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1. Introduction
The WI proposal “Support for V2V services based on LTE sidelink” was approved in RAN Plenary #70 [1], and revised in RAN Plenary #71 [2]. One of the objectives of this WI is 

1) To specify enhancement to sidelink physical layer structure necessary for V2V services [RAN1]
where one important aspect of physical layer structure is the DMRS design for high Doppler case captured in TR 36.885 for V2V services covers [3]
· It is observed that DMRS needs to be enhanced for PC5-based V2V.

· 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

· Study at least the following DMRS structure:

· Reuse PUSCH DMRS

· Other options are not precluded, i.e., 

· PUSCH DMRS with Comb (similar as structure of SRS)

· New DMRS patterns spread over time and frequency, that may be frequency multiplexed with DFT-precoded data at least in some symbols

· Increased subcarrier spacing

· All options should solve any complexity and standardization impact including analysis of frequency synchronization accuracy
· FFS the number and location of DMRS in PSBCH

Concerning DMRS in PSBCH, following agreements have been achieved [4]
· For PSBCH, reuse the same reference signal type that will be agreed for PSSCH and PSCCH
· DMRS density for PSBCH is FFS between 2 and 3 symbols per 1 ms.
· PSSS/SSSS location is not changed.
In last RAN1 meeting, it’s not been treated due to lack of time. In this document, in order to deal with the problems due to the high Doppler spread, DMRS enhancement for PSBCH has been discussed.

2. DMRS enhancement
Currently, the DMRS pattern for sidelink is the same as that for PUSCH in Rel.10, as shown in Figure 1 (e.g. normal CP). For PSDCH, PSSCH, and PSCCH, it always occupies the whole SC-FDMA symbols no. 3 and no. 2 in each slot for normal CP and extended CP respectively, i.e. two DMRS symbols per subframe. 
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Figure 1 DMRS pattern for sidelink in REl.12 (e.g. normal CP)
Although there are intense discussions on DMRS enhancement on PSSCH/PSCCH, it’s still not agreed on which solution will be selected from different options in terms of DMRS symbol location and DMRS structure. On the other hand, from the discussion of previous meetings, contributions have already shown the enhancement of PSBCH DMRS is necessary [3~6]. On RAN1#84 meeting, the DMRS on PSBCH has been discussed with the following agreements:

· For PSBCH, reuse the same reference signal type that will be agreed for PSSCH and PSCCH

· DMRS density for PSBCH is FFS between 2 and 3 symbols per 1 ms.

· PSSS/SSSS location is not changed.

· Synchronization resource period for this new PSBCH format/synchronization signal is X(FFS) ms. Companies are encouraged to investigate the PSBCH periodicity from 40 ~ 640.
……  

Regarding the number of DMRS symbols, simulations have shown that adding one symbol on top of the legacy DMRS per subframe can improve the CFO estimation by 2~3 dB [5]
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[7]. On the other hand, a simple numeral analysis could also justify the adding of DMRS symbols. Taking a typical 0.1ppm oscillators for instance, in the extreme case that a vehicle UE moves at a speed of 280 km/h over a carrier frequency of 6 GHz, the combined frequency error can achieve ~2.2 kHz, i.e. Doppler spread of 1.6 kHz plus CFO of 0.6 kHz. Clearly, the frequency error has already gone beyond the capture scope of the legacy DMRS pattern (~
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1 kHz), i.e. 2 symbols per millisecond. For these reasons, we have to take 3 symbols per 1 ms for DMRS on PSBCH.
Proposal #1: DMRS density for PSBCH should be 3 symbols per 1 ms.
Considering the backward compatibility and standardization effort, it’s beneficial to keep legacy signals unchanged as much as possible. To this end, PSSS/SSSS location is encouraged to be kept as the same as in REl.12 D2D system. The candidate symbol for the additional DMRS symbol for PSBCH will be symbol no. 4~9. Weighing the accuracy of both CFO estimation and channel estimation, the DMRS symbols should be evenly placed in the subframe, which gives symbol no. 6 or no. 7 as shown in Figures 2 and 3, respectively. For clear description purpose, the two schemes are termed solution 1 and solution 2, respectively. Clearly, the difference between the both solutions lies in the CFO estimation: 1) CFO estimation based on symbols no. 3 and 6 (for solution 1) outperforms that based on symbols no. 3 and 7 (for solution 2); and 2) CFO can be accurately estimated based on symbols no. 3 and 6 for solution 1, while symbols no. 7 and 10 are utilized for solution 2 to achieve the same precision. For the sake of early acquisition of CFO estimation, we prefer solution 1.
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Figure 2  3-symbol DMRS pattern (solution 1)
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Figure 3  3-symbol DMRS pattern (solution 2)

Proposal #2: 3-symbol DMRS pattern in Figure 2 should be adopted for PSBCH.

3. Conclusion
In this document, DMRS enhancement for PSBCH was investigated and analyzed. Based on the discussion above, we have following proposals.
Proposal #1: DMRS density for PSBCH should be 3 symbols per 1 ms.

Proposal #2: 3-symbol DMRS pattern in Figure 2 should be adopted for PSBCH.
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