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1. Introduction
In Rel-18 WID [1] for NR NTN enhancements, the objectives of NTN-TN and NTN-NTN mobility enhancements are as follow:
	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 paper, we provide our thinking on the potential mobility enchantments on NR NTN.
2. Discussion
2.1 NTN-TN cell reselection enhancements
For the mobility in RRC_IDLE/INACTIVE, UE’s power consumption for measurement is one important factor to be considered. The number of neighbour TN cells may be massive in a large area covered by NTN. In real deployment the operators may want to ensure that UE may prioritize TN over NTN, as the NTN deployment is to be achieved step by step in the early phase and the user experience may be not as good as TN. In Rel-17, RAN2 discussed TN prioritization over NTN, and the agreement is to leave it to configuration. In order to achieve this purpose, TN cells can be configured with higher priority. However, the configuration of frequency priorities has not taken UE location into account, and the UE has to try to detect and measure all the TN neighbour cells of higher priorities even if there are no valid neighbour TN cells nearby. This will cause considerable power consumption.
Figure 1 shows an example, in a large NTN cell, UE1 can be covered by 3 TN cells and there are no valid TN cells around UE2. Measurements of neighbour TN cells by UE2 are unnecessary.
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Figure 1 NTN and TN cells coverage
Observation1: UE measures high priority TN cells regardless of the location of UE, even if there are no valid neighbour TN cells, which leads to significant power consumption.
Generally, geographical coverage information of TN is available based on network deployment and the network can calculate whether there are TN cells within the coverage of the NTN cells. Therefore, NTN cell can broadcast some assistance information of TN cells in system information. UE is able to determine whether there are valid TN cells around with the assistance information. If there are no valid TN cells, it is unnecessary for UE to perform measurement of TN cells, and UE power can be saved.
Proposal 1: NTN cell broadcasts TN cells assistance information. UE determines whether there is valid TN neighbour cell around the UE based on the assistance information.
2.2 Moving cell reselection enhancements 

Considering there is no major difference of measured signal quality between cell centre and cell edge for NTN, the cell reselection criterion based on signal quality in TN may not be good enough in NTN. So location-based cell reselection was introduced for quasi-earth fixed cell scenario in Rel-17.
NTN cell will provide the cell reference location in system information so that UE can derive the distance between this reference location and itself. Based on the distance and serving cell quality, UE could determine whether to measure neighbour cells of equal/lower priorities or not.

Same as legacy, UE shall perform neighbour cell measurements of “higher priority NR inter-frequency or inter-RAT frequencies” regardless of the distance between UE and serving cell reference location. UE may choose not to perform neighbour cell measurements of “NR intra-frequency or inter-frequency with equal or lower priority, or inter-RAT frequency with lower priority”, if (the distance between UE and serving cell reference location is shorter than a threshold) and (legacy Srxlev/Squal condition is met, i.e., serving cell’s Srxlev/Squal is better than a threshold).
	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ:

-
If distanceThresh is broadcasted in SIBxx, and if UE supports location-based measurement initiation and has valid UE location information:

-
If the distance between UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform intra-frequency measurements;

-
Otherwise, the UE shall perform intra-frequency measurements;

-
Otherwise, the UE may choose not to perform intra-frequency measurements;
-
Otherwise, the UE shall perform intra-frequency measurements.

-
The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-
For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].

-
For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ:

-
If distanceThresh is broadcasted in SIBxx, and if UE supports location-based measurement initiation and has valid UE location information:
-
If the distance between UE and the serving cell reference location is shorter than distanceThresh, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;

-
Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8];

-
Otherwise, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-
Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8]


In Rel-18 WID [1], one objective is to 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.
Compared with time-based reselection, we think location-based reselection is more suitable for moving cell scenario, because the remaining serving time is different for UEs located at different places and it is difficult to broadcast a t-Service on a cell basis as in quasi-fixed cells.
In Rel-17, for UEs in RRC_CONNCTED the location-based CHO can be configured for both quasi-earth fixed cell and moving cell, and the reference location is defined as cell centre; for UEs in RRC_IDLE, reference location can be broadcast in SIB19 of quasi-earth fixed cells. For moving cells in Rel-18, we think the reference location is also needed because if the satellite with moving beam provides more than one cell, the reference location cannot be simply deduced as the location under the satellite. 
The reference location of quasi-earth fixed cell is static while that of earth moving cell is changing continuously with the movement of the satellite. Hence, it is important for the UE to get the real-time reference location according to ephemeris data, epoch time and reference location in system information, then the location-based reselection for quasi-fixed cells can be easily reused. 
Proposal 2: To enable location-based reselection for moving cells, the reference location needs to be broadcast, and UE calculates the real-time reference location based on ephemeris data and reference location information in system information.
2.3 NTN-NTN mobility enhancements

For NTN-NTN mobility in RRC_CONNECTED, RAN2 assumes that service link switch implies L3 mobility (meaning that at least in case the SSBs are on the same sync raster point, the PCIs need to be different) in Rel-17. In this case, the network has to trigger L3 handover procedures for all the connected UEs in this serving cell, which introduces significant signalling overhead. Besides, the gNB has to maintain more PCIs than the actual number of cells deployed.
Observation 2: In Rel-17 the network has to trigger handover procedures to all the connected UEs in the quasi-earth fixed cells, which leads to significant signalling overhead.
In Rel-17, RAN2 agreed to prioritize the case where the gNB is co-located with the Gateway. For the quasi-earth fixed cell, we think the serving gNB which serves for the same serving areas is not changed even if the satellite is changed, as the WI assumes transparent satellites. As shown in Figure 2, when the target cell serves the same area with the previous cell, the UE can assume the cell remains the same, so that HO command can be reduced.  In addition, the UE can still use the configuration from the previous cell. Therefore, the signalling overhead can be significantly reduced since the gNB does not need to send the HO commands to all the served UEs when the switching of satellite takes place. Note that UE should access the cell again for UL timing and frequency synchronization with the new satellite due to the change of the position of the satellites.
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Figure 2 quasi-earth-fixed cell
Proposal 3: In quasi-earth fixed cell scenarios, the PCI remains the same after the switching of satellites. 
According to the objective in the WID, RAN2 also needs to discuss the NTN-NTN handover enhancement for the earth-moving cell to reduce the signalling overhead. For the moving cell, its coverage area moves along with the satellite. The handover of UEs due to the change of satellite happens at different time and there will not be signalling storm problems, therefore signalling overhead due to satellite switch is not big issue. The signalling overhead problem is mainly for the feeder link switch, where the handover happens for all the UEs at the same time.
Feeder link switch over is the procedure where the feeder link moves from a source NTN gateway to a target NTN gateway. A feeder link switching over in moving cell scenario will trigger handover procedure. In Rel-17, RAN2 assumes that the gNB is co-located with the Gateway, so the feeder link switch over means that the serving gNB and the serving cell has changed. Therefore, the case is different from the quasi-fixed cell scenario, and we cannot assume the cell remains the same. 

Change of the serving cell will lead to change of the radio resource configuration for the UE, and the security key needs to be refreshed. So that the gNB needs to perform radio resource reconfiguration as well as security key refreshment. Therefore the number of the RRC messages sent to the UEs cannot be reduced in the moving cell handover scenario. RAN2 needs to discuss whether and how to reduce the signalling overhead in the moving cell.
Proposal 4: In moving cell scenarios, RAN2 discusses whether and how to reduce the signalling overhead in the feeder link switch cases.
3. Conclusion
In this paper, we discuss mobility enhancements for Rel-18 NTN. The following observations and proposals are provided:
Observation1: UE measures high priority TN cells regardless of the location of UE, even if there are no valid neighbour TN cells, which leads to significant power consumption.
Proposal 1: NTN cell broadcasts TN cells assistance information. UE determines whether there is valid TN neighbour cell around the UE based on the assistance information.
Proposal 2: To enable location-based reselection for moving cells, the reference location needs to be broadcast, and UE calculates the real-time reference location based on ephemeris data and reference location information in system information.
Observation 2: In Rel-17 the network has to trigger handover procedures to all the connected UEs in the quasi-earth fixed cells, which leads to significant signalling overhead.
Proposal 3: In quasi-earth fixed cell scenarios, the PCI remains the same after the switching of satellites. 
Proposal 4: In moving cell scenarios, RAN2 discusses whether and how to reduce the signalling overhead in the feeder link switch cases.
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