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Introduction

The WID of Rel-18 NR NTN enhancements has been finalized in RAN#96, and the RAN3 objectives of this work item are shown as below.

	4.1.3
Network verified UE location

Pending on the conclusion of the RAN SI FS_NR_NTN_netw_verif_UE_loc study item, study and evaluate, if needed, solutions for network to verify UE reported location information [RAN2,RAN1,RAN3].

RAN is expected to determine by RAN#98 whether the study has identified any need for Network verified UE location specification support in Rel-18.

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 provide our initial consideration on mobility issues for NR NTN.
Discussion
NTN-NTN Mobility
For the cell reselection issue, the timing and location based cell reselection enhancements have been discussed in RAN2 in Release 17.
Regarding the distance based cell reselection, there are three options:
Option 1:Introduce a distance threshold. Cell ranked on R-criterion first and then the distance threshold applies to down scope the candidate cells for reselection. Among all the candidate cells decided by on the distance threshold, UE reselect to the highest ranked cell based on R-criterion.

Option 2: Introduce a distance threshold. Distance threshold applies to decide the candidate cells and then rank the candidate cells based on R-criterion to decide the target cel for reselection.

Option 3: Cell ranked on R-criterion first and among the highest ranked N cells, UE reselect to the cell with the smallest distance to the cell’s reference location.

Regarding the location based cell reselection, when the UE tries to search for the target cell for reselection, the neighbour cells with the longer valid time shall be prioritized, to be more specific, the longer valid time could be interpreted as longer than a time threshold. While, the final decision of which option to adopt should be made by RAN2, and the potential impact on RAN3 should be pending to the progress of RAN2.

In addition to the cell reselection enhancements, the handover enhancement to reduce the signalling overhead should be considered. One issue is the handover for a large number of UEs. Considering the large cell size of NTN, many UEs may be served within a single NTN cell. In this case, a very large number of UEs may need to perform handover at a given time, which could lead to large signalling overhead.

To solve this issue, the group based NTN-NTN mobility could be considered. In detail, the gNB could categorize multiple UEs into one group and assign a group ID for this group. In this case, measurement report can be sent from one UE to trigger the handover of all the UEs in the same group. However, the group ID allocation and the measurement report should be decided by RAN2.
Observation 1: The NTN-NTN mobility related issue is pending to the progress of RAN2.

NTN-TN Mobility
For NTN-TN mobility, one key issue is the autonomous search for TN/NTN cells when camping on a NTN/TN cell. In this scenario, an indication could be provided from the camped NTN/TN cell to UE to enable autonomous search for TN/NTN cell. And a proximity indication can be sent to the gNB to indicate that the UE is entering or leaving the proximity of one or more TN/NTN cells which are detected based on autonomous search function. In addition, the gNB could indicate the neighbour cell type (TN or NTN) to the UE, with this information, the UE is able to select the priority for the cell reselection.

However, similar with the NTN-NTN mobility, the scenarios for NTN-TN mobility depends on the progress of RAN2, and the potential impact on RAN3 is pending to RAN2.
Observation 2: The NTN-NT mobility related issue is pending to the progress of RAN2.
Enhancements on Xn/NG signalling
For the Xn/NG signalling enhancements, the feeder link switch-over and the CHO could be considered.

Regarding the feeder link switch-over, the feeder link switch-over procedure captured in TR 38.821 could be discussed. As shown in the following figure, a dedicated, non-UE-associated procedure, i.e. Xn Satellite Connection Request procedure, could be introduced over Xn. With this procedure, the new gNB is able to get the satellite information it should be connected and the served cell information from the old gNB.
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Figure 1: Feeder link switch over procedure for transparent LEO satellite
In this procedure, the satellite needs to connect two NTN-GWs at the same time within a certain time period, which means that only the soft switch-over could be applied. While, to achieve a unified feeder link switch-over procedure for both the soft and hard switch-over, this procedure could be reused with some enhancements, e.g. introducing the ephemeris data and accurate time information as the assistance information to prepare and execute the hard switch-over, which can be regarded as the satellite information. And the satellite information could be configured by OAM.

With the information, the new gNB on the ground could be aware of which LEO satellite it is connecting via its NTN-GW at certain time period. And it is feasible for the new gNB to predict the LEO satellite which will connect to the NTN-GW in the future time. Thus, the new gNB could be aware of the scheduling of switch-over events to minimize the radio link interruption delay. However, the details of this procedure needs to be further discussed. 
Proposal 1: The satellite assistance information could be exchanged over Xn for feeder link switch-over procedure, i.e., ephemeris data with accurate time information.
Regarding the CHO issue, the following types of CHO have been given in the TR 38.821.
	●
Measurement-based triggering: Agreements in the mobility enhancements WI are to be taken as baseline. Configuration of triggering thresholds and/or which measurement events to use as triggers should consider the NTN environment e.g. the small variation of the cell quality measured in cell center and at cell edge in NTN.

●
Location (UE and Satellite) triggering: additional triggering conditions based on UE and satellite location can be considered in NTN and may be considered independently or jointly with another trigger (e.g. measurement based). Location-based conditional HO in LEO scenarios should consider deterministic satellite movement. For example, the location triggering condition may be expressed as distance between the UE and the satellite.

●
Time(r)-based triggering: Several triggering conditions considering the time a region is served can be considered. This may be based on UTC time, or a timer-based solution, and may be considered independently or jointly with another trigger (e.g. measurement based). Time-based conditional HO in LEO scenarios should consider deterministic satellite movement.

●
Timing advance value based triggering: additional triggering conditions based on timing advance value to the target cell can be considered in NTN and may be considered independently or jointly with another trigger.

●
Elevation angles of source and target cells based triggering: additional triggering conditions based on elevation angles of source and target cells can be considered in NTN and may be considered independently or jointly with another trigger.


Among the five types of CHO, the Timing advance value based triggering CHO and Elevation angles of source and target cells based triggering CHO are close to the progress of RAN1. And the Measurement-based triggering CHO has been supported with the agreements in the mobility enhancements WI in Release 16. Therefore, in Release 18, RAN3 should focus on the Location triggering CHO and Time(r)-based triggering CHO. 

For the Location triggering CHO, the location of UE and satellite should be used for setting the triggering condition. The location of UE should be pending to the existing or enhanced positioning method. While, the location of the satellite can be derived by the satellite ephemeris data with the time info.

For the Time(r)-based triggering CHO, it should consider the deterministic satellite movement which can be also derived by the satellite ephemeris data.

However, as this is the first meeting in Release 18, we can determine the basic scnearios for CHO at the first satge and discuss the details of the impact on RAN3 in the furture meeting.

Proposal 2: In Release 18, RAN3 shall focus on the Location triggering CHO and Time(r)-based triggering CHO.
Conclusion
Observation 1: The NTN-NTN mobility related issue is pending to the progress of RAN2.

Observation 2: The NTN-NT mobility related issue is pending to the progress of RAN2.
Proposal 1: The satellite assistance information could be exchanged over Xn for feeder link switch-over procedure, i.e., ephemeris data with accurate time information.

Proposal 2: In Release 18, RAN3 shall focus on the Location triggering CHO and Time(r)-based triggering CHO.
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