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1. Introduction
In RAN4#108 meeting, RAN4 discussed the RRM core requirements for NR NTN enhancement, the WF has been approved in [1]. 
In this contribution, we further discuss the RRM impact of NR NTN mobility enhancement based on the progress of RAN2 and RAN4.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Idle/Inactive mode mobility 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 propose to deprioritize the TN-to-NTN cell re-selection and focus on the NTN-to-TN cell re-selection first, since RAN2 hasn’t discussed any mechanism for TN-to-NTN scenario, e.g. how UE obtain the TN coverage area information from TN cell.
Proposal 1: Deprioritize the TN-to-NTN cell re-selection scenario.

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.
Agreement:
· Deprioritize the scenario where TN and NTN cells are in the same frequency in RRM requirements.
FFS:
· Consider shorter Thigher_priority_search for TN frequency layer when TN frequency is set to higher priority

For NTN-to-TN cell re-selection, the mechanism designed by RAN2 is as follows:
· An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority
· For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius, reuse the same format of Rel-17 referenceLocation and distanceThresh for signaling the TN coverage area centre and radius.
The UE measurement behavior for NTN-to-TN cell reselection should be defined. RAN2’s agreement could be reused with minor update. “An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell re-selection for a TN frequency in the area, if configured, where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information, regardless of the frequency priority”
Besides, we think the definition of Kcarrier should be revised to capture the NTN-to-TN cell re-selection enhancement mechanism. In the current spec, the parameter Kcarrier is the number of NR inter-frequency carriers indicated by the serving cell. When considering the NTN-to-TN cell re-selection, the definition of Kcarrier should be revised to the number of NR inter-frequency carriers indicated by the serving cell, except for the TN only frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
Proposal 2: The UE measurement behavior for NTN-to-TN should be defined. An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell re-selection for a TN frequency in the area, if configured, where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information, regardless of the frequency priority.
Proposal 3: Revise the definition of Kcarrier to the number of NR inter-frequency carriers indicated by the serving cell, except for the TN only frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
In current spec, the UE shall search every layer of higher priority at least every Thigher_priority_search = (60 * Nlayers) seconds, where Nlayers is the total number of higher priority NR carrier frequencies broadcasted in system information. How does the UE search the higher priority layers is up to UE implementation, we don’t see the urgent necessity of differentiate the TN frequency layer and NTN frequency layer among higher layers. 
Observation1: There is no urgent necessity of differentiate the TN frequency layer and NTN frequency layer among higher layers. 
Proposal 4: No need to consider shorter Thigher_priority_search for TN frequency layer with higher priority comparing to NTN frequency layer with higher priority.

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.
Based on RAN2’s agreement, time-based measurement initiation will be used in earth-moving system, and the existing RRC signaling of ‘t-service’ with updated description will be reused to indicate the feeder-link switch timing. Therefore, the existing time-based cell re-selection and cell selection mechanism could be reused, which are:
If the UE is configured with ‘t-service’, the UE should start measurements of the neighbour cells indicated by the serving cell before ‘t-service’ is reached according to the requirements
If the UE is configured with ‘t-Service’ in the serving cell then the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 when any of the following conditions is fulfilled:
-	If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information within 10 s since time instance T1 provided that ‘t-Service’ > T1 or
-	If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information within 10 s since the time instance ‘t-Service’.
-	Where, T1 is the time instance in seconds when the UE has determined that the serving cell does not fulfil the cell selection criterion S.
Proposal 5: For time-based cell re-selection in earth moving cell NTN deployments, the existing time-based cell re-selection and cell selection mechanism could be reused.
Considering of the short service time of earth moving cell which is about 10s, we think the cell re-selection detection/evaluation/measurement requirement enhancement is necessary. The requirement for HST could be the starting point.
Proposal 6: In earth-moving cell deployment, the cell re-selection detection/evaluation/measurement requirements enhancement is necessary.

Issue 3-4: Location-based measurement initiation for cell re-selection 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.
For the definition of the serving cell reference location of earth-moving deployment, if RAN2 give the corresponding definition or description in TS 38.331, we don’t think additional clarification need to be announced in RAN4.
Proposal 7: For the definition of the serving cell reference location of earth-moving deployment, wait more progress of RAN2. If RAN2 give the corresponding definition or description in TS 38.331, then no need to add additional clarification in RAN4 spec.
The location margin for evaluating the distance threshold contains UE location error and reference location derivation error in earth-moving cell deployment. Recall to the discussion of quasi-fixed cell timing error , 50m is used as UE location error, and 20m is used as satellite location error which is derived by satellite ephemeris information. Considering of the reference location in earth moving deployment is also derived by serving satellite ephemeris and epochTime, we think 20m can be reused as the error margin.
Proposal 8: The location margin for evaluating the distance threshold can be extended by 20 meters.
As we known, the service time earth moving cell is quite short which is about 10s, while the Thigher_priority_search for each higher priority frequency layer is 60s. The service time is far from enough for UE to complete the higher priority search. Therefore, we support to consider shorter Thigher_priority_search for frequency layer with higher priority, the specific value need to be FFS.
Proposal 9: Consider shorter Thigher_priority_search for frequency layer with higher priority, the specific value need to be FFS.

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 the above scenario, if one SMTC couldn’t cover all satellites which are needed to be monitored, following aspects could be considered to assist UE to adjust the SMTC window and monitor the preferred satellite(s)
· The cell quality, e.g., RSRQ/RSRQ
· The remaining service time if re-selected to
· The number of satellite which could covered by SMTC window after SMTC adjustment
· The priority of frequency layer which could covered by SMTC window after SMTC adjustment
Considering there are many factors may affect UE’s behaviour, we think it is hard to define an explicit UE requirement/behaviour, Option A is the more feasible method.
Proposal 10: It is up to UE implementation of how to autonomously adjust the SMTC in the time domain and which cell(s)/satellite to measure.
3. Connected mode mobility 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
Based on RAN2’s discussion so far, the UL transmission resource could be acquired by pre-allocated UL grant and dynamic UL grant. Therefore, TIU is the interruption uncertainty in acquiring the first UL transmission resource which can be a configured grant based PUSCH and a dynamic grant based PUSCH
Proposal 11: For RACH-less HO, TIU is the interruption uncertainty in acquiring the first UL transmission resource which can be a configured grant based PUSCH and a dynamic grant based PUSCH.

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, RAN2 achieved following agreements:
	Agreements:
1.  An explicit indication will be introduced to enable the unchanged PCI switch
2.  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
3.  PCI unchanged procedure can be performed without performing RACH
4.  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.
5.  In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
6.  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.



RAN2 first agreed the case where the coverage gap is zero or negligible. In this case, the UE behavior and related timeline are as shown in Figure 1: 
[image: ]
The t-service of source satellite should be the starting point of the satellite switching delay requirements. Considering there is zero or negligible coverage gap between source satellite and target satellite, the first proponent of satellite switching delay should be TSI-NR, which is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell of target satellite.
After UE receiving SSB and performing DL sync, if RACH-based solution applies, then the second proponent of satellite switching delay should be TPRACH, which is the delay uncertainty in acquiring the first available PRACH occasion in the target cell of target satellite. However, if RACH-less-based solution applies, then the second proponent of satellite switching delay should be TIU, which is the interruption uncertainty in acquiring the first UL transmission resource which can be a configured grant based PUSCH or dynamic grant based PUSCH.
Proposal 12: In zero or negligible coverage gap scenario, the satellite switching delay requirement is as follows:
· If RACH-based solution applies, then the satellite switching delay requirement covers:
· TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell of target satellite.
· TPRACH: It is the delay uncertainty in acquiring the first available PRACH occasion in the target cell of target satellite. 
· If RACH-less-based solution applies, then the satellite switching delay requirement covers:
· TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell of target satellite.
· TIU, It is the interruption uncertainty in acquiring the first UL transmission resource which can be a configured grant based PUSCH or dynamic grant based PUSCH.

Time and location-based trigger CHO enhancements
Following agreements has been achieved in RAN2#123
	For CHO in NTN (both NR NTN and eMTC NTN, time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition). We add a description/note saying in which scenarios this is reasonable, e.g. at least hard-switch case where gap is assumed to be zero/negligible


In hard-switch case where gap is assumed to be zero/negligible, time and location-based trigger conditions may be configured independently. In this case, CHO requirements should be revised as follows:
When the UE receives a RRC message implying conditional handover the UE shall be ready to start the transmission of the new uplink PRACH channel within DCHO seconds from the end of the last TTI containing the RRC command.
	DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
Where:
	TRRC is the RRC procedure delay
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
	Tmeasure is the measurements time stated in clause 6.1.4.2.2.
	TCHO_execution is the conditional execution preparation time
	Tinterrupt is the interruption time
Proposal 13: The CHO requirements should be revised in hard-switch case where gap is assumed to be zero/negligible and the time and location-based trigger conditions are configured independently. 
DCHO = TRRC + TEvent_DU + Tinterrupt + TCHO_execution
Where:
	TRRC is the RRC procedure delay
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
	TCHO_execution is the conditional execution preparation time
	Tinterrupt is the interruption time
4. Conclusion
Based on the discussion above, the following observations and proposals are concluded. 
Proposal 1: Deprioritize the TN-to-NTN cell re-selection scenario.
Proposal 2: The UE measurement behavior for NTN-to-TN should be defined. An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell re-selection for a TN frequency in the area, if configured, where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information, regardless of the frequency priority.
Proposal 3: Revise the definition of Kcarrier to the number of NR inter-frequency carriers indicated by the serving cell, except for the TN only frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
Observation1: There is no urgent necessity of differentiate the TN frequency layer and NTN frequency layer among higher layers. 
Proposal 4: No need to consider shorter Thigher_priority_search for TN frequency layer with higher priority comparing to NTN frequency layer with higher priority.
Proposal 5: For time-based cell re-selection in earth moving cell NTN deployments, the existing time-based cell re-selection and cell selection mechanism could be reused.
Proposal 6: In earth-moving cell deployment, the cell re-selection detection/evaluation/measurement requirements enhancement is necessary.
Proposal 7: For the definition of the serving cell reference location of earth-moving deployment, wait more progress of RAN2. If RAN2 give the corresponding definition or description in TS 38.331, then no need to add additional clarification in RAN4 spec.
Proposal 8: The location margin for evaluating the distance threshold can be extended by 20 meters.
Proposal 9: Consider shorter Thigher_priority_search for frequency layer with higher priority, the specific value need to be FFS.
Proposal 10: It is up to UE implementation of how to autonomously adjust the SMTC in the time domain and which cell(s)/satellite to measure.
Proposal 11: For RACH-less HO, TIU is the interruption uncertainty in acquiring the first UL transmission resource which can be a configured grant based PUSCH and a dynamic grant based PUSCH.
Proposal 12: In zero or negligible coverage gap scenario, the satellite switching delay requirement is as follows:
· If RACH-based solution applies, then the satellite switching delay requirement covers:
· TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell of target satellite.
· TPRACH: It is the delay uncertainty in acquiring the first available PRACH occasion in the target cell of target satellite. 
· If RACH-less-based solution applies, then the satellite switching delay requirement covers:
· TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell of target satellite.
· TIU, It is the interruption uncertainty in acquiring the first UL transmission resource which can be a configured grant based PUSCH or dynamic grant based PUSCH.
Proposal 13: The CHO requirements should be revised in hard-switch case where gap is assumed to be zero/negligible and the time and location-based trigger conditions are configured independently. 
DCHO = TRRC + TEvent_DU + Tinterrupt + TCHO_execution
Where:
	TRRC is the RRC procedure delay
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
	TCHO_execution is the conditional execution preparation time
	Tinterrupt is the interruption time
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