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Introduction
In RAN2#104 meeting, reference time provisioning has been discussed, and the following agreement has been achieved:

We reuse the LTE approach for time distribution by broadcast RRC as a baseline, Unicast is FFS 
In this paper, we will discuss the issue about how the reference time is provided by network.
Discussion
According to the TS 22.104, very stringent requirements on clock synchronicity between different nodes (e.g 1µs) shall be guaranteed under many use cases, e.g., motion control. Based on accurate reference timing, devices can perform exact required operations. This is very important in industrial environment as wrong operation may damage a machine and may lead to a production downtime with possibly huge financial damage. 

The time distribution by broadcast RRC can significantly reduce signaling overhead. However, as different UEs  may needs different time synchronization accuracy to satisfy various application requirements, it is reasonable to provide UE with reference time via dedicated signaling. Further, from the view of security, the dedicated RRC message is a more suitable method especially under that case that the reliable time information is required for precise control.

Proposal 1: Reference time for IIOT can be provided by dedicated signaling.

In LTE, it has been supported to provide reference time through a TimeReferenceInfo IE carried in the dedicated RRC signaling. The time field indicates the time at the ending boundary of the SFN indicated by referenceSFN. The referenceSFN field is mandatory present if TimeReferenceInfo IE is included in DLInformationTransfer message; otherwise the field is not present.

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
Observation 1: In LTE, the referenceSFN filed is mandatory for the time distribution by dedicated signaling.

According to the TS 22.261, the number of UEs can be up to 1 million connections per square kilometre, and the 5G network shall optimize the resource use of the control plane and/or user plane to support high density connections.

Currently, SFN has 10 bits and the maximum value is 1023. If the network indicates the reference SFN to the UE in addition to the time reference information, a large overhead will occur.

Observation 2: the referenceSFN filed carried in the dedicated RRC message of reference time will result in a large overhead, especially under the high density connections scenarios.
In order to reduce the overhead of providing reference SFN, it is better to specify a fixed SFN (e.g. SFN=0) as the reference SFN.
Proposal 2: The reference SFN of reference time is a hard coded SFN. 
As the dedicated RRC message can be transmission based on HARQ operation, there may be wrap around issue as shown in below fig.1, which may lead to a misunderstanding from UE side. In order to avoid the misunderstanding of reference time point, network shall guarantee that the dedicated message is not received by UE during the next SFN loop, which limits the freedom of network to provide reference time.
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Fig.1 SFN wrap around for reference time point 

Observation 3: In LTE, the network can not provide UE with reference time at any time in order to avoid the misunderstanding of reference time point caused by the SFN wrap around.

If the NW wants to provide reference time at any time point, a wrap around indication may need to be carried in the RRC message of reference time. As shown in fig.2, if the initial transmission occur in the latter half of the SFN space and the message is received by UE in the first half of the SFN space, UE can determine that the ending boundary of a reference SFN in the last SFN loop is the reference time point. Otherwise, UE can determine that the ending boundary of a specified SFN in the current SFN loop as the reference time point, because the latency of the transmission of the dedicated RRC message will not exceed 10240ms in 5G system. In this example, one bit indication is enough to assistant UE to determine whether SFN wrap around has occured. Thus, UE can determine the exact reference time point.
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Fig.2 an example for the determination of reference time point by UE
Proposal 3: RAN2 can discuss whether one bit indication is needed to indicate wrap around of reference SFN.
Conclusion

In this contribution, we discussed the issue about how the reference time is provided by network. The related observations and proposals are as following:

Observation 1: In LTE, the referenceSFN filed is mandatory for the time distribution by dedicated signaling.

Observation 2: the referenceSFN filed carried in the dedicated RRC message of reference time will result in a large overhead, especially under the high density connections scenarios.
Observation 3: In LTE, the network can not provide UE with reference time at any time in order to avoid the misunderstanding of reference time point caused by the SFN wrap around.

Proposal 1: Timing reference for IIOT can be provided by dedicated signaling.

Proposal 2: The reference SFN of reference time is a hard coded SFN. 
Proposal 3: RAN2 can discuss whether one bit indication is needed to indicate wrap around of reference SFN.
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