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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
In RAN WG2#125-bis[1], the LS on reference point for SSB-TimeOffset from RAN2 to RAN1 regarding the satellite switching with resync as following:
	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. 
[bookmark: _Hlk165407212]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.
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.


In this contribution, we discuss reference point for SSB-TimeOffset from RAN1 perspective.
Discussion
In our understanding, ssb-TimeOffset indicated by gNB is used by the UE to re-acquire DL synchronization with the new satellite once the satellite switching occurs, in the scenario of satellite switch with resync. To re-acquire DL synchronization, the UE needs to  receive SSB transmitted by the target satellite. 
As the UE has already synchronized to the source satellite through the SSB from source satellite, it is helpful for acquisition of SSB from the target satellite if the reception timing difference between the SSB from the source satellite and the SSB from the target satellite can be known by the UE. Otherwise, a large window may need to be used by UE to search the potential time location of the SSB from the target satellite. This is the motivation to configure SSB-TimeOffset through the signaling sent from source satellite.
[image: C:\Users\t00496347\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\B104636B.tmp]
[bookmark: _Ref166174126]Figure 1 Propagation of SSBs from the source and the target satellite
Figure 1 illustrates the propagation of SSBs from the source satellite and the target satellite. On a UE, the reception timing difference of SSBs from the source and target satellite are determined by the SSB transmit timing offset from gNB as well as and the propagation delay difference. The propagation delay contains service link part and feeder link part and the feeder link part contains propagation delay determined by common TA and Kmac. The time difference of the reception time of SSB from the source satellite and the target satellite are also illustrated in Figure 1. 
As shown in Figure 1, the reception time difference on a UE is (t5-t4), which can be obtained through either of the following ways:
· Option 1: ssb-TimeOffset is defined as (t1-t0), which is defined as the time difference taking gNB as the reference point;
· Option 2: ssb-TimeOffset is defined as (t3-t2), which is defined as the time difference taking each uplink synchronization reference point respectively as the reference point;
Technically, when ssb-TimeOffset is informed to the UE through a signalling, e.g. SIB19, from the source satellite, based on either option 1 or option 2, it is feasible to figure out the reception time difference on UE, i.e. (t5-t4). Detailed calculation can be done as following, which is also illustrated in the figure:
· For option 1: gNB as the reference point
(t5-t4) = ssb-TimeOffset + (kmactargetSatellite – kmacsourceSatellite) + (commonTAtargetSatellite – commonTAsourceSatellite) + (serviceLinkDelaytargetSatellite – serviceLinkDelaysourceSatellite)
· For option 2: UL sync reference point on each satellite as the reference point
(t5-t4) = ssb-TimeOffset + (commonTAtargetSatellite – commonTAsourceSatellite) + (serviceLinkDelaytargetSatellite – serviceLinkDelaysourceSatellite)
The kmac value, common TA related information and ephemeris information of the source satellite are broadcast in the SIB19 according to the current specification. And the kmac value, common TA related information and ephemeris information of the target satellite shall be introduced to be signalled in SIB19 according to the agreements made by RAN2. The ephemeris information and the GNSS information of the UE can be used by the UE to calculate the service link propagation delay. Therefore, the UE reception time difference can be obtained by using either option 1 or option 2.
One concern was raised for option 1 in RAN2 that the kmac broadcast in SIB19 is with a granularity of 1ms, and it may cause some uncertainty if it is used to calculate the UE reception time difference. However, in our view, although kmac has a granularity of 1ms, the common TA can still be calculated correspondingly with good resolution. Therefore, the concern for option 1 is not valid.
Therefore, with respect to RAN2’s question in the incoming LS, the observation is it is acceptable to adopt the gNB as the reference point of ssb-TimeOffset. 
Observation 1: It is acceptable to adopt the gNB as the reference point of ssb-TimeOffset. 
Proposal 1: RAN1 informs RAN2 in a reply LS that it is acceptable to adopt gNB as the reference point of ssb-TimeOffset from RAN1 perspective.
Besides the replies to RAN2’s question, there is another issue which we would like to further clarify. In RAN2’s discussion and the content of the LS, it is not clear the uplink time synchronization reference point in RAN2’s question refers to the uplink synchronization reference point on source satellite or refers to the uplink synchronization reference point on the target satellite, respectively. In our understanding, there should be two uplink time synchronization reference points corresponding to the resource and target satellite, respectively. As illustrated in Figure 1, the source and target satellite, as reference point of ssb-TimeOffset, transmit SSBs at t0 and t1, respectively. The two SSBs arrives their corresponding uplink time synchronization reference point at t2 and t3, respectively. According to the illustration of Figure 1, if option2 is adopted by RAN2, ssb-TimeOffset should refer to the uplink synchronization reference points on the source satellite and target satellite, respectively. 
Conclusions
According to the above discussions, we have the following observations and proposals:
Observation 1: It is acceptable to adopt the gNB as the reference point of ssb-TimeOffset. 
Proposal 1: RAN1 informs RAN2 in a reply LS that it is acceptable to adopt gNB as the reference point of ssb-TimeOffset from RAN1 perspective.
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