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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN2#107bis meeting, some agreements for TSN have been achieved as below [1]:
SIB9 is used for accurate reference timing delivery by broadcast.
DLInformationTransfer message is used for serving cell’s accurate reference timing delivery by unicast.
R2 assumes there will be no particular functionality to ensure accurate timing distribution at the moment of handover in Rel-16
The uncertainty of reference time info is unspecified, if the uncertainty field is absent.
We send an LS: RAN2 asks SA2 to provide information on whether and how the need for reference time information can be determined for any given connected UE
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]FFS if The referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.
And in RAN2#107 meeting, the running CR on TSC reference time distribution [2] was discussed and endorsed as baseline.
There are still two open issues about timing reference, and we’d like to have a quick discussion on them.
Discussion
0. [bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK146][bookmark: OLE_LINK147]Encoding of Uncertainty
There are two solutions of how to identify the uncertainty in LTE [3]:
· One is to that the time reference value is expressed in units of 250 ns and uncertainty indication of K*250 ns, where K is sent in the message;
· Another is to use “K” to indicate how many bits within time are accurate, so that the accuracy of time can be (in us) {0.25, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}.
Since the first solution needs a large number of K, the second solution is at last used in LTE.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The uncertainty field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. If uncertainty is absent, the uncertainty of refQuarterMicroSeconds is not specified.
From the field description of uncertainty in LTE, the max value of uncertainty in unit us = 12 bits from the LSBs of refQuarterMicroSeconds, which is 1024us = about 1ms. 
The running CR [2] after RAN2#106 meeting has already defined the format of the Reference IE for NR as below, and it is endorsed as the baseline:
ReferenceTime-r16 ::=			SEQUENCE {
	refDays-r16							INTEGER (0..72999),
	refSeconds-r16						INTEGER (0..86399),
	refMilliSeconds-r16					INTEGER (0..999),
	refTenNanoSeconds-r16				INTEGER (0..99999)
}
If using total bits to cover the uncertainty of the whole field of refTenNanoSenconds, we need 17bits which seems a bit much. So for NR, considering the requirement gave by SA2, the maximum synchronicity requirement is 20µs:
	clock  synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	Synchronisation clock synchronicity requirement 
	Service area 
	Use case reference

	1
	 Up to 300 devices
	< 1 µs
	≤ 100 m2
	Factories of the Future 2.4
Factories of the Future 5.3
PMSE 1.2, 
Electric Power Distribution 4.1

	2
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2
	PMSE 3.1

	3
	Up 500 UEs
	< 20 µs
	≤ 2500 m2
	PMSE 2.1


Table 1: Clock synchronisation service performance requirement
If 17bits cannot be accepted, then to use the requirement of 20µs could be adopted which only need 11bits.
The uncertainty field in NR could also indicate the number of LSBs which may be inaccurate in the refTenNanoSenconds field, similar as LTE.
Based on the running CR, the ASN and the field description could be added as below:
	uncertainty-r16						INTEGER (0..11)				OPTIONAL,	-- Need R

	uncertainty
This field indicates the number of LSBs which may be inaccurate in the refTenNanoSenconds field. If uncertainty is absent, the uncertainty of refTenNanoSenconds is not specified.



Proposal 1: The uncertainty in TimeReferenceInfo-r16 IE is INTEGER (0..11) and indicates the number of LSBs which may be inaccurate in the refTenNanoSenconds field. 
0. ReferenceSFN Used in PCell
[bookmark: _GoBack]In the running CR, the description of how to use the reference SFN is provided to match previous agreement: “If the referenceTimeInfo field is received in [RRCUnicast] message, the time field indicates the time at the ending boundary of the system frame indicated by referenceSFN.” But for CONNECTED mode UE which can receive the unicast, more than one cell may be configured. For different CA scenarios, the PCell and the SCell(s) may be placed in different locations and may have slightly different SFN boundary from UE point of view. So to make the text clearer, it is necessary to clarify which cell is used as the reference cell.
Proposal 2: The referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.
Conclusion
According to the analysis in Section 2, we propose for NR:
Proposal 1: The uncertainty in TimeReferenceInfo-r16 IE is INTEGER (0..11) and indicates the number of LSBs which may be inaccurate in the refTenNanoSenconds field. 
Proposal 2: The referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.
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