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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN2#103bis meeting, some agreements for TSN have been achieved as below:
Agreements for the SA2 LS reply

From RAN2 perspective: 
1 	We prefer Black Box approach and will indicate this to SA2.
2	Handling of packet arrival jitter will not be considered in performance evaluation without SA2 request. We will expect RAN1 to analyse latency and reliability.
3	SA2 and RAN3 should discuss whether any work is needed for time information delivery to the gNB.
The method of how to deliver the time information to the gNB should be discussed by RAN3 and SA2, and we have corresponding contribution R3-186369 [1] for this issue. In this contribution, we intent to only discuss the solution to deliver the time information from gNB to UE.
Discussion
0. [bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK11][bookmark: OLE_LINK10]LTE HRLLC solution
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK29][bookmark: OLE_LINK9]In RAN2#103 meeting, the time reference provision has been specified in 36.331 [2] and following changes are made:
1) Introduce a new DL RRC message TimeReferenceInformation to inform time reference information to the UE:
TimeReferenceInformation message
-- ASN1START

TimeReferenceInformation-r15 ::=		SEQUENCE {
	criticalExtensions					CHOICE {
		timeReferenceInformation-r15				TimeReferenceInformation-r15-IEs,
		criticalExtensionsFuture			SEQUENCE {}
	}
}

TimeReferenceInformation-r15-IEs ::=		SEQUENCE {
	timeReferenceInfo-r15				TimeReferenceInfo-r15,
	nonCriticalExtension				SEQUENCE {}					OPTIONAL
}

-- ASN1STOP
2) Update SIB16 in order to inform time reference information to the UE. The TimeReferenceInfo IE includes:
[bookmark: _Toc510531555]–	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
3) A new UE capability bit is introduced:
This capability bit indicates whether the UE supports provision of time reference message TimeReferenceInformation.
0. Consideration in NR
By introducing the time reference provision in LTE, the network could provide more accurate time information to UE, the origin could be GPS or local time. The fields of time and timeInfoType could indicate time reference with 0.25 us granularity. 
To compare new NR features with LTE features, the accuracy of time synchronization may only be influenced by time aligned NR feature. To considering beam issue:
· For RRC delivery branch, the time field indicates the time at the ending boundary of the SFN indicated by referenceSFN.
· And for SIB16 branch, it has been agreed that the relationship between monitoring occasion and SSB is defined in one SI-window, and NR supports re-transmission for SI message within an SI-window. But for time synchronization, if the referenceSFN field is not included, the time field indicates the time at the SFN boundary or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.
Since the boundary of reference SFN is unified for all UEs in different beams, and the SI-window boundary is also unified for all UEs in different beams, it will have no influence on accuracy of time reference delivery by using beams in NR.
Therefore since LTE R15 has already specified the time reference provision solution of RRC delivery and broadcast SIB16 below microsecond level, and considering the worst-case synchronization requirement for IIoT (Section 8.1.6.2 of TR22.804 [3]) is “<1us” for a 100m2 service area (hence ~5.5m radius circle so negligible propagation delay), it also could be used as baseline in NR.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK30]Proposal 1: The LTE R15 time reference provision solution could be used as a baseline for air-interface delivery in NR.
However, some evaluations in RAN1 [4][5] indicate that current Rel-15 NR cannot satisfy the requirement of 1us timing accuracy between UEs due to some L1 impact, and it could be up to RAN1 for further evaluation.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 2: It is up to RAN1 to further evaluate any L1 impact on the IIoT synchronization requirements, assuming LTE R15 time reference provisioning solution is re-used in NR.
Conclusion
According to the analysis in Section 2, we propose:
Proposal 1: The LTE R15 time reference provision solution could be used as a baseline for air-interface delivery in NR.
Proposal 2: It is up to RAN1 to further evaluate any L1 impact on the IIoT synchronization requirements, assuming LTE R15 time reference provisioning solution is re-used in NR.
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