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1 Introduction
The latest WID [1] has been updated and approved in the RAN plenary RAN#100 meeting. 
	The objectives of Rel-18 NTN enhancement are described in [1] including: 
4.1.1	Coverage enhancement
4.1.2	NR-NTN deployment in above 10 GHz bands
[bookmark: OLE_LINK1]4.1.3	Network verified UE location
4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements


In this contribution, we continue to discuss the detailed RRM requirements for NTN-NTN and NTN-TN mobility in highlighted objective. 
2 Discussion
NTN-NTN cell reselection enhancement
In the WF [2] of last RAN4 meeting, it is listed as below:
	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-17 NTN for earth fixed cell, the requirements for measurement initiation for cell reselection are defined as:
	4.2C.2.3
If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if the distanceThresh is configured  (see TS 38.304[1]) and UE has location information, then the UE may not perform measurement of intra-frequency.
4.2C.2.4
If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2C.2.9.
If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection. The requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 m. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.


In earth moving cell, the reference location should be with time information because the cell is moving as time goes on. If the reference location is physically fixed, the meaning of distance between UE location and reference location will be incorrectly impact on whether UE should not perform neighbour cell measurement. For example, at T1, UE is close to the reference location, UE will skip the neighbour cell measurement. At T2, if reference location is fixed, it is close to the cell boundary when the cell moves. Although the distance between UE and reference location is still less than the distance threshold, UE is near to the cell boundary and should start neighbour cell measurement. Otherwise, UE cannot reselect to a suitable cell as soon as possible. 
Proposal 1: In earth moving cell, the reference location in requirements for measurement initiation should be updated to reference location with time information. 
In RAN2#122 meeting, RAN2 achieved the agreements as below:
1. Re-use epochTime-r17 in ntn-Config IE to provide the time reference for an Earth moving cell reference location.
According to the agreement, epochTime-r17 is reused. As the same as Rel-17, it shows the starting time of a DL sub-frame. By using the initial reference location and epochTime and satellite ephemeris, UE can calculate the real reference location in any time after SIB19 decoding. 
Proposal 2: The reference location should be updated by UE calculation by using initial reference location and epochTime and satellite ephemeris after SIB19 decoding. 
In RAN2#122 meeting, for location-based cell reselection criteria, RAN2 achieved the agreements as below:
Agreements:
Location-based cell reselection criteria are not pursued in R18.
From the performance perspective, we think it is benefit for reducing power consumption if new location-based cell reselection criteria can be introduced. But if according to the agreements in RAN2, RRM requirements of ranking criterion should be the same as legacy in Rel-17. 
Proposal 3: For cell ranking for cell reselection criteria, reuse Rel-17 ranking rule.

NTN-TN cell reselection enhancement
In the WF [2] of RAN4#107 meeting, it is listed as below:
	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.

Agreement:
· RAN4 to not define accuracy of TN coverage information provided by NTN cell.



Proposal 4: For cell reselection requirements from TN to NTN cells, 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:
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 intra-frequency. For inter-frequency cell reselection, apply the similar rule. 
In NTN-TN cell reselection, if the TN cells is included in the range of area which is less than distanceThresh, the neighbour cells measurement can be skipped. 
Proposal 5: For cell reselection requirements from NTN to TN cells, 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. 

NTN-NTN Handover
For RAC-less (C)HO, in the WF [2] of last RAN4 meeting, it is listed as below:
	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.


Proposal 6:
RACH-less HO delay is: RRC procedure delay + Interruption time. 
The interruption time is: Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
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 PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell. The value depends on the UL grant.
3 Conclusion
In this contribution, we provide our further analysis of some RRM requirements for NTN-NTN and NTN-TN mobility and our proposals are:
Proposal 1: In earth moving cell, the reference location in requirements for measurement initiation should be updated to reference location with time information.
Proposal 2: The reference location should be updated by UE calculation by using initial reference location and epochTime and satellite ephemeris after SIB19 decoding. 
Proposal 3: For cell ranking for cell reselection criteria, reuse Rel-17 ranking rule.
Proposal 4: For cell reselection requirements from TN to NTN cells, 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:
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 intra-frequency. For inter-frequency cell reselection, apply the similar rule. 
Proposal 5: For cell reselection requirements from NTN to TN cells, 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.
Proposal 6:
RACH-less HO delay is: RRC procedure delay + Interruption time. 
The interruption time is: Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
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 PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell. The value depends on the UL grant.
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