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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
A new Rel-18 WI on NR NTN (Non-Terrestrial Networks) enhancements was agreed and will be discussed from this meeting on top of Rel17. One of the objectives is to work on NTN to NTN/TN mobility and service continuity enhancement as following 

	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 will share our initial consideration on NTN-NTN handover enhancement in Rel-18 for LEO system (including both quasi-earth-fixed cell and earth-moving cell) to reduce the signaling overhead. 
Discussion
In LEO system, satellites are constantly moving around the earth, at different time, different satellite is flying over for a given location on earth (also for a given gNB/GW location). Because the gNB is on earth and in a fixed location, cells providing coverage to a given area is likely from the same gNB, but through different satellites flying over. Due to the satellite changes, there would be a lot of more intra-gNB NTN-to-NTN handovers in LEO system even for a stationary UE. We are going to look at some scenarios.


Scenario #1:
As shown in figure 1, with non-steerable beams, two satellites are connecting to the same gNB/GW, and providing service to the UEs over the sea area, the projected cell1 and cell2 are moving constantly, a stational UE at first is under coverage of cell2, later it is under coverage of cell2, handover will be triggered. 
in summary, this is a scenario where UE is handover from an earth-moving cell to another earth moving cell served by the same gNB through different satellite. 



Figure 1: intra-gNB inter-cell handover

There is potential to reduce RRC signaling in case of above intra-gNB NTN-NTN handover scenarios. Since UE is connected to the same gNB but different cell and satellite after handover, UE must DL synchronize to the target cell and regain UL synchronization via RACH procedure to the target cell. Moreover, since this is an inter-cell handover, potentially physical layer configuration needs to be reconfigured in the new cell. 

We noted that L1/L2 mobility solution will be introduced in another Rel18 work item “Further NR mobility enhancements”, where configuration in candidate cells will be preconfigured and will be applied when UE moved into one of the candidate cells. Potentially some L1/L2 signal exchange will happen between UE and network, but without any further L3 signaling. Same solution could be reused for NTN intra-gNB handover scenario to save RRC signaling.  


Proposal 1: L1/L2 mobility solution developed in “further NR mobility enhancements “should be applicable to intra-gNB NTN-NTN handover to save RRC signaling



Scenario #2: 
As shown in figure 2, with steerable beam, at first the gNB is providing coverage over a sea area via satellite#1, but when satellite#1 is flying far away and cannot be connected to the gNB on ground anymore, another satellite#2 flying over can replace the statellite#1 and provide the signal relay from the same gNB to the same/similar coverage. These relay satellite switching from one to another one will happen from time to time.  


Figure 2: intra-gNB satellites switch over scenario

At each time of the satellite switching over, as we concluded in Rel-17 discussion, different PCI will be assigned to the cell, all UEs under the same coverage will go through handover procedure but to the same gNB node and even the same radio resource but just being labelled by different PCI potentially. This is much different from normal intra-gNB handover from following aspects:
· Big amount of UE will handover at the same time/time window
· Potentially even the L1/L2 configuration could be kept the same

In one hand, the pre-configuration and signaling load would be very high in this scenario if no enhancement, so at least the L1/L2 mobility solution could be applied in this scenario too to save at least RRC signaling. On the other hand, in principle, UE only need to do RACH procedure to gain the synchronization to the cell, but keep the almost same L1/L2/L3 configuration to further reduce signaling.

In this work item, we propose RAN2 to discuss L1 switch over for the cell satellite switch over scenarios to further reduce handover signaling

Proposal 2: RAN2 further discuss to introduce L1 switch over for intra-gNB satellite switch over scenario as shown in fig 2 

Summary
[bookmark: OLE_LINK3]Regarding NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead,  we discuss two NTN specific scenarios i.e. intra-gNB HO scenario and satellite switch over scenario, based on our initial analysis, we made following proposals: 

Proposal 1: L1/L2 mobility solution developed in “further NR mobility enhancements “should be applicable to intra-gNB NTN-NTN handover to save RRC signaling

Proposal 2: RAN2 further discuss to introduce L1 switch over for intra-gNB satellite switch over scenario as shown in fig 2 
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