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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At the RAN1 #84b meeting, three alternatives were listed for V2V DMRS and Alt. 5 is taken as working assumption [1]:
· Alt 1: 
· “4V structure” for PSSCH/PSCCH is kept (which is already an agreement in RAN1)
· In order to support 500 km/h relative speed case,  lowering the coding rate can be used
· FFS how to adapt MCS, RB size, and/or number of transmission subframes depending on the situation
· This may or may not have any specification impact
· Confirm the working assumption: 
· 15 kHz subcarrier spacing with 1 msec TTI length
· ...
· Alt 5: Alt 1 + adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g, GNSS or eNB)
· FFS: One or more PSCCH format(s) need to be supported
· Supported by: Ericsson, Huawei, HiSi, LGE, ZTE, CATT, Nokia net., Vodafone, CATR, Samsung, Sharp, Sony, ASB, Lenovo, OPPO, Xinwei (16)

In this contribution, we analyze Alt. 5. We also show that using 4 receive antenna or an enhanced algorithm can greatly improve the performance of PSCCH. 
Performance evaluation
The DMRS pattern for PSSCH/PSCCH is shown in Figure 1. There are 4 PUSCH DMRS symbols per subframe. The first symbol is used for AGC setting, the last symbol for GP. 


[bookmark: _Ref445891377]Figure 1. DMRS pattern
The evaluation parameters are given in Appendix A. The evaluation is conducted for low speed (30 km/h), high speed (280km/h) and extreme high speed (500km/h). The first and last symbols of the subframe are not used for demodulation. Linear interpolation is used for channel estimation. 
Low to high speed scenario: 30km/h and 280km/h
The performance of the proposed DMRS structure for PSSCH/PSCCH in case of low to high speed scenario is evaluated in this section. 2s timing error and 1800Hz frequency error are assumed. 
Figure 2 is the performance of PSSCH/PSCCH. It shows that the performance is similar with 2s timing error and without timing error cases. The DMRS structure can work well for PSSCH/PSCCH in the considered low to high speed scenarios.
Observation 1: The PUSCH-like DMRS structure works well in low to high speed scenarios.
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[bookmark: _Ref445908319]Figure 2. Performance of PSSCH/PSCCH with timing error

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 1) for extremely high speed scenario (500km/h). 
For PSSCH, when the relative speed is 500km/h, 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. Also, increasing the number of receiver antennas from 2 to 4 can significantly improve the performance and place the error floor way below 1%. 
For PSCCH, the situation is somewhat similar. It appears that for 500km/h, 1-PRB transmission cannot be used if only two antennas are used. There are two possible solutions:
· Lower the coding rate by allocating more PRBs. Note that this may reduce spectrum efficiency and requires the UE to perform blind decoding for at least two “aggregation levels” instead of 1 for Rel-12 D2D. 
· Increase the number of antennas from 2 to 4: as can be seen in Figure 3, with 4 antennas, 1-PRB PSCCH transmission has acceptable performance at 500km/h. With 4 receive antennas, the required SNR is about 4dB for BLER=0.01. 
4 receive antennas is only needed for cars capable of high speeds. Figure 4 shows that the required SNR is about 9dB in case of 450km/h relative speed (one car with 200km/h, and another with 250km/h). Even in this case, only 2 receive antennas can obtain acceptable PSCCH performance. 
Observation 2: 2 RX antennas is acceptable even at very high speeds (e.g., 450 km/h)
While having 4 antennas in a smartphone is difficult due to size constraints, a vehicle can support more antennas. Furthermore, implementation of 4 antennas is in the roadmap: some chipset manufacturers have already announced support of 4 receive antennas within this year [4][5]. Therefore, using 4 receive antennas in vehicle is reasonable and realizable.
Proposal 1: Either adaptive MCS or 4 receive antennas can be used to improve the performance of PSSCH in the case of 500km/h.
Proposal 2: 4 receive antennas is preferred to improve the performance of PSCCH for extremely high speeds.
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[bookmark: _Ref450815683]Figure 3. Performance of PSSCH/PSCCH for 500km/h relative speed
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[bookmark: _Ref450815781]Figure 4. Required SNR corresponding to different relative speed
The performance of PSCCH in case of 500km/h can also be improved with the use of enhanced receivers. The poor performance is because of fast change of channel in time domain. Generally, the time varying channel can be represented as a composition of basic functions with time invariant coefficients.  These coefficients can be estimated based on DMRS. The performance of PSCCH in case of 500km/h with enhanced receiver is shown in the left figure of Figure 5. The right figure is the performance in case of low to high speed scenarios. It shows that the enhanced algorithm can improve the performance of 500km/h greatly with very small performance loss in case of low speed scenario. Therefore it can be used irrespective to the UE’s speed. Similar performance can be seen by comparing the curves of enhanced receiver for 280km/h and 500km/h, which indicates that it is robust for high speed scenarios. 
Proposal 3: Enhanced receiver algorithm can be used to improve the performance of PSCCH in the case of 500km/h.
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[bookmark: _Ref450635821]Figure 5. Performance of enhanced receiver algorithm

Conclusions
Performance of 4 PUSCH DMRS structure for PSSCH/PSCCH in case of 500km/h is evaluated. Based on the simulation results, the following observation and proposals are made.
Based on the results and analysis, the following observations and proposals are made:
Observation 1: The PUSCH-like DMRS structure works well in low to high speed scenarios.
Observation 2: 2 RX antennas is acceptable even at very high speeds (e.g., 450 km/h)

Proposal 1: Either adaptive MCS or 4 receive antennas can be used to improve the performance of PSSCH in the case of 500km/h.
Proposal 2: 4 receive antennas is preferred to improve the performance of PSCCH for extremely high speeds.
Proposal 3: Enhanced receiver algorithm can be used to improve the performance of PSCCH in the case of 500km/h.
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Appendix A: Simulation setting
[bookmark: _Ref442349616]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, 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
	Half-sequence correlation in time domain [3]

	Channel estimation 
	Linear interpolation

	
	

	PSSCH parameters:
	

	TBS 
	300 bytes

	Modulation
	QPSK

	Coding rate
	1/2 

	
	

	PSCCH parameters: 
	

	TBS
	43 bits

	Modulation
	QPSK

	Number of PRBs 
	1



Appendix B: Complexity analysis
In this section, the complexity of Comb-DMRS scheme and the proposed PUSCH-DMRS scheme are compared.
For PUSCH-DMRS scheme, half-symbol based frequency offset estimation is applied. It mainly consists of three steps:
· Find the maximal tap after the modified received signal (where the RS is removed in the frequency domain) is transformed to the time domain signal.
· The received data in frequency domain is transformed to the time domain with up-sampling
· For PSSCH with 190/300bytes (corresponding to 12/20PRBs) , it can be up-sampled to the closest integer which is equal to 2N, such as N=8;
· For PSCCH, it can be up-sampled to 64 point which has similar performance as 1024 point.
· The DMRS sequence is transformed to the time domain with up-sampling
· It can also be pre-calculated and stored. Then this step is not needed.
· Half-symbol based correlation in time domain.

For Comb-DMRS scheme, the frequency offset estimation mainly consists of the following steps.
· Transform the two half DMRS OFDM symbols into frequency domain (1/2 FFT size).
· Correlation in time domain 
For 10MHz system bandwidth, there are 50PRBs which will be shared by PSCCH and PSSCH. We assume M1 PRBs used for PSCCH, M2 PRBs for PSSCH with 190bytes, and M3 PRBs for PSSCH with 300bytes. For example, M1=6; M2=24; M3=20. Then the complexity of timing/frequency offset estimation for both schemes are listed in the following table, where N1=6 PSCCH, N2=2 PSSCH with 190 bytes, N3=1 PSSCH with 300bytes, Nfft1=64, Nfft2=256, Nfft3=512, is subcarriers per RB,  is the number of PRBs for 190bytes,  is the number of PRBs for 300bytes. The results in the table show that if local DMRS sequence is transformed to time domain per UE per TTI, the complexity of PUSCH-DMRS is about 3 times higher than Comb-DMRS. With pre-storage, the complexity is doubled compared to comb-DMRS. With advances in signal processing, the complexity difference is small.

Table 2
	
	Number of complex multiplications
	Number of complex additions

	Comb-DMRS
	



	




	PUSCH-DMRS (local DMRS sequence in time domain is not pre-stored)
	





	







	PUSCH-DMRS (local DMRS sequence in time domain is pre-stored)
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