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1. Introduction
The Rel-18 WID of NR NTN enhancements was approved in [1], one of the objective is to specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements. 
	4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.
· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]


In this contribution, we discuss the potential RRM impact for NTN-TN and NTN-NTN mobility enhancement and provide our proposals.
2. Discussion
2.1	NTN-TN and NTN-NTN mobility
NTN-NTN mobility
	Agreements in RAN2#119b:
· For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to  UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
· System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
· In Earth-moving cell, 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. FFS how the reference location and/or distance threshold are provided to the UE
· RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)


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. RAN4 needs to wait for the further progress from RAN2 on UE behaviour once the location-based criteria are fulfilled, e.g. UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops providing coverage at the present UE location regardless of whether the legacy Srxlev/Squal condition are met.
Proposal 1: RAN4 to investigate the RRM impact for NTN-NTN cell reselection with earth-moving cell until RAN2 has further progress on UE behaviour before the serving cell stops providing coverage at the present UE location.
NTN-TN mobility
	RAN2 Agreements:
· To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.
· UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
· RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
· Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.


RAN2 is discussing to introduce indication to identify TN cells from inter-frequency list and inter-RAT frequency list, and when there is no TN network coverage, UE is not required to perform neighbour cell measurements for TN neighbour cells. The RRM impact due to the availability of TN cells should be study, in addition, the UE measurement capability on EUTRA carrier should be defined.
Proposal 2: RAN4 to investigate the RRM impact for NTN-TN cell reselection, at least the following aspects need to be considered.
· UE measurement capability on EUTRA carriers;
· Cell reselection delay requirement when TN network is available;
· Measurement of inter-RAT E-UTRAN cells;

2.2	Handover
NTN-TN handover
According to the agreement in [2], the NTN-TN handover requirements was not specified in Rel-17. RAN4 need to introduce the NTN-TN handover requirement to support NTN-TN mobility in Rel-18.
Proposal 3: RAN4 to introduce NTN-TN handover requirements in Rel-18.
Reply LS on RACH-less handover in NTN
In [3], RAN2 asked RAN1 to provide the feedback on the possibility of the listed RACH-less handover scenarios. And RAN1 has provided the response in [4], and ask RAN4 to confirm RAN1’s assumption in Note 1 is correct.
	For mobility enhancement in Rel-18 NR NTN, RAN2 has discussed RACH-less handover. RAN2 would like to check with RAN1 in which of the following listed scenarios RACH-less handover is possible.
(1) Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
(2) Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
(3) Inter-satellite handover with gateway/gNB switch
(4) Inter-satellite handover with same gateway/gNB
ACTION:	RAN2 respectfully asks RAN1 to provide response to the above question.



	RAN1 response
For scenario (1), from RAN1 perspective the RACH-less handover is possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 
For scenario (2)-(4), from RAN1 perspective the RACH-less handover may be possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell. 
Note 1: RAN1 assumes that the RAN4 UL synchronization requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell.
Note 2: gNB is expected to provide valid assistance information of the target cell to UE.
Note 3: gNB is expected to ensure the UE can perform the UL transmission while respecting common TA and UE processing time.

ACTIONs:	
To RAN2:
RAN1 respectfully asks RAN2 to take the above response into account in the future work.
To RAN4: 
RAN1 respectfully asks RAN4 whether RAN1’s assumption in Note 1 is correct.


The note 1 in RAN1 reply LS assumes that the first UL transmission performance for RACH-less handover should fulfill the initial transmission requirement specified in Table 7.1C.2-1 of TS38.133. In our understanding, if UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell, and the initial transmission requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell, the RACH-less handover is possible.
Proposal 4: RAN4 confirms that RAN1’s assumption in Note 1 is correct.
3. Conclusion
In this contribution, we discussed the measurement related requirements for NTN system and our observation and proposals are provided as follows:
Proposal 1: RAN4 to investigate the RRM impact for NTN-NTN cell reselection with earth-moving cell until RAN2 has further progress on UE behaviour before the serving cell stops providing coverage at the present UE location.
Proposal 2: RAN4 to investigate the RRM impact for NTN-TN cell reselection, at least the following aspects need to be considered.
· UE measurement capability on EUTRA carriers;
· Cell reselection delay requirement when TN network is available;
· Measurement of inter-RAT E-UTRAN cells;
Proposal 3: RAN4 to introduce NTN-TN handover requirements in Rel-18.
Proposal 4: RAN4 confirms that RAN1’s assumption in Note 1 is correct.
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1. Overall Description:
RAN4 thanks RAN1 for the LS on RACH-less handover in NTN in R1-2213001. And RAN4 confirms that RAN1’s assumption in Note 1 is correct.

2	Actions
To RAN1 and RAN2:
RAN4 respectfully asks RAN1 and RAN2 to take the above information into account in the future work.

3	Date of next TSG-RAN WG1 meeting
RAN4#106bis-e                  17-26 April 2023	e-meeting              
RAN4#107                      22-26 May 2023	Korea





