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Introduction
During RAN1#82bis meeting, below agreements about DMRS enhancement had been achieved in document [1]:
· 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
Accordingly, further researches on DMRS enhancements, including DMRS density and DMRS structure, are discussed in this contribution,
Discussion
· DMRS density
There is a consensus that DMRS density in time domain should be increased. 3 or 4 columns of DMRS could be candidate choices. Compared with 3 columns DMRS, 4 could more perfectly adapt the characteristics of short time correlation in high speed cases while higher bit overhead. In view of this, figure 1 compares the performance between 3 and 4 columns of DMRS when assuming ideal synchronization.  As for the low coding rate, 4 columns of DMRS can achieve about 3dB gain, while for the high coding rate, 3 columns of DMRS suffer larger performance loss due to poor channel estimation and consequential lack of channel information. Given that DMRS density in time domain should be increased to 4 in V2V in order to adapt the characteristics of short time correlation in high speed cases.
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Figure 1.  Link level performance comparison between using three-column DMRS and four-column DMRS
The corresponding simulation assumption is summarized in Table 1:
Table 1. Simulation assumption for DMRS density
	Bandwidth 
	10M 

	Carrier frequency
	6.0G

	Number of antenna
	1 TX and 2 RX

	Fading
	The same as it in [2]

	channel
	NLOS

	Modulation 
	QPSK 

	Coding 
	Turbo,1/2

	TBsize
	190byte

	Number of Occupied PRB
	10(high coding rate),16 (low coding rate)

	Relative speed
	280km/h

	Channel estimation criteria
	MMSE

	synchronization
	Ideal (no Synchronization error impact in the simulation)

	Frequency correction
	No

	Additional frequency shift
	No




Proposal 1: DMRS density in time domain should be increased to 4 in V2V in order to adapt the characteristics of short time correlation in high speed cases.

· DMRS structure
In this section, following cases of DMRS structure are studied:
· Case 1: Reuse PUSCH DMRS+4 transmissions [3]
· Case 2: PUSCH DMRS with Comb (figure2)[4]
· Case 3: New DMRS patterns spread over time and frequency (figure3) [5], mapping 2 DMRS REs/RB/symbol, i.e., one DMRS every 6th subcarrier
· Case 4: Increased subcarrier spacing (30 kHz) [6]


Figure 2 DMRS structure of case 2


Figure 3. DMRS structure of case 3
For PC5-based V2V, the impacts of frequency shift are quite large due to high Doppler and frequency synchronization shift [7]. Given that, whether to have the property to resist the frequency shift in V2V are the major assessment criteria.
Based on the Simulation assumption  listed in Table 2， fig 4 – fig6 shows the link performance comparison between above mentioned cases. It is noted that for all the cases, the transmitted block size is 190byte, time and frequency domain resource occupied by user are the same for comparison convenience.  And in the simulation, 3 KHz and 5 KHz additional frequency offset which don’t take Doppler into account are assumed. Doppler is generated in simulation according to speed. We can see, when the additional frequency offset is 3 KHz, there is error floor for case1 and case4, while case 2 and case 3 have similar performance. When the additional frequency offset is 5 KHz, the performance of case 2 have 5dB gain compared with case3. And the more important is that PAPR is increased for case 3 because of the single carrier characteristic is destroyed. 
Proposal 2: DMRS structure of case 2 should be introduced to support larger frequency shift in V2V.
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Figure 4.  Link level performance comparison between case 1 and case 2
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Figure 5.  Link level performance comparison between case 2 and case 3
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Figure 6.  Link level performance comparison between case 2 and case 4

Table 2. Simulation assumption for DMRS sequence
	
	Case 1
	Case 2
	Case3 
	Case 4

	Bandwidth 
	10M 
	10M 
	10M 
	10M 

	Carrier frequency
	6.0G
	6.0G
	6.0G
	6.0G

	Number of antenna
	1 TX and 2 RX
	1 TX and 2 RX
	1 TX and 2 RX
	1 TX and 2 RX

	Fading
	 The same as it in [2]
	 The same as it in [2]
	 The same as it in [2]
	 The same as it in [2]

	channel
	NLOS
	NLOS
	NLOS
	NLOS

	Modulation 
	QPSK 
	QPSK 
	QPSK 
	QPSK 

	Coding 
	Turbo,1/2
	Turbo,1/2
	Turbo,1/2
	Turbo,1/2

	TBsize
	190byte
	190byte
	190byte
	190byte

	Number of Occupied PRB
	16 
	16 
	16 
	8

	subcarrier spacing
	15K
	15K
	15K
	30K

	DMRS
	4 DMRS/TTI
	4DMRS/TTI, Comb with 2-subcarrier is applied to DMRS
	mapping 2 DMRS REs/RB/symbol, i.e., one DMRS every 6th subcarrier
	4 DMRS /2TTI

	Relative speed
	140km/h,280km/h
	140km/h, 280km/h
	140km/h, 280km/h
	140km/h, 280km/h

	Channel estimation criteria
	MMSE
	MMSE
	MMSE
	MMSE

	The maximum transmission number
	4
	1
	1
	1

	Additional frequency shift
	3KHz
	3KHz,5KHz
	3KHz,4.8KHz
	3KHz,5KHz

	Frequency correction
	No
	Yes
	No
	No

	Timing 
	Ideal timing 
	Ideal timing 
	Ideal timing 
	Ideal timing 



Conclusion
In this contribution, we compare the performance between several DMRS enhancement options proposed by last meeting in the scenario of high frequency shift，then give our proposal about enhanced design of DMRS:
Proposal 1: DMRS density in time domain should be increased to 4 in V2V in order to adapt the characteristics of short time correlation in high speed cases.
Proposal 2: DMRS structure of case 2 should be introduced to support larger frequency shift in V2V.
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