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1
Introduction
In this contribution we present our views on reference signal design for V2V.
· In Section 2 we present link level results based on the agreed simulation assumptions in RAN1#83
· In Section 3 we concludes the contribution
2
Link Level Performance
2.1
Simulation assumptions

In RAN1 #83 [1], the following agreements were reached on the evaluation of LTE V2X reference signals, which include the simulation assumptions. 

Agreements:
· Confirm the baseline on SC-FDM is used for V2V transmission in each physical channel

· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH

· FFS location of DMRS

· Possible options for evaluation and further study will be discussion during this week

· FFS the number and location of DMRS in PSBCH (if PSBCH is supported)

· Possible options for evaluation and further study will be discussion if PSBCH is supported during this week

· If RAN1 finds working assumption does not work, i.e. the performance cannot meet requirements for PC5 V2V at least including consideration on whether RAN1 working assumption of frequency offset is confirmed, the first priority should be given to DMRS structure with Comb (like SRS). 

· There should be considerations on receiver complexity when working assumption is confirmed.

Agreements:
Options of DM RS location for evaluation (counting from #0)

· Other options are not precluded.

· For normal CP with 15 kHz subcarrier spacing

· Option 1: #2, #5, #8, #11

· Note: This is for regular spacing.

· Option 2: #1, #5, #8, #12

· Note: Reuse RS location of PUCCH format 2

· Option 3: #2, #4, #9, #11

· Note: Frequency offset estimation first using {#2, #4} and {#9, #11}

· Option 4: #3, #6, #7, #10

· Note: Frequency offset estimation first using {#6, #7}

· Assumption: Transmissions in a single TTI (i.e., no HARQ retransmission). It is encouraged to evaluate both SA and data. 

· 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.
Companies should describe the receiver algorithm of the evaluated options
2.2
Channel estimation algorithms

We consider a few channel estimation algorithms that only differ in frequency offset estimation. The frequency offset estimation algorithms are as follows.

1. Adjacent DMRS based algorithm: This algorithm estimates the frequency offset by computing the phase changes between adjacent DMRS symbols. For Option 3 and 4 listed in Section 1, the pair(s) of DMRS symbols for frequency offset estimation have been specified. For Option 1 and 2, we use all pairs of adjacent DMRS symbols for frequency offset estimation.

2. Half-symbol based: This algorithm first adjusts Rx timing by correlating the received DMRS signals with the expected DMRS signals and finding the peak. Then it estimates the frequency offset by computing the phase changes between the first and second halves of the DMRS signals in the time domain. Details are in Appendix B.
3. Comb-DMRS: In this case pilots are only on even tones, and odd tones are zero. Consequently, in each Comb-DMRS symbol there are two repetitions in the time domain. Frequency offset can be estimated by comparing the phase change between the two repetitions in each Comb-DMRS symbol. Details are in Appendix C.
After frequency offset is estimated, the channel estimation algorithm compensates for the frequency offset, and then performs linear interpolation and extrapolation of the channel estimation on the reference symbols, as detailed in Appendix A.
2.3
Simulation results
According to the agreement, we simulated 1 TTI. Additional assumptions are as follows. The message size was 300 bytes. To achieve a coding rate of 0.5 with QPSK, 25RBs are used. We assumed high speed: Tx and Rx UEs move with 140km/h towards each other. The carrier frequency is 6GHz. The receiver has two receiving antennas. For small scale fading the UMi NLOS channel model [2] was used. 

Fig. 1 compares adjacent DMRS based algorithm and Comb-DMRS. The legend without “Comb” refers to the adjacent DMRS based algorithm. With the adjacent DMRS based algorithm, all four options have error floors in all simulated scenarios. On the other hand the Comb-DMRS does not have the problem.

The reason for the performance problem of the adjacent DMRS based algorithm is the inaccuracy in frequency offset estimation. Under high speed, the channel frequency response changes significantly on different DMRS symbols. Even if the frequency offset is 0, the phase change computation would give non-zero frequency offset. In other words, the high Doppler causes error in the frequency offset estimation. However, if we use the Comb-DMRS algorithm, the channel change in a half symbol is very small, which makes frequency offset estimation more accurate.
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Figure 1: Adjacent DMRS based frequency offset estimation
Observation 1: Adjacent DMRS based frequency offset estimation leads to error floor under high speed.
Fig. 2 compares half-symbol based algorithm and Comb-DMRS. For the half-symbol based algorithm, the four DMRS sequences use group-hopping (such that they have different root indices). The figure shows that the performance of half-symbol based algorithm is similar to Comb-DMRS if Option 1 DMRS positions are used in both algorithms. This is because like Comb-DMRS, the half-symbol based algorithm estimates frequency offset by computing the phase changes within a half symbol. With Option 2, 3, and 4, the performance is worse, sometimes with error floors. This is due to worse inter-DMRS spacing.
Observation 2: With half-symbol based frequency offset estimation Option 1 gives the best performance for DMRS and this performance is similar to Comb-DMRS.
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Figure 2: Half-symbol based frequency offset estimation
Although both DMRS and Comb-DMRS have similar performance, the receiver complexity for frequency offset estimation for DMRS is higher (see Appendix B and C). On the other hand, the Comb-DMRS algorithm requires more standardization work since it does not use traditional DMRS. Furthermore repetition in time domain allows for half the number of cyclic shifts than DMRS. This will impact system level performance. Based on this we make the following proposals.

Proposal 1: Use Option 1 positions for reference signals.

Proposal 2: Use conventional uplink DMRS symbols as reference symbols.
3
Conclusion

In this contribution we presented results for different reference symbol designs. We made the following observations and proposals.
Observation 1: Adjacent DMRS based frequency offset estimation leads to error floor under high speed.
Observation 2: With half-symbol based frequency offset estimation Option 1 gives the best performance for DMRS and this performance is similar to Comb-DMRS.
Proposal 1: Use Option 1 positions for reference signals.

Proposal 2: Use conventional uplink DMRS symbols as reference symbols.
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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

Frequency offset estimation using half-symbol based algorithm on DMRS
1. For each received reference symbol, convert the interested RBs (on which DMRS is used) into time-domain signal [image: image4.png]1, (n)



 where k = 0,1,2,3 (for 4 Comb-DMRS symbols) and n=0,1,…N-1, where N is equal to 12*number of RBs.
2. Similarly, convert local DMRS into time domain signals[image: image6.png]P, (n)



.

3. Estimate the timing offset by finding the peak of the channel response converted into time domain. Let the estimated delay be d. (One can use up sampling to improve the accuracy.)
4. Perform a time shift to [image: image8.png]1, (n)



, which gives [image: image10.png]7 (n) = 1 (mod(n+d,N)).



 
5. Estimate frequency offset by computing the phase changes between the first halves and second halves of [image: image12.png]7, (n)



. Specifically, 
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Appendix C
Frequency offset estimation using Comb-DMRS

1. For each received reference symbol, convert the interested RBs (on which Comb-DMRS is used) into time-domain signal [image: image15.png]1, (n)



 where k = 0,1,2,3 (for 4 Comb-DMRS symbols) and n=0,1,…N-1, where N is equal to 12*number of RBs.
2. Obtain an estimated frequency offset by computing the phase changes between the first halves and second halves of the above time-domain signals. Specifically, the estimated frequency offset is
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