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1. Introduction
In RAN4#107 meeting, RAN4 had some discussion on RRM requirements for Rel-18 NTN mobility enhancement, and the related WF was approved in [1]. In this contribution, we discuss the potential RRM requirements for Rel-18 NTN mobility enhancement and provide our proposals.
2. Discussion
2.1	NTN-TN and NTN-NTN mobility
NTN-NTN cell reselection enhancements for earth moving cell
	Issue 4-1-A: Time-based cell reselection in earth moving cell NTN deployments
· No agreement.
Issue 4-1-B: For location-based cell reselection in earth moving cell NTN deployments
Agreement:
· RAN4 to define UE requirements on location-based cell reselection in earth moving cell NTN deployments if the existing requirements are not applicable for earth moving system. The new requirement can be based on the existing requirement, and the updates may include “the margin for distance threshold” and “the definition of the reference Location.”
· Do not further restrict DRX cycle beyond Rel-17 NR NTN.
· FFS: Whether the coverage information of serving cell is (absolutely) necessary


In Rel-18 NTN, the NTN-NTN mobility focus on the cell reselection enhancement for earth-moving scenario. And according to RAN2 agreements, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. And for earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold. And from RAN4 perspective, the location based cell reselection requirement defined for quasi-fixed cell in Rel-17 can be applied to earth-moving cell. 
Proposal 1: For location based cell reselection for earth-moving cell, the location based cell reselection requirement defined in Rel-17 is applied.
For quasi-fixed cell case, the location margin for evaluating the distance threshold is defined as 50m provided that the reference location is static. However, for earth-moving cell case, the UE has to evaluate the reference point based on the epoch time information which is variant over time, the position error of reference point evaluation needs to be considered, e.g. 30m.
Proposal 2: For earth-moving cell case, the location margin for evaluating the distance threshold is extended by considering the location error of reference point evaluation, e.g. 80m.
For time based cell reselection for earth-moving cell, as the time-based measurement initiation is used to address feeder-link switch case, and RAN2 has agreed to reuse ‘t-Service-r17’ format for the IE used to trigger UE neighbour cell measurements prior to cell replacement due to feeder link switch.  Thus, the time based cell reselection requirement defined in Rel-17 is applied.
	RAN2#122 agreements:
· Re-use epochTime-r17 in ntn-Config IE to provide the time reference for an Earth moving cell reference location.
· Re-use t-Service-r17 format for the IE used to trigger UE neighbour cell measurements prior to cell replacement due to feeder link switch. FFS whether we reuse exactly the same IE name as in R17 (updating the field description) or a new one


Proposal 3: For time based cell reselection for earth-moving cell, the time based cell reselection requirement defined in Rel-17 is applied.
NTN-TN cell reselection enhancements for UE power saving
	Issue 4-2: NTN-TN Cell reselection enhancements (to reduce UE power consumption)
Agreement:
· FFS: RAN4 to define RRM requirements on TN-to-NTN reselection.
· RAN4 to agree to reuse same side condition of assistance information for neighbour NTN cells from R17 WF R4-2207114.
· Additional side conditions can be added, as needed, and the conditions may depend on satellite types (GSO vs. non-GSO) and/or NTN cell deployments for non-GSO (earth-fixed vs. earth-moving cell).
Agreement:
· RAN4 to define RRM requirements on NTN-to-TN cell reselection requirement without measurement enhancement for the following cases:
· both GSO and non-GSO
· both earth fixed cell and earth moving cell
· FFS on 
· whether/how to define the detailed UE behaviour when the UE is out of TN coverage.


In last meeting, RAN4 was agreed to introduce RRM requirements for NTN-to-TN cell reselection. And FFS to define RRM requirement for TN-to-NTN cell reselection case. In our understanding, the scenarios is typical, as when the UE is at the cell edge of TN coverage and is going to move out of TN cell. The UE should reselect to and camp on a NTN cell as soon as possible. Thus, it is necessary to define RRM requirement to support TN-to-NTN cell reselection case.
Proposal 4: RAN4 to define RRM requirement for TN-to-NTN cell reselection.
For NTN-to-TN cell reselection, according to RAN2 agreements, when the UE is out of TN coverage, for power saving purpose, the UE is not required to perform measurement for cell reselection on TN cell(s).
	RAN2#122 agreements:
· 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


Proposal 5: For NTN-to-TN cell reselection, when the UE is out of TN coverage, the UE is not required to perform measurement for cell reselection on TN cell(s). 
For TN-to-NTN cell reselection, when UE’s serving cell is a TN cell, the UE is prioritized to camp on TN cell. If the signal quality of serving cell is good enough, e.g. UE in TN cell centre. The measurement relaxation on NTN cell can be applied for power saving purpose.
Proposal 6: For TN-to-NTN cell reselection, the measurement relaxation on NTN cell(s) is applied under certain applicability conditions, e.g. UE is in the centre of TN cell.
2.2	RACH-less Handover
	Issue 5-1: RACH-less (C)HO
Agreement:
· RAN4 to define RACH-less HO requirements for intra-/inter-satellite handover with and without gateway/gNB switch.
· Known and Unknown target cell condition:
· Reuse the R17 known/unknown condition applied in NTN HO requirements.
· If any other new aspects to be additionally added are identified based on RAN1/2 progress, those aspects will be further discussed in RAN4.
· Whether to define the requirements for both known and unknown target cells
· Consider both known and unknown target cells.
· Whether to include fine time tracking latency in the HO latency requirement,
· Fine time tracking latency will be included even when target cell is known.
· Additional latency can be added, if identified and needed, based on the detailed design of the feature to be made by RAN1 and RAN2
· The detailed formula and exact values in the requirements, e.g. T_IU, T_SI-NR, T_RACH, T_delta, T_processing, T_margin, T_search, etc. if relevant, will be defined in the next meeting accordingly.


In last meeting, RAN4 was agreed to introduce RACH-less HO requirements for both intra-satellite and inter-satellite handover with and without gateway/gNB switch. From RAN4 perspective, RAN4 needs to define the corresponding requirements for RACH-less handover. RAN2 agrees to use the LTE’s RACH-less handover procedure as a baseline and the RACH-less HO for NTN-TN mobility is not supported, therefore, the interruption time can be expressed as follows:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
-	Tsearch is the time required to search the target NR SAN cell.
· Both known and unknown cases are considered
· Both intra-satellite and inter-satellite cases are considered
· Both intra-frequency target cell and inter-frequency target cell cases are considered
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. 
-	Tprocessing is time for UE processing. 
-	Tmargin is time for SSB post-processing. 
-	TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell.
Proposal 7: The interruption time of RACH-less handover is expressed in following formula:
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Where:
-	Tsearch is the time required to search the target NR SAN cell.
· Both known and unknown cases are considered
· Both intra-satellite and inter-satellite cases are considered
· Both intra-frequency target cell and inter-frequency target cell cases are considered
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. 
-	Tprocessing is time for UE processing. 
-	Tmargin is time for SSB post-processing. 
-	TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell.

	Issue 5-2: HO for satellite switching without PCI change
· No agreement.


For satellite switching without PCI change, the UE may require DL synchronization after satellite switching. The legacy HO delay requirement can be used as baseline without considering the UE processing time.
Tinterrupt = Tsearch + TIU + T∆ + Tmargin
Where,
-	Tsearch is the time required to DL synchronization after satellite switching.
-	T∆ is time for fine time tracking and acquiring full timing information after satellite switching. 
-	Tmargin is time for SSB post-processing. 
-	TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion after satellite switching.
Proposal 8: For satellite switching without PCI change, the interruption time is expressed in following formula:
Tinterrupt = Tsearch + TIU + T∆ + Tmargin
Where,
-	Tsearch is the time required to DL synchronization after satellite switching.
-	T∆ is time for fine time tracking and acquiring full timing information after satellite switching. 
-	Tmargin is time for SSB post-processing. 
-	TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion after satellite switching.
3. Conclusion
In this contribution, we discussed the RRM impact for NTN-TN and NTN-NTN mobility enhancement and proposals are provided as follows:
Proposal 1: For location based cell reselection for earth-moving cell, the location based cell reselection requirement defined in Rel-17 is applied.
Proposal 2: For earth-moving cell case, the location margin for evaluating the distance threshold is extended by considering the location error of reference point evaluation, e.g. 80m.
Proposal 3: For time based cell reselection for earth-moving cell, the time based cell reselection requirement defined in Rel-17 is applied.
Proposal 4: RAN4 to define RRM requirement for TN-to-NTN cell reselection.
Proposal 5: For NTN-to-TN cell reselection, when the UE is out of TN coverage, the UE is not required to perform measurement for cell reselection on TN cell(s). 
Proposal 6: For TN-to-NTN cell reselection, the measurement relaxation on NTN cell(s) is applied under certain applicability conditions, e.g. UE is in the centre of TN cell.
Proposal 7: The interruption time of RACH-less handover is expressed in following formula:
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Where:
-	Tsearch is the time required to search the target NR SAN cell.
· Both known and unknown cases are considered
· Both intra-satellite and inter-satellite cases are considered
· Both intra-frequency target cell and inter-frequency target cell cases are considered
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. 
-	Tprocessing is time for UE processing. 
-	Tmargin is time for SSB post-processing. 
-	TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell.
Proposal 8: For satellite switching without PCI change, the interruption time is expressed in following formula:
Tinterrupt = Tsearch + TIU + T∆ + Tmargin
Where,
-	Tsearch is the time required to DL synchronization after satellite switching.
-	T∆ is time for fine time tracking and acquiring full timing information after satellite switching. 
-	Tmargin is time for SSB post-processing. 
-	TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion after satellite switching.
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