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1 Introduction
Based on the NR NTN enhancements WID [1], the NTN-TN and NTN-NTN mobility and service continuity enhancements will be studied, and the detailed objectives and some agreements are made in the last meeting as below [2].
In this contribution, we discussed the cell reselection enhancements and the handover signalling overhead reduction and provide our suggestions.
2 Discussion
2.1 Cell reselection enhancements for earth moving cell
In Rel-17, time-based and location-based measurement in RRC_IDLE and RRC_INACTIVE were introduced for earth fixed cell. Timing information refers to the time when the serving cell is going to stop serving a geographical area and location information refers to the reference location of serving cell. For earth moving cell, this solutions can be considered as start point.

For earth moving cell, the time when the serving cell is going to stop serving a geographical area is different for different UEs, if network broadcasts a timing, the UE can’t use it directly to determine when to perform neighbour cell measurement. Therefore, the key issue is how UE to determine its time for performing cell measurement based on the time information broadcasted by network. So the network provides some additional assistance information to UE for UE calculate its time, such as the radius of the geographical area, reference location for the broadcasted timing. With assistance information, UE location and ephemeris data, each UE determines its specific time to perform cell measurement.
Proposal 1: For earth moving cell, the network provides the additional assistance information for UE to calculate its specific time for performing the cell measurement, such as the radius of the geographical area covered by the satellite and reference location for the timing broadcasted by the network. 

For earth moving cell, the reference location of serving cell will be changed frequently since the cell is moving continuously. If earth moving cell also broadcasts the reference location for UE performing neighbour cell measurements, the system information needs to be updated frequently, this is not an efficient way and it is not feasible for earth moving cell. If network provides the trajectory of the reference location, UE determines the current reference location based on the trajectory and the network don’t need to update the reference location frequently. The network also could provide a reference location which is relative to location of the satellite, then UE uses the reference location and satellite location to determine the actual location for performing the neighour cell measurement.

Proposal 2: Regarding the location based cell measurement, the network provides the trajectory of the reference location or the relative location to the satellite location to UE for earth moving cell.
2.2 Cell reselection enhancements for NTN-TN mobility 
In Rel-17, the UE will select/reselect to the TN with higher priority, this can be done by the network implementation, such as sets the TN frequency with higher priority. If the TN frequency is set with higher priority, the UE always needs to search the TN frequency and try to perform measurement even if there is no TN network around the UE, the TN frequency measurement is not necessary and the UE power consumption will be increased. In order to avoid unnecessary measurement on the TN frequency, RAN2 agreed to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means) and network can provide the assistance information to UE. In other words, if there is no TN coverage, the UE shouldn’t measure the TN frequency. 
The network provides the area information of the TN frequency, and then UE uses the area information to determine whether to measure the TN frequency. Network provides the area information of TN network, when UE is in the given area which is provided by network, and the UE is allowed to measure the TN frequency. If UE is out of the given area, the UE should not perform the TN network frequency. However, the frequency may be overlapped between TN and NTN, if only generally specify that UE should not perform TN frequency when UE is out of the given area, the UE will not measure the NTN frequency too. Therefore, the network should also indicate the detailed frequency which should not be measured by UE when the UE is out of the given area.
Proposal 3: The network provides the area information of the TN frequency and UE is allowed to measure the TN frequency only when the UE is in the given area. 
If the network configures the TN frequency with higher priority, we think the frequency priority of TN network should be associated with the given area. In other words, when UE is in the given areas, the UE will measure the TN frequency with higher priority, when UE is out of the given areas, the UE will measure it with low priority. 
Proposal 4: The network provides the area information and indicates that the TN frequency should be measured with higher priority when UE is in the given areas and the TN frequency should be measured with lower priority when UE is out of the given areas.
2.3 Handover signalling overhead reduction

For NTN, all UEs in the serving cell have to perform handover when the cell is moving away, thus the handover signalling overhead is large and some UEs may not receive the handover command due to signalling storm and lead to handover failure. 

Currently, the parameters of target cell are provided to UE by RRC message, however, some parameters of the target cell are the same for different UEs, such as downlinkConfigCommon, UplinkConifigCommon and NTN-Config. If these parameters are broadcasted by network, the RRC signalling overhead will be reduced. So the network broadcasts some common parameters of target cell to reduce handover signaling overhead.

Proposal 5: The network broadcasts common parameters of target cell for handover to reduce signalling overhead.
Considering the network implementation, the target cells for handover may still connect with the same gNB on the ground, in other words, the serving cell and target cells connect with the same gNB on the ground, and only the satellites are different. For this scenario, the most of parameters of the target cell are the same as the serving cell. In order to reduce handover signalling overhead, the network only provides the different parameters between target cell and the serving cell to UE when configures the handover parameters of target cells. The parameters of target cells which are the same as the serving cell are not needed to be configured. UE uses the part of parameters of the serving cell and configured parameters for the target cell to perform handover.  

Proposal 6: When network configures the handover parameters of target cells, the network only provides the different parameters between target cell and the serving cell to UE.
3 Conclusions 
In this contribution, we have discussed the cell reselection enhancement and handover signalling reduction and provide the following proposals:
Proposal 1: For earth moving cell, the network provides the additional assistance information for UE to calculate its specific time for performing the cell measurement, such as the radius of the geographical area covered by the satellite and reference location for the timing broadcasted by the network.
Proposal 2: Regarding the location based cell measurement, the network provides the trajectory of the reference location or the relative location to the satellite location to UE for earth moving cell.
Proposal 3: The network provides the area information of the TN frequency and UE is allowed to measure the TN frequency only when the UE is in the given area. 
Proposal 4: The network provides the area information and indicates that the TN frequency should be measured with higher priority when UE is in the given areas and the TN frequency should be measured with lower priority when UE is out of the given areas.
Proposal 5: The network broadcasts common parameters of target cell for handover to reduce signalling overhead
Proposal 6: When network configures the handover parameters of target cells, the network only provides the different parameters between target cell and the serving cell to UE.
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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]


Agreements:


1.	RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 


2.	RAN2 to work on assistance information that can be provided to NTN UEs for the above.


3.	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
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