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Introduction
RRM requirements for mobility enhancements in NTN are discussed in RAN4#108-bis, 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 mobility enhancements in NTN.
Discussion
Idle/Inactive mode mobility enhancements
	Issue 4-1: TN to NTN cell reselection
[bookmark: _Hlk147849822]Agreement:
· FFS: whether/how to define TN to NTN cell reselection.


We suggest RAN4 not to define RRM requirements for TN-to-NTN cell reselection.
[bookmark: _Hlk149675190]We understand TN-to-NTN cell reselection happens very infrequently, only at the border of TN coverage, so the necessity of the requirements is not strong. Even without cell reselection requirements, UE would still perform blind search on the NTN carriers similar to cell selection. The latency (for camping on an NTN cell) may or may not be longer compared to cell reselection (UE already lost the coverage and for cell selection the measurements are not based on DRX), and the latency is anyway not a critical issue for Idle mode. 
On the other hand, to meet the requirements UE needs to open GNSS which is not required when camping on a TN cell, and this would negatively impact UW power consumption, while the according to WID the main motivation of cell reselection enhancement is to reduce UE power consumption.
Proposal 1: RAN4 not to define RRM requirements for TN-to-NTN cell reselection.
	Issue 4-2: NTN to TN cell reselection
Agreement:
· UE is allowed to skip TN neighbour cells measurement in an area where there is no coverage of the frequency based on the provided TN cell coverage information and UE GNSS position information. FFS whether and how to implement it RAN4 CR.
· FFS on how to enhance NTN-to-TN cell reselection in case of mismatch between practical TN cell coverage and TN cell coverage information provided by serving cell.


We suggest RAN4 not to define RRM requirements for NTN-to-TN cell reselection, either. As discussed above, NTN-to-TN cell reselection is also a rare case which happens very infrequently only at the border of TN coverage.
It is true that RAN2 introduced enhancement in Rel-18 that UE is allowed to skip TN measurement based on TN coverage information. We understand this is to enable UE power saving, and it does not mandate UE to do anything, hence does not require RAN4 to define any requirements for it. Specification wise, the UE behaviour in the first bullet of the agreements is already captured in RAN2 running CR for 38304, and we do not see much sense for RAN4 to repeat it. 
Proposal 2: RAN4 not to define RRM requirements for NTN-to-TN cell reselection.
	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)


We support option 1.
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. In Rel-17 UE is required to complete the measurement before t-Service provided that UE receives the SIB Ttrigger before t-Service, and same requirement can be reused.
On option 2, 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, and if UE finds it is out of coverage, the requirements when serving cell is below S also apply.  
On option 3, we understand the scenario of feeder link switch may or may not lead to satellite switch, but it will always lead to cell or PCI change from UE perspective. It is a quite different scenario from unchanged PCI scenario where the cell or PCI change does not change but the satellite changes. 
Proposal 3: RAN4 to define requirements for time triggered cell reselection measurement for earth moving cell, and the Rel-17 requirements for earth fixed cell are used as baseline.
Connected mode mobility enhancements
	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.


One open issue for satellite switch with unchanged PCI is how to define the interruption time for soft switch. Based on RAN2 agreements, the difference between hard and soft switch is that in case of soft switch the target satellite can already serve the area of the concerned UE, so UE can start synchronizing to the target satellite when it is connected to the old satellite. 
RAN2 introduced a signalling t-Start indicates the earliest occasion when the UE can start synchronizing with target satellite. T-Start is at least defined for soft switch, and for soft switch it is earlier than t-Service. It is FFS whether t-Start will be defined for hard switch. 
Agreements:
1. RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system
2. Only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. FFS on exact signalling
3. 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. 
4. We support soft satellite switching in Rel-18
5. There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
6. 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)
7. In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
8. 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)
9. [bookmark: _Hlk149750554]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
10. UE is not required to connect to source satellite when the UE switches to target satellite.
On delay and interruption requirements for soft switch, we understand the actions UE needs to perform are same as for hard switch, i.e. some processing time, cell search, fine time tracking and delay uncertainty for the first UL transmission, while some of them e.g. cell search and fine time tracking, can be done when it is still connected to the old satellite, i.e. before t-Service. 
As the interruption time during satellite switch with unchanged PCI starts from t-Service, the interruption time can be shorter for soft switch if UE starts synchronization before t-Service. However, based on this agreement, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is up to UE implementation. It means the UE is also allowed to start synchronisation at t-Service, and in this case, the interruption due to the switch is similar to hard switch. As RAN4 requirements should accommodate all allowed implementations, we suggest to reuse the hard switch requirements for soft switch.  
Proposal 4: For defining requirements for soft satellite switching without PCI change, the starting point, ending point and interruption time of hard switch are reused.
Another open issue from last meeting is whether/how to define UE behavior (e.g. skipping/relaxation of L1/L3 measurement and evaluation) during the switch. 
In HO requirements, UE is not required to perform measurement for old serving or any neighbour cell, but is only required to measure the target cell during the HO interruption time. For satellite switch with unchanged PCI, it is also interruption time after t-Service, and it is straightforward to follow the same principle as HO. It can be FFS whether this needs to be captured in spec because there is no such requirement for HO. 
Proposal 5: During satellite switching without PCI change, UE is not required to perform measurement for other cells than the target cell after t-Service.
Another open issue from last meeting is whether to define separate switch time instances for UL and DL. The issue is first raised up in [2]. Assuming UE performs hard switch at t-Service, and denoting t-FL and t-SL as the propagation delay on the feeder link and service link, based on observations in [2], 
· For DL, the gNB transmissions after t-Service – (t-FL + t-SL) cannot reach UE
· For UL, the UE transmissions after t-Service – (t-FL + t-SL) cannot reach gNB
In [2] it is proposed to define separate staring point of hard switch for UL and DL. However, we suggest to use t-Service as the starting point.  
· For DL, there is a point for UE to delay the switch by t-SL so that it can receive all the transmissions arriving at the old satellite before t-Service. However, it means the access to the new satellite is delayed, and UE may also miss scheduling in the new cell. Besides, there may or may be DL scheduling arriving at the UE in the old satellite after t-Service, so the delay may not provide any benefits. 
· For UL, we do not see the point to advance the switch at the UE side, since UE still needs to perform DL sync before any transmission to the target satellite, i.e. the interruption time for the switch is not changed in terms of when UE can start UL in the new satellite. 
We agree with the analysis in [2] that that there can be some issues with the transmissions on the air, but we understand there is similar issue in HO also, e.g. the UL transmission from UE just before the reception of HO command. We suggest to leave this to NW implementation since NW is aware of the switch and when it will happen, and it can avoid scheduling transmissions that cannot reach the other side before t-Service. 
Proposal 6: RAN4 not to define separate starting points for UL and DL for hard switch.
	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.


RAN4 agreed last meeting 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 7: 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 mobility enhancements in NTN.
Proposal 1: RAN4 not to define RRM requirements for TN-to-NTN cell reselection.
Proposal 2: RAN4 not to define RRM requirements for NTN-to-TN cell reselection.
Proposal 3: RAN4 to define requirements for time triggered cell reselection measurement for earth moving cell, and the Rel-17 requirements for earth fixed cell are used as baseline.
Proposal 4: For defining requirements for soft satellite switching without PCI change, the starting point, ending point and interruption time of hard switch are reused.
Proposal 5: During satellite switching without PCI change, UE is not required to perform measurement for other cells than the target cell after t-Service.
Proposal 6: RAN4 not to define separate starting points for UL and DL for hard switch.
Proposal 7: 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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