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Introduction
According to the WID of NR IIoT [1], the WI should address the following objectives for Rel-16:
The detailed objectives for NR TSC-related enhancements include:
•	Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].
According to the agreement concluded in RAN2#105bis [2], some consensus is achieved but with FFS left for accurate reference timing delivery:
=> Confirm that we use LTE rel-15 SIB and RRC unicast based methods for reference time delivery
=> The reference time information shall correspond to a reference SFN, explicitly indicated in unicast signalling, FFS if inferred from the transmission of the SIB for SIB signalling.
=> R2 assumes the UE shall use the end of the reference SFN value as the precise point in time to which the reference time corresponds.
=> FFS whether the reference SFN refers to time in the future, past or whether this need to mandated one way or another. 
=> R2 assumes that some propagation delay compensation may be needed for distance > 200m. 
=> FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]In this paper, we will further discuss how to support accurate time synchronization in IIoT. 

[bookmark: _Ref178064866]Discussion
Time synchronization message
In LTE, TimeReferenceInfo IE is defined to provide the accurate reference timing information (e.g. 0.25µs granularity) for the reference SFN. And TimeReferenceInfo can be delivered in SystemInformationBlockType16 message for broadcast and in DLInformationTransfer message for unicast. In NR, DLInformationTransfer message is specified with the similar purpose as in LTE, and SIB9 instead of SIB 16 is defined to for the similar purpose to contain information related to GPS time and Coordinated Universal Time (UTC). Thus, it is a most straightforward way to add accurate reference timing information introduced in IIoT into DLInformationTransfer or SIB9 message.
[bookmark: _Toc535571685]–	TimeReferenceInfo
TimeReferenceInfo information elements
-- ASN1START

TimeReferenceInfo-r15 ::=		SEQUENCE {
	time-r15							ReferenceTime-r15,
	uncertainty-r15						INTEGER (0..12)				OPTIONAL,	-- Need OR
	timeInfoType-r15					ENUMERATED {localClock}		OPTIONAL,	-- Need OR
	referenceSFN-r15					INTEGER (0..1023)			OPTIONAL	-- Cond TimeRef
}

ReferenceTime-r15 ::=			SEQUENCE {
	refDays-r15							INTEGER (0..72999),
	refSeconds-r15						INTEGER (0..86399),
	refMilliSeconds-r15					INTEGER (0..999),
	refQuarterMicroSeconds-r15			INTEGER (0..3999)
}

-- ASN1STOP

[bookmark: _Toc536798727][bookmark: _Toc895109][bookmark: _Toc1122209][bookmark: _Toc1122733][bookmark: _Toc1132419][bookmark: _Toc7544566][bookmark: _Toc7599173][bookmark: _Toc7725197]SIB9 and DLInformationTransfer message are used for reference time delivery. 
[bookmark: _Toc7544567][bookmark: _Toc7599174][bookmark: _Toc7725198]TimeReferenceInfo is included in SIB9 and DLInformationTransfer.
In LTE, TimeReferenceInfo provides time synchronization granularity information and the granularity is 0.25µs. According to TR 38.825[3] shown below, granularity of the signalled reference timing is at most 50 ns, and one left issue is whether we need to support finer granularity than 0.25µs. 
Accurate reference timing delivery is carried out using broadcast and/or unicast RRC signalling (similar to E-UTRAN approach in [7]). Granularity of the signalled reference timing is at most 50 ns and determination of exact value needs further evaluation. Section 6.3.5 provides an analysis for synchronization accuracy achievable using accurate reference timing delivery.
According to the LS from RAN1 and RAN3 [4][5], the requirement of 1µs granularity can be achieved, and the main contributor of time reference accuracy is 540ns which is contributed by RAN1. Even if more accurate granularity can be supported in RAN2 (e.g. 10ns), only the delta of accuracy in 20ns is improved but the overhead of 3 more bits is introduced in system information delivery. Thus, we propose 50ns is sufficient.
[bookmark: _Toc895106][bookmark: _Toc1122206][bookmark: _Toc1122730][bookmark: _Toc1132416][bookmark: _Toc7544568][bookmark: _Toc7599175][bookmark: _Toc7725199]No need to pursue finer granularity than 50ns. 
In LTE, TimeReferenceInfo provides referenceSFN information to indicate the reference time information to UE. It is agreed in RAN2 latest meeting, that referenceSFN should be explicitly indicated in unicast message, and one left issue is whether it also shall be provided in the SIB for broadcast. We think the reference time can be inferred from the transmission of the SIB and there is no need to provide it explicitly, considering the reason in the following:
· The boundary of the SI-window where SI message is transmitted is known and fixed. Thus, All UE can identify a unique reference SFN according to the end point of the SI-window, and signaling overhead can be saved in this implicit way.
· In LTE, it is specified that referenceSFN shall not be included in SIB16. The time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.
Thus, we propose to align with LTE R15 specification for referenceSFN.
[bookmark: _Toc7544569][bookmark: _Toc7599176][bookmark: _Toc7725200]No need to indicate referenceSFN in SIB9 explicitly. 
[bookmark: _Toc7544570][bookmark: _Toc7599177][bookmark: _Toc7725201]SFN boundary is at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType9 is transmitted.
Considering RRC re-transmission, if reference SFN is indicated in unicast, the reference SFN can be either in the past or in the future compared to the time point the RRC message delivery.
[bookmark: _Toc7544571][bookmark: _Toc7599178][bookmark: _Toc7725202]The UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future.
In LTE, TimeReferenceInfo provides uncertainty information to indicate how much inaccuracy the time information is. Considering that the accuracy uncertainty is related to the attribute of equipment/implementation and the differentiated services might be supported for different UEs in IIoT, this IE is useful.
[bookmark: _Toc7544572][bookmark: _Toc7599179][bookmark: _Toc7725203]TimeReferenceInfo includes uncertainty information.
In LTE, TimeReferenceInfo provides timeInfoType information to indicate the referenced time clock. 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.
According to SA2 agreement, Solution 28A is considered as the working assumption for time synchronization of external TSN time domains. It is a method transparent to 5G system and all nodes in 5GS are only required to synchronize with one clock, i.e. 5G internal clock. Thus, we think there is no need to consider more than one clock types due to the number of the reference clock to be supported in 5GS is one.
[bookmark: _Toc7544573][bookmark: _Toc7599180][bookmark: _Toc7725204]TimeReferenceInfo does not include timeInfoType information.

Propagation delay compensation
According to the LS from RAN1 [4]:
RAN1 has performed analysis on the achievable time synchronization accuracy over Uu interface. A timing synchronization error between a gNB and a UE no worse than 540ns is achievable based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15kHz SCS. It is RAN1´s conclusion, that the synchronization accuracy is improved when using higher SCS. For small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1us).
It is clear that the propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments. And it also points out in the LS that a timing synchronization error between a gNB and a UE no worse than 540ns is achievable. It means that 1us synchronization accuracy can be achieved even with propagation delay compensation. Hence, considering that there is no special requirement/solution mentioned in RAN1 LS to compensate propagation delay, it seems to be concluded that synchronization accuracy can be achieved no matter which approach is selected for propagation delay compensation. In addition, from the LS, it is obtained that no issue is mentioned in RAN1 evaluation and no work is required to RAN2. Thus, we propose to leave this up to UE implementation.
[bookmark: _Toc7544574][bookmark: _Toc7599181][bookmark: _Toc7725205]How to compensate propagation delay is up to UE implementation.
However, we also think the issue on propagation delay compensation should be driven and triggered by RAN1. Thus, we are open to further consider any enhancement or normative work if RAN1 requires.
[bookmark: _Toc7544575][bookmark: _Toc7599182][bookmark: _Toc7725206]RAN2 can further study any enhancement solution or do the related normative work if there is a requirement from other work group.

Conclusion
Based on the discussion above, we propose the following:
[bookmark: _GoBack]Proposal 1	SIB9 and DLInformationTransfer message are used for reference time delivery.
Proposal 2	TimeReferenceInfo is included in SIB9 and DLInformationTransfer.
Proposal 3	No need to pursue finer granularity than 50ns.
Proposal 4	No need to indicate referenceSFN in SIB9 explicitly.
Proposal 5	SFN boundary is at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType9 is transmitted.
Proposal 6	The UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future.
Proposal 7	TimeReferenceInfo includes uncertainty information.
Proposal 8	TimeReferenceInfo does not include timeInfoType information.
Proposal 9	How to compensate propagation delay is up to UE implementation.
Proposal 10	RAN2 can further study any enhancement solution or do the related normative work if there is a requirement from other work group.
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