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1. Introduction
At RAN4#109 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]2.1.1	For time-based measurement initiation 
	Issue 4-3: NTN to NTN time-based measurement initiation for cell reselection in earth-moving cell
FFS:
· For time-based NTN to NTN cell reselection in earth-moving cell, the existing RRC idle/inactive mode requirements (4.2C and 5.1C) referring to ‘t-service’ can be reused. 
· FFS any necessary modification can be considered for the earth moving scenario. Opiton for consideration:
· Option A: remove the following condition:
· UE shall start measurement of the neigbhor cells indicated by the serving cell before t-Service is reached according to the requirements
· UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area regardless of whether the distance condition based on serving cell reference location or the legacy Srxlev/Squal condition are met. 



In the last meeting, RAN4 continued to discuss the requirements on time-based measurement initiation for cell reselection in earth-moving cell and still kept it open on the necessary modification of applicability conditions for the requirements on time-based measurement. As following, we would like to provide the potential impact if the existing RRC idle/inactive mode requirements (4.2C and 5.1C) referring to ‘t-service’ is totally reused without any applicability adjustment for the moving cell.
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. If the remain time is less than Ttrigger, the requirement would be not applicable. As shown in Fig.1, note that the expected remain service time here refers to the time between T3 and T1. 
However, it may lead to the misalignment in the case where even the applicability rule is met (i.e., expected remain service time is larger than Ttrigger), UE cannot finish measurements before time point T2 if considering there is a relative movement between UE and serving area. 


Fig.1 time-based scenario on earth moving cell
To address the issue above, we propose to add the applicability rules for moving cell case as following and corresponding changes to the spec are also shown in accompanied CR [2] in RAN4#110 meeting. 
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]For earth moving cell, if ‘t-Service’ is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area regardless of provided that the distance condition based on serving cell reference location is enabled met or the legacy Srxlev/Squal condition are met[Change#1], and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation. This requirement on earth moving cell does not apply 
· when the time span from the last slot of SI transmission within SI modification period where the broadcasting of the last updated value for t-Service is acquired by the UE for the first time to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Ttrigger, where Ttrigger is the same as that define above in this clause for quasi-earth fixed cell[Change#2]



For time-based initiation on cell reselection measurement in earth-moving cell scenario, only t-service is provided to UE for reference on when to trigger measurements, plus the current applicability of corresponding requirement is only based whether expected remain service time is larger than Ttrigger. 
For earth moving cell, it is risky for UE to determine the suitable time to trigger the measurement without any assistant information on serving cell and only based on the t-service, since it is possible that the actual remain service time would become shorter than last updated value for t-Service due to the rapid movement between the earth-moving cell and UE. UE may not be able to 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).
Observation 1: For earth moving cell, it is challenging for UE to determine the suitable time to trigger the measurement without any assistant information on serving cell and only based on the t-service
Based on above concern, we propose that when time-based initiation is configured for moving cell, it needs to accompany with the distance condition of location-based initiation, i.e., distance threshold and reference location. Such additional information can assist UE to trigger measurements much properly before t-service.
Proposal 1: For earth-moving cell case, make the following adjustment on requirement applicability for time-based initiation rule: 
· For earth moving cell, if ‘t-Service’ is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area provided that the distance condition based on serving cell reference location is enabled
2.2 RACH-less HO 
2.2.1	the definition of TIU in NTN to NTN RACH-less (C)HO

	Issue 5-1: NTN to NTN RACH-less (C)HO
[bookmark: _Hlk151027226]FFS:
· Update TIU as below:
· 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.
· Define a new requirement for combination of RACH-less HO with time-based CHO. The requirement is the same as time-based CHO with the adoption of TIU defined for RACH-less HO..



For the requirements related to RACH-less handover for NTN-NTN scenario, based on RAN2 agreement as following, there is no fallback mechanism so that UE would not fallback to RACH-based HO upon T304 expiry. Therefore, the current description on TIU needs corresponding modification. Specifically, RAN4 can 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’.
	Agreement in RAN2#123bis meeting
· 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 2: For the definition of TIU in the requirements on NTN to NTN RACH-less (C)HO, RAN4 to 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’.
2.2.2 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).



Based on 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 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.



Proposal 3: 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.
2.3 Unchanged PCI
For the NTN to NTN Satellite switching without PCI change, there still have some pending issues to be handled. With the latest RAN2 agreements for satellite switch with resync in LS [3] in RAN2#124 meeting, we would like to provide our analyses on soft switch case and hard switch case respectively as below.
· For soft switch case 
[bookmark: _Hlk158997402]Firstly, regarding the starting point on the delay requirement of soft switch procedure, based on RAN2 guidance in RAN2#123bis meeting, T-ServiceStart 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-ServiceStart 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 and it can refer to the current cell known condition in legacy Handover requirements.
	Agreement in RAN2#123bis meeting
· 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
RAN2 agreements in RAN2#124 meeting
· At least for soft switch, there needs to be an “SSB time offset” between the source and the target satellite. “SSB time offset” is specified as a new IE, with the same format as “offset” in SSB-MTC4
· Target satellite SSB tracking is handled autonomously by the UE based on the provided SSB time offset
· The “SSB time offset” between the source and the target satellite should be provided in SIB19
· For soft satellite switch, as a baseline, it is sufficient to provide the “SSB time offset” of the target satellite in SIB19. (Can come back in the next meeting to check whether a different SSB index for the target satellite can optionally be provided)
· T-start is explicitly signalled (same format as T-service). If T-start is not signalled, T-start is assumed to be equal to T-service, i.e. hard switch.
· For R18 we clarify that signalling a T-start higher than T-service is an unforeseen case and the UE will assume T-start = T-service
· RACH-less satellite switch procedure as shown in Figure-1 in R2-2313877 is endorsed as the baseline to be further checked in the CR review
· We don’t introduce specific changes (e.g. no new indication in SIB19) to a support RACH-based procedure but this does not exclude the possibility for the NW to trigger PDCCH order



As for the ending point on the delay requirement, one of the noticeable agreements reached in RAN2#124 meeting is, there is no specific mechanism to support RACH-based procedure in satellite switch with re-sync” and the generic switch progress is with RACH-less satellite switch procedure. Based on this agreement, the corresponding description of TIU needs to be updated as ‘TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion or SR on PUCCH occasion in the new cell.’
Besides, RAN2 has determined the way on how to provide the SMTC configuration of target satellite: The “SSB time offset” between the source and the target satellite would be provided in SIB19 and the Target satellite SSB tracking is handled autonomously by the UE based on the provided SSB time offset. Specifically, as mentioned in LS [3] below, for soft switch case, the SSB information is mandatorily provided. From RAN4 perspective, it has impact on the definition of Trs in delay requirement on satellite switching without PCI change as the SMTC periodicity of the target satellite would not be extra provided. Accordingly, the definition of Trs needs to be updated as the SMTC periodicity of the source NR SAN cell. 
	LS on RAN2 agreements for satellite switch with resync from RAN2#124 meeting
· Difference 2: The SSB information provided to UE for synchronizing with target satellite is different.
· For soft satellite switch, the SSB information of target satellite is mandatory.
· For hard satellite switch, the SSB information of target satellite can be same as source and can be optional. 



Proposal 4:
· For soft satellite switch without PCI change,
· Starting point of the interruption time:
· between t-ServiceStart and t-Service, and the exact starting time is up to UE implementation.
· Ending point of the interruption time:
· TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion or SR on PUCCH occasion in the new cell.
· 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
· Trs is the SMTC periodicity of the source NR SAN cell
· For hard switch case
[bookmark: _Hlk157521612]Based on our understanding on the following procedure in TS38.331, when t-ServiceStart is not signalled but t-Service is provided, UE would perform the satellite switch with resynchronization as hard switch case. And when both t-ServiceStart is and t-Service included in SIB19, it depends on whether UE is capable to support oft satellite switch with resynchronization. If not, t-ServiceStart is assumed to be equal to t-Service, then UE still perform the satellite switch based on the time indicated by t-Service for the serving cell. Therefore, for hard switch case, the switch procedure would start from the t-ServiceStart if t-ServiceStart is indicated. Otherwise, the starting point is the indicated by t-Service for the serving cell.
	TS38.331
5.2.2.4.21	Actions upon reception of SIB19
Upon receiving SIB19 in an NTN cell, the UE in RRC_CONNECTED shall:
1>	start or restart T430 for serving cell with the timer value set to ntn-UlSyncValidityDuration for the serving cell from the subframe indicated by epochTime for the serving cell;
1>	if SatSwitchWithReSync and t-Service are included, and the UE supports hard satellite switch with resynchronization;
2>	if t-ServiceStart is included and the UE supports soft satellite switch with resynchronization:
3>	perform the satellite switch with resynchronization as specified in 5.7.19 between the time indicated by t-ServiceStart and the time indicated by t-Service for the serving cell.
2>	else:
3>	perform the satellite switch with resynchronization as specified in 5.7.19 at the time indicated by t-Service for the serving cell.
NOTE:	UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.



As for other aspects on the definition of the delay requirement, it is similar to each delay component of soft switch case and the corresponding values can be referred. Specifically, there is only unknown cell case for hard switch case since the target satellite would start serving the area after t-service and it may become detectable until t-ServiceStart. Before t-ServiceStart, the target satellite is unknown for UE side. 
Proposal 5:
· For hard satellite switch without PCI change,
· Starting point of the interruption time:
· t-ServiceStart, if it is indicated in SIB19
· Otherwise, it is the time indicated by t-Service for the serving cell
· Ending point of the interruption time:
· TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion or SR on PUCCH occasion in the new cell.
· Only unknown case needs to be considered for hard switch case
· Interruption time for the hard switch is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = 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
· Trs is the SMTC periodicity of the source NR SAN cell

2.4 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.



[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Specifically, RAN2 remained FFS on whether location-based conditional handover (condEventD2) applies only to moving cells or a combination of moving and quasi-Earth fixed cells for the choice of source and target cells. For this specific case, RAN4 can wait for further RAN2 conclusion and define the corresponding requirements if it is supported.
	T38.331 clause 5.5.4.15a
Editor's Note: FFS whether location-based conditional handover (condEventD2) applies only to moving cells or a combination of moving and quasi-Earth fixed cells for the choice of source and target cells.



[bookmark: _GoBack]Proposal 6: RAN4 to define NTN to NTN location-based CHO requirements (with and without L3 measurement) for earth-moving cell scenario. 
Proposal 7: RAN4 to wait for further input on whether location-based conditional handover (condEventD2) applies only to moving cells or a combination of moving and quasi-Earth fixed cells for the choice of source and target cells.

2.5 NTN to NTN time and location-based CHO requirements without L3 measurement criteria
	Issue 5-3: NTN to NTN time and location-based trigger CHO enhancements
FFS:
· The existing conditional CHO requirement defined in 6.1C.2.2 (DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution, Tinterrupt = Tprocessing + TIU + T∆ + Tmargin) is reused with the following updates:
· TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time or location condition is fulfilled.
· Remove Tmeasure
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tseach is the same as the existing one defined in 6.1C.2.2.



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 
-	Tsearch is the time required to search the target NR SAN cell when the target cell is not already known when the CHO command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	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 
-	Tsearch is the time required to search the target NR SAN cell when the target cell is not already known when the CHO command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times
-	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 
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tsearch is the same as the existing one defined in 6.1C.2.2.
· 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 
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tsearch is the same as the existing one defined in 6.1C.2.2.
3. Conclusions
Observation 1: For earth moving cell, it is challenging for UE to determine the suitable time to trigger the measurement without any assistant information on serving cell and only based on the t-service
Proposal 1: For earth-moving cell case, make the following adjustment on requirement applicability for time-based initiation rule: 
· For earth moving cell, if ‘t-Service’ is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area provided that the distance condition based on serving cell reference location is enabled
Proposal 2: For the definition of TIU in the requirements on NTN to NTN RACH-less (C)HO, RAN4 to 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 3: 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.
Proposal 4:
· For soft satellite switch without PCI change,
· Starting point of the interruption time:
· between t-ServiceStart and t-Service, and the exact starting time is up to UE implementation.
· Ending point of the interruption time:
· TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion or SR on PUCCH occasion in the new cell.
· 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
· Trs is the SMTC periodicity of the source NR SAN cell
Proposal 5:
· For hard satellite switch without PCI change,
· Starting point of the interruption time:
· t-ServiceStart, if it is indicated in SIB19
· Otherwise, it is the time indicated by t-Service for the serving cell
· Ending point of the interruption time:
· TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion or SR on PUCCH occasion in the new cell.
· Only unknown case needs to be considered for hard switch case
· Interruption time for the hard switch is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = 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
· Trs is the SMTC periodicity of the source NR SAN cell
Proposal 6: RAN4 to define NTN to NTN time and location-based CHO requirements (with and without L3 measurement) for earth-moving cell scenario. 
Proposal 7: RAN4 to wait for further input on whether location-based conditional handover (condEventD2) applies only to moving cells or a combination of moving and quasi-Earth fixed cells for the choice of source and target cells.
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 
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tsearch is the same as the existing one defined in 6.1C.2.2.
· 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 
· Add Tsearch to Tinterrupt, i.e. Tinterrupt = Tprocessing + TIU + T∆ + Tmargin+ Tsearch, and the definition of Tsearch is the same as the existing one defined in 6.1C.2.2.
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