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Introduction
[bookmark: _Toc524946176]In this paper we discuss the following bullet in the work item 
	· 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].



In particular, we discuss the specific issue of granularity applicable to the coding of the uncertainty value delivered to UEs in conjunction with reference time information using SIB based and RRC unicast methods. 
Discussion
The LTE method for reference time delivery using SIB/RRC unicast allows for providing UEs with an uncertainty value associated with the received reference time value (see extract from TS 36.331 Rel-15 below).   
As indicated in the RAN1 LS (R1-1901470) the RAN1 analysis does not include the effects of the uncertainty value received by a UE in conjunction with its corresponding reference time information. 
TimeReferenceInfo information elements (extract from TS 36.331 Rel-15)
-- 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

UE Management of Uncertainty
As indicated by [1] reference time information received by UEs can be expected to have a corresponding inaccuracy of ~.5us for small cell operation for which an inaccuracy limitation of 1 us applies. This inaccuracy can be indicated using the uncertainty field sent as part of the reference time information and serves to provide the UE with the inaccuracy of the reference time applicable at the point of its reception: 
· Supporting the transmission of an uncertainty value allows a UE establish an initial uncertainty for the reference time and to thereby project an ongoing growth in that uncertainty over time (i.e. some UEs may be interested in ensuring the uncertainty of the reference time satisfies the 1us limitation at any time between refreshes of that reference time).
· The projected uncertainty will continue to increase until the UE receives the next refresh of that reference time or the 1us maximum uncertainty is reached.
· The granularity of the uncertainty value should therefore be small as possible/feasible in consideration of realistic increments for uncertainty values that can be provided by a gNB. This will help to maximize the time from when a UE receives a reference time until when, as a result of the ongoing growth of that uncertainty, the UE determines the 1us inaccuracy limit has been exceeded.
· A UE that does not receive a reference time refresh prior to the projected uncertainty reaching the 1us limitation can be said to be non-compliant in which case it may consider itself as inoperable (outside the scope of 3GPP).
· A UE that receives a reference time value without a corresponding uncertainty value can assume it remains in a continual state of compliancy when using that reference time to perform operations (i.e. regardless of how often it receives reference time refreshes).
· gNB implementations may provide different levels of sync service to different UEs and thus there is a need for the uncertainty to be flexible (i.e. indicate different values) or to absent altogether (i.e. optional). 
· gNB implementations that include an uncertainty value along with the corresponding reference time should ensure UEs receive refence time refreshes with a periodicity that allows them to continually operate within the 1us uncertainty requirement.

1. Considering that a UE will continue to project the current value for uncertainty as time progresses, the granularity of the uncertainty should be small enough to reflect realistic increments for uncertainty values that can be provided by a gNB.  
1. Using the smallest realistic granularity for the uncertainty of the reference time helps to maximize the time from when a UE receives a reference time until when the UE may determine the 1us inaccuracy limit has been exceeded.

Therefore, we propose that
Proposal 1	Support an uncertainty value along with the corresponding reference time. 
Proposal 2	The uncertainty value is optional. When absent, UE assumes that the reference time is accurate regardless of the time between reference time refreshes.

To reduce the possibility of a UE experiencing a projected uncertainty that reaches the 1us limit, the uncertainty value sent by the gNB should have a granularity that that takes into account increments of reference time inaccuracies that different system vendors determine to be realistic/feasible while also allowing the difference between the indicated uncertainty and the 1us limit to be as large as possible (i.e. to maximize the time between the value of the uncertainty at reference time reception and the point where the projected uncertainty value for that reference time grows to reach 1us). A granularity smaller than 50ns for encoding the uncertainty value has been proposed in the study item, which is seen as being an appropriate choice. From the analysis during the study item, the inaccuracy introduced by each component is around dozens of nanoseconds. We think 16 ns could be an example number to consider, but we are open to further discuss the exact granularity number.
Proposal 3	Support a granularity of 16ns for the reference time and the uncertainty value.

As indicated by [1] reference time information received by UEs within the context of large cell operation (e.g. > 100m) has a corresponding inaccuracy requirement ranging from 1us up to 10us. For these cells the benefit of keeping the granularity of the reference time and its corresponding inaccuracy as low as is practical is the same as discussed above for small cell operation. 

Conclusion
The following observations have been made:
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Observation 1	Considering that a UE will continue to project the current value for uncertainty as time progresses, the granularity of the uncertainty should be small enough to reflect realistic increments for uncertainty values that can be provided by a gNB.  
Observation 2	Using the smallest realistic granularity for the uncertainty of the reference time helps to maximize the time from when a UE receives a reference time until when the UE may determine the 1us inaccuracy limit has been exceeded.

[bookmark: _GoBack]Based on the discussion above, we propose the following:
Proposal 1	Support an uncertainty value along with the corresponding reference time. 
Proposal 2	The uncertainty value is optional. When absent, UE assumes that the reference time is accurate regardless of the time between reference time refreshes.
Proposal 3	Support a granularity of 16ns for the reference time and the uncertainty value.
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