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1
Introduction
In this contribution we present some link level simulation results for V2V based on LTE-D2D communication. 
· In Section 2 we present link level results
· In Section 3 we concludes the contribution
2
Link Level Performance
Link level performance for V2V is challenging due to couple of reasons.

· Vehicles can have high speed. In fact based on SA1 requirements [2] a relative speed of up to 280km/hr is possible. This can lead to significant Doppler 
· V2V deployment frequency can be much higher than the typical 2GHz used for LTE, e.g., 6GHz. Given that frequency offset between vehicles can be 0.2ppm a frequency offset of 1200 Hz (for 6GHz) is possible.
2.1
Dealing with high speed Doppler
In [4], we observed that using 2 pilots as in traditional PUSCH is not sufficient for high speed. The same observation was made by other companies. Reference [4] also showed that using 3 or 4 pilots leads to reasonable performance. In this contribution we use 4 pilots: the pilots were placed in 3rd and 6th symbols of each slot. The channel estimation algorithm is simple linear interpolation and extrapolation of the pilots. Details are in Appendix A.
We simulated the PSSCH (LTE-D2D data communication) performance. The message size was 300 bytes or 190 bytes based on the simulation assumptions [3]. Each message uses 4 transmissions with different redundancy versions, and soft HARQ combining was performed at the receiver. For the 300-byte message, each transmission uses 8 PRBs. For the 190-byte message, each transmission uses 6 RBs. QPSK modulation and Turbo coding were used. The receiver has two receiving antennas. For small scale fading the SCM channel model [3] was used. We will simulate both “high speed” and “low speed”. In the high speed case, two vehicles move towards each other with 140km/hr each. In the low speed case, two vehicles move towards each other with 15km/hr each. Note that 140km/hr and 15km/hr are the highest and lowest speeds in the agreed simulation assumptions [3].

Figure 1 shows the link level performance of PSSCH at high speed and at low speed. In this simulation we assumed no frequency offset between the transmitter and receiver. (The case with frequency offset will be discussed in Section 2.2.) We observe that the gap between high speed and low speed performance is within 2dB at 1% BLER for both the 300-byte and 190-byte messages. In other words, the use of 4 pilots have made the link level performance robust to high speed.
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Figure 1: Performance with more pilots
Observation 1: Increasing the number of pilots (for example, to 4) can counter the Doppler due to high speed.
Based on our observation we make the following proposal.

Proposal 1: Use 4 reference symbol(s) within a subframe for V2V transmissions.

2.2
Dealing with frequency offset
Another challenge for V2V communication is high frequency offset. As mentioned for a carrier frequency of 6GHz, the frequency error between the two UEs is 0.2ppm * 6GHz = 1200 Hz. If the two UEs are synchronized in frequency to two different eNBs, then the offset would be even higher.
In [5]

 REF _Ref434338110 \r \h 
[6], a SRS like (comb based) reference symbols were proposed to estimate and compensate for the frequency offset. We simulated this scheme with 4 SRS like symbols in the case of high speed and 300-byte message. The remaining assumptions are as described in Section 2.1. Details of the algorithm are in Appendix B. The result is shown in Figure 2. It can be observed that even with 4.8kHz frequency offset, the performance loss (compared to 0Hz frequency offset) is smaller than 1 dB. Therefore the scheme is useful in combating frequency offset.

Observation 2: Comb-like DMRS is can be useful in combating frequency offset.
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Figure 2: Performance with frequency offsets for 4 SRS like reference symbols at high speed
Based on this we propose that SRS like reference symbols.
Proposal 2: Use SRS like reference symbols instead of conventional DMRS signals.
3
Conclusion

In this contribution we presented some performance results for V2V based. We made the following observations and proposal.
Observation 1: Increasing the number of pilots (for example, to 4) can counter the Doppler due to high speed.
Proposal 1: Use 4 reference symbol(s) within a subframe for V2V transmissions.

Observation 2: Comb-like DMRS is can be useful in combating frequency offset.

Proposal 2: Use SRS like reference symbols instead of conventional DMRS signals.
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Appendix A

Linear interpolation based channel estimation. 

1. Obtain channel estimates on all pilot tones. 
2. For each symbol with pilot tones, perform window-based smoothing over all tones in the symbol. 
3. Perform linear interpolation and extrapolation over symbols to obtain channel estimates of all symbols.
Appendix B
Channel estimation with frequency offset estimation using comb-like DMRS

1. In the frequency domain, set all tones outside the interested RBs to zero.  
2. Perform IFFT to all comb-like DMRS symbols. Obtain an estimated frequency offset by comparing the first halves and second halves of all such symbols.
3. Compensate for the frequency offset in the entire subframe.
4. Apply linear interpolation based channel estimation in Appendix A.
Appendix C – Performance with missed transmissions

In this Section we look at performance when some of the transmissions are missed due to half duplex constraints. That is, if UE A is transmitting on a subframe, it cannot receive a transmission from UE B which occurs at the same subframe. Therefore, UE A may receive 0, 1, 2, 3, or 4 transmissions of one message transmitted by UE B. 

Assume that at the system level, each UE selects 4 subframes for transmission uniformly randomly from a data pool of, for example, 40 subframes. Then given that k out of 4 transmissions of a message are received from UE B, the missed 4-k transmissions are uniformly random among the 4 transmissions. With this assumption, the performance is shown in Figure 3. In the simulation we observed that the BLER is always 1 when only 1 transmission is received, so this case is omitted in Figure 3.
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(a) 300-Byte message
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(b) 190-Byte message

Figure 3: Performance with different numbers of received transmissions
We observe that the number of received transmissions has an impact on the link-level performance. For example, going from 3 transmissions to 4 transmissions, the curve is improved by more than 10*log10(4/3) = 1.25dB at 1% BLER due to diversity gain and coding gain with more transmissions. Also note that several curves in Figure 3 with “2 Tx” have error floors. This is because if the first transmission (with redundancy version 0) is missed along with another transmission, we find that the BLER performance is poor.
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