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1. Introduction
There is a remaining open issue recorded by the below Editor’s Note in subclause 5.7.19, TS 38.331 [1], with respect to the moment when UE should start re-synchronisation procedure for soft satellite switch case:
	Editor’s Note: FFS whether in the soft-switch scenario a UE can obtain DL synchronization from the target satellite without losing UL synchronization to the source satellite.


Although outgoing LS to RAN4 in [2] included related question towards above open issue, we in this paper still try to elaborate the technical issue in the current procedure for soft satellite switch case, and provide corresponding solutions with also TP proposed. Note that this paper also addresses RIL H001 in ASN.1 review
2. Discussion
2.1	Problem of the current procedure
Currently the procedure for UE re-synchronization procedures in subclause 5.2.2.4.21 and 5.7.19 are specified based on the endorsed Figure-1 in R2-2313877 [3] as follows:
Table 1: Figure-1 in R2-2313877 [3]
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According to the Figure-1 in R2-2313877, it is now specified in [1] that a UE in soft satellite switch case:
· starts performing DL sync acquisition at a time point during t-Start (now specified as 't-StartService' in the Spec) and t-Service, decided based on UE implementation (Step 2);
· [bookmark: OLE_LINK56][bookmark: OLE_LINK57]resumes UL transmission with target satellite once the DL sync is acquired, even before t-Service (Step 4, 2> ~ 5>). 
The above procedure means that a UE applies the timing of the target satellite and starts PDCCH monitoring to perform DL/UL transmission with the target satellite right upon the acquisition of target satellite’s DL timing, even before t-Service of the source satellite. 
However, the problem for the procedure is that, since the time to trigger re-synchronization to the target satellite is up to UE implementation during t-ServiceStart and t-Service, there is an ambiguity period due to the fact that the NW has no idea on the exact time when a UE really acquires DL timing and gets synchronized with the target satellite (thus simultaneously detaching from the source satellite). In the ambiguity period, the NW does not know whether the UE should be scheduled via the source or target satellite’s timing, and this is further likely to lead to resource waste or communication interruption, if wrong timing is used for scheduling. 
From a system-level point of view, the NW is unaware of exactly which UEs have already re-synchronized to the target satellite and which UEs have not yet. Therefore, there is also big difficulty for NW scheduling during t-ServiceStart and t-Service to avoid the interference issue caused by the scheduling among UEs synchronized to different satellites. Specifically, strong interference could be caused by the transmissions scheduled based on source’s timing to the UEs already re-synchronized to the target, and by the transmissions scheduled based on target’s timing to the UEs still keeping synchronization with the source, especially considering the different propagation delay of the two satellites. See below example in the middle subplot: the DL transmission via the target satellite to the red UE, which is scheduled based on target satellite timing, interferes the UEs in blue, whereas DL transmissions via source satellite to blue UEs which are scheduled based on source satellite timing interferes the UE in red. Such interference can exist for UL as well. See also the middle subplot: UL transmissions from the blue UEs which have TA adjusted based the source satellite will inevitably be received by the target satellite, resulting in unsolvable interference to the UL transmissions from the red UE at the target satellite side; same interference problem is caused by UL transmission from the red UE to the blue UEs. 


Especially considering that the scheduling for data transmission is usually performed in a dynamic manner, subject to unpredictable moment of actual DL/UL data arrival, it seems not practical for NW implementation to avoid such interference in a similar way as to SSB transmission (which assumes a semi-statical separation of SSBs from different satellites with different time windows).
Due to this difficulty for network scheduling, obvious system-level performance degradation and service interruption for all the UEs will inevitably be caused during the period between t-ServiceStart and t-Service for soft satellite switch, in the current procedure specified based on above Figure 1. 
[bookmark: OLE_LINK77][bookmark: OLE_LINK76][bookmark: OLE_LINK59][bookmark: OLE_LINK60]Observation 1: For soft satellite switch, UE re-synchronization procedure in the current Spec leads to difficulty for NW scheduling during t-ServiceStart and t-Service:
· At a UE level, NW does not know whether to schedule the UE using source or target satellite’s timing, which leads to resource waste or UE’s service interruption if wrong timing is applied for scheduling;
· At a system level, NW does not know which UEs have or have not re-synchronized to the target satellite and has no way to avoid interference caused by the scheduling among UEs sychronized with different satellites, which results in obvious system-level performance degradation.
On the other hand, it is estimated that the ambiguity period does not last long. Specifically, UE could perform 1st immediate UL transmission (e.g. TA reporting which is important for network, if triggered) via PUCCH-SR, PUSCH scheduled by CG/DG (if correctly received) or RACH, and the shortest ambiguity period could be 1/2 UE-gNB RTT (e.g. 2 ms for 300km altitude LEO ~ 10 ms 1500 km altitude LEO) upon the DL sync acquisition of the Target satellite. Therefore, network would be able to know which UEs have already re-synchronized to the target satellite while which UEs not yet based on the first UL transmission, if received from the UE. Considering that ambiguity period is just at a millisecond or tens of millisecond level, we prefer a relative simple way to address the issue for performance improvement.
Observation 2: The ambiguity period (where the NW does not know if  UE already gets synced with the target satellite) does not last long, e.g. at a millisecond or tens of millisecond level, so a relative simple solution is preferred to address the issue caused to NW scheduling by the ambiguity issue for performance improvement.
2.2	Suggested way forward
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK78][bookmark: OLE_LINK79]Based on the above observations, the simplest way to resolve the problem is to still allow UE to start acquiring DL timing (i.e. by monitoring/decoding SSB) to the target Satellite between t-ServiceStart and t-Service, but delay the application of the DL timing and switch to the target satellite to t-Service. Before t-Service, the UE still keeps communication with the source satellite by using the timing of the source. In this way, the NW schedules all the UEs via source satellite before t-Service and schedules all the UEs via the target satellite after t-Service. The problem of data transmission interruption, resource waste and interference can then be resolved.
Observation 3: For soft satellite switch, delaying the UE’s switch to the target satellite (including operations to apply the DL sync, restart T430, reset N_TA, resume UL operations, etc.) to t-Service can resolve the problems in Observation 1. 
Proposal 1: For soft satellite switch, UE shall apply the acquired DL timing and access to the target satellite with related operations (e.g. restart T430, reset N_TA, resume UL operations) at t-Service.
There were concerns on whether it is feasible for a UE to acquire DL timing of the target satellite while still keeping communication with the source satellite simultaneously, with LS in [2] thus sent to RAN4 for confirmation. As a matter of fact, in Rel-17, there was already a similar UE capability introduced, i.e., parallelMeasurementWithoutRestriction as follows. This means that there is no feasibility issue to support simultaneous measurement of SSB (and DL timing acquisition) and normal communication with different satellites. A UE that supports parallelMeasurementWithoutRestriction can do that. 
	parallelMeasurementWithoutRestriction-r17
Indicates whether the UE supports measurements on cells belonging to different satellites as the serving cell in parallel with normal operation (i.e. data/control transmission and/or reception, and L1 measurements) of serving cell without scheduling restrictions. The feature is applicable only when the serving satellite is NGSO. If the serving cell belongs to GSO satellite, the scheduling restriction is not applied on the premise that a mixed type of satellites on the same frequency layer is not supported in this release. If not reported, for measurements in parallel with normal operation of serving cell scheduling restrictions shall apply.
	Band
	No
	FDD only
	FR1 only


There were some other concerns that this simultaneous operation will lead to the UE implementation as complicated as DAPS. This argument does not hold, because in soft satellite switch, the UE just needs to monitor SSB and maintain the acquired DL timing information of the target satellite, but does not need to establish a full protocol stack to support data transmission with the target satellite. Therefore, we see the feasibility to support the simultaneous DL synchronization acquisition with the target and communication with the source, and this simultaneous operation can be implemented without big UE implementation complexity.
Observation 4: Feasibility to support a UE simultaneously acquiring DL sync of the target satellite while keeping communication with the source can already be justified by related Rel-17 RAN4 UE capability, and this operation is not as complex as DAPS, since the UE just needs to maintain DL sync information but does not need to maintain a full protocol stack for data communication with the target satellite.
According to the above analyses on feasibility and complexity, we have the following proposal to allow the UE to still acquire DL timing of the target satellite during t-ServiceStart and t-Service, with connection with source satellite maintained at the same time. 
Proposal 2: For soft satellite switch, UE shall acquire and maintain the DL synchronization information for the target satellite during t-ServiceStart and t-Service, while maintaining the connection with source satellite.
2.3	Spec impact
A TP is proposed in Annex to show how to implement Proposal 1 and 2 in the Spec. RAN2 is recommended to adopt this TP, if above Proposals are agreed. 
Proposal 3: Adopt the TP on the procedure of satellite switch with UE re-synchronization in the Annex.
3. Conclusion
In this contribution, we discuss the remaining open issue for unchanged PCI mechanism in soft satellite switch, with the following observations and proposals:
Observation 1: For soft satellite switch, UE re-synchronization procedure in the current Spec leads to difficulty for NW scheduling during t-ServiceStart and t-Service:
· At a UE level, NW does not know whether to schedule the UE using source or target satellite’s timing, which leads to resource waste or UE’s service interruption if wrong timing is applied for scheduling;
· At a system level, NW does not know which UEs have or have not re-synchronized to the target satellite and has no way to avoid interference caused by the scheduling among UEs sychronized with different satellites, which results in obvious system-level performance degradation.
Observation 2: The ambiguity period (where the NW does not know if  UE already gets synced with the target satellite) does not last long, e.g. at a millisecond or tens of millisecond level, so a relative simple solution is preferred to address the issue caused to NW scheduling by the ambiguity issue for performance improvement.
Observation 3: For soft satellite switch, delaying the UE’s switch to the target satellite (including operations to apply the DL sync, restart T430, reset N_TA, resume UL operations, etc.) to t-Service can resolve the problems in Observation 1. 
Observation 4: Feasibility to support a UE simultaneously acquiring DL sync of the target satellite while keeping communication with the source can already be justified by related Rel-17 RAN4 UE capability, and this operation is not as complex as DAPS, since the UE just needs to maintain DL sync information but does not need to maintain a full protocol stack for data communication with the target satellite.

Proposal 1: For soft satellite switch, UE shall apply the acquired DL timing and access to the target satellite with related operations (e.g. restart T430, reset N_TA, resume UL operations) at t-Service.
Proposal 2: For soft satellite switch, UE shall acquire and maintain the DL synchronization information for the target satellite during t-ServiceStart and t-Service, while maintaining the connection with source satellite.
Proposal 3: Adopt the TP on the procedure of satellite switch with UE re-synchronization in the Annex.
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Annex: TP to TS 38.331
[bookmark: _Toc83790224][bookmark: _Toc46482927][bookmark: _Toc46481693][bookmark: _Toc46480459][bookmark: _Toc146780687]5.2.2.4.21	Actions upon reception of SIB19
Upon receiving SIB19 in an NTN cell, the UE in RRC_CONNECTED shall:
1>	start or restart T430 for serving cell with the timer value set to ntn-UlSyncValidityDuration for the serving cell from the subframe indicated by epochTime for the serving cell;
1>	if SatSwitchWithReSync and t-Service are included, and the UE supports hard satellite switch with resynchronization;
2>	if t-ServiceStart is included and the UE supports soft satellite switch with resynchronization:
3>	acquire the DL synchronisation for the satellite indicated by ntn-Config in SatSwitchWithReSync based on ssb-TimeOffset perform the satellite switch with resynchronization as specified in 5.7.19 between the time indicated by t-ServiceStart and the time indicated by t-Service for the serving cell.
2>	else:
32>	perform the satellite switch with resynchronization as specified in 5.7.19 at the time indicated by t-Service for the serving cell.
NOTE:	UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.
 [...]
5.7.19	Satellite switch with re-synchronization in RRC_CONNECTED
The UE shall:
1>	stop timer T430 if running;
1>	inform lower layers that UL synchronisation is lost due to satellite switch with re-synchronization;
1>	if DL synchronization for the SpCell served by the satellite indicated by ntn-Config in SatSwitchWithReSync has already been acquired as specified in 5.2.2.4.21;
2> apply the DL synchronisation and consider itself to be re-synchronised to the SpCell; 
1>	else:
2> start re-synchronising to the DL of the SpCell served by the satellite indicated by ntn-Config in SatSwitchWithReSync;
1>	start timer T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime in ntn-Config in SatSwitchWithReSync;
1>	inform lower layers when UL synchronisation is obtained.
Editor’s Note: FFS whether in the soft-switch scenario a UE can obtain DL synchronization from the target satellite without losing UL synchronization to the source satellite.
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