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Introduction
There are some conclusions related to DMRS for PC5-based V2V from the last meeting [1] as follows: 
· Confirm the baseline on SC-FDM is used for V2V transmission in each physical channel
· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH
· FFS location of DMRS
· Possible options for evaluation and further study will be discussion during this week
· FFS the number and location of DMRS in PSBCH (if PSBCH is supported)
· Possible options for evaluation and further study will be discussion if PSBCH is supported during this week
· If RAN1 finds working assumption does not work, i.e. the performance cannot meet requirements for PC5 V2V at least including consideration on whether RAN1 working assumption of frequency offset is confirmed, the first priority should be given to DMRS structure with Comb (like SRS). 
· There should be considerations on receiver complexity when working assumption is confirmed.
Options of DM RS location for evaluation (counting from #0)
· Other options are not precluded.
· For normal CP with 15 kHz subcarrier spacing
· Option 1: #2, #5, #8, #11
· Note: This is for regular spacing.
· Option 2: #1, #5, #8, #12
· Note: Reuse RS location of PUCCH format 2
· Option 3: #2, #4, #9, #11
· Note: Frequency offset estimation first using {#2, #4} and {#9, #11}
· Option 4: #3, #6, #7, #10
· Note: Frequency offset estimation first using {#6, #7}
· Assumption: Transmissions in a single TTI (i.e., no HARQ retransmission). It is encouraged to evaluate both SA and data. 
· Baseline: QPSK with coding rate of 0.5
· Optional: QPSK with coding rate of 0.7, 16QAM with coding rate 0.5 (only for data)
· Frequency error: Baseline is to evaluate both {Case 1+Case B} and {Case 2+Case A}. Other cases can be considered, e.g., based on RAN4 feedback.
· Case 1: The extreme case should be assumed, i.e., +0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference. 
· Performance in Case 1 is to check whether the system can work in the extreme case.
· Case 2: Frequency error in each UE is uniformly distributed [-0.1, 0.1] PPM w.r.t. UE’s sync reference.
· Frequency error between sync references of TX and RX:
· Case A: 0 error (i.e., the same reference)
· Case B: The extreme case should be assumed, i.e., +0.05 PPM for TX’s reference and -0.05 PPM for RX’s reference w.r.t. the absolute frequency.
· Companies should describe the receiver algorithm of the evaluated options.

In this contribution, further investigation on DMRS enhancements, including DMRS location, DMRS structure and DMRS in PSBCH are discussed based on above mentioned assumption.
1.1. Discussion
1.2. Performance of different DMRS location
Link-level simulations are conducted using 4 DMRS symbols at different positions according to the agreed simulation assumptions. Figure 1 shows the SNR-BLER performance of different position options (Option 1, 2, 3, and 4) with 190 Byte data. To achieve a coding rate of 0.5 with QPSK, 16RBs are used.  The Relative speed is 280km/h. The comb-structure DMRS is also simulated with the same location of option 1.
For each option, we first estimate the frequency offset, compensate for the frequency offset, and then estimate the channel in data symbols using linear interpolation and extrapolation in the time domain. From the figure we observe that all four options using DMRS have error floors under the frequency error {case1+caseB}. Furthermore, compared with performance of four location options, option 1 is better under the frequency error {case2 +case A}. On the other hand, the comb-DMRS keep good performance in any case.
[image: ] Figure 1 Link-level performance for different DMRS locations


Observation 1：The performance of legacy DMRS structure is hard to  meet all requirements for PC5 V2V with the assumed frequency error.
Proposal 1: Option 1 is preferred as the location of DMRS for V2V.

1.3. 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 2.
According to the agreement of last meeting, it is encouraged to evaluate both SA and data. In this section, with 1.8K additional frequency offset, we simulated both SA and data to check whether the performances meet the requirements. And the frequency offset estimation algorithms are listed in annex. In figure 2, comb-16 PRB represents the data performance with comb DMRS structure.  It has 1.5dB gain compared with legacy DMRS structure which is denoted by legacy-16RB.  Comb-1PRB-1us and legacy-1PRB-1us show the performance of SA with 1us timing error. It is noted that legacy structure with enhanced algorithm suffer error floor because that timing detection is totally inaccurate when narrow band is used. And another point is the implementation complexity, additional FFT operations are need for the legacy structure with enhanced algorithm.
Proposal 2: DMRS sequence should be improved as comb-structure to support larger frequency shift in V2V. 

[image: ] 
Figure 2 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
	6.0G Hz
	6.0G Hz

	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 

	Coding 
	Turbo,1/2 for data
TBCC for SA
	Turbo,1/2 for data
TBCC for SA

	TBsize
	190byte for data
43bites for SA
	190byte for data
43bites for SA

	Number of Occupied PRB
	16 for data
1 for SA
	16 for data
1 for SA

	Relative speed
	280km/h
	280km/h

	Frequency estimation 
	DMRS only
	DMRS only 

	Frequency correction
	Yes
	Yes



1.4. DMRS in PSBCH

SLSS of R12/13 D2D can be used for the estimation of frequency and time effectively, and has lower peak to average ratio, so the SLSS can be reused in V2V. But the structure of DMRS for PSBCH of R12/13 D2D can only estimate the frequency offset less than 1 kHz. When the relative velocity between UEs is 280Km/h and carrier frequency is 6GHz the frequency offset is up to 1555 Hz and even more. The demodulation performance of PSBCH is not acceptable. In R12/13 D2D, the SLSS and DMRS of PSBCH are shown in figure3.


(a) Normal CP


(b) Extended CP
Figure 3 the DMRS of PSBCH in R12/13 D2D
The comb-DMRS in [2] can estimate the frequency offset up to 15 kHz. But if reusing the DMRS number and location to PSBCH directly, DMRS will collide with PSS/SSS. 


Figure 4 Collisions between DMRS and PSS or SSS
One suggestion of DMRS location in PSBCH is shown in figure 5。


(a) Normal CP


(b) Extended CP
Figure 5 DMRS enhancement of PSBCH
Each DMRS needs to reuse the comb structure described in [2] to support the estimation of frequency offset that is more than 7133 Hz.
Proposal 3: DMRS of PSBCH needs to be enhanced and the existing cyclically continuous transmission of PSS/SSS in D2D can be reused.

Conclusion 
In this contribution, we have following observation and proposals:
Observation 1：The performance of legacy DMRS structure is hard to meet all requirements for PC5 V2V with the assumed frequency error.
 Proposal 1: Option 1 is preferred as the location of DMRS for V2V.
Proposal 2: DMRS sequence should be improved as comb-structure to support larger frequency shift in V2V. 
Proposal 3: DMRS of PSBCH needs to be enhanced and the existing cyclically continuous transmission of PSS/SSS in D2D can be reused.
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Annex
Frequency offset estimation algorithms used for comb-DMRS and legacy DMRS in section 1.3:
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 6. Flow chart of enhanced frequency offset estimation algorithm
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2. Local DMRS transformed to time domain


3a.  Local DMRS Of time domain adjust timing


3b. Received DMRS sequence transformed to time domain


4. Correlation is done for sequence in step3a and step3b



5. Frequency offset is estimated by comparing the first half and second half sequence derived in step 4
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