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Introduction
RRM requirements for NTN mobility enhancements are discussed in RAN4#109, and the outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed. 
· Idle/Inactive mode mobility enhancements
· Connected mode mobility enhancements
 In this paper we will provide our views on RRM requirements for NTN mobility enhancements.
Discussion
Idle/Inactive mode mobility enhancements
	[bookmark: _Hlk147849822]Issue 4-1: TN to NTN cell reselection
[bookmark: _Hlk151026905]Agreement:
· Define requirements on TN to NTN cell reselection.
· Define core requirements for GNSS ON and GNSS switch OFF to ON, no test case.
· No specific value for the GNSS time to first fix to be define for the case of GNSS switch OFF to ON.
Issue 4-2: NTN to TN cell reselection
Agreement:
· Define requirements on NTN to TN cell reselection.


RAN4 agreed last meeting to define requirements for TN to NTN and NTN to TN cell reselection. 
For TN to NTN cell reselection, the measurement of the NTN neighbour cell, same as existing NTN to NTN requirements, should be conditioned on that UE has valid ephemeris information of the neighbour cell. In last RAN2 meeting the following were agreed. 
1. [bookmark: _Hlk157010450]UE in RRC_IDLE/INACTIVE is not required to ensure having a valid version of SIB19 in a TN serving cell (no spec impact)
1. The exact time of reacquiring SIB19 for UE in RRC_IDLE/INACTIVE in TN serving cell is up to UE implementation (no spec impact)
This is different from the case UE is in an NTN serving cell, where UE should ensure having valid SIB19 for neighbour cell measurement. Therefore, the RAN2 agreements should be captured as applicability condition of the RAN4 requirements. Otherwise, the RAN4 requirements may be mis-interpreted as UE is required to ensure having valid SIB19 in a TN serving cell. 
Proposal 1: For TN to NTN cell reselection, clarify that the requirements apply provided that UE has valid SIB19, and UE is not required to ensure having a valid version of SIB19 and the exact time of reacquiring SIB19 is up to UE implementation.
As to the requirements, since RAN4 has already defined requirements for the case where a TN or an NTN carrier is measured as inter-frequency carrier, the existing requirements can be re-used. The only issue is the total measurement delay when UE is configured with both TN and NTN carriers for inter-frequency cell reselection. For this, we can re-use the sum approach for inter-frequency requirements for HST and non-HST carriers. 
Denoting TXXX,TN (TXXX, NTN) as the per-carrier Tdetect, Tmeasure or Tavaluate for a TN (NTN) carrier, the total delay can be defined as Kcarrier_TN * TXXX,TN + sumi(Ksat,i * TXXX, NTN), where Kcarrier_TN is the number of TN inter-frequency carriers, and i is the index of NTN carrier, and Ksat,i is the NTN specific scaling factor for NTN carrier i, accounting for multi-SMTC and multi-Doppler on carrier i.
Proposal 2: For both TN to NTN and NTN to TN cell reselection, the requirements are defined as Kcarrier_TN * TXXX,TN + sumi(Ksat,i * TXXX, NTN).
	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.


We support to re-use the Rel-17 requirements for earth fixed cell.
In our view, use of t-Service is same as for earth fixed cell as in Rel-17, i.e. it is the same when the current serving cell will stop serving the area, although due to a different reason. In Rel-17 UE is required to complete the measurement before t-Service provided that UE receives the SIB Ttrigger before t-Service, and we see no problem to re-use same requirements.
We do not think coverage information is needed. It is true that some UE may be out of the cell coverage before t-Service, but it is unclear what is the impact to UE behaviour if UE would know the time it would be out of coverage. We understand UE should continue the measurement no matter if it can complete the measurement before it is out of coverage. Also, the requirement applicability based on Ttrigger may not be impacted, since UE is required to complete measurement before t-Service but not before it is out of cell coverage. On the other hand, if UE finds it is out of coverage based on RSRP measurement, then the existing requirements when serving cell is below S would apply.
Proposal 3: For time triggered cell reselection measurement for earth moving cell, the Rel-17 requirements for earth fixed cell are used as baseline.
	Issue 4-4: NTN to NTN location-based measurement initiation for cell reselection in earth-moving cell
FFS:
· Introduce a margin for beam footprint location, [20] meters.


Since RAN2 agreed that it is up to UE implementation to maintain a valid serving cell reference location, which is derived based on the serving satellite ephemeris, epochTime and movingReferenceLocation, it is difficult to define the ideal reference location in general. For the test case, if to be  defined, we suggest to verify against the reference location at epoch time. 
The margin should be relaxed compared to the fixed cell case because besides its own location, UE also needs to estimate the reference location, which is further depending on the satellite location. Therefore, at least the satellite location error margin 30m should be considered together with the GNSS error margin 50m.
Proposal 4: For location triggered cell reselection measurement for earth moving cell, the margin for determining the distance between UE and reference location is 80m.
Connected mode mobility enhancements
	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.


In our understanding, the initial UL transmission in RACH-less HO can only be PUSCH, so we should remove SR on PUCCH which is not possible following RAN2 agreements. When configured grant is used to schedule the initial UL transmission, it is possible that UE falls back to RA if no SSB mapping to pre-allocated grant has RSRP above the threshold while T304 is running. However, it should be considered as RACH-based HO then and can be covered by the existing requirements.
Proposal 5: for RACH-less HO, update TIU as
· TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH or 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.
RAN2 has agreed that combination of RACH-less HO with time-based CHO is supported in Rel-18 NTN. We support to define requirements for this case, and requirement can be the same as time-based CHO with the adoption of TIU defined for RACH-less HO (if we compare the requirements for normal RACH-based HO and RACH-less HO, the difference is only in TIU).
Proposal 6: 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.
	Issue 5-2: NTN to NTN Satellite switching without PCI change
FFS:
· For soft and hard satellite switch without PCI change, Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin (i.e. same formula as hard satellite switch). The following are the same for both cases:
· Tprocessing = 5 ms
· TIU, T∆ and Tmargin are same as existing requirements.
· Ending point of the interruption time: PRACH transmission for PRACH-based case and [first UL transmission excepting PRACH for without RACH performed solution, if supported by RAN2]
· For soft satellite switch without PCI change,
· Starting point of the interruption time:
· Option 1: between t-Start and t-Service, and the exact starting time is up to UE implementation.
· Option 2: t-Service
· Tsearch
· Decide whether to consider the following known condition.
· 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.
· If agreed to not consider known vs. unknown condition,
· Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite.
· Otherwise,
· Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite for unknown target cell [and the target cell Es/Iot ≥ -2 dB], and 0 for known target cell.
· For hard satellite switch without PCI change,
· Starting point of the interruption time: t-Service
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite.
· Note: The SMTC configuration details need to be updated as RAN2 makes further progress.

FFS:
· During satellite switching without PCI change, UE is not required to monitor other cells than the target cell:
· For soft satellite switch without PCI change, UE [may or shall] skip measurements on other cells than the target cell after t-Start
· For hard satellite switch without PCI change, UE is not required to monitor other cells than the target cell after t-Service

FFS:
· For hard satellite switch without PCI change, further discuss the following:
· A scheduling restriction applies to UEs that do not support parallelMeasurementWithoutRestriction-r17 starting at the UL slot to be transmitted at tue_ul_switch = t-service – common delay
· Include in the interruption time a component associated to the DL transmission gap

FFS:
· Decide whether/how to define requirements resulting from separate link switch time instances for UL and DL
· Option 1: Do not define separate starting points for UL and DL for hard switch
· Option 2: Define separate starting points for UL and DL for hard switch


RAN2 has provided agreements on satellite switch with re-sync in LS [2].
For soft switch, one open issue is the start of the interruption time. We support to define it as t-Service because RAN2 agreed that the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is up to UE implementation, and RAN4 requirements should cover the worst case. 
In our view, the interruption time defines the latest time when UE would transmit the initial UL towards the target satellite, and the largest duration when UE is not connected to either the source or the target satellite. As RAN4 requirements are minimum, defining the start of interruption time at t-Service does not preclude UE to start synchronizing with target satellite earlier. On the other hand, defining the start of interruption time based on UE implementation would make the requirements complex.
The next issue in soft switch is whether to consider known cell. We support to consider such a case because it is possible for UE to do cell search before it disconnects with the source satellite. The interruption time should then only accounts for the downlink synchronization time and others (e.g. processing time, time uncertainty for the initial UL resource). Since in worst case UE would start synchronizing with target satellite at t-Service, and cell search needs to be done before, it is sufficient condition for a cell to be known if it has been meeting the relevant cell identification requirement during the last 5 seconds before t-Service.
Another issue raised up last meeting is the measurement of other cells than the target cell after t-Start. We support the proposal that UE [may or shall] skip measurements on other cells. After t-start, the target cell is the most likely new serving cell for the UEs, so it should be prioritized compared to other neighbour cells, e.g. when the SSB of the target cell overlap with that of other neighbour cells. We suggest to allow UE not to meet the measurement requirements for other cells after t-Start.
Finally, in [2] RAN2 asks RAN4 to feedback on the feasibility of UE to perform the DL synchronization with the target satellite and keep the communication with the source satellite of the same serving cell simultaneously in soft satellite switch.
	To RAN4
ACTION: 	RAN2 respectfully asks RAN4 to take the above agreements into account for their further corresponding work, and provide feedback on the feasibility of UE to perform the downlink synchronization with the target satellite and keep the communication with the source satellite of the same serving cell simultaneously in soft satellite switch.


In our view, it is feasible for UE to perform DL sync to the target satellite before it disconnects to the source satellite. Before the switch, the target cell (same PCI as the source cell but served by the target satellite) is kind of neighbour cell. Performing DL sync for a neighbour cell is assumed in R18 LTM requirements. Of course, performing DL sync requires UE to measure the SSB of the target cell, and same as normal RRM measurement, it may cause scheduling restriction to the data Tx/Rx in the source cell. A draft LS reply is provided in the Annex.
Proposal 7: For soft satellite switch with re-sync,
· Starting point of the interruption time is t-Service
· Consider the known cell case: a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before t-Service with target satellite. 
· UE is allowed not to meet measurement requirements for other cells than the target cell after t-Start.
· Confirm to RAN2 that it is feasible for UE to perform the downlink synchronization with the target satellite and keep the communication with the source satellite of the same serving cell simultaneously, and the existing scheduling restrictions for RRM measurement apply.
For hard switch, since the target satellite only serves the area (is visible to the UE in the area) after t-Service, it is straightforward that the starting point of the interruption time is t-Service. 
For the same reason, UE cannot do cell search or DL sync towards the target satellite before t-Service, so there is no known cell case in hard switch, and Tsearch should be always included in the interruption time.
After t-Service, UE already disconnects to the source cell, and during the interruption time UE has not connected to the target cell, UE is not required to measure other cells than the target cell. This is same as interruption time for normal HO. 
In last meeting some companies proposed [3] to define separate starting points for UL and DL for hard switch. We do not support the proposal. Denoting T1 as the feeder link delay, T2 the service link delay and t0 the time point when UE does the switch, the proposal in [3] suggests UE to receive the DL from the source cell until t0 + T2. 
In our view, this is quite different behaviour from normal HO. The time UE receives HO command can be viewed equivalent to t-Service in hard switch, i.e. t0. In normal HO, gNB will not transmit any DL to the UE after it sends HO command, at t0 – T1 – T2, and UE is not expected to receive DL from the source cell after it received HO command, at t0. The same logic should be re-used for satellite switch with re-sync. 
For UL, it should be up to gNB implementation to decide whether to receive the UL from the UE in the source cell until t0 (last UL TX at UE occurs at t0 – T1 – T2) or t0 + T1 (last UL TX at UE occurs at t0 – T2). For the requirements, it is enough to assume the interruption for both UL and DL starts at t0, since the requirements are defined from UE perspective. 
Proposal 8: For hard satellite switch with re-sync, 
· Starting point of the interruption time is t-Service
· Do not consider the known cell case, and Tsearch is always included in the interruption time. 
· UE is not required to monitor other cells than the target cell after t-Service
· Do not define separate starting points for UL and DL 
For both hard and soft satellite switch, one common issue is the ending point of the interruption time. RAN4 agreed to define requirements for both RACH-based and RACH-less cases, and following the HO procedure, the ending point should be when UE transmits initial UL to the new satellite.
On Tsearch, some companies suggested to use the time to the first SSB rather than the whole SMTC period. We think it is a reasonable improvement compared to normal HO requirements.
Proposal 9: For both hard and soft satellite switch with re-sync,
· Ending point of the interruption time is when UE transmits initial UL to the new satellite
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite
	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.


RAN4 agreed to define requirements for time and location-based CHO without L3 measurement criteria. In our view, the following updates are needed based on existing requirements
· Definition of TEvent_DU should be updated, and it is about the delay uncertainty until the time or location condition is met.
· Tmeasure should be removed since there is no measurement required before the HO execution. It is noted that UE may still measure the target cell based on normal measurement configuration. 
· Tinterrupt should be updated to include Tsearch. Tsearch is not included in existing requirements because UE must have measured the target cell before executing HO, while in the new CHO scenario, UE may or may not have measured the target cell.  
Proposal 10: For time and location based CHO without measurement criteria, 
DCHO = TRRC + TEvent_DU + TCHO_execution + Tinterrupt
· TRRC is the RRC procedure delay defined in clause 12 in TS 38.331
· TEvent_DU is the 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 met
· TCHO_execution is the UE conditional execution preparation time and is same as in existing CHO requirements 
· Tinterrupt is interruption time and Tinterrupt = Tprocessing + Tsearch + TIU + T∆ + Tmargin, and each term is same as in existing HO requirements.
Conclusions
In this paper we provided our views on RRM requirements for NTN mobility enhancements.
Proposal 1: For TN to NTN cell reselection, clarify that the requirements apply provided that UE has valid SIB19, and UE is not required to ensure having a valid version of SIB19 and the exact time of reacquiring SIB19 is up to UE implementation.
Proposal 2: For both TN to NTN and NTN to TN cell reselection, the requirements are defined as Kcarrier_TN * TXXX,TN + sumi(Ksat,i * TXXX, NTN).
Proposal 3: For time triggered cell reselection measurement for earth moving cell, the Rel-17 requirements for earth fixed cell are used as baseline.
Proposal 4: For location triggered cell reselection measurement for earth moving cell, the margin for determining the distance between UE and reference location is 80m.
Proposal 5: for RACH-less HO, update TIU as
· TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH or 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 6: 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.
Proposal 7: For soft satellite switch with re-sync,
· Starting point of the interruption time is t-Service
· Consider the known cell case: a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds before t-Service with target satellite. 
· UE is allowed not to meet measurement requirements for other cells than the target cell after t-Start.
· Confirm to RAN2 that it is feasible for UE to perform the downlink synchronization with the target satellite and keep the communication with the source satellite of the same serving cell simultaneously, and the existing scheduling restrictions for RRM measurement apply.
Proposal 8: For hard satellite switch with re-sync, 
· Starting point of the interruption time is t-Service
· Do not consider the known cell case, and Tsearch is always included in the interruption time. 
· UE is not required to monitor other cells than the target cell after t-Service
· Do not define separate starting points for UL and DL 
Proposal 9: For both hard and soft satellite switch with re-sync,
· Ending point of the interruption time is when UE transmits initial UL to the new satellite
· Tsearch = Tfirst_SSB ms, where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by the SMTC of target satellite
Proposal 10: For time and location based CHO without measurement criteria, 
DCHO = TRRC + TEvent_DU + TCHO_execution + Tinterrupt
· TRRC is the RRC procedure delay defined in clause 12 in TS 38.331
· TEvent_DU is the 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 met
· TCHO_execution is the UE conditional execution preparation time and is same as in existing CHO requirements 
· Tinterrupt is interruption time and Tinterrupt = Tprocessing + Tsearch + TIU + T∆ + Tmargin, and each term is same as in existing HO requirements.
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1. Overall Description:
RAN4 thanks RAN2 for the LS R2-2314016.

RAN4 discussed UE requirements for satellite switch with re-sync, and concluded that it is feasible for UE to perform downlink synchronization with the target satellite and keep the communication with the source satellite of the same serving cell simultaneously in soft satellite switch. In addition, the scheduling restrictions as defined in clause 9.2C.5.3 of 38.133 apply when UE performs downlink synchronization with the target satellite.

RAN4 respectfully asks RAN2 to take the above information into account in their future work for satellite switch with re-sync.

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account in their future work for satellite switch with re-sync.

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #110-bis			Apr 15 – Apr 19, 2024	         TBD, China
RAN WG4 Meeting #111			    May 20 – May 24, 2024	         Fukuoka, Japan
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