[bookmark: _Hlk19781073][bookmark: _Ref452454252][bookmark: _GoBack]3GPP TSG-RAN WG3 Meeting #123bis	R3-241909 
[bookmark: _Hlk19781143]Changsha, China, 15th – 19th  April, 2024


Agenda Item:	14.3
Source:	Huawei
Title:	Support of regenerative payload
Document for:	discussion
1	Introduction
This paper intends to discuss the regenerative payload for NR NTN, as given from the Rel-19 NR NTN WID [1].  
	[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 paper, we first provide several potential solutions for the regenerative payload in SA2, and then give our initial views on the NG and Xn impact.
2	Discussion
2.1	Regenerative payload scenario
The NR NTN architecture in Rel-19 is extended to the regenerative payload, with the full gNB on the satellite. SA2 already discussed the many candidate solutions for the regenerative architecture, and the agreed solutions can be found in TR 23.700-29. 
Among the solutions proposed, the solution #9 and solution #10 from TR 23.700-29 are provided in Figure 1 and Figure 2, respectively.

 
Figure 1. Solution 9 from TR 23.700-29: Support of LEO/MEO satellite based gNB using RAN agent and Proxy RAN node


Figure 2. Solution 10 from TR 23.700-29: 5GS architecture for regenerative-based satellite access with N2/N3 IWF

Solution #9 introduced proxy nodes named RAN agent and proxy RAN node, respectively for the CP transmission and UP transmission with the core network. Solution #10 introduced an IWF (interworking function) which acts as a relay between the gNB and the core network. For both solutions, new network nodes are introduced, and for solution #10, new reference point is introduced. Both solutions have obvious RAN impact. While in RAN3 understanding, the ground station only holds the function of TNL transmission. RAN3 needs to pay continuous attention to SA2 progress and wait for the LS if any.

2.2	NG impact
The NG interface is setup over the feeder link. Considering the large-scale movement of satellites, the satellite gNB’s connected AMF may be changed. 
For the non-regenerative payload, it has already specified that the feeder link switch is a Transport Network Layer procedure where the feeder link is changed from a source NTN Gateway to a target NTN Gateway for a specific NTN payload, and both the hard and soft feeder link switchover are supported. 
Then for the regenerative payload, the feeder link switch considers not only the transport layer procedure, but also the AMF change procedure or NG-flex support.  
There are two possible feeder link switch cases – soft feeder link and hard feeder link switch as follows. For the regenerative payload, both the soft and hard feeder link switch over should be supported.  
· For the soft feeder link switch with AMF change as shown in Figure 3, the legacy procedures, e.g., handover (NG-flex) or CN triggered paging, or TAU can be used for the served UEs’ context relocation.
· For the hard feeder link connection as shown in Figure 4, the satellite cannot find a substitution feeder link when the current one becomes unavailable, the usual way in such design case is to release the served UEs to Idle and later connect via another gateway to another AMF. 
And similar to the non-regenerative payload case, the NTN Control function can determine the point in time when the feeder link switch over is performed. 

For the regenerative payload, both the soft and hard feeder link switch over should be supported.  

[image: ]
Figure 3. Softfeeder link switch with AMF change
[image: ]
Figure 4. Hardfeeder link switch with AMF change


When the gNB loses the connection with the old AMF, the NG interface cannot work any longer. In current spec, there is neither dedicated procedure to remove NG nor NG suspend/resume procedure. Below discusses whether to introduce the NG suspend/resume or dedicated procedure to remove NG.
1) NG suspend/resume procedure
We do not see the need for introducing NG suspend/resume procedures. The only advantage for the NG suspend/resume is a little signalling reduction when establishing the NG connection with the same AMF again. However, based on observation 1, the NG suspend operation requires the gNB stores those NG configurations (i.e., non-UE associated contexts) related to multiple AMFs. Considering the earth rotation, it takes a long time for the gNB connects to the same AMF again, which causes much storage consumption on the gNB for retaining multiple AMFs’ NG configurations. 
Observation 1: NG suspend/resume operation requires the gNB to store NG configurations (i.e., non-UE associated contexts) relevant to multiple AMFs, which leads to much storage consumption on the gNB.
No need to introduce the NG suspend/resume towards the old AMF.
2) Dedicated procedure to remove NG
The disconnection of the feeder link can lead to the natural NG release between the gNB and the CN, without any new procedure. And considering the deterministic satellite orbit and earth rotation, the NTN Control function can easily determine the point in time when the feeder link switch over between the gNB and the CN is performed.  As this time is well predictable (ephemeris), the AMF can reset all connection and tired down SCTP connection in order to remove NG, there is no need for dedicated procedure.
The removal of NG interface is part of the legacy existing procedure.

2.3	Xn impact
In the 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. The Xn interfaces can be set up between the satellite gNBs over the ISL (Inter Satellite Link) or feeder link, by pre-configuration or ANR mechanism. Current Xn spec has already supported Xn setup and removal procedures. And similar to the analysis for NG part, the Xn suspend/resume is not needed. 
Observation 2: The Xn via ISL or feederlink can be pre-configured, or set up by ANR if needed.
No additional stage 3 impact for the Xn setup/removal.
In addition, the satellites moving in the same or similar direction (both are ascending or descending satellites) can have stable ISLs, and the neighbour cell relation under these satellites are also stable. The Xn setup and its maintenance are beneficial for the same direction satellites. While for the satellites moving in the different directions, the link state changes quickly, and the cells under the different direction satellites have little time to be neighbour cells, this leads to frequent the Xn setup and removal. 
RAN3 to discuss whether to specify the Xn can be setup only between satellites moving in the same/similar direction.

3	Conclusion
This contribution discusses the regenerative payload for the NR NTN. It is proposed:

Issue 1: NG impact
1. For the regenerative payload, both the soft and hard feeder link switch over should be supported. 
Observation 1: NG suspend/resume operation requires the gNB to store NG configurations (i.e., non-UE associated contexts) relevant to multiple AMFs, which leads to much storage consumption on the gNB.
No need to introduce the NG suspend/resume towards the old AMF.
The removal of NG interface is part of the legacy existing procedure.
Issue 3: Xn impact
Observation 2: The Xn via ISL or feederlink can be pre-configured, or set up by ANR if needed.
No additional stage 3 impact for the Xn setup/removal.
RAN3 to discuss whether to specify the Xn can be setup only between satellites moving in the same/similar direction.
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