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1 Introduction
The Rel-19 NTN enhancements WI contains the following objective[1]:
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.
The last RAN3 meeting discussed the RAN architecture of regenerative payloads, but no consensus was reached on whether to introduce a new architecture. Therefore, the current technical discussion scope is still based on the current architecture. In this contribution, we will continue to discuss the NTN regenerative payload issues combined with some progress of SA2. 
2 Discussion
[bookmark: _Hlk134272820][bookmark: OLE_LINK3][bookmark: OLE_LINK4]2.1 Potential NGAP impact
[bookmark: _Hlk162431233]The potential impact related to the stage-3 interface has been evaluated during the Rel-16 NR NTN SI, including study the feeder link switch over for the gNB on board architecture [2]. The agreed solutions are as followings:
· For the satellite remains in the coverage area of current AMF, the satellite/gNB could use the multiple TNLAs by adding the new SCTP IP address then remove the old SCTP IP address. this case can be supported by existing NG procedure (set-up, configuration update, etc..) without modification. 
· For the case that the satellite moves into a coverage of a new AMF, the current specification has supported that the satellite/gNB setup the NG with the new AMF, while still keep the NG with the old AMF. 
[bookmark: _Hlk162422726][bookmark: _Hlk162444870]From our point of view, all the existing stage-3 procedures can already support regenerative payload, without critical needs missing. 
[bookmark: _Hlk164860297]Observation 1: The existing stage-3 procedures can already support regenerative payload.
Furthermore, in order to better support the operation of regenerative payload, we should not exclude some simple enhancement functions that can be easily implemented. SA2 Rel-19 NTN SI also involves NG related solutions and has sent LS [3] to RAN3. 
[bookmark: _Hlk162425463]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.

Issue#1, Management of NG interface
According to LS, SA2 considers the options e.g. disconnecting/suspending/performing configuration update of the N2/S1. In general, all the above solutions are feasible. Although legacy NG procedures could also be used to remove or setup a new NG connection, it may cause delay problems. It is recommended that RAN3 discuss possible signaling enhancements to better support full gNB onboard architecture.
We note that some companies argue that the NG connection with the old AMF may be suspended when the satellite leaves and be resumed when the satellite re-visit this area, so they tend to introduce a suspend/resume procedures to achieve fast recovery. However, there is no benefit for the NG suspend/resume after further consideration. First, it does not significantly save NG signaling overhead. Second, AMF is inefficient in managing a large number of NG interfaces, while only a very small number of NG interfaces are “active” at any timing duration. Due to the earth rotation, it may take several hours for the same NGSO satellite/gNB to return to the previous AMF service area. Maintaining these interfaces will result in large storage consumption of AMF and gNB.
Observation 2: NG suspend/resume procedure does not seem to be beneficial.
Based on above analysis, we slightly prefer to introduce a new NG removal procedure to realize the mobility management of on-board gNB and reduce the complexity of gNB and AMF.
[bookmark: _Hlk162342094]Proposal 1: Introduce a NG Removal procedure for regenerative payload.

[bookmark: _Hlk164849314]Issue#2, Feeder Link Switch Over
SA2 thinks that if the eNB/gNB IP address changes due to soft feeder link switch, it is assumed that the existing procedures can support this case, i.e. gNB can establish a new SCTP association with AMF by using the new TNL address anchored in new NTN-GW. However, in case of hard feeder link switch, a satellite/gNB can only be connected to one NTN-GW at the same time. If 5GC does not know the hard feeder link switch, the 5GC may continue sending the DL NG-C/U packet to the old NTN-GW. The old NTN-GW has no way to deliver it to the gNB or forward it to the new NTN-GW, which will result in packet loss. Although the existing retransmission mechanism can work, it is better not to cause interruption for some services requiring service continuity (such as voice services). It is recommended that gNB inform 5GC to buffer DL data based on actual situation of the UEs and feeder links, so the 5GC can suspend the DL NG-C/U.


Figure 1: Feeder link switchover without AMF change
Proposal 2: It is proposed to study if any enhancement is required for hard feeder link switch scenarios to solve the packet loss problem.

[bookmark: _Hlk163481213]Issue#3, Identities handling
In Rel-17, for transparent payload, mapped cell ID is introduced. The mapping between Mapped Cell IDs and geographical areas is configured in the RAN and Core Network. Some companies worry about whether the mapping cell ID can be reused in regenerative payload. In our opinion, the Mapped Cell ID and gNB ID can be decoupled, i.e., Mapped cell ID is only used to identify specific geographical regions, while the transmission of gNB ID between NG interfaces is independent, e.g. the Global RAN Node ID in the NG SETUP REQUEST message. This is also consistent with the conclusion obtained by SA2.
Proposal 3: Mapped Cell ID can be reused in regenerative payload. 

2.2 XnAP impact analysis
In the Rel-19 NTN WID, it is needed to study any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. Although it is currently assumed that all NGSO constellations will be designed to support ISLs and carry regenerative payloads, some satellites may still be designed to support only transparent payloads in order to optimize costs. In a same NTN network, it may be possible for gNB to be deployed both on the ground and onboard. In this case, we should assume that the Xn interface exists between the two type gNBs.
Proposal 4: Xn interface may exist between the gNB on ground and the gNB onboard.
The current specification has already supported Xn setup and removal procedures. Similar to the NGAP analysis, the Xn suspend/resume is not needed. 
Proposal 5: The existing procedures can already support Xn setup/removal.

3 Conclusions
In this paper, we have the following proposal:
Observation 1: The existing stage-3 procedures can already support regenerative payload.
Observation 2: NG suspend/resume procedure does not seem to be beneficial.
Proposal 1: Introduce a NG Removal procedure for regenerative payload.
Proposal 2: It is proposed to study if any enhancement is required for hard feeder link switch scenarios to solve the packet loss problem.
Proposal 3: Mapped Cell ID can be reused in regenerative payload. 
Proposal 4: Xn interface may exist between the gNB on ground and the gNB onboard.
Proposal 5: The existing procedures can already support Xn setup/removal.
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