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1 Introduction
Following is the revised IIoT/URLLC WID from RAN #88e RP-201310 related to propagation delay enhancements in Rel-17 [1].
	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]


This contribution will analyse the considerations of the propagation delay compensation and the mobility issues.  
2 Discussion
2.1 Propagation delay compensation enhancements
Based on RAN1 evaluation assumptions, a timing synchronization error between a gNB and a UE no worse than 540ns is achievable for Rel-15 NR with 15kHz SCS [2]. However, the most stringent Uu interface time synchronization budget of scenario 2 is 145ns. Therefore, some propagation delay compensation enhancements should be considered to improve the synchronization accuracy.
Shown as follows, RAN1 has discussed some possible options for propagation delay compensation [3]:
	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). 


First of all, the analysis on propagation delay estimation and compensation is shown as follows [4].
For Option 1, gNB estimates the propagation delay by tracking the UL transmission, and then constructs a TA command and sends it to UE. After receiving the TA commands, UE knows the propagation delay between the DL frame and UL frame, and then adjusts the UL transmission timing to compensate for the propagation delay. In order to eliminate the synchronization error caused by TA granularity error, TA adjustment error or Te, the NW pre-compensation method can be considered. In this way, the NW can conduct the pre-compensation at first, and then send an indication to UE.
For Option 2, the Rx-Tx time difference can be obtained by a UL and DL frame exchange between UE and gNB, which means both UE and gNB are involved to calculate the compensation delay. Therefore, if RAN1 agrees to adopt this solution, which node should perform the compensation may need further study. 
Based on the above analysis, it is suggested to adopt the TA-based propagation delay estimation and compensation mechanism.
Proposal 1: It is suggested to adopt the TA-based propagation delay estimation and compensation mechanism. 
Next, the potential RAN2 impacts of the above options will be analysed.
Specifically, option 1a indicates that the TA indication granularity should be enhanced to reduce the synchronization error. However, increasing the granularity will increase the length of the TA command field in RAR or MAC CE. Option 1b is similar to Option 1a, but needs RAN4 evaluation. Option 1c introduces new dedicated signalling with finer granularity which is independent of the TA procedure. It may introduce a new indication to estimate/compensate for the propagation delay. 
Proposal 2: The enhanced TA-based method may have some specification impacts, such as increasing the length of MAC CE, introducing new dedicated signalling, and so on.
For Option 2, RTT based delay compensation method reuses some positioning methods and is independent of the TA procedure. In order to improve the estimation accuracy, new reference signals may be indicated by RRC configuration to assist Rx-Tx transmission. In addition, the corresponding Rx-Tx error needs to be evaluated by RAN4. 
Comparing the specification efforts of the above two options, it is suggested to use the TA-based method to perform the propagation delay compensation, if the synchronization requirements can be achieved.
Proposal 3: Considering the specification efforts, it is suggested to use the TA-based method to perform the propagation delay compensation, if the synchronization requirements can be achieved.  
2.2 Time synchronization during mobility
Generally, gNB periodically refreshes the UE reference time by broadcast/unicast. After receiving it, the UE adjusts the propagation delay compensation to maintain the timing accuracy. Considering the handover may last hundreds of milliseconds, the UE might lose its time accuracy if there is no reference time received during such a long period. Therefore, the propagation delay compensation enhancements for mobility scenario should be considered. 
Proposal 4: The propagation delay compensation enhancements for mobility scenario should be considered. 
During handover, the delay between two reference time delivery may include three parts, which is shown as below:
· T1, the period of the periodical reference time. 
· T2, the interruption time during handover, excluding the preparation time at the target gNB.
· T3, the preparation time of the target cell before delivering the reference time.
To reduce the delay, one can reduce the reference signal transmission period. But it will introduce more signal overhead on the Uu interface. The other option is to reduce the interruption time. Due to the mobility enhancements in Rel-16, the handover interruption time can be reduced to zero. However, the target gNB still needs a preparation time to prepare the reference time of UE. Therefore, the target gNB needs to obtain the reference time delivery requirement from the UE as soon as possible. 
Proposal 5: The target gNB needs to obtain the reference time delivery requirement from the UE as soon as possible. 
In Rel-16, RAN2 has specified a mechanism that the UE can request the 5G reference time by UEAssistanceInformation, which is contained in the Handover Request message, to reduce the target gNB preparation time. The request is transmitted from the source gNB to targe gNB, which is more efficient than transmitting the request from UE to the target gNB after handover. In this way, UE can get the reference time from the RRCReconfiguration which is contained in the Handover Request ACK message.
Proposal 6: The UE can request the 5G reference time by UEAssistanceInformation, which is contained in the Handover Request message, to reduce the target gNB preparation time. 
3 	Conclusions
The paper discusses the propagation delay compensation and the mobility issues, and the proposals are given as below.
Proposal 1: It is suggested to adopt the TA-based propagation delay estimation and compensation mechanism.
Proposal 2: The enhanced TA-based method may have some specification impacts, such as increasing the length of MAC CE, introducing new dedicated signalling and so on.
Proposal 3: Considering the specification efforts, it is suggested to use the TA-based method to perform the propagation delay compensation, if the synchronization requirements can be achieved.
Proposal 4: The propagation delay compensation enhancements for mobility scenario should be considered.
Proposal 5: The target gNB needs to obtain the reference time delivery requirement as soon as possible.
Proposal 6: The UE can request the 5G reference time by UEAssistanceInformation, which is contained in the Handover Request message, to reduce the target gNB preparation time.
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