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1. Introduction
In RAN2#105 meeting, reference time provisioning has been discussed, and the following agreements have been achieved [1]:

· Unicast RRC signaling is also used to distribute timing information.
· signalling granularity of reference time information is =<50ns

In this paper, we will discuss the issue about how the reference time is provided by network via dedicated signaling.
2. Discussion
In LTE, it has been supported to provide reference time through a TimeReferenceInfo IE via dedicated RRC signaling. The time field carried in this IE 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 if dedicated signaling is used to distribute timing information.

According to the TS 22.261, the number of connections can be up to 1 million per square kilometre, and the 5G network shall optimize the resource usage of the control and 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 in LTE will result in large system overhead, especially in 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=1023) as the reference SFN for time reference information.

Proposal 1: The reference SFN for time reference information is a hard coded SFN (e.g. maxSFN/2). 
As the dedicated RRC message may be re-transmitted, which may lead wrap around issue as shown in fig.1 (assumed reference SFN=1023), which may lead to a misunderstanding of reference time point at UE side. In order to avoid this kind of misunderstanding, 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: With the enhancement of proposal 1, the network cannot 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 needs to be carried in the RRC message of reference time. The wrap around indication indicates whether the initial transmission of time reference information occurs in the first half of SN space (i.e. SFN~[0,511])or the latter half of SN space (i.e, SFN~[512,1203]). As shown in fig.2, if the initial transmission occurs in the latter half of the SFN space and the message is received by UE in the first half of the SFN space, with the wrap around indication UE can determine that the ending boundary of a reference SFN in the last SFN loop is the actual reference time point. Otherwise, UE can determine that the ending boundary of a specified SFN in the current SFN loop as the actual reference time point, because the latency of the transmission of the dedicated RRC message will not exceed 5120ms in 5G system. In this example, one bit indication is enough to assistant UE to determine whether SFN wrap around has occurred. Thus, UE can determine the exact reference time point. Whether the wrap around indication is included in the dedicated message of the time reference depends on the NW decision. For example, If NW is pretty sure that the wrap around would not happen, the wrap around indication will not be carried. Otherwise, the wrap around indication will be carried.
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Fig.2 an example for the determination of reference time point by UE
Proposal 2: If the network vendor considers wrap around would happen, one bit indication can be introduced to indicate whether the initial transmission of time reference information occurs in the first half of SFN space or not.

If the wrap around indication is not present in the dedicated RRC message of time reference. Under this case, UE determines the ending boundary of the hard coded reference SFN in the SFN loop where time reference message is received as the actual reference time point. Under the case that the wrap around indication is present in the message of time reference, if the initial transmission of time reference information is located in the latter half of SFN space which is not same as reception, UE can determine that the wrap around has happened, then determine the ending boundary of the hard coded reference SFN in the last SFN loop as the actual reference time point. If the initial transmission of time reference information is located in the first half of SFN space, UE determine the ending boundary of the hard coded reference SFN in the SFN where the time message is received as the actual reference time point. The usage of the wrap around indication is summarized as the following table.

	Case 1:The initial transmission of time reference information locates in the latter half of SFN space which is same as the SFN pace of reception

The received reference time indicates the time at the ending boundary of the hard corded reference SFN in the SFN loop where the time reference message is received.

	Case 2:The initial transmission of time reference information locates in the latter half of SFN space which is different from the SFN space of reception

The received reference time indicates the time at the ending boundary of the hard corded reference SFN in the last SFN loop.




3. 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 if dedicated signaling is used to distribute timing information.

Observation 2: the referenceSFN filed carried in the dedicated RRC message of reference time in LTE will result in large system overhead, especially under the high density connections scenarios.
Observation 3: In LTE, the network cannot 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: The reference SFN for time reference information is a hard coded SFN (e.g. maxSFN/2). 
Proposal 2: If the network vendor considers wrap around would happen, one bit indication can be introduced to indicate whether the initial transmission of time reference information occurs in the first half of SFN space or not.
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