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1 Introduction
At RAN#78, a revised WI URLLC was approved [1]. A new objective was added, i.e. Support methods to provide a sufficiently granular time reference value to a UE from an eNB.
In this paper, we discuss the details of time reference information.
2 Discussion
Currently, for time reference information, there are some options:
- UTC time: UTC time is the primary time standard by which the world regulates clocks, and it is regarded as the basis of civil time
- GNSS time: GNSS time is one of the most accurate timing source with application in cellular network synchronisation, financial transaction, smart grids, military, etc and is usually steered to UTC time. GNSS time includes: GPS Time, GLONASS Time, Galileo System Time and Chinese BeiDou System Time, etc.
Among options of time reference information, UTC time has leap second change event (positive or negative) to keep it in step with the slightly irregular rotation of the earth. For example, when the last leap second change event happened on 31 December 2016, UTC is adjusted by 1 second so that the sequence of dates of the UTC markers at and around time of its introduction is:
•
2016-12-31 23:59:59

•
2016-12-31 23:59:60

•
2017-01-01 00:00:00

For this, UTC is not a continuous time. Further, it may be difficult for UE to deal with the sudden discontinuities and may result in glitch which will impact the provision of UEs that are critical for safety of life services. For example, in industry automation scenario, the motion controller is required to keep high precision time synchronization, because it should send commands to the mechanical arm and inform it how to act at specified time instant. In the case of a possible, in 23:59:59 the mechanical arm is commanded to perform an action and in 00:00:00 the mechanical arm is commanded for the next action, but it will stop 1s if leap second (23:59:60) occurs and the motion control program don’t notice that in advance, such out of command action may lead to a damage or interruption in the production line with possibly huge financial loss and safety problem.

As a summary, we believe that continuous time scale is essential for URLLC cases, e.g. precise control. Within GNSS time, apart from GLONASS time, all other types (e.g. GPS time, Galileo time, BeiDou time) are continuous time reference information. For GLONASS time, it is not a continuous time because it has leap second change event, like UTC.
Observation 1: Continuous time is useful for URLLC.

As described in [2], the error between any two continuous GNSS time module 1s is in the order of hundreds of nanoseconds, i.e. if we transfer one GNSS time to another, hundreds of nanoseconds may be introduced.
In RAN2 email discussion “[101#45][LTE/HRLLC] The granularity of time reference discussion”, for granularity of time, we propose the following values:
1us, 10us, 20us, 50us, 100us, 200us, 500us, 1ms (8 values)
Considering such granularities are larger than hundreds of nanoseconds, we think that only one type of GNSS time is enough. Since GPS time is widely used and welly deployed in LTE networks, we think that GPS time is a good reference for indicating time reference information. How to convert GPS time to other time reference can left to UE implementation if needed. Similarly, how to convert other time reference to GPS time can left to eNB implementation if the eNB can’t obtain GPS time directly, e.g. some eNBs may only deploy Galileo.
Observation 2: GPS time is a good reference for indicating time reference information.

In current TS 36.331, SIB16 has already been defined and it can include the following IEs. Detailed definitions can be found in section 5 Annex.
SystemInformationBlockType16-r11 ::=

SEQUENCE {


timeInfo-r11






SEQUENCE {



timeInfoUTC-r11





INTEGER (0..549755813887),


dayLightSavingTime-r11



BIT STRING (SIZE (2))

OPTIONAL,
-- Need OR



leapSeconds-r11





INTEGER (-127..128)


OPTIONAL,
-- Need OR



localTimeOffset-r11




INTEGER (-63..64)


OPTIONAL
-- Need OR


}
















OPTIONAL,
-- Need OR


lateNonCriticalExtension


OCTET STRING



OPTIONAL,

...

}

Based on the descriptions related to SIB16, it mentions that “The UE may use this field (timeInfoUTC) together with the leapSeconds field to obtain GPS time”, so we have the following observation.

Observation 3: With the IEs timeInfoUTC-r11 and leapSeconds-r11, the UE could obtain GPS time.
Based on observation 1, 2 and 3, we think that it is a simple way to introduce new granularities based on existing definitions in TS 36.331. There are two reasons.

Firstly, the intention of SIB16 is to indicate GPS time and Coordinated Universal Time (UTC), and new granularities have the similar intention but with sufficient granularity.

Secondly, it can simplify RAN2 standard discussions, because RAN2 could only focus on how to indicate new granularities.
Proposal 1: It is proposed to use IE “timeInfoUTC-r11” and “leapSeconds-r11” as a baseline to indicate time reference information.
For small granularities of time (smaller than 10ms), we propose the following solutions to indicate them.
A granularity type could indicate different granularities, e.g. Enumerated {1us, 10us, …, 1ms}. A time information is also needed to indicate detailed time information, and it is used with the granularity type. Here is an example.
If granularity type is X, for time information, values from 0, and in steps of X us can be indicated. Based on proposal 1, the IE “timeInfoUTC-r11” and “leapSeconds-r11” can be in units of 10ms, so the IE “granularity type” and “time information” could indicate a time within 10ms.
Proposal 3: It is proposed to introduce two IEs to indicate a granularity of time that less than 10ms, granularity type and time information. For a granularity type X, values from 0, and in steps of X can be indicated (up to 10ms).
3 Conclusion

In this paper, we discuss the details of time reference information.
Firstly, we have the following observations:

Observation 1: Continuous time is useful for URLLC.
Observation 2: GPS time is a good reference for indicating time reference information.

Observation 3: With the IEs timeInfoUTC-r11 and leapSeconds-r11, the UE could obtain GPS time.
Secondly, regarding how to indicate new granularities (as we proposed in RAN2 email “[101#45][LTE/HRLLC]”), we have the following proposals:
Proposal 1: It is proposed to use GPS time as a baseline for indicating time reference information.

Proposal 2: It is proposed to use IE “timeInfoUTC-r11” and “leapSeconds-r11” as a baseline to indicate time reference information.
Proposal 3: It is proposed to introduce two IEs to indicate a granularity of time that less than 10ms, granularity type and timeInfo. For a granularity type X, values from 0, and in steps of X can be indicated. For example, if granularity type is 1us, values from 0, and in steps of 1us can be indicated.
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5 Annex
–
SystemInformationBlockType16

The IE SystemInformationBlockType16 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 (a.o. to determine MBMS session start/ stop).
SystemInformationBlockType16 information element
-- ASN1START

SystemInformationBlockType16-r11 ::=

SEQUENCE {


timeInfo-r11






SEQUENCE {



timeInfoUTC-r11





INTEGER (0..549755813887),



dayLightSavingTime-r11



BIT STRING (SIZE (2))

OPTIONAL,
-- Need OR



leapSeconds-r11





INTEGER (-127..128)


OPTIONAL,
-- Need OR



localTimeOffset-r11




INTEGER (-63..64)


OPTIONAL
-- Need OR


}
















OPTIONAL,
-- Need OR


lateNonCriticalExtension


OCTET STRING



OPTIONAL,


...

}

-- ASN1STOP

	SystemInformationBlockType16 field descriptions

	dayLightSavingTime

It indicates if and how daylight saving time (DST) is applied to obtain the local time. The semantics is the same as the semantics of the Daylight Saving Time IE in TS 24.301 [35] and TS 24.008 [49]. The first/leftmost bit of the bit string contains the b2 of octet 3, i.e. the value part of the Daylight Saving Time IE, and the second bit of the bit string contains b1 of octet 3.

	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 SystemInformationBlockType16 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). NOTE 1.

This field is excluded when estimating changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of systemInfoValueTag 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).
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