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1 Introduction 
In this contribution, we discuss an open issue for SIB9 time information delivery to the UE. 
· We analyse referenceTimeInfo, a new field in Rel-16 ASN.1, in the case when timeInfoType is GPS. 

· We show that there are 32 extra bits in the current signalling that are unacceptable overhead for a frequent and small message such as a SIB
· We present a simpler ASN.1 encoding that avoids this overhead

2 Problem Statement and Proposal
2.1 Rel-15 Background

From Rel-15 description of SIB9, we quote the following parts:

	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.

timeInfoUTC                         INTEGER (0..549755813887),

…

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).



Observation 1: UE can obtain GPS time to 10ms resolution from Rel-15 SIB9
Observation 2: SIB9 has mandatory field timeInfoUTC with size log2(549755813887) = 39 bits, and optional field of leapSeconds with size log2(256)=8 bits.
2.2 Rel-16 with precise GPS time

The current signalling of precise GPS time to 10ns resolution is done via ReferenceTime field that is sent in addition to timeInfoUTC. 
The minimum size of this field when 10ns resolution is used is

Size of ReferenceTime: log2(72999) + log2(86399) + log2(999) + log2(99999) = 60 bits

For a UE that knows 10ms resolution time already from the mandatory SIB9, it only needs a further log2(10^6)=20 bits of information.

Observation 3: ReferenceTime uses 60bits of information while a UE that has received SIB1 only needs 20bits of information.
2.3 Comparing baseline with improved option
Based on the argument above, for the case when GPS time is used, it is possible to send the ReferenceTime field at a precision of only 20bits.
	Field
	Best possible in Rel-16 baseline ASN.1 (bits)
	Potential improved version (bits)

	timeInfoUTC
	39
	39

	leapSeconds
	0
	8

	ReferenceTime
	60
	20

	Total
	99
	67

	Saving opportunity
	-
	32 bits

	Note: For simplicity, ASN.1 overhead bits are excluded


Observation 4: There is a possibility to reduce SIB9 size by 32 bits, which is a significant reduction for small and a periodic SIB.

Proposal 1: RAN2 should consider ways to reduce SIB1 size in case GPS time is used for precise time delivery to the UE. (Example ASN.1 change options provided in Section 3).

3 Conclusion

Observation 1: UE can obtain GPS time to 10ms resolution from Rel-15 SIB9
Observation 2: SIB9 has mandatory field timeInfoUTC with size log2(549755813887) = 39 bits, and optional field of leapSeconds with size log2(256)=8 bits.

Observation 3: ReferenceTime uses 60bits of information while a UE that has received SIB1 only needs 20bits of information.
Observation 4: There is a possibility to reduce SIB9 size by 32 bits, which is a significant reduction for small and a periodic SIB.

Proposal 1: RAN2 should consider ways to reduce SIB1 size in case GPS time is used for precise time delivery to the UE. (Example ASN.1 change options provided in Section 3).

4 Annex: Two solution options for ASN.1 improvement
4.1 ASN.1 size reduction option 1 (track changes)

In this option, for the case of GPS time, the ReferenceTime field in SIB9 is shortened to only provide further timing resolution to the UE on top of the 10ms resolution UE already has from legacy SIB9.

<FIRST CHANGE>

4.1.1.1 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 R
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need R

    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime

}

ReferenceTime-r16 ::=           SEQUENCE {

    

    refTenMilliSeconds-r16                 INTEGER (0.. 549755813887)
OPTIONAL,
-- Cond GPS
    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. 
When timeInfoType is set to localClock, the indicated time in 10ns unit from the origin is refTenMilliSeconds*1000000 + refTenNanoSeconds. 
When timeInfoType indicates GPS time, the UE first determines time ‘t’ to 10ms resolution using Note1 of SIB9, and then calculates time in 10ns units as t*10^8 + refTenNanoSeconds.
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.

	GPS
	The field is mandatory present if timeInfoType is set to localClock. Otherwise, the field is absent.


<SECOND CHANGE>

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

    ]]

}

-- 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. This field shall be included if timeInfoType in referenceTimeInfo indicates GPS 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.


4.2 ASN.1 size reduction option 2 (track changes)

In this option, for the case of GPS time, the ReferenceTime field in SIB9 is shortened to only provide _further_ timing resolution to the UE on top of the 10ms resolution UE already has from legacy SIB9.

<FIRST CHANGE>
4.2.1.1 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                            CHOICE {



referenceTimeLocal-r16



ReferenceTimeLocal-r16,


GPS10nsTime-r16





GPS10nsTime-r16
    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need R

    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime

}

ReferenceTimeLocal-r16 ::=           SEQUENCE {

    refDays-r16                         INTEGER (0..72999),

    refSeconds-r16                      INTEGER (0..86399),

    refMilliSeconds-r16                 INTEGER (0..999),

    refTenNanoSeconds-r16               INTEGER (0..99999)

}
GPS10nsTime-r16 ::=




INTEGER (0..999999)
-- 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. 
When the field refereceneTimeLocal is included, it indicates a local clock with an unspecified origin time. 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. 
When the field GPS10nsTime is included, it indicates signalling of further precise time in addition to the 10ms precision time included in timeInfo in SIB9. The UE first determines time ‘t’ to 10ms resolution using Note1 of SIB9, and then calculates time in 10ns units as t*10^9 + GPS10nsTime.
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.


<SECOND CHANGE>

4.2.1.2 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

    ]]

}

-- 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. This field shall be included if GPS10nsTime is indicated in referenceTimeInfo.

	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).

