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1 Introduction
In RAN 1#82bis meeting, the agreements on DMRS enhancement are listed as follows:
· The following observation is captured in TR: “DMRS needs to be enhanced for PC5-based V2V”

· Baseline: 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

In this contribution, we discuss the DMRS enhancement options for V2V and show the corresponding link level performance comparison. 
2 Discussion on DMRS enhancement options
2.1 Doppler shift
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 as fd=(fc*v)/c=1556Hz. Thus the coherence time Tc=0.423/fd=0.27ms. Within a time interval shorter than the coherence time, the channel can be considered as time-invariant. However, the existing interval 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 variance of channel. Thus, it is necessary to insert more reference signals in the subframe for channel estimation.
2.2 DMRS structure for V2V 
The DMRS enhancement schemes are summarized as follows.
Method 1: increase DMRS density
A simple solution is to increase DMRS to satisfy the requirement which is analyzed above. As illustrated in figure 1, 4 DRMS evenly spaced in time domain and the interval is 0.21ms, which is less than coherence time. Thus it can efficiently handle Doppler effects. This method maintains the single carrier and is align with the existing implementation for user equipment. But, it also increases the pilot overhead.
Method 2: comb-type
The comb-type DMRS structure illustrated in figure 2 is similar to SRS in LTE. The reference signal only map to the even subcarrier and the odd subcarrier is not used. After IFFT, the time signal is repeated within a SC-FDM symbol. The benefit is that it can increase the frequency offset estimation range based on the neighboring sequence. It has the similar advantages and disadvantages as the method 1, e.g. the single carrier and the same pilot overhead. However, the performance of channel estimation is worse than method 1 in low speed, due to sparse density in frequency domain. 
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Figure 1. DMRS number increased to 4
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Figure 2. Comb-type


Method 3: scattered DMRS structure
The method is similar to CRS structure in LTE, which the pilot symbols are discrete both in time domain and frequency domain. As shown in figure 3, the pilot places at the same position in time domain as the method 1. It has the smallest pilot overhead and more flexible pilot design which can be further optimized on top of the example in figure 3. However, the main disadvantage is higher cubic metric compared with method 1. This may impact UE coverage.
Method 4: horizontal DMRS structure
As shown in figure 4, the pilot symbols are continuous in time domain but discrete in frequency domain. In this example the interval is 6 subcarrier as same as CRS in LTE. The obvious advantage is small pilot overhead. Meanwhile, it improves performance largely to handle the Doppler shift in theory. This is due to continuous pilot symbol in time domain. However, the loss of single carrier property leads to the same disadvantage as method 3.
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Figure 3. Scattered DMRS structure
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Figure 4. Horizontal DMRS structure


Method 5: increase subcarrier spacing
Another feasible method is to increase subcarrier spacing, by means of shortening the SC-FDM symbol duration. As shown in figure 5, both the subframe length and symbol duration are shortened to half while DMRS structure is kept same as PUSCH. Thus the interval between two consecutive DM-RS symbols is 0.25ms, which is less than coherence time. It can keep the single carrier property, reduce latency, and mitigate half duplex conflict. However, a remarkable cost is that the CP length is reduced, thus the receiver could be impacted by inter symbol interference caused by large multipath delay spread. Furthermore, it also results in more changes to the current LTE specification and the user equipment complexity.
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Figure 5. Increase subcarrier spacing
3 Simulation result
In this section, we evaluated four method described in section 2. The simulation is based on two different cases: low speed (vehicle speed=60Km/h) and high speed (vehicle speed=140Km/h). More simulation parameters are shown in appendix.
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(a) CFO=0.1ppm, relative speed=120Km/h
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(b) CFO=0.1ppm, relative speed=280Km/h


Figure 6: Performance of four methods with different relative speed
From the simulation result shown in figure 6, we can see that the performance of different DMRS enhancement option is very close at low speed. However, the method 1 has the better performance than others. When the relative speed is 280Km/h, the performance difference between different DMRS options goes even large. The method 3 and method 4 achieve the better performance due to the lower code rate. 
Observation: The method 1 has the best performance at low speed and satisfying performance at high speed. Method 3 and method 4 can perform better than others at high speed but CM issues needs to be taken into account.
Proposal: RAN1 select DMRS enhancement method for V2V considering performance and overhead, Complexity of implementation for UE and compatibility.
4 Conclusions
In this paper, we discuss several candidate DMRS schemes for V2V and compare the corresponding link level performance. Based on the simulation result the observation and proposal are as follows:
Observation: The method 1 has the best performance at low speed and satisfying performance at high speed. Method 3 and method 4 can perform better than others at high speed but CM issues needs to be taken into account.
Proposal: RAN1 select DMRS enhancement method for V2V considering performance and overhead, Complexity of implementation for UE and compatibility.
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Appendix
TABLE 1 Simulation assumption

	carrier frequency
	6GHz

	System bandwidth
	10MHz

	UE relative speed
	120km/h, 280km/h

	PRB number
	16

	Channel model
	UMI LOS

	Code rate
	Method 1, method 2: 0.5

Method 3:0.3772

Method 4:0.4020

	TB size
	190bytes

	CFO
	0.1ppm

	Antenna configuration
	1TX 2RX

	Channel estimation
	LMMSE

	Modulation
	QPSK
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