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1 Introduction

At the TSG RAN1 Meeting #82bis, the following agreements were reached on the DMRS enhancements for V2V [1].
Agreements:
· The following observation is captured in TR: “DMRS needs to be enhanced for PC5-based V2V”

· Baseline: SC-FDM is used for V2V transmission in each physical channel

· Enhancement at least includes:

· Increase DMRS density to reduce time interval between DMRS sequences

· Enhance DMRS structure to increase frequency offset compensation range

· Study at least the following DMRS structure:

· Reuse PUSCH DMRS
· Other options are not precluded, i.e., 

· PUSCH DMRS with Comb (similar as structure of SRS)
· New DMRS patterns spread over time and frequency, that may be frequency multiplexed with DFT-precoded data at least in some symbols
· Increased subcarrier spacing
· All options should solve any complexity and standardization impact including analysis of frequency synchronization accuracy

In this paper, we presented our views on DMRS enhancements based on the above agreements. In particular, the enhancements of the DMRS patterns and the demodulations are discussed to improve the reliability of V2V transmissions. 
2 Motivations for DMRS enhancement
As per the discussions in [2][3], the V2V transmission can be implemented based on the LTE PC5. However, the V2V transmission conditions may be much more challenging than the D2D transmissions defined in LTE R12/13, mainly in the following two aspects
· The vehicle UE may have a large velocity, e.g., up to 160kmph of absolute velocity and 280kmph of relative velocity in freeway scenarios [4], while in D2D, low mobility is considered (e.g., 3kmph).

· The relatively large carrier frequency may be used for V2V, e.g., 6.0GHz, while lower carrier frequencies are generally assumed in D2D (e.g., 2GHz or 700MHz). 
The above conditions lead to the technical problems to be solved in LTE PC5 based V2V transmissions as follows
· Drastic channel variation in time, which comes from the high Doppler shift/spread. Taking the relative velocity 280kmph and carrier frequency 6.0GH as an example, the Doppler shift/spread can be up to 1.55kHz. This means the channel coherence time can be about 0.28ms, which is smaller than the PC5 DMRS symbol interval of 0.5ms. 
· Non-negligible frequency offset between vehicle transmitter and receiver. The high velocity and large carrier frequency may make the frequency offsets between the vehicle UEs non- negligible. For example, the Doppler shift of 1.55kHz mentioned above accounts for about 10% of the subcarrier spacing, which will destroy the subcarrier orthogonality and degrade the V2V reliability. In addition, the potential frequency offsets between eNBs and between eNB and UEs may increase the frequency offsets between vehicle UEs, as discussed in [5].
Based on above, the LTE PC5 DMRS shall be enhanced to improve the channel estimation and to enable efficient frequency offset estimation and compensation at the receiver for high reliability of V2V transmissions. 
3 DMRS enhancement scheme
This section investigates the DMRS enhancement based on interleaved DMRS pattern (i.e., the PUSCH DMRS with Comb in the agreements), including the DRMS pattern enhancement and the associated demodulation enhancement (for frequency offset estimation and compensation) as described in the following subsections.
3.1 DMRS pattern enhancement
The DMRS pattern enhancement is twofold: 
1) Increase the number of DMRS OFDM symbol, e.g., to 4; 
2) Interleaved DMRS arrangement in frequency, i.e., only even-numbered subcarriers carry DMRS symbols. 
Figure 1 shows an example of the DMRS pattern enhancement. The increase of the DMRS OFDM symbols aims to combat the fast channel variation. Taking four DMRS OFDM symbols as an example shown in the figure, the DMRS interval is about 0.21ms, which is smaller than the coherence time of 0.28ms (which is mentioned in previous section). 
The purpose of the interleaved DMRS pattern in frequency is to generate two identical half symbols in time domain as shown in Figure 2. The repetitive structure of the DMRS OFDM symbol in time can enable efficient frequency offset estimation and compensation in frequency domain, which will be discussed in details in next subsection. On this aspect, the following points are noted:
· Interleaved DMRS pattern with only even-numbered subcarriers being used leads to the repetitive structure in time domain. This structure enables respective demodulation for each half symbol (the CP aids demodulation for the first half symbol, while the first half symbol aids the demodulation of the second half symbol). Note that if only odd-numbered subcarriers are used, the generated structure in time doesn’t facilitate demodulation of the second half symbol as the first half symbol cannot act as CP of the second half symbol (being minus instead of identical).
· With the interleaved DMRS pattern, since half subcarriers are unoccupied, the transmit power of the DMRS symbols can be boosted to improve the performance of frequency offset estimation and channel estimation. 
· The repetitive structure of the DMRS OFDM symbol can allow a frequency offset estimation range of ±subcarrier spacing, which is generally much larger than other DMRS patterns (e.g., for 4 DMRS OFDM symbols with all subcarriers used, the frequency offset estimation range is slightly smaller than ±1/6 subcarrier spacing, i.e., ±2.34kHz for regular LTE parameter setting).
· With the repetitive DMRS OFDM symbol structure, the two half symbols are near to each other in time domain such that they experience almost the same fast fading channel. This is beneficial for obtaining the accurate frequency offset estimation. If the DMRS OFDM symbols are apart by several OFDM symbols (e.g., 3 or more), the change of the fast fading channel they experience will degrade the frequency offset estimation performance. 
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Figure 1: Illustration of interleaved DMRS pattern (4 DMRS symbols as an example)
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Figure 2: Illustration of the repetitive DMRS OFDM symbol structure in time
3.2 Demodulation enhancement
This subsection will discuss the demodulation enhancements, mainly focusing on the frequency offset estimation and compensation based on the DMRS pattern enhancement described in previous subsection. Figure 3 shows the general processing procedure at the vehicle UE in baseband, where the demodulation enhancement is highlighted by the green modules. The enhancement will benefit the high reliability of V2V transmissions, especially in challenging application scenarios. 
Note that the frequency offset estimation and compensation are generally difficult to be implemented in time domain, since in V2V transmissions, transmissions from multiple vehicle transmitter may be FDM multiplexed in a single subframe and in the receiver view, the different vehicle transmitters generally have different frequency offsets. Thus, the frequency offset estimation and compensation may have to be done in frequency domain. 
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 Figure 3: Illustration of the demodulation enhancement
Frequency offset estimation:

Based on the repetitive structure of the DMRS OFDM symbols, the frequency offset estimation can be implemented through transforming the two half symbols into frequency domain and accumulating the product of the received DMRS symbols at corresponding subcarriers, as shown in Figure 4 and equation (1). 
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Here, M denotes the number of PRBs used by the target vehicle transmitter, 
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=12 denotes the number of subcarriers in one PRB. The sum over j denotes the accumulation over the multiple DMRS OFDM symbols within the subframe. The operation ∠ returns the phase of the complex input. 
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Figure 4: Time to frequency conversion of the two half symbols
Frequency offset compensation:

Once the frequency offset is estimated, its negative impact on the received signal shall be removed through frequency offset compensation. As the frequency offset estimation, the compensation can be implemented in the frequency domain. Denote by 
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=14 is OFDM symbol number per subframe) the received signal of the target vehicle transmitter with presence of frequency offset, the received signal after frequency offset compensation can be expressed as
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Here, 
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 is a diagonal matrix to compensate the phase difference between different OFDM symbols. The term 
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Where, 
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In implementation, the complexity of (3) can be reduced by directly forming a Toeplitz matrix for the IFFT output of the diagonal elements of 
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From the above, we can see that the complexity for the frequency offset estimation and compensation is kept to a very low level, which is important since this procedure shall be done for each FDMed vehicle UE in one subframe. 
Observation-1: The complexity of the frequency offset estimation and compensation implemented in frequency domain is not large.
4 Other schemes and comparison
In addition to the DMRS enhancement scheme shown in Figure 1, there are other potential DMRS enhancement schemes, at least including the schemes listed in Table 1 below and shown in Figure 5. In this section, we will compare these potential DMRS enhancement schemes in terms of: 1) frequency offset estimation range; 2) link level transmission performance. 
Frequency offset estimation range:

Due to the fact that multiple vehicle transmitters may be multiplexed in FDM within a single subframe and the multiple transmitters generally have different frequency offsets with the receiver, the frequency offset estimation cannot be performed in time domain e.g., utilizing the CP structure of the time waveform. In this subsection, it is assumed that for all the potential DMRS enhancement schemes, the frequency offset estimation is made based on the phase difference of the different DMRS OFDM symbols (or half symbols for pattern-1 and -2). In this case, the normalized frequency offset estimation range can be calculated as
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Thus,
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Where, P denotes the DMRS OFDM (half) symbol spacing (e.g., for pattern-1/2, P=0.5, for pattern-3/4, P=7), K=0 for pattern-1/2 and K=1 for other patterns. Note that the estimation range shown in Table 1 is obtained by multiplying the range of equation (5) with the subcarrier spacing. 
From the table, we have the following observation:

Observation-2: The interleaved DMRS pattern has much larger frequency offset estimation range than other schemes. The potential frequency offset of up to 4.8kHz as discussed in [5] lies in capability of the interleaved DMRS pattern while is beyond the capability of other schemes. 
Table 1: Potential DMRS patterns and comparison in frequency offset estimation range

	Pattern index
	DMRS pattern
	Frequency offset estimation range

	Pattern-1
	Interleaved DMRS with 4 symbols
	±15kHz

	Pattern-2
	Interleaved DMRS with 3 symbols
	±15kHz

	Pattern-3
	LTE PC5 DMRS with 2 symbols
	±1.001kHz

	Pattern-4
	Enhanced DMRS with 2 symbols and 30kHz subcarrier spacing (0.5ms subframe)
	±2.002kHz

	Pattern-5
	Enhanced DMRS with 3 symbols
	±1.75kHz

	Pattern-6
	Enhanced DMRS with 4 symbols
	±2.34kHz
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Figure 5: illustration of the DMRS patterns listed in Table 1 (Note all other patterns except pattern-4 have SF duration of 1ms and subcarrier spacing of 15kHz)
Link level transmission performance:

In this subsection, the link level performance with the DMRS enhancement schemes and demodulation enhancement will be evaluated by link level simulations. As the high mobility with potential frequency offsets is the main challenge for the V2V transmissions in the link level perspective, in this part we mainly focus on the link simulations at high mobility (relative 280km/h at 5.9GHz). The detailed link level simulation parameters are listed in table 2 shown in appendix. The simulation results are shown in Fig.6~Fig.8. 
Fig. 6 shows the results for the six DMRS patterns without any frequency offset. From the results, we can see that due to the severe variation of the channel, the PC5 DMRS pattern with 2 DMRS symbols (i.e., pattern-3) is degraded severely in link performance and the other DMRS patterns got relatively good performances and their performance difference is small. 
Fig. 7 shows the results for the six DMRS patterns with frequency offset of 1KHz (i.e., normalized frequency offset is 1/30 for pattern-4 and 1/15 for other patterns). From the results, we can observe that DMRS pattern-1 and -2 achieves relatively good performance while other patterns have performance error floors. The reason of the performance error floors is that the severe variation of the channel between the adjacent DMRS OFDM symbols severely impacts the frequency offset estimation accuracy. For the interleaved DMRS pattern with 4 symbols, we made more simulations for larger frequency offsets, as shown in Fig. 8. It shows that the interleaved DMRS pattern works well for even larger frequency offset, e.g., up to 0.2 (or say 3kHz). 
Based on above, we have the following observations and proposal:

Observation-3 The LTE PC5 DMRS pattern cannot work well in high mobility V2V transmissions. DMRS pattern with more DMRS OFDM symbols are needed.

Observation-4: In presence of relatively large frequency offset, the frequency offset estimation and compensation are needed to achieve acceptable link performance. 

Observation-5: In case of high mobility, the interleaved DMRS pattern has better immunity to the channel variations in the frequency offset estimation.

Proposal-1: The interleaved DMRS pattern is applied to improve the reliability of the V2V link performance. The DMRS OFDM symbol number is 3 or 4 FFS.
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Figure 6: Comparison of BLER performance for different DMRS patterns at high mobility (frequency offset is 0)
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Figure 7: Comparison of BLER performance for different DMRS patterns at high mobility (frequency offset is 1kHz)
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Figure 8: BLER performance for interleaved DMRS pattern (pattern-1) with frequency offsets of 1.5kHz and 3kHz
5 Conclusions

In this contribution, we discussed the potential DMRS pattern enhancement and associated demodulation enhancement to improve the reliability of the V2V transmissions. Based on the discussions, the following observations and proposals are provided. 

Proposal-1: The interleaved DMRS pattern is applied to improve the reliability of the V2V link performance. The DMRS OFDM symbol number is 3 or 4 FFS.

Observation-1: The complexity of the frequency offset estimation and compensation implemented in frequency domain is not large.

Observation-2: The interleaved DMRS pattern has much larger frequency offset estimation range than other schemes. The potential frequency offset of up to 4.8kHz as discussed in [5] lies in capability of the interleaved DMRS pattern while is beyond the capability of other schemes.
Observation-3: The LTE PC5 DMRS pattern cannot work well in high mobility V2V transmissions. DMRS pattern with more DMRS OFDM symbols are needed.

Observation-4: In presence of relatively large frequency offset, the frequency offset estimation and compensation are needed to achieve acceptable link performance. 

Observation-5: In case of high mobility, the interleaved DMRS pattern has better immunity to the channel variations in the frequency offset estimation.
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7 Appendix A: Evaluation Assumptions

In this section, we provide summary of simulation parameters of the link level simulations.

Table 2: Summary of link level evaluation assumptions
	Parameters
	Values

	Carrier frequency
	5.9 GHz

	Bandwidth
	10MHz (sampling frequency = 15.36MHz)

	V2V message packet size
	2432 bits including 24bit CRC (about 300 bytes)

	Resource allocation
	Two (re)transmissions each with 12 PRBs over one subframe (i.e., M=12 in scheme description)

	Packet modulation/coding
	QPSK, Turbo coding

	DMRS pattern
	As shown in Table 1 and Figure 5.

	Antenna configurations
	1 TX antenna and 2 RX antennas

	Channel model
	ITU UMi fast fading NLOS with dual-mobility

	Velocity for vehicle TX UE and RX UE
	140kmph (i.e., the relative velocity is 280kmph) for Fig.6~8. 
1kmph for Fig. 9.

	Frequency offsets
	0 (Fig.6), 1kHz (Fig.7), 1.5kHz, and 3kHz (Fig. 8), 0.6kHz(Fig.9)

	Channel estimation method
	LMMSE channel estimator

	Punctured symbols
	The first symbol for AGC and the last symbol for guard time within a subframe.


8 Appendix B: Simulation Results in Low Mobility
Link level simulations with low mobility (1km/h for each vehicle UE) are also made for the DMRS patterns listed in table 1. The simulation conditions are shown in table 2 and the results are shown in Figure 9 below. In low mobility, the frequency offset estimation accuracy for pattern-3 ~ pattern-6 is improved, thus their performance error floors disappear. In this case, the pattern-2/3/4/5 achieve slightly better performances than pattern-1 due to the slightly lower coding rate. 
[image: image31.emf]-5 0 5 10 15

10

-2

10

-1

10

0

SNR, dB

BLER

 

 

4 DMRS sym, interleaved

3 DMRS sym, interleaved

2 DMRS sym

2 DMRS sym, SF=0.5ms

3 DMRS sym

4 DMRS sym


Figure 9: BLER performance at low mobility (1kmph) with frequency offset of 0.6kHz
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