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RAN2 has send an LS[1] to RAN1 and RAN4 checking whether it is acceptable to adopt the gNB as the reference point of ssb-TimeOffset. Currently in the TS38.331, the ssb-TimeOffset is defined considering the uplink time synchronization reference point.
	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.

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 provide our views on the update of the ssb-TimeOffset reference point.

Discussion
From our understanding, the definition of uplink time synchronization is from RAN1. In RAN1#102e meeting, it was discussed how to define the reference point for TA. Three options were discussed [2]. Option 1 is to define the reference point at the gNB. Option 2 is to set the reference point at the satellite. And the option 3 is to leave the reference point to the implementation. Considering the flexibility of the implementation and compatibility to more use cases, the option 3 was supported by the majority companies. 

	
RP OPTION 3
The RP localization is not specified and left to the implementation. The initial TA acquisition (before PRACH transmission) is computed as the sum of two distinct contributions :
· The UE specific TA which is autonomously acquired by the UE based on its GNSS capabilities and additional network indications (e.g. satellite ephemeris or time stamp). It corresponds to the service link RTD.
· The Common TA which is indicated by the network. It corresponds to the RTD experienced between the RP and the satellite. The common TA can be either positive or negative. As a consequence, the RP can be located either on the feeder link or the service link.
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Figure 3 RP OPTION 3




Following current specification, the ssb-TimeOffset is defined based on the uplink time synchronization reference point. In the satellite re-sync scenarios, the UE can calculate the propagation delay to the reference point reusing current mechanism of TA acquisition. With the information of the propagation delay to the two satellites and ssb-TimeOffset, the UE can calculate the time domain position of the SSBs from the 2nd satellites. From gNB side, it has to calculate the propagation delay from the gNB to two satellites then to the UE. gNB should ensure that considering different propagation delay of SSBs from two satellites, a proper SSB time offset can be configured to the UE and ensure the SSBs from two satellites will not overlap at the UE side avoiding the collision issues between SSBs. 

Observation 1:
If the reference point of ssb-TimeOffset is configured at the UL synchronization reference point as in current spec, UE only need to calculate the propagation delay difference between two satellites reusing the mechanism of TA estimation as defined in the specification. 

On the other side, if the reference point is changed to gNB, the UE has to calculate the propagation delay considering the propagation delay between gNB and the uplink synchronization reference point, which is estimated through the parameter of Kmac. The parameter of Kmac is originally designed to align the understanding between gNB and UE for the timing of MAC CE activation. It could be larger than the actual propagation delay between the gNB and the uplink synchronization reference point. From the UE side, it has to calculate the propagation delay based on the TA estimation as discussed above, and in addition with the Kmac values which is considered representing the propagation delay between gNB and the UL sync reference point. With the two Kmac values of two satellites, the UE can still calculate the propagation delay difference and derive the SSB location based on the SSB time offset. Though there is no strong restriction to the Kmac value from the perspective of gNB, the Kmac value should at least be larger than the propagation delay between UL sync reference point and the gNB. But if the Kmac values are needed for UE to estimate the position of the SSBs from the 2nd satellite, gNB needs to ensure the difference between two Kmac values associated with the two satellites is aligned with propagation delay difference of two UL sync reference points to the gNB. Concisely, gNB should ensure the calculation at UE side for the SSB location is correct. Then with update of reference point from UL synchronization to gNB will induce additional limitation to the Kmac values. 

Observation 2:
If the reference point of ssb-TimeOffset is changed to gNB, UE should further consider the propagation delay between UL sync reference point and gNB, e.g. by reusing the value of Kmac. And gNB should ensure the difference of Kmac values of two satellites is aligned with propagation delay difference for UE calculate the SSB position of 2nd satellite, which may put some restriction for gNB’s scheduling. 

Though the impact to the gNB is moderate, it is not clear why there is a need to update this definition or the reference point of the SSB time offset. And if the definition is updated, from RAN1’s perspective, it seems introducing a new timing reference point other than the UL synchronization reference point, which might repeat the discussion in the beginning of Rel-17. In general, a unified design is preferred for the timing reference point which facilitate the implementation of both gNB and UE. If the definition is updated, whether there is a need to clarify in the specification for UE to calculate propagation delay from gNB to the UE with the addition of Kmac values should be discussed and whether there are other specification impacts.

Observation 3:
The update of the reference point for ssb-TimeOffset seems overlapped with previous discussion in Rel-17 on the timing reference point. 

Proposal 1:
The potential benefits should be clarified for the updates of the reference point from UL synchronization reference point to gNB.

Proposal 2:
It should be further discussed whether there is a need to clarify in the specification for UE to calculate propagation delay from gNB to the UE with the addition of Kmac values when the gNB is adopted as the reference point of ssb-TimeOffset and potential other specification impacts.

Conclusions
In this contribution, we provide our views on the update of the ssb-TimeOffset reference point. The observations and proposals are listed below. 

Observation 1:
If the reference point of ssb-TimeOffset is configured at the UL synchronization reference point as in current spec, UE only need to calculate the propagation delay difference between two satellites reusing the mechanism of TA estimation as defined in the specification. 

Observation 2:
If the reference point of ssb-TimeOffset is changed to gNB, UE should further consider the propagation delay between UL sync reference point and gNB, e.g. by reusing the value of Kmac. And gNB should ensure the difference of Kmac values of two satellites is aligned with propagation delay difference for UE calculate the SSB position of 2nd satellite, which may put some restriction for gNB’s scheduling. 

Observation 3:
The update of the reference point for ssb-TimeOffset seems overlapped with previous discussion in Rel-17 on the timing reference point. 

Proposal 1:
The potential benefits should be clarified for the updates of the reference point from UL synchronization reference point to gNB.

Proposal 2:
It should be further discussed whether there is a need to clarify in the specification for UE to calculate propagation delay from gNB to the UE with the addition of Kmac values when the gNB is adopted as the reference point of ssb-TimeOffset and potential other specification impacts.
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Initial TA acquisition before PRACH transmission :

TA = UE specific TA+ Common TA=2xT 1+ 2xT_0

UE specific TA = Service link RTD =» Autonomously acquired by the UE based on its GNSS-based
position and additional network indications

Common TA = RP to satellite RTD =» Network indication.




