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1 [bookmark: _Toc101615135]Introduction
[bookmark: _Hlk75780291]RAN2 sent an LS to RAN4 and RAN1 with the title “LS on reference point for SSB-TimeOffset” [1]. An excerpt is shown below:
	1	Overall description
For satellite switch with resync procedure, the configuration of ssb-TimeOffset is introduced in SIB19 to indicate the time offset between the SSB from source and target satellite at the uplink time synchronization reference point. 
In RAN2#125bis meeting, RAN2 is considering adopting the gNB as the reference point of ssb-TimeOffset. RAN2 would like to check with RAN4 and RAN1 whether this would be acceptable.
2	Actions
To RAN4, RAN1:
ACTION: 	RAN2 respectfully asks RAN4 and RAN1 to take the above into consideration and come back if any issues are determined.




[bookmark: _Toc101615136]2	Discussion
The delays from gNB to UE via source and target satellites are illustrated in Figure 1. The following can be noted:
· The uplink time synchronization reference point (ULTSRP) is determined by the common TA. Since the two satellites in general have different common TA, there is one ULTSRP per satellite, here denoted ULTSRPsource  and ULTSRPtarget.
· ULTSRPsource is on the path of the SSB transmitted via the source satellite while ULTSRPtarget is on the path of the SSB transmitted via the target satellite. 
· The definition of ssb-TimeOffset as “the time offset between the SSB from source and target satellite at the uplink time synchronization reference point” is ambiguous since it does not specify which ULTSRP that is meant.
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[bookmark: _Ref166192924]Figure 1: Delays from gNB to UE via source and target satellites.
The purpose of ssb-TimeOffset is to enable the UE to derive the time offset at the UE side of the target satellite SSB relative to the source satellite SSB.
RAN2 asks the following:
	RAN2 is considering adopting the gNB as the reference point of ssb-TimeOffset. RAN2 would like to check with RAN4 and RAN1 whether this would be acceptable.



If gNB is the reference point of ssb-TimeOffset, the time offset at the UE side can be calculated as follows:

However, if either ULTSRPsource or ULTSRPtarget is the reference point, it is not clear how the time offset at the UE is calculated, or even what it means that the time offset between the SSB from source and target satellite is ssb-TimeOffset at the reference point, since neither ULTSRPsource nor ULTSRPtarget is a point on the path of both SSBs. Therefore, RAN1 should recommend RAN2 to use gNB as the reference point of ssb-TimeOffset.
[bookmark: _Toc166278527]During a soft satellite switch with resync, there is one uplink time synchronization reference point (ULTSRP) defined for each satellite.
[bookmark: _Toc166278528]The definition of ssb-TimeOffset in TS 38.331 is ambiguous since it does not specify in which ULTSRP it applies.
[bookmark: _Toc166278529]If either ULTSRPsource or ULTSRPtarget is the reference point, it is not clear what it means that the time offset between the SSB from source and target satellite is ssb-TimeOffset at the reference point, since neither ULTSRPsource nor ULTSRPtarget is a point on the path of both SSBs.
[bookmark: _Toc166278530]If gNB is the reference point, it is straightforward to derive the SSB time offset at the UE from ssb-TimeOffset.
[bookmark: _Toc166278531]RAN1 to reply to RAN2 with a recommendation to use gNB as the reference point for ssb-TimeOffset.
[bookmark: _Toc101615138]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	During a soft satellite switch with resync, there is one uplink time synchronization reference point (ULTSRP) defined for each satellite.
Observation 2	The definition of ssb-TimeOffset in TS 38.331 is ambiguous since it does not specify in which ULTSRP it applies.
Observation 3	If either ULTSRPsource or ULTSRPtarget is the reference point, it is not clear what it means that the time offset between the SSB from source and target satellite is ssb-TimeOffset at the reference point, since neither ULTSRPsource nor ULTSRPtarget is a point on the path of both SSBs.
Observation 4	If gNB is the reference point, it is straightforward to derive the SSB time offset at the UE from ssb-TimeOffset.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to reply to RAN2 with a recommendation to use gNB as the reference point for ssb-TimeOffset.
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