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1
Introduction
There was an email [101bis#50][LTE/HRLLC] Provision of time reference at RAN2#101b, and the email report can be found in [4]. At this RAN2 meeting, there were lots of papers on the provision of time reference [1] to [10].
According to the LTE URLLC WID [11], the target completion date of this WI is June 2018 (RAN#80), so RAN2#102 should be the last RAN2 meeting for this WI.
Considering that there is limited time for the whole LTE URLLC topic and also for the Provision of Time Reference discussion, this paper is to provide a compromise solution on Provision of Time Reference.
2
Discussion
Based on offline discussions, a compromise solution is agreed by the co-sourcing companies, and it is proposed:
Proposal 1: Only 0.25us granularity is supported.
Proposal 2: In addition to the time reference with 0.25us granularity, an inaccuracy indication is optionally sent:

  The indication indicates inaccuracy of a time reference information

  If the inaccuracy indication is transmitted, then the time reference is within the range {the time reference – inaccuracy value, the time reference + inaccuracy value}, E.g., if the uncertainty is 2us and the UE will interpret the value of the time reference to be within the range the time reference ± 2us.

  If the inaccuracy indication is not transmitted, then the inaccuracy of the time reference information is not specified.

  The encoding of the inaccuracy indication is:

  Inaccuracy = 0.25 * (k+1) us, in which k is an integer and the range is {0, 1, 2, ..., 3999}, and thus the range of inaccuracy is {0.25us, 0.5us, 1us, …, 1ms}

Proposal 3: GPS time/GPS-based time (continuous time) is used for the time reference information and the IE is proposed:

granularityOneQuarterUs-r15               INTEGER (0..36028797018963967)

Field description: This field counts the number of GPS time in 0.25 us units since 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).

Proposal 4: Agree on both broadcast solution (via SIB16) and unicast solution (via dedicated RRC signalling) to transmit the time reference information.

· For broadcast solution, the time reference corresponds to the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.
· For unicast solution, the time reference value indicates the time at the beginning of a SFN and the SFN is also indicated in the RRC message.

Proposal 5: Agree on a new UE capability bit for unicast solution.

Based on the above proposals, CRs to TS 36.306 and TS 36.331 are provided [12][13].

3
Conclusion

In Rel-15, it is proposed to introduce provision of time reference and we have the following proposals. Regarding the time reference format with the given time granularity, we provide our analysis in section 5.
Proposal 1: Only 0.25us granularity is supported.
Proposal 2: In addition to the time reference with 0.25us granularity, an inaccuracy indication is optionally sent:

  The indication indicates inaccuracy of a time reference information

  If the inaccuracy indication is transmitted, then the time reference is within the range {the time reference – inaccuracy value, the time reference + inaccuracy value}, E.g., if the uncertainty is 2us and the UE will interpret the value of the time reference to be within the range the time reference ± 2us.

  If the inaccuracy indication is not transmitted, then the inaccuracy of the time reference information is not specified.

  The encoding of the inaccuracy indication is:

  Inaccuracy = 0.25 * (k+1) us, in which k is an integer and the range is {0, 1, 2, ..., 3999}, and thus the range of inaccuracy is {0.25us, 0.5us, 1us, …, 1ms}

Proposal 3: GPS time/GPS-based time (continuous time) is used for the time reference information and the IE is proposed:

granularityOneQuarterUs-r15               INTEGER (0..36028797018963967)

Field description: This field counts the number of GPS time in 0.25 us units since 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).

Proposal 4: Agree on both broadcast solution (via SIB16) and unicast solution (via dedicated RRC signalling) to transmit the time reference information.

· For broadcast solution, the time reference corresponds to the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted.
· For unicast solution, the time reference value indicates the time at the beginning of a SFN and the SFN is also indicated in the RRC message.

Proposal 5: Agree on a new UE capability bit for unicast solution.

Two CRs are prepared in [12][13].
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5
Analysis on GPS time design on 0.25us granularity

If 0.25us granularity is chosen, the bit-length is calculated as below:

We understand that the bit-length of the time reference is a trade-off between indicated time length and signalling overhead. If it is too short, it can only indicate a limited time, e.g. tens of years; if it is too long, it can indicate a relatively long time, e.g. hundreds of years, but it will consume more bits. Here we think 200 years may be a good choice. In addition, regarding current GPS time, it can support indicating up to the year 2180.
We use 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time) as starting time point, if the new time reference can support 200 years, the maximum values is:

(200 year * 365 day/year * 24 hour/day * 3600 second/hour * 1000 ms/second * 1000 us/ms) / 0.25 us = 25, 228, 800, 000, 000, 000

=> 55 bit
Based on 55 bit length, the value range is as below:

2^55 – 1 = 36, 028, 797, 018, 963, 967
The value (0.. 36028797018963967) counts the number of GPS time in 0.25us units since 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time).
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