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1 Introduction

This contribution discusses the enhancement of timing synchronization as shown in IIOT WID:
	 4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]

b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


2 Discussion
In Rel-16, propagation delay compensation was not defined and fully left to UE implementation. The assumption here was that UE could rely on 0.5*TA as a major component of propagation delay and UE may do further compensation by implementation solution, e.g. UE’s location based estimation. However, E2E synchronization requirement for TSN is up to 1us, whereas TA granularity is 0.5us for 15 KHz SCS. Since the TA error consumes half of error margin, it seems clear that we need to reduce the error by introducing a proper propagation delay compensation mechanism. Moreover, SA2 is considering a scenario that there are two UE-gNB links on an E2E path, e. g. two UEs are communicating based on TSN protocols. In this case, 0.5us one way error cannot meet 1us E2E synchronization accuracy. 

The propagation delay compensation has the following three components:

· Propagation delay measurement and estimation

· Signaling of propagation delay with finer granularity

· Propagation delay compensation mechanism 

If Rel-17 IIOT introduces a propagation delay compensation mechanism, all or some of them should be enhanced. In the previous discussion in RAN2 during Rel-16 WI, there is no clear evaluation/analysis on feasibility and accuracy, RAN1 should evaluate and decide the detail.
Proposal 1. From RAN2 perspective, finer propagation delay estimation mechanism should be introduced. Detail (e.g. PHY channel, accuracy) is left to RAN1.

Proposal 2. Send an LS to RAN1 to introduce a mechanism to estimate and compensate accurate propagation delay.
Another issue is synchronization considering UE’s mobility. As UE moves to a target cell coverage or within the coverage where 5G clock synchronization may be slightly different, UE may need to acquire ReferenceTimeInfo of targer PCell (or other target cell). So, it would be good to provide ReferenceTimeInfo of target PCell in Handover Command. After HO (or random access to the target cell), UE applies ReferenceTimeInfo of target cell. This issue was briefly treated in RAN2 during Rel-16 discussion but not agreed due to the limited time.
Proposal 3. ReferenceTimeInfo of Target cell can be signaled to UE.
One more potential problem would be that propagation delay from the target cell is different from that of source cell. Therefore, UE needs to know the propagation delay of the target cell during the handover. In this sense, propagation delay estimation also needs to be performed during handover. But it should depend on the conclusion of propagation delay compensation in RAN1.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:
Proposal 1. From RAN2 perspective, finer propagation delay estimation mechanism should be introduced. Detail (e.g. PHY channel, accuracy) is left to RAN1.

Proposal 2. Send an LS to RAN1 to introduce a mechanism to estimate and compensate accurate propagation delay.

Proposal 3. ReferenceTimeInfo of Target cell can be signaled to UE.
