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Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]In last RAN2 meeting, some agreements for TSN have been achieved as below:
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. 
An email discussion [1] was scheduled after RAN2#106bis to further progress on the above issues. In this contribution, we discuss the next level of details, not directly addressed by the email discussion, related to the signalling of the reference time delivery, specifically how to introduce the reference time information into TS38.331.
Discussion
[bookmark: OLE_LINK146][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK147]Contribution [2] agreed in RAN2#103 lists all the changes made in LTE RRC (TS36.331) for time reference provision introduction, which include:
· Actions upon reception of SystemInformationBlockType16;
· Procedure and UE action of receiving time reference information;
· Extension of DLInformationTransfer message to include TimeReferenceInfo-r15 to deliver the time reference;
· Extension of time reference in R16;
· The structure of TimeReferenceInfo IE;
· UE capability of whether support timeReferenceProvision.
In NR, similar content could be introduced.
In NR, SIB9 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time. It is suitable for SIB9 to be extended to include the time reference information.
Proposal 1: SIB9 is used to transfer the time reference information by broadcast.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]In LTE, whether to introduce a new message to transfer the time reference information in unicast approach has been discussed. And the DLInformationTransfer message is determined to carry such information. In NR, DLInformationTransfer message could also be reused.
[bookmark: _GoBack]Proposal 2: DLInformationTransfer message is used to transfer the time reference information by unicast.
[bookmark: OLE_LINK68][bookmark: OLE_LINK67]In TS36.331, the IE of ReferenceTime-r15 is used in both solutions of dedicated signaling and system information, which has the same minimum unit of 0.25 us. In NR, the mechanism could be reused, and improving the accuracy makes no difference between signaling based and system information based reference time delivery solutions [3].
Proposal 3: TimeReferenceInfo-r16 IE is defined in both SIB9 and DLInformationTransfer.
The granularity of time reference information in LTE is 0.25us. But in the discussion on the granularity enhancement in NR, it was agreed by RAN2 that the granularity of timing information provided via RRC signalling (e.g. SIB or unicast RRC message) is at most 50 ns [4]. Since it allows fulfilling the time synchronization requirements from TS22.104 [4] we do not see the need to further improve this accuracy, which ultimately would impact the gNB cost. So based on the level of field refMilliSeconds, the refFiftyNanoSeconds field should be extended to INTEGER (0..19999) for NR.
Proposal 4: The granularity in TimeReferenceInfo-r16 IE is 50 NanoSeconds.
Proposal 5: The field refQuarterMicroSeconds-r15 from LTE I.E. is replaced with a field refFiftyNanoSeconds which is INTEGER (0..19999).
The range of uncertainty in LTE is INTEGER (0..12), since the range of refQuarterMicroSeconds field is INTEGER (0..3999) which needs 12bits. So for NR with extended granularity, the uncertainty should also be extended, the range should be INTEGER (0..15) to fulfill the inaccuracy requirement.
Proposal 6: The uncertainty in TimeReferenceInfo-r16 IE is INTEGER (0..15).
The RRC format of this IE taking into account the above fields updates can be as follows:
TimeReferenceInfo information elements
-- ASN1START

TimeReferenceInfo-r16 ::=		SEQUENCE {
	time-r16							ReferenceTime-r16,
	uncertainty-r16						INTEGER (0..15)				OPTIONAL,	-- Need R
	timeInfoType-r16					ENUMERATED {localClock}		OPTIONAL,	-- Need R
	referenceSFN-r16					INTEGER (0..1023)			OPTIONAL	-- Cond TimeRef
}

ReferenceTime-r16 ::=			SEQUENCE {
	refDays-r16							INTEGER (0..72999),
	refSeconds-r16						INTEGER (0..86399),
	refMilliSeconds-r16					INTEGER (0..999),
	refFiftyNanoSeconds-r16				INTEGER (0..19999)
}

-- ASN1STOP
Proposal 7: Adopt the above Information Element format for TimeReferenceInfo-r16 IE.
The capability bit of timeReferenceProvision is introduced to LTE for a finer granularity. In NR, the granularity is smaller than in LTE, the capability bit could be reused to indicate whether the UE support such provision of time reference.
Proposal 8: Add a bit of UE capability to indicate whether to support timeReferenceProvision.
Conclusion
According to the analysis in Section 2, we propose:
Proposal 1: SIB9 is used to transfer the time reference information by broadcast.
Proposal 2: DLInformationTransfer message is used to transfer the time reference information by unicast.
Proposal 3: TimeReferenceInfo-r16 IE is defined in both SIB9 and DLInformationTransfer.
Proposal 4: The granularity in TimeReferenceInfo-r16 IE is 50 NanoSeconds.
Proposal 5: The field refQuarterMicroSeconds-r15 from LTE I.E. is replaced with a field refFiftyNanoSeconds which is INTEGER (0..19999).
Proposal 6: The uncertainty in TimeReferenceInfo-r16 IE is INTEGER (0..15).
Proposal 7: Adopt the above Information Element format for TimeReferenceInfo-r16 IE.
Proposal 8: Add a bit of UE capability to indicate whether to support timeReferenceProvision.
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