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1. Introduction

For D2D data communication, PUSCH structure as defined in 3GPP TS 36.211 [1] and 3GPP TS 36.212 [2] is reused. The structure of DMRS in a subframe and the mapping method of sequence REs are also consistent with that of PUSCH DMRS. 
However for V2V, The interval and number of DMRS in R12 D2D cannot adapt the characteristics of short time correlation of wireless signal in high speed, particularly when carrier frequency is high. And the sequence of DMRS cannot effectively compensate the impact of large frequency shift (analyzed in our companion contribution [3]) especially in the scenario with non-ideal timing. Accordingly, considerations on potential DMRS enhancement are given in this contribution.
2. Discussion
To improve the performance in high Doppler case, i.e. satisfying channel estimation and synchronization tracing, DMRS density and DMRS sequences design for V2X are considered. 
· DMRS density
In PSSCH/PSCCH/PSDCH of 3GPP Rel 12/13 D2D, there are two DMRS per PRB, and the interval time of DMRS is 0.5ms. When the speed of the mobile terminal is high, such as 140km/h, and the signal's center frequency is 6.0GHz, the coherence time (about 0.277ms) of the signal will be lower than the current time interval of DMRS (about 0.5ms). And hence the demodulation performance of the data will fall sharply due to poor channel estimation and consequential lack of channel information. Figure 1 shows the link level performance difference between two columns DMRS and four columns DMRS when assuming ideal synchronization. There is an error floor for the case when there is conventional two-column DMRS with relative speed of 280km/h. Given that, it is necessary to increase the density of DMRS in time domain. 
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 [4]

	channel
	NLOS

	Modulation 
	QPSK 

	Coding 
	Turbo,1/2

	TBsize
	190byte

	Number of Occupied PRB
	16

	Relative speed
	120km/h, 280km/h

	Channel estimation criteria
	MMSE

	synchronization
	Ideal (no Synchronization error impact in the simulation)

	Frequency correction
	No

	Additional frequency shift
	No
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Figure 1.  Link level performance comparison between using two-column DMRS and four-column DMRS
Proposal 1: DMRS density in time domain should be increased e.g. increased to 4 in V2V in order to adapt the characteristics of short time correlation in high speed cases.
· DMRS sequence 
On the other hand, besides channel estimation, DMRS also helps tracing frequency error for synchronization. In [3], the impacts of large frequency shift up to 4.7 kHz in the same eNB coverage and even higher in other extreme cases due to high Doppler. Based on current D2D DMRS structure, Fig.2 shows 4-column DMRS with equal interval. With that, the maximum frequency offset that can be corrected is about 2 KHz. Although the cyclic prefix can also be used to estimate the frequency offset, the performance of the frequency offset estimation is not reliable due to the non-ideal timing and the interference within the cyclic prefix. So it is found that even after the increase DMRS density in time domain, it is still necessary to consider its improvement of estimation for synchronization in frequency domain. 
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Figure 2. DMRS structure A: 4-column DMRS based on R12 D2D DMRS in time domain
The range of frequency offset estimation is inversely proportional to the time interval between the reference sequences. Therefore, in order to correct the larger frequency offset of V2V, one method to reduce the time interval of reference sequence used for better frequency offset estimation is shown in Figure 3 which is similar as SRS structure in LTE.
In the frequency domain, Comb with 2-subcarrier is applied to DMRS, i.e. only the odd or even carriers are used.  After IFFT, in the time domain, each DMRS symbol is consisted by two repeated sequences, and the frequency offset can be estimated based on the neighboring sequence.   Using the structure B, the maximum frequency offset that can be estimated is extended to 15 KHz.

As for the generation of reference sequence, whether to use the common ID as in existing D2D needs to be discussed further considering enhancement to resource allocation. 
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Figure 3.  DMRS structure B: New DMRS sequence (DMRS with Comb of 2-subcarrier) mapping in frequency domain
Based on the simulation assumption in Table 2, Fig.4 shows the performance of 4-column DMRS with structure A and structure B. All the results are after frequency offset correction. The blue curve and red curve show the performance with additional frequency offset 2.7 KHz and 4.7 KHz respectively.  For structure A, CP is also involved for frequency offset estimation to improve the performance while time delay of 3 and 4 us imposed to CP for realistic estimation. It is noted that since as expected structure B can correct larger frequency offset, CP is not used in frequency offset estimation and consequently time delay does not impact its performance. According to the simulation results, when the time delay is 3us, we can see the system adopting DMRS structure B can achieve 2 dB gain compared with DMRS structure A. And when the time delay is 4us,  the performance gain is more than 8dB, especially for the case with 4.6KHz additional frequency offset, there is error floor when using structure A. It is noted that such enhancement of DMRS sequence in structure B does not need additional complexity and resource cost compared with structure A.
Table 2. Simulation assumption for DMRS sequence
	
	Structure B
	Structure A

	Bandwidth 
	10M 
	10M 

	Carrier frequency
	6.0G
	6.0G

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

	Fading
	 The same as it in [4]
	The same as it in [4]

	channel
	NLOS
	NLOS

	Modulation 
	QPSK 
	QPSK 

	Coding 
	Turbo,1/2
	Turbo,1/2

	TBsize
	190byte
	190byte

	Number of Occupied PRB
	16
	16

	Relative speed
	280km/h
	280km/h

	Channel estimation criteria
	MMSE
	MMSE

	Additional frequency shift
	2.7Hz,4.7KHz
	2.7Hz,4.7KHz

	Frequency estimation 
	DMRS only
	DMRS only, CP+DMRS 

	Frequency correction
	Yes
	Yes

	Timing 
	Ideal timing 
	Receiving of CP with 3us&4us delay while receiving data part is ideal timing.
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Figure 4. Link level performance comparison between DMRS structure A and DMRS structure B
Proposal 2: DMRS sequence should be improved as structure B to support larger frequency shift in V2V.
3. Conclusion
In this contribution, we discuss the performance loss because of high frequency shift which is can’t be solved by DMRS structure of D2D，then give our proposal about enhanced design of DMRS:
Proposal 1: Proposal 1: DMRS density in time domain should be increased e.g. increased to 4 in V2V in order to adapt the characteristics of short time correlation in high speed cases.
Proposal 2: DMRS sequence should be improved as structure B to support larger frequency shift in V2V.
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