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1	Introduction
As a part of Release 18 work item (WI) on NTN it has been agreed to support the Satellite Switching with Resynchronization, also known as “Unchanged PCI”. The following agreements were taken during the previous RAN2 meeting:
	RAN2#125 (February 2024)
•	For soft satellite switch, UE shall apply the acquired DL timing and start accessing the target satellite with related operations (e.g. restart T430, reset N_TA, resume UL operations) not before t-Service.
•	For soft satellite switch, UE shall start acquiring the DL synchronization information for the target satellite from t-ServiceStart, while maintaining the connection with source satellite.
•	We don’t introduce the support for configuring and reporting measurements on the target cell (from target satellite) in the soft switch case.
•	RAN2 understands that the NW is not expected to configure PDD reporting between serving and target satellites involved in the satellite switch.
•	There is no need for the network to activate the use of the satellite switch with re-sync feature. If the UE supports satellite switch with re-sync it can perform it at any time during RRC Connected (up to UE implementation to use the information in broadcast signalling to switch to the new satellite in other states than RRC connected).
•	All UEs supporting satellite switch with resync shall be able to perform satellite switch with re-sync without RACH (this does not mean that a UE supporting satellite switch with resync needs to support RACH-less HO).



Nevertheless, as per the discussions at RAN2#125 [1] there are few problems identified which need to be resolved. In this paper we present our view how those issues shall be addressed.
2	Discussion
2.1	Reducing the uncertainty whether the UE has successfully switched
As per the Rel-18 decisions regarding Satellite Switching with Resynchronization, the UEs shall attempt to move to a new satellite no sooner than at t-Service. However, it has not been decided:
· How/whether the UE confirms the successful switch
· How long the target satellite shall wait for each UEs to switch
During the last RAN2 meeting (February 2024), it was agreed that for satellite switch with resync, a UE shall start accessing the target satellite not before t-Service, irrespectively of the type of satellite switching (i.e. hard- or soft-switching). This implies that even though the UE can measure the target satellite and acquire DL timing before t-Service (in case of soft-switching), it will not apply the new timing and frequency pre-compensation until after t-Service. 
Once the UE successfully finishes the resynchronization towards the target satellite, it is ready to transmit and receive from the gNB. In the handover procedure, when the UE has successfully completed the target cell access (i.e., UE is ready to TX/RX), it transmits an RRC Reconfiguration Complete message to confirm the NW that the procedure was successful completed. However, in the satellite switch with resync, no explicit UL transmission has been agreed for the UE to confirm a successful switching. 
Observation 1: When the handover procedure completion is confirmed, the NW acknowledges that the UE has successfully accessed the target cell and it is ready to transmit and receive.
Observation 2: RAN2 has not agreed on any means for the UE to confirm the successful satellite switching which is a different approach than known e.g. from L3 mobility. Without switching confirmation, the NW can acknowledge whether the UE successfully switched and therefore it can only estimate when the right time is to send scheduling information.
A possible approach could be to mandate UEs to access the target satellite via RACH procedure, but it was also agreed that all UEs supporting satellite switch with resynchronization shall be able to perform this without RACH. Thus, the NW has no means to realize that a particular UE has successfully resynchronized, whereas the UE (as of now) is not allowed to access via RACH procedure.
Observation 3: As of now, the UE cannot perform RACH-based satellite switching with resynchronization. 
The satellite switch with resynchronization was a feature proposed during the normative phase of Rel-18 to reduce the signalling overhead. This has been used by some companies to argue that no UL transmission should be agreed for the UE to confirm the switching (i.e., a new per-UE UL transmission increases the UL signalling overhead). Furthermore, if every UE had to explicitly confirm the successful switching, it would be a waste of UL air interface resources. 
Observation 4: If each UE performing satellite switching with resynchronization would have to explicitly confirm the success of this operation, that would be a waste of UL resources. 
Thus, it is justified to consider a form of an implicit confirmation. That is, if the UE has UL data to transmit, the NW could infer the switching was successful based on that first UL transmission. However, if the UE has no UL data to transmit, the NW has no means to acknowledge whether the UE did switch or not. Similarly, if the NW has DL data for that UE, the NW does not know if it should risk scheduling resources for a UE which has not confirmed its effective switch (even though the UE stays in the same cell).
Observation 5: If the UE has UL data to transmit, the NW can infer the switching was successful. However, if the UE has no UL data to transmit, the NW has no means to confirm the successful switching.
The lack of up-to-date knowledge in the NW has the following consequences:
Observation 6: NW may keep locked resources and send scheduling resources over PDCCH for a UE that failed to complete the satellite switching for an undetermined period.
It is also worth noting that even the UE that has successfully done the resynchronization, may not send anything in the UL right after the switching, so NW will not know its status.
Observation 7: UE that successfully completed the resynchronization process may not send any UL transmission upon the satellite switching, which leaves the NW unacknowledged of the successful switching.
Thus, we suggest the following, despite Rel-18 is already closed:
Proposal 1: RAN2 to discuss means for reducing the NW uncertainty in case of satellite switching with resynchronization.
In our view, the NW should wait for some finite time before making conclusions regarding UE’s status and whether it has successfully switched. Namely, if the NW does not hear from the UE within the time window (e.g. prior to timer expiry), the NW shall assume the UE has not managed to switch. As the UE can switch at the t-Service or later, it would make sense to measure this time since t-Service. Obviously, once the UE sends something in the UL, there is no need to monitor anymore the time that has passed since t-Service. However, if the timer expires, the NW shall release the resources for this particular UE and consider it has not managed to switch the satellite. 
Proposal 2: RAN2 to agree on a NW-controlled timer that starts at t-Service, stops upon UE UL confirmation and allows the NW to release UE-specific resources upon timer’s expiration.
If Proposal 2 is agreeable, RAN2 should also decide what exactly happens when the timer expires, as there might be two different cases here:
a) the timer has expired and the UE has not managed to switch to the new satellite,
b) the timer has expired, but the UE has managed to resynchronize to a new satellite. 
In case of a) it is relatively clear – the UE is lost. It can potentially go to IDLE, attempt a reestablishment, etc. In the case b) it is not so obvious what to do. On one hand, the behaviour could be aligned with a). On the other, it is a pity not to serve the UE that has managed to perform satellite switching with resynchronization, just because such UE has not performed any UL or DL data exchange prior to timer’s expiry. 
Observation 8: When the timer expires and the UE has not switched the satellite, the NW assumes the UE is lost and will perform reestablishment. 
Observation 9: The UE that has managed to resynchronize to a new satellite but had no UL/DL transmissions prior to timer expiry, shall not be considered as lost and shall not perform the reestablishment.   
Thus, in order to let the UEs that managed to switch, but it has not been confirmed in any way, survive, we think such UE should be allowed to send something in UL upon the timer expiry. It could be a Scheduling Request (SR) or RACH. 
Proposal 3: In case a UE successfully completed the satellite switching but NW did not receive any UL confirmation, upon timer expiration a UE can send an SR or trigger RACH procedure.
The timer could be configured uniformly for all UEs in the cell (i.e. as a part of SIB19). This would be in line with the general approach to satellite switching with resynchronization, wherein the signalling overload is to be avoided. 
Proposal 4: Timer controlling how long the NW keeps the UE-specific resources in satellite switching with resynchronization can be signalled in SIB19. 
However, if the NW knows that different UEs may need different duration to complete such resynchronization (e.g. knowing UE’s capabilities or UE’s UL buffer status), the timer can be also configured individually or per group of UEs.
Proposal 5: Timer controlling how long the NW keeps the UE-specific resources in satellite switching with resynchronization can be UE-specific and depend on UE’s capabilities or UE’s UL buffer.
2.2	RACH-based satellite switching for selected UEs
During RAN2#125 the following has been concluded [1]:
	· CB next meeting to check whether to have a NW indication that UEs in RRC Connected mode need to perform RACH during satellite switch with re-sync.



In our opinion RACH-less satellite switching with resync may not be possible for all UEs and in all scenarios, even if the UE indicates the support for this functionality. It is unclear if the RACH-less is possible for accessing a different satellite (it was confirmed for the switch within the same satellite). During Rel-18 WI it was consulted with RAN1 and RAN4 and their responses were a bit vague (e.g. “…RACH-less may be possible…”).
Observation 10: According to the feedback received in Rel-18 from RAN1 and RAN4, RACH-less support is not clearly ensured for the inter-satellite cases.
Despite RACH-less support for the satellite switching is our preferred option, we believe that the NW should be able to decide what is the preferred access procedure according to NW and UE capabilities and the NW conditions.
Proposal 6: RAN2 to support RACH-less and RACH-based access for satellite switching with re-sync.
In our view, the NW should be able to configure UEs to perform wither RACH-less or RACH-based satellite switching. 
One could argue that a RACH-based access is already possible because the NW can trigger a RACH procedure via a PDCCH order. However, this would require to send the PDCCH order to all UEs, which increases the signalling overhead.
Observation 11: Sending PDCCH order for triggering RACH procedure to all UEs is inefficient from a resources usage point of view (i.e., dedicated signalling).
Another arguable issue is that if all UEs perform a RACH-based satellite switching, this may result in a RACH congestion issue. We believe that this potential issue could be mitigated by introducing a maximum delay for attempting the RACH procedure. Upon t-Service, UEs will have a time window to perform RACH (i.e., UE access is distributed across this time window) where the exact time for access can be UE-specific or left up to UE implementation.
Proposal 7: NW indicates RACH as the procedure access and the maximum delay time to perform RACH attempt.
3	Conclusion
In this document the following observations and proposals have been made:
Observation 1: When the handover procedure completion is confirmed, the NW acknowledges that the UE has successfully accessed the target cell and it is ready to transmit and receive.
Observation 2: RAN2 has not agreed on any means for the UE to confirm the successful satellite switching which is a different approach than known e.g. from L3 mobility. Without switching confirmation, the NW can acknowledge whether the UE successfully switched and therefore it can only estimate when the right time is to send scheduling information.
Observation 3: As of now, the UE cannot perform RACH-based satellite switching with resynchronization. 
Observation 4: If each UE performing satellite switching with resynchronization would have to explicitly confirm the success of this operation, that would be a waste of UL resources. 
Observation 5: If the UE has UL data to transmit, the NW can infer the switching was successful. However, if the UE has no UL data to transmit, the NW has no means to confirm the successful switching.
Observation 6: NW may keep locked resources and send scheduling resources over PDCCH for a UE that failed to complete the satellite switching for an undetermined period.
Observation 7: UE that successfully completed the resynchronization process may not send any UL transmission upon the satellite switching, which leaves the NW unacknowledged of the successful switching.
Proposal 1: RAN2 to discuss means for reducing the NW uncertainty in case of satellite switching with resynchronization.
Proposal 2: RAN2 to agree on a NW-controlled timer that starts at t-Service, stops upon UE’s UL confirmation and allows the NW to release UE-specific resources upon timer’s expiration.
Observation 8: When the timer expires and the UE has not switched the satellite, the NW assumes the UE is lost and will perform reestablishment. 
Observation 9: The UE that has managed to resynchronize to a new satellite but had no UL/DL transmissions prior to timer expiry, shall not be considered as lost and shall not perform the reestablishment.   
Proposal 3: In case a UE successfully completed the satellite switching but NW did not receive any UL confirmation, upon timer expiration a UE can send an SR or trigger RACH procedure.
Proposal 4: Timer controlling how long the NW keeps the UE-specific resources in satellite switching with resynchronization can be signalled in SIB19. 
Proposal 5: Timer controlling how long the NW keeps the UE-specific resources in satellite switching with resynchronization can be UE-specific and depend on UE’s capabilities or UE’s UL buffer.
Observation 10: According to the feedback received in Rel-18 from RAN1 and RAN4, RACH-less support is not clearly ensured for the inter-satellite cases.
Proposal 6: RAN2 to support RACH-less and RACH-based access for satellite switching with re-sync.
Observation 11: Sending PDCCH order for triggering RACH procedure to all UEs is inefficient from a resources usage point of view (i.e., dedicated signalling).
Proposal 7: NW indicates RACH as the procedure access and the maximum delay time to perform RACH attempt.
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