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Introduction
There are some agreements and conclusions related to DMRS for PC5-based V2V from the last meeting [1] as follows: 
Agreements:
· 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

Conclusion:
· Continue performance evaluations with following additional assumptions until the next meeting
· At least 1 micro sec timing error
· 1 PRB 
· 15 kHz and 30 kHz subcarrier spacing to confirm WA in the next meeting
· Companies can consider RAN4 response LS related to Doppler shift parameter
Some parts of this contribution is the resubmission of R1-160363, and some new contents about high speed results (relative speed 500km/h) and some analysis about comb-structure DMRS and legacy DMRS are added in this contribution.
Discussion
1.1. DMRS structure
In order to support larger frequency shift in V2V, besides comb-DMRS, legacy DMRS structure with enhanced algorithm was also discussed in last meeting. Based on the simulation assumption in table 1, the two schemes denoted by comb and legacy are conducted in figure 1.
In this section, with 1.8K additional frequency offset and 1us time delay, 1PRB with 43bits (assuming SA is transmitted) is applied in simulation to check whether the performances meet the requirements. And the frequency offset estimation algorithms are listed in annex.  
Compared with comb-structure, for the legacy DMRS structure, it is essential to adjust timing for accurate frequency tracking. Channel estimation of four RSs to jointly detect timing. It is noted that the performance for timing adjustment for legacy DMRS can be improved by this way, while there will be delay of whole detection time compared with Comb-DMRS where a single (first) DMRS would be sufficient. 
Also, it is found that the ifft size which is applied during timing detection and frequency offset estimation affects the performance of legacy DMRS. When the ifft size is small, the performance will suffer error floor which is proved in Figure 1. Additionally, for multiple FDMed transmitted UEs, multiple additive FFT and IFFT are needed in process when adopting legacy structure. That implies, in order to solve the problem of timing adjustment well, increase of the size of ifft, e.g. 1024 and the number of ifft, e.g. the number of transmitted UEs supported in one subframe will become essential condition. However, in implementation, timing/frequency tracking takes small portion of CPU and usage of hardware of FFT compared with data demodulation, the high request of multiple large point FFT usages is neither reasonable nor realistic. In summary, to achieve acceptable performance by legacy DMRS, some of implementation complexity is possibly not affordable when inevitable timing error (even within CP) happens.
On the other hand, Comb-DMRS does not require timing adjustment for frequency tracking. For the process of frequency tracking, it can be realized in time domain directly without additional FFT and IFFT.
Observation 1: Performance of the frequency estimation algorithm for legacy structure DMRS is affected by timing estimation precision which will introduce more complex operation.
Observation 2: Performance adopting legacy DMRS increases at cost of implementation complexity and higher requirements on CPU when inevitable timing error happens (even when timing error is very small).
Observation 3: Comb-DMRS is not sensitive to timing error, and it is not necessary to adopt additional FFT and IFFT to achieve good performance.
Proposal 1: DMRS sequence should be improved as comb-structure to support larger frequency shift in V2V. 
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Figure 1 Link- level performances of comb-DMRS and legacy-DMRS +enhanced algorithm

Table 1. Simulation assumption for DMRS sequence
	
	Comb-Structure 
	Legacy-Structure

	Bandwidth 
	10M Hz
	10M Hz

	Carrier frequency
	6.0GHz
	6.0GHz

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

	Fading
	  The same as it in [3]
	The same as it in [3]

	channel
	NLOS
	NLOS

	Modulation 
	QPSK 
	QPSK 

	Additional frequency offset
	1.8KHz 
	1.8KHz

	TBsize
	43bits 
	43bits 

	Number of Occupied PRB
	1 
	1 f

	Relative speed
	280km/h
500km/h
	280km/h
500km/h

	Frequency estimation 
	DMRS only
	DMRS only 

	Frequency correction
	Yes
	Yes




Conclusion 
In this contribution, we have following observation and proposals:
Observation 1: Performance of the frequency estimation algorithm for legacy structure DMRS is affected by timing estimation precision which will introduce more complex operation.
Observation 2: Performance adopting legacy DMRS increases at cost of implementation complexity and higher requirements on CPU when inevitable timing error happens (even when timing error is very small).
Observation 3: Comb-DMRS is not sensitive to timing error, and it is not necessary to adopt additional FFT and IFFT to achieve good performance.
Proposal 1: DMRS sequence should be improved as comb-structure to support larger frequency shift in V2V. 
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Annex
Frequency offset estimation algorithms used for comb-DMRS and legacy DMRS in section 2.1:
1. Comb-DMRS: There are two algorithms are used in our simulation for 16RB and 1RB respectively. 
1. 16RB: 
0. In the time domain, received DMRS time signal are separated into two parts, where each part comes from one of repeated transmitted signal.
0. The frequency offset can be estimated based on the two parts of signal directly
1. 1RB 
1. In the time domain, received DMRS time signal are separated into two parts, where each part comes from one of repeated transmitted signal.
1. Transforms each part of received time signal into frequency domain sequence by applying half size of FFT,
1. Each frequency domain sequence are divided by local sequence for channel estimation ->(H1 and H2)
1. H is transformed to time domain ->(h1 and h2)
1. Frequency offset is estimated by comparing  the first data of h1 and h2 
The former shows better performance for the case with larger number of PRBs. But it is not good to handle the case with smaller number of RBs because of its sensitivity to noise.
1. Legacy DMRS structure with enhanced algorithm 


Figure 2. Flow chart of enhanced frequency offset estimation algorithm
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