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1. Introduction
In 3GPP RAN1#83, the feasibility study on LTE-based V2X Services [1] has completed the part of PC5 transport for V2V services. The RAN study concluded that it is feasible to support V2V services based on LTE PC5 interface with necessary enhancements. In RAN#70, a work item on LTE-based V2V Services was approved in [2]. The objectives of the work item are to specify LTE sidelink enhancements for V2V services defined in [3] and the first objective is:
1) To specify enhancement to sidelink physical layer structure necessary for V2V services [RAN1]
The enhancement to sidelink physical layer structure mainly focus on the design of DMRS to handle high Doppler case. In this contribution, we provide link performance for different DMRS structures.
2. Overview of DMRS enhancements
According to the V2V communication requirement [3], the maximum relative moving speed between two vehicles is 280km/h. With the large V2V carrier frequency, e.g., 6GHz, the Doppler shift can be up to 1556Hz, and the corresponding coherence time is about 0.27ms, which is smaller than the 0.5ms DMRS interval of the current D2D DMRS structure. On the other hand, the CFO estimation range also depends on the interval between two consecutive DMRS symbols, and the estimation range of current D2D DMRS structure is about 1 KHz, which is smaller than the possible maximum 1556Hz CFO caused by Doppler shift.
To solve the CFO and channel estimation problems, lots of DMRS enhancements were discussed during the past meetings and the most popular ones are summarized in Table 1 with their advantages and disadvantages.
Table 1   Comparison for DMRS enhancements
	
	advantages
	disadvantages

	Increase DMRS density
	easy to implement
	increase the pilot overhead

	DMRS with comb
	increase CFO estimation range
	worse performance of channel estimation

	Horizontal DMRS pattern
	robust to the channel variations
	higher cubic metric

	Increase subcarrier spacing
	reduce latency
	need more changes to the current LTE specification



In RAN1#83, these DMRS enhancements were extensively discussed and the following agreements were reached [4].
Agreements:
· 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
Options of DMRS 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.
3. Link level performance
In this section, we compare the link level performance for different options of DMRS location as described in Section 2. The detailed simulation assumptions are listed in Appendix A. 
The BLER performance for different simulation parameters e.g., vehicle moving speed, frequency error and packet size (MCS), are shown in figure 1. As we can see from the figures, the BLER performance of different DMRS options vary with the parameters. For example, when vehicle moving speed increases from 15km/h to 140km/h, the BLER performance become worse with the Doppler shift increasing; When frequency error becomes larger (i.e., from case2+caseA to case1+caseB) or MCS becomes higher (i.e., from 300byte to 800byte), the BLER performance become worse as well. Detailed BLER performance for other simulation parameters are provided in Appendix B.
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Figure 1. BLER performances for different simulation parameters

To make the comparison simpler, maximum coupling loss (MCL) is used in the following part to evaluate the link level performance, which is calculated as : 

MCL (dB) =maximum transmit power (dBm)+ transmit antenna gain + receive antenna gain –(thermal noise density (dBm/Hz) + receive noise figure (dB) +10log10(occupied channel bandwidth (Hz)) + required SINR (dB))

The parameters in the above equation can be found in [1]. We summarize the MCL values supporting BLER<10% in Table 3 to Table 5 for different packet size respectively. 

Table 3 MCL supporting BLER<10% for 190 byte Packet
	Speed
CFO
DMRS
	15km/h
	60km/h
	140km/h

	
	case2+caseA
	case1+caseB
	case2+caseA
	case1+caseB
	case2+caseA
	case1+caseB

	Option1
	127.0
	126.8
	127.2
	127.3
	124.8
	NaN

	Option2
	127.1
	127.1
	127.2
	127.3
	NaN
	NaN

	Option3
	126.8
	126.8
	127.2
	127.2
	125.6
	125.6

	Option4
	126.5
	126.5
	126.9
	127
	123.1
	122.7



Table 4 MCL supporting BLER<10% for 300 byte Packet
	Speed
CFO
DMRS
	15km/h
	60km/h
	140km/h

	
	case2+caseA
	case1+caseB
	case2+caseA
	case1+caseB
	case2+caseA
	case1+caseB

	Option1
	125.4
	125.4
	125.6
	125.7
	123.3
	NaN

	Option2
	125.5
	125.5
	125.9
	125.7
	117
	NaN

	Option3
	125.2
	125.3
	125.5
	125.4
	124
	124

	Option4
	125
	125
	125.4
	125.2
	121.9
	121.9



Table 5 MCL supporting BLER<10% for 800 byte Packet
	Speed
CFO
DMRS
	15km/h
	60km/h
	140km/h

	
	case2+caseA
	case1+caseB
	case2+caseA
	case1+caseB
	case2+caseA
	case1+caseB

	Option1
	120.6
	120.7
	120.2
	120.2
	116.2
	NaN

	Option2
	120.8
	120.8
	120.2
	120.2
	NaN
	NaN

	Option3
	120.5
	120.6
	120.2
	120.2
	115.9
	116

	Option4
	120.2
	120.3
	119.8
	119.7
	NaN
	NaN



The simulation results show that, for the low and medium Doppler cases, i.e., 15km/h and 60km/h, all the four DMRS options perform well and have similar link performance. Option 1 and option 2 perform slightly better than option 3 and option 4 since the DMRS symbol distributions of Option 1 and 2 are more uniform, leading to more accurate channel estimation.
For the high Doppler case, i.e., 140km/h, as the CFO estimation range of option 1 and option 2 can’t cover the large CFO, the performance deteriorate seriously and can not achieve 10% BLER in the extreme {Case 1+Case B}. With larger CFO estimation range, option 3 and option 4 still perform well and option 3 has better performance with good trade-off between CFO and channel estimation. 
When using QPSK with coding rate of 0.5, i.e., packet size of 190byte and 300byte, the MCL performance of option 3 and option 4 can meet the PC5 V2V requirements according to the simulation results in [1, Annex B.2]. For higher level MCS, i.e., packet size of 800byte, option 3 will work with necessary enhancements, e.g., more transmission times or cooperative transmission scheme in [5].
Based on the simulation results above, we make the following observations and proposal.

Observations:

Observation 1: DMRS option 1 and option 2 have good channel estimation accuracy for the low and medium Doppler cases, but could not handle the high Doppler case.
Observation 2: DMRS option 3 and option 4 are more robust to the high CFO and can meet the PC5 V2V requirements when using QPSK with coding rate of 0.5.
Observation 3: With necessary enhancements, DMRS option 3 can meet the PC5 V2V requirements when using higher level MCS, e.g., QPSK with coding rate of 0.67.

Proposals:

Proposal 1: Use DMRS option 3 as baseline for PC5-based V2V transmission.

4. Conclusions
In this contribution, we have extensively compared the performance of different DMRS location options under various speed, synchronization accuracy and MCS assumptions. Observations and proposals are summarized below.
Observations:

Observation 1: DMRS option 1 and option 2 have good channel estimation accuracy for the low and medium Doppler cases, but could not handle the high Doppler case.
Observation 2: DMRS option 3 and option 4 are more robust to the high CFO and can meet the PC5 V2V requirements when using QPSK with coding rate of 0.5.
Observation 3: With necessary enhancements, DMRS option 3 can meet the PC5 V2V requirements when using higher level MCS, e.g., QPSK with coding rate of 0.67.

Proposals:

Proposal 1: Use DMRS option 3 as baseline for PC5-based V2V transmission.
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6. Appendix A: simulation assumptions
Table 2 simulation assumptions
	Carrier frequency
	6 GHz

	Bandwidth
	10MHz 

	Packet size
	190byte, 300byte, 800byte

	Packet modulation/coding
	190byte, 300byte: QPSK with coding rate of 0.5
800byte: QPSK with coding rate of 0.67

	Resource allocation
	190byte: 16 PRBs, 1 TTI
300byte: 25 PRBs, 1 TTI
800byte: 50 PRBs, 1 TTI

	Antenna configuration
	1 Tx, 2 Rx

	Channel model
	ITU-R UMi CDL models with dual-mobility (NLOS)

	Vehicle moving speed
	15km/h (relative speed of 30km/h)
60km/h (relative speed of 120km/h)
140km/h (relative speed of 280km/h)

	CFO
	Case1+CaseB, Case2+CaseA

	CFO estimation method
	based on the phase difference of different DMRS symbols

	Channel estimation method
	LS with quadratic smoothing



Subframe structure for different DMRS location options:


7. Appendix B: BLER performance
	15km/h, case2+caseA, {190 300 800} byte
	15km/h, case1+caseB, {190 300 800} byte
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	60km/h, case2+caseA, {190 300 800} byte
	60km/h, case1+caseB, {190 300 800} byte
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	140km/h, case2+caseA, {190 300 800} byte
	140km/h, case1+caseB, {190 300 800} byte
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