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1. Introduction
In RAN4#108 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-TN 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.
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 TN-to-NTN cell reselection case, we support to define RRM requirements. In our understanding, this scenario is typical and it is beneficial to define corresponding requirements to guarantee the mobility performance, when the UE is at the cell edge of TN coverage and is going to move out of TN cell. The UE needs to reselect to a NTN cell as soon as possible if the NTN cell is available. In addition, RAN2 was agreed that a TN coverage area configuration is associated with a TN coverage Area ID and the frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5. Thus, it is necessary to define RRM requirement to support TN-to-NTN cell reselection case.
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 or the UE is in the centre of cell based on TN coverage information and UE GNSS position information. The measurement relaxation on NTN cell can be applied for power saving purpose.
Proposal 1: RAN4 to define RRM requirement for TN-to-NTN cell reselection.
Proposal 2: 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.
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). If the UE is in TN coverage and the criteria of measurement initiation is fulfilled, the UE starts neighbour cell measurements for possible cell reselection, and the existing cell reselection requirements are applied. Thus, we prefer to add one clarification other than updating the existing requirement for this case.
Proposal 3: RAN4 to add 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. 
Autonomous SMTC adjustment in RRC idle/inactive mode
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, we think no necessary to introduce explicit UE behaviour as long as the UE can perform measurement on one of the associated satellite. 
Proposal 4: 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, it is up to UE implementation to autonomously adjust the SMTC in the time domain and which cell(s)/satellite to measure. 
2.2	RACH-less Handover
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 5: 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.

	RAN2 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


According to RAN2 agreement, the satellite switching without PCI change is enable by an explicit indication. However, the starting point of the switch is under discussion in RAN2, e.g. the starting point can be t-service + t-gap or t-start. When the UE performs the unchanged PCI switch, the uncertainty time for RACH procedure is not needed as RACH is not performed during PCI unchanged procedure based on RAN2 agreement. Instead, RAN4 can use the first UL transmission as the ending point of the PCI unchanged procedure, and the time uncertainty in acquiring the first UL transmission after satellite switching should be considered. In summary, the interruption time for PCI unchanged switch can be expressed as follows:
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 time uncertainty in acquiring the first UL transmission after satellite switching.
Proposal 6: 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 time uncertainty in acquiring the first UL transmission 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: RAN4 to define RRM requirement for TN-to-NTN cell reselection.
Proposal 2: 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 3: RAN4 to add 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. 
Proposal 4: 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, it is up to UE implementation to autonomously adjust the SMTC in the time domain and which cell(s)/satellite to measure. 
Proposal 5: 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 6: 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 time uncertainty in acquiring the first UL transmission after satellite switching.
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