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1 Introduction
In the last RAN2#109bis-e meeting, agreements regarding accurate reference timing for synchronization to TSC network have been achieved, as follows [1]: 

The text proposal given in Annex of [2] indicates that UE is only allowed to send a UEAssistanceInformation message with the flag referenceTimeInfoRequred under two situations:

· if the UE has not yet transmitted the flag before
· if UE preference of the receiving reference time information changed from the last time UE initiated transmission of the UEAssistanceInformation message including the flag.

Obviously, according to the current baseline TP, UE cannot send the request towards the network for the reference time information for multiple times. Some companies claim that the clock of the UE and the TSN end station connected with the UE may suffer from the asynchronization problem gradually since reception of reference time because of the clock drift problem. In this contribution, we will firstly present our views on whether or not the problem exist, and then address our solutions if the problem does exist.    
2 Discussion
2.1 Impact of clock drift problem
Crystals are susceptible to frequency drift, which causes clocks to lose accuracy, or in other words, gradually desynchronises from the reference clock. Generally, crystal oscillator frequency accuracy is prone to be affected by many factors, e.g., temperature, aging, etc. The clock drift rate, measured as the offset between the clock and a very precise reference clock per unit of time (expressed as a ratio in parts million), is applied to evaluate the accuracy performance of the crystal oscillator.   
However, according to our analysis the impact of the clock drift problem on the timing synchronization in the 5G system is still not clear. UE could establish the frame synchronization with the gNB by detection of PSS and SSS and knowing the SFN by reading the MIB. After the gNB sends the reference time information (corresponding to a particular SFN) to the UE, the UE clock could be synchronized to the gNB in such a way:

· UE calculates the difference between the current SFN and the SFN corresponding to ReferencetimeInfo IE sent by the gNB.
· Accordingly, UE derives the clock information corresponding to the current SFN boundary by taking into account the difference between the two SFNs.
· UE applies clock information when the current SFN boundary comes.
Certainly, the synchronization between UE and gNB clock will be gradually deteriorated due to the UE clock drift problem. However, the UE could choose to re-synchronize with the network by performing detection of PSS and SSS, and then derives the corresponding clock by using the SFN difference again. In such way, it seems that UE do not need to get another RRC message carrying ReferencetimeInfo IE. Still, we are open to discussion on this topic.  If there is convincing reason raised by other companies, it is Ok to support UE sending multiple times of RRC message requesting of the updated ReferencetimeInfo IE to correct the UE clock information due to clock drift problem. 

Observation 1: It seems that the deterioration of the synchronization between UE and gNB clock could be corrected by UE performing detection of PSS and SSS and deriving the corresponding clock by using the SFN difference again. 
2.2 Enhancement to the current baseline synchronization mechanism, if needed
If RAN2 clarify that UE clock synchronization deterioration due to clock drift problem cannot be alleviate by UE performing frame synchronization as indicated in observation 1, UE should be allowed to send the request for the referenceTimeInfo IE when the clock drift to a level that the synchronization accuracy cannot be met. Rather than defining a new RRC message taking the responsibility of requesting the referenceTimeInfo IE, which is not practical considering the very stringent time limitation of closing the WI, allowing sending the UEAssistanceInformation message when the need of mitigating the clock drift emerges is preferred. 
Proposal 1: kindly asks RAN2 to agree that UEAssistanceInformation message including referenceTimeInfoRequred set to the positive value should be allowed to be sent to network when the need of mitigating the clock drift emerges.
To prevent the UE from sending the RRC message requesting for the referenceTimeInfo IE too frequently, which consumes both of UL and DL air interface resource, some companies proposed to introduce a timer for the purpose. Specifically, the timer will be started after UE sends the RRC message towards the network. When the timer is running, the UE is not allowed to send the RRC message asking for the referenceTimeInfo IE again towards the network. This mechanism could be workable. However, the clock accuracy performance of each UE might be different from each other. Setting them with a prohibit timer with a common timer running time might result in a problem that the UE with worse clock drift performance cannot send the RRC message requesting the referenceTimeInfo IE if needed. Therefore, one possible good way for configuration the timer running time is to take into account the UE clock accuracy performance, e.g., clock drift rate. The network could accordingly determine a proper running time length for the prohibit timer configured to the UE, which not only saves the transmission resource over the uu interface, but also has no impact on the UE timing correction need. 
Proposal 2: kindly asks RAN2 to agree that a prohibit timer configured according to the UE clock accuracy performance should be introduced to prevent the UE from sending the RRC message requesting for the referenceTimeInfo IE too frequently, which saves transmission resource over uu interface.
Considering that there is no TSN APP layer on the gNB, so a reasonable way to report of the clock accuracy performance related information is to include it the RRC message, e.g., piggyback with the referenceTimeInfo IE in the UEAssistanceInformation message.
Proposal 3: further study of reporting of the clock accuracy performance related information to the network is needed, e.g., including the parts per million (ppm) in the UEAssistanceInformation.
3 Conclusions

In this paper, the following observations and proposal are given:
Observation 1: It seems that the deterioration of the synchronization between UE and gNB clock could be corrected by UE performing detection of PSS and SSS and deriving the corresponding clock by using the SFN difference again. 
if UE clock synchronization deterioration due to clock drift problem cannot be alleviate by UE performing frame synchronization as indicated in observation 1:
Proposal 1: kindly asks RAN2 to agree that UEAssistanceInformation message including referenceTimeInfoRequred set to the positive value should be allowed to be sent to network when the need of mitigating the clock drift emerges, 

Proposal 2: kindly asks RAN2 to agree that a prohibit timer configured according to the UE clock accuracy performance should be introduced to prevent the UE from sending the RRC message requesting for the referenceTimeInfo IE too frequently, which saves transmission resource over uu interface.
Proposal 3: further study of reporting of the clock accuracy performance related information to the network is needed, e.g., including the parts per million (ppm) in the UEAssistanceInformation.
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[025] The request of the reference time information is sent via the UEAssistanceInformation message.


[025] The UE indication of the delivery periodicity of the reference time is not supported in this release.


[025] The GPS time of the Rel-16 reference time information is provided independently without using the Rel-15 GPS 10ms resolution of SIB9.


[025] The reference time is encoded by using multiple fields, as the current specification, i.e. no optimization into a single field.


 [025] The text proposal given in Annex A is used as the baseline for the request of the reference time information. 














