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1
Introduction
LTE based V2X services RAN study item was recently approved [1]. In this contribution we present some initial link and system level simulation results LTE-D2D communication based V2V. These results provide guidance on what improvements on LTE-D2D are needed to design a robust V2V system.
· In Section 2 we present initial link level results
· Section 3 we present initial system level results.
· Section 4 concludes the contribution
2
Link Level Performance
One of the important criteria for V2V is performance at high speed. Based on the SA1 requirements [2] a relative speed of up to 280km/hr is possible. We simulated the PSSCH (LTE-D2D communication) performance at high speed. The message size was set to a total of 300 bytes based on SA1 requirements [2]. QPSK modulation was used and each transmission was transmitted over 8 PRBs. Each message was transmitted 4 times and HARQ combining was performed at the receiver. The receiver has two receiving antennas. For small scale fading the EVA channel model was used. There was no frequency offset between the transmitter and receiver. The carrier frequency used was 5.9GHz.
Figure 1 shows the link level performance at low speed and at high speed for current PSSCH design with two reference signals in a sub-frame.
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Figure 1: Performance with two pilots and liner interpolation
The channel estimation algorithm to counter Doppler was interpolation of channel estimates on the two reference signals. Details are in Appendix A. We observe that at high speed the performance dramatically degrades, Doppler becomes a bottleneck.

Observation 1: Link level performance is limited by Doppler at high speed.
To counter this we used advanced channel estimation algorithms. More specifically we used a decision feedback (DF) based channel estimation algorithms. Details of the algorithm are in Appendix B. The results are illustrated in Figure 2. 
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Figure 2: Performance with 4 pilots and decision feedback

The results show that while decision feedback does improve performance the gap between the high speed and low speed curves remains significant (~7dB at 10% BER). In order to improve performance further we used 4 pilots instead of 2. The pilots were placed in 3rd and 6th symbols of a slot. We find that this significantly reduced the gap between high speed and low speed performance (less than a dB in most places). Furthermore the performance is similar to that of 2 pilots with simple interpolation at low speed.
Observation 2: Using decision feedback channel estimation and increasing the number of pilots can recover the loss due to Doppler at high speed.
To improve the performance further we also simulated OFDM instead of SC-FDM. The advantage of OFDM is that the pilots can be spread more uniformly over the sub-frame. In our simulations we spread pilots roughly uniformly over the sub-frame while keeping the overhead same as 2 pilots in case of SC-FDM. The results are plotted in Figure 3. The results show that OFDM with linear interpolation channel estimation and lower pilot overhead has better performance than the best case of SC-FDM. Furthermore the loss due to Doppler at high speed is small (< 1dB).  However OFDM suffers from higher PAPR/CM and better performance does not necessary correspond to higher link budget.
Observation 3: OFDM with simple channel estimation can perform better than the best case SC-FDM but PAPR/CM issues need to be taken into account.
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Figure 3: Performance of OFDM with 2 pilot equivalent overhead and linear interpolation
3 System Level Performance

We now consider system level performance. We simulated a design close to Mode 2 based Release 12 LTE-D2D communication for V2V communication. Our simulation consisted of 10MHz spectrum at 5.9GHz dedicated only for V2V communication. The PSCCH (or SA) period was set to 40ms with 8 sub-frame being used for PSCCH and the remaining sub-frames will be used for PSSCH (or data) transmissions. This is illustrated in Figure 4.

Figure 4: Resource pool configuration for PSCCH and PSSCH
PSCCH transmission is the same as Release 12 design (i.e., 1 PRB size, 2 transmissions, and deterministic hopping). PSSCH transmission consists of 8 PRB with 4 transmissions with frequency hopping. Some slight difference compared to Release 12 LTE-D2D communication is that instead of T-RPT 4 sub-frames were randomly selected among the 32 sub-frames. 
Each vehicle will transmit a message size of 300 bytes every 100ms deterministically. The offset of transmission for each vehicles was randomly selected.
For system level simulation setup Highway scenario as described in our companion contribution [3] Section 2.2 was used. For channel model D2D outdoor to outdoor LOS path loss model as described in TR 36.843 [4] was used. No shadowing was modelled. For small scale fading EVA fading model was used. Inband emissions was modelled as described in [4] with {3,6,3,3} offsets. The number of cars was set to 600. Transmit power was set to 20 dBm. Other parameters were same as those described in [4].
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Figure 5: Probability of discovery with distance per message

The results are illustrated in Figure 5 where probability of discovery with distance per message is illustrated. We simulated both OFDM and SC-FDM. OFDM is transmitted at 3dB lower power compared to SC-FDM to take into account PAPR/CM. We observe that OFDM has better performance due to better link level performance. However both schemes are far from meeting the SA1 requirements. To understand this performance we also investigated performance without inband emissions. This performance is also illustrated in Figure 5. We see that without inband emissions there is a significant improvement in performance. For example, for SC-FDM at 200m the probability of decoding increases from 0.16 to 0.70. Further investigation reveal that random selection algorithm agreed to in Release 12 for Mode 2 is quite inefficient. Therefore it is important to improve resource allocation mechanism by taking into account the inband emissions.
Observation 4: Gains of OFDM at link level show up at system level even with reduction in transmit power to account for PAPR/CM.

Observation 5: Current LTE-D communication resource allocation mechanism is not sufficient to meet V2V performance requirements. New resource allocation mechanisms that take into account inband emissions need to be studied.

3
Conclusion

In this contribution we presented some initial performance results for V2V based. We made the following observations.
Observation 1: Link level performance is limited by Doppler at high speed.
Observation 2: Using decision feedback channel estimation and increasing the number of pilots can recover the loss due to Doppler at high speed.
Observation 3: OFDM with simple channel estimation can perform better than the best case SC-FDM but PAPR/CM issues need to be taken into account.
Observation 4: Gains of OFDM at link level show up at system level even with reduction in transmit power to account for PAPR/CM.

Observation 5: Current LTE-D communication resource allocation mechanism is not sufficient to meet V2V performance requirements. New resource allocation mechanisms that take into account inband emissions need to be studied.
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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 piecewise quadratic fitting and smoothing over all tones in the symbol. 
3. Finally, perform linear interpolation over symbols to obtain channel estimates of all symbols.
Noise estimation for decoding (LLR computation): 

1. Use the estimated channel to equalize the received signal. 
2. Demodulate each resource element (RE) by mapping the equalized signal to the nearest constellation point.
3. Take the difference between the equalized signal and the constellation point as an error sample. 
4. In each symbol, for each RB (12 tones), compute the variance of the 12 error samples and use the variance as the noise estimates of the 12 REs.
Appendix B

Decision feedback based channel estimation. 

1. Use linear interpolation based channel estimation
2. Using the estimated channel, demodulate the symbols with pilot and their adjacent symbols. 
3. Regard the demodulated symbols as new pilots, and re-estimate the channel 
4. Go to Step 2 and loop until all symbols have been demodulated.
5. Use the final channel estimate for final demodulation and decoding.
Noise estimation for decoding (LLR computation): the same as in Appendix A.
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