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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]During ASN.1 review, we proposed [H001] on the exact time for UE to switch to target satellite. In this contribution, we briefly discuss this issue and provide our understanding on the unchanged PCI mechanism in soft/hard satellite switching cases.
	[RIL]: H001 [Delegate]: Huawei (Lili) [WI]: NTN [Class]: 1 [Status]: ToDo [TDoc]: R2-24xxxxx [Proposed Conclusion]: v122
[Description]: UE should switch to new satellite upon t-Service, rather than leaving the NW unaware of the exact switching time
[Proposed Change]: If the network does not know when the UE switches to the target satellite, the target satellite does not know when to start scheduling the UE, either too early (wasting resources) or too late (degrading performance).
Before t-Service, the UE can remain connected with source satellite, there is no extra benefit if the UE switches to target satellite earlier (start synchronizing in advance is ok, because it may reduce switching time)
Solution:
perform the satellite switch with resynchronization as specified in 5.7.19 between the time indicated by t-ServiceStart and at the time indicated by t-Service for the serving cell
[Comments]: [Ericsson - Ignacio] We agree that the start and end of the unchanged PCI switch should be better defined. It needs to be further discussed online.



2. Discussion
[bookmark: _Ref131674149]In RAN4#108bis, the following has been agreed [1]:
	· Interruption time for the hard switch is defined as Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin 
· Tsearch = [Trs] ms 
· Tprocessing = [5] ms
· T∆, Tmargin and TIU are same as existing requirements
· FFS Interruption time for soft switch


Tsearch is the time taken for cell search, and if the cell has already been measured before satellite switching, it is viewed as a “known cell” and Tsearch is 0ms.
T∆ is the time for fine time tracking and acquiring full timing information of the target cell.
Tprocessing is the time for UE processing, TIU is related to delay uncertainty for the first UL transmission, and Tmargin is the time for SSB post-processing.
There is no conclusion on interruption time for soft switch yet, but it can be seen that: from RAN4 perspective, before UE switches to the target satellite, cell search and fine time tracking are needed, and both the interruption time are dependent on SSB periodicity.
[image: ]
[bookmark: _GoBack]As illustrated in the above picture, we think the advantage of soft switching over hard switching is that, cell search and fine time tracking can be performed before t-Service, therefore the overall interruption time for satellite switching is shorter. According to current R18 spec, even the satellite switching can be performed before t-Service by UE implementation, however, we think allowing the UE to switch to target satellite at any time point in [t-ServiceStart, t-Service] would increase network scheduling complexity for interference mitigation. From the network perspective, it is preferred that all UEs switch to the target satellite at t-Service; from UE perspective, the source satellite can still provide coverage before t-Service and there is really no extra gain to switch to the target satellite earlier.
Observation 1: Compared with hard satellite switching, the advantage of soft satellite switching lies in shorter interruption time due to cell search and fine time tracking before t-Service. Even in soft satellite switching scenarios, it is preferred that all UEs switch to target satellite at t-Service.
Proposal 1: In soft satellite switching scenarios, UEs switch to target satellite at t-Service.
The TP is provided in the co-signed paper in [2].
Proposal 2: Adopt the TP in R2-2400251.
A related issue is simultaneous source communication and target DL sync acquisition, it is unclear whether this can be supported and the question was raised to RAN4 in the LS [3]:
	To RAN4
ACTION: 	RAN2 respectfully asks RAN4 to take the above agreements into account for their further corresponding work, and provide feedback on the feasibility of UE to perform the downlink synchronization with the target satellite and keep the communication with the source satellite of the same serving cell simultaneously in soft satellite switch.


Actually there could be two interpretations on this question itself:
Q1: whether UE can perform DL synchronization with target satellite before t-Service; 
Q2: whether UE can perform DL synchronization with target satellite before t-Service without any impacts to communication with source satellite.
We think the answer to Q1 is yes (reuse the soft satellite switching capability), while the answer to Q2 depends on UE capability (another UE capability apart from the basic soft satellite switching capability).
In RAN2 #123bis meeting, it has already been agreed that UE is allowed to start synchronizing with target satellite before t-Service.
Agreements:
1. For soft satellite switching, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is up to UE implementation
In our understanding, performing DL synchronization with target satellite while keeping the communication with source satellite depends on UE capability, and if the UE does not support this capability, it can perform DL synchronization after t-Service and this kind of UE can report only the hard satellite switching capability and still operate in the network enabling soft satellite switching (which is also in line with the agreements below). This UE feature can be viewed as a component in the soft satellite switching capability introduced in the previous meeting:
Agreements:
1.	For UE capability(es that indicate the support of satellite switch with re-sync (i.e., unchanged PCI) with hard and soft switch, two UE capabilities are introduced with some dependencies: hardSatelliteSwitch-Resync-NTN-r18 can be supported by itself; but if UE supports softSatelliteSwitch-Resync-NTN-r18, UE is required to also indicate the support of hardSatelliteSwitch-Resync-NTN-r18.
2.	A UE only supporting hardSatelliteSwitch-Resync-NTN-r18 will be able to perform hard satellite switch with re-sync (after T-service) in a NW supporting soft satellite switch with re-sync (and then broadcasting “T-start” and "SSB time offset"). To be reflected in the description of hardSatelliteSwitch-Resync-NTN-r18
Then we would like to discuss Q2 on whether there would be impacts to communication with source satellite. In R17, RAN4 introduced a capability of “simultaneous source communication and measurements on cells belonging to different satellites” (i.e., parallelMeasurementWithoutRestriction-r17):
	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


We think this capability can be reused, if parallelMeasurementWithoutRestriction-r17 is not supported, there will be scheduling restriction on the source satellite side when UE is performing measurements or DL synchronization on the target satellite, and the scheduling restrictions defined in clause 9.2C.5.3 of 38.133 apply when UE perform DL synchronization with the target satellite. The scheduling restriction has no RAN2 impacts, and the feedback from RAN1/RAN4 mainly helps to confirm the RAN2 design of the soft satellite switching mechanism.
Proposal 3: The feasibility that a UE supporting soft satellite switch can start synchronizing to the DL of the SpCell served by the target satellite while still being connected to the source satellite depends on UE capability, and the corresponding capability can be viewed as a component of softSatelliteSwitchResyncNTN-r18. Whether scheduling restriction is caused depends on the UE capability parallelMeasurementWithoutRestriction-r17, and has no RAN2 impacts.
Based on the above discussion, the UE behaviour is summarized as follows:
1) UEs supporting hardSatelliteSwitchResyncNTN-r18 only: perform cell search, fine time tracking and satellite switching at t-Service;
2) UEs supporting softSatelliteSwitchResyncNTN-r18 but not parallelMeasurementWithoutRestriction-r17: perform cell search and fine time tracking after t-ServiceStart (there are restrictions on scheduling availability); perform satellite switching at t-Service;
3) UEs supporting softSatelliteSwitchResyncNTN-r18 and parallelMeasurementWithoutRestriction-r17: perform cell search and fine time tracking after t-ServiceStart (no restrictions on scheduling availability); perform satellite switching at t-Service.
2. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
[bookmark: _Toc423020280]In this contribution, we discuss unchanged PCI, and propose the following:
Observation 1: Compared with hard satellite switching, the advantage of soft satellite switching lies in shorter interruption time due to cell search and fine time tracking before t-Service. Even in soft satellite switching scenarios, it is preferred that all UEs switch to target satellite at t-Service.
Proposal 1: In soft satellite switching scenarios, UEs switch to target satellite at t-Service.
Proposal 2: Adopt the TP in R2-2400251.
Proposal 3: The feasibility that a UE supporting soft satellite switch can start synchronizing to the DL of the SpCell served by the target satellite while still being connected to the source satellite depends on UE capability, and the corresponding capability can be viewed as a component of softSatelliteSwitchResyncNTN-r18. Whether scheduling restriction is caused depends on the UE capability parallelMeasurementWithoutRestriction-r17, and has no RAN2 impacts.
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