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[bookmark: _Ref503504522]Introduction
In this contribution, we consider the following (official) open issues:
· For satellite switch with re-sync, ntn-Config provided in SIB19 as part of the IE SatSwitchWithReSync is mandatory included. There were split views whether this information could be optionally present.
· [Z333] Whether ntn-config in satSwitchWithReSync can be optional in certain scenarios.

· In the soft-switch scenario for satellite switch with re-sync, the current procedure establishes that the UE declares UL sync lost for the source satellite upon switch determination before it starts to re-synchronize to the target satellite. However, it is unclear whether this is necessary and the UE can obtain DL synchronization from the target satellite without losing UL synchronization to the source satellite.
· Including [H001] Lack of awareness by the network of UE’s switch time.
We also consider additional issues:
· ssb-TimeOffset definition
· Including [H010] Clarification whether the SSB from source refers to the start subframe of the SMTC or the start symbol of the 1st detected SSB.

· Reference point for epoch time (RPepochTime) for satellite switch with resynchronization
Discussion
[bookmark: _Hlk159270671]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.
With the max cell deployment (1000km), the delay between satellite switch is around 2minutes. The NW may not even have valid next NTN config for the next sat 2minutes in advance. During all this time, the UE will also reacquire SIB19 for updating ephemeris and eventually get the next NTN-config when needed.
Currently, NTN-config in SatSwitchWithReSync IE is mandatory included. We believe it should be made optional to allow the NW to save overhead. 
In the (rare) scenario where the UE would fail to acquire NTN-config from SatSwitchWithReSync IE (e.g. due to SIB19 decode failure at the time the NW did include this information), the UE would perform the resynchronization without assistance information.
[bookmark: _Ref159270555]Proposal 1: NTN-config in SatSwitchWithReSync should be optional
[bookmark: _Ref149920747]Proposal 2: Adding/updating/removing NTN-config in SatSwitchWithReSync doesn’t trigger a SI update procedure, it is up to UE to acquire the IE before the satellite switch
Soft satellite switch with resynchronization procedure
In Rel-17, the baseline solution for providing mobility at service link switch is handover. The specification supports 2 main cases:
· Hard handover: no overlap between coverage of source and targe cell
· Soft handover: time overlap between coverage of source and target cell
The benefit of soft handover is twofold:
1. The UE can synchronize target cell while still being connected to source cell
2. The UE can execute the handover (once target cell is synchronized) at any time during the overlap time
While 1. provides gain in terms of reducing interruption time, 2. provides the main system benefit, as it enables to reduce the possible RACH congestion that occurs when all the UEs execute handover at the same time (assuming RACH-less handover is not supported).
The same scenarios have been discussed in the context of satellite switching, see e.g. R2-2304273: hard satellite switching (non-overlapping satellite coverage at switching time) and soft satellite switching (overlapping satellite coverage at switching time). 
Feasibility of soft satellite switching was requested to RAN1 that answered in R2-2309421. It is worth noting that RAN1 indicated “Interference avoidance/mitigation between two satellites may potentially be done by gNB implementation at least to ensure non-colliding SSB with same PCI at UE side”
Based on that, RAN2 made the following agreements
RAN2#123bis
1. We support soft satellite switching in Rel-18
2. There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
3. 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)
4. In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
5. 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)
6. 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
7. UE is not required to connect to source satellite when the UE switches to target satellite.

RAN2#124
1. T-start is explicitly signalled (same format as T-service). If T-start is not signalled, T-start is assumed to be equal to T-service, i.e. hard switch.

4.	It is up to NW implementation to signal T-start, e.g. if it does not want to receive UL TX before T-service (if there is no T-start, UL TX cannot happen before T-service)

Similarly to soft handover scenario, we expect the following benefits for soft satellite switching;
1. The UE can synchronize cell from target satellite while still being connected to cell from source satellite
2. The UE can switch from source to target satellite (once cell from target satellite synchronized) at any time during the overlap time
The existing procedure captures 2) well, however 1) was overlooked.

Synch to target sat while still being connected to source sat
In our understanding, 1) does not contradict any of previous RAN2 agreements. Usually the wording “connect“ refers to RRC connection, and we don’t consider that the RAN2 agreements implied that when connected to the source satellite, the UE might not perform RRM on the target satellite. Moreover, it is quite similar to what can be already supported for Rel-17 handover, for which RAN4 had the following capability:
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.
We believe the main difference is that the target SSB would have same PCI. A LS was sent to RAN4 and depending of their answer, RAN2 should allow RRM from target satellite while still being connected to source satellite.
[bookmark: _Ref159270582]Proposal 3: Conditional to RAN4 answer, RAN2 should allow RRM from target satellite while still being connected to source satellite 

Switching time
Regarding 2), some companies express following concern (from RIL):
“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: UE should switch to new satellite upon t-Service, rather than leaving the NW unaware of the exact switching time”
We do not see any difference with a conditional handover scenario, where the NW also doesn’t know exactly when to start scheduling the UE. As discussed above, there is an extra system benefit in spreading the UE access (avoiding RACH congestion). That shouldn’t be minimized.
Moreover, a soon as the cell area is served by the target satellite, we can expect IDLE UEs to access the cell at any time after initial synchronization. This is a basic principle that should not be broken. 
[bookmark: _Ref159270593]Observation 1: As soon as cell is served by target satellite, all UEs (including IDLE UEs) should be able to sync and access the cell
The proposal to switch to new satellite upon t-Service would not address IDLE UEs, which may still access the cell before t-Service. Hence, such scenario must work. It might be possible to also delay IDLE UEs – however, they would then be impacted with a higher access delay.
[bookmark: _Ref159270599]Proposal 4: As a basic principle, a UE might access a cell as soon as it is served by the NW – this should be not be revisited
If there are concerns implementing soft satellite switching, at this late stage, it would be more reasonable to remove the feature altogether and address the concerns separately. It seems that above concerns on switching time are more related to the NW scheduling/interference issues due to the fact that same PCI is being used. The switching time between t-start and t-service has been the baseline for quite a few meetings already. 
In previous discussions, Sequans had concerns on scheduling/interferences while the cell is served by both source and target satellite. At that time, we proposed to consider keeping different PCIs (while still avoiding handover) so that this scenario could be handled as during a soft handover. That could be a better solution.
[bookmark: _Ref159270604]Proposal 5: In case of further concern on soft satellite switching operation, consider removing the feature from Rel-18 

ssb-TimeOffset definition
The initial field description was:
ssb-TimeOffset
Indicates the time offset between the SSB from source and target satellite. It is given in number of subframes.
Time offset at the gNB
As we indicated during the CR review, this made it look like as if the time offset is seen at the UE (which does not work due to different propagation delays among UEs).
Given RAN2 had made the following agreement:
2. At least for soft switch, there needs to be an “SSB time offset” between the source and the target satellite. “SSB time offset” is specified as a new IE, with the same format as “offset” in SSB-MTC4

we proposed to add a similar explanation as for SSB-MTC4, which was initially accepted:
ssb-TimeOffset
Indicates the time offset between the SSB from source and target satellite. The offset is based on the assumption that the gNB-UE propagation delay difference between the cell as served by source satellite and by the target satellite equals to 0 ms, and UE can adjust the actual offset based on the actual propagation delay difference. It is given in number of subframes.
This wording is derived from the one of SSB-MTC4, but in our understanding, this boils down to saying that the time offset is measured at the gNB (as we necessarily have only one gNB). Hence it could be simplified as follows:
ssb-TimeOffset
Indicates the time offset between the SSB from source and target satellite at the gNB. It is given in number of subframes.
The corresponding interpretation would be as follows: (noting S for source and T for target sat)
ssb-TimeOffset = SSBT boundary time at gNB - SSBS boundary time at gNB
With
SSBS boundary time at UE = SSBS boundary time at gNB + propagation delay (gNBUE via Source Sat)
SSBT boundary time at UE = SSBT boundary time at gNB + propagation delay (gNBUE via Target Sat)

Hence
SSBT boundary time at UE – SSBS boundary time at UE 
= ssb-TimeOffset + propagation delay (gNBUE via Target Sat) – propagation delay (gNBUE via Source Sat)

Time offset at the “uplink time synchronization reference point”
The current definition is as follows:
ssb-TimeOffset
Indicates the time offset between the SSB from source and target satellite at the uplink time synchronization reference point. It is given in number of subframes.
In our view, that definition is unclear as there are 2 different uplink time synchronization reference points (ULTSRP), one related to the source satellite (on the FL towards source satellite) and the other related to the target satellite (on the FL towards target satellite).
In current specifications (38.300), ULTSRP is defined based on the ephemeris/common TA information:
	DL and UL are frame aligned at the uplink time synchronization reference point (RP) with an offset given by NTA,offset (see clause 4.2 of TS 38.213 [38]).





[bookmark: _Ref159271316]Observation 2: Current definition is not clear as there are 2 different ULTSRPs in sat switching 
A tentative interpretation (?) of the current definition would be that both ULTSRP for source (S) and target (T) are considered, such as:
ssb-TimeOffset = SSBT boundary time at RPT - SSBS boundary time at RPS
With
SSBS boundary time at UE = SSBS boundary time at RPS + propagation delay (RPSUE)
SSBT boundary time at UE = SSBT boundary time at RPT + propagation delay (RPTUE)

Hence
SSBT boundary time at UE – SSBS boundary time at UE 
= ssb-TimeOffset + propagation delay (RPTUE) – propagation delay (RPSUE)

Way forward
Above definitions give different results.
However given that 
propagation delay (gNBUE via Target Sat) = propagation delay (RPTUE) + kmacT
propagation delay (gNBUE via Source Sat) = propagation delay (RPSUE) + kmacS

both seem equivalent, i.e. it does not seem that there is a strong reason to prefer one definition to the other.
Given that current definition with ULTSRP is unclear (it would at the minimum need additional explanations), and given that our earlier definition is aligned with the RAN2 agreement and existing definition for SSB-MTC4 (which hopefully should be clear), we propose to agree on the first definition. We prefer the wording aligned with SSB-MTC4, but the simplified wording could also be used.
[bookmark: _Ref159270613]Proposal 6: Revert ssb-TimeOffset definition to initial Sequans proposal, see TP in Annex
There is a related discussion in [H010] Clarification whether the SSB from source refers to the start subframe of the SMTC or the start symbol of the 1st detected SSB that proposes to use smtc to use stmc to replace ssb-TimeOffset.
Our understanding is that the SMTC is a pattern defined by a L3 configuration that would not change (same cell). What would change is the frame timing of the cell, which would be reflected on the SMTC pattern (as well as on the SSBs). If there is an ambiguity in using ssb-TimeOffset, the field should rather refer to SFN0 boundary time offset (with a symmetric value range around 0).
[bookmark: _Ref159270625]Proposal 7: If ssb-TimeOffset is ambiguous, use SNF0-boundary-TimeOffset

[bookmark: _Hlk159270775]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 3: 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 4: 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 8: For new target NTN-config epoch time, serving (i.e. before switch) cell frame timing is used
Given that in satellite switching scenario there are 2 UL time synchronization RPs associated to the same cell (one associated to source satellite, the other associated to target satellite) that can also overlap in time in case of soft satellite switching, it could be worth clarifying that aspect too.
[bookmark: _Ref159271394]Proposal 9: Adopt epochTime TP in Annex

Conclusion 
In this contribution, we make the following observations and proposals:
Broadcast of new target satellite NTN-config
Proposal 1: NTN-config in SatSwitchWithReSync should be optional
Proposal 2: Adding/updating/removing NTN-config in SatSwitchWithReSync doesn’t trigger a SI update procedure, it is up to UE to acquire the IE before the satellite switch
Soft satellite switch with resynchronization procedure
Proposal 3: Conditional to RAN4 answer, RAN2 should allow RRM from target satellite while still being connected to source satellite
Observation 1: As soon as cell is served by target satellite, all UEs (including IDLE UEs) should be able to sync and access the cell
Proposal 4: As a basic principle, a UE might access a cell as soon as it is served by the NW – this should be not be revisited
Proposal 5: In case of further concern on soft satellite switching operation, consider removing the feature from Rel-18
ssb-TimeOffset definition
Observation 2: Current definition is not clear as there are 2 different ULTSRPs in sat switching
Proposal 6: Revert ssb-TimeOffset definition to initial Sequans proposal, see TP in Annex
Proposal 7: If ssb-TimeOffset is ambiguous, use SNF0-boundary-TimeOffset
Reference point for epoch time (RPepochTime) 
Observation 3: In Rel-17, neighbour/target epoch time is based respectively on serving/target cell frame timing
Observation 4: For new target NTN-config epoch time, both serving/target cell frame timings could be used
Proposal 8: For new target NTN-config epoch time, serving (i.e. before switch) cell frame timing is used
Proposal 9: Adopt epochTime TP in Annex
Annex 
TP  - ssb-TimeOffset
ssb-TimeOffset
Indicates the time offset between the SSB from source and target satellite at the uplink time synchronization reference point. The offset is based on the assumption that the gNB-UE propagation delay difference between the cell as served by source satellite and by the target satellite equals 0 ms, and UE can adjust the actual offset based on the actual propagation delay difference. It is given in number of subframes.
TP - epochTime
epochTime
Indicate the epoch time for the NTN assistance information. When explicitly provided through SIB, or through dedicated signaling, the EpochTime is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. For serving cell, the field sfn indicates the current SFN or the next upcoming SFN after the frame where the message indicating the epochTime is received. For neighbour cell, the sfn indicates the SFN nearest to the frame where the message indicating the epochTime is received. The reference point for epoch time of the serving or neighbour NTN payload ephemeris and Common TA parameters is the uplink time synchronization reference point when this field is provided in an NTN cell and the gNB when this field is provided in a TN cell. The reference point for epoch time provided in SatSwitchWithReSync is the uplink time synchronization reference point from initial satellite. If this field is absent, the epoch time is the end of SI window where this SIB19 is scheduled. This field is mandatory present when ntn-Config is provided in dedicated configuration. If this field is absent in ntn-Config provided via NTN-NeighCellConfig the UE uses epoch time of the serving cell, otherwise the field is based on the timing of the serving cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the serving cell. In SatSwitchWithReSync the field is based on the timing of the serving cell from initial satellite, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the serving cell from initial satellite. In case of handover or conditional handover, this field is based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell. For the target cell the UE considers epoch time, indicated by the SFN and sub-frame number in this field, to be the frame nearest to the frame in which the message indicating the epoch time is received. This field is excluded when determining changes in system information, i.e. changes to epochTime should neither result in system information change notifications nor in a modification of valueTag in SIB1.
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