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1 Introduction
At the RAN #83 meeting, DMRS enhancements for V2V were discussed. The following working assumption was taken [1]:
· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH

4 options for DMRS locations are under consideration:

· Option 1: #2, #5, #8, #11
· Option 2: #1, #5, #8, #12
· Option 3: #2, #4, #9, #11
· Option 4: #3, #6, #7, #10
Some evaluation scenarios were defined:

Simulation scenarios:

· 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.
In this contribution, we compare the performance of different DMRS locations using link level simulations and analyze the complexity of receiver algorithm. Based on that, we propose to adopt option 1 for the V2V DMRS structure. Furthermore, the DMRS design for PSBCH is given and performance is evaluated. 
2 DMRS for control and data channel
Different DMRS location options for control and data channels are shown in Figure 1
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Figure 1. Illustration of DMRS options
2.1 Description of receiver algorithm
In this section, we provide a short description of receiver algorithm, especially an estimation algorithm for frequency offset which is used in following simulations. 
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Figure 2. Flowchart of receiver algorithm
The frequency offset is estimated in 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 sequence 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 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 ability of terminals, this additional complexity is not significant.

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

2.2 Performance evaluation
The evaluation parameters are given in Appendix A. The evaluation is conducted for one low relative speed (30 km/h), and one high relative speed (280 km/h). The first and last symbols of the subframe are not used for demodulation: the first symbol is used for AGC setting, the last symbol is used as guard time. Linear interpolation is used for channel estimation. Results for PSCCH and PSSCH with 300-byte packet size are shown here. Results for PSSCH with 190 bytes and 800 bytes are shown in Appendix B.
For PSSCH, the results show that option 1 has the best performance for the high speed scenario. These four DMRS options have comparable performance for the low speed scenario. For each DMRS option, the performance of the receiver algorithm is almost the same for different frequency offset cases. This shows that the robustness of the receiver algorithm is very good. 
The performance for all the mandatory evaluation cases is acceptable. However, it should be noted that there is an error floor for the optional 16-QAM r=1/2 case for the high velocity/high frequency offset case. We do not anticipate this to be a problem: first in practice, a vehicle traveling at high speed will probably not use a high order modulation for coverage reasons. Furthermore, it can be seen that by slightly lowering the coding rate to 0.4, or slightly reducing the speed to 240 km/h, the error floor disappears (see Figure 6). Consequently, we consider the performance to be more than good enough.
For PSCCH: option 1 has the best performance in both high and low speed scenarios (see Figure 7). 
Based on the results and analysis, we propose:
Proposal 1: DMRS location option 1 is recommended as DMRS pattern for PSCCH/PSSCH for V2V
2.2.1 PSSCH 300B
2.2.1.1 QPSK r=0.5
	[image: image4.wmf]
	[image: image5.wmf]

	Figure 3. Performance evaluation for PSSCH 300Bytes, QPSK r=0.5


2.2.1.2 QPSK r=0.7
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	Figure 4. Performance evaluation for PSSCH 300Bytes, QPSK r=0.7


2.2.1.3 16QAM r=0.5
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	Figure 5. Performance evaluation for PSSCH 300Bytes, 16QAM r=0.5


2.2.1.4 16QAM: additional results
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	Figure 6. Performance evaluation for PSSCH 300bytes 16QAM, different #PRB or speed


2.2.2 PSCCH
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	Figure 7. Performance evaluation for PSCCH


3 DMRS for PSBCH
3.1 DMRS pattern
In Rel-12 D2D, both discovery and communication are supported. For terminals participating in discovery, only SLSS is transmitted. For terminals participating in communication, both SLSS and PSBCH are transmitted and are multiplexed in one subframe. There are two reasons that SLSS cannot be used for demodulation. First, when the received SLSS has interference from UEs transmitting SLSS only (no PSBCH), channel estimation based on the received SLSS should not be used for the received PSBCH because the received PSBCH is not interfered by UEs transmitting SLSS only. Secondly, it is possible that UEs from two adjacent cells have the same DMRS sequence and different SLSS which would lead to incorrect channel estimation. Therefore, the PSBCH channel estimation needs to be based on DMRS symbols. The PSBCH subframe structure of Rel-12 D2D is shown in Figure 8. 

[image: image14.emf]SSSS SSSS

PSSS

PSSS

DMRS

DMRS

AGC

GP


Figure 8. Legacy D2D PSBCH subframe structure
There are 6 OFDM symbols for the PSBCH between two DMRS symbols. This is not enough for V2V for high mobility conditions. Some DMRS enhancements are needed for at least high mobility conditions.
Observation 3: DMRS enhancements are needed for PSBCH. 

DMRS enhancements for PSCCH/PSSCH were extensively discussed and evaluated during the SI phase. It was agreed to increase the DMRS density and to reuse the PUSCH DMRS sequence. 
For PSBCH, we propose to use a similar approach and to reuse the PUSCH DMRS sequence because it has shown robust performance for PSCCH and PSSCH. In addition, since the channel estimation algorithm can be the same as for other channels, it reduces the receiver complexity.
Proposal 2: reuse PUSCH DMRS for PSBCH
Increasing DMRS density can overcome the effects of high Doppler. It was agreed to increase to 4 DMRS symbols per subframe for the PSSCH/PSCCH. V2V can work in both dedicated carrier and shared carrier. At high frequencies (e.g., 6 GHz), high mobility combined with high carrier frequency results in high Doppler, and DMRS density needs to be increased. For lower frequencies (e.g., 2 GHz), it was shown that using 2 DMRS symbols was enough in the Rel-12 D2D WI. Consequently, there may be no need to increase the DMRS density at low frequencies. 
Observation 4: DMRS design could be different for different V2V scenario.
According to the analysis, we have the following DMRS design for different V2V scenarios. 
· For shared carrier, existing PSBCH DMRS structure is used for V2V. 

· For dedicated carrier, four different DMRS options are proposed for V2V, and are shown in Figure 9. More DMRS symbols mean fewer symbols for PSBCH. Several solutions are discussed in [4] to address this potential issue. In this contribution, we use a higher coding rate on the PSBCH than for D2D.
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Figure 9. Illustration of DMRS patterns for PSBCH in dedicated carrier
3.2 Simulation results 
The parameter setting for PSBCH evaluation is shown in Table 1. Both 2 GHz and 6 GHz carrier frequencies are evaluated. The same CFO setting as for PSCCH/PSSCH is assumed. The SLSS sequence generation is the same as for D2D. For the shared carrier, since the absolute frequency offset is small, no frequency offset estimation and compensation is done at receiver. For the dedicated carrier, the frequency offset estimation algorithm described in section 2.1 is used. The results are shown in Figure 10 and Figure 11.
For the dedicated carrier, the legacy D2D DMRS structure does not work well, especially in the high speed scenario. The DMRS patterns of Figure 9 are robust in both low and high speed conditions and for both frequency offset models. Option 5 has the best performance overall. 
Based on the results, we have the following proposal:
Proposal 3: 
· The existing D2D PSBCH DMRS structure is used for V2V for the shared carrier scenario
· Option 5 (DMRS located at symbols 3, 5, 8 and 10, counting from 0) is recommended as DMRS pattern for PSBCH for the dedicated carrier scenario
3.2.1 Shared carrier
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	Figure 10. Performance evaluation for PSBCH in shared carrier scenario


3.2.2 Dedicated carrier:
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	Figure 11. Performance evaluation for PSBCH in dedicated carrier scenario


4 Conclusions
Different DMRS location options are compared by means of link level simulations. Receiver algorithm and complexity are also analyzed. Based on the results and analysis, the following observations and proposals are made:
Observation 1: frequency offset estimation in time domain per DMRS can be up to 15kHz.

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

Proposal 1: DMRS location option 1 is recommended as DMRS pattern for PSCCH/PSSCH of V2V
DMRS design of V2V PSBCH is discussed. Four DMRS patterns are given and evaluated for dedicated carrier in this contribution. The following observations and proposals are given.
Observation 3: DMRS enhancements are needed for PSBCH. 

Proposal 2: reuse PUSCH DMRS for PSBCH
Observation 4: DMRS design could be different for different V2V scenario.
Proposal 3: 
· The existing D2D PSBCH DMRS structure is used for V2V for the shared carrier scenario

· Option 5 (DMRS located at symbols 3, 5, 8 and 10, counting from 0) is recommended as DMRS pattern for PSBCH for the dedicated carrier scenario
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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 antennas @ receiver

	UE relative speed
	{30, 280} km/h

	Number of transmissions
	1

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

	Frequency offset estimation
	time domain

	Channel estimation 
	Linear interpolation

	
	

	PSSCH parameters:
	

	TBS 
	{190, 300, 800} bytes

	Modulation
	QPSK, 16-QAM

	Coding rate
	1/2 (QPSK and 16-QAM); 0.7 (QPSK)

	
	

	PSCCH parameters: 
	

	TBS
	43 bits

	Modulation
	QPSK

	PRB number 
	1

	
	

	PSBCH parameters: 
	

	Carrier frequency
	{2, 6} GHz

	TBS
	40 bits

	Modulation
	QPSK

	PRB number
	6


Appendix B: performance for PSSCH with 190-byte and 800-byte packets
B.1: 190 Bytes
B.1.1: QPSK r=0.5
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B.1.2: QPSK r=0.7
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B.1.3: 16QAM r=0.5
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B.1.4: 16QAM: more results
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B.2: 800 Bytes
B.2.1: QPSK r=0.5
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B.2.2: QPSK r=0.7
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B.2.2: 16QAM r=0.5
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B.2.3: 16QAM: more results
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