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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
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 data communication) performance. The message size was 300 bytes based on the simulation assumptions agreed to [3]. QPSK modulation was used and each transmission was transmitted over 8 PRBs. (Results for 190 bytes transmitted over 4 PRBs are in Appendix C.) 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 SCM channel model [3] was used. There was no frequency offset between the transmitter and receiver. (Results with frequency offset are in Appendix D.)
Figure 1 shows the link level performance at high speed and at low speed for current PSSCH design with two reference signals in a sub-frame. 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] in the last meeting. The channel estimation algorithm to counter Doppler was simple linear interpolation of two reference signals. Details are in Appendix A. We observe that at high speed the performance is Doppler becomes a bottleneck.
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Figure 1: Performance with two pilots and linear interpolation
Observation 1: Link level performance is limited by Doppler at high speed.
To counter this problem we used advanced channel estimation algorithms (ACE) and increased the number of pilots. Details of the algorithm are in Appendix B. The results are illustrated in Figure 2. 
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Figure 2: Performance with more pilots and advanced channel estimation
The results show that while advance channel estimation does improve performance, the gap between the high speed and low speed curves remains significant (~4dB at 10% BER). In order to improve performance further we used 3 or 4 pilots instead of 2. In the case of 3 pilots, the pilots were placed in the 3rd, 8th, and the 12th symbols of each subframe. In the case of 4 pilots, the pilots were placed in 3rd and 6th symbols of each 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 with 4 pilots and ACE is within 2 dB from the case with 2 pilots and linear interpolation at low speed.
Observation 2: Using advanced algorithm and increasing the number of pilots can recover most of 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 being 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 simple 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. Furthermore standardizing OFDM given the time constraint will be a significant challenge.
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. Furthermore standardizing OFDM within a short time period is challenging.
[image: image3.emf]0 1 2 3 4 5

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

High speed, 4 pilots, ACE

Low speed, 2 pilots, ACE

High speed, OFDM

Low speed, OFDM


Figure 3: Performance of OFDM with 2 pilot equivalent overhead
Based on our observation we make the following proposal.

Proposal 1: Use SC-FDM with additional DMRS reference symbol(s) for V2V transmissions.

3
Conclusion

In this contribution we presented some performance results for V2V based. We made the following observations and proposal.
Observation 1: Link level performance is limited by Doppler at high speed.
Observation 2: Using advanced algorithm and increasing the number of pilots can recover most of 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. Furthermore standardizing OFDM within a short time period is challenging.
Proposal 1: Use SC-FDM with additional DMRS reference symbol(s) for V2V transmissions.
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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.
Appendix B

Advanced channel estimation (ACE): 

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.
Appendix C

[image: image4.emf]0 5 10 15 20

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

High speed, 0 Hz

High speed, 600 Hz

High speed, 1200 Hz

Low speed, 0 Hz

Low speed, 1200 Hz


Figure 4: Performance with 190 information bytes, 4 pilots and advanced channel estimation under different frequency offsets {0, 600, 1200} Hz

Appendix D

[image: image5.emf]2 4 6 8 10 12 14 16

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

ACE, 0 Hz

ACE, 600 Hz

ACE, 1200 Hz

0 Hz

600 Hz

1200 Hz

 [image: image6.emf]2 4 6 8 10 12

10

-3

10

-2

10

-1

10

0

 

 

ACE, 0 Hz

ACE, 1200 Hz

0 Hz

600 Hz

1200 Hz


(a) High speed




(b) Low speed
Figure 5: Performance with 300 information bytes and 4 pilots under different frequency offsets
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