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1 Introduction
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. 
2 Potential issue 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.  In this case, the Doppler spread is up to 1.56kHz, and the corresponding coherent time is 0.27ms.
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 located 0.5ms apart, which is larger than the coherent time in case for a 6GHz carrier frequency and a 280km/h relative speed. That will result in poor performance.  DMRS enhancement to support PC5 transport for V2V service should be studied to overcome the effect of high Doppler spread. 
3 DMRS enhancement of V2V
One way to overcome the effect of Doppler spread is to increase the DMRS density in time domain so that the time between adjacent DMRS symbols is less than coherent time. Therefore, the channel estimation can catch up with fast channel variation. Figure 1 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. DMRS symbols are evenly spread within a subframe. 
 
[image: image1.emf]1 3 4 5 6 7 8 9 10 12

4 DMRS pattern

0 13

Data symbol DMRS symbol GP AGC

2 11

1 0 2 6 4 3 5 8 7 9 13 11 10 12

3 DMRS pattern


Figure 1 illustration of 3 and 4 DMRS pattern

Figure 2 shows the performance of 4 DMRS pattern in the case of different speed and different Carrier Frequency Error (CFO). Overhead of AGC and GP are both considered. A simple linear interpolation channel estimation algorithm is used at the receiver. It can be seen that the system with 4 DMRS symbols can easily reach a 1% BLER. The maximal CFO considered in the simulation is 0.2ppm, which is the worst case with  the current simulation assumption (0.1ppm at each UE, drifting in opposite directions). An LS [2] was sent to RAN4 to check synchronization error performance for LTE-V2X. If it can be tightened in RAN4, 3 DMRS symbols per subframe can also work well for V2V, as shown in our previous contribution with a CFO of 600Hz [3]. With an advanced receiver, such as DFE and frequency error estimation and compensation, can be used for 3 DMRS, the performance can be improved further. 

Additionally, increasing the DMRS density per subframe has less effect on receiver side compared to DMRS schemes which has big change to existing LTE UL subframe structure. Legacy receiver structure can be reused for V2V with little modification which will reduce product develop time and cost. Finally, the required standardization changes are minimal and do not require a complete redesign of the sidelink.
We propose the following:
Proposal:  increase the number of DMRS symbols per subframe for V2V
· Number of DMRS symbols is 3 or 4, pending RAN4 response to LS
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	a) Relative speed=3kmh, 190 bytes
	b) Relative speed=280kmh, 190 bytes
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	c) Relative speed=3kmh, 300 bytes
	d) Relative speed=280kmh, 300 bytes


Figure 2 performance of 4DMRS pattern
4 Conclusions
In this contribution, the effect of high Doppler spread is discussed. Existing D2D DMRS structure cannot work well in case of high Doppler spread since the time between DMRS symbols is larger than coherent time. Increasing DMRS symbols in time domain is proposed to improve the performance. Furthermore, it has less standardization effort and less effect on receiver structure. The following proposal is given.

Proposal:  increase the number of DMRS symbols per subframe for V2V
· Number of DMRS symbols is 3 or 4, pending RAN4 response to LS
References
[1] RP-151109 “New SI proposal: feasibility study on LTE-based V2X services”, LGE, CATT, Vodafone, Huawei, 3GPP RAN #68, June 15-18, 2015.

[2] R1-154995 “LS on synchronization error assumption in LTE-based V2X”, RAN WG1, 3GPP RAN1#82,  August 24-28, 2015
[3] R1-153801 “DMRS enhancement for V2V”, Huawei, HiSilicon, 3GPP RAN1#82,  August 24-28, 2015
Appendix
Table 1 parameter setting of link level simulation
	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS CDL model with dual mobility

	Antenna configuration
	1 antenna @ transmitter
2 antennas @ receiver

	UE relative speed
	{3, 280} km/h

	Modulation
	QPSK

	TBS of PSSCH
	{190, 300} bytes

	PRB
	12 for 190 bytes; 16 for 300 bytes

	CFO
	{0, 600, 1200}Hz

	AGC
	Yes

	GP
	Yes

	Number of transmissions
	4 times

	Channel estimation 
	Linear interpolation
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