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Introduction
In RAN#81 plenary meeting, a revised study item on NR Industrial Internet of Thing is approved. One of the important objectives for time sensitive network (TSN) enhancement is accurate reference timing. The related information defined in RP-182090 is as following:

Time Sensitive Networking related enhancements:

Accurate reference timing: Delivery & related process (e.g. SIB delivery or RRC delivery to UEs, Multiple Transmission points) (RAN2/RAN3/RAN1)

In this paper, we will discuss the issue about time synchronization and give our proposals.
Discussion
According to TR 22.804, very stringent requirements on clock synchronicity between different nodes (e.g 1µs) shall be guaranteed under many use cases. Based on accurate reference timing, devices can perform exact required operations. This is very important in industrial environment (e.g, motion control use case) as wrong operation may damage a machine and may lead to a production downtime with possibly huge financial damage. 

The reference timer provided via broadcast manner can significantly reduce signaling overhead. For security aspect, the dedicated RRC message is more suitable to provide reference time especially under that case that the reliable time information is required for precise control.

Proposal 1: Support both SIB delivery and dedicated RRC delivery to provide timing reference.
According to TR 22.804, there mainly defines three clock synchronicity accuracy levels with range of 1µs to 20µs for different use cases. Currently, Rel-15 NR can only support to provide reference time with 10ms granularity via SIB9 as quoted below, which can not satisfy the required clock synchronization defined for IIOT.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when estimating changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of SIBValueTag in SIB1.


Observation 1：Time reference broadcasted via SIB9 in Rel-15 NR has 10ms granularity, which can not satisfy the required time synchronization requirements for IIOT.
Thanks for LTE HRLLC project, Rel-15 LTE has introduced a TimeReferenceInfo IE as quoted below to supports precise timing delivery with quarter microsecond granularity (i.e. 0.25µs) by SIB16.  
	time, timeInfoType
This field indicates time reference with 0.25 us granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 0.25 us unit from the origin is refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field. If timeInfoType is not included, the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the interpretation of the origin of the time is unspecified and left up to upper layers.
If time field is included in SystemInformationBlockType16, this field is excluded when estimating changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.


Observation 2：Rel-15 LTE has support to provide time reference with quarter microsecond granularity by SIB16 carrying TimeReferenceInfo IE.

The time reference with 0.25µs granularity has been evaluated in LTE HRLLC, and 0.25µs granularity can meet synchronization requirement of the most of use cases. Thus, NR can reuse 0.25µs granularity in the LTE to meet the requirements.
Proposal 2: The time reference with 0.25 us granularity is provided via SIB9 in NR. 

Same as Rel-15 LTE and NR, the time reference carrying in SIB9 corresponds to the the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType9 is transmitted.
Proposal 3: The time reference value carrying in SIB9 corresponds to the the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType9 is transmitted
	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


According to the RAN2#103bis meeting discussion, an LS [3] as quoted above was sent to ask RAN1 to evaluate the accuracy performance of the reference time. However the RAN2 solution on how to provide the reference time and the granularity of the reference time will impact the RAN1 evaluation. Thus RAN2 is kindly requested to send an LS to RAN1 to inform them our agreement on the provisioning of the reference time over the air interface.

Proposal 4: RAN2 is kindly requested to send an LS to RAN1 to inform them the RAN2 agreements on how the reference time is provided over the air interface.
Conclusion

In this contribution, we discuss the issue about the time synchronization for supporting IIOT. The related proposals are as following:

Observation 1：Time reference broadcasted via SIB9 in Rel-15 NR has 10ms granularity, which can not satisfy the required time synchronization requirements for IIOT.
Observation 2：Rel-15 LTE has support to provide time reference with quarter microsecond granularity by SIB16 carrying TimeReferenceInfo IE.

Proposal 1: Support both SIB delivery and dedicated RRC delivery to provide timing reference.
Proposal 2: The time reference with 0.25 us granularity is provided via SIB9 in NR. 

Proposal 3: The time reference value carrying in SIB9 corresponds to the the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType9 is transmitted

Proposal 4: RAN2 is kindly requested to send an LS to RAN1 to inform them the RAN2 agreements on how the reference time is provided over the air interface.
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