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[bookmark: _Ref503504522]Introduction
During last meeting, the following agreements related to unchanged PCI satellite switch were reached:
	Agreements:
1.	We don’t consider the impact on Rel-17 UEs behavior (or Rel-18 UEs not supporting unchanged PCI) when defining the Rel-18 unchanged PCI solution
2.	Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling

Agreements:
1.	RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system
2.	Only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. FFS on exact signalling
3.	SMTC configuration of target satellite needs further discussion:
	FFS on whether and how to provide the SMTC configuration of target satellite.
	FFS on how to handle the SMTC adjustment. 
4.	We support soft satellite switching in Rel-18
5.	There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
6.	At least soft satellite switching, network provides SSB information of target satellite to UE. FFS on the details: options include e.g. indicating a time offset/information or indicating a different SSB index for the target satellite (FFS for Hard satellite switch)
7.	In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
8.	We introduce a T-start which indicates the earliest occasion when the UE can start synchronizing with target satellite (actual signalling is FFS). In soft switch scenario, T-start of target satellite is earlier than T-service of source satellite (FFS if T-start is also used for hard satellite switch)
9.	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
10.	UE is not required to connect to source satellite when the UE switches to target satellite.



In this contribution, we consider some new issues that were not discussed previously, and we detail our view on a few other topics.
Discussion
Reference point for epoch time (RPepochTime) 
It was agreed that: 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. In legacy, there are 2 different ways to define epoch time of NTN-config:
1. For neighbour NTN-config in SIB19: epoch time is based on the serving cell frame timing, and reference point for epoch time is the serving cell UL time synchronization RP.
2. For target NTN-config in handover: epoch time is based on the target cell frame timing, and reference point for epoch time is the target cell UL time synchronization RP
[bookmark: _Ref149920710]Observation 1: In Rel-17, neighbour/target epoch time is based respectively on serving/target cell frame timing
As a matter of fact, a UE can get the NTN-config for a same neighbour/target cell through either SIB19 neighbour cell NTN-config or dedicated C(HO) command. But those are not equivalent:
1. With neighbour NTN-config in SIB19: as epoch time is based on the serving frame timing, which is known by the UE, the UE can derive the satellite assistance information even before performing any DL sync on the neighbour cell.
2. With target NTN-config in handover: as epoch time is based on the target frame timing, the UE needs to first perform DL sync before being able to derive the satellite assistance information. If it was a known cell, synchronized before (soft handover case), the UE may already derive the satellite assistance information. Otherwise (e.g. in the hard handover case), the UE needs to first perform DL sync to get the frame timing, before deriving the satellite assistance information.
In Rel-17, when the decision was made to go for the target frame timing in case of handover, it seems there was not really any reason to choose so – in our understanding it might have been preferable to use the serving timing as this give more information to the UE, especially in the hard handover case, that could have helped DL synchronization. 
For the new target satellite information NTN-config, we believe both corresponding options would be feasible:
1. epoch time is based on the serving cell frame timing / reference point for epoch time is the serving cell UL time synchronization RP
2. epoch time is based on the target cell frame timing / reference point for epoch time is the target cell UL time synchronization RP
[bookmark: _Ref149920726]Observation 2: For new target NTN-config epoch time, both serving/target cell frame timings could be used
We believe option 1 is preferred as it would be aligned with other NTN-config broadcasted in SIB19. Moreover, as discussed above, the UE can derive the target assistance information before performing the DL sync of the target cell. That can be used to help in performing DL synchronization. 
[bookmark: _Ref149921490]Proposal 1: For new target NTN-config epoch time, serving (i.e. before switch) cell frame timing is used

t-Service / t-Start 
It was already agreed to reuse t-service for hard switch case, and it makes sense to also use it at least as the reference for delta signalling of start time in case of soft switch. The UTC time is over 5 bytes, so it is preferable to avoid repeating it.
Current field description in 38.331 is as follows:
	t-Service
Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it is currently covering. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field.



As indicated in our companion contribution in the Rel-17 AI, one issue is that there is no reference point for t-Service. 
The max propagation delay from the gNB is around 20ms, while the max differential propagation delay is around 3.2ms. To accommodate various propagation delays to various UEs in the cell, we think that t-Service (at least if reused) should be understood as the stop time at the Uplink time synchronization reference point (ULTSRP) of the cell. If not reused and a new t-Start is introduced, it should be understood as the time at the ULTSRP of the cell.
[bookmark: _Ref149916713]Proposal 2: The reference point for t-Service (if reused) or new t-Start is the ULTSRP of the cell 
We believe satellite switching will aim for minimum interruption (gap) time, hence it is critical that the stop/start indication is indicated with enough precision to the UEs in the cell. Currently the granularity of t-Service is 10ms, which seems way too coarse. 
We believe the signalling granularity of any “t-Start” indication to the UE (whether implicit by t-Service, or explicit by a new t-gap or t-Start parameter) should be lower, typically 1ms, to allow minimal interruption time (when supported by the NW).
[bookmark: _Ref149920735]Proposal 3: The signalling granularity of “t-Start” indication to the UE (whether implicit by t-Service, and/or explicit by a new t-gap or t-Start parameter) should be 1ms
Then, there are 2 options:
1. Increase t-Service granularity by adding a new field t-ServiceExt-r18, and a t-Start (in ms) relative to it for soft switch
2. Add a t-Start (in ms) relative to existing t-Service, which would then be used also for hard switch case. A new boolean indication might be required to discriminate between soft and hard switch.
[bookmark: _Ref149920744]Proposal 4: Consider either A) increasing t-Service granularity + new relative t-Start for soft switch, or B) using a relative t-Start for both hard and soft switch cases

Broadcast of new target satellite NTN-config
[bookmark: _Hlk149920285]Contrary to other NTN-configs in SIB19, the new target satellite NTN-config is only required before the satellite switch. Hence it should be possible for the NW to only broadcast the corresponding IE when desired, e.g. in SIB19 occurrence(s) preceding the satellite switch. The UE knows that a switch will happen and can acquire SIB19 just before.
[bookmark: _Ref149920747]Proposal 5: Adding/updating/removing the new target satellite NTN-config IE doesn’t trigger a SI update procedure, it is up to UE to acquire the IE before the satellite switch

Conclusion 
In this contribution, we make the following observations and proposals:
Observation 1: In Rel-17, neighbour/target epoch time is based respectively on serving/target cell frame timing
Observation 2: For new target NTN-config epoch time, both serving/target cell frame timings could be used
Proposal 1: For new target NTN-config epoch time, serving (i.e. before switch) cell frame timing is used
Proposal 2: The reference point for t-Service (if reused) or new t-Start is the ULTSRP of the cell
Proposal 3: The signalling granularity of “t-Start” indication to the UE (whether implicit by t-Service, and/or explicit by a new t-gap or t-Start parameter) should be 1ms
Proposal 4: Consider either A) increasing t-Service granularity + new relative t-Start for soft switch, or B) using a relative t-Start for both hard and soft switch cases
Proposal 5: Adding/updating/removing the new target satellite NTN-config IE doesn’t trigger a SI update procedure, it is up to UE to acquire the IE before the satellite switch

