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1 Introduction

IIOT WID includes the accurate reference timing delivery using broadcast and unicast signallings:

	3. 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].


This contribution discusses detail on how to support timing delivery in NR IIOT.
2 Discussion
	2.1.1.1 –     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


Figure 1. TimeReferenceInfo in LTE [1]
In LTE, TimeReferenceInfo is defined to provide the reference timing information for the reference SFN as shown in Figure 1. This IE can be included in SIB16 for broadcast or DLInformationTransfer for unicast. In NR, the same principle can be used. For broadcast, NR SIB9 about GPS time and Coordinated Universal Time (UTC) is an appropriate location.

Proposal 1. TimingReferenceInfo can be included in DLInformationTransfer and SIB9.
In reply LS to SA2 [2], the signaling granularity of the reference time information was assumed as less than or equal to 50ns whereas the granularity in LTE is 250ns. In our view, 50ns seems sufficient because air interface error is assumed as roughly 500ns which is dominant factor of overall synchronization error. Further finer granularity would be useless.

Proposal 2. The granularity of the reference time information is 50ns.

In LTE, TimeReferenceInfo provides uncertainty level as how much the timing information is accurate. Each gNB/NW may have different clock performance which could give different accuracy of the delivered timing information. In this case, it is good to provide “uncertainly”

Proposal 3. TimeReferenceInfo includes uncertainty as in LTE.

The referenceSFN should be optional if provided in SIB9 (as like in LTE) but mandatory if provided in dedicate RRC message.  Also, considering less than or equal to 50ns granularity, NR TimingReferenceInfo will be more accurate than LTE. Under this accurate synchronization, it would be nice to clarify which serving cell’s SFN boundary it is.  The simplest one would be PCell, rather than providing cell ID.   

Proposal 4. The referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.

It is not clear whether IIOT should support the same synchronization in handover case. It is possible that the timing is not actually identical between source and target in nanosecond scale. In this case, some timing information of target cell e.g. uncertainty, TimeReferenceInfo itself may be needed.
Proposal 5. RAN2 to discuss whether the timing information of the target cell is delivered by serving gNB.

3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:
Proposal 1. TimingReferenceInfo can be included in DLInformationTransfer and SIB9.
Proposal 2. The granularity of the reference time information is 50ns.

Proposal 3. TimeReferenceInfo includes uncertainty as in LTE.

Proposal 4. The referenceSFN field indicates the time at the ending boundary of the SFN indicated by referenceSFN of PCell.

Proposal 5. RAN2 to discuss whether the timing information of the target cell is delivered by serving gNB.
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