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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At the RAN #68 meeting, a new SID for LTE V2X was approved. The second objective of the SID is as follows [1]: 
2) 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, the effect of high Doppler spread is analyzed and enhancement of DMRS is proposed. 
Analysis the effect of high Doppler frequency spread 
According to the SID, the carrier frequency of V2V could be up to 6GHz and the maximal supported speed is 280km/h. High mobility combined with high carrier frequency will result in high Doppler frequency spread, and accordingly, fast variation of channel in time domain.  
The channel estimation accuracy is related to the DMRS structure and density. According to the existing D2D subframe structure, there are 2 DMRS symbols per subframe 0.5ms apart. If the time between DMRS symbols is comparable or larger than coherent time, the channel cannot be tracked accurately.  That will result in poor performance. 
Figure 1 shows some results of existing D2D DMRS structure with different vehicle speed. Detailed simulation settings are listed in the Appendix. Two and four transmission numbers are considered. For 2 transmissions, there is an error floor for 280km/h because of high Doppler frequency spread, while not for low to medium speed. Comparing (a) and (b), (c) and (d), it shows that the performance can be improved with more transmission opportunities. Note however that with more transmissions, the link efficiency is reduced since the coding rate is lower. Based on this analysis, we propose the following:
Proposal 1: Study DMRS enhancements for V2V to overcome the effect of high Doppler spread.


	

	


	(a)  4 transmissions, CFO=0Hz
	(b) 2 transmissions, CFO=0Hz

	

	


	(c) 4 transmissions, CFO=600Hz
	(d) 2 transmissions, CFO=600Hz


[bookmark: _Ref426394267]Figure 1 the effect of Doppler frequency with different number of transmissions
DMRS enhancement of V2V
Although increasing transmission number can improve performance, it lowers transmission efficiency. Since high vehicle density needs to be addressed by V2V [2], it is worthwhile to reduce the number of transmissions whenever possible.
One way to overcome the effect of Doppler spread is to increase the DMRS density in time domain so that the channel estimation can catch up with fast channel variation in time domain. Figure 2 is an illustration of how 3 and 4 DMRS pattern can be supported. The first OFDM symbol is used for AGC setting at receiver, the last OFDM symbol is assumed to be guard time.  The 4 DMRS pattern is the same as LTE PUCCH format 2a/2b.  For the 3 DMRS case, the symbols are evenly spaced in the subframe.


[bookmark: _Ref426551797][bookmark: _Ref426551792]Figure 2 illustration of 3 and 4 DMRS pattern
Figure 3 shows the performance of different DMRS pattern. It can be seen that both 3 and 4 DMRS symbols can improve the performance of 2 transmissions, and there is no error floor any more in the considered simulation range. Therefore, we propose the following:
Proposal 2: increase the number of DMRS symbols for V2V to 3 or 4 DMRS symbols per subframe

	

	


	(a) 2 transmissions, CFO=0Hz
	(b) 2 transmissions, CFO=600Hz



[bookmark: _Ref426396664]Figure 3 performance of different number of DMRS symbols

Conclusions
In this contribution, the effect of high Doppler spread is discussed. The performance is poor in case of high Doppler spread using existing D2D DMRS structure. Increasing DMRS symbols in time domain is proposed to improve the performance. The following proposals are given.
Proposal 1: Study DMRS enhancements for V2V to overcome the effect of high Doppler spread.
Proposal 2: increase the number of DMRS symbols for V2V to 3 or 4 DMRS symbols per subframe
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Appendix

Table 1 parameter setting of link level simulation
	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	5.9 GHz

	Channel model
	ITU-R UMi CDL model with dual mobility

	Antenna configuration
	1 antenna @ transmitter
2 antennas @ receiver

	UE relative speed
	{3, 100, 200, 280} km/h

	Modulation
	QPSK

	TBS of PSSCH
	50 bytes

	CFO
	{0, 600}Hz

	AGC
	Yes

	GP
	Yes

	Number of transmissions
	{2 4} times

	Channel estimation 
	2 DMRS: linear 
3/4 DMRS: Wiener filter in time domain
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