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1	Introduction
In December 2023, RAN approved a Rel-19 work item (WI) aimed at defining Phase 3 enhancements to Non-Terrestrial Networks (NTN). There was a minor revision of the WID at RAN#103. Among the objectives captured in the WID [1] the following can be found:
	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 present our view on the impact of existing mobility features over regenerative architecture.
2	Discussion
2.1	Satellite switching with re-synchronization
As part of Rel-18, RAN2 led the specification of the satellite switching with resynchronization feature. As seen in Figure 1 and Figure 2, this feature, also known as “unchanged PCI” mobility, allows a UE to switch from one satellite to another one without using L3 handover (i.e., no dedicated RRC signalling is involved) under the assumption that the gNB (which does not change) is on the ground and satellites will work as bent-pipe network nodes (i.e., transparent payload). When an incoming satellite approaches, the UE autonomously detaches from the source satellite and resynchronizes to the target satellite using target satellite assistance information. Since the gNB does not change, the cell configuration can be maintained (i.e. SSB, SIB, paging and UE’s RRC configuration) after the satellite switching and, therefore, no path switch is conducted at the AMF/UPF. Overall, RAN and CN components require less signalling at the expense of a more complex NW implementation (i.e., the NW has less control over when UEs will be available in the target satellite and therefore resource allocation becomes more cumbersome). 
Observation 1: Satellite switching with resynchronization was specified in Rel-18 for transparent payloads to reduce radio signalling load.
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[bookmark: _Ref165627272]Figure 1 Satellite switching with resynchronization in a transparent architecture.
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[bookmark: _Ref165627519]Figure 2 NTN architecture with transparent payload.
In a regenerative architecture, the gNB is on board of satellites, which inherent movement will constantly trigger inter-gNB mobility events. In this contribution, we raise the question whether the satellite switching with resynchronization is yet feasible under these assumptions. Given that the gNB is no longer on the ground, the single (physical) gNB assumption is no longer valid, which means that the UE will frequently switch from a source gNB to a target gNB with the corresponding increase of signalling load derived from, at least, the patch switching at the AMF/UPF. Note that this is expected regardless of the mobility feature.
Observation 2: In a regenerative architecture, satellite switching under the assumption of single gNB is no longer valid since gNBs are on board of the satellites.
Observation 3: In a regenerative architecture and regardless of the mobility procedure, the UE will frequently switch between gNBs on board of different satellites, triggering additional AMF/UPF signalling (e.g., for path switching).
This leads to the following questions: 
· What changes (if any) are required to implement the satellite switching in a regenerative architecture? 
· Can the satellite switching feature with regenerative payload provide similar benefits as in the transparent architecture? 
· In a regenerative payload, what would be the benefits of using the satellite switching instead of the existing RRC mechanisms?
One may argue that with a regenerative payload, connected mode mobility is already possible with basic mobility mechanisms such as the handover (HO) or the conditional HO (CHO).  The signalling flow is the same as in terrestrial networks; upon HO decision by the source gNB, source and target gNBs exchange information for resource allocation and handover configuration. After that the source gNB transmit the reconfiguration information to the UE which will use it to access the target gNB later on (via RACH-based or RACH-less access). Once the RAN HO is successfully confirmed by the target gNB, RAN and CN coordinate to establish a new data route for the user’s data via the target gNB. 
Observation 4: Connected mobility with regenerative payloads is possible with existing mobility mechanisms, i.e. CHO and HO procedures.
Figure 3 provides an overview of the regenerative architecture (including the interfaces connecting the different network components) while Figure 4 shows a possible implementation of the satellite switching with regenerative payload. The first step for the satellite switching could start with the switching decision by the Source gNB. In Step 2 and 3, Source and Target gNBs ‘agree’ on the satellite switch, which may be enhanced with exchange the information beneficial for the switching. As shown in Figure 3, this communication takes place over the Xn interface (either via inter-satellite link or routed through the NTN GW). Once the Source gNB is ready, it broadcasts the target satellite assistance information as part of SIB19 (same procedure as in Rel-18). Note that the preparation of the Target gNB could be done in advance and per cell instead of per UE to avoid a signalling storm.
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[bookmark: _Ref165632463]Figure 3 NTN architecture with regenerative payload
On the UE side, the procedure remains unchanged as compared with the transparent payload. The UE acquires SIB19 before the switching and initiates the resynchronization towards the target satellite upon t-Service (see Step 5 and 6). In this case, the switching occurs between gNBs, however, in theory nothing prevents both gNBs to use the same cell configuration (i.e., virtually there could be only one cell).  It is true that this requires orchestration and coordination between RAN and OAM entities. However, part of this coordination is anyway required for the L3 handover procedure. 
Observation 5: During the satellite switching, the UE behaviour remains unchanged regardless of the NTN architecture (apart for the security config).
Observation 6: The source and target gNBs can use the same cell configuration.
Observation 7: Large part of the coordination between gNBs will be also required for conventional L3 mobility.
Once the UE has completed the satellite switching and the NW has acknowledged it, the satellite switching completion can be notified to the Source gNB by the target (Step 7). In order to finish the mobility procedure, the user’s data must be re-routed. As in Step 9 of Figure 4, Target gNB and AMF/UPF convey a path switch so Source gNB can stop forwarding user’s data to the target. Finally, Target gNB sends a UE context release to the Source gNB.
As one may observe, the satellite switching with regenerative payload may re-use large part of the handover procedure, while UEs can benefit from avoiding RRC reconfiguration at the expense of an increased NW complexity in comparison to the baseline HO procedure. 
Observation 8: For satellite switching with regenerative payload, Rel-19 UE can benefit from similar gains as in transparent architecture while NW complexity may increase compared with regular L3 procedures (to be checked with RAN3 and SA3 for security issues).
Nonetheless, we propose the following:
Proposal 1: RAN2 to discuss the feasibility of the satellite switching with resync with regenerative payload.
Proposal 2: If satellite switching with resync with regenerative payload is found to be feasible, RAN2 to endorse Figure 4 as baseline for the satellite switching with regenerative payload.
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[bookmark: _Ref165632468]Figure 4 Satellite switching with resynchronization in a regenerative architecture.
 2.2	RACH-less handover
RACH-less handover was introduced in Rel-18 for NTN and other features. In NTN RACH-less handover, the network indicates whether NTA in the target cell is identical to the source cell, is set to zero or set to a value indicated by the target cell configuration. Furthermore, with the help of the ephemeris of the target satellite, the UE can synchronise to the target. There are no differences for the UE based on whether the gNB is on the ground or on the satellite.
The handover command may include a pre-allocated UL grant. Alternatively, an UL grant is dynamically signalled by the target cell. The first option (the pre-allocated UL grant) requires exchange between the target and source gNB on the UL grant, while for the second option it is desirable for the target cell to know when the UE has handed over to the target gNB. 
If the timing is unclear for the network this may lead to waste of resources as the target cell may try to schedule the UE unsuccessfully before it has switched.
Observation 9: NW may send scheduling resources over PDCCH for a UE that has not yet completed the satellite switching.
Observation 10: The RACH less handover feature works for regenerative architecture, while few optimisations are possible, like on informing the target gNB when the UE is present in the target cell.
Proposal 3: RAN2 to discuss optimisation to support RACH-less handover for regenerative architecture.
2.3	Network-verified UE location
The feature of network verified UE location has as goal of determining the UE’s position within 10 km of its real position. It was specified for a single satellite and the fact that the gNB is on board of the satellite does not change any of the assumptions. On the contrary, since the gNB is on board of the satellite, any errors introduced due to the delay estimate for the feeder link are eliminated. 
The required signalling exchange between UE and LMF and between RAN and LMF remains unchanged.
Observation 11: Network verified UE location works also under regenerative architecture as none of the assumptions for that feature to work have changed in this architecture option.
Proposal 4: RAN2 to conclude that network verified UE positioning is supported for regenerative architecture without adjustments.
3	Conclusion
This document has made the following observations:
Observation 1: Satellite switching with resynchronization was specified in Rel-18 for transparent payloads to reduce radio signalling load.
Observation 2: In a regenerative architecture, satellite switching under the assumption of single gNB is no longer valid since gNBs are on board of the satellites.
Observation 3: In a regenerative architecture and regardless of the mobility procedure, the UE will frequently switch between gNBs on board of different satellites, triggering additional AMF/UPF signalling (e.g., for path switching).
Observation 4: Connected mobility with regenerative payloads is possible with existing mobility mechanisms, i.e. CHO and HO procedures.
Observation 5: During the satellite switching, the UE behaviour remains unchanged regardless of the NTN architecture (apart for the security config).
Observation 6: The source and target gNBs can use the same cell configuration.
Observation 7: Large part of the coordination between gNBs will be also required for conventional L3 mobility.
Observation 8: For satellite switching with regenerative payload, Rel-19 UE can benefit from similar gains as in transparent architecture while NW complexity may increase compared with regular L3 procedures (to be checked with RAN3 and SA3 for security issues).
Observation 9: NW may send scheduling resources over PDCCH for a UE that has not yet completed the satellite switching.
Observation 10: The RACH less handover feature works for regenerative architecture, while few optimisations are possible, like on informing the target gNB when the UE is present in the target cell.
Observation 11: Network verified UE location works also under regenerative architecture as none of the assumptions for that feature to work have changed in this architecture option.
And proposed the following:
Proposal 1: RAN2 to discuss the feasibility of the satellite switching with resync with regenerative payload.
Proposal 2: If satellite switching with resync with regenerative payload is found to be feasible, RAN2 to endorse Figure 4 as baseline for the satellite switching with regenerative payload.
Proposal 3: RAN2 to discuss optimisation to support RACH-less handover for regenerative architecture.
Proposal 4: RAN2 to conclude that network verified UE positioning is supported for regenerative architecture without adjustments.
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