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1
Introduction
In this contribution we continue the discussion of reference signal design for V2V PSCCH and PSSCH. We also discuss potential designs that address the higher speed requirement agreed in RAN#71.
· In Section 2 we present link level results of PSSCH and PSCCH based on the agreements in RAN1#84
· In Section 3 we discuss potential solutions to support higher speed

· In Section 4 we conclude the contribution
2
Link Level Performance of PSSCH and PSCCH
2.1
Agreements in RAN1 #84
In RAN1 #84 [1], the following agreements were reached on LTE V2X reference signals. 

Agreements:

· Adopt DMRS location option 1 for PSCCH/PSSCH for V2V
· Working assumption: 15 kHz subcarrier spacing with 1 msec TTI length

· Note: 30 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded

· Note: 15 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded

· Note: only one subcarrier spacing and one TTI length will be supported in V2V

Conclusion:

· Continue performance evaluations with following additional assumptions until the next meeting

· At least 1 micro sec timing error

· 1 PRB 

· 15 kHz and 30 kHz subcarrier spacing to confirm WA in the next meeting

· Companies can consider RAN4 response LS related to Doppler shift parameter
According to the agreement, we evaluate the performance of SA (Scheduling Assignment) with the working assumption of 15kHz subcarrier spacing with 1 msec TTI. We also include PSSCH results from our previous contribution [3] with Option 1 DMRS positions.
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. Note that Option 1 positions have been agreed in RAN1#84. We use all pairs of adjacent DMRS symbols in Option 1 for frequency offset estimation.

2. Half-symbol based: This algorithm first adjusts Rx timing by hypothesis search (with a minimum step size of 0.1µs). 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
Additional assumptions for both PSSCH and PSCCH are as follows. The timing error is chosen uniformly at random from [0, 1.4µs]. The frequency offset is 1800Hz (i.e., Case 1+Case B agreed in RAN1#83). The 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. 

PSSCH transmission uses 1 TTI and 25 RBs, and the message size is 300 Bytes. PSCCH transmission uses 1 TTI and 1 RB, and there are 48 information bits in the SA.

Fig. 1 shows the simulation result. We observe that the adjacent DMRS based frequency offset estimation algorithm leads to a significant error floor. Both the half-symbol based algorithm and Comb-DMRS algorithm can remove the error floor, and give very similar performance. 
The reason for the poor performance of the adjacent DMRS based frequency offset estimation algorithm is as follows. 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 cause’s error in the frequency offset estimation. However, if we use the half-symbol based algorithm or 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: Link-level performance
Observation 1: Adjacent DMRS based frequency offset estimation leads to error floor under high speed.
Observation 2: Half-symbol based frequency offset estimation using DMRS gives similar performance as Comb-DMRS.
Since using traditional DMRS with half-symbol based frequency offset estimation gives similar performance as Comb-DMRS, we make the following proposal.

Proposal 1: Use conventional uplink DMRS symbols as reference symbols.
3
Support of Higher Speed

During RAN#71 the V2V WID was updated to include higher speeds up to 250km/hr. The following was added to the V2V WID [5].

“The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (e.g., adaptation of code-rate, the DMRS mapping/structure) (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h.”
In this section, we evaluate the performance of current baseline design for 280km/hr (15kHz subcarrier spacing, 1 ms TTI, 4 DMRS symbols with Option 1 positions, half-symbol based frequency offset estimation) at relative speed of 500km/hr and propose alternative designs to improve the performance. 

For the evaluation, the message size was 300 bytes and uses 1 TTI and 20 RBs (if not explicitly specified). The Tx and Rx UEs move with 250km/h towards each other. The carrier frequency is 6GHz. The frequency offset of Tx and Rx UEs are both randomly drawn from [-600, 600] Hz. The receiver has two receiving antennas. For small scale fading the UMi NLOS channel model [2] was used. The results are plotted in Figure 2. 
As shown in Figure 2(a), although the baseline design can support 140km/h, it has a quite high error floor under 250km/h. This is because the channel changes very rapidly during one subframe such that the linear interpolation/extrapolation of the channel does not give accurate estimates even under high SNRs. (Results with lower coding rate are shown in Appendix D, which also does not solve the problem.)
Observation 3: Current baseline design does not perform well at relative speeds of 500km/hr.

New signal design is needed to perform well at 250 km/hr. To address this following alternative designs can be studied. 

1. 30kHz subcarrier spacing: This has been proposed by Intel in [6]. This makes each OFDM symbol shorter; one half of the length with 15kHz subcarrier spacing. Consequently each subframe is 0.5ms. If we continue to use 4 DMRS symbols with Option 1 positions, the time between adjacent DMRS symbols is 1/2 shorter. This improves the channel interpolation/extrapolation over time. However, due to shorter symbols, we assume that the first 2 symbols are punctured at the receiver for AGC settling (instead of 1 symbol with 15kHz subcarrier spacing). We assume the guard period is still 1 symbol at the end. Note that each RB still has 12 tones, but the bandwidth of one RB is doubled.
2. OFDM waveform: With OFDM waveform we can allow interleaving of data and pilots allowing for better interpolation in time. One possibility is to reuse the downlink reference signal structure. However as is illustrated below reusing the downlink reference signal structure is not good enough. But placing a pilot in every symbol leads to good performance.
3. 2H: This is a hybrid of SC-FDM and OFDM proposed by Ericsson [4]. With pilot tones in every symbol, channel variation in time can be tracked more accurately under high speed.
We simulated the first two options discussed above. The results are illustrated in Figure 2(b) below. 
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(a) 140km/h vs. 250km/h                                                                     (b) 250km/h

Figure 2: Link-level performance
We observe that either 30kHz subcarrier spacing or OFDM waveform with reference in each symbol can remove the error floor. For 30kHz subcarrier spacing, since 2 symbols are punctured for AGC settling (effectively increasing the coding rate) the performance is worse than OFDM with reference in each symbol. Therefore 30KHz with TTI spacing of 1ms may need to be considered. OFDM with reference in each symbol performs the best due to dense pilot over time and less pilot overhead (only 28 REs per RB are used for pilot as compared to 48 REs per RB in SC-FDM).
In Table 1 below we discuss the pro and cons of all the schemes.

	Signaling Scheme
	Pros
	Cons

	30KHz (need to consider both 0.5ms and 1ms TTI)
	· No additional backoff needed due to higher PAPR
	· May lead to significant changes to hardware and specification work

· The CP length is reduced by half

· Is not backwards compatible with LTE WAN

· May not be forward compatible in the sense that the performance may not be robust to speeds higher than 250 km/hr for drones etc.

· RAN4 work needed for demodulation performance, inband emissions, AGC and gap

	OFDM (with new reference signal design)
	· Backward compatible with LTE WAN communication
· Forward compatible in the sense that can be more robust to speeds higher than 250 km/hr for drones etc. 
	· Backoff needed due to higher PAPR
· RAN4 work needed for demodulation performance and inband emissions

	2H
	· Backward compatible with LTE WAN communication

· Forward compatible in the sense that can be more robust to speeds higher than 250 km/hr for drones etc.
· Less amount of backoff needed compared to OFDM
	· Backoff needed due to higher PAPR

· RAN4 work needed for demodulation performance and inband emissions


Proposal 2: To address higher speed study 30kHz subcarrier spacing, OFDM waveform, and 2H further.
4
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: Half-symbol based frequency offset estimation using DMRS gives similar performance as Comb-DMRS.
Proposal 1: Use conventional uplink DMRS symbols as reference symbols.

Proposal 2: To address higher speed study 30kHz subcarrier spacing, OFDM waveform, and 2H further.
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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: image6.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: image8.png]P, (n)



.

3. Estimate the timing offset by hypothesis search, which can be done in a hierarchical way to get high accuracy (e.g., 0.1µs step size) with low complexity. Let the estimated delay be d. 
4. Perform a time shift to [image: image10.png]1, (n)



, which gives [image: image12.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: image14.png]7, (n)



. Specifically, 
[image: image15.png]



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: image17.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
[image: image18.png])
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Appendix D
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Figure 3: The 250km/h case with additional results with lower coding rates[image: image20.png]



