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1 Introduction
In RAN2#105 meeting, the following text had been captured in TR 38.325 [1] to realize accurate reference timing delivery: 

	· 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.


And in RAN2#105bis meeting, it was agreed that:

	· 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. 


Hence, in this contribution, we focus on the signalling design of reference timing delivery with the required granularity from gNB to UE.
2 Discussion
2.1 Signalling of reference timing information
As agreed in last meeting, granularity of the signalled reference timing is at most 50 ns and determination of exact value needs further evaluation. Regarding the specific format of reference timing signalling, it was agreed that confirm that we use LTE rel-15 SIB and RRC unicast based methods for reference time delivery. Therefore, the TSN reference time is not tied with timeInfoUTC as the industrial applications/devices use a separate reference time definition, instead of an offset from UTC time value, as shown below.
In the current RRC signalling, the timeInfoUTC IE is defined as reference timing, which range is from 0 to 549755813887, occupying 39 bit range for 10ms granularity. If the required granularity is 50ns, then additional 18 bits, 17bits or 14bits are needed as shown in the following table, depending on the specific timing accuracies required by the PTP/IEEE1588 of the TSN domain.

	TSN Domain
	Granularity / Resolution
	Bit length

	1
	TSN_TimeInfo_1us
	53 bits

	2
	TSN_TimeInfo_100ns
	56 bits

	3
	TSN_TimeInfo_50 ns
	57 bits


For example of 50ns granularity, the additional nanosecond can be included, and the indicated time in 50 ns unit , which is different from that in Rel-15 LTE HRLLC which is in 0.25 us, are:

Rel-15：refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds
 Rel-16： refDays*86400*1000*1000*20 + refSeconds*1000*1000*20 + refMilliSeconds*1000*20 +  ref50NanoSeconds*20. 

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. And this field modification will not trigger neither paging procedure for system information change nor the modification of systemInfoValueTag in SIB1. And the broadcasted time can be understood to be applicable at the “time corresponding to the SFN boundary at or after the ending boundary of the SI-Window in the corresponding SIB9 transmitted”.
Existing TimeReferenceInfo in LTE for HRLLC
-- 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

New TimeReferenceInfo in NR for TSN
-- ASN1START

 TSN-TimeReferenceInfo-r16 ::=

SEQUENCE {


time-r16






ReferenceTime-r16,


uncertainty-r16





INTEGER (0..12)



OPTIONAL,
-- Need OR


timeInfoType-r16




ENUMERATED {localClock}

OPTIONAL,
-- Need OR


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),


ref50NanoSeconds-r16


        INTEGER (0.. 19999),


ref50NanoSeconds-r16


    INTEGER (0.. 19)

}

-- ASN1STOP

Proposal 1: it is proposed to adopt the separate definition of TSN reference time IEs in full- in the signalling.
On the other hand, as mentioned above, SA1 has agreed to support the up to 32 working domains, and 5G system is required to support the multiple time domains for synchronisation at least for some use cases. And in current both NR and LTE reference time info message, the specified reference time information is only for one time domain, without the mechanism to support multiple time domains. This means the reference time information IE need to be extended into the time information List IEs for multiple time domains for solution#11-option#2, where a Time domain index designed by RAN can be used to distinguish each time domain and synch up with the UE.
Proposal 2: it is proposed to the reference time information IE need to be extended into the time information List IEs for multiple time domains for solution#11-option#2, where a Time domain index designed by RAN can be used to distinguish each time domain and synch up with the UE.
2.2 Inaccuracy indication

On the other hand, an inaccuracy indication which had been agreed in Rel-15 LTE HRLLC to be optionally sent to indicate inaccuracy range of a time reference information, which range is from 0.25us to 1 ms, is similar to the signalling implementation in the location server sends GNSS time with different accuracy levels to the UE. The UE can derive the actual reference time lies in the time range from time – unc to time + unc. If the time reference value expressed in units of 50 ns, the inaccuracy range can be from 50ns to 1 ms.
Proposal 3: an inaccuracy indication which had been agreed in Rel-15 LTE HRLLC can be reused in the accuracy reference time calculation.
3 Conclusions

In this paper, the following observations and proposal are given:
Proposal 1: it is proposed to adopt the separate definition of TSN reference time IEs in full- in the signalling.
Proposal 2: it is proposed to the reference time information IE need to be extended into the time information List IEs for multiple time domains for solution#11-option#2, where a Time domain index designed by RAN can be used to distinguish each time domain and synch up with the UE.
Proposal 3: an inaccuracy indication which had been agreed in Rel-15 LTE HRLLC can be reused in the accuracy reference time calculation.  
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