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Introduction
Last meeting primarily discussed the support of regenerative payload for NR NTN, and the following consensus is achieved,
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 further discuss the support of regenerative payload.
Discussion
[bookmark: OLE_LINK5]Last meeting mainly focused on whether to introduce new RAN architecture to support regenerative payload, and the consensus has achieved that this meeting we concentrate on the enhancement to the existing NTN architecture.
According to the R19 NR NTN WID, one of the main objectives is to support regenerative payload. And R19 WID indicates to support the gNB on board, rather than gNB-DU on board case.
In general, as provided by TR 38.821, there are basically two architecture options that are related to gNB on board, i.e.,
3)	Regenerative satellite and on-board gNB(s) (Sec. 5.2.1);
4)	Regenerative satellite with Inter-Satellite Links (ISLs), gNB processed payload (Sec. 5.2.1);
In addition, TR 38.821 has provided a brief summary on mobility support for different NTN architectures, and the summary table has been given as follows,
Table 8.3-2: Mobility support for the various NTN architectures
	
	Arch. 3
	Arch. 4

	Intra-gNB mobility ("monolithic" gNB)
	Supported, no standards impact
	Supported, no standards impact

	Xn mobility
	Depends on Xn over SRI, no standards impact
	Supported if Xn exists

	Mobility through the 5GC
	Supported, no standards impact
	Supported, no standards impact



As provided by the summary table, for intra-gNB mobility and mobility through 5GC, there’s no standard impact identified. While for Xn mobility, the main gap is whether an Xn interface can be setup over SRI or ISL; in other words, if it can be agreed that an Xn interface can be setup over SRI or ISL, the main impact will be on the transport network layer which is out of RAN3 scope, and the current XnAP spec looks enough to support the Xn mobility case for NTN regenerative payload.
Observation 1: As summarized by TR 38.821, no standard impact has been identified for intra-gNB mobility and mobility through 5GC.
Observation 2: If it is agreed to support Xn interface over SRI or ISL, no XnAP spec impact is identified to support Xn mobility for gNB on board architecture.
In order to investigate whether Xn mobility can be supported for gNB on board, the first thing to identify is whether Xn interface can be setup over ISL or SRI.
Firstly, since ISL is a transport link between satellites, it is possible that the satellite payload (with gNB on board) provides ISL between satellites. If it is possible for the satellite payload to provide ISL between satellites, it is feasible for the gNB on board to exchange the application layer information for the Xn-C interface through ISL.
In addition, for the user plane, it can be investigated that whether the ISL could support user plane related operations such as data forwarding. As indicated by TR 38.821, both ISL and SRI will feature an availability probability of 99.999%, so generally we assume that ISL will provide comparable transport performance to SRI. Since the data forwarding is also inevitable over SRI for mobility through 5GC, we assume the ISL could also accomplish similar user plane operations including data forwarding.
While if there’s no ISL can be established, the next question to investigate is whether to support Xn interface over SRI. 
In general, there are two mobility scenarios that may take Xn interface over SRI into consideration,
· Case 1: NTN-NTN mobility between two gNB on board when there’s no ISL between satellites.
· Case 2: NTN-NTN mobility between one gNB on board and one gNB on ground with transparent payload.
· Case 3: NTN-TN mobility between one gNB on board and one gNB for TN.
For Architecture 3 as follows,


It can be observed that the NG interface has already been established over SRI. If we would like to support Xn mobility for such architecture, firstly it means that we need to additionally establish Xn interface over SRI.
For Case 1 and Case 2, if we support Xn based handover, the only benefit compared to NG based handover is to save the transport overhead between the NTN GW and 5G CN. On the other hand, if the target gNB (either on board the satellite or on ground with transparent payload) is connected to another NTN GW, the extra transport overhead is needed between NTN GWs.
For Case 3, our understanding is that before we discuss whether to support Xn based handover for Case 3, we firstly need to identify whether to support Case 3 itself.
As a result, for Case 1&2, it is required to identify that whether the transport network between the NTN GW and 5G CN is the bottleneck for Xn signalling and data transport, and whether the support of Xn mobility could solve this issue. While for Case 3, it is required to identify whether to support such case. So far, the benefit of introducing Xn over SRI is still unclear to us.
Proposal 1: Support Xn over ISL in case of regenerative payload with ISL.
Proposal 2: RAN3 is kindly asked to identify whether to support/enhance NTN-TN mobility case between one gNB on board and one gNB for TN.
Mobility due to the movement of the gNB on board
Another aspect to consider is the mobility caused by the movement of the gNB on board, especially for the Earth Moving Cell and Quasi Earth Fixed Cell. More specifically, the mobility cases caused by the movement of the gNB on board can be generalised as follows,
Case 1: The satellite moves out of the coverage of the GW, but still provides the coverage for connected UE(s).
Case 2: The satellite can no longer provides the coverage for connected UE(s), but still within the coverage of the GW.
Case 3: The satellite can no longer provides the coverage for connected UE(s), and also moves out of the coverage of the GW.
For Case 1, since the satellite needs to connect to a new GW, anyway the feeder link switch is needed; however, there are sub-cases on whether the new GW still connects to he same AMF, which are further given as follows,
Case 1-1: The satellite still connects to the same AMF after the feeder link switch.
For this case, since the gNB is still able to connect to the same AMF, there’s no need to perform handover for the connected UE(s) under this gNB on board. In addition, in case there’s potential update on the transport network layer endpoints, the current NGAP spec is enough to handle such case.
Observation 3: If the gNB on board still provides the coverage for connected UE(s), the current NGAP spec is enough in case of the gNB on board moves out of the coverage of the original NTN GW but still connects to the same AMF after the feeder link switch.
Case 1-2: The satellite connects to another AMF after the feeder link switch.
For this case, if the satellite connects to another AMF, the NG interface is changed. However, before we investigate the detailed solutions to support such case, we need to firstly identify whether such case exists, depending on the feedback from some companies last meeting.
Normally, an AMF is in charge of a fixed geographical area. In the TN network as well as the NTN network with transparent payload, a specific AMF needs to make sure that a UE within the fixed geographical area is able to reach and communicate with this AMF, which is regarded as a basic principle. So firstly, we need to discuss whether the same principle also applies to the NTN network with regenerative payload.
Observation 4: It is a principle in the TN network and the NTN network with transparent payload that, a specific AMF needs to make sure that a UE within the fixed geographical area is able to reach and communicate with this AMF.
If such principle still applies, then Case 1-2 will not happen as long as the UE does not move (i.e. still within the geographical area for the current connected AMF). As a consequence, for Case 1, even if the GW is changed, the new connected GW should also be able to connect to the same AMF. Therefore, a specific AMF is required to be able to connect to every GW that could provide the coverage of the fixed geographical area.
Observation 5: If the above principle still applies to the NTN network with regenerative payload, it is required for an AMF to be able to connect to every NTN-GW that provides partial/all the coverage of the fixed geographical area in the charge of this AMF.
Of course, the above observations are still based on the assumption that the same principle still applies. So it would be safer to check with operators as well as SA2 on the principle for the real deployment.
Proposal 3: Check with operators and SA2 on whether the same principle is still applicable to the NTN network with regenerative payload, i.e. a specific AMF needs to make sure that a UE within the fixed geographical area is able to reach and communicate with this AMF.
While for Case 2&3,
Case 2: The satellite can no longer provide the coverage for connected UE(s), but still within the coverage of the GW.
Case 3: The satellite can no longer provide the coverage for connected UE(s), and also moves out of the coverage of the GW.
For Case 2&3, the connected UE(s) are needed to be handed over, and the gNB on board will perform handover preparation with potential target nodes. No additional enhancement is identified.
Observation 6: No additional enhancement is identified besides the above mentioned aspects for Case 2&3.
Mobility due to the movement of a UE
If the UE moves out of the coverage of the current cell provided by gNB on board, then intra-gNB mobility, inter-gNB intra-AMF mobility and inter-AMF mobility can occur.
Our understanding is that for intra-gNB mobility and inter-gNB intra-AMF mobility, little standard impact is identified.
While for the inter-AMF mobility, it seems still possible that the satellite that provides the service to the UE is not changed.
Observation 7: It is possible that the satellite providing the service link to the UE is unchanged in case of inter-AMF mobility.
If the satellite proving the service link is unchanged in case of inter-AMF mobility, there are basically two options depending on whether a logical gNB is able to connect to multiple AMFs.
Option 1: The logical gNB on board the satellite providing the service link to UE is changed, i.e. the same physical gNB implements two logical gNBs (i.e. gNB1 and gNB2), and gNB1 connects to AMF1 while gNB2 connects to AMF2.
In this option, the gNB1 and gNB2 are collocated, and the UE needs to be handed over from gNB1 to gNB2. In case of NG based handover, the basic call flow is as follows,


By considering the gNB1 and gNB2 are collocated, TR 38.821 has provided an optimized solution compared to the basic solution, in order to save the signalling overhead over SRI. As mentioned by TR 38.821, section 8.3.6, a potential solution that NGAP HO Resource Allocation procedure can be saved over SRI because of the internal coordination between collocated gNB1 and gNB2 is outlined. The exemplary call flow can be shown as follows,


However, if gNB1 and gNB2 are collocated, whether we still should use NG based handover is questionable; instead, we can use Xn based handover as follows,


Note that the Xn Setup procedure and Xn Handover Preparation procedures may be implemented internally. Such solution also minimizes the NG signalling over SRI, and reuses the existing mechanism as much as possible.
Proposal 4: For mobility due to UE movement, if we adopt the gNB collocation solution, a satellite should establish an additional logical gNB as the target gNB which is collocated with the source gNB. Consider the Xn based-like handover for this solution.
And another potential solution is,
Option 2: AMF re-allocation.
The solution is also mentioned by TR 38.821; however, TR 38.821 does not describe too much on this solution. In our understanding, the main difference between Option 2 and Option 1 is that Option 1 needs to additionally establish a new collocated gNB while Option 2 keeps the logical gNB unchanged, i.e. gNB1 disconnects from AMF1 and connects to AMF2 for a specific UE.
Recall that in existing SA2 spec, AMF re-allocation is only used in the case when the Initial UE message needs to be rerouted from one AMF to another AMF. And this option will extend the applied scenario for the AMF re-allocation, i.e. the enhancement may be needed to transfer UE context from AMF1 to AMF2. Moreover, in order to avoid NG signalling over SRI as much as possible, the direction communication between AMF1 and AMF2 should be used for AMF re-allocation in such scenario, instead of transferring UE context from AMF1 to AMF2 via gNB1.
For this option, if we intend to reuse the existing NGAP procedure as much as possible, the tentative overall call flow is provided as follows,


It can be observed from the call flow that a total of four messages will be transferred over NG over SRI, in which two Class-1 procedures are used; however, considering the fact that the gNB1 is kept unchanged, the current NG signalling can be reduced to achieve the similar operation. For example, the gNB1 can internally release the UE context with AMF1 instead of using explicit release procedure, since anyway gNB1 will lose connection to AMF1 after moving out of the coverage of AMF1.
Proposal 5: For mobility due to UE movement, if we adopt the AMF re-allocation solution, RAN3 is kindly asked to consider the enhancement to reduce the NG signalling over SRI.
Conclusion
In this paper, we provide primary discussion on support of regenerative payload for NR NTN. The following proposals are provided,
Observation 1: As summarized by TR 38.821, no standard impact has been identified for intra-gNB mobility and mobility through 5GC.
Observation 2: If it is agreed to support Xn interface over SRI or ISL, no XnAP spec impact is identified to support Xn mobility for gNB on board architecture.
Proposal 1: Support Xn over ISL in case of regenerative payload with ISL.
Proposal 2: RAN3 is kindly asked to identify whether to support/enhance NTN-TN mobility case between one gNB on board and one gNB for TN.
Observation 3: If the gNB on board still provides the coverage for connected UE(s), the current NGAP spec is enough in case of the gNB on board moves out of the coverage of the original NTN GW but still connects to the same AMF after the feeder link switch.
Observation 4: It is a principle in the TN network and the NTN network with transparent payload that, a specific AMF needs to make sure that a UE within the fixed geographical area is able to reach and communicate with this AMF.
Observation 5: If the above principle still applies to the NTN network with regenerative payload, it is required for an AMF to be able to connect to every NTN-GW that provides partial/all the coverage of the fixed geographical area in the charge of this AMF.
Proposal 3: Check with operators and SA2 on whether the same principle is still applicable to the NTN network with regenerative payload, i.e. a specific AMF needs to make sure that a UE within the fixed geographical area is able to reach and communicate with this AMF.
Observation 6: No additional enhancement is identified besides the above mentioned aspects for Case 2&3.
Observation 7: It is possible that the satellite providing the service link to the UE is unchanged in case of inter-AMF mobility.
Proposal 4: For mobility due to UE movement, if we adopt the gNB collocation solution, a satellite should establish an additional logical gNB as the target gNB which is collocated with the source gNB. Consider the Xn based-like handover for this solution.
Proposal 5: For mobility due to UE movement, if we adopt the AMF re-allocation solution, RAN3 is kindly asked to consider the enhancement to reduce the NG signalling over SRI.
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