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1. Introduction
Performance evaluation is necessary as the requirements for LTE-based V2V is different from those for Rel-12 D2D. For this purpose, the following performance study was proposed in [1].

For support of PC5 transport for V2V services (to be completed by RAN#70 – December 2015), at least including:

a) Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]

b) Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]
Support for PC5 transport for V2V services shall be given the highest priority until RAN#70.
In this contribution, we focus on the DMRS enhancement schemes that are meant to compensate the effect of Doppler while keeping  a small system overhead for V2V.
2. DM-RS enhancement
In V2V scenario the carrier frequency could be up to 6GHz and the maximal relative velocity is 280km/h. The high speed combined with the high carrier frequency will result in high Doppler frequency shift. The Doppler frequency shift of V2V is calculated by fd=(fc*v)/c=1556Hz, where fc is the carrier frequency, v is the relative velocity in metrics per second and c is the speed of light. Thus the coherence time Tc=0.423/fd=0.27ms. Within a time interval shorter than the coherence time, the channel can be assumed time-invariant. However, the existing duration of DMRS in D2D is 0.5ms, which is larger than the coherence time. It means that the receiver could not effectively track the time-variant channel. Thus, it is necessary to insert more reference signals in the subframe for channel estimation.
Increasing the number of DMRS in time domain can improve the accuracy of channel estimation but it also increase system overhead and reduce transmission efficiency. Figure 1 illustrates the DMRS pattern for V2V. Except for the last symbol in time domain, which is used as GP, 4 DRMS are evenly spaced both in time domain and frequency domain. The interval between two pilot symbols is 3 subcarriers in frequency and 3 SC-FDMA symbols in time domain. The time interval is shorter than coherence time. 
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Figure 1 DMRS pattern of V2V
Figure 4 is the performance of different DMRS patterns of V2V. As illustrated in figure 2, case 1 represents the DMRS structure which 3 DMRS place at symbol#2, symbol#6 and symbol#10 respectively and the pilot symbols in frequency domain are continuous. The DMRS pattern of case 2 is shown in figure 3, the pilot symbols in time domain are continuous and the frequency interval is 6 subcarriers. Case 3 represents DMRS pattern illustrated in Fig. 1. The result shows that both case 2 and case 3 have the better performance than case 1. Also, there is no BLER saturation in case 2 and case 3. Note a higher PAPR can be observed as the single carrier property is lost. However, concerning the tradeoff, it is a good DMRS enhancement for V2V due to the excellent performance while maintaining small system overhead.
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Figure 2 DMRS pattern of case 1
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Figure 3 DMRS pattern of case 2
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Figure 4 performance of different DMRS pattern
 Proposal：Adopt a scattered DMRS pattern to handle the high Doppler frequency shift for V2V.
3. Conclusions
In this contribution, the Doppler frequency shift of V2V is analyzed and a DMRS enhancement pattern is proposed to handle high Doppler shift for V2V.
Proposal: Adopt a scattered DMRS pattern to handle the high Doppler frequency shift for V2V.
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Appendix
TABLE 1 Simulation assumption

	carrier frequency
	6GHz

	System bandwidth
	10MHz

	UE relative speed
	280km/h

	PRB number
	20

	Channel model
	UMI LOS

	TB size
	300bytes

	CFO
	0.1ppm

	Antenna configuration
	1TX 2RX

	Channel estimation
	LMMSE

	Modulation
	QPSK
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