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1.
Introduction
This contribution discusses approaches to deal with the following RAN2 decisions in their R2-142932 (S3-142016) [1] LS response on parameter synchronization:

1. UE provides the raw UTC time to the ProSe Protocol, i.e. RAN2 leaves to SA3 the details of how the UTC based time is used to arrive at a time parameter for direct discovery.
2. UEs maintain the current UTC time and may obtain the UTC time from any source available, not just SIB16.

Recall that UTC time  “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), including leap seconds and other additions prior to 1972.”
2.
Discussion
Regarding what is meant by the UTC time,  in SIB16 this parameter is called timeInfoUTC and is an integer with range 0 to 549755813887. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900. We assume that if the UE gets the UTC time from other sources, it will transform that value to an integer just like the one counting 10 ms units as above. 

Proposal 1: A UE should use the UTC time value provided in SIB16 if available.

Since each UE keeps its own time and implementations are expected to vary, it is reasonable to assume that an announcing UE’s time and a monitoring UE’s time may not be in synch.
Observation 1: Any two UEs current UTC time may not necessarily match.
In addition, if the time parameter is a truncation of the UTC time to a longer time interval (e.g. second), which is expected, it is possible that two UEs arrive at different truncated values when their UTC time value is near to a boundary of the longer time interval—even if their clocks are relatively well synchronized.
Observation 2: Truncation of the raw UTC time to larger time intervals results in ambiguity the boundary of that interval.
The above observations lead to the approach that some indication of the time used in computation of the MIC should be sent directly over the air in the PC5 Discovery Message itself. 

Proposal 2: The Discovery Message should include a few bits containing the least significant portion of the time parameter used in the computation of the MIC in said message. This field may be called “Time Calibration” (TBD).
Regarding the size of the Discovery Message, RAN1 has indicated a range of (32 to 256 bits), to which the number 224 bits was chosen, with 192 bits as requested by SA2 and 32 as requested by SA3. CT1 in their TS 24.334 hence has defined:
Table 11.2.5.1.1: PC5_DISCOVERY message content

	Information Element
	Type/Reference
	Presence
	Length (bits)

	Discovery Type
	Discovery Type

12.2.2.10
	M
	8

	ProSe Application Code
	Binary

12.2.2.6
	M
	184

	MIC
	Binary

12.2.2.11
	M
	32


It is clear that there is a shortage of space in the Discovery Message and every proposal for increase has to be weighed carefully. In addition, CT1 has expectations that fields are byte-aligned- hence requests for additional bits in separate fields should be made in multiples of 8. We deem that 4 bits is sufficient to remove all ambiguity to second-level; however if ambiguity to 100-ms level is desired, 6 to 8 bits are necessary.
Regarding the frequency that a UE could transmit discovery messages: recent email discussions in RAN1 and RAN2 seem to be converging on a range that is smaller than 1 second, i.e. a range of 320 ms to 10.24 seconds. Given the possible frequency of transmitting about every 1/3 of a second, two options regarding MIC computation arise:
Option 1: Accept that a MIC can be repeated within a short window, e.g. a second, (i.e. replays are defined as unauthorized repeating of a Discovery message after the short window has elapsed since its legitimate broadcast within the short window).  
Option 2: Insist that a MIC may never be repeated. This means that SA3 needs to ensure that any two UEs engaged in ProSe discovery in proximity must arrive at the same sub-second level time parameter for use with MIC computation/verification.

In Option 1 with a short window of 1 second, the time parameter is obtained from the UTC time by truncating it to the nearest second. If the 4 least significant bits are sent explicitly, they are sufficient to ensure both UEs have the same UTC time-based time parameter to within a second, and their clocks can drift to at most 8 seconds apart (i.e. no more than 4 seconds off from the true UTC time).
Example: Suppose the UTC time value for this discovery period is 5561342451 (in 10-ms units). To get to nearest second, the integer is round(55613424.51) = 55613425 seconds. Binary value being 00000011 01010000 10010111 11110001 implies that the announcing UE places “0001” in the Time-Calibration field.

If the next discovery period is only 320ms later, that UTC time is 5561342483 (10ms units) and so still 55613425 seconds, hence the same “0001” bit value will be in the Time-Calibration field.

If two UEs are 1 second apart with respect to their UTC time, for example a monitoring UE actually gets 55613426 seconds, that binary number ends in “0010”, so that it can tell that it’s off by exactly 1 second; then it will use the value 55613425 instead. Even if the UEs are 7 seconds apart, the monitoring UE can tell that difference (but not if 9 seconds apart as the last 4 bits would be the same and has 50/50 chance of guessing the correct one if exactly 8). Thus the 4 bits over the air is enough to ensure no more than 3.5 seconds off synch from the true UTC time.
In Option 2, it is necessary to send 2 extra bits explicitly, in order to allow for the same order of clock drift.. These extra 2 bits allow for using the time parameter accurate to the nearest 250ms instead of 1 second (1000ms). This is achieved by dividing the UTC time value by 400 instead of 100, then rounding. 
We propose that SA3 accept Option 1 in the interest of conserving bits in the PC5 discovery message.

Proposal 3: The Time-Calibration field should be 4 bits long.

4.
Conclusions
The contribution contains the following proposals.

Proposal 1: A UE should use the UTC time value provided in SIB16 if available.

Proposal 2: The Discovery Message should include a few bits containing the least significant portion of the time parameter used in the computation of the MIC in said message. This field may be called “Time Calibration” (TBD).

Proposal 3: The Time-Calibration field should be 4 bits long.
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