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Introduction
RRM core requirements for mobility enhancements in NTN are discussed in RAN4#110, and the outcomes are captured in [1]. Based on [1], further discussions are needed for the following issues.
· Idle/Inactive mode mobility enhancements
· Connected mode mobility enhancements
In this paper, we will provide our views on RRM core requirements for mobility enhancements in NTN.
Discussion
Idle/Inactive mode mobility enhancements
	Issue 4-2: NTN to TN cell reselection
Agreement: (ad-hoc agreement)
· Requirement applicability
· Only inter-frequency cell reselection from NTN in FR1-NTN to TN
· FFS inter-RAT cell resection
· Measurement requirements on cell reselection from NTN to NR TN (inter-frequency)
· Remove HST components.
· Remove HST components if inter-RAT considered in Rel-18 

Online Agreement: 
· Measurement requirements on cell reselection from NTN to NR TN (inter-frequency intra-RAT)
· Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN +   if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14]  or if the enhancedMeasurementLEO-r17 is not enabled, or within Kcarrier_TN * Tdetect/measure/evaluate,NR_Inter_TN + Kcarrier_HST * Tdetect/measure/evaluate,NR_Inter_HST +  if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14]  and the enhancedMeasurementLEO-r17 is enabled.
· The parameter Kcarrier_TN is the number of NR TN inter-frequency carriers indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter Kcarrier_HST is the number of NR TN inter-frequency carriers which are configured with highSpeedMeasInterFreq-r17 indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter Kcarrier_NTN is the number of NR NTN inter-frequency carriers indicated by the serving cell.
· Tdetect/measure/evaluate,NR_Inter_TN is the NR TN inter-frequency cell re-selection requirement defined in Table 4.2.2.4-1 in TS38.133
· Tdetect/measure/evaluate,NR_Inter_NTN is the NR NTN inter-frequency cell re-selection requirement defined in Table 4.2C.2.4-1 in TS38.133
· When the distance between the UE and tn-ReferenceLocation is larger than tn-DistanceRadius +50m, the UE is allowed to not perform measurements on the TN frequency in the corresponding area.
· Measurement requirements on cell reselection from NTN to LTE TN (inter-RAT)
· NEUTRA_carrier * Tdetect/measure/evaluate,EUTRAN
· The parameter NEUTRA_carrier_HST is the total number of configured E-UTRA carriers indicated to meet high speed requirements in the neighbour frequency list, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· The parameter NEUTRA_carrier is the number of EUTRA TN carriers indicated by the serving cell, except for the frequency carrier where there is no coverage of that frequency based on the provide TN cell coverage information and UE GNSS position information.
· When the distance between the UE and tn-ReferenceLocation is larger than tn-DistanceRadius +50m, the UE is allowed to not perform measurements on the TN frequency in the corresponding area.


For NTN-TN cell reselection, RAN4 agreed to account for measurement skipping based on TN coverage information, and the criterion is “When the distance between the UE and tn-ReferenceLocation is larger than tn-DistanceRadius +50m”. 
We understand 50m is the margin for possible GNSS error, but it should be defined as the condition for the requirements rather than the part of UE behaviour. The UE behaviour is clear, i.e. it should perform TN measurement if the estimated distance to tn-ReferenceLocation is smaller than tn-DistanceRadius, and when the estimated distance is larger than tn-DistanceRadius, then UE is allowed to skip TN measurement. 
RAN4 requirements should define when UE performs the measurement based on the UE behaviour, and the requirements apply provided that the actual distance between UE to tn-ReferenceLocation is smaller than tn-DistanceRadius – 50m. Otherwise, the requirements do not apply, which means UE is allowed to skip TN measurement when the actual distance is larger than tn-DistanceRadius – 50m.
The current wording in the agreement is a bit ambiguous. It is not clear if the “distance” refers to estimated distance or actual distance, and so it is not clear if it is defining UE behaviour or condition for requirements. We suggest to clarify it as in Proposal 1.
Proposal 1: (for Issue 4-2) RAN4 to clarify the requirements related to TN measurement skipping as:
“UE shall perform TN measurement if its estimated distance to tn-ReferenceLocation is smaller than tn-DistanceRadius. The requirements apply provided that the actual distance between UE to tn-ReferenceLocation is smaller than tn-DistanceRadius – 50m.”
Connected mode mobility enhancements
	Issue 5-2-S1: (‘Soft’ Satellite switch) RAN2 LS on soft satellite switch
Agreement: (ad-hoc agreement – details for LS reply is separately discussed/approved, ledy by Apple)
· It is feasible that a soft satellite switch capable UE can perform downlink synchronization with the target NGSO satellite and keep the connection (DL and UL) with the source NGSO satellite simultaneously under the following conditions.
· Only if SSBs from the two satellites are spaced apart from each other at least by [1 OFDM symbol] in the time domain at UE Rx side.
· [If the UE not capable of parallelMeasurementWithoutRestriction-r17 then scheduling restriction shall be expected within the duration from Tstart to T service.]
Agreement: 
Further discuss on the solutions of alleviating the scheduling restriction problem can be further discussed in maintenance phase.


Performing sync towards the target satellite may cause scheduling restriction. Technically, UE only needs to access the target satellite during the SSB occasions of the target satellite, which is determined by SMTC of serving cell, broadcasted ssb-TimeOffset, and PDD between serving and target satellite as observed by UE. However, the PDD is not known to the source cell, so based on current agreement scheduling restriction is allowed in the whole duration from s-Start to t-Service.
In our view, the current agreement somehow mixed the requirement for UE and the reaction of NW. RAN4 defines scheduling restriction as a UE requirement, so it should be only allowed during SSB occasions of the target satellite. There is no need to define how NW handles the possible scheduling restriction. NW may choose to completely ignore the restriction, or NW may stop scheduling during SSB occasions without considering PDD, or NW may take its own assumptions on the PDD, or NW may stop scheduling during the whole duration from s-Start to t-Service. It is all up to NW implementation, and should not be limited in spec. The spec should define UE requirement which is clear regarding where restriction would happen.
We do not have strong view whether to introduce mechanisms to allow NW to get better knowledge of where scheduling restriction may happen. 
Proposal 2: (for Issue 5-2-S1) RAN4 to define scheduling restriction during soft satellite switch from UE perspective, i.e. scheduling restriction are allowed only during SSB occasions of the target satellite.
	Issue 5-2-S2: (‘Soft’ Satellite switch) Interruption time
Agreement: (Needs online discussion)
· The starting point of the downlink synchronization time/interruption time.
· Between t-serviceStart and t-Service, the exact starting time is up to UE implementation
· The starting point of the interruption time.
· t-Service
· Online Agreement: Satellite switch latency Requirement
· If t-Service – t-serviceStart >= Tsearch + T∆ + Tmargin and UE is able to perform downlink synchronization with the target NGSO satellite and keep the connection (DL and UL) with the source NGSO satellite simultaneously
· Satellite switch ending pint is no later than is Tprocessing + TIU from t-Service
· Otherwise
· Satellite switch latency ending pint is no later than Tsearch + T∆ + Tmargin + Tprocessing + TIU from t-serviceStart
· Interruption is allowed only after t-Service
Agreement: 
· Satellite switch delay (Tsoft-switch), from t-serviceStart to the time instance for the first UL transmission to the target satellite, is defined as below:
· Tsoft-switch = max(t-Service - t-serviceStart, Tsearch + T∆ + Tmargin) + Tprocessing + TIU
· ‘The time instance for the first UL transmission to the target satellite’ is no earlier than t-Service.
Online Agreement:
· Tsearch
· Tfirst_SSB [ms], where Tfirst_SSB is the time to the end of the first complete SSB burst indicated by 
· SMTC of serving cell + ssb-TimeOffset + PDD propagation difference 
· TIU (ending point of interruption is at TIU)
· 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 TA timer is not running and there is no PUCCH SR
· Note: Anything not compliant with RAN2 spec, if identified, will be removed.
· T∆: Same as the existing requirements
· Tmargin: Same as the existing requirements
· Further discuss whether UE is allowed to skip or deprioritize measurements on the serving cell and neighbor cells from T-Start in maintenance phase


RAN4 has completed most of the requirements for soft satellite switch last meeting, and one remaining issue is whether UE is allowed to skip or deprioritize measurements on the serving cell and neighbor cells from t-Start. We support the proposal that UE may 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 the serving cell or 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.
Proposal 3: (for Issue 5-2-S2) For soft satellite switch with re-sync, UE is allowed not to meet measurement requirements for other cells than the target cell after t-Start.
Conclusions
In this paper we provided our views on RRM core requirements for mobility enhancements in NTN.
Proposal 1: (for Issue 4-2) RAN4 to clarify the requirements related to TN measurement skipping as:
“UE shall perform TN measurement if its estimated distance to tn-ReferenceLocation is smaller than tn-DistanceRadius. The requirements apply provided that the actual distance between UE to tn-ReferenceLocation is smaller than tn-DistanceRadius – 50m.”
Proposal 2: (for Issue 5-2-S1) RAN4 to define scheduling restriction during soft satellite switch from UE perspective, i.e. scheduling restriction are allowed only during SSB occasions of the target satellite.
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