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Introduction
In RAN2 119b-e meeting, there were some discussions about handover enhancements and some agreements were achieved as follows:
Agreements
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)

Agreements:
1. 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

Agreements:
1. 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)
2. 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

Then in this contribution, we would like to provide some analysis about group HO and some other candidate options for signaling overhead reduction.
Discussion
[bookmark: _Hlk41985036]2.1 Group handover analysis
[bookmark: _GoBack]Considering the characteristic of NTN system, partial UEs in a moving cell need to hand in or hand out with satellite movement(as shown in Fig.1) while all the UEs in a quasi-earth fixed cell will lose connectivity suddenly when the serving satellite can no longer serve the current area(as shown in Fig.2). Anyway, there may be plenty of UEs need to hand over to a new cell in a short period of time due to the large coverage of satellites. And if a large number of UEs accessing the same new cell(s) almost simultaneously, it may lead to uplink signaling storms and access resources shortage. 
Then, group HO has obvious benefits for handover in NTN system. For example, group HO could help to reduce the number of UEs that perform handover simultaneously, which is important for HO signaling reduction and resource(e.g. RACH resources) shortage alleviation. And in a same group, the measurement results of some UE can be used to determine whether all UEs in the group need to handover to decrease measurements reporting. Further, considering the different characteristics between quasi-earth fixed cell and earth moving cell, broadcast common signaling maybe more suitable for quasi-earth fixed cell, while grouped common signaling for earth moving cell.


     
  Fig.1 UEs transition in moving cell


                        Fig.2 UEs transition in quasi-earth fixed cell
Proposal 1: Group HO has obvious benefits for HO signaling reduction, resource(e.g. RACH resources) shortage alleviation and measurements reporting decrease, etc.

UEs divided in the same group according to given rules could use the configurations and timing information to handover to the corresponding target cell. And there are many kinds of UE division principles, for example, distance-based solution(distance between UEs and cell(serving cell/target cell) reference are same or belong to same range), time-based solution(remaining serving time is same or belong to same range, time-based solution may be more suitable to moving cell in which remaining serving time is per UE. ) , etc.
Proposal 2: We suggest RAN2 to consider group HO with UEs divided in the same group according to given rules(e.g. distance-based solution, time-based solution).

2.2 Satellites switching without PCI changing
In last meeting, RAN2 makes some discussion about keeping the same PCI after switching of the satellites without clear convergence and continues the discussion to this meeting to clarify the following issues at least:
	•	RAN1 impact
	•	The need to perform UL beam switching and/or RA 
	•	Applicability to hard or soft satellite switching
For the RAN1 impact, PCI not changing after satellites switching may need L1 mobility and the feasibility is needed to evaluate in RAN1. From our perspective, just some system information needs update or some information needs negotiation between RAN nodes. Especially for quasi-earth fixed cell case, one satellite provide service to the same area until out of coverage, keeping same PCI after satellite switching is easy to perform. And with the updated system information updated, UE could implement UL synchronization based on NW assistance information and its own location information without handover. Therefore, there may have no technical problem to implement this, of course, RAN1 confirmation is also necessary.
Proposal 3: There may have no technical problem to implement PCI unchanging after satellites switching and sending an LS to RAN1 to confirm is also necessary.

For the second issue, SSB selection is already included in RA procedure. Thence, we just need to discuss RA to cover the UL beam switching aspects.
Proposal 4: It is proposed to just discuss RA to cover the UL beam switching aspects.

For the last issue, at least for hard satellite switching, one PCI corresponds to only one satellite at the same time, which can avoid the problem of PCI confusion. While for soft satellite switching, two satellites maybe have a same PCI simultaneously leading to PCI collision. Then to solve the problem in soft satellite switching, we could consider to provide some assistance information for UE to distinguish between different satellites.
Proposal 5: At least for hard satellite switching, satellites switching without PCI changing is feasible.

2.3 Handover without UE perception
With the PCI unchanging after satellites switching, in order to decrease overall signaling overhead further, maybe we could further consider to reduce one interactive node. As we know, there are three nodes (i.e. source gNB, target gNB and UE) during the whole handover procedure. The information of UE is actually known by the source gNB. Therefore, the UE maybe consider to reduce. Then all the information about UE, including UE context, protocol information etc. could be interacted between source gNB and target gNB directly. 
Proposal 6: In order to decrease signaling overhead during the whole HO procedure, we could consider a handover scheme that the UE does not perceive, where all the information about UE, including UE context, protocol configuration, UE variables, constants and timers etc. could be interacted between source gNB and target gNB beforehand.
To ensure seamless handover, the source gNB needs to pre-evaluate the timing to handover the UE to the new gNB, so that all the information of UE can be transmitted to the target gNB in advance. The location information including UE location and the satellite ephemeris is important for the HO timing deduction.
Proposal 7: To ensure seamless handover, the source gNB needs to pre-evaluate the HO timing to transmit all the information of UE to the target gNB in advance.

Conclusion
Based on the discussions mentioned above, in this contribution we provide some discussions on mobility enhancements for connected mode and have the following proposals:
Proposal 1: Group HO has obvious benefits for HO signaling reduction, resource(e.g. RACH resources) shortage alleviation and measurements reporting decrease, etc.
Proposal 2: We suggest RAN2 to consider group HO with UEs divided in the same group according to given rules(e.g. distance-based solution, time-based solution).
Proposal 3: There may have no technical problem to implement PCI unchanging after satellites switching and sending an LS to RAN1 to confirm is also necessary.
Proposal 4: It is proposed to just discuss RA to cover the UL beam switching aspects.
Proposal 5: At least for hard satellite switching, satellites switching without PCI changing is feasible.
Proposal 6: In order to decrease signaling overhead during the whole HO procedure, we could consider a handover scheme that the UE does not perceive, where all the information about UE, including UE context, protocol configuration, UE variables, constants and timers etc. could be interacted between source gNB and target gNB beforehand.
Proposal 7: To ensure seamless handover, the source gNB needs to pre-evaluate the HO timing to transmit all the information of UE to the target gNB in advance.
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