing = 5 ms
· T∆, Tmargin are same as existing requirements
Proposal 6: As for the solution on without RACH performed, so far there is no further progress made by RAN2, RAN4 to suspend defining corresponding requirements until RAN2 procedure is stable
Proposal 7: RAN4 to wait for more RAN2 decision on whether and how to provide the SMTC configuration of target satellite for Unchanged PCI scenario.
Proposal 8: 
· For NTN to NTN time-based trigger CHO enhancements, the delay components shall be modified as: 
· TEvent_DU shall be updated as: 
TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until  condition T1-1 is fulfilledwhich will trigger the conditional handover
· The measurement delay Tmesure is not needed 
· For NTN to NTN location-based trigger CHO enhancements, the delay components shall be modified as: 
· TEvent_DU shall be updated as: 
TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until both condition D1-1 and condition D1-2 are fulfilledwhich will trigger the conditional handover
· The measurement delay Tmesure is not needed 
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1. Overall description
In Rel-18, RAN2 agreed to reuse t-Service-r17 format for the IE used to trigger UE neighbour cell measurements due to feeder link switching. Here the stop time due to feeder link switching is when serving cell is scheduled to stop serving the area and it is a UE-common value.
However, due to sliding cell coverage over the earth surface, the actual stop time point for specific UE may be earlier than the provided stop time, which may cause that UE cannot finish measurements before leaving the area currently covered by serving cell. From RAN4 perspective, the time identifying neighbor cell and measuring RSRP/RSRQ should be guaranteed before the serving cell stops covering the area. To ensure that, UE needs to assess the available service time left for cell reselection measurement. After discussion, RAN4 agreed that it can be assessed by providing the coverage information to UE to calculate the distance from its location to the edge of serving cell and further assess whether all the neighbour cell measurement can be completed before UE leaves the coverage area of serving cell.
Thus, RAN4 would like to kindly ask RAN2 to provide the coverage information of serving cell to UE.
1. Actions
To TSG RAN2
ACTION: RAN4 respectfully asks RAN2 to take analyses mentioned above into account and provide the coverage information of serving cell to UE 
1. Dates of next TSG RAN WG4 meetings
TSG-RAN4 Meeting #110			              Feb. 26 – Mar. 01, 2024	Athens, GR
TSG-RAN4 Meeting #110bis			              Apr. 15 – Apr. 19, 2024	China
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