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1 Introduction
In RAN1 #83 meeting, agreement about DMRS enhancement has been achieved 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.
Agreements:
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 paper, we present some link level performance for different DMRS options based on above simulation assumption. The receiver algorithms are also given and performances vary for different algorithms.
2 Link level performance
2.1 Simulation assumption

According to the agreement, 4 options of DMRS location for evaluation are shown in figure 1. Except option 1, the intervals between two neighboring reference symbols are not regular. This is to increase frequency offset estimation range between the minimum interval of two neighboring pilot symbol. The estimation range is calculated by fmax=1/(2*Δt), where Δt is the time interval of two reference symbols. Thus, the maximum estimation range of option 3 and option 4 are 3.5 kHz and 7 kHz, respectively. However, accuracy of channel estimation will be impacted. In V2V scenario, a high speed lead to the change of wireless channel is very fast. Therefore, the accuracy of channel estimation can’t be assured if the data symbol is far away from the remaining reference symbol. 
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Option 1                                         option2                                      option3                          option4
Figure 1: Candidate options for DMRS positions.
The simulation assumption is base on the above agreement. The extreme case is {Case 1+Case B}, with 0.3ppm over all frequency error. In case 2, Frequency error in each UE is uniformly distributed [-0.1, 0.1] PPM w.r.t. UE’s synchronization reference. Thus, the frequency error between the transmitter and receiver in general case is uniformly distributed in [-0.2, 0.2] PPM. The message is 190 bytes or 300 bytes and loaded by 16RBs or 25RBs. Besides above 4 options, we simulate the comb type DMRS structure illustrated in figure 2 for comparison. The receiver use LMMSE and linear interpolation for channel estimation. More simulation parameters are list in appendix.
It should be noted that we start simulation results without optimized receiver algorithm. Then we add some optimization to algorithm to show more improvement with the understanding that v2v UEs can have some more complexity over ordinary UEs.
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Figure 2 comb type
2.2 Simulation result
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Figure 3 Demodulation performance, 190byte, 16RB, UMI LOS, CFO=0.3PPM
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Figure 4 Demodulation performance, 190byte, 16RB, UMI LOS, CFO=[0.2, 0.2] PPM
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Figure 5 Demodulation performance, 300byte, UMI LOS, CFO=0.3PPM
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Figure 6 Demodulation performance, 300byte, UMI LOS, CFO=[0.2, 0.2] PPM
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Figure 7 Demodulation performance, 190byte, UMI LOS, CFO=0

The simulation result is shown in figure 3 to figure 6. The frequency shift estimation is done between 2 reference symbols for Option 1~4.  In the extreme case, the BLER of option 1 and option 2 are not decodable and option4 has better but unacceptable performance. High frequency offset due to the large CFO and Doppler shift is beyond the estimation range in option 1 and option 2. Wrong frequency compensation results in that the signal can’t be demodulated correctly. Although option 4 can achieve the right frequency estimation, the performance is also unacceptable due to the poor channel estimation. In the general case, option 1 has the worst performance and option4 has the best performance among option1~4. If the CFO is larger than 0.1ppm, option 1 shows worse performance due to the poor frequency estimation. However, the comb type has the best performance in among all the options.
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Figure 8 Demodulation performance, 190byte, UMI LOS, CFO=0.3ppm
More advanced algorithm can be done by estimating frequency offset within one symbol to improve demodulation of Option 1~4. The performance of 4 options with enhanced receiver algorithm in extreme case is shown in figure 8. The algorithm and the complexity are described in appendix. The performance of all the 4 options is improved. And the option 1 even has a better performance than the comb type. However, one problem of the algorithm is that the performance is sensitive to timing error. The result shows that the option 1 has large performance loss due to the 1us residual timing error at the receiver. However, this 1 us error have very small reduction on the performance of comb type. The robustness of receiver enhancement algorithm should not be neglected.
Observation 1: The inter-symbol scheme can resist certain level of frequency offset. With only frequency estimation between reference symbols, Option 1 ~ 4 cannot meet the performance in worst case. 
Observation 2: Comb type DMRS shows good performance in all cases.
Observation 3: The receiver enhancement algorithm can significant improve the performance of option1 and meet the requirement, but the robustness should be investigated. 
Proposal1: For V2V communication, the DMRS position of symbol #2, #5, #8, #11is adopted to meet the requirement for high Doppler case with worst CFO.
Proposal2: Regarding the DMRS in each symbol, RAN1 should take into account of robustness and receiver complexity. The Comb type structure is preferred.
3 Conclusions

In this paper, we provide the performance link level performance of DMRS for V2V and make the conclusion:
Observation 1: The inter-symbol scheme can resist certain level of frequency offset. With only frequency estimation between reference symbols, Option 1 ~ 4 cannot meet the performance in worst case. 
Observation 2: Comb type DMRS shows good performance in all cases.
Observation 3: The receiver enhancement algorithm can significant improve the performance of option1 and meet the requirement, but the robustness should be investigated. s. 
Proposal1: For V2V communication, the DMRS position of symbol #2, #5, #8, #11is adopted to meet the requirement for high Doppler case with worst CFO.
Proposal2: Regarding the DMRS in each symbol, RAN1 should take into account of robustness and receiver complexity. The Comb type structure is preferred.
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Appendix
The enhanced receiver algorithm:
The local DMRS sequence is generated in frequency domain at the receiver as same as the transmitter. Both of the local DMRS sequence and the received DMRS symbol are transformed to time domain by IFFT. The conjugate cross correlation is made for two sequences. At last, the frequency offset is estimated by comparing the angle difference of first half and second half correlation sequence. Comparing with the simple frequency offset estimation, the additional complexity is two IFFT and one correlation operations.
TABLE 1 Simulation assumption

	carrier frequency
	6GHz

	System bandwidth
	10MHz

	UE relative speed
	280km/h

	CFO
	0.3ppm ,uniformly distributed [-0.2,0.2]

	Channel model
	UMI LOS

	Code rate
	0.5026  ,  0.5050

	TB size
	190bytes , 300bytes

	PRB number
	16 ,  25

	Antenna configuration
	1TX 2RX

	Channel estimation
	LMMSE

	Modulation
	QPSK
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