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Introduction
An objective for Rel-18 NR NTN is to continue enhancements for both NTN-NTN and NTN-TN mobility and service continuity. Work will consider existing methods from NR TN and Rel-17 NR NTN as baseline for further enhancements, and will target the following specific objectives:
· 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]
This document discusses Xn signalling enhancements to support feeder link switch-over (i.e. bullet 5). An overview of Rel-17 NTN deployment scenarios and feeder-link switch is presented, followed by a proposed enhancement to enable exchange of necessary mobility management signalling between source and target gNBs via Uu.
In RAN3#117bis-e this topic was discussed with the following conclusions:
There is no need to exchange the cell coverage stop time in the signaling of time-based CHO parameters.
Agree to add time information for time-based CHO, which includes a start time T1 and time duration T2, in Xn Handover Request message, taking R3-225580 as the starting point.
There is no need to exchange a ‘Hard or Soft Feeder link Switch over indication’ via XN Setup procedure and Configuration Update procedure.
To be continued:
FFS which cell ID (mapped cell ID/Uu cell ID/Both are fine) is exchanged via Xn setup and Configuration update messages.
FFS whether to exchange a single TAC or multiple TACs via Xn setup and Configuration update messages.
FFS which cell ID (mapped cell ID/Uu cell ID/Both are fine) is used as Target Cell ID in handover signaling.
FFS in a transparent payload scenario, whether Xn interface will be deployed. 
For NGAP, RAN3 to further study and analyze any potential impacts in addition to T1 and T2.
- potential discrepancy w.r.t. time-based CHO as defined by RAN2?
- potential impacts w.r.t. data forwarding configuration?

However, it is clear the bigger issues around the need for Xn enhancements were not yet agreed. 
Discussion
NTN deployment scenarios
In NGSO (non-GEO synchronous) deployments such as LEO, as a satellite moves overhead there becomes a transition point where the satellite has moved sufficiently far from the geographic location of the terrestrial based gateway that feeder-link may no longer be suitable (e.g., due to the curvature of the earth). At this point, the satellite must undergo a feeder-link switch, where the feeder-link with the former (source) gateway will be terminated and a new feeder-link established with an incoming (target) gateway. To cope with the mobility issues with the UEs connected to the cell, it has standardized time based CHO to have the UE move at the known time a feeder link would need to be switched. RAN3 when it standardized CHO in general it only allowed CHO over the Xn interface between gNBs, not over the NG interface. So as far as CHO applies for feeder link switch there are two competing questions.
Realistic Deployments?
Since these satellites traverse long distances and many national borders, many say it is unrealistic to assume an Xn interface always exists between the gNBs at the feeder link switch points. Is that the case or can a Xn exist in all cases?
CHO over the NG interface?
In RAN3 we frequently have discussions about which functions that are implemented over Xn are needed over the NG interface. The Xn is an interface directly between two gNBs, the NG interface can act as a “relay” and connect gNBs through the core network. Is it practical in all cases to assume the NG interface can handle the time based handover of many UEs at the time of a feeder link switch?
Solutions
The above questions form a quandary,
1. Time based CHO is clearly needed to handle UE mobility during feeder link switch
2. Time based CHO clearly works over the Xn interface, some companies believe it doesn’t work or is not needed over the NG interface.
3. Some companies believe that the general deployment in the area of a feeder link boundary would be expected to be an NG interface primarily. 
If all 3 of these bullets are true it is clear that the current solutions on the table to handle UE mobility in feeder link switch are not sufficient and further work is needed. To hopefully simplify the discussion going forward here are our proposals, at least one of which should be agreed. 

Proposal 1a:	RAN3 to confirm that an NG interface can support the latency and signalling overhead requirements to support CHO for all connected mode UEs served by a satellite prior to feeder-link switch 
Proposal 1b:	Considering that feeder-link switch is periodic (and occurs for every satellite in orbit), RAN3 to confirm that NG interface can support continuous, periodic signalling exchange needed to support CHO without impacting core network resource overhead. 
Proposal 2:	If Proposal 1 (both 1a and 1b) cannot be agreed, RAN3 to confirm that a physical Xn interface which can support latency/signalling requirements exists between every GW which must undergo a feeder-link switch.
Proposal 3: 	If proposal 1 (both 1a and 1b) cannot be agreed and proposal 2 cannot be agreed, RAN3 needs to study other ways to support CHO signalling that does not involve the NG interface or rely on the existence of a physical Xn interface

Conclusion
In this contribution the following proposals were made concerning Xn interface enhancements in Rel-18 NTN:
Proposal 1a:	RAN3 to confirm that an NG interface can support the latency and signalling overhead requirements to support CHO for all connected mode UEs served by a satellite prior to feeder-link switch 
Proposal 1b:	Considering that feeder-link switch is periodic (and occurs for every satellite in orbit), RAN3 to confirm that NG interface can support continuous, periodic signalling exchange needed to support CHO without impacting core network resource overhead. 
Proposal 2:	If Proposal 1 (both 1a and 1b) cannot be agreed, RAN3 to confirm that a physical Xn interface which can support latency/signalling requirements exists between every GW which must undergo a feeder-link switch.
Proposal 3: 	If proposal 1 (both 1a and 1b) cannot be agreed and proposal 2 cannot be agreed, RAN3 needs to study other ways to support CHO signalling that does not involve the NG interface or rely on the existence of a physical Xn interface
References
Rel-18 WID
	5/5	
