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Introduction
[bookmark: _Hlk523733459]In RAN #81, a revised SID on Study on NR Industrial Internet of Things (IoT) is approved. The potential enhancements for TSN network on accurate reference timing are discussed and captured in this study item, as shown in the following [1]:
2)	Time Sensitive Networking related enhancements:
a)	Accurate reference timing: Delivery & related process (e.g. SIB delivery or RRC delivery to UEs, Multiple Transmission points) (RAN2/RAN3/RAN1).
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]In this paper, we will discuss the issue about accurate time synchronization and give our proposals. 
[bookmark: _Ref178064866]Discussion
The requirement of clock synchronization accuracy for IIoT is defined in clause 8.1.6 of TR 22.804, in which the stringent clock synchronicity requirement is 1 µs. For the issue whether the UE can maintain the accurate time synchronization with the network, it can be considered by two aspects: the first one is how gNB acquires accurate reference timing, and the second one is how UE acquires accurate reference timing. For the first aspect, RAN2 conclude it is in RAN3 and SA2 scope, mentioned in the LS sent out on TSN requirement evaluation:  
For gNBs obtaining time information:
· With respect to the synchronization requirements, it is RAN2 understanding that SA2 and RAN3 should discuss whether any work is needed for time information delivery to the gNB.

For the second one, RAN2 conclude it is in RAN2 and RAN1 scope, since UE synchronization accuracy is the sum of RAN1 synchronization accuracy and RAN2 synchronization accuracy. As illustrated in Figure 1, the clock synchronization timing difference between UE and network is depend on:
· Accuracy on system layer synchronization information transferred by network, for which a finer granularity helps to improve the accuracy.
· The delta from RAN1 synchronization error, i.e., the errors may come from link level synchronization estimation error. Physical layer synchronization estimation error is induced by many factors, such as propagation loss, equipment limit, etc.


Figure 1: Clock synchronization timing relation between UE and network.
And, RAN2 draft the action requirement on time synchronization in the LS sent out on TSN requirement evaluation:
To RAN1 group.
ACTION: 	RAN2 respectfully asks RAN1 to take the above information into account and:
· provide feedback on what the achievable time synchronization accuracy over Uu interface, considering the synchronicity requirements of TSN networks as mentioned in TR 22.804
Thus, for accurate reference timing issue, RAN2 work is how to obtain accurate reference timing from gNB.
[bookmark: _Toc528568644][bookmark: _Toc528861026][bookmark: _Toc528876390][bookmark: _Toc528915341][bookmark: _Toc528915580]RAN2 work focus on how to obtain available time information from gNB.
In LTE Rel-15, some enhancement on accurate reference timing is introduced in HRLLC, and 0.25µs clock synchronicity granularity has been achieved. The accurate time granularity is indicated to UE by SIB or dedicated RRC signalling. Since the granularity of accurate reference time in LTE is 0.25µs, which is much less than 1µs clock synchronicity requirement defined in TR 22.804., similar mechanism can be easily extended to NR IIoT, without much complexity. 
In addition, for the method of time information delivery to UE, two options similar as LTE Rel-15 can be considered: 
Option1: SIB message 
Option2: Dedicated RRC signalling 
Option1 can be used no matter UE is RRC idle mode and RRC connected mode. And Option2 can only be used for UE in RRC connected mode. Accurate reference timing information is mandatory for both idle UE and connected UE, and there is no need to indicate different time information for different UEs connected to one cell. Thus, Option 1 is preferred for time information delivery. 
[bookmark: _Toc528861029][bookmark: _Toc528876397][bookmark: _Toc528915582]In IIoT, SIB is preferred for time information delivery.

Currently, SIB9 is defined to contain information related to GPS time and Coordinated Universal Time (UTC). UE may use the parameters provided in this system information block for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock. Thus, it is a most straightforward way to add accurate reference timing information in current SIB9 message.
[bookmark: _Toc528861030][bookmark: _Toc528861031][bookmark: _Toc528568647][bookmark: _Toc528861032][bookmark: _Toc528876398][bookmark: _Toc528915583]Re-using similar solution on accurate time granularity supported in LTE HRLLC for IIoT, i.e. improve sync accuracy in SIB9. 
Conclusion
Based on the discussion above, we made the following observations:
Observation 1	RAN2 work focus on how to obtain available time information from gNB.

And propose the following:
[bookmark: _GoBack]Proposal 1	In IIoT, SIB is preferred for time information delivery.
Proposal 2	Re-using similar solution on accurate time granularity supported in LTE HRLLC for IIoT, i.e. improve sync accuracy in SIB9.

[bookmark: _In-sequence_SDU_delivery]References
RP-182090, Revised SID: Study on NR Industrial Internet of Things (IoT), 3GPP RAN#81, Gold Coast, Australia, September 10-13, 2018
[bookmark: _Ref525040387]TR 22.804, Study on Communication for Automation in Vertical Domains
R2-1816043, LS on TSN requirements evaluation, contact: Nokia
[bookmark: _Toc525420283][bookmark: _Toc525422312][bookmark: _Toc525422329][bookmark: _Toc525422893][bookmark: _Toc525422900]
image1.emf
Network clock

UE clock


Microsoft_Visio_2003-2010___1.vsd
Network clock


UE clock



