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1. Introduction

In RAN#86 meeting, a work item on “New WID on enhanced Industrial Internet of Things (IoT) and URLLC support” [1] was approved, to provide additional enhancement for TSN traffic. One objective is for synchronization enhancement, which is as follows
	1. 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]


In last RAN2 meeting (RAN2#111-e), following agreement are reached for propagation delay compensation
	=>
Introduce propagation delay compensation for the improved synchronisation accuracy requirement in case of in UL Time Synchronization


In last RAN1 meeting (RAN1#102-e), following agreement are reached for propagation delay compensation for future study

	Agreements:

The following options for propagation delay compensation are further studied in RAN1  

· Option 1: TA-based propagation delay

· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)

· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)
· Option 2: RTT based delay compensation:

· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 


And the email discussion [2] discuss the delay components and the requirements with each component, which could be the guidance for the future studied solutions
2. Discussion
2.1. Propagation delay compensation
Three scenarios were discussed during the email discussion [2], and have the consensus on following three scenarios
· Scenario 1: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the CN. The 5GS introduced error is caused by the relative time-stamping inaccuracy at the NW-TT and the DS-TTs.
· Scenario 2: In the control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the UE. The 5GS introduced error is caused by the relative time-stamping inaccuracies at the involved DS-TTs.
· Scenario 3: In the smart grid use case, where the TSC devices behind a target UE are synchronized to the 5G GM TD. The 5GS introduced error is caused by the synchronization of the 5G clock to the DS-TT. 
For above three scenarios, propagation delay compensation may not need for scenario 1 and 2 if the inter-site distance is less than 200m. Besides, if network already done the pre-compensation, UE side also does not need to perform propagation delay compensation. For another reason, we noticed that there may have multiple time domain connected to one UE according to following figure, which means propagation delay compensation may not need until specific time domain which requires accurate time synchronization starts working for specific UE.
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Figure 1 The distribution of UL Time Synchronization Information with the same UPF [3]
From UE point of view, since propagation delay compensation is not always needed according to above analysis, there needs a scheme to enable or disable propagation delay compensation by network. For example, network can enable or disable UE based propagation delay compensation according to service requirement or deployment scenario or network side pre-compensation. Since there are many factors impact whether propagation delay compensation is enabled or disabled, we think dedicate RRC signalling could be the common solution for all cases, compared with other solutions in [2].
Observation 1: Propagation delay compensation is not always needed
Proposal 1: Network can enable/disable UE based propagation delay compensation by dedicate RRC signalling
If UE based propagation delay compensation is enabled by network, UE will estimate the propagation delay and then use the estimated propagation delay to conduct time synchronization, together with time information received from network (SIB9 or DLInformationTransfer). For two options that concluded by RAN1, we think TA based solution should be focused since no additional signalling is needed specifically for propagation delay estimation, compared with RTT based solution. TA based solution, with finer TA adjustment granularity, can achieve higher time synchronization accuracy which may fulfil the stringent requirement for all three scenarios. Only if TA based solution with finer granularity cannot fulfil the requirement, e.g. after the RAN1 evaluation, RTT based solution can be selected.
Proposal 2: Focus on the solution which using timing advance to estimate propagation delay, and enhance TA granularity for stringent error budget for different scenarios
2.2. Mobility issues
According to URLLC service requirement defined in TS 22.104, the 5G system shall be able to support mobility of the UEs for which case the cooperative carrying related traffics require accurate time synchronization, UE needs to maintain accurate time synchronization during mobility. Since handover may take hundreds ms in the worst case, UE may lose the time synchronization accuracy during mobility. From other point of view, the time information broadcasted by different cells may be not synchronized and UE may wait a long period for the next refresh of time information after handover to the target cell. In this case, UE may also lose the time synchronization accuracy during mobility.
To guarantee the UE can maintain the time synchronization accuracy during handover, time information of target cell can be indicated to UE during mobility, for example in handover command or conditional handover command, so that UE can immediately conduct time synchronization to the target cell whenever UE obtain TA from target cell. Detailed solution can be further studied in RAN2.
Proposal 3: Support to indicate time information of target cell to UE during mobility
3. Conclusion

In this contribution, we discuss time synchronization enhancement consider propagation delay compensation and mobility issue, and have following observations and proposals
Observation 1: propagation delay compensation is not always needed

Proposal 1: Network can enable/disable UE based propagation delay compensation by dedicate RRC signalling

Proposal 2: Focus on the solution 1a Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity)
Proposal 3: Support to indicate time information of target cell to UE during mobility
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