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1. Introduction
In Rel-18 WID[1], Following objectives are specified for mobility enhancements.
- 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 signaling 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] signaling to support feeder link switch-over, CHO, e.g., exchange of necessary information between gNBs. [RAN3]
During R2#121 meeting, the following agreements have been reached. This mobility aspects issue has been discussed in WG2 meeting#119, #119b and #120, and the following agreements have been made. 
RAN2#119b:
1. RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this
2. Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference)
3. Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits
4. 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)
5. New Proposal 2: RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 
	•	RAN1 impact
	•	The need to perform UL beam switching and/or RA 
	•	Applicability to hard or soft satellite switching
RAN2#120:
Agreements:
1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.
2. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location

In this contribution, we will further provide the discussion on NTN handover enhancements.
2. [bookmark: _Ref40865202]Discussion 
The legacy handover including both normal handover and conditional handover, was regarded as a UE-specific procedure and was through dedicated signaling between UE and gNB, which would be low efficient in NTN network because of there are a large number of UEs are served by a NTN cell compared with a TN cell. 
From both network and UE perspective, grouping UEs and delivering handover command in a broadcast or groupcast manner to the UEs belonging to each group can reduce handover command transmission. Although according the agreements achieved during RAN2#120 that RAN2 is still studying the possible gain of having some common (C)HO configuration and discussing weather broadcast or groupcast signalling should be used, during the last meetings’ discussion and contribution, we assume many companies have sympathy with using broadcast or groupcast signalling. And it seems that there is clear and straight forward mechanism for broadcast signalling, therefore we will further discuss how to use groupcast signalling applying for NTN- NTN handover procedure. 
The first issue needs to be addressed is how to group UEs. In previous RAN2 meetings, there were proposals that network acquires UE’s location information then performs UE grouping, some companies think that this can not reduce overall signaling overhead and may result in user privacy problem. For example, the network requests each UE to report its location information and UE reports it’s location to network, then network uses another signaling to notify UE which handover group it belongs to. There are additional signaling exchange for group handover preparation.
Some companies also mentioned another alternative which is the network provides group handover information by broadcast signalling, and UE identifies which handover group it belongs to based on the group handover information and its location information. It seems to reduce signalling overhead with this way since this is a broadcast signalling. However there are a larger number of UEs served by a NTN cell also these UEs might be grouped into many groups. In the case the number of UE groups is larger, the broadcast signalling load will be very high since it has to include the grouping information of all the groups. Therefore we can see no matter the grouping information is provided to UEs by dedicated way or broadcast way, signalling overhead should be considered. 
Observation 1: In case groupcast/broadcast handover signalling is used, the signalling overhead should be considered .
Assistance information can be provide to network or UE to assist the grouping procedure. Some companies mentioned in [2] that some new parameters can be introduced for grouping procedure and provide by network to UE, e.g., the group handover information contains a new reference location, i.e. group handover reference location, with a distance threshold and a corresponding handover group ID (HOID). The group reference location can be designed to be any position within the overlapping area of the serving cell and the upcoming neighbor cell. UE can calculate the distance between UE and group reference location based on received the group handover information and its location information, and if the calculated distance is smaller than the distance threshold, the UE identifies that it belongs to this handover group. 
Another solution might be UE can provide some assistance information to network for grouping purpose. We mentioned in the above that network can acquire UE’s location information then performs UE grouping, however it might introduce tremendous signalling overhead. How to reduce the signalling overhead while still use UE’s location information might be a direction which is worth thinking. One possible way is UE just provides coarse location to network instead of precise location. We can further discuss how to describe the coarse location with little bits.
Proposal 1: UE can provide some assistance information to network for grouping purpose.
According to the above discussion we assume that the grouping is performed by network and the grouping information is provided by network to UE later on. This is a straight way forward. However this solution still needs to introduce additional signalling overhead no matter from UE to network side, e.g., location information or other assistance information, or from network to UE side, e.g., grouping information. 
We can think about if there is any solution that both UE and network can obtain the grouping information on their own without signalling exchange. For example, in case that both UE and network are aware of some common information, which are used for grouping and can be pre-stored or obtained from previous procedures, it is possible that both UE and network can obtain, e.g. calculating, the grouping information on their own without signalling exchange. We can further discuss the detailed information and procedure.
Proposal 2: Grouping information can be provided by network to UE or both UE and network can obtain the information on their own without signalling exchange.   
3. Conclusion
Based on the above discussion, we recommend RAN2 to discuss and adopt the following proposal: 
[bookmark: _GoBack]Observation 1: In case groupcast/broadcast handover signalling is used, the signalling overhead should be considered.
Proposal 1: UE can provide some assistance information to network for grouping purpose.
Proposal 2: Grouping information can be provided by network to UE or both UE and network can obtain the information on their own without signalling exchange.  
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