
3GPP TSG-RAN WG3 Meeting #124                                                                     R3-243673
Fukuoka, Japan, 20th - 24th May 2024
		
Source:	CATT 
[bookmark: Title]Title:	Discussion on support of regenerative payload
[bookmark: Source]Agenda Item:	14.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In Rel-19 NR NTN WID [1], Regenerative Payload with full gNB on board is to be supported, detail objectives could be found below:
	[bookmark: _Hlk153358806]Support of regenerative payload [RAN3, RAN2, RAN4]
· Specify the support of gNB on board in TS 38.300
· Specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. [RAN3]
· Note: if any additional necessary stage-3 specifications impact for e.g. NGAP is identified, RAN3 will handle it.


And the last RAN3 meeting has mainly discussed the architecture of regenerative payload, the following conclusions are captured:
	There is no consensus to discuss new NTN architecture now; wait for an LS from SA2 on this particular issue.
Technical discussion based on current architecture can be discussed in next meeting.


In this contribution, we will discuss the scenarios and potential issues on support of regenerative payload for NR NTN, our views will be provided accordingly.
Discussion
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The architecture of regenerative payload
The last RAN3 meeting has mainly discussed the architecture of regenerative payload. Currently there is no LS from SA2 on this particular issue, and release 16 has already specified the architecture of regenerative payload, the description in clause 5.2.1.1 of TR 38.821[4] is as followed:
	

Figure 5.2.1-2: Regenerative satellite with ISL, gNB processed payload
The figure above illustrates that UE served by a gNB on board a satellite could access the 5GCN via ISL.
The gNB on board different satellites may be connected to the same 5GCN on the ground.
If the satellite hosts more than one gNB, the same SRI will transport all the corresponding NG interface instances.



Therefore, in R19 NR NTN WI, the architecture of release 16 should be taken as the baseline to start. It is proposed to add the regenerative payload architecture with gNB on board in stage 2.
Proposal 1: The architecture of release 16 should be taken as the baseline to start.
Proposal 2: It is proposed to add the regenerative payload architecture with gNB on board in stage 2. Discuss and agree the stage 2 draft CR to TS 38.300 in [3].
The intra and inter-gNB mobility
To support the intra and inter-gNB mobility, we would like to introduce several typical scenarios.
Scenario #1: intra-gNB (intra satellite) mobility
Scenario #2: inter-gNB mobility (between on board gNBs via ISL)
Scenario #3: inter-gNB mobility (over feeder link)
Scenario #2 refers to inter-satellite mobility, which refers to the mobility between different on board gNBs connected through inter satellite links (ISL). If ISL exists, on-board gNB could interoperate via the Xn interface. 
R18 has already enhanced the Xn interface to support Time based CHO. Handover with Time-based trigger condition and Location-based trigger condition are specified in Stage-2 TS 38.300. In the previous RAN3 meeting, some companies propose to enhance location based HO. For inter-gNB mobility (between on board gNBs), it is proposed that RAN3 consider whether and how to better support location based HO via the Xn interface. For example, source NG-RAN can transfer the coarse UE location information to target NG-RAN In the Handover Request. Thus the target NG-RAN can decide when to reserve resources based on this information. 
We can focus on XnAP first, and adopt it to NG if needed.
Proposal 3: For inter-gNB mobility, it is proposed that RAN3 consider whether and how to make better support of Location based HO, e.g. transfer some information from the source NG-RAN node towards the target NG-RAN node during the preparation of the Handover.  
Potential NGAP impact
Issue 1: Supported TAI list of a gNB on board
According to the Rel-19 NR NTN WID [1], we should further consider the potential NGAP impact to support of regenerative payload. 
The gNB provides the supported TA list information to the AMF, and based on the TA list of the UE registration area and the supported TA list of gNB, the AMF selects the appropriate gNB to send paging messages to the UE. For ground gNB, the coverage area of the Tracking Area remains fixed. Once the gNB is deployed onto a satellite, such as MEO or LEO satellites, the mobility of the on board gNB causes the coverage of the gNB to change over time, and the supported TAIs list also changes accordingly. The picture below shows an example of the supported TAI list of a gNB on board.


Figure 1. Example of the supported TAI list of a gNB on board
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]As shown in the picture, the service area of the gNB on board consists of three consecutive cells: Cell 1, Cell 2, and Cell 3. At time T1, the service coverage of the gNB on board is within TAI A, so the supported TAI of the gNB on board is TAI A. As the satellite moves along its orbit, the coverage area of the gNB on board the satellite changes, affecting which TAI(s) they support. At time T2, the supported TAIs of the gNB on board change to TAI B and TAI C. And at time T3, the supported TAIs of the gNB on board change to TAI D and TAI E. Therefore, with the mobility of the on board gNBs, the coverage of the gNB changes with time, and the supported TAIs list also changes with time.
Observation 1: With the mobility of the on board gNBs, the coverage of the gNB changes with time, and the supported TAIs list also changes with time.
RAN3 need to discuss how to manage the dynamic list of supported TAIs. So on how to handle it, there’re some potential options that RAN3 needs to discuss:
· Option 1: OAM solution. 
· Option 2: Signalling enhancement.
Proposal 4: On how to handle the dynamic supported TAI list of a gNB on board, there’re some potential options that RAN3 needs to discuss:
	Option 1: OAM solution. 
	Option 2: Signalling enhancement.

Issue 2: An on board gNB enters/leaves a AMF service area
SA2 has identified the issue, it’s assumed the service area of each AMF is a geographical fixed area, with the moving of the satellite (e.g. LEO, on board gNB may serve different AMFs at different time). The picture below shows an example of an on-board gNB entering/leaving an AMF service area.
[image: cid:image001.jpg@01DAA234.86F9D510]
Figure 2. An example of an on-board gNB entering/leaving an AMF service area
An NTN gateway could connect to multiple AMFs. As shown in the picture, AMF1、AMF2 and AMF3 are all connected to the on board gNB through the same gateway. the relationship between its real-time coverage area and the various AMF service areas changes over the mobility of the on board gNB. At time T1, the on board gNB provides service for AMF1 and AMF2. At time T2, the coverage area of the on board gNB is about to enter the service area of AMF3, and it starts to serve AMF3. At the same time, its coverage area exits the service area of AMF1, prompting it to cease AMF1 service. Therefore, with the mobility of the on board gNBs, it serves different AMFs at different times. 
Observation 2: With the mobility of the on-board gNBs, the relationship between their real-time coverage area and the various AMF service areas changes, leading to the provision of service to different AMFs at different times.
The on board gNB actually serves AMF2 from time T1 to time T3. We need to discuss how to manage NG connections when the on-board gNB enters or leaves the service area of AMF2. On how to handle the above problem, there’re some potential options:
· Option 1: NG Removal/Setup: Reuse the legacy NG procedures.
· Option 2: NG suspend/resume: Introduce suspend/resume procedure, fast recovery.
· Option 3: Keep NG connections to all the AMFs associated to the current NTN-GW.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]For the option 1, legacy NG procedures could be used to remove or setup a new NG connection, although such NG removal and setup procedure may cause latency issues. 
For the option 2, introduce a suspend/resume procedure over NG interface. When the on-board gNB coverage leaves the AMF service area, the NG connection is suspended, indicating that the current NG connection is unavailable, but the actual logical interface still exists. When the on-board gNB coverage re-enters the AMF service area, the NG connection is resumed.
For the option 3, it means that NG connections are maintained even when AMFs are not currently in service. It’s easier and has no impact to the legacy procedure, but it may impose a significant interface burden.
SA2 also sends RAN3 a liaison statement(LS) on this issue, pointing out that it is up to RAN3 to determine the final option about whether to reuse existing or new mechanisms/procedures. RAN3 could response SA2 that RAN3 has already identified the issue but currently RAN3 has not reached a conclusion on this issue, pending further discussion.
Proposal 5: On how to handle the above problem, there’re some potential options that RAN3 needs to discuss:
	NG Removal/Setup
	NG suspend/resume
	Keep NG connections to all the AMFs associated to the current NTN-GW.
Proposal 6: It is proposed to discuss the above options and agree the related draft reply LS in appendix 6.

Issue 3: Feeder link switch
SA2 has identified two cases about feeder link switch. The issue is that as the UE remains in the same cell, handover is not triggered in this case, but the UE may be served by a different AMF due to the feeder link switchover. The picture below shows an example of feeder link switch in different case.
[image: ]
Figure 3. An example of feeder link switch
As shown in the above picture, AMF of Case 1 is not changed for the UEs. This means that on board gNB keep connection(s) with the same AMF(s) via both NTN-GWs before and after feeder link switch. AMF of Case 2 is changed for the UEs .i.e. gNB changes the AMF(s) for the serving UEs after feeder link switch, even if the UE does not move.
Observation 3: SA2 has identified two cases about feeder link switch, there’re the two cases:
	AMF is not changed for the UEs
	AMF is changed for the UEs even they do not move
However, we do not believe that Case 2 should really be considered.
Ordinarily each AMF is configured with its own service area, and the service areas of two AMFs (which serve the same kind of UEs) are either entirely the same or mutually excluded (i.e. no overlap), especially for cross-country scenario (e.g. each AMF belongs to one country). Therefore, a UE’s serving AMF should never change regardless of how topology has changed in RAN, provided the UE does not move.
In addition, for UEs in RRC_IDLE state the AMF still host the UE’s context, and paging message can only be sent towards the NG-RAN nodes which has direct NG interface with this AMF (i.e. one AMF cannot request another AMF to page). In Rel-17 RAN work groups made many efforts to guarantee that a UE in RRC_IDLE state does not initiate mobility-triggered NAS Registration procedure if the UE does not move, and we believe this principle should not change. As a result, the AMF should be connected to any gNB if it covers the UE so that it can page the UE, even if the gNB connects to a remote NTN GW.
Proposal 7: From UE point of view, the serving AMF should not change in case of satellite feeder link switch provided the UE does not move. Thus, we understand case 2 is a rare case.
Therefore, we will focus on case 1. For the case 1, the AMF and the on board have not actually changed, only the gateway has changed, so it can be considered that the logical connection of NG has not changed.
[bookmark: OLE_LINK13][bookmark: OLE_LINK17]Observation 4: For the case 1, the logical connection of NG has not changed.
As shown in the picture of case 1, the UE is connected at the old gateway, and TNLA(s) are established with the AMF for signaling transmission of the control plane. When the on board gNB moves out of the connection range of the old gateway, it will establish a feeder link with the new gateway. As the routing path changes, the TNLA used with the AMF may change. Therefore, it is proposed to discuss whether the NG-C TNLA(s) change or not when the new gateway is connected. If the TNLA(s) need to change, RAN3 needs to discuss how to manage the TNLA(s). For example, adding a new TNLA for the new NTN GW for the same NG logical connection. In the legacy procedures, TNLA could be added, removed and updated. For Feeder link switch, whether it needs to be enhanced needs further discussion.
Proposal 8: It is proposed to discuss whether the NG-C TNLA(s) change or not when the new gateway is connected.
Proposal 9: If the TNLA(s) need to change, RAN3 needs to discuss how to manage the TNLA(s). For example, adding a new TNL for the new NTN GW for the same NG logical connection.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: _GoBack]As for NG-U, it is per user device and per PDU session. Although AMF does not change, UPF may be distributed. When the gateway changes the NG-U channel also changes. It is proposed to update the UL NG-U tunnels, considering the change of UPF, as UPF may be co-located with the NTN-GWs.
Proposal 10: It is proposed to update the UL NG-U tunnels, considering the change of UPF, as UPF may be co-located with the NTN-GWs.
Reply LS from SA2
Reply LS on security of IP transport over satellite transport links
SA3 send a LS to SA2 on security of IP transport over satellite transport links and SA2 pointed out that signaling transport and related layer 1 specifications are in RAN3 scope, so RAN3 is also requested to give feedback.
RAN3 thinks that IP connectivity is present between the gNB/eNB on-board the satellite and the CN on the ground，via the feeder link and Xn. And RAN3 shares the same view of SA2 that reliability of the transport network via satellite transport links (i.e., feeder and ISL) is a deployment matter and it is not in 3GPP scope. Signaling transport and layer 1 specifications of N2 and S1 (including TSs 38.412 and 36.412) does not include the reliability of the transport network. RAN3 thinks that the IP transport support the mechanisms required for transport of N2 and S1 signaling.
Proposal 11: It is proposed to discuss the above options and agree the related draft reply LS in appendix 5.
Reply LS on support of Regenerative-based Satellite
SA2 send a LS to RAN3 on support of Regenerative-based Satellite, the questions are answered as follows
1、	On how to handle the N2 and S1 connections when the eNB/gNB leaves the service area of an AMF/MME：
The issue has already discussed in the previous chapter 2.3. RAN3 has already identified the issue but currently RAN3 has not reached a conclusion on this issue, pending further discussion.
2、	On how to support the issue when the eNB/gNB IP address changes due to soft feeder link switch
RAN3 shares the same view of SA2 that the existing NG-RAN procedures can support this case, as specified in clause 7 of TS 38.412[5]:
	When the configuration with multiple SCTP endpoints per NG-RAN node is supported and the NG-RAN node wants to add additional SCTP endpoints, the RAN configuration update procedure shall be the first NGAP procedure triggered on an additional TNLA of an already setup NG-C interface instance after the TNL association has become operational, and the AMF shall associate the TNLA to the NG-C interface instance using the included Global RAN node ID.


3、	On how to treat the Mapped Cell ID
In Rel-19, AMF/MME can treat mapped Cell IDs as the same way as Rel-17/18.
Proposal 12: It is proposed to discuss the above options and agree the related draft reply LS in appendix 6.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the discussion in section 2, we have the following observations and proposals:
The architecture of regenerative payload:
Proposal 1: The architecture of release 16 should be taken as the baseline to start.
Proposal 2: It is proposed to add the regenerative payload architecture with gNB on board in stage 2. Discuss and agree the stage 2 draft CR to TS 38.300 in [3].

The intra and inter-gNB mobility
Proposal 3: For inter-gNB mobility, it is proposed that RAN3 consider whether and how to make better support of Location based HO, e.g. transfer some information from the source NG-RAN node towards the target NG-RAN node during the preparation of the Handover.  
Issue 1: Supported TAI list of a gNB on board
Observation 1: With the mobility of the on board gNBs, the coverage of the gNB changes with time, and the supported TAIs list also changes with time.
Proposal 4: On how to handle the dynamic supported TAI list of a gNB on board, there’re some potential options that RAN3 needs to discuss:
	Option 1: OAM solution. 
	Option 2: Signalling enhancement.

Issue 2: An on board gNB enters/leaves a AMF service area
Observation 2: With the mobility of the on-board gNBs, the relationship between their real-time coverage area and the various AMF service areas changes, leading to the provision of service to different AMFs at different times.
Proposal 5: On how to handle the above problem, there’re some potential options that RAN3 needs to discuss:
	NG Removal/Setup
	NG suspend/resume
	Keep NG connections to all the AMFs associated to the current NTN-GW.
Proposal 6: It is proposed to discuss the above options and agree the related draft reply LS in appendix 6.

Issue 3: Feeder link switch
Observation 3: SA2 has identified two cases about feeder link switch, there’re the two cases:
	Case 1: AMF is not changed for the UEs
	Case 2: AMF is changed for the UEs
Proposal 7: From UE point of view, the serving AMF should not change in case of satellite feeder link switch. Thus, we understand case 2 is a rare case.
Observation 5: For the case 1, the logical connection of NG has not changed.
Proposal 8: It is proposed to discuss to how to manage the NG-C TNLA(s) when the new gateway is connected.
Proposal 9: If the TNLA(s) need to change, RAN3 needs to discuss how to manage the TNLA(s). For example, adding a new TNL for the new NTN GW for the same NG logical connection.
Proposal 10: It is proposed to update the UL NG-U tunnels, considering the change of UPF, as UPF may be co-located with the NTN-GWs.

Reply LS from SA2
Proposal 11: It is proposed to discuss the above options and agree the related draft reply LS in appendix 5.
Proposal 12: It is proposed to discuss the above options and agree the related draft reply LS in appendix 6.
Reference
[1] [bookmark: _Ref131664378][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK192]RP-240775 Rel-19 Moderator WID NR NTN phase 3
[2] RAN3_123bis_agenda_20240325
[3] R3-243413	Support for Regenerative Payload in NR NTN, Ericsson, Thales, Deutsche Telekom, Nokia, ESA, CATT, ZTE, Sateliot, Huawei
[4] TR 38.821 Solutions for NR to support NTN
[5] TS 38.412 NG signalling transport


Draft Reply LS to SA2(S2-2405836)
Title:	[DRAFT] Reply LS on reply LS on security of IP transport over satellite transport links
Response to:	LS (S2-2405836) 
Release:	Rel-19
Work Item:	NR_NTN_enh

Source:	CATT [to become RAN3]
To:	SA2, SA3
Cc:	

Contact Person:	Jiancheng Sun
sunjiancheng@catt.cn

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

Attachments:	

1. Overall Description:
RAN3 thanks SA2 for the LS on security of IP transport over satellite transport links.
RAN3 thinks that IP connectivity is present between the gNB/eNB on-board the satellite and the CN on the ground，via the feeder link and Xn.
RAN3 shares the same view of SA2 that reliability of the transport network via satellite transport links (i.e., feeder and ISL) is a deployment matter and it is not in 3GPP scope. Signaling transport and layer 1 specifications of N2 and S1 (including TSs 38.412 and 36.412) does not include the reliability of the transport network. RAN3 thinks that the IP transport support the mechanisms required for transport of N2 and S1 signaling.

2. Actions:
To SA2 group:
ACTION: 	RAN3 kindly asks SA2 and SA3 to take the above information into account

3. Date of Next TSG-RAN3 Meetings:
TSG-RAN3 Meeting #124	20-24 May 2024			Fukuoka, Japan
TSG-RAN3 Meeting #125	19-23 Aug 2024			Maastricht , NL


Draft Reply LS to SA2(S2-2405600)
Title:	[DRAFT] Reply LS on support of Regenerative-based Satellite Access
Response to:	LS (S2-2405600) 
Release:	Rel-19
Work Item:	NR_NTN_enh

Source:	CATT [to become RAN3]
To:	SA2
Cc:	RAN2

Contact Person:	Jiancheng Sun
sunjiancheng@catt.cn

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

Attachments:	

1. Overall Description:
RAN3 thanks SA2 for the LS on support of Regenerative-based Satellite. RAN3 would like to observe the following.
1、 On how to handle the N2 and S1 connections when the eNB/gNB leaves the service area of an AMF/MME：
RAN3 has already identified the issue but currently RAN3 has not reached a conclusion on this issue, pending further discussion.

2、 On how to support the issue when the eNB/gNB IP address changes due to soft feeder link switch
RAN3 shares the same view of SA2 that the existing NG-RAN procedures can support this case

3、 On how to treat the Mapped Cell ID
In Rel-19, AMF/MME can treat mapped Cell IDs as the same way as Rel-17/18.

2. Actions:
To SA2 group:
ACTION: 	RAN3 kindly asks SA2 to take the above information into account.

3. Date of Next TSG-RAN3 Meetings:
TSG-RAN3 Meeting #124	20-24 May 2024			Fukuoka, Japan
TSG-RAN3 Meeting #125	19-23 Aug 2024			Maastricht , NL
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