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[bookmark: _Ref503504522]Introduction
In this contribution, we discuss further the implications on SSB time offset and SMTC setting in soft satellite switch.
Discussion
Hard switch 
In a hard switch implementation (t-serviceStart is not broadcasted), one would expect the cell timing at the gNB, as well as the SSB location within the cell timing (periodicity, frame offset, half-radio frame), to not change. This is described in the following figure which represents the SSB half-radio frames at the gNB (with a SSB burst consisting of 2 SSBs).


Figure 1 – Hard-switch (SSB half radio frames at gNB)
This has several advantages:
· SMTC are unchanged (the figure represents an SMTC associated to serving SSB)
· Potential easier implementation for gNB
· The UE may omit reading the MIB, and even the whole PBCH payload (at least in the <3GHz case, potentially other cases), which reduce the interruption time (similarly as for handover)
If this is the common understanding, it would be useful to specify it as this benefits the UE and reduce the interruption time (corresponding observations/proposals are in R2-2405672).
Soft switch
We see 2 different ways to implement it (that could also be combined together), either by shifting the cell timing or by the location of the SSB within the (unchanged) cell timing. The figures below are at the gNB. We assume that SSB-timeOffset is reverted to be defined at the gNB too (as we initially proposed), but even if it is at the RPs, it does not change the issue (this is equivalent as analyzed in ).
Shifted cell timing
Up to RAN2#125, there was a possibility for UEs to switch from source to target satellite during the overlapping time. Given the same cell (with same PCI, same configuration) is broadcasted through both source and target satellite concurrently, this might have likely required to time multiplex not only the SSBs, but also all the common resources (PDCCH search spaces, RA resources etc) – such as the SSB time offset would have meant a frame timing offset at the gNB.


Figure 2 - Soft-switch (shifted cell timing), at gNB
Shifted SSB location (unchanged cell timing)
From RAN2#125 decision, UEs would only perform target SSB synchronization during the overlapping time. This opens the door to have the gNB additionally broadcasting (through the target satellite) only the SSB, without also any need to accommodate UL. This can be achieved while not changing the frame timing, which could be an attractive solution on NW side. Note that in that case, the SSB-timeOffset would be limited to a granularity of 5ms as the SSB location within the cell timing can be defined with a half-radio frame granularity.


Figure 3 - Soft switch (shifted SSB location), at gNB

Soft switch Impact on SMTCs
SMTCs are used both for RRM (SSB/CSI-RS based measurements). In the figures we have represented a SMTC that could be defined for performing serving SSB measurements, hence encompassing the serving SSB burst.
Each frequency/satellite layer SMTC is defined at the gNB, based on the serving cell (SpCell) timing. For IDLE/INACTIVE, the SMTC is updated autonomously by the UE (UE -based adjustment) while for CONNECTED, the SMTC are updated by the NW.
Let’s consider as an example a given “PCI unchanged” cell (B) in the figure below. It may have different type of neighbors: 
· other “PCI unchanged” cells from same shell: 
· from same satellite orbit, with same gNB (A) or different gNB (C)
· from different satellite orbit (E) (same or different gNB)
· cell from other satellite shell
· TN cells



In the following we consider how SMTCs would be handled regarding mobility to/from an “unchanged PCI” cell (B) that undergoes a satellite switch.
Inbound mobility to “unchanged PCI” cell (SMTC in neighbor cells)
Whatever the implementation (shifted cell timing or shifted SSB location), the absolute SSB timing at the gNB (e.g., relative to UTC time) is shifted at the time of satellite switch. This means that any neighbor cell that broadcasts (IDLE/INACTIVE) or configures (CONNECTED) SMTC for inbound mobility towards cell B is impacted:
· SMTC broadcasted in neighbor cells for inbound reselection to B needs to be updated (SI change)
· SMTC configured to neighbor UEs for inbound HO to B needs to be reconfigured (RRC reconfiguration)
This would have to happen at each satellite switch of cell B, which can be frequent (2 min), hence would add significant signaling. Moreover, if the UE is in connected in a source “unchanged PCI cell”, the required systematic RRC reconfiguration would kill the benefit of unchanged PCI.
The “Shifted cell timing” implementation may alleviate this issue in some cases. In particular, the cell timing of cells in the same orbits (A, C) could be shifted in a synchronized way with the cell B. In such case, all the relative timings between those cells do not change, and there is no need to broadcast/reconfigure the SMTCs. 
However, this would likely be impossible to perform such synchronized cell timing change with cells from other orbits, or other shells. This would obviously not be possible for TN cells, whose timing is not expected to change.
With “Shifted SSB location” implementation, the SMTC would be off even in the same orbit (A, C), even assuming those cells perform the same change in a synchronized way. To make it work in that case, a neighbor UE would need to apply the SSB-timeOffset to the cell A SMTC, e.g. as follows:
· In CONNECTED, a UE performing satellite switch with resync would apply SSB-timeOffset to cell A SMTC
· In IDLE/INACTIVE, SMTC for cell A would be updated at each satellite switch (UE would be required to acquire them again)

Outbound mobility from “unchanged PCI” cell (SMTCs in serving cell)
In the case of outbound mobility, there are typically 2 SMTCs that could be considered:
· The neighbor cell SMTC
· The serving cell SMTC, that may be configured in CONNECTED to perform serving cell measurements
Again, we could consider 2 main different kind of neighbors:
· Neighbors that might shift timing/location in a sync way (e.g. same satellite orbit)
· Other neighbors, e.g. TN cells 
The case of neighbors that might shift timing/location in a sync way (e.g. same satellite orbit) is similar to what was previously discussed. With “Shifted cell timing” implementation, there would be no impact. With “Shifted SSB location” implementation, same solution as above would be possible.
Regarding neighbor cell SMTC for other cells, e.g., TN cells, the absolute timing of the neighbor SSB does not change. However, with “Shifted cell timing” implementation, the SMTC would become erroneous. This issue is not present with “Shifted SSB location” implementation, as the cell timing does not change.
Regarding serving cell SMTC, with “Shifted cell SSB location” implementation, the SMTC would become erroneous. This issue is not present with “Shifted cell timing” implementation.
Summary
In summary, SMTC impact related to mobility to/from an “unchanged PCI” cell that undergoes a satellite switch is as follows:
· For neighbors which undergo a similar change (e.g. other “unchanged PCI” from same satellite orbit)
· With “Shifted cell timing” implementation: No impact on neighbor SMTC
· With “Shifted SSB location” implementation: Need to update neighbor SMTC
· For other neighbors (e.g. TN cells, other satellites, etc)
· With “Shifted cell timing” implementation
· Neighbor SMTC in “unchanged PCI” cell: would need to be updated
· Neighbor SMTC in neighbor cell (e.g. TN cell):  would need to be updated
· With “Shifted SSB location” implementation
· Neighbor SMTC in “unchanged PCI” cell: no impact
· Neighbor SMTC in neighbor cell (e.g. TN cell):  would need to be updated
· Serving SMTC
· With “Shifted cell timing” implementation: No impact
· With “Shifted SSB location” implementation: would need to be updated
[bookmark: _Ref166259394]Observation 1: SMTC broadcasted/configured in neighbor cells for inbound mobility to an “unchanged PCI cell” may become erroneous at each satellite switch
[bookmark: _Ref166259406]Observation 2: SMTC broadcasted/configured in serving cells for outbound mobility from an “unchanged PCI cell” may become erroneous at each satellite switch
[bookmark: _Ref166259409][bookmark: _Hlk166256924]Observation 3: Synchronous “Shifted cell timing” implementation might alleviate the issue with additional changes, but may be only applicable to same satellite orbit cells
[bookmark: _Ref166259411]Observation 4: Synchronous “Shifted SSB location” implementation might alleviate the issue with additional changes, but may be only applicable to same satellite orbit cells
The changes required related to observation 3/4 would be mainly:
· For CONNECTED: update of the configured SMTCs (by e.g. shifting them by ssb-timeOffset, only in the case of “Shifted SSB location” implementation)
· For IDLE/INACTIVE: update of the broadcasted SMTCs (and require UE to reacquire them)
Soft switch without SSB timing change
[bookmark: _Hlk166246103]An alternative would be to consider that the SSB-timeOffset would be applicable only between t-serviceStart and t-service, to that the overall SSB timing is not changed by the soft switch procedure.


Figure 4 -  Soft switch without SSB timing change
 
That could be easily implemented in RAN2 spec by adding “between t-serviceStart and t-service” to the definition of SSB-timeOffset.
Benefits are:
· No change of SSB timing, hence no additional impact on SMTCs
· Easy transition from a hard switch deployment to a soft switch deployment, as soft switch just consists in broadcasting the additional SSBs during the soft switch time, without impact on what happens after the switch
Possible drawbacks:
· Even though possible, it might be a burden for UE implementation to handle soft detection/decoding across the boundary at t-Service, as SSB detection/decoding block would not expect such scenario. Hence, if detection/decoding is not complete at that time, a UE may need to restart from scratch after t-Service (falling back to hard switch). Still, the goal is to have it performed before t-Service, so that should not be very frequent. Possible (later) optimizations could be to e.g. allow smaller periodicity of the SSB with SSB-timeOffset, or allow to continue transmission after t-Service for some time (that would more be a RAN4 topic).
· UEs performing initial synchronization in the cell just during a soft switch might sync the SSB with SSB-timeOffset, that would then disappear. In our view, this can be handled by UE implementation, as the R18 UE might expect this to happen. There is already an issue since such UE would try to read SIB1 and connect, which would fail (with current specification implementation).
Hence, we believe that it would be useful for RAN2 to allow soft switch without SSB timing change procedure.
[bookmark: _Ref166259415]Proposal 1: Consider soft switch where SSB-timeOffset is applied only between t-serviceStart and t-service 

Conclusion 
In this contribution, we make the following observations and proposals:
Observation 1: SMTC broadcasted/configured in neighbor cells for inbound mobility to an “unchanged PCI cell” may become erroneous at each satellite switch
Observation 2: SMTC broadcasted/configured in serving cells for outbound mobility from an “unchanged PCI cell” may become erroneous at each satellite switch
Observation 3: Synchronous “Shifted cell timing” implementation might alleviate the issue with additional changes, but may be only applicable to same satellite orbit cells
Observation 4: Synchronous “Shifted SSB location” implementation might alleviate the issue with additional changes, but may be only applicable to same satellite orbit cells
Proposal 1: Consider soft switch where SSB-timeOffset is applied only between t-serviceStart and t-service
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