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Introduction
In RAN1 #82 bis meeting, the following agreements were achieved:
· The following observation is captured in TR: “DMRS needs to be enhanced for PC5-based V2V”
· Baseline: SC-FDM is used for V2V transmission in each physical channel
· Enhancement at least includes:
· Increase DMRS density to reduce time interval between DMRS sequences
· Enhance DMRS structure to increase frequency offset compensation range
· GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.
· eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V.
Based on these agreements, the synchronization signal/channel are discussed in this contribution.
Discussion
1.1. DMRS of PSBCH needs to be enhanced 
SLSS of R12/13 D2D can be used for the estimation of frequency and time effectively, and has lower peak to average ratio, so the SLSS can be reused in V2V. But the structure of DMRS for PSBCH of R12/13 D2D can only estimate the frequency offset less than 1 kHz. When the relative velocity between UEs is 280Km/h and carrier frequency is 6GHz the frequency offset is up to 1555 Hz and the frequency offset is even up to 7133 Hz considering the effects of synchronization [1]. The demodulation performance of PSBCH is not acceptable. In R12/13 D2D, the SLSS and DMRS of PSBCH is shown in figure1.


(a) Normal CP


(b) Extended CP
Figure 1 the DMRS of PSBCH in R12/13 D2D
The DMRS in [2] can estimate the frequency offset up to 15 kHz. But if reusing this design on PSBCH directly, DMRS will collide with PSS/SSS. 


Figure 2 Collision between DMRS and PSS or SSS
One suggestion of DMRS allocation in PSBCH is shown in figure 3.


(a) Normal CP


(b) Extended CP
Figure 3 DMRS enhancement of PSBCH
Each DMRS needs to reuse the comb structure described in [2] to support the estimation of frequency offset that is more than 7133 Hz.


Figure 4 DMRS structure of comb
Proposal 1: DMRS of PSBCH needs to be enhanced and the existing cyclically continuous transmission of PSS/SSS in D2D can be reused.
1.2. The modification of the information in PSBCH
In RAN1 #82 bis meeting, we obtain the agreement that eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V. When UEs are in coverage or partial coverage, UEs need to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent.  The priority of synchronization source can be predefined or informed by the eNB. If the information is informed by the eNB, UEs in coverage can notify the UEs in partial coverage with PSBCH. One bit or more division of SLSS by group ID needs to be added in PSBCH to indicate the priority of eNB-based synchronization or GNSS or GNSS-equivalent.
Proposal 2: One bit or more division of SLSS by group ID at least needs to be added in PSBCH to indicate the priority of eNB-based synchronization or GNSS or GNSS-equivalent.
1.3. Instructions for more synchronization
GNSS will play an important role in the synchronization of V2V, especially in the out of coverage. And GNSS results in the new levels of synchronization to be indicated. In order to shorten the time required for the synchronization, the following conditions have to be distinguished: getting GNSS directly, getting GNSS once forward and other forwarding with SLSS. The available SLSS sequences are divided into 3 subsets. The first subset is used for the UEs getting GNSS directly or with highest priority, the second subset is used for the UEs getting GNSS once forward and the third subset is used for the rest UEs. In [4], there are four type UEs need send SLSS including Level 1a, Level 1, Level 2, Level 3. Level 1 UE sends SLSS belong to the first subset; Level 2 UE sends SLSS belong to the second subset; Level 3 UE sends SLSS belong to the third subset; Because Level 1a will not appear with Level 1 at the same time and Level 1a appear only when the eNB instruct UE operate in the eNB-based synchronization, Level 1a UE can send SLSS belong to the first subset. So 3 subsets are enough. Otherwise, it can also be informed by indication in PSBCH.
Proposal 3: The available SLSS sequences are divided into 3 subsets to indicate new level of synchronization; otherwise it can also be informed by indication in PSBCH.

1.4. Adjustment of the synchronization period
According to the reference [3] and the agreements of RAN1 #82 meeting, the minimum transmission period of V2V services is multiple of 100 ms and the maximum tolerable latency of most V2V services is 100ms. In R12/13 the transmission period of synchronous signal is 40ms, and this will lead to collision between V2V services data and synchronous signal. It should be considered that the transmission period is modified to 100/N ms，where N is a positive integer. Considering the maximum tolerable latency of most V2V services is 100ms and minimal modification, the value of N can be 2.
Proposal 4: The transmission period of synchronous signal is modified to 100/N ms, where N is a positive integer.

Conclusion
The following is observed and proposed:
Proposal 1: DMRS of PSBCH needs to be enhanced and the existing cyclically continuous transmission of PSS/SSS in D2D can be reused.
Proposal 2: One bit or more division of SLSS by group ID at least needs to be added in PSBCH to indicate the priority of eNB-based synchronization or GNSS or GNSS-equivalent.
Proposal 3: The available SLSS sequences are divided into 3 subsets to indicate new level of synchronization; otherwise it can also be informed by indication in PSBCH.
Proposal 4: The transmission period of synchronous signal is modified to 100/N ms, where N is a positive integer.
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