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Introduction
RRM requirements for mobility enhancements in NTN are discussed in RAN4#108 and the outcomes are captured in [1]. Based on [1] the following issues need to be further discussed.
· Cell reselection enhancements 
· HO enhancements
In this paper we will provide our views on RRM requirements for mobility enhancements in NTN.
Discussion
Cell reselection enhancements 
	Issue 3-1: TN-to-NTN Cell reselection
Agreement:
· If whether/how to UE obtain TN coverage area information from TN cell is confirmed, the  following can be further discussed:
· Whether or not to define RRM requirements for TN-to-NTN cell reselection.
· Centre and radius of TN coverage can be used for measurement initiation for cell reselection, e.g.
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and TN coverage area centre is smaller than radius, then the UE may not perform measurement of NTN intra- and/or inter-frequency.


We suggest RAN4 not to define RRM requirements for TN-to-NTN cell reselection.
We understand the provision of TN coverage information introduced by RAN2 is mainly for the scenario where UE camps on an NTN cell. For example, RAN2#119-bis meeting made the following agreement.
1. To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.
On the proposal to allow/disallow UE to skip measurement of NTN neighbour cell while camping on a TN cell, we can see the motivation, i.e. to make UE in the edge of TN coverage measure NTN neighbour cells. However, following existing spec UE is allowed not to perform measurement of any inter-frequency neighbour cell when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and this includes both NTN and TN neighbour cells. The proposal adds another condition for allowing UE to skip measuring NTN neighbour cell, which means measurement skipping is more unlikely. This is negative to UE power saving, while it is noted that according to WID the main motivation of cell reselection enhancement is to reduce UE power consumption. 
Besides, the proposal will lead to a scenario where UE skips measuring TN neighbour cells and keeps measuring NTN neighbour cells. In our view, TN is prioritized over NTN in mobility, so it does not make much sense to skip measuring TN neighbour but still keep measuring NTN neighbour. 
On the other hand, TN-to-NTN cell reselection happens very infrequently, i.e. 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 (reselection measurements are based on DRX), and the latency is anyway not a critical issue for Idle mode. Besides, NTN measurement requires TN serving cell to broadcast satellite ephemeris, which is not supported so far.
Proposal 1: RAN4 not to define RRM requirements for TN-to-NTN cell reselection.
	Issue 3-2: NTN-to-TN Cell reselection
FFS:
· For NTN-to-TN cell reselection,
· Option A: RAN4 to not update the existing UE requirements other than adding the clarification that UE is not required to perform TN cell measurement in an area where there is no TN network coverage on a given frequency layer based on the provide TN cell coverage information and UE GNSS position information.
· Option B: A UE shall start (up to UE implementation) measurements on TN cell (frequency layer) before arriving in a TN cell range indicated by the TN cell information. After UE enters overlapped coverage by TN/NTN cell,
· If the UE doesn’t detect any TN cell or measures signal strength from any TN cell lower than a threshold and the measured signal strength of NTN cell that UE camps on meets S-criteria, the UE shall:
· Option B-1: skip measurements on TN cell for a time period before resuming measurements. 
· Option B-2: relax measurements on TN cell until TN cell is detected and signal strength from any TN cell is higher than a threshold.
· Otherwise, UE shall keep normal measurements on the TN cell (frequency layer).
· Option C: TN coverage area centre and radius can be used for measurement initiation for cell reselection.
· Such as for intra-frequency cell reselection for earth fixed cell: in measurement time, the distance between UE location and NTN cell reference location is less than distanceThresh and the distance between TN coverage area centre and NTN cell reference location plus radius is less than distanceThresh. For inter-frequency cell reselection, apply the similar rule.
· For earth moving cell, the reference location should be updated with reference location with time reference.
FFS:
· Consider shorter Thigher_priority_search for TN frequency layer when TN frequency is set to higher priority


We support option A, and we are open to option B for further UE power saving. 
As mentioned above, according to WID the main motivation of cell reselection enhancement is to reduce UE power consumption, so it is meaningful to make it clear in RAN4 spec that UE is not required to measure a TN layer when outside TN coverage on that layer, which is already agreed in RAN2. 
In last meetings some companies proposed to study the measurement behaviour to deal with inaccuracy of TN coverage info. We think it is a valid issue and can enable UE power saving when the coverage info is not fully accurate. Even UE is in the TN coverage area based on the broadcasted TN coverage info, it is possible that UE is actually outside TN coverage because the TN coverage info can be coarse and inaccurate. In this case, it makes sense to allow UE to stop TN measurement if UE cannot detect a TN cell for a time period. The same applies when TN coverage info is not provided, in which case UE is supposed to always perform measurement on TN carriers configured for cell reselection.
Proposal 2: For NTN-to-TN cell reselection, 
· RAN4 to not update the existing UE requirements other than adding the clarification that UE is not required to perform TN cell measurement in an area where there is no TN network coverage
· RAN4 can consider to define requirement allowing UE to stop measuring TN frequency if no TN neighbor cell is detected for a time period
	Issue 3-3: Time-based measurement initiation for cell reselection in earth moving cell
FFS:
· If the time-based cell re-selection is applicable to the earth moving cell scenarios, the existing RRC idle/inactive mode requirements referring to ‘t-service’ are reused. Note that the existing requirements on ‘4.2C Cell Re-selection for NR UE for Satellite Access’ do not differentiate between the earth-fixed and earth-moving cell cases. And the requirement for the earth moving cell can be updated, if the group agrees, due to a relatively shorter service time compared to the earth fixed cell scenario depending on UE location.


In our view, use of t-Service is same as for earth fixed cell as in R17, i.e. it is the same when the current serving cell will stop serving the area. In R17 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.
We do not see the need to update the requirements for moving cell, e.g. due to a relatively shorter service time compared to the earth fixed cell scenario. The time triggered cell reselection measurement is for feeder link switch, so it is not relevant to the dwell time on the service link.
Proposal 3: RAN4 to define requirements for time triggered cell reselection measurement for earth moving cell, and the R17 requirements for earth fixed cell are used as baseline.
	Issue 3-4: Location-based measurement initiation for cell reselection in earth moving cell
Agreement:
· Define location-based measurement initiation requirements based on the existing requirements on ‘4.2C Cell Re-selection for NR UE for Satellite Access.’ The requirement may update the following aspects:
· Definition of the reference location to reflect the time varying reference location
· FFS: how to update the reference location over time based on reference location, epoch time, satellite ephemeris, etc. 
· The location margin for evaluating the distance threshold can be extended by X meters
· any other updates can be discussed/added later to be compliant with RAN2 spec
FFS:
· Whether the coverage information of serving cell is (absolutely) necessary. If agreed, RAN4 to send an LS ask RAN2 to introduce the coverage information of serving cell for location-based measurement initiation.
· Additional reference location for the serving cell to compensate error for the derived trajectory of the reference location should be provided for earth moving LEO deployment, and RAN4 needs to ask RAN2 to introduce the additional reference location
FFS:
· For earth moving cell, shorter Thigher_priority_search for frequency layer with higher priority should be considered.


In last meeting, two issues, definition of reference location and distance margin, are raised. In our view, the two issues are valid and related to each other, i.e. to define the distance margin for the requirements, the ideal reference location needs to be defined. 
RAN2#122 made the following agreement. It seems difficult to define the ideal reference location since it is up to UE implementation. On the other hand, we believe those issues are more related to Perf part and does not impact the core requirements, and for Core part the R17 requirements for earth fixed cell can be reused for earth moving cell.
1. In the Earth-moving case, it is up to UE implementation to maintain a valid serving cell reference location in RRC_IDLE and RRC_Inactive mode. This will be stated in the specification as a Note (or update of an existing Note)
Proposal 4: RAN4 to discuss the definition of reference location and distance margin for location triggered cell reselection measurement in earth moving cell in the Perf part of the WI.
	Issue 3-5: Autonomous SMTC adjustment in RRC Idle/Inactive mode (a newly added scope)
FFS:
· In RRC inactive/idle mode, when more than one satellite, moving different directions relative to UE, is associated with one SMTC, and the SSBs from the satellites cannot be accommodated by the SMTC window, as to how to autonomously adjust the SMTC in the time domain and which cell(s)/satellite to measure, 
· Option A: up to UE implementation, i.e. no specific UE requirement is defined
· Option B: define an explicit UE requirement/behaviour. FFS on impact on RAN2 spec


In RAN#100 the following new objective is added to the WID.
	· Identify and if needed, define RRM enhancement in idle/inactive mode for autonomous SMTC shifting to address the effect of opposite satellite motion across adjacent orbital planes (RAN4)


The issue was raised in RAN4#105 for R17 NTN maintenance, but it was found that resolving it may require RAN2 signaling, so it is added to the scope of R18 NTN. The issue is when one SMTC is associated with multiple cells served by different satellites. 
[bookmark: _Hlk141966068]SSB-MTC4List-r17::=                 SEQUENCE (SIZE(1..3)) OF SSB-MTC4-r17
SSB-MTC4-r17 ::=             SEQUENCE {
    pci-List-r17                 SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                          OPTIONAL,  -- Need M
    offset-r17                   INTEGER (0..159)
}
When different satellites are moving in different directions, they may require SMTC to be shifted in different directions, e.g. to measure cells served by satellite #1, UE needs to advance the SMTC by 1ms, while to measure cells served by satellite #2, UE needs to postpone the SMTC by 1ms. UE should shift the timing of the SMTC window based on the DL timing of cells associated. Advancing SMTC may result at UE being unable to measure the cells served by satellite #2, and vice versa. 
The question is in which direction UE should shift SMTC in this case. In our view, it is reasonable that UE selects one cell or one satellite and follows the DL timing of that cell/satellite for SMTC shifting. Since UE has the full information on the list of visible satellites and the moving direction of different satellites, we believe it is better to leave it to UE implementation. 
Proposal 5: When multiple cells from more than one sallies are associated to the same SMTC, it is up to UE implementation to select a cell/satellite for autonomous SMTC shifting.
HO enhancements
	Issue 4-1: RACH-less (C)HO
FFS:
· RACH-less handover delay requirement consists of ‘RRC procedure delay + Interruption time,’ i.e. = TRRC + TInterrupt, where  TInterrupt = Tprocessing + Tsearch + T∆ + Tmargin + TIU.
· Tsearch: the definition and values are the same as that in 6.1C.1.2.2 in NTN HO. 
· Tprocessing: the definition and values are the same as that in 6.1C.1.2.2 in NTN HO.
· T∆: the definition and values are the same as that in 6.1C.1.2.2 in NTN HO.
· Tmargin: the definition and values are the same as that in 6.1C.1.2.2 in NTN HO.
· TIU is the interruption uncertainty in acquiring the first UL transmission resource which can be, e.g. a configured grant based PUSCH, dynamic grant based PUSCH, or SR on PUCCH, if supported by RAN2 decision.
· The requirement is applicable only when the UE is provided with all essential information of the target satellite as the existing NTN handover requirement, i.e.
· (from 6.1C.1.2 of TS38.133) The requirements apply provided that UE has the valid and applicable parameters of ephemeris information, common TA, DL and UL Polarization information, K offset , and K mac  for target NR SAN cell during D handover, otherwise interruption time may be longer than the requirements in clause 6.1C.1.2.2.
· The requirement applies to 
· both known and unknown cases
· both intra-satellite and inter-satellite handover cases
· both intra-frequency and inter-frequency target cell cases


Looking into the LTE RACH-less HO requirements in 36.133, the change is in the definition of TIU, compared to normal LTE HO. Following the same principle and based on the agreements last meeting, the formula and other parameters in the requirements like Tsearch, Tprocessing, T∆ and Tmargin can be simply re-used from the R17 NTN HO. TIU can be defined as the uncertainty in acquiring the first PUSCH (instead of first PRACH) transmission occasion.
Proposal 6: For RACH-less HO, Tsearch, Tprocessing, T∆ and Tmargin are re-used from the R17 NTN HO requirements. TIU is defined as the uncertainty in acquiring the first PUSCH transmission occasion.
	Issue 4-2: Satellite switching without PCI change
Agreement:
· Define UE requirements on delay and interruption upon ‘satellite switching without PCI change’ at least for hard switch scenario. Further study the following, based on further progress from RAN2.
· Starting point of the delay and interruption 
· Values of the components in the delay and interruption, such as ‘UE processing time’, ‘search time for target satellite’ and other delay components if relevant and required.
· During the interruption period, whether the UE is required to monitor [serving cells/satellites and/or] neighbour cells/satellites
· Note that the above requirement can be extended to RRC idle/inactive mode. The details will be discussed when the group gets more clarity on the whole framework in detail from RAN2.


In last meeting RAN4 agreed to define requirements for satellite switching without PCI change at least for hard switch case. RAN1#114 agreed [2] that satellite switching without PCI change is also feasible for soft switch case under certain conditions. We suggest to define requirements also for the soft switch case unless technical issues are identified in RAN2.
	Under the following conditions: 
· UE is not required to connect to two satellites simultaneously during soft satellite switching. 
· Interference avoidance/mitigation between two satellites may potentially be done by gNB implementation at least to ensure non-colliding SSB with same PCI at UE side. 
· UE is provided with the information on new common TA, K_mac, ephemeris and cell-specific K-offset are applied during resynchronization to new satellite.
· UE may be provided with the information if needed to detect the SSB of the new satellite for soft satellite switching.
· The same UE behavior may be applied for soft satellite switching and hard satellite switching.
RAN1 concludes it is feasible for soft satellite switching without PCI change. 


On the starting point of the procedure, based on the RAN2 agreement in yellow, we understand for the case where the coverage gap is zero or negligible, UE will start the procedure at t-Service. Whether to support other cases that require the introduction of t-gap or t-start is still FFS in RAN2, and RAN4 can also keep it FFS whether other starting point needs to be considered for other cases depending on RAN2 progress.
On the ending point of the procedure, based on the RAN2 agreement in cyan, we understand both RACH based and RACH-less modes are supported. For RACH based, the ending point should be the transmission of the first PRACH, and for RACH-less, the ending point should be the transmission of the first PUSCH.
Agreements:
1. An explicit indication will be introduced to enable the unchanged PCI switch
1. The unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start). FFS whether we need to support scenarios that require the introduction of t-gap or t-start
1. PCI unchanged procedure can be performed without performing RACH

Agreements:
1. In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling.
1. In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
1. The UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.
On the exact interruption time, we understand after initiating the procedure, UE needs 
· Processing time, e.g. to load the SW for the procedure, and to manage the timer etc. Processing time can be reduced significantly compared to HO case (20ms), and we suggest it to be [5]ms.  
· Cell search time, search is needed at least for the hard switch case since UE has not measured the new cell (with same PCI) before the procedure. Since the case is similar to intra-frequency, we suggest cell search time as Trs ms (one SMTC period). For soft switch case, we are open to further discuss.
· Time for fine time tracking time. This part is same as in NTN HO.
· Time for waiting for the PRACH or PUSCH occasion. This part is also same as in NTN HO.
Another open issue from last meeting is whether UE is required to monitor [serving cells/satellites and/or] neighbour cells/satellites during the interruption period. We understand not. During interruption time, UE is not required to transmit or receive from any cell, and this is same as interruption time during HO. Of course, before and after the procedure, UE is required to monitor [serving cells/satellites and/or] neighbour cells/satellites as usual.
Proposal 7: RAN4 to define requirements for satellite switching without PCI change for both hard and soft switch scenarios. 
· Starting point of the interruption time is t-Service, FFS other starting point needs to be considered for other cases depending on RAN2 progress
· Ending point of the interruption time is first PRACH transmission for RACH based case, and first PUSCH for RACH-less case
· During the interruption period, UE is not required to monitor [serving cells/satellites and/or] neighbour cells/satellites
· Interruption time Tinterrupt is defined as
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin m
· Tsearch = Trs ms for hard switch, FFS for soft switch
· Tprocessing = [5]ms
· T∆, Tmargin and TIU are same as legacy requirements
	Issue 4-4: Location based CHO enhancements for earth moving NTN cell
FFS:
· Wait for further progress from RAN2. The same/similar update can be made to the existing location-based CHO requirement based on the conclusion of ‘Issue 3-3: Location-based measurement initiation for cell reselection in earth moving cell’


In August meeting RAN2 did not make agreement related to location based CHO enhancements for earth moving cell, so we suggest RAN4 to wait before discussing the requirements. 
If no further agreement is made in RAN2, we support RAN4 to adopt same/similar update to the existing location-based CHO requirement following the conclusion for location based cell reselection measurement triggering. Technically, the impact of moving cell is similar to measurement triggering and CHO.
Proposal 8: RAN4 to wait for further progress from RAN2 on location based CHO for moving cell. If no further agreement is made, same/similar update can be made to the existing location-based CHO requirement following the conclusion for location based cell reselection measurement triggering.
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: For NTN-to-TN cell reselection, 
· RAN4 to not update the existing UE requirements other than adding the clarification that UE is not required to perform TN cell measurement in an area where there is no TN network coverage
· RAN4 can consider to define requirement allowing UE to stop measuring TN frequency if no TN neighbor cell is detected for a time period
Proposal 3: RAN4 to define requirements for time triggered cell reselection measurement for earth moving cell, and the R17 requirements for earth fixed cell are used as baseline.
Proposal 4: RAN4 to discuss the definition of reference location and distance margin for location triggered cell reselection measurement in earth moving cell in the Perf part of the WI.
Proposal 5: When multiple cells from more than one sallies are associated to the same SMTC, it is up to UE implementation to select a cell/satellite for autonomous SMTC shifting.
Proposal 6: For RACH-less HO, Tsearch, Tprocessing, T∆ and Tmargin are re-used from the R17 NTN HO requirements. TIU is defined as the uncertainty in acquiring the first PUSCH transmission occasion.
Proposal 7: RAN4 to define requirements for satellite switching without PCI change for both hard and soft switch scenarios. 
· Starting point of the interruption time is t-Service, FFS other starting point needs to be considered for other cases depending on RAN2 progress
· Ending point of the interruption time is first PRACH transmission for RACH based case, and first PUSCH for RACH-less case
· During the interruption period, UE is not required to monitor [serving cells/satellites and/or] neighbour cells/satellites
· Interruption time Tinterrupt is defined as
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin m
· Tsearch = Trs ms for hard switch, FFS for soft switch
· Tprocessing = [5]ms
· T∆, Tmargin and TIU are same as legacy requirements
Proposal 8: RAN4 to wait for further progress from RAN2 on location based CHO for moving cell. If no further agreement is made, same/similar update can be made to the existing location-based CHO requirement following the conclusion for location based cell reselection measurement triggering.
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