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1 Introduction
At the RAN1 #84 meeting, the following agreements for DMRS enhancements for V2V were reached [1]:
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

Further evaluation of DMRS for PSSCH/PSCCH is needed considering the following assumptions:
· 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
In this contribution, we compare the performance of the 4 PUSCH DMRS structure with timing error for PSSCH/PSCCH. Performance of 15kHz and 30kHz subcarrier spacing is compared. The effect of different DMRS sequences is evaluated, and complexity of receiver algorithm is analyzed. According to the revised WID [2], up to 500km/h relative speed needs to be supported. The performance of the 4 PUSCH DMRS structure is evaluated for the 500km/h scenario. The results show that the 4 PUSCH DMRS structure is robust to timing errors, and it can also work in case of the extreme high speed scenario. 
2 Description of receiver algorithm
In this section, we provide a short description of receiver algorithm. The flowchart of signal at receiver is shown in Figure 1. 
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Figure 1. Flowchart of receiver algorithm 
The time offset is estimated by searching maximal pulse response of channel estimation in the time domain. The frequency offset is estimated in the time domain per DMRS symbol and averaged across multiple DMRS symbols. Detailed description of estimation algorithm is as follows.
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,
where r(n) is the received DMRS signal in the time domain; p(n) is the local DMRS sequence in the time domain; (t is the time difference between the first half sequence and the second half sequence. On each DMRS symbol, the frequency offset estimation is determined by correlating the first half and second half sequences of the DMRS symbol. The frequency offset is then averaged over the 4 DMRS symbols. The estimation range can be up to 15kHz, which is larger than the realistic frequency offset range [2]. 
Observation 1: frequency offset estimation in time domain per DMRS symbol can be up to 15kHz.

The frequency offset estimation algorithm needs two additional IFFT operations. If the local DMRS in time domain can be pre-stored at receiver, only one additional IFFT is needed. With the increasing processing capability of terminals, this additional complexity is not significant.

Observation 2: frequency offset estimation in time domain has acceptable complexity at receiver. 
3 Performance evaluation
The DMRS pattern for PSSCH/PSCCH is shown in Figure 2. There are 4 PUSCH DMRS symbols per subframe. The first symbol is used for AGC setting, the last symbol for GP. 
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Figure 2. DMRS pattern
The evaluation parameters are given in Appendix A. The evaluation is conducted for both low relative speed (30 km/h) and high relative speed (280 km/h). The first and last symbols of the subframe are not used for demodulation. Linear interpolation is used for channel estimation. 
3.1 The effect of timing error
The performance of the proposed DMRS structure for PSSCH/PSCCH with timing error is evaluated in this section. If GNSS is used as synchronization source, all vehicles have the same absolute timing. The transmission delay between transmitter to receiver is 1(s considering a communication range of 300 meters. If eNB is used as synchronization source, the maximal timing error doubles the transmission delay between transmitter and receiver, which is about 2(s. In this section, a 2(s timing error is assumed. The results for PSSCH with 300 bytes are shown in this section. The results for 190/800 bytes are found in Appendix B.
3.1.1 PSSCH
Figure 3 is the performance of PSSCH. It shows that the performance of simulated cases is almost the same, with or without timing error, either with fixed or random carrier frequency error. The DMRS structure can work well for PSSCH in all the considered scenarios.
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Figure 3. Performance of PSSCH 300 bytes with timing error

3.1.2 PSCCH
Figure 4 is the performance of PSCCH. The performance is similar with 2(s timing error and without timing error cases. Larger carrier frequency offset will degrade the performance. The DMRS structure can also work well for PSCCH in all the considered scenarios.
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Figure 4. Performance of PSCCH with timing error

Observation 3: The DMRS structure with 4 PUSCH DMRS symbols per subframe is robust to timing error and can work well with timing error.

3.2 15kHz vs. 30kHz subcarrier spacing

The performance of 15kHz and 30kHz subcarrier spacing is compared in this section. The DMRS structure of 30kHz subcarrier spacing was discussed in [3]. 4 DMRS symbols per TTI is used for both cases. The following results show that 30kHz subcarrier spacing has a marginally better performance than 15kHz because of slightly reduced ICI. However, the level of ICI for 15kHz is fairly small and is not the limiting factor for channel estimation. In addition, there are some drawbacks for larger subcarrier spacing

· 30kHz subcarrier spacing reduces the CP duration in half. This will make the system more sensitive to large propagation delay and more importantly, non-ideal timing synchronization. If the extended CP were used, the overhead is increased to 40%, which is comparable to 15kHz subcarrier spacing with normal CP: for 10MHz bandwidth and 30kHz subcarrier spacing, there are 512 samples for data and 128 for extended CP. The total number of samples per TTI is 7680. Then the overhead is 1-512*8/7680=46.7% with 4 DMRS symbols. If only 2 DMRS symbols are used per TTI, the overhead is 1-512*10/7680=33.3%.
· The number of PRBs of 30kHz subcarrier spacing is half of l5kHz subcarrier spacing. In this case, large packet size, such as 800bytes, has to be cut in the MAC layer and transmitted in two subframes. That will degrade the performance.
· Large effort for standardization and possible delay WI progress, as well as significant change in the receiver architecture. 
Based on above analysis, we have the following proposal:
Proposal 1:  Confirm the WA that 15kHz subcarrier spacing is used for V2V PSSCH/PSCCH.
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Figure 5. Performance comparison between 15kHz and 30kHz

3.3 Extremely high speed: 500km/h

According to the revised WID [2]: The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (e.g., adaptation of code-rate, the DMRS mapping/ structure) (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h. 
In this section, we evaluated the performance of DMRS structure (Figure 2) for extremely high speed scenarios. The scenarios of 500km/h relative speed (250km/h per vehicle), and 400km/h relative speed (one vehicle with 150km/h, another vehicle with 250km/h) are simulated.
For PSSCH, when the relative speed is 400km/h and higher, there is an error floor for 300 bytes with MCS level corresponding to QPSK r=1/2. The error floor can be reduced using a lower coding rate. Another method is to increase the number of receiver antennas from 2 to 4, which can improve the performance greatly. With 4 antennas, the error floor can be reduced to less than 0.01 for the 500km/h scenario. 
For PSCCH, if more PRBs are allocated, the coding rate can also be reduced. This will increase the complexity of blind decoding. More receive antennas can also improve the performance of PSCCH. 
While having 4 antennas in a smartphone is difficult due to size constraints, it is not a big issue for a vehicle where more antennas is feasible, and is already done today. Furthermore, implementation of 4 antennas is in the roadmap. Some chipset manufacturers have already announced to support 4 receive antennas within this year [4]. Therefore, using 4 receive antennas in vehicle is reasonable and realizable, especially on high-end cars Note that the implementation of 4 receive antennas would be necessary for high-end cars only: as it can be seen, for 400km/h, a 2-antenna receiver works well.
Proposal 2: The PUSCH-like DMRS structure can support up to 500 km/h relative speed with 4 receive antennas or lower MCS. 
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Figure 6. Performance of PSSCH/PSCCH for 500/400 km/h relative speed

4 Conclusions
Performance of 4 PUSCH DMRS structure for PSSCH/PSCCH with timing error is evaluated in different scenarios. The effect of different DMRS sequence on performance is analysis. Comparison between 15kHz and 30kHz subcarrier spacing is done. The results show that the 4 PUSCH DMRS structure can work well in all the considered scenarios. Especially, it can also work for 500km/h relative speed if 4 receive antennas or lower MCS are used.
Based on the results and analysis, the following observations and proposals are made:
Observation 1: frequency offset estimation in time domain per DMRS symbol can be up to 15kHz.

Observation 2: frequency offset estimation in time domain has acceptable complexity at receiver. 

Observation 3: The DMRS structure with 4 PUSCH DMRS symbols per subframe is robust to timing error and can work well with timing error.

Proposal 1: Confirm the WA that 15kHz subcarrier spacing is used for V2V PSSCH/PSCCH
Proposal 2: The PUSCH-like DMRS structure can support up to 500 km/h relative speed with 4 receive antennas or lower MCS. 
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Appendix A: Simulation setting
Table 1. Parameter setting of link level simulation
	Parameters
	Assumptions

	General parameters:
	

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS 

	Antenna configuration
	1 antenna @ transmitter
{2,4} antennas @ receiver

	UE relative speed
	{30, 280, 400, 500} km/h

	Number of transmissions
	1

	CFO
	B1 (case B + case 1); A2 (case A + case 2); 

	Timing error
	{0,2}us

	Frequency offset estimation
	time domain

	Channel estimation 
	Linear interpolation

	
	

	PSSCH parameters:
	

	TBS 
	{190, 300, 800} bytes

	Modulation
	QPSK

	Coding rate
	1/2 

	
	

	PSCCH parameters: 
	

	TBS
	43 bits

	Modulation
	QPSK

	PRB number 
	1


Appendix B: performance for PSSCH with 190-byte and 800-byte packets
B.1: 190 Bytes
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B.2: 800 Bytes
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