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1. Introduction
According to the latest discussion from RAN#98e meeting, the objectives in revised WID on NR NTN (Non-Terrestrial Networks) enhancements is approved [1]. In terms of RAN4 RRM related work, the solutions of NTN-NTN and NTN-TN mobility enhancement needs to be specified. For reference, we provide the related objectives below.
	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 Release 17, the solution was introduced to enable Non-Terrestrial Networks (NTN) in New Radio and NG-RAN. accordingly, RAN4 has discussed the baseline issues in terms of NTN mobility and define the corresponding NTN RRM requirements. As the part of Release 18, NTN-NTN and NTN-TN mobility need to be enhanced respectively in cell reselection and power consumption. 
2. Discussion
2.1 NTN-NTN mobility enhancements
For the NTN-NTN mobility, two mechanisms on cell selection have been introduced in R17, one is timing- based and another is location-based cell reselection, which are only applied for quasi earth fixed cell. therefore, Release 18 will work on cell reselection enhancements for earth moving cell scenario. 
RAN2#119e
Agreements:
1. RAN2 to work on assistance information that can be provided to NTN UEs for the above.
2. Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios 

RAN2#119bis-e
Agreements:
1. 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)
2. 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.
3. 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

After three meetings of RAN2, it has concluded some parameters which will be provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location including the reference location and distance threshold of serving cell. In terms of these parameters, we will provide some analysis.
Firstly, in our understanding, there is not clear about implementation on using the provided parameters to estimate when the serving cell stops providing coverage. There are two potential interpretations on the ‘distance threshold’. One is that the distance threshold refers to the serving cell’s coverage to be provided to UE, and another is that the distance threshold is a parameter less than the cell radius and used to trigger cell reselection measurement. For the former interpretation, even if the cell coverage is known for us, it will cause that the UE is already on the edge of the serving cell and possible to leave the service cell immediately so that there has no time for UE to perform cell reselection measurement. For the latter interpretation, UE has not idea about the available time is left for measurement before the cell stops covering since the distance threshold is only used to trigger measurement and it does not equal to the cell radius. Therefore, from RAN4 perspective, we think that perhaps the existing parameters that the network can provide are insufficient to evaluate whether UE can be measured before the cell stops covering.
Secondly, we would like to list several possible scenarios to further analyse the feasibility of location-based method in moving cell scenario. 
· Scenario 1 



Fig.1 Scenario 1 on earth moving cell
As illustrated in Figure 1, UE is already on the edge of the service cell when UE starts camping on the NTN serving cell. If the reference point of the cell is moving in the direction of V1 in the figure, it is too late for UE to start measuring on neighbour cell immediately based on the distance threshold.
Observation 1: If only distance thresholds are provided, it is difficult to assess whether the UE can complete the measurement before the cell stops covering
· Scenario 2 



Fig.2 Scenario 2 on earth moving cell
As illustrated in Figure 2, at T1, the UE starts camping on the NTN cell and it is also already on the edge of the service cell at the beginning. The cell reselection measurement will be trigger immediately. And at T2, the UE leaves this NTN cell. Considering the NTN cell diameter size is at least 50km and the typical LEO moving cell speed is 7.56km/s, it means that moving cell will stop covering the UE area within a maximum of 6.6s. For reference, here we list the longest detection time for intra-frequency cell for cell reselection in NTN according to current enhanced measurement requirement on cell re-selection for satellite access. From this table, we can see that it may be the case that even if the measurements are taken from the time when UE starts camping on this cell, there is no guarantee that it will be completed before the cell stops covering if 1.28s DRX is used. For this scenario, the solution of location-based evaluation seems to have little gain.
Table 1 The longest detection time for intra-frequency cell for cell reselection in NTN
	DRX cycle length [s]
	Tdetect,NR_Intra_enh [s]
	Tmeasure,NR_Intra_enh [s] 
	Tevaluate,NR_Intra_enh [s] 

	
	
	
	

	0.32
	2.56 
	0.32
	0.96 

	0.64
	5.12 
	0.64
	1.92

	1.28
	8.96
	1.28 
	3.84



· Scenario 3 


Fig.3 Scenario 3 on earth moving cell
In this scenario, the residence time of the UE in the serving cell and the time available for measurement may be longer than in scenario 2, Since UE is still located on trajectory of cell centre.
Based on the analyse on these possible scenarios, we can see that in addition to the reference location and distance threshold of serving cell, evaluating whether UE can complete the measurement between cell stop coverage is related to other factors. Therefore, in our understanding, there are two ways to move forward: one is to wait for more RAN2 input on additional information to be used for cell reselection measurement and send LS, if necessary. Another is, RAN4 work firstly to access which additional information is necessary for cell reselection measurement and inform RAN2 of the related parameter list.
Observation 2: In addition to the reference location and distance threshold of serving cell, evaluating whether UE could complete the measurement between cell stop coverage is related to other factors
Proposal 1: More discussion on whether RAN4 choose to wait for more RAN2 conclusion if extra information could be provided to help UE evaluate whether the cell re-selection measurement can be completed before the cell stops covering or work in RAN4 firstly to access which additional information is necessary for cell reselection measurement and inform RAN2 of the related parameter list
2.2 NTN-TN mobility enhancements
For the NTN-TN mobility, given that TN cells are usually considered a higher priority in the real deployment, UE will prior to measure these cells regardless of the actual location of UE. That will cause UE to keep measuring TN cells even if there are no TN cells nearby, resulting in unexpected power consumption. Therefore, the solutions on reducing UE power consumption for NTN-TN cell reselection enhancement need to be studied in Release 18.
In the last three meeting, RAN2 investigated on the possible solutions and has concluded the general principles.
RAN2#119e
Agreements:
1. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 

RAN2#119bis-e
Agreements:
1. 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.
2. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
3. The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.

RAN2#120
Agreements:
1. 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.
2. 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.

Compared with legacy NTN-TN cell reselection, enhancement being discussed is aimed to differentiate for UE when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s). Then UE is not required to perform neighbor cell measurements for TN neighbor cells in an area where there is no TN network coverage, thus achieving the purpose of power saving. As for the measurement on TN cells, it will be performed only when relevant. 
In our interpretation, this procedure is similar to the location-based evaluation introduced in R17 NTN and it can be accessed by the principle that when the distance between UE and the reference point of TN coverage is smaller than pre-configured threshold, then UE will start to perform measurement on TN cells as high priority. And if the distance is larger than the threshold, then only the measurements for NTN neighbor cell will be performed. 
Therefore, from RAN4 perspective, the current measurement requirement on location-based cell reselection could be the baseline to further discuss NTN-TN mobility enhancements
Proposal 2: The current measurement requirement on location-based cell reselection could be the baseline to further discuss NTN-TN mobility enhancements
3. Conclusions
Observation 1: If only distance thresholds are provided, it is difficult to assess whether the UE can complete the measurement before the cell stops covering
Observation 2: In addition to the reference location and distance threshold of serving cell, evaluating whether UE could complete the measurement between cell stop coverage is related to other factors
Proposal 1: More discussion on whether RAN4 choose to wait for more RAN2 conclusion if extra information could be provided to help UE evaluate whether the cell re-selection measurement can be completed before the cell stops covering or work in RAN4 firstly to access which additional information is necessary for cell reselection measurement and inform RAN2 of the related parameter list
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