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1
Introduction
Regarding provision of time reference information via dedicated RRC signalling, a new referenceSFN IE was introduced [1], and details are shown in section 6 Annex. We find that the UE behaviour may not be clear as SFN wrap-around issue, so this paper is to discuss whether to clarify UE behaviours or not.
2
Discussion
2.1
Analysis on issues

Currently, SFN has 10 bits and the maximum value is 1024. If the network indicates the referenceSFN IE to the UE in addition to the time reference information, there may be wrap-around issue, i.e. the network and the UE may use the same SFN but in different SFN cycle.
Here we provide some examples to illustrate the wrap-around issue.
Condition 1: Assumed that the network initiates a DL RRC message (i.e. DLInformationTransfer) to transmit the time reference information as well as the referenceSFN IE. The first transmission of the RRC message is on SFN 200 and the referenceSFN IE indicates 210.
In figure 1, if there is re-transmissions of the RRC message and the UE successfully receives the RRC message on SFN 208, the UE should consider SFN 210 as the SFN closely following SFN 200.
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Figure 1: case 1 of transmission of referenceSFN
In figure 2, if there is re-transmissions of the RRC message and the UE successfully receives the RRC message on SFN 212, there may be two options on understanding SFN 212 indicated by the referenceSFN IE:
· Option 1: SFN 212 in the current SFN cycle

· Option 2: SFN 212 in the next SFN cycle
If the UE follows option 2, there may be a mistach on this IE between the UE and the network.
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Figure 2: case 2 of transmission of referenceSFN
Observation 1: If the network includes the referenceSFN IE, and the UE receives the IE on the SFN after the SFN indicated the referenceSFN IE, the UE may consider applying the referenceSFN IE either in the current SFN cycle or the next SFN cycle.
Condition 2: Assumed that the network initiates a DL RRC message (i.e. DLInformationTransfer) to transmit the time reference information as well as the referenceSFN IE. The first transmission of the RRC message is on SFN 200 and the referenceSFN IE indicates 190.

In figure 3, if there is re-transmissions of the RRC message and the UE successfully receives the RRC message on SFN 208, there may be two options on understanding SFN 190 indicated by the referenceSFN IE:

· Option 1: SFN 190 in the current SFN cycle

· Option 2: SFN 190 in the next SFN cycle
If the UE follows option 2, there may be a mistach on this IE between the UE and the network. For this case, we have the same observation as observation 1.
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Figure 3: case 3 of transmission of referenceSFN
2.2
Potential solutions
For provision of time reference, the network should provide the time reference information to the UE as soon as possible, so the SFN where the UE receives the RRC message (including the time reference information) should be as close as much to the SFN indicated by the referenceSFN IE. In this case, we propose the following solution:
Add one clarification to the field description of the referenceSFN IE:

The UE considers the frame indicated by the IE referenceSFN as close as possible to the frame where the IE is received.

Based on this solution, the issues in case 2 and case 3 will be solved.

For case 2, the UE should choose option 1 and thus it is aligend with the network.

· Option 1: SFN 212 in the current SFN cycle

For case 3, the UE should choose option 1 and thus it is aligned with the network.
· Option 1: SFN 190 in the current SFN cycle

It can be seen that the UE will select a unique SFN for the referenceSFN IE due to the proposed solution, and thus there is no mistach between the UE and the network on the referenceSFN IE.
Proposal 1: It is proposed to add one clarification to the field description of the referenceSFN IE:

- The UE considers the frame indicated by the IE referenceSFN as close as possible to the frame where the IE is received.

3
Conclusions
In this contribution, we discuss the issues due to the referenceSFN IE. Basically, when the UE reiceves the IE, it may consider applying the SFN indicated by the IE either in the current SFN cycle or the next SFN cycle. In order to solve this issue, we propose:
Proposal 1: It is proposed to add one clarification to the field description of the referenceSFN IE:

- The UE considers the frame indicated by the IE referenceSFN as close as possible to the frame where the IE is received.
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Annex

–
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
	TimeReferenceInfo field descriptions

	referenceSFN
This field indicates the reference SFN for time reference information. The time field indicates the time at the ending boundary of the SFN indicated by referenceSFN.
If the time field is included in SystemInformationBlockType16 and the referenceSFN field is not included, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.

	time, timeInfoType
This field indicates time reference with 0.25 us granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 0.25 us unit from the origin is refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field. If timeInfoType is not included, the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the interpretation of the origin of the time is unspecified and left up to upper layers.
If time field is included in SystemInformationBlockType16, this field is excluded when estimating changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.

	uncertainty
This field indicates the number of LSBs which may be inaccurate in the refQuarterMicroSeconds field. If uncertainty is absent, the uncertainty of refQuarterMicroSeconds is not specified.


	Conditional presence
	Explanation

	TimeRef
	The field is mandatory present if TimeReferenceInfo is included in DLInformationTransfer message; otherwise the field is not present.
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