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1 Introduction

In RAN2#105bis meeting, RAN2 agreed on high-level principle of timing delivery as follows:

· Confirm that we use LTE rel-15 SIB and RRC unicast based methods for reference time delivery
· The reference time information shall correspond to a reference SFN, explicitly indicated in unicast signalling, FFS if inferred from the transmission of the SIB for SIB signalling.

· R2 assumes the UE shall use the end of the reference SFN value as the precise point in time to which the reference time corresponds.
· FFS whether the reference SFN refers to time in the future, past or whether this need to mandated one way or another. 
· R2 assumes that some propagation delay compensation may be needed for distance > 200m. 

· FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified. 
In RAN2#106 meeting, further detail was agreed as follows:
· SFN boundary at or immediately after the ending boundary of the SI-window in which SIB is transmitted is always used as a reference in case the time reference information is provided by broadcast signalling (as in LTE)
· The UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future, in case the time reference information is provided by unicast signalling 

· Signalling to support 10ns granularity. 

· R2 assumes that either SIB9 or a new SIB is used for reference time information broadcast delivery, depending on R3 discussion outcome. 

· “00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time)” as the origin of the time reference information, at least for the baseline case where time info type is not present or used (as in LTE).

· The field used for reference time information delivery is excluded from estimation of changes in system information.
· Specify uncertainty parameter in the reference time information in NR, encoding FFS

· We will have the clock type field, similar to LTE. R2 considers that this have no relation to ongoing discussions in SA2 on TSC 
This contribution discusses remaining issues on accurate timing delivery for time synchronization. 
2 Discussion
RAN2 assumption is that UE shall use the end of the reference SFN value as the precise point in time to which the reference time corresponds. In case of broadcast signaling, SFN boundary at or immediately after the ending boundary of the SI-window is used whereas referenceSFN is used for unicast signalling. Also, considering 10ns granularity, NR TimingReferenceInfo will be more accurate than LTE. 
Under this accurate synchronization, it would be nice to clarify which serving cell’s SFN boundary it is. Assuming finer granularity of timingReferenceInfo, it is likely that different cells have slightly different SFN boundary in sense of TSN, due to physically separated installation of the cells and different propagation paths of different cells. In our view, the simplest option is to assume the ending boundary of the SFN of PCell.
Proposal 1. The referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.

It is not clear whether IIOT should support the same synchronization in handover case. Similar to carrier aggregation case, it is possible that the timing is not actually identical between source and target in nanosecond scale. In this case, some timing information of target cell e.g. uncertainty, TimeReferenceInfo itself may be needed.
Proposal 2. RAN2 to discuss whether the timing information of the target cell is delivered by serving gNB.
An FFS is encoding of uncertainty. RAN2 agreed to support 10ns granularity of reference time in signalling perspective. Thus minimum granularity of the uncertainty should be at least 10ns for gNB providing very accurate timing information. The encoding rule of LTE can be reused, i.e. uncertainty field indicates the number of LSBs which may be inaccurate. 
Proposal 3. Uncertainty field indicates the number of LSBs which may not be inaccurate, as in LTE.
The next issue is propagation delay compensation. We think introducing synchronization accuracy requirements for each UE is sufficient. Based on the requirement, UE will do its best by the smart UE implementation, instead of a specific compensation mechanism. If the requirement is guaranteed, there will be no inter-operability issue at all.

TA granularity could be up to 0.5us which is coarse for TSC synchronization. Thus, we may need to consider some TA accuracy enhancement. UE could use the enhanced TA value for propagation delay compensation. Anyway, the TA granularity enhancement should be done by RAN1. From RAN2 point of view, propagation delay compensation is not needed.
Proposal 4. From RAN2 point of view, propagation delay compensation mechanism is up to UE implementation.

Proposal 5. TA granularity enhancement is left up to RAN1.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:
Proposal 1. The referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.

Proposal 2. RAN2 to discuss whether the timing information of the target cell is delivered by serving gNB.
Proposal 3. Uncertainty field indicates the number of LSBs which may not be inaccurate, as in LTE.
Proposal 4. From RAN2 point of view, propagation delay compensation mechanism is up to UE implementation.

Proposal 5. TA granularity enhancement is left up to RAN1.

