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1Introduction
In the last RAN3 meeting, we initially discussed the potential enhancement on mobility aspects for NR NTN in Rel-18. 
Some agreements are achieved, as below:
Agreements:
· In Rel-18, mobility enhancement based on NG and Xn can be discussed in WI based on technical issues to be solved
· Enhancements for the support of CHO over NG for NTN-NTN hand-over should be discussed in this WI.
· Time based CHO should be supported
· The target gNB is able to uniquely identify the target cell based on the target cell information received from the source gNB.
· Start time, duration are added in the signaling of time-based CHO. 
· The exchange of NTN Cell Coverage Stop Time between gNBs may be further discussed in future RAN3 meetings.

Some open issues are listed as below:
To be further discussed as part of mobility enhancements:
· Uu Cell ID can be used in NG and Xn hand-over procedures, the usage of this IE needs to be further clarified.
· Served Cell Information and Neighbour Information IEs in both XN Setup procedure and Configuration Update procedure shall allow multiple TACs for NTN cells.
· the details of Time based CHO are FFS
· Uu Cell ID in hand-over signaling and/or Rel-17 defined mapped cell ID configuration via OAM
· Signaling multiple TACs for NTN cells at Xn setup and configuration update: to be continued...

In this contribution, we will further discuss the open issues on mobility enhancements, and provide corresponding observations and proposals.

2. Discussion
Issue 1: Use Uu Cell ID or Mapped Cell ID in NG and Xn hand-over procedures?
In Rel-17, as has been specified in TS 38.300, the Cell Identity included within the target identification of the handover messages allows identifying the correct target cell. 
Observation 1: In Rel-17, both Uu Cell ID and Mapped Cell ID are allowed to be used in handover messages to identify the correct target cell.
The Cell Identity, as defined in TS 38.413 [26] and TS 38.423 [50], used in following cases corresponds to a Mapped Cell ID, irrespective of the orbit of the NTN payload or the types of service links supported.
-	The Cell Identity indicated by the gNB to the Core Network as part of the User Location Information;
-	The Cell Identity used for Paging Optimization in NG interface;
-	The Cell Identity used for Area of Interest;
-	The Cell Identity used for PWS.
The Cell Identity included within the target identification of the handover messages allows identifying the correct target cell.

In the Uu interface, Uu cell id is used for RRM measurement, CHO, etc. to keep assistance between Uu interface and Xn/NG interface, it’s better to use Uu Cell ID in NG/Xn handover procedure. However, no matter mapped Cell ID or Uu Cell ID is used for NG/Xn handover, it seems there’s no extra stage 3 impact. Thus, it seems we do not need to further discuss this issue.
Proposal 1: No matter mapped Cell ID or Uu Cell ID is used for NG/Xn handover, there’s no extra stage 3 impact is foreseen, we do not need to further discuss this issue.

Issue 2: Whether need to signal multiple TACs for NTN cells at Xn setup and configuration update?
For quasi earth fixed cell case, the TAC(s) of each cell is static. We understand that, in normal case, one earth fixed cell will only broadcast one TAC per PLMN, even for cross country scenario. We do not see any real benefit to broadcast multiple TACs per PLMN in a quasi-earth fixed NTN cell.
For earth moving cell case, one cell may broadcast one or more TACs in a PLMN, and the broadcast TACs of a cell may change with time as the coverage of the cell is changed with time. Thus, it’s not easy to include multiple TACs for each cell.
Above all, it’s un-necessary to exchange multiple TACs for NTN cells in XN Setup procedure and Configuration Update procedure.
Proposal 2: it’s un-necessary to exchange multiple TACs for NTN cells in XN Setup procedure and Configuration Update procedure.

Issue 3: Support of feeder link switch
In Rel-17 NR NTN, we have discussed the support of feeder link switch for LEO satellites. It’s concluded that hard feeder link switch and soft feeder link switch are both supported. On exchange the necessary information between the gNBs, some signalling based solutions and OAM based solution are discussed. And finally RAN3 decided to go for OAM based solution in Rel-17, which means all necessary information which need to be coordinated between gNBs during feeder link switch could be done via OAM configuration.
According to the Rel-18 NR NTN WID [1], we should further consider the signalling enhancement to Xn[/NG] to support feeder link switch-over.
The picture below shows an example of feeder link switch-over between an LEO and different NTN GWs.


Figure 1. Example of feeder link switch-over
As shown in the picture, before time T1, the LEO is connected to NTN GW1, and serves the cells A/B/C as green. From time T2, the LEO establishes the new feeder link towards the NTN GW2, and serves the cells A’/B’/C’ as red. The cells A’/B’/C’ provides the same/similar coverage as the cells A/B/C. During the feeder link switch-over, the UEs served cell A should be handover to cell A’, UEs served by cell B should be handover to cell B’, etc.
Preparation of feeder link switch
In Rel-17 discussion, we have agreed that the existing per-UE Xn and NG Handover functions are used, and assumed the existing handover procedures can be reused for NTN.
In the XnAP HANDOVER REQUEST message the target CGI is mandatory, to correctly initiate the Handover Preparation for each of the UE served by the switching satellite, the source gNB should know the target NCGI (to be) generated by the target gNB for both hard and soft feeder link switch.
Proposal 3: In case of feeder link switch, at least the target CGI is needed for the source gNB to make proper handover preparation procedure for each of the UE.

On how to get the target NCGI (to be) generated by the target gNB, there’re some potential options:
· Option 1: Via NTN control function/OAM configuration
· Option 2: Use existing NG-RAN node Configuration Update procedure. 
· Option 3: Define new non-UE Xn/NG procedure. 
For the option 1, this is what we have done in Rel-17. NTN control function/OAM provides to the source NG-RAN node the target cells to be generated in the target NG-RAN nodes via the new feeder link towards the switching satellite. It’s possible, but it requires the NTN control function/OAM knows the real-time serving cell info served by a satellite. Considering the fast moving of the LEO, feeder link switch may occur frequently for the LEOs, which may bring extra complexity for NTN control function/OAM. 
For the option 2, Configuration Update procedure could be used to exchange the cell relations between the gNBs, but the cell relations may change with time. Before exchange the cell relations between source and target gNB, how can source gNB know the neighbour cells from the target gNB, and how can target gNB know the neighbour cells from the source gNB? If it’s done by OAM, that is the option 1, the configuration update is not really needed.  
For the option 3, it’s easier and has no impact to the legacy procedure, e.g. NG-RAN Node Configuration Update procedure. 
As the radio resources is managed in the NG-RAN, it’s assumed the two gNBs could decide the radio resources towards the switching satellite, then two gNBs could exchange the radio resources between each other via the new signalling, the target gNB should provide the cell(s) to be generated after feeder link switch in this new procedure. The procedure is also easy for extension if we need to exchange more info in feeder link switch.
Proposal 4: It’s preferred to define a new non-UE Xn procedure for feeder link switch, to exchange the necessary info between the gNBs, at least including satellite information and corresponding serving cell(s) information to be generated by the target gNB.

As one satellite may serve more than one cells, as shown in the example above, the source gNB also need to know the relationship between source cells and target cells, not only the cells to be served by the target gNB, to make correct setting of target CGI in Handover Preparation procedure for each of the UE. 
Above all, for each switching satellite, the relationship (replacement) between the serving cells generated by the source gNB and the cells generated by the target gNB should be clear for the source gNB.
Proposal 5: for each switching satellite, the relationship (replacement) between the serving cells generated by the source gNB and the cells generated by the target gNB should be clear for the source gNB.
To achieve this, a simple way is to exchange the serving cell list between source and target gNBs with the same order, e.g. associate the cell id with the beam id of the satellite. A simple example is provided in the tabular as below:
	Switching satellite
	Beam ID
	Serving cell generated by gNB-A, and served by the beam.
	Serving cell generated by gNB-B, and served by the beam.

	Satellite X
	beam 1
	cell A
	cell A’

	Satellite X
	beam 2
	cell B
	cell B’

	Satellite X
	beam 3
	cell C
	cell C’



With that, gNB-A could clearly know the target gNB (will) serves the cell A’, B’, C’, and also knows the relationship between the source serving cells and target serving cells. As shown in the tabular above, for hard feeder link switch, cell A’ will replace the coverage of cell A; while for the soft feeder link switch, cell A’ will have the same overlap coverage with cell A for a short period. Therefore, gNB-A could decide the target cells for each of the UEs in handover preparation procedure.
Proposal 6: the relationship between the serving cells generated by the source gNB and target gNB over the switching satellite could be linked by the beam ID.

Execution of feeder link switch
From UE perspective, feeder link switch looks much like the inter-satellite handover in case of quasi earth fixed cells. RAN2 has defined time-based and location based CHO for the connected mode mobility. 
Based on the discussion above, the source gNB could decide the potential target cell(s) for each of the UE and do corresponding handover preparation for each of the UE, CHO configuration. More than one candidate cells may be configured to a UE in CHO configuration. 



Figure 2: Example of Handover windows for soft and hard feeder link switch-over
From the figure above, we could see the handover window for hard and soft feeder link switch is different. To make the source gNB make correct configuration for CHO triggering condition, source gNB should know the accurate start time of the candidate target cell. Meanwhile, it’s better to indicate the stop time of the source cells to the target gNB to assist the target gNB to decide when to establish the new feeder link towards the switching satellite.
Proposal 7: Stop time of the source cells and start time of the target cells should be exchanged between source and target NG-RAN nodes.

Based on the discussion above, we would propose to introduce a non-UE specific procedure over Xn/NG to exchange the necessary info for feeder link switch-over, an example as below:


Figure 3: Feeder link Switch Request
For typical deployment, gNBs may be deployed near to the NTN-GWs. In that case the distance between the source and target gNBs involved in the feeder link switch may be quite long, we could not assume the Xn is available between the gNBs behind the NTN GWs.
Observation 2: We could not assume the Xn interface is always available between the gNBs involved in feeder link switch-over.
We can focus on the XnAP firstly, if agreeable, we can further work on the NGAP later.
For now, we would suggest to introduce a non-UE associated procedure, e.g. “Feeder Link Switch Request”, to exchange the necessary info between gNBs for feeder link switch. For NGAP, we could do reflect changes later when the XnAP procedure is agreed.
Proposal 8: We should focus on XnAP first, and then do reflect changes to NGAP if needed.

3. Conclusion
In this contribution, we discussed the open issues to support Mobility enhancement in Rel-18, including CHO and feeder link switch-over. Based on the discussion above, we provided the following observations and proposals:
Observation 1: In Rel-17, both Uu Cell ID and Mapped Cell ID are allowed to be used in handover messages to identify the correct target cell.
Proposal 1: No matter mapped Cell ID or Uu Cell ID is used for NG/Xn handover, there’s no extra stage 3 impact is foreseen, we do not need to further discuss this issue.
Proposal 2: it’s un-necessary to exchange multiple TACs for NTN cells in XN Setup procedure and Configuration Update procedure.
Proposal 3: In case of feeder link switch, at least the target CGI is needed for the source gNB to make proper handover preparation procedure for each of the UE.
Proposal 4: It’s preferred to define a new non-UE Xn procedure for feeder link switch, to exchange the necessary info between the gNBs, at least including satellite information and corresponding serving cell(s) information to be generated by the target gNB.
Proposal 5: for each switching satellite, the relationship (replacement) between the serving cells generated by the source gNB and the cells generated by the target gNB should be clear for the source gNB.
Proposal 6: the relationship between the serving cells generated by the source gNB and target gNB over the switching satellite could be linked by the beam ID.
Proposal 7: Stop time of the source cells and start time of the target cells should be exchanged between source and target NG-RAN nodes.
Observation 2: We could not assume the Xn interface is always available between the gNBs involved in feeder link switch-over.
[bookmark: _GoBack]Proposal 8: We should focus on XnAP first, and then do reflect changes to NGAP if needed.
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