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1. Introduction
In 3GPP RAN1 #83 meeting, it’s confirmed that adopt DMRS location option 1 for PSCCH/PSSCH for V2V. This contribution will give the further evaluation and discussion on DMRS enhancement for PC5-based V2V.
2. DMRS enhancement for PC5-based V2V 
The following agreements and assumptions are agreed in RAN1 #84 meeting:
· Adopt DMRS location option 1 for PSCCH/PSSCH for V2V

· Working assumption: 15 kHz subcarrier spacing with 1 msec TTI length
· Note: 30 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded
· Note: 15 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded
· Note: only one subcarrier spacing and one TTI length will be supported in V2V
In Figure 1, evaluation on different subcarrier spacing with DMRS location option 1 is shown. In the simulation, inter-CP, inter-DMRS-symbols and intra-DMRS-symbols (only for 30kHz subcarrier spacing) correlation is used to estimate carrier frequency offset, no local DMRS sequence correlation is used. Detailed simulation assumptions are listed in the Appendix Table 1. It is observed that 30 kHz subcarrier spacing performs better than 15 kHz subcarrier spacing. However, performance decreases significantly at 500km/h.
 To support 500km/h, we evaluate the performance with lower code rate, i.e. use 32 PRBs to carry 190 Bytes. The results are shown in Figure 2. It is observed that lower code rate could be used to support 500km/h with 30 kHz subcarrier spacing DMRS.
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Figure 1 performance comparison of difference DMRS subcarrier spacing
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Figure 2 performance at 500km/h
Observation 1:
· 30 kHz subcarrier spacing performs better than 15 kHz subcarrier spacing. 
· Lower code rate could be used to support 500km/h.
According to TR 36.885[1], a typical supported speed is 15km/h in urban scenario. Considering V2X should also works well at lower Doppler frequency spread. The evaluations on enhanced DMRS and legacy DMRS at different relative speed, i.e. {30, 280}km/h, are shown in Figure 3. It is observed that 2 DMRS performs better than 4DMRS at 30 km/h & 5.9GHz. This is because 2 DMRS results a smaller overhead and lower coding rate.
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Figure 3 performance comparison of difference DMRS pattern at different speed
Observation 2:

· 2 DMRS performs better than 4DMRS at lower Doppler frequency spread.
Considering there are plenty of UEs, including vehicles, pedestrian, RSU, with different speed and different mobility directions, DMRS design and MCS selection should consider the performance of all the UEs with different relative speed. For example, in urban scenario, the maximum relative speed is 30km/h and 2 DMRS will perform better than 4 DMRS, therefore 2 DMRS and higher MCS could be configured in urban scenario. In freeway scenario, the maximum relative speed is 280km/h and 4 DMRS will perform better than 2 DMRS at high Doppler frequency spread, therefore 4 DMRS should be prior configured in urban scenario. Even in freeway scenario, considering the Rx UEs with different relative speed, it may be benefit if use different DMRS configurations at different transmissions. To support ultra-high relative speed, such as 500km/h, UE could be configured with lower MCS. We suggest that introduce sidelink DMRS configuration and MCS configuration signaling in high-layer signaling, DCI and/or SA.
Proposal:
· DMRS and MCS should be adapted to different scenarios with different relative speed.
· Introduce sidelink DMRS and MCS configuration signaling in high-layer signaling, DCI and/or SA.
3. Conclusion
The evaluation and discussion on DMRS enhancement for PC5-based V2V are given in this contribution. It is observed that
Observation :
· 30 kHz subcarrier spacing performs better than 15 kHz subcarrier spacing. 
· Lower code rate could be used to support 500km/h.
· 2 DMRS performs better than 4DMRS at lower Doppler frequency spread.
Considering different DMRS design fit different Doppler frequency spread, we propose that
Proposal:
· DMRS and MCS should be adapted to different scenarios with different relative speed.
· Introduce sidelink DMRS and MCS configuration signaling in high-layer signaling, DCI and/or SA.
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Appendix
Table 1 Simulation assumptions
	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	5.9 GHz

	Channel model
	UMi NLoS CDL model 

	Number of antenna
	1 TX and 2 RX

	UE relative speed
	{60, 280} km/h

	Modulation
	QPSK

	Channel coding
	Turbo, ~1/2

	TBS
	190 bytes

	Number of PRB
	16, 32 (only for 500km/h)

	CFO
	Case 1 + Case B

	GP
	1 symbol

	Channel estimation 
	MMSE+linear interpolation in time domain


