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1   Introduction

In the last RAN3 meetings, we discussed the RAN3 impact to support feeder link switch in centralized scenario and de-centralized scenario, the summary of the offline discussion is in [1]. Based on the discussion, some agreements and open issues could be found below:
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In this contribution, we will further analyse the open issues for feeder link switch, and provide corresponding observations and proposals.

2   Discussion

First of all, let’s try to clarify the centralized and de-centralized coordination scenarios based on the discussion in the previous meeting. 
We could understand the “centralized coordination scenario” means everything is controlled by NTN control function for feeder link switch. Which means NTN control function decides and notify the gNBs/NTN-GWs when to trigger the feeder link switch, and provided all the necessary information for feeder link switch.
We understand that the “de-centralized coordination scenario” means the decision of feeder link switch is made by gNBs/NTN-GWs, not by NTN control function. To assist the gNBs/NTN-GWs make correct decision, it may require NTN control function to provide some assistance info, e.g. the strategy or triggering conditions for feeder link switch.   

Observation 1: the “de-centralized coordination scenario” means the decision of feeder link switch is made by gNBs/NTN-GWs, not by NTN control function. 
To avoid the unnecessary confusion, we would like to forget about the terminology “centralized coordination scenario” or “de-centralized coordination scenario”. Just focus on the issues and solutions for the different phases of feeder link switch. Maybe we can further discuss the feeder link switch with the following 3 phases:

· Triggering of the feeder link switch

· Preparation for feeder link switch

· Execution of feeder link switch

Proposal 1: forget about the terminology “centralized coordination scenario” or “de-centralized coordination scenario”, to discuss the issues and solutions for the three phases of feeder link switch, i.e. “triggering”, “preparation” and “execution”.
Let’s discuss them one by one.
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 when to trigger the feeder link switch for centralized coordination scenario. The gNBs/NTN-GWs just follow the indication and do corresponding feeder link switch at the precious time provided by the NTN control function. While for the “de-centralized coordination scenario”, the triggering of feeder link switch is decided by the gNBs/NTN-GW. To make the gNBs/NTN-GW make correct decision, it may require NTN control function to provide some necessary info, e.g. the strategy or triggering conditions for feeder link switch.   

Therefore, no matter which way to go, NTN control function needs to provide some control info to the gNBs/NTN-GWs for triggering of the feeder link switch. Which info to be provided is up to implementation, and it’s out of RAN3 scope.

Observation 2: On triggering of feeder link switch, NTN control function should provide some control info to the gNBs/NTN-GWs, it’s up to implementation and it’s out of RAN3 scope.
Proposal 2: The triggering of the feeder link switch is decided by NTN control function or gNB/NTN-GW with some assistance info from NTN control function, which info to transfer and how to transfer between NTN control function and gNB/NTN-GW is out of RAN3 scope, no change to Xn/NG signalling is needed.
Preparation for feeder link switch
As for 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 last RAN3 meeting, 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 mentioned in the previous discussions, to correctly initiate the handover preparation for each of the UE, the source gNB should know the target NCGI (to be) generated by the target gNB for both hard and soft feeder link switch.
There’re some options on how to get the target NCGI (to be) generated by the target gNB:

· Option 1: Via NTN control function/OAM configuration (the centralized scenario)
· Option 2: Use existing NG-RAN node Configuration Update procedure. (de-centralized scenario)
· Option 3: Define new procedure, e.g. Feeder Link Switch. (de-centralized scenario)
We could understand the option 1 applies for “centralized scenario”, and the option 2 and 3 are for “de-centralized scenario”.

For the option 1, 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. 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, 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, the configuration update is not really needed.  

For the option 3, it’s easier and has no impact to the legacy 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, at least the target gNB should provide the cell(s) to be generated by it in this new procedure. The procedure is also easy for extension if we need to exchange more info in feeder link switch.

Proposal 3: Introduce 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 the source gNB not only need to know the cells B1, B2 and B3 to be served by the switching satellite will be generated by the target gNB. It also needs to know the replacement relationship between source serving cells and target serving cells.

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, B1, C1 accordingly. 
Source gNB should know the replacement of the serving cells to make proper handover preparation for the UEs. 
Normally, most of the UEs served by cell A1 should be handover to cell B1 as the B1 will provide the similar coverage of A1. However, maybe some of the UEs could handover from A1 to B2 directly due to the movement of the satellite and UE. This requires the source gNB to know the cell relations and decide the potential target cell(s) for the UE for the proper configuration of candidate target cell(s) for CHO. 
If the source gNB only know the cell B1, B2, and B3 are generated by the target gNB, it does not know the relationship between the source cells and target cells, this may require the source gNB to configure all the target cells as the candidate for CHO. Thus, some kind of restriction is needed, e.g. the gNB should provide the serving cell list associated to one satellite with the same order of its beams.

Proposal 4: the order of the serving cell list should be kept same between the source and target gNBs to maintain the correct neighbour relationship.

Execution of feeder link switch

From UE perspective, there’s no much difference between feeder link switch and other intra or inter-satellite handover. RAN2 has decided to use CHO for the connected mode mobility. For feeder link switch, the source gNB could decide the potential target cell(s) for each of the UE and do corresponding CHO configuration. More than one target cells may be configured in the CHO, which cell to go is up to the CHO triggering condition, time based triggering event, location based triggering event, RSRQ based triggering event or the combination of the conditions, it’s under discussion in RAN2. 
From network interface perspective, the legacy Xn/NG handover related procedures could be reused without any further enhancement. No further RAN3 impact is foreseen.
Proposal 5: CHO related discussion is pending to RAN2, no further impact to network interfaces is foreseen for the execution of feeder link switch.

3   Proposal
In this contribution, we discussed the open issues for feeder link switch over in transparent payload architecture based LEO scenarios. Based on the discussion, we provided the following observations and proposals:

Observation 1: the “de-centralized coordination scenario” means the decision of feeder link switch is made by gNBs/NTN-GWs, not by NTN control function. 

Proposal 1: forget about the terminology “centralized coordination scenario” or “de-centralized coordination scenario”, to discuss the issues and solutions for the three phases of feeder link switch, i.e. “triggering”, “preparation” and “execution”.

Observation 2: On triggering of feeder link switch, NTN control function should provide some control info to the gNBs/NTN-GWs, it’s up to implementation and it’s out of RAN3 scope.
Proposal 2: The triggering of the feeder link switch is decided by NTN control function or gNB/NTN-GW with some assistance info from NTN control function, which info to transfer and how to transfer between NTN control function and gNB/NTN-GW is out of RAN3 scope, no change to Xn/NG signalling is needed.
Proposal 3: Introduce 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 4: the order of the serving cell list should be kept same between the source and target gNBs to maintain the correct neighbour relationship.

Proposal 5: CHO related discussion is pending to RAN2, no further impact to network interfaces is foreseen for the execution of feeder link switch.

4   Reference
[1] R3-210973, CB: # 28_NTN_FeederSwitch - Summary of email discussion, Ericsson (Moderator) 
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. Discussions on addition to the existing handover functions will be triggered from decisions made outside RAN3


3GPP supports NTN with central coordination of switch overs. In case of centrally coordinated switch over, no signaling is needed on Xn/NG, to coordinate the actual switch-over (feeder link and satellite/HAPS). 


FFS: source and target NCGI mapping at handover.


FFS: clarify the de-centralized coordination scenario, and whether 3GPP supports NTNs with de-centralized coordination of switch overs. In case of de-centralized coordinated switch over, Source and target gNB aspects have to be further discussed.


FFS: Based on the common understanding, that in non-terrestrial networks, Served Cell Information and Neighbor Cell Information for cells providing non-terrestrial NR access may be provided to the gNBs via OAM or exchanged via XnAP means, it is proposed to continue discussing XnAP protocol impacts for both options.
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