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1 Introduction

At RAN2#78 a new objective was added for RAN2 to the revised WI of LTE_HRLLC [1]: 

·  Support methods to provide a sufficiently granular time reference value to a UE from an eNB.
In this paper, we discuss an option of conveying the URLLC specific timing from eNB to UE and propose addition of a new paragraph to Annex of TS36.300 for the system framework of time synchronization. 

2 Discussion

2.1 URLLC Sync Time 

It is envisioned that in the factories of the future, most cables connecting the controllers/sensors/actuators today will be replaced by wireless links. URLLC, as a 3GPP endorsed technology for ultra/high reliability and low latency, is anticipated to be a highly competitive solution in this space.  
In general, the interactions between controllers/sensors/actuators in an automation system are carried out in a synchronous manner with time granularity much smaller than 10ms (e.g. 1us resolution is required by motion control [2][3]). Also, the reference clock maintained by the coordinated system are in general asynchronous to the eNB. As such, the discussion in [4] concluded that the time sync procedure offered by current LTE spec is not sufficient to cover many potential URLLC applications in the industries. Therefore, to enable URLLC applications with such high level of coordination in time, eNB must provide high resolution URLLC timing to the UE.
Observation 1:  For use cases like motion control, devices need to be synchronized to URLLC specific timing with micro-second level accuracy, which cannot be supported by current LTE system due to the 10ms resolution of sync time in SIB16.  

To address the URLLC timing accuracy in R15, one option is to introduce new IE(s) in SIB16 for URLLC sync time with possibility to indicate different values of the employed time resolution. The broadcasted time can be understood to be applicable at the “time corresponding to the SFN boundary at or after the ending boundary of the SI-Window in which SystemInformationBlockTypeXX is transmitted”.
For example, one of the following values may be signalled with corresponding bit-length sufficient to achieve the granularity as indicated in the IE names: 

· URLLC_TimeInfo_10us:
49 bits
· URLLC_TimeInfo_2p5us:
51 bits
· URLLC_TimeInfo_1us:
53 bits
In the above example, the bit-length of the URLLC timing information IE is chosen based on the 39 bit range (0~549755813887) of timeInfoUTC IE defined in TS36.331 for 10ms granularity with additional 10 bits, 12 bits or 14 bits extension to match the accuracy of 10us, 2.5us or 1us, respectively. The resolution of 10us, 2.5us and 1us listed above are down selected from the clock accuracies supported by PTP/IEEE1588, corresponding to the three available options in the range from 1us to 10us. 
Note also that it may not be necessary to tie the URLLC sync time with timeInfoUTC as the URLLC applications/devices may use a separate reference time. Therefore, we prefer to keep the timeInfoUTC and URLLC sync time independent. In additional, with a full-length IE for URLLC sync time, instead of an offset from UTC time, we avoid the extra complexity of calibrating the two independent time sources on eNB for deriving the offset.
The following shows possible changes required in RRC specification:

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,


...,


[[ urllc-TimeInfo-r15 ::= 
CHOICE {



granularity-10us-r15


INTEGER (0..562949953421311),



granularity-2dot5us-r15

INTEGER (O..2251799813685247),



granularity-1us-r15


INTEGER (0..9007199254740991)



}


]]
OPTIONAL -- NEED OR

}

-- ASN1STOP

Proposal 1: Keep the timeInfoUTC and URLLC sync time independent and define a self-contained format of URLLC sync time to avoid the complexity of deriving the offset between the two time sources on eNB.
Proposal 2: Add IE(s) in SIB16 to indicate URLLC sync time and employed time resolution.
Proposal 3: Support the following time resolutions for URLLC sync time: 1us, 2.5us, 10us.
2.2 Text Proposal for TS 36.300

Time synchronization is an important procedure for enabling URLLC applications in industrial space. To our understanding, such description is not currently covered in TS 36.300. 
Observation 2: TS 36.300 lacks the description of time synchronization procedure/framework.
To facilitate the on-going development of URLLC time synchronization feature, we suggest adding a new paragraph in the Annex of TS36.300 to define the framework and procedures. Example text proposal is given below: 

--- Begin Text Proposal---

Time synchronization for HRLLC

URLLC offers ultra-reliable communication service for applications requiring highly synchronized interaction between devices. To facilitate the device-level URLLC time synchronization, eNB may include URLLC sync time in a system broadcast message as illustrated in Fig 1, where the reference time of the system broadcast message is the frame boundary at/immediately after the end of the associated SI-window as shown in Fig 2. If applicable, the UEs that decode the broadcast message indicate the received sync timing to the associated URLLC application for establishing the concurrency across URLLC devices. 
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Figure 1 Framework of URLLC Time Synchronization
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Figure 2 Reference Timing of URLLC Sync Time

--- End Text Proposal ---

Proposal 4: Adopt the above TP to add a new section in the Annex of TS 36.300 describing the framework of time synchronization for URLLC.
3 Summary
Based on the discussion above, we propose RAN2 to: 

Proposal 1: Keep the timeInfoUTC and URLLC sync time independent and define a self-contained format of URLLC sync time to avoid the complexity of deriving the offset between the two time sources on eNB.
Proposal 2: Add IE(s) in SIB16 to indicate URLLC sync time and employed time resolution.

Proposal 3: Support the following time resolutions for URLLC sync time: 1us, 2.5us, 10us.

Proposal 4: Adopt the above TP to add a new section in the Annex of TS 36.300 describing the framework of time synchronization for URLLC.
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