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1. Introduction
Similar as that leap year is used to coordinate the number of days in one year with the rotation period of the earth, leap second is also used to coordinate the time with the rotation period of the earth. 
Since the system of leap seconds was introduced in 1972, the Earth's rotation has generally been a bit sluggish. So far, there have been 27 leap seconds, and they have all been positive. Recently, however, the Earth has been getting quicker, and no leap second has been required since 2016. The next possible date is June 30, 2021. However, the Earth's rotation has been speeding up lately, so it is becoming increasingly unlikely that any positive leap seconds will be added in 2021. If the Earth's rotation continues to quicken, we may at some point require a negative leap second. If this happens, our clocks would skip a second, in order to keep up with the hurrying Earth.
It’s obvious leap second occurrence has impacts on time synchronization. As the occurrence of leap second is irregular, in legacy specification, leap second is generally indicated in the time delivery, e.g., in current RAN spec, it is included in legacy SIB9 (see below the cited ASN.1) along with UTC time and used to correct UTC time when leap second occurs.
Similarly, the daylight-saving time (DST) may be applied in some country for energy saving, which impacts local time clock. The DST/DSTE (DST End) switch occasion is decided by local government and may be vary between different regions. Similar as leap second, the DST information is also included in legacy SIB9 and be used to correct UTC time when DST applies.
	· SIB9
SIB9 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
NOTE:	The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock.
SIB9 information element
-- ASN1START
-- TAG-SIB9-START
SIB9 ::=                            SEQUENCE {
timeInfo                 SEQUENCE {
    timeInfoUTC                NTEGER (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
]]
}
-- TAG-SIB9-STOP
-- ASN1STOP

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time. The semantics are the same as the semantics of the Daylight Saving Time IE in TS 24.501 [23] and TS 24.008 [38]. The first/leftmost bit of the bit string contains the b2 of octet 3 and the second bit of the bit string contains b1 of octet 3 in the value part of the Daylight Saving Time IE in TS 24.008 [38].

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.


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).

· 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,
uncertainty-r16                INTEGER (0..32767)          OPTIONAL,   -- Need S
timeInfoType-r16               ENUMERATED {localClock}     OPTIONAL,   -- Need S
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

	time
This field indicates time reference with 10ns granularity. 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 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 SIB





In this contribution, we will discuss the leap second and DST information issues related to R16 and beyond accurate reference timing delivery and give our proposals.
2. Discussion
2.1 Application of leap second and DST to R16 accurate reference time
As cited above, in R15 NR, the timeInfo is indicated based on UTC time from 1900 and with 1s granularity. Moreover, the leapSeconds IE can be applied to timeInfoUTC when leap second occurs. However, in R16, more accurate reference time with 10ns granularity has been introduced. It can be seen that the leap seconds are not considered in the calculation of R16 accurate time based on referenceTimeInfo IE.
Observation 1: It can be seen that the leap seconds are not considered in the calculation of R16 accurate time based on referenceTimeInfo IE.
Figure 1 shows the 5G TSN system, in which the clock of NW-TT and the clock DS-TT are synchronized with a precision of ≤ 1 µs, and the deterministic QoS is obtained by hold & forward buffering mechanism in DS-TT and NW-TT to de-jitter flows that have traversed the 5G System[4]. 
[image: ]
Figure 1. 5G system is modelled as IEEE Std 802.1AS compliant time aware system for supporting TSN time synchronization[4]
If there is time difference between the NW-TT and DS-TT with precision of > 1 µs, the deterministic QoS cannot be provided. Usually, the time synchronization is performed as one of the follows:
· Alt1: Local on-site GNSS receiver as TSN GM clock: Both the clock of NW-TT and the clock of gNB are synchronized with GNSS, and gNB provide it’s time to UE by SIB9 or unicast.
· Alt2: Remote TSN GM clock entity using cascaded PTP capable transport network connection: The clock of NW-TT is synchronized with TSN GM clock, which is further synchronized with gNB by gPTP, and gNB provide it’s time to UE by SIB9 or unicast. 
· Alt3: Local on-site TSN GM clock, and gNB provide it’s time to UE by SIB9 or unicast.
As there are several different kinds of time provision, a timeInfoType IE is introduced in R16. If it 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 time comes from remote or local TSN GM clock. 
If the referenceTimeInfo indicates the GPS time (Alt1), we understand there is no leap second issue when GPS time is used. Therefore, it’s no need to correct the referenceTimeInfo in UE side in this case when leap second occurs. 
Observation 2a: If the referenceTimeInfo indicates the GPS time (Alt1), it’s no need for UE to correct the referenceTimeInfo when leap second occurs.
However, if the time synchronization is from remote TSN GM clock (Alt2) or Local on-site TSN GM clock (Alt3), e.g. local clock is used, we think the situation is similar as UTC time provision in R15. That means, when leap second occurs, leap second also exist in the TSN GM clock and can be notified to gNB. The gNB may need to further notify this leap second information to UE. But based on the current R16 referenceTimeInfo IE definition, the leap second hasn’t been considered.
There might be a thought that the referenceTimeInfo IE can be directly correct by gNB as gNB can know the existence of leap second. But this is infeasible. When positive leap second occurs, a leap second 61 need to be inserted in the last minute of the day. Based on the current referenceTimeInfo IE definition, e.g. the time is expressed with refDays, refSeconds, refMilliSeconds, refTenNanoSeconds and refSeconds can only indicate maximum 86400 seconds per day. It’s no way for gNB to insert one more second in the last minute of a day. Or In other word, if gNB wants to insert this second, it finally would cause the refDays to jump to the next day. This is incorrect and would make the time stamp in UE inconsistent with the time stamp in gNB/core network.
Observation 2b: When the time is from remote TSN GM clock (Alt2) or Local on-site TSN GM clock, leap second may exist in the TSN GM clock. The gNB may need to further notify this leap second information to UE for UE to correct the local time but this is infeasible based on the current referenceTimeInfo IE definition.
Considering that leapSeconds IE already can be included in the legacy SIB9 to transfer the absolute and total number of leap seconds from 1972 which can be used to correct UTC time when leap second occurs, and also considering the local time in R16 might be kind of UTC time or UTC time with time zone conversion, we think the same mechanism as in R15 can be used for the referenceTimeInfo IE to correct such local time when leap second occurs.  
Moreover, referenceTimeInfo IE can also be provided via DLInformationTransfer message. With the similar reason as that for SIB9, the leapSeconds should also be considered in calculation of R16 accurate time when receiving DLInformationTransfer message.
Proposal 1: The R16 referenceTimeInfo IE definition of accurate reference timing delivery needs to take leapSeconds into account in order to correct the local time when leap second occurs.
   
2.2 Prediction indication of leap second and DST
Based on above analysis, we can see, even the time sources and granularity are different between R15 and R16, it’s same for R15 and R16 that the leap second are considered when UE receives local clock via siganling after leap second occurs. However, in the time duration that is after leap second occurs but before the gNB has chance to provide the latest time (via SIB9) to the UE, as the UE cannot know the existence of this leap second, there would be one second difference between UE and gNB.
Figure 2 shows the case that the last minute of the day has 61 seconds, in the duration between the leap second occurs (e.g. 23:59:60....) and the subsequent reference time information provision, the UE’s clock is faster than the gNB’s clock by 1 second, which may lead the deterministic QoS error with 1 second (e.g. one more second for uplink delay and one less second for downlink delay).
[image: leaPsecond61]
Figure 2: last minute of the day has 61 seconds
Figure 3 shows the case that the last minute of the day has 59 seconds, in the duration between the leap second occurs (e.g. 23:59:58....) and the subsequent reference time information provision, the UE’s clock is slower than the gNB’s clock by 1 second, which may lead the deterministic QoS error with 1 second (e.g. one less second for uplink delay and one more second for downlink delay). 
[image: leaPsecond59]
Figure 3: last minute of the day has 59 seconds
As the time accuracy in R15 is 1s, such one second time difference in a certain time period between UE and gNB would almost cause no issue. But in R16 5G TSN system, the time synchronization requirement has been increased to 10ns while the minimum granularity for scheduling SIB9 is 10ms. That means, when leap second occurs, gNB cannot provide leap second to the UE in a very short time that can be aligned with R16 synchronization accuracy. Therefore, even Proposal 1 is agreed, the UE still cannot calculate the time accurately in this time period between the occurrence of leap second and the subsequent reference time information provision. The issues are summarized as following:
· As mentioned in Figure 2 and Figure 3, such one second time difference between UE and gNB might further lead to incorrect time stamp in UL packet marked by UE or lead to incorrect calculation for DL packet delay by the UE (as such one second time difference may be counted into the packet delay by the UE). Considering in R16 TSN network, the typical delay for deterministic service is very small, e.g., with us granularity, e.g., 500us. Such wrong time stamp/calculation for packet delay should be avoided.
· [bookmark: _GoBack]The leap second process mechanism from R15 (would be in R16 if Proposal 1 is agreed) would cause a one-second clock jump when UE receives the updated SIB9 after leap second occurs. Such clock jump may further cause unexpected statistics error in UE side. Such issue might be more serious for the vertical industry devices which uses higher accuracy time. 
Observation 3a: Based on the leap second process mechanism from R15 (would be in R16 if Proposal 1 is agreed), if leap second occurs, there will be one second time difference between UE and gNB in the time duration between the occurrence of leap second and the subsequent reference time information provision. This would further cause negative impacts on deterministic delay, e.g., to the R16 TSN system.

In order to avoid such time difference between UE and gNB caused by leap second in the 5G TSN system, e.g., to try to enable that UE and gNB can apply leap second synchronously, the simplest way is to provide a leap second indication prior to the time point when leap second will occurs (e.g., to indicate in advance whether the last minute of the current day contains 59 seconds or 61 seconds). Then the UE can apply the leap second at the exactly same time point as the gNB and therefore can keep strict synchronization with gNB.
In fact, most traditional time provision services (e.g., gPTP, IEEE 1588) already have such in-advance leap second indication. In order to reduce the impact of the application of 5G network timing on the traditional industrial TSN networks, it is also necessary to introduce such in-advance leap second indication.
Proposal 2a: To provide leap second prediction indication via referenceTimeInfo IE to UE in order that UE and gNB can apply the time with leap second synchronously.
Similar issue as that for leap second also exists for daylight-saving time (DST), e.g., after DST occurs but before the gNB has chance to provide the latest time (via SIB9) to the UE, as the UE cannot know the existence of this DST, there would be one or two hour difference between UE and gNB. And this may have similar impacts as that from leap second for R16 high accurate time network.
Figure 4 shows the case that DST switch to DSTE at 2:00:00, in the duration between the DST/DSTE switch time and the subsequent reference time information reception, the UE’s clock is faster than the gNB’s clock by 1 hour, which may lead the deterministic QoS error with 1 hour (e.g. one more hour for uplink delay and one less hour for downlink delay). 

[image: DST switch to DSTE]
Figure 4: DST switch to DSTE at 2:00:00
Figure 5 shows the case that DSTE switch to DST at 2:00:00, in the duration between the DSTE/DST switch time and the subsequent reference time information reception, the UE’s clock is slower than the gNB’s clock by 1 hour, which may lead the deterministic QoS error with 1 hour (e.g. one less hour for uplink delay and one more hour for downlink delay).  
[image: DSTE switch to DST]
Figure 5: DSTE switch to DST at 2:00:00
Observation 3b: If DST/DSTE switch occurs, there will be one or two hours time difference between UE and gNB in the time duration between the occurrence of DST/DSTE switch and the subsequent reference time information provision. 
To avoid the time difference between UE and gNB caused by DST/DSTE switch in the 5G TSN system, the DST information should be indicated in advance before the DST/DSTE switch occurs (e.g. provide the DST indication in the reference time info provision prior to the DST/DSTE switch occurrence to indicate if and how daylight-saving time (DST) is applied in the next hour). And then UE can calculate the time accurately in the duration between the occurrence of DST/DSTE switch and the subsequent reference time information provision. 
Proposal 2b: To provide DST prediction indication via referenceTimeInfo IE to UE in order that UE and gNB can apply the time with DST/DSTE synchronously.

Based on the proposals, we provide the text proposals in the ANNEX.

[bookmark: OLE_LINK1]3. Conclusions
In this contribution, we make the following observations and proposals:
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]Observation 1: It can be seen that the leap seconds are not considered in the calculation of R16 accurate time based on referenceTimeInfo IE.

Observation 2a: If the referenceTimeInfo indicates the GPS time (Alt1), it’s no need for UE to correct the referenceTimeInfo when leap second occurs.
Observation 2b: When the time is from remote TSN GM clock (Alt2) or Local on-site TSN GM clock, leap second may exist in the TSN GM clock. The gNB may need to further notify this leap second information to UE for UE to correct the local time but this is infeasible based on the current referenceTimeInfo IE definition.

Observation 3a: Based on the leap second process mechanism from R15 (would be in R16 if Proposal 1 is agreed), if leap second occurs, there will be one second time difference between UE and gNB in the time duration between the occurrence of leap second and the subsequent reference time information provision. This would further cause negative impacts on deterministic delay, e.g., to the R16 TSN system.
Observation 3b: If DST/DSTE switch occurs, there will be one or two hours time difference between UE and gNB in the time duration between the occurrence of DST/DSTE switch and the subsequent reference time information provision. 

Proposal 1: The R16 referenceTimeInfo IE definition of accurate reference timing delivery needs to take leapSeconds into account in order to correct the local time when leap second occurs.
Proposal 2a: To provide leap second prediction indication via referenceTimeInfo IE to UE in order that UE and gNB can apply the time with leap second synchronously.
Proposal 2b: To provide DST prediction indication via referenceTimeInfo IE to UE in order that UE and gNB can apply the time with DST/DSTE synchronously.
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ANNEX
Text proposal for TS 38.331
Start of the first change
[bookmark: _Toc60776931][bookmark: _Toc60867712]5.7.1.3	Reception of the DLInformationTransfer by the UE
Upon receiving DLInformationTransfer message, the UE shall:
1>	if dedicatedNAS-Message is included:
2>	forward dedicatedNAS-Message to upper layers.
1>	if referenceTimeInfo is included:
2>	if referenceTimeInfoExt is not included:
3>   calculate the reference time based on the time, referenceSFN and timeInfoType if it is included;
2>	else:
3>   calculate the reference time based on the time, referenceSFN, timeInfoType, leapSeconds, dayLightSavingTime, leapSecondIndicator and dayLightSavingTimeIndicator, if included;
2>	calculate the uncertainty of the reference time based on the uncertainty, if uncertainty is included;
2>	inform upper layers of the reference time and, if uncertainty is included, of the uncertainty.

Start of the first change



	





Start of the second change
[bookmark: _Toc60867875][bookmark: _Toc60777094]–	DLInformationTransfer
The DLInformationTransfer message is used for the downlink transfer of NAS dedicated information and timing information for the 5G internal system clock.
Signalling radio bearer: SRB2 or SRB1 (only if SRB2 not established yet. If SRB2 is suspended, the network does not send this message until SRB2 is resumed.)
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
DLInformationTransfer message
-- ASN1START
-- TAG-DLINFORMATIONTRANSFER-START

DLInformationTransfer ::=           SEQUENCE {
    rrc-TransactionIdentifier           RRC-TransactionIdentifier,
    criticalExtensions                  CHOICE {
        dlInformationTransfer           DLInformationTransfer-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}

DLInformationTransfer-IEs ::=       SEQUENCE {
    dedicatedNAS-Message                DedicatedNAS-Message                OPTIONAL,   -- Need N
    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,
    nonCriticalExtension                DLInformationTransfer-v1610-IEs     OPTIONAL
}

DLInformationTransfer-v1610-IEs ::= SEQUENCE {
    referenceTimeInfo-r16               ReferenceTimeInfo-r16               OPTIONAL,   -- Need R
    nonCriticalExtension                DLInformationTransfer-v16xy-IEsSEQUENCE {}                         OPTIONAL
}

DLInformationTransfer-v16xy-IEs ::= SEQUENCE {
    referenceTimeInfoExt-v16xy          ReferenceTimeInfo-v16xy               OPTIONAL    -- Need R
    nonCriticalExtension                SEQUENCE {}                           OPTIONAL
}


-- TAG-DLINFORMATIONTRANSFER-STOP
-- ASN1STOP

End of the second change

Start of the third change
[bookmark: _Toc60867929][bookmark: _Toc60777148]–	SIB9
SIB9 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
NOTE:	The UE may use the time information for numerous purposes, possibly involving upper layers e.g. to assist GPS initialisation, to synchronise the UE clock.
SIB9 information element
-- ASN1START
-- TAG-SIB9-START

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
]]
    [[
    referenceTimeInfoExt-v16xy      ReferenceTimeInfo-v16xy                         OPTIONAL    -- Need R
]]
}

-- TAG-SIB9-STOP
-- ASN1STOP

	SIB9 field descriptions

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time. The semantics are the same as the semantics of the Daylight Saving Time IE in TS 24.501 [23] and TS 24.008 [38]. The first/leftmost bit of the bit string contains the b2 of octet 3 and the second bit of the bit string contains b1 of octet 3 in the value part of the Daylight Saving Time IE in TS 24.008 [38].

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.



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).
End of the third change

[bookmark: _Toc60868126][bookmark: _Toc60777345]Start of the fourth change
–	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,
    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need S
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need S
    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. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. If timeInfoType is not included, Tthe indicated time in 10ns unit from the origin is refDays*86400*1000*100000 + refSeconds*1000*100000 + refMilliSeconds*100000 + refTenNanoSeconds. If timeInfoType is set to localClock, the indicated time in 10ns unit from the origin is refDays*86400*1000*100000 + refSeconds*1000*100000 + refMilliSeconds*100000 + refTenNanoSeconds + leapSeconds*1000*100000. 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.



End of the fourth change

Start of the fifth change
–	ReferenceTimeInfoExt
The IE ReferenceTimeInfoExt contains leap second information for 5G internal system clock used to indicate whether there is leap second in the last minute of the day, and  daylight saving time information for 5G internal system clock used to indicate whether there is daylight saving time switch in the last minute of the day. This field may be present only if the ReferenceTimeInfo field is present.
ReferenceTimeInfoExt information element
-- ASN1START
-- TAG-REFERENCETIMEINFO-START

ReferenceTimeInfoExt-v16xy ::= SEQUENCE {
    leapSecondIndicator-v16xy          		ENUMERATED {sec61, sec59},		                              OPTIONAL    -- Cond LocalClock
dayLightSavingTimeIndicator-v16xy       ENUMERATED (StandTime-SwitchTo-DST, DST-SwitchTo-StandTime)   OPTIONAL    -- Cond LocalClock
}

-- TAG-REFERENCETIMEINFO-STOP
-- ASN1STOP

	ReferenceTimeInfoExt field descriptions

	leapSecondIndicator
This field indicates whether there will be leap second in the last minute of the current day.
Value sec61 corresponds that the last minute of the day has 61 seconds, value sec59 corresponds that the last minute of the day has 59 seconds.
If timeInfoType is set to localClock and leapSecondIndicator is set to sec61, the time is set to time + 1*1000*100000 at the occasion that leap second occurs.
If timeInfoType is set to localClock and leapSecondIndicator is set to sec59, the time is set to time - 1*1000*100000 at the occasion that leap second occurs.

	dayLightSavingTimeIndicator
Indicates if and how daylight-saving time (DST) will be applied in the next hour. 

If timeInfoType is set to localClock, dayLightSavingTimeIndicator indicates StandTime-SwitchTo-DST and dayLightSavingTime is set to “01”(e.g. 1 hour adjustment for Daylight Saving Time), the time is set to time + 3600*1000*100000 at the occasion that stand Time changes to DST.
If timeInfoType is set to localClock, dayLightSavingTimeIndicator indicates StandTime-SwitchTo-DST and dayLightSavingTime is set to “10”(e.g. 2 hour adjustment for Daylight Saving Time), the time is set to time + 7200*1000*100000 at the occasion that stand Time changes to DST.
If timeInfoType is set to localClock, dayLightSavingTimeIndicator indicates DST-SwitchTo-StandTime and dayLightSavingTime is set to “01”(e.g. 1 hour adjustment for Daylight Saving Time), the time is set to time - 3600*1000*100000 at the occasion that DST changes to stand Time.
If timeInfoType is set to localClock, dayLightSavingTimeIndicator indicates DST-SwitchTo-StandTime and dayLightSavingTime is set to “10”(e.g. 2 hour adjustment for Daylight Saving Time), the time is set to time - 7200*1000*100000 at the occasion that DST changes to stand Time.



	Conditional Presence
	Explanation

	LocalClock
	The field is optional present with need R if timeInfoType-r16 is set to localClock; otherwise the field is absent.



End of the fifth change
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