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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.


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
The architecture of regenerative payload
Based on the WID of regenerative payload topic, the architecture of gNB on board in stage 2 needs to be updated The overall illustration of an NTN in current TS38.300 is only for transparent payload, not for regenerative payload. Therefore the overall illustration and relevant description of an NTN needs to be updated as follows:
	16.14.1	Overview
Figure 16.14.1-1and Figure 16.14.1-2 below illustrates antwo examples of a Non-Terrestrial Network (NTN) providing non-terrestrial NR access to the UE by means of an NTN payload and an NTN Gateway, depicting a service link between the NTN payload and a UE, and a feeder link between the NTN Gateway and the NTN payload.


Figure 16.14.1-1: Overall illustration of an NTN of transparent payload


Figure 16.14.1-2: Overall illustration of an NTN of regerative payload



Observation 1: The Overall illustration of NTN in TS 38.300 needs to be updated.
Proposal 1: It is proposed to add the regenerative payload architecture with gNB on board in stage 2.
The intra and inter-gNB mobility
According to the Rel-19 NR NTN WID [1], we should study and discuss if any enhancement is required for the intra and inter-gNB mobility. To support the intra and inter-gNB mobility, we would like to introduce several typical scenarios, and discuss them one by one.
Scenario #1: intra-gNB(intra satellite) mobility
Scenario #1 refers to intra-satellite mobility within a regenerative satellite. Just like how ground intra-gNB manage handovers and other mobility-related tasks within their coverage areas, the onboard gNB in a satellite system performs similar functions. It coordinates the handover between cells within its coverage area, ensuring that UE can seamlessly move between different cells
Scenario #2: inter-gNB mobility(between on board gNBs via ISL)
Scenario #2 refers to inter-satellite mobility, which refers to the mobility between different on board gNBs connected through intersatellite links(ISL). If ISL exists, on-board gNB could interoperate via the Xn interface. As for whether the Xn interface needs enhancement, further research is required.
Scenario #3: inter-gNB mobility(over feeder link)
Scenario #3 refers to inter-satellite mobility, which refers to the mobility between on board gNB and ground gNB over feeder link. Study and discuss if any enhancement is required for the above potential mobility scenarios.
Observation 2: The Scenarios of intra and inter-gNB mobility contains the following potential 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)
Proposal 2: It is proposed to study and discuss if any enhancement is required for the above potential mobility scenarios.

Potential NGAP impact
Issue 1: Supported TAI list of a gNB on board
[bookmark: _GoBack]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 3: 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 3: 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.


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 at the same time, its coverage area is about to enter the service area of AMF2, and it starts to serve AMF2. At time T3, the coverage area of the on board gNB exits the service area of AMF2, prompting it to cease AMF2 service. With the mobility of the on board gNBs, it serves different AMFs at different times. 
Observation 4: 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.
Proposal 4: On how to handle the above problem, there’re some potential options that RAN3 needs to discuss:
	NG Removal/Setup: Reuse the legacy NG procedures.
	NG suspend/resume: Introduce suspend/resume procedure, fast recovery.
	Keep NG connections to all the AMFs associated to the current NTN-GW.

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 5: 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 5: 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 6: 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 6: It is proposed to discuss whether the NG-C TNLA(s) change or not when the new gateway is connected.
Proposal 7: 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]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 co-located with the NTN-GWs.
Proposal 8: It is proposed to update the UL NG-U tunnels, considering the change of UPF, as UPF may co-located with the NTN-GWs.
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:
Observation 1: The Overall illustration of NTN in TS 38.300 needs to be updated.
Proposal 1: It is proposed to add the regenerative payload architecture with gNB on board in stage 2.
Observation 2: The Scenarios of intra and inter-gNB mobility contains the following potential 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)
Proposal 2: It is proposed to study and discuss if any enhancement is required for the above potential mobility scenarios.
Observation 3: 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 3: 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.
Observation 4: 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 4: On how to handle the above problem, there’re some potential options that RAN3 needs to discuss:
	NG Removal/Setup: Reuse the legacy NG procedures.
	NG suspend/resume: Introduce suspend/resume procedure, fast recovery.
	Keep NG connections to all the AMFs associated to the current NTN-GW.
Observation 5: 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 5: 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 6 : For the case 1, the logical connection of NG has not changed.
Proposal 6: It is proposed to discuss to how to manage the NG-C TNLA(s) when the new gateway is connected.
Proposal 7: 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 8: It is proposed to update the UL NG-U tunnels, considering the change of UPF, as UPF may co-located with the NTN-GWs.
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