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Basic procedures needed for NTN mobility were specified in Release 17. In Release 18 the WI includes the following objectives for NTN-NTN mobility and NTN-TN mobility. In the last RAN3#117-e meeting the enhancements on NTN mobility couldn’t be discussed due to time constraint. This contribution discusses the enhancements for NTN mobility and Feeder link Switch over in Release 18 and also open issues on multiple TAC and NTN coverage stop time from last meeting.

Discussion

Clarification on TAC for NTN Cell Information exchanged via XN Setup Procedure

In the last RAN3#117-e meeting, sharing multiple TACs for NTN Cell was discussed but it was left as an open issue. 


	[bookmark: _Hlk114691071]
Signaling multiple TACs for NTN cells at Xn setup and configuration update: to be continued...



TN cells have only one TAC associated with a cell ID. NTN cell can have multiple TACs associated with a single cell ID. The multiple TACs are associated with the NTN Cell ID as NTN cells covers large geographical area and to avoid frequent TAU by UE. The multiple TACs are configured per PLMN per Cell ID by OAM and they remain constant for that NTN Cell ID. Hence the TACs do not change with earth moving cells causing frequent updates over XN interface.

Observation 1: NTN Cells can have multiple TACs associated to per PLMN and per Cell ID and the TACs remain constant for a particular NTN Cell ID

Observation 2: All the TACs configured for NTN Cell is required to be known by neighbouring gNBs to understand forbidden TACs during Handovers.


	[bookmark: _Hlk114741400]
TS 38.300 Section 16.14.3.1

The network may broadcast multiple Tracking Area Codes (TAC) per PLMN in a NR NTN cell. A TAC change in the System Information is under network control, i.e. it may not be exactly synchronised with real-time illumination of beams on ground.




Since with NTN Cells, one Cell ID is associated with multiple TACs, it is not possible for a NG-RAN to chose one among the many TACs for a NTN Cell ID to exchange it with neighbouring NG-RAN. Hence we propose to share all the TACs configured for a particular NTN Cell via XN.
The Served Cell Information and Neighbour Information IEs over XN Setup procedure allows only a single TAC per Cell. For NTN cells, Served Cell Information and Neighbour Information IEs over XN Setup procedure shall allow multiple TACs per cell.


Proposal 1:  Served Cell Information and Neighbour Information IEs in both XN Setup procedure and Configuration Update procedure shall allow multiple TACs for NTN cells.

NTN Cells Coverage Stop Time over XN

In the last RAN3#117-e meeting exchange of Coverage Stop time for NTN cells over XN setup was discussed but couldn’t conclude. However, companies were supportive of providing Coverage stop time in the time based CHO configuration. In order to provide the coverage stop time in time based CHO, the serving node needs to know prior to the handover configuration on the target node’s coverage stop time. This can be achieved in 2 ways – OAM or via XN Setup. 
Observation 3: To provide Start Time and duration for time based CHO, the coverage stop time of NTN cells should be available at the source node prior to handover initiation.
	
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.



OAM option is available by default. However, in order to allow dynamicity of the NTN cells (especially earth moving cells) and inter vendor operability, our proposal is to share the NTN Coverage Stop per NTN Cell via XN Setup and Configuration Update procedure.
Proposal 2:  NTN Cell Coverage Stop Time shall be exchanged via XN Setup procedure and Config Update procedure between the neighbouring gNBs to assist NTN mobility and ANR in Release 18.

Enhancements for NTN Mobility

Rel18 WI proposes to specify enhancements to connected mode mobility for earth moving and quasi earth fixed cells. Due to earth moving and quasi earth fixed cells handovers are triggered for UEs which may be stationary. This results in frequent handovers for the UE due to both satellite movement and UE mobility. Also, UE may undergo RLF if the handover between the moving cells is not properly timed. 
CHO with time-based and location-based measurements can assist the UEs and the target to be prepared for the upcoming handover due to satellite movement. However, the available target gNBs may not be connected to the source gNB via Xn interface. In such scenarios where the target is known, but direct Xn connection is not available with the source gNB, we propose to introduce CHO for NG based handover. CHO via NG based handover would help the source gNB to prepare the possible target gNBs for NTN frequent Handovers, even if the target gNBs are not directly connected via XN interface.  
Proposal 3a: Conditional HO over NG shall be supported for NTN to NTN or TN to NTN or vice versa handovers. 
 
CHO over NG may have NG impacts for data forwarding. If RAN3 makes a decision to support CHO over NG, then SA2 should be informed on the decision, as SA2 currently does not have NTN WI allocated. 

Proposal 3b: If support for Conditional HO over NG is agreed in RAN3 then SA2 should be informed on the RAN3’s decision 

For earth moving and quasi earth fixed cells, all the UEs in the source cell should be handed over to the target cell during the overlap coverage time period between two NTN cells. All the UEs from source cell should be handed over to next target cell within a short span of time. Due to large number of UEs being handed over in short time span, the complexity and load increases in both source and target gNBs. Moreover, in this scenario, the target gNB for handover is same for all the UEs.
 
Hence to simplify the NTN handover, we propose to introduce group handover over both XN and NG interface.

Proposal 4: Group handovers over NG and XN interfaces should be supported for NTN for earth moving and quasi earth fixed cells
 
If group handovers are agreed to be supported, then the number of UEs supported per Handover message should be decided based on the message size limitation.

Proposal 5: For group handovers, message size limitation should be taken into consideration. 

Feeder Link Switch Over

Rel 17 supports both hard and soft Feeder Link Switch over. It was agreed in Release 17 that Feeder Link switch over related information shall be provided by OAM as shown below. 
	TS 38.300 Section 16.14.4.1
“Both hard and soft feeder link switch over are applicable to NTN.”
TS 38.300 Section 16.14.7
“Additional information to enable gNB operation for feeder/service link switch overs.”




We would like to re-discuss if the XN based NTN Cell information exchange can be enhanced in Release 18 by providing basic information on Feeder Link Switch over.
The NTN Cell Coverage Stop Time and ephemeris information, if exchanged via XN as per proposal 5, will assist the neighboring gNBs to be aware of the next available target after the switch over. Hence if proposal 5 is acceptable, it will be useful for Feeder Link Switch over related information as well. 
Along with Proposal 2, an explicit indication of Hard or soft feeder link switch over XN interface will assist the neighboring gNBs for timely handovers.
Proposal 6: Proposal 2 shall be applicable for Feeder Link Switch over scenario as well.
Proposal 7: Hard or Soft Feeder link Switch over indication shall be exchanged via XN Setup procedure and Config Update procedure between the neighbouring gNBs.

The following options may be available at the network to handle a hard feeder link switch over. 
· CHO with time and location-based measurement events
· RRC Release with Redirection
· RRC Reestablishment

While CHO and RRC Release with Redirection can be planned by the source network based on the Feeder Link switch over information available, RRC Re-establishment is the default procedure during a hard switch over, if the network has not configured the target cell information in the UE via RRC Release or CHO.
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In the above scenario where the NTN gateways are connected to different gNBs and the NTN Payload undergoes hard switch over between the gateways, UEs will experience RLF and perform RRC Reestablishment when the target is available, if the UEs are not preconfigured by the source with CHO or RRC Release. In this scenario, the source may transfer all the available UE Context via XN to the target, so that when UEs perform RRC Reestablishment at the target, the target has the UE context available. Else the target may ask the UEs to perform RRC Setup as a response to RRC Reestablishment, which is not preferred. Hence the proposal is to enable group transfer to UE Context from source gNB to target gNB via XN during a Feeder Link Switch Over.
Proposal 8: Allow group transfer of UE Context via XN between the source and target gNBs for feeder link switch over.

Summary 

Based on the discussion, we have following Observations and Proposals: 

Multiple TAC:

Observation 1: NTN Cells can have multiple TACs associated to per PLMN and per Cell ID and the TACs remain constant for a particular NTN Cell ID

Observation 2: All the TACs configured for NTN Cell is required to be known by neighbouring gNBs to understand forbidden TACs during Handovers.

Proposal 1:  Served Cell Information and Neighbour Information IEs in both XN Setup procedure and Configuration Update procedure shall allow multiple TACs for NTN cells.
NTN Cell Coverage Stop Time:
Observation 3: To provide Start Time and duration for time based CHO, the coverage stop time of NTN cells should be available at the source node prior to handover initiation.
Proposal 2:  NTN Cell Coverage Stop Time shall be exchanged via XN Setup procedure and Config Update procedure between the neighbouring gNBs to assist NTN mobility and ANR in Release 18.

Mobility Enhancement:

Proposal 3a: Conditional HO over NG shall be supported for NTN to NTN or TN to NTN or vice versa handovers. 

Proposal 3b: If support for Conditional HO over NG is agreed in RAN3 then SA2 should be informed on the RAN3’s decision 

Proposal 4: Group handovers over NG and XN interfaces should be supported for NTN for earth moving and quasi earth fixed cells

Proposal 5: For group handovers, message size limitation should be taken into consideration. 

Feeder Link Switch Over:

Proposal 6: Proposal 2 shall be applicable for Feeder Link Switch over scenario as well.
Proposal 7: Hard or Soft Feeder link Switch over indication shall be exchanged via XN Setup procedure and Config Update procedure between the neighbouring gNBs.

Proposal 8: Allow group transfer of UE Context via XN between the source and target gNBs for feeder link switch over.
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