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1Introduction
In the Rel-18 NR NTN WID [1], the RAN3 related work is mainly on the mobility enhancement: 
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]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 discuss the potential enhancement to support signalling based feeder link switch-over. Base on the discussion, we will provide corresponding observations and proposals.

2. Discussion
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. 
To have a full picture, we would like to split the feeder link switch to 3 phases, and discuss them one by one. 
Phase 1: Triggering of the feeder link switch
Phase 2: Preparation for feeder link switch
Phase 3: Execution of feeder link switch

Phase 1: Triggering of the feeder link switch
For triggering of the feeder link switch, we understand that it’s NTN control function to decide and notify the gNBs/NTN-GWs/LEO satellites when to trigger the feeder link switch, or the triggering conditions of the feeder link switch, e.g. disconnect with a LEO satellite when the distance between the NTN GW and the LEO satellites is bigger than a threshold. 
Accordingly, NTN control function needs to provide some control info to the gNBs/NTN-GWs/satellites for triggering of the feeder link switch. Which info to be provided is up to implementation, and it’s out of RAN3 scope.
Observation 1: On triggering of feeder link switch, NTN control function should provide some control info to the gNBs/NTN-GWs/LEO satellites. The control info may include the precious time to connect/disconnect with a satellite, or some conditions, e.g. the distance threshold between NTN GW and the satellite, which is up to implementation, and it’s out of the RAN3 scope.

Phase 2: Preparation for feeder link switch
During feeder link switch, all the RRC Connected UEs served by the switching satellite should be moved from the source gNB to the target gNB. 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.
Existing per-UE Xn and NG Handover functions are used to support the switch over (feeder link and satellite/HAPS); It is assumed that the information exchanged in existing Handover procedures can be used for NTN purposes. 
As 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.
Observation 2: In case of feeder link switch, at least the target CGI is needed 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 1: 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.

In case one satellite may serve more than one cells, we understand that except the cells to be served by the target gNB over the switching satellite, the source gNB also need to know the relationship between source cells and target cells during the feeder link switch.
Example:
· At T0, gNB-A serves cell A1, A2, A3 via the satellite X, satellite X is moving towards the gNB-B, feeder link switch will start at T1.
· At T1, gNB-A will stop serving the cell A1, A2, A3. 
· From T2, gNB-B generates the cells B1, B2, B3 via the new coming satellite X, cell B1, B2 and B3 will replace the coverage of the cell A1, A2, A3 accordingly. 

Source gNB should know the relationship between the serving cells served by the source gNB and target gNB over the switching satellite, to make proper handover preparation for the UEs. 
If the source gNB only know the cells B1, B2, and B3 are served by the target gNB, it does not know the relationship between the source cells and target cells, the source gNB may have to configure all the serving cells (to be) served by the target gNB over the switching satellite as the candidate target cells, and request for radio resources in each of the target cells for any of the connected UE, waste of radio resources. 
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 2: 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 A1
	cell B1

	Satellite X
	beam 2
	cell A2
	cell B2

	Satellite X
	beam 3
	cell A3
	cell B3

	Satellite X
	beam 4
	cell A4
	cell B4



With that, gNB-A could clearly know the target gNB (will) serves the cell B1~B4, 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 B1 will replace the coverage of cell A1; while for the soft feeder link switch, cell B1 will have the same overlap coverage with cell A1 for a short period. Therefore, gNB-A could decide the target cells for each of the UEs in handover preparation procedure.
Proposal 3: 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.

Phase 3: 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 1: 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 4: 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 2: 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 3: We could not assume the Xn interface is always available between the gNBs involved in feeder link switch-over.
For now, we initially provide a CR for XnAP, introducing a non-UE associated procedure “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 5: We could focus on XnAP first, and then do reflect changes to NGAP if needed.
Proposal 6: RAN3 is request to discuss and agree the XnAP CR in [2].

3. Conclusion
In this contribution, we discussed the potential enhancement to support signalling based feeder link switch-over. Based on the discussion above, we provided the following observations and proposals:
Observation 1: On triggering of feeder link switch, NTN control function should provide some control info to the gNBs/NTN-GWs/LEO satellites. The control info may include the precious time to connect/disconnect with a satellite, or some conditions, e.g. the distance threshold between NTN GW and the satellite, which is up to implementation, and it’s out of the RAN3 scope.
Observation 2: In case of feeder link switch, at least the target CGI is needed to make proper handover preparation procedure for each of the UE.
Proposal 1: 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 2: 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.
[bookmark: _GoBack]Proposal 3: 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 4: Stop time of the source cells and start time of the target cells should be exchanged between source and target NG-RAN nodes.
Observation 3: We could not assume the Xn interface is always available between the gNBs involved in feeder link switch-over.
Proposal 5: We could focus on XnAP first, and then do reflect changes to NGAP if needed.
Proposal 6: RAN3 is request to discuss and agree the XnAP CR in [2].
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