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Introduction
[bookmark: _Toc524946176]In the last meeting, the following has been agreed 
	· 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.
· R2 assumes that some propagation delay compensation may be needed for distance > 200m. 
· FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified.


In this paper, we discuss some issues with diverging opinions in the email discussion, related with granularity, uncertainty, SFN indication and propagation delay compensation. 
Discussion
LTE baseline
The LTE Rel-15 method for reference time delivery using SIB/RRC unicast allows for providing UEs with a fixed granularity value and an uncertainty value associated with the received reference time value (see extract from TS 36.331 Rel-15 below).   
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
The reference time has a granularity of 0.25 us. The uncertainty field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. The combination of the granularity and the uncertainty fields gives the accuracy of the reference time. For example, if uncertainty-r15 = 0, the accuracy of the reference time is ±0.125 us. If uncertainty-r15 = 1, the accuracy of the reference time is ±0.25 us. If uncertainty-r15 = x, the accuracy of the reference time is ±0.25*2x-1 us. 

In LTE Rel-15, the reference SFN is explicitly indicated in the RRC-unicast message. This is deemed to be necessary, since RRC-unicast message is subject to an unknown number of re-transmissions and it is impossible for the network to know exactly when the message is received, and hence a need to inform the UE what the time in the RRC-unicast message refers to. However, for SIB message, it is clear when the SIB message will be received at UE.  

Granularity and uncertainty in NR
A granularity from 10ns to 50ns has been proposed and discussed in the email discussion. From the analysis during the study item, the uncertainty introduced by some network components that contribute to the total inaccuracy is seen to be as low as a few dozen nanoseconds. It has also been mentioned that if the granularity is 50ns, the error due to granularity could be a significant for deployments using either low inter-site distances (ISD) or high sub-carrier spacings (SCS). From these arguments, the granularity value closer to 10ns is our preference. 
Proposal 1 [bookmark: _Toc4161112][bookmark: _Toc4161755][bookmark: _Toc4421624][bookmark: _Toc4587991][bookmark: _Toc4658473][bookmark: _Toc4685192][bookmark: _Toc4685199][bookmark: _Toc4685418][bookmark: _Toc4686002][bookmark: _Toc4686563][bookmark: _Toc7451551][bookmark: _Toc7451559][bookmark: _Toc7451945][bookmark: _Toc7452689][bookmark: _Toc7452704][bookmark: _Toc7452716][bookmark: _Toc7452825][bookmark: _Toc7452855][bookmark: _Toc7547890][bookmark: _Toc7547903][bookmark: _Toc7548028][bookmark: _Toc7548034][bookmark: _Toc7694646][bookmark: _Toc7696052][bookmark: _Toc7715505][bookmark: _Toc7715517][bookmark: _Toc7727417][bookmark: _Toc7727502][bookmark: _Toc7727583][bookmark: _Toc7727651][bookmark: _Toc7727747][bookmark: _Toc7727962][bookmark: _Toc7727983][bookmark: _Toc7727999][bookmark: _Toc7730632]Support a granularity of 10 ns for the reference time.

As commented in the email discussion, an uncertainty indication along can account for gNB implementation, deployment and sync requirement (either 1 us or 10 us). Moreover, it can also provide differentiated services to different UEs. Therefore, we propose the following:
Proposal 2 [bookmark: _Toc7547891][bookmark: _Toc7547904][bookmark: _Toc7548029][bookmark: _Toc7548035][bookmark: _Toc7694647][bookmark: _Toc7696053][bookmark: _Toc7715506][bookmark: _Toc7715518][bookmark: _Toc7727418][bookmark: _Toc7727503][bookmark: _Toc7727584][bookmark: _Toc7727652][bookmark: _Toc7727748][bookmark: _Toc7727963][bookmark: _Toc7727984][bookmark: _Toc7728000][bookmark: _Toc7730633]Support an uncertainty indication for the reference time.

In LTE baseline, the uncertainty field indicates the number of LSBs (lowest significant bits) which may be inaccurate, and as a result, eNB can only indicate a limited number of inaccuracy levels. For example, if we adopt 10 ns as granularity and use the same encoding for uncertainty as in LTE, gNB can only indicate accuracy level from below:
±5ns, ±10ns, ±20ns, ±40ns, ±80ns, ±160ns, ±320ns, ±640ns, ..
This seems a bit restrictive, since gNB is not able to, for example, indicate the accuracy level of ±100ns, ±200ns. We instead propose to use the uncertainty encoding as an integer number of the granularity. 
Proposal 3 [bookmark: _Toc7547892][bookmark: _Toc7547905][bookmark: _Toc7548030][bookmark: _Toc7548036][bookmark: _Toc7694648][bookmark: _Toc7696054][bookmark: _Toc7715507][bookmark: _Toc7715519][bookmark: _Toc7727419][bookmark: _Toc7727504][bookmark: _Toc7727585][bookmark: _Toc7727653][bookmark: _Toc7727749][bookmark: _Toc7727964][bookmark: _Toc7727985][bookmark: _Toc7728001][bookmark: _Toc7730634]The inaccuracy of time info is the uncertainty field value multiplexed by granularity of the time info.

SFN indication in NR
If the reference time received at UE refers to an epoch that is far away from the current epoch at UE side, UE needs to use its own clock to deduce the current epoch which may be inaccurate due to the difference between UE clock and 5G clock. Thus, it makes sense that when UE receives the reference time, the SFN this reference time refers to should be as close as possible to UE’s reception time. 
[bookmark: _Toc7696078][bookmark: _Toc7727589]Reference SFN should be as close as possible to the SFN when UE receives the reference time information. 
For RRC-unicast message, gNB can refer to an SFN in the future when first transmitted at gNB to account for typical latency in RRC-unicast message transmission. But due to unknown re-transmission delays, when UE receives this message, the reference SFN would be considered as the past. This was the discussion in LTE rel-15 and the reason to add the clarification text that “the UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received”. We believe this should apply for NR as well. Thus, we propose adopting option 1 (LTE baseline) in the email discussion.
Proposal 4 [bookmark: _Toc7696055][bookmark: _Toc7715508][bookmark: _Toc7715520][bookmark: _Toc7727420][bookmark: _Toc7727505][bookmark: _Toc7727586][bookmark: _Toc7727654][bookmark: _Toc7727750][bookmark: _Toc7727965][bookmark: _Toc7727986][bookmark: _Toc7728002][bookmark: _Toc7730635]As in LTE Rel-15, for RRC-unicast message, UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future.
For SIB message, there is no re-transmission and no confusion on which SFN this message refers to. As per observation 1, we do not see a clear benefit yet to explicit indicate SFN in the SIB message. 
Proposal 5 [bookmark: _Toc7696056][bookmark: _Toc7715509][bookmark: _Toc7715521][bookmark: _Toc7727421][bookmark: _Toc7727506][bookmark: _Toc7727587][bookmark: _Toc7727655][bookmark: _Toc7727751][bookmark: _Toc7727966][bookmark: _Toc7727987][bookmark: _Toc7728003][bookmark: _Toc7730636]As in LTE Rel-15, for SIB-9 message, the reference SFN is the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. 

Downlink delay compensation
[bookmark: _Toc7725395]In the RAN1 LS [1], it is not clear what propagation delay compensation is used in the evaluation. They state that “The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1us).” In the technical report [2], it is stated that only if a UE was to apply propagation delay compensation, a gNB-to-UE synchronization accuracy of 470ns to 540ns (from a total of 4 sources) for 15kHz SCS can be achieved independently of the ISD. Admittedly, in these four sources, the only propagation delay compensation method used in the analysis is the use of timing advance.
[bookmark: _Toc7725396]However, use of TA for propagation delay compensation has not been agreed, nor is it written anywhere in the RAN1 LS and the RAN2 technical report. We believe a clear indication of what propagation delay compensation method is used is needed in order to make sure all UEs properly apply the delay compensation to meet the 1us sync requirement in large cell. 
On the other hand, the design of such downlink delay compensation methods falls out of RAN2 expertise, and RAN1 should be the group to further discuss this. 
Proposal 6 [bookmark: _Toc7727422][bookmark: _Toc7727507][bookmark: _Toc7727588][bookmark: _Toc7727656][bookmark: _Toc7727752][bookmark: _Toc7727967][bookmark: _Toc7727988][bookmark: _Toc7728004][bookmark: _Toc7730637]Send a LS to RAN1 asking for clarification on what delay compensation methods will be utilized in a large serving cell and whether any new methods or enhancements are needed. 

Conclusion
The following observations have been made:
Observation 1	Reference SFN should be as close as possible to the SFN when UE receives the reference time information.

Based on the discussion above, we propose the following:
Proposal 1	Support a granularity of 10 ns for the reference time.
Proposal 2	Support an uncertainty indication for the reference time.
Proposal 3	The inaccuracy of time info is the uncertainty field value multiplexed by granularity of the time info.
Proposal 4	As in LTE Rel-15, for RRC-unicast message, UE considers the frame indicated by the referenceSFN nearest to the frame where the time information is received, which can be either in the past or in future.
Proposal 5	As in LTE Rel-15, for SIB-9 message, the reference SFN is the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted.
Proposal 6	Send a LS to RAN1 asking for clarification on what delay compensation methods will be utilized in a large serving cell and whether any new methods or enhancements are needed.
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