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1	Introduction
[bookmark: _Toc474247438]Last RAN3 meeting agreed following topics to be further discussed. 
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.

This contribution further analyses the technical detail.
2	Discussion
2.1.	source and target NCGI mapping at handover
In current terrestrial network, the source gNB can determine the target cell for handover, e.g. based on the measurement report from the UE, and the Neighbour Cell Relation Table (NCRT). 
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[bookmark: _Ref65521257]Figure 1: Example for hard Feeder link switch over
For hard feeder link switch over, an NTN payload only connect to one NTN Gateway at any given time. The NTN payload either connect with source gNB, or with target gNB, but not both gNBs at any time. It is useless for the serving gNB to ask UE to perform a measurement report for the target cell that is not transmitted yet over the air interface. The serving gNB shall be configured with the source and target cell ID mapping. 
Observation 1: for Hard feeder link switch over, source gNB use the configured source and target cell ID mapping information to determine the target cell for a UE. 
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Figure 2: Example for soft Feeder link switch over
For soft feeder link switch over, an NTN payload is able to connect to more than one NTN Gateway during a given period i.e. a temporary overlap can be ensured during the transition between the feeder links. So the NTN payload can connect with both source gNB and target gNB for a period of time. The serving gNB can ask the UE to perform a measurement report of the target cell. The serving gNB can use a similar way as terrestrial gNB to determine the target cell, e.g. determine target cell based on the UE’s measurement report and NCRT. No enhancement is needed for cell ID mapping during a soft feeder link switch over.
Observation 2: for Soft feeder link switch over, source gNB may reuse the existing mechanism, e.g. using the measurement report from the UE and NCRT to determine the target cell for a UE. 
Proposal 1: No enhancement is needed for cell ID mapping during the handover for feeder link switch over. 
2.2.	de-centralized coordination scenario 
During the last meeting, it was proposed to discuss the de-centralized coordination scenario (copied as below)
2)	The “de-centralized deployment option”: In this option, the feeder link switch decision is considered to be based on local (gNB/NTN Gateway) decisions (with centralized configuration of all sorts of satellite system information, as in option 1). The timing of the feeder link switch would predictable only within a certain timing range, but the actual switch (i.e. availability of the target feeder link and source feeder link in case of soft switch, and exact hard switch time) is not known in advance.
Satellite systems with a certain degree of redundancy could benefit from this kind of flexibility and apply maintenance, load balancing schemes, emergency maneuvers, or what not else is possible. OAM does not seem to be the best option for this kind of de-centralized operation.
The NTN GW and NTN Payload are transport network nodes. RAN3 agreed in ([3]):
Then RAN3 is only able to provide the following general NG interface backhaul principles:
· According to TS 38.411, the support of any suitable layer 1 technique - like point-to-point or point-to-multipoint techniques - shall not be prevented;
· According to principles outlined in TS 38.401, NG-RAN interfaces are specified under the assumption that transport functions (TNL) are separate from NG-RAN and 5GC functions (RNL).

Even the cited text is only for NGAP interface, it also applies to other RAN3 interfaces. Any solutions designed for feeder link switch over shall not violate this principle. 
Observation 3: The principle that TNL is separate from RNL shall be kept for any solution to support feeder link switch over.
For Hard Switch, this de-centralized scenario indicates that a NTN payload may connect with target GW/gNB at any time during a timing range, e.g. during [T1, T2]. The comments received in last meeting suggest that source gNB may determine the exact time for hard switch based on load balancing, emergency maneuvers, or what not else is possible. This may be already supported by using CHO. For example, the source gNB can initiate CHO preparation for the UE(s). When the source gNB determines it is time to disconnect, the source gNB just stop the transmission of signal over a specific TNL connection/satellite. When the source cell disappears, the UE just execute the CHO reconfiguration received early. The other issue is the NTN infrastructure (i.e. NTN payload and NTN GW) can only be controlled by the NTN Control Function. There is no way for gNB to instruct the NTN Control Function or NTN GW or NTN payload to setup a TNL connection between the NTN payload and the target NTN GW. The NTN payload determines when setup a connection with a NTN GW. If a de-centralized function is desired, the related functions can only be located in the NTN payload and NTN GW, rather in the gNB.
For Soft Switch, this de-centralized scenario indicates the actual switch (i.e. availability of the target feeder link and source feeder link in case of soft switch) is not known in advance. The purpose of the soft switch is to allow the UE HO to be executed during a period when the NTN payload connects with both NTN GWs. When it is time for FLSO or close to the time for FLSO, Source gNB can ask a UE to perform a measurement to ensure target cell is available. Normal HO or CHO can then be used. It is up to source gNB to initiate the handover, just like normal handover. 
Also, in case of maintenance, it shall be well planned, and the affected gNBs and network nodes are informed in advance. There is no way (and no need) to perform a local decision.
Observation 4: There is no justification to support de-centralized scenario in both hard and soft feeder link switch over. 
Proposal 2: RAN3 does not discuss the de-centralized scenario in current WI. 
2.3.	Served Cell Information and Neighbor Cell Information
Current XnAP procedure supports exchanging the Served Cell information and Neighbor Cell information between gNBs. For LEO/MEO NTN, a NTN cell (or a neighboring NTN) cell may appear or disappear depending on the connected NTN payload. Current XnAP NG-RAN node Configuration Update procedure can be used when a NTN cell appear or disappear. If there is a concern on the signalling load for the XnAP NG-RAN node Configuration Update procedure, it can be solved by indicating a timing window for each NTN cell, which indicates when a NTN cell appear/disappear. 
It was argued that “Served Cell Information and Neighbour Cell Information for cells providing non-terrestrial NR access may be provided to the gNBs exclusively by OAM without being exchanged via XnAP means.” It is unclear about the purpose of this solution, or the specific issue to be addressed. If it is to address the XnAP signalling load issue for exchanging the updated Served cell/Neighboring cell information, how does the OAM-based solution help? It still requires the frequent OAM configuration when a NTN cell appear/disappear. If one argues that the OAM-based solution can use timing to control the availability of the served cell/neighboring cell, then the timing can also be used for XnAP, as mentioned above. 
So in a summary, it is unclear why need to consider the OAM-only solution: “Served Cell Information and Neighbour Cell Information for cells providing non-terrestrial NR access may be provided to the gNBs exclusively by OAM without being exchanged via XnAP means.”
Proposal 3: Existing XnAP procedure can be reused to exchange the Served Cell information and neighboring cell information in NTN system. 
2.4.	Other impacts to RAN3 
· The distribution of cell signalling to a NTN-GW and Satellite. 
In both soft switch and hard switch for Earth Moving Cell or Earth Fixed Cell, it is required that the signal of a specific cell is sent to a specific NTN GW then to a related satellite at the right time. It is either the gNB to be preconfigured with the information, e.g. transmit the signal of cell#1 to a specific transport network address (e.g. an IP address, or other transport network identifier which can identity the NTN GW and/or the satellite), or this distribution of cell signalling may also be performed by the NTN GW according to the preconfigured information. It is also possible that the gNB or NTN-GW may receive the signalling from a node controlling the satellite, e.g. NTN Control Center as discussed in ([3]).  Considering 1) the NTN-GW is a transport network node; 2) last RAN3 meeting agreed “The feeder link switch over is a Transport Network Layer procedure.” and 3) 3GPP network architecture does not consider the NTN Control Center, the distribution of cell signalling to NTN-GW and satellite can be considered as implementation detail, and no need specification work in RAN3.  There is no impact to NGAP/XnAP layer when the feeder link switch over is performed.
· Handover procedure for the UE
In both soft switch and hard switch that the UE’s serving gNB is changed, the handover procedure needs to be initiated by the serving gNB. The source gNB can initiate the hand-over for the CONNECTED UEs based on radio measurements and/or feeder link switch timing information. (Detail to be discussed in RAN2)
In last meeting, some proposals were proposed to enhance the Xn procedure for Feeder Link Switchover, but it is unclear why the enhancements are needed and the issues to be addressed. For example, it was proposed to introduce a new Xn Message to trigger establishment of the second link for soft feeder link switch. Depend on the radio condition, the satellite may connect with a new NTN GW early or later. The satellite has the best knowledge to know when it needs to establish the connection with a new NTN GW. It is unclear why the gNB need to know when it needs to connect a new satellite. It may be argued that this is event-driven, but before the satellite can have a connection with a NTN GW, it is not possible to ask the target gNB to setup the connection with a satellite earlier, especially the satellite connects with the NTN GW, rather directly connect with the gNB. 
In our understanding, current Xn/NG based HO procedure can be reused. There is no need to introduce new Xn/NG procedure for NTN.
· Feeder link switch based on accurate time control or conditional RRC re-establishment.
As described in TR38.821, two potential options were proposed, e.g. 
Solution 1: Feeder link hard switch procedure is based on accurate time control
Solution 2: Feeder link hard switch procedure is based on conditional RRC re-establishment
In Solution 1, the HO Command message may need to be enhanced, but it is part of RRC that is RAN2 scope. 
In Solution 2, it may be required for network to provide assistance information (e.g. next cell identity and/or reestablishment conditions) to trigger UE RRC reestablishment instead. TR38.821 also describes the assistance information can be sent to UE via SIB instead of dedicated signalling respectively, as a result, the signalling overhead caused by the large number of UEs can be effectively reduced. It is up to RAN2 to decide which solution is adopted. Even in case Solution 2 is agreed, it is RAN2 to decide how to provide the assistance information. In case a new SIB is introduced, it may require small update to F1 interface. 
In a summary, there may be no impact to RAN3 specification to support Feeder Link Switch. Up to RAN2 discussion on the trigger on feeder link switch, it may require small update to F1 specification. RAN3 can wait for RAN2 discussion. 
Observation 5: There is no impact to RAN3 XnAP specification and NGAP specification to support feeder link switch.
Observation 6: In case RAN2 agreed Solution 2 “Feeder link hard switch procedure is based on conditional RRC re-establishment”, small update may be needed to F1AP specification.  

Proposal 4: To Support feeder link switch, RAN3 agrees current NG/Xn based HO procedure can be reused, and no need to introduce enhancement to XnAP specification and NGAP specification.

The BL Stage-2 CR need to be updated, for example, “It is up to the gNB’s implementation or the configuration to the gNB on when transferring established connection for the affected UEs between two gNBs during the feeder link switchover.”

Proposal 5: For impact to F1, RAN3 wait for RAN2 decision.

3	Conclusions
In this contribution, we briefly analyzed the impact to RAN3 to support feeder link switch. Our proposals are:
Observation 1: for Hard feeder link switch over, source gNB use the configured source and target cell ID mapping information to determine the target cell for a UE. 
Observation 2: for Soft feeder link switch over, source gNB may reuse the existing mechanism, e.g. using the measurement report from the UE and NCRT to determine the target cell for a UE. 
Observation 3: The principle that TNL is separate from RNL shall be kept for any solution to support feeder link switch over.
Observation 4: There is justification to support de-centralized scenario in both hard and soft feeder link switch over. 
Observation 5: There is no impact to RAN3 XnAP specification and NGAP specification to support feeder link switch.
Observation 6: In case RAN2 agreed Solution 2 “Feeder link hard switch procedure is based on conditional RRC re-establishment”, small update may be needed to F1AP specification.  
Proposal 1: No enhancement is needed for cell ID mapping during the handover for feeder link switch over. 
Proposal 2: RAN3 does not discuss the de-centralized scenario in current WI. 
Proposal 3: Existing XnAP procedure can be reused to exchange the Served Cell information and neighboring cell information in NTN system. 
Proposal 4: To Support feeder link switch, RAN3 agrees current NG/Xn based HO procedure can be reused, and no need to introduce enhancement to XnAP specification and NGAP specification.
Proposal 5: For impact to F1, RAN3 wait for RAN2 decision.

The update to the BL CR can be found at the annex section. 
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Text proposal to Stage-2 BL CR ([5])
16.x.5	Switch over
16.x.5.1 Definitions [to be provided by the RAN3 stg2 BL CR]
16.x.5.2 Assumptions [to be provided by the RAN3 stg2 BL CR]
16.x.5.3 Operations [FFS] [to be provided by the RAN3 stg2 BL CR]
16.x.5.4 Procedures [FFS] [to be provided by the RAN3 stg2 BL CR]
It is up to the gNB’s implementation or the configuration to the gNB on when transferring established connection for the affected UEs between two gNBs during the feeder link switch over. The Xn based handover procedure or N2 based handover procedure can be reused to transfer the established connection for the affected UEs between two gNBs during the feeder link switch over.
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