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Background
In RAN3#123-bis meeting, we discussed the Regenerative Payload architecture with and without NTN GW. There was no consensus to work on NTN GW and that NTN GW can be looked at when LS from SA2 is received. In this meeting we received an LS from SA2 with SA2 views on NG connection options for regenerative payload.

	R3-243017
As part of the Rel-19 study on 5G System enhancements for satellite access (FS_5GSAT_ARCH_Ph3), Key Issue #1 of TR 23.700-29 considers the support of Regenerative-based satellite access. SA2 has identified the following candidate mechanisms and assumptions, which need to be verified by RAN3:
· A procedure to handle the N2 and S1 connections when the eNB/gNB leaves the service area of an AMF/MME (e.g. when setting over the horizon) should be supported. Options e.g. disconnecting/suspending/performing configuration update of the N2/S1 connections are considered in SA2. It is up to RAN3 to determine the final option about whether to reuse existing or new mechanisms/procedures.
· If the eNB/gNB IP address changes due to soft feeder link switch, SA2 assumes that this case can be supported using the existing procedures.
· SA2 assumes that AMF/MME can treat the Mapped Cell ID as per rel-17.




In this paper we discuss our views on the SA2 LS and potential NG impacts due to regenerative payload architecture.
Discussion
NG Connection Management

With the gNB on board, the NG connection to the ground AMF keeps changing. In order to address the NG connection frequent setup and release issues the following options are proposed by companies - 
· NG Suspend/Resume
· NG Setup/Release
· NG DL TNLA Update 
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[bookmark: _Toc166103480][bookmark: _Toc166229682]Due to the movement of the satellite, the NG connection from gNB to ground AMF keeps changing. To address the NG connection issues for regenerative payload, the following options are proposed by companies – 
· [bookmark: _Toc166103481][bookmark: _Toc166229683]NG Suspend/Resume
· [bookmark: _Toc166103482][bookmark: _Toc166229684]NG Setup/Release
· [bookmark: _Toc166103483][bookmark: _Toc166229685]NG DL TNLA Update 

[bookmark: _Hlk165915495]NG Setup/Release – With this option the NG connection context needs to be removed and setup everytime. Also, this option increases the NG connection latency and additional signalling overhead. A new message NG release needs to be introduced for this option.
[bookmark: _Toc166103484][bookmark: _Toc166229686]NG setup and release when a gNB moves out of AMF connection increases NG connection latencies, signalling overhead and a new NG Release message needs to be specified for NG Release option.
NG DL TNLA Update – This option takes benefit of the SCTP multihoming feature and the IP address of the new AMF is added to the TNLA list of NG connection. With TNLA update there needs to be a logical end to the application layer functionality which is unclear.
[bookmark: _Toc166103485][bookmark: _Toc166229687]With NG DL TNLA update, the IP address of the new AMF can be added to the NG Connection TNLA list, however it is unclear on how logical end is indicated to the previous AMF that NG connection is no longer in use.
NG Suspend/Resume – To minimize the NG signaling impacts, gNB on satellite and AMF can establish NG setup. When the gNB moves out of the AMF geographic coverage area, gNB can deactivate the connection and when it comes back into the geographic coverage of the AMF, gNB can activate the connection. The NG connection context remains intact in both gNB and AMF as the context must be re-established again due to fixed path of the satellite movement. Reduces connection latency and connection failures. No new NG messages are needed. Existing NG setup and NG Configuration Update procedures can be used with additional indication to suspend and resume the connection.
[bookmark: _Toc166103486][bookmark: _Toc166229688]NG Suspend and resume option provides a faster NG connection mechanism as the context will be available in both the peers and the connection needs to be suspended or resumed based on the satellite movement.
Based on above observations, we propose to enhance the NG Config Update procedure with suspend and resume functionality.
[bookmark: _Toc166103491][bookmark: _Toc166104636][bookmark: _Toc166229693]RAN3 to agree to suspend and resume NG connection from gNB on satellite to ground AMF for faster turnaround time for NG connection. The existing NG Config Update procedure can be enhanced with an additional IE to indicate suspend and resume of NG connection. Draft Reply LS to SA2 LS is provided in the annex of this document.

Feeder Link Switch Over

Due to the movement of the satellite there could be frequent feeder link switch overs. The Feeder link switch overs can be hard or soft with and without AMF relocation.

[bookmark: _Toc166103487][bookmark: _Toc166229689]Feeder link Switch over can be classified into soft and hard feeder link switch over with and without AMF relocation.
In case of soft and hard feeder link without AMF relocation the AMF and the gNB remains the same. Hence the UE context and NG context in AMF and gNB remains intact. Just the NTN GW IP address changes due to FLSO. Since the Feeder link and the NTN GW is out of 3GPP scope, the NTN operators can handle it via existing mechanisms like mobike, SCTP multihoming etc.

[bookmark: _Toc166103488][bookmark: _Toc166229690]For soft and hard feeder link switch over without AMF relocation, the context in gNB and AMF remains intact and only the NTN GW (and GW IP address) between gNB and AMF changes.

[bookmark: _Toc166103492][bookmark: _Toc166104637][bookmark: _Toc166229694]NTN GW is out of 3GPP scope, the IP address change of the GW can be addressed via existing mechanisms like mobike, SCTP multihoming etc by NTN operator. The details need to be specified in Stage 2 for Feeder link switch over.

In case of soft and hard feeder link with AMF relocation the gNB remains the same, but the AMF changes with the NTN GW. This can be addressed using a NG handover as mentioned in the NTN TR. NG handover between old and new AMFs using 2 logical gNB in the same physical gNB can be used to transfer the UE context from old AMF to the new AMF. 

[bookmark: _Toc166103489][bookmark: _Toc166229691]For soft and hard feeder link switch over with AMF relocation, the gNB remains the same, but the NTN GW and AMF changes. Due to AMF change, the UE context from old AMF needs to be moved to new AMF.

[bookmark: _Toc166103493][bookmark: _Toc166104638][bookmark: _Toc166229695]UE Context switch from old AMF to new AMF due to soft and hard feeder link switch over with AMF relocation can be addressed via NG handover using 2 logical gNBs from the same gNB on satellite with no Stage 3 impacts. The details need to be captured in Stage 2 for Feeder link switch over.

For transparent payload scenario, RAN2 specified satellite switch with resync. How to specify satellite switch with resync for NTN regenerative payload needs to be discussed in Rel19.

[bookmark: _Toc166103494][bookmark: _Toc166104639][bookmark: _Toc166229696]RAN3 to discuss how to perform satellite switch with resync for Regenerative Payload as in transparent payload.

Mapped Cell ID

For NTN geo fencing for a geographical area for paging, warning and broadcast purposes, Mapped cell ID can serve the same purpose for Regenerative payload as that of the Transparent payload, as there is no difference in the large Uu cell coverage between transparent and regenerative payload. The usage of Mapped Cell ID to define a fixed geographical area for NTN transparent payload can be same for NTN regenerative payload as well.
[bookmark: _Toc166104640][bookmark: _Toc166229697]Usage of Mapped Cell ID to define a fixed geographical area for a moving satellite in NTN Regenerative payload can follow similar principles as that of transparent payload.

TAC Update

Since the TAC is associated with a geo location, the satellite gNB needs to update the TAC in SIB1 every time it covers a different geographical area. gNB shall broadcast the updated TAC in the SIB1 and also perform Config Update procedure towards AMF to update the AMF with the new TAC the gNB is providing coverage. Updated TAC is needed at the AMF for Paging, Warning messages, MRL etc.

[bookmark: _Toc166103490][bookmark: _Toc166229692]TAC is associated with a geographical location and due to the movement of the satellite gNB, the gNB needs to update the TAC.

[bookmark: _Toc166103495][bookmark: _Toc166104641][bookmark: _Toc166229698]gNB updates the AMF with the new TAC value due to the satellite movement via NGAP RAN Configuration Update procedure.

Summary 
Based on the discussion above, we have following observations: 
Observation 1.	Due to the movement of the satellite, the NG connection from gNB to ground AMF keeps changing. To address the NG connection issues for regenerative payload, the following options are proposed by companies –
	NG Suspend/Resume
	NG Setup/Release
	NG DL TNLA Update
Observation 2.	NG setup and release when a gNB moves out of AMF connection increases NG connection latencies, signalling overhead and a new NG Release message needs to be specified for NG Release option.
Observation 3.	With NG DL TNLA update, the IP address of the new AMF can be added to the NG Connection TNLA list, however it is unclear on how logical end is indicated to the previous AMF that NG connection is no longer in use.
Observation 4.	NG Suspend and resume option provides a faster NG connection mechanism as the context will be available in both the peers and the connection needs to be suspended or resumed based on the satellite movement.
Observation 5.	Feeder link Switch over can be classified into soft and hard feeder link switch over with and without AMF relocation.
Observation 6.	For soft and hard feeder link switch over without AMF relocation, the context in gNB and AMF remains intact and only the NTN GW (and GW IP address) between gNB and AMF changes.
Observation 7.	For soft and hard feeder link switch over with AMF relocation, the gNB remains the same, but the NTN GW and AMF changes. Due to AMF change, the UE context from old AMF needs to be moved to new AMF.
Observation 8.	TAC is associated with a geographical location and due to the movement of the satellite gNB, the gNB needs to update the TAC.

Based on these observations and discussion above, we have the following proposals:
Proposal 1:	RAN3 to agree to suspend and resume NG connection from gNB on satellite to ground AMF for faster turnaround time for NG connection. The existing NG Config Update procedure can be enhanced with an additional IE to indicate suspend and resume of NG connection. Draft Reply LS to SA2 LS is provided in the annex of this document.
Proposal 2:	NTN GW is out of 3GPP scope, the IP address change of the GW can be addressed via existing mechanisms like mobike, SCTP multihoming etc by NTN operator. The details need to be specified in Stage 2 for Feeder link switch over.
Proposal 3:	UE Context switch from old AMF to new AMF due to soft and hard feeder link switch over with AMF relocation can be addressed via NG handover using 2 logical gNBs from the same gNB on satellite with no Stage 3 impacts. The details need to be captured in Stage 2 for Feeder link switch over.
Proposal 4:	RAN3 to discuss how to perform satellite switch with resync for Regenerative Payload as in transparent payload.
Proposal 5:	Usage of Mapped Cell ID to define a fixed geographical area for a moving satellite in NTN Regenerative payload can follow similar principles as that of transparent payload.
Proposal 6:	gNB updates the AMF with the new TAC value due to the satellite movement via NGAP RAN Configuration Update procedure.


Annex 
Draft Reply LS to SA2 LS R3-243017

Title:	Draft Reply for LS on Support of Regenerative-based Satellite Access

Response to:	S2-2405600/ R3-243017

Release:	Rel-18
Work Item:	     FS_5GSAT_ARCH_Ph3

Source:	Qualcomm Incorporated [to be RAN3]
To:	SA2
cc:	RAN2

Contact Person:	Geetha Rajendran
E-mail Address:	geethapr (at) qti (dot) qualcomm (dot) com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	None


1. Overall Description:

RAN3 would like to thank SA2 for their LS on “Support of Regenerative-based Satellite Access”.

RAN3 would like to provide the following response to the assumptions from SA2 as below – 

· A procedure to handle the N2 and S1 connections when the eNB/gNB leaves the service area of an AMF/MME (e.g. when setting over the horizon) should be supported. Options e.g. disconnecting/suspending/performing configuration update of the N2/S1 connections are considered in SA2. It is up to RAN3 to determine the final option about whether to reuse existing or new mechanisms/procedures.

[RAN3 Response] Based on the discussion in RAN3, it is agreed to support Suspension and Resumption of NG connection via existing Config Update procedure to when the eNB/gNB leaves the service area of the MME/AMF.

· If the eNB/gNB IP address changes due to soft feeder link switch, SA2 assumes that this case can be supported using the existing procedures.

[RAN3 Response] The soft feeder link and hard feeder link switch over was discussed in RAN3 and it
is a common understanding that IP address change due to NTN GW change can be addressed by the NTN operators using existing mechanisms like Mobike, SCTP multihoming etc. Since NTN GW and feeder link is out of 3GPP scope, RAN3 does not see any impact for the IP address change due to feeder link switch over

· SA2 assumes that AMF/MME can treat the Mapped Cell ID as per rel-17.

[RAN3 Response] RAN3 acknowledges that that Mapped Cell ID can be treated the same way for Regenerative payload as that of transparent payload.


2. Actions:
To SA2
ACTION: 	RAN3 kindly asks SA2 to take the above into consideration.


3. Date of Next RAN3 Meeting:

RAN3#125		19 – 23 August, 2024 		 Maastricht, Netherlands
RAN3#125-bis		14 – 18 October, 2024	 China, China
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