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1	Introduction
In this paper, we discuss the following open issue:
	FFS whether and how we should modify the encoding of reference time information.


[bookmark: _Ref178064866]2	Discussion
In the email discussion to collect open issues for this WI, the encoding of the reference time information was mentioned. The essence of the issue is that, gNB might broadcast redundant information bits in SIB9, since SIB9 can include both UTC time (in the field timeInfo) and GPS time (in the field referenceTimeInfo) and there is a known relation between UTC time and GPS time (see the notes below in the RRC spec).
	NOTE 1:	The UE may use this field together with the leapSeconds field to obtain GPS time as follows: GPS Time (in seconds) = timeInfoUTC (in seconds) -  2,524,953,600 (seconds) + leapSeconds, where 2,524,953,600 is the number of seconds between 00:00:00 on Gregorian calendar date 1 January, 1900 and 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).


SIB9 ::=                            SEQUENCE {
    timeInfo                            SEQUENCE {
        timeInfoUTC                         INTEGER (0..549755813887),
        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   -- Need R
        leapSeconds                         INTEGER (-127..128)                     OPTIONAL,   -- Need R
        localTimeOffset                     INTEGER (-63..64)                       OPTIONAL    -- Need R
    }                                                                               OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...,
	[[
	referenceTimeInfo-r16				ReferenceTimeInfo-r16				    	  OPTIONAL		-- Need R
	]]
}

ReferenceTimeInfo-r16 ::=		SEQUENCE {
    time-r16                            ReferenceTime-r16,
    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need R
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need R
    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime
}
ReferenceTime-r16 ::=           SEQUENCE {
    refDays-r16                         INTEGER (0..72999),
    refSeconds-r16                      INTEGER (0..86399),
    refMilliSeconds-r16                 INTEGER (0..999),
    refTenNanoSeconds-r16               INTEGER (0..99999)
}
In the RRC spec [1], the GPS time down-to 10 ns granularity is mandatory, if referenceTimeInfo is broadcasted. It is then proposed that the 10ms granularity part of the GPS time be optional so that the accurate reference timing information in GPS time is deduced from the following steps
1. The 10ms granularity part is from timeInfo (intended for UTC time)
2. UE converts the UTC time to the GPS time using the relation above
3. The sub-10 ms granularity is from referenceTimeInfo (intended for GPS time)
However, this solution does not align with the motivation why GPS time was first adoped in the LTE. Some of the reasons are:
· The high accuracy time is from GPS receivers and and there might be some complexity (resulting in loss of accuracy) in the translation between GPS time and UTC time at both gNB and UE
· UTC contains leap seconds (i.e. the UTC time is advanced by 1 second about once every 2 years to account for anomalies in the earth’s rotation).
· UTC has the year 2038 problem (wrap around occurs at 03:14:07 UTC on 19 January 2038).
Moreover, for a typical TSN deployment, we don’t see a use case where UE needs also UTC time. In other words, the network can only broadcast GPS time and no bits are wasted. Lastly, if a use case is identified such that UTC time is needed, we can add additional fields, such as leap seconds, so that UE can deduce the UTC time from the GPS time. 
To sum up, due to the high accurarcy requirement of the reference time information, it is desirable that GPS time is provided and in a complete and independent information block.
[bookmark: _Toc37328606]The accurate reference time information (in referenceTimeInfo), if provided, includes all time information from the start of the time. 
There is a proposal to simplify the encoding of the accurate reference timing. We can use a similar encoding as UTC time of one field instead of multiple fields. An example is provided in the section 5. The maixum number is chosen so that it has a rouglyly same indication range as the UTC time, i.e., two hundred years since the start. Note 576460752303423486 = 2^59 -1 while 549755813887 (as in UTC time) = 2^39-1. The additional twenty bits are used to incidate the sub-10 ms part of GPS time.
[bookmark: _Toc37328607]Adopt the TP in section 5 on simplying the reference timing information encoding. 
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The accurate reference time information (in referenceTimeInfo), if provided, includes all time information from the start of the time.
Proposal 2	Adopt the TP in section 5 on simplying the reference timing information encoding.
[bookmark: _In-sequence_SDU_delivery]
4	References
[bookmark: _Ref37230266][bookmark: _Ref174151459][bookmark: _Ref189809556]Radio Resource Control (RRC) protocol specification TS 38.331, v16.0.0


Page 4
Draft prETS 300 ???: Month YYYY

	4/4	
5	TP 
–	ReferenceTimeInfo
The IE ReferenceTimeInfo contains timing information for 5G internal system clock used for, e.g., time stamping, see TS 23.501 [32], clause 5.27.1.2.
ReferenceTimeInfo information element
-- ASN1START
-- TAG-REFERENCETIMEINFO-START

ReferenceTimeInfo-r16 ::= SEQUENCE {
    time-r16                            ReferenceTime-r16	INTEGER (0.. 576460752303423486),
    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need R
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need R
    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime
}

ReferenceTime-r16 ::=           SEQUENCE {
    refDays-r16                         INTEGER (0..72999),
    refSeconds-r16                      INTEGER (0..86399),
    refMilliSeconds-r16                 INTEGER (0..999),
    refTenNanoSeconds-r16               INTEGER (0..99999)
}

-- TAG-REFERENCETIMEINFO-STOP
-- ASN1STOP

	ReferenceTimeInfo field descriptions

	referenceSFN
This field indicates the reference SFN corresponding to the reference time information. If referenceTimeInfo field is received in DLInformationTransfer message, this field indicates the SFN of PCell.

	time
This field indicates time reference with 10ns granularity from the origin. The origin is specified by the field timeInfoType. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 10ns unit from the origin is refDays*86400*1000*100000 + refSeconds*1000*100000 + refMilliSeconds*100000 + refTenNanoSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field. 
If the referenceTimeInfo field is received in DLInformationTransfer message, the time field indicates the time at the ending boundary of the system frame indicated by referenceSFN. The UE considers this frame (indicated by referenceSFN) to be the frame which is nearest to the frame where the message is received (which can be either in the past or in the future).
If the referenceTimeInfo field is received in SIB9, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted.
If referenceTimeInfo field is received in SIB9, this field is excluded when determining changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	timeInfoType
If timeInfoType is not included, the time indicates the GPS time and 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 origin of the time is unspecified.

	uncertainty
This field indicates the uncertainty of the reference time information provided by the time field. The uncertainty is 25ns multiplied by this field. If this field is absent, the uncertainty is unspecified.



	Conditional Presence
	Explanation

	RefTime
	The field is mandatory present if referenceTimeInfo is included in DLInformationTransfer message; otherwise the field is absent.




