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1 Introduction

In this contribution we provide link results comparing performance for different DMRS mappings considered for V2X over PC5. The considered schemes are presented in more detail in [1].
2 Comparison of DMRS Mapping
2.1 Simulation Assumptions

In the following we compare link performance for the following schemes:
· Continuos lines: “2H” (2 “horizontal” DMRS/RB): DMRS are mapped every 6th subcarrier in all OFDM symbols. Details are provided in [1];

· Dashed lines: “4V” (4 “vertical” DMRS/TTI): DMRS are mapped to 4 OFDM symbols/TTI;

· Dotted lines: “SS” (short symbol): 4 DMRS are used in a shortened 0.5ms TTI. The subcarrier spacing is 30kHz.

In the 2H case, time interpolation across symbols is performed with a [0.2 1 0.2] predefined filter, applied per subcarrier. Further performance improvement is achieved with an adaptive interpolation filter (not shown here). 

In the 4V and SS cases, linear piecewise interpolation is used to obtain the channel between DMRS symbols. We tried also other techniques including polynomial interpolation without noticeable performance difference.

The channel is generated according to the modified Jakes spectrum for dual mobility, and frequency error is modeled as a linear phase rotation to the time domain signal exp(-j2(2x0.1*10-6fc)t). The equalizer compensates for the joint effects of fading and frequency offset.
Curves include the following scheduled BW assumptions:

· 50 PRBs corresponds to TDM operation,

· 25 PRBs corresponds to FDMA of 2 transmissions/TTI,

· 12 PRBs corresponds to FDMA of 4 transmissions/TTI,

· 8 PRBs corresponds to FDMA of 6 transmissions/TTI.

Only the most significant curves are showed in each plot.

For brevity we do not include retransmissions in these plots. We observe however that:

· 4V and SS are heavily limited by Doppler spread/relative frequency error. Retransmissions do not help significantly with respect to such issues;

· It should be clarified whether soft combination should be assumed as baseline for retransmissions; otherwise results will be hardly comparable and meaningful. More insight is provided in [2].
We focus the investigation on 300 Bytes and 800 Bytes TB sizes. Results for 190 Bytes are not included here for brevity, but conclusions are in agreement with the results shown here.

We only show results for UMi NLoS for brevity, but very similar observations can be drawn for UMi LoS. This is justified by the fact that Doppler spread/shift is limiting estimation performance in V2V scenarios, rather than delay spread.

2.2 Link Simulation Results
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Figure 1: Link comparison for 2H (2 “horizontal” DMRS/RB), 4V (4 “vertical” DMRS/TTI) and SS (4 “vertical” DMRS/TTI, 30kHz subcarrier spacing and 0.5ms TTI), 300B, 2x15km/h, 6GHz, 2x0.1ppm frequency offset. 4V does not allow multiplexing of more than 2 transmissions/TTI.
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Figure 2: Link comparison for 2H (2 “horizontal” DMRS/RB), 4V (4 “vertical” DMRS/TTI) and SS (4 “vertical” DMRS/TTI, 30kHz subcarrier spacing and 0.5ms TTI), 300B, 2x140km/h, 6GHz, 2x0.1ppm frequency offset. 4V does not allow multiplexing of more than 1 transmissions/TTI, while 2H allows 6 transmissions/TTI.
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Figure 3: Link comparison for 2H (2 “horizontal” DMRS/RB), 4V (4 “vertical” DMRS/TTI) and SS (4 “vertical” DMRS/TTI, 30kHz subcarrier spacing and 0.5ms TTI), 800B, 2x15km/h, 6GHz, 2x0.1ppm frequency offset. 4V does not allow multiplexing of more than 1 transmissions/TTI, while 2H allows 4 transmissions/TTI.
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Figure 4: Link comparison for 2H (2 “horizontal” DMRS/RB), 4V (4 “vertical” DMRS/TTI) and SS (4 “vertical” DMRS/TTI, 30kHz subcarrier spacing and 0.5ms TTI), 800B, 2x140km/h, 6GHz, 2x0.1ppm frequency offset. 4V simply fails in this scenario, while 2H allows up to 4 transmissions/TTI.

The simulation results show clearly that 4V is more sensitive than 2H to Doppler spread and frequency errors. In Figure 5 we compare the normalized channel estimation MSE for 2H and 4V, in order to better understand and validate the analysis conducted so far. The MSE is averaged per OFDM symbol and it is normalized to noise power. For simplicity we removed frequency error from Figure 5 and focused on high speed, but similar results were obtained even when considering frequency errors (except for degraded low SNR performance, especially for 4V). 

We observe that at low SNR 4V is better than 2H, as a result of the better processing gain resulting from approximately double amount of DMRS REs/subframe compared to 2H. This gain of 4V is not visible in link BLER results because at low SNR the performance is not limited by channel distortion and channel estimation with 2H is anyway “good enough”. The estimation MSE is indeed well below 0dB, except for the first/last symbols which are anyway not used for demodulation (AGC and gap).
When increasing SNR to 10dB, 2H maintains similar performance as with low SNR. However, the 4V performance degrades largely both for interpolated symbols and for extrapolated symbols at subframe edges. This is not surprising: the channel decorrelates significantly within the DMRS sampling interval and linear interpolation is unable to accurately model the channel between DMRS instances, creating channel distortion which is propostional to the channel power (i.e., more visible at high SNR). In other words the intuition from Figure 5 confirms the BLER results presented in this section.
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Figure 5: Normalized MSE comparison for 4V (4 “vertical” DMRS/TTI) and 2H (2 “horizontal” DMRS/RB), 2x140km/h, 6GHz, ideal freq synchronization.

Based on the simulation results, we observe the following:

Observations:

·  “Horizontal” DMRS (2H) largely outperforms the other schemes in most considered cases. The link-level spectral efficiency achievable with “horizontal” DMRS is several times larger than the one achievable with 4 DMRS/TTI.

· Shortening the DMRS symbol provides good performance at low packet size, performance is unsatisfactory for medium/large TB sizes.

· Potential system-level range loss due to ISI/ICI cause by shrinking of CP duration is not visible in these results.
Proposals:

· “Horizontal” DMRS design is very promising and it is recommended as baseline for PC5 transmission of V2x.

· OFDM symbol length reduction is not promising enough for V2V communication over the D2D link. We propose to downprioritize further study of this technique in the continuation of the V2V study.

· This does not preclude that shorter TTI lengths can be studied in other scenarios and for other purposes, such as latency reduction.
3 Sensitivity Analysis for Frequency Synchronization Errors
Based on the results in Section 2 we can conclude that scheme 2H is robust to very large Doppler spread and frequency errors. That means, if the scheme 2H is chosen for V2V modulation the baseline synchronization accuracy of +/-0.1ppm per UE can be confirmed.

Observation:

· “Horizontal” DMRS design (2H) is compatible with UE frequency synchronization accuracy of +/-0.1ppm.

In the following we focus the analysis on the 4V scheme only, comparing the performance with baseline synchronization accuracy of +/-0.1ppm (same curves as in Section 2) with ideal frequency synchronization (0ppm error). Doppler spread due to relative dual mobility is modelled in the same way as in Section 2.

[image: image6.png]BLER

107

102

008, T

G, 2x15kmh, 2x0.1ppm vs Oppm, UMI NLoS

= == =4V, 4 DMRS/TTIms _idx{1) = {5), nrof b = (25)
= = -4V, 4 DMRS/TTImes _idx{1) = {12), mwof_b = (12)
= 0= +4V,4 DMRS/TTIms idx{1) = {16), mof_b = (8)
4 4V,4 DMRS/TTI, Oppm, mes_id(1) = {5), nrof_tb = (25)
——#— 4V,4 DMRSTTI, Oppm, mes_id(1) = (12}, mof_b = (12}
——O—— 4V,4 DMRS/TTI, Oppm, mes_id(1) = {16), mof b = 8)

P

10

15 20




Figure 6: Link comparison for 4V (4 “vertical” DMRS/TTI), 300B, 2x15km/h, 6GHz, ideal freq synchronization vs 2x0.1ppm frequency error. The impact of synchronization error is shown to dominate the bad performance of 4V.
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Figure 7: Link comparison for 4V (4 “vertical” DMRS/TTI), 300B, 2x140km/h, 6GHz, ideal freq synchronization vs 2x0.1ppm frequency error. Synchronization errors are shown to affect the performance of 4V. Nevertheless the performance of 2H with realistic synchronization (see Figure 2) is much better than 4V with ideal synchronization.
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Figure 8: Link comparison for 4V (4 “vertical” DMRS/TTI), 800B, 2x15km/h, 6GHz, ideal freq synchronization vs 2x0.1ppm frequency error. Nevertheless the performance of 2H with realistic synchronization (see Figure 3) is much better than 4V with ideal synchronization.
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Figure 9: Link comparison for 4V (4 “vertical” DMRS/TTI), 800B, 2x15km/h, 6GHz, ideal freq synchronization vs 2x0.1ppm frequency error. Synchronization errors are shown to affect the performance of 4V. Nevertheless the performance of 2H with realistic synchronization (see Figure 4) is much better than 4V with ideal synchronization.
We can draw the following conclusions based on the results:

Observations:

· Frequency synchronization error dominates the bad performance of 4 “vertical” DMRS/TTI (4V). Assuming ideal synchronization leads to significant performance improvement

· Due to this observation it is essential that any results used for drawing conclusions on L1 PC5 transmission schemes assume the 2x0.1ppm frequency error model

· Even assuming ideal frequency synchronization, “horizontal” DMRS (2H) largely outperforms 4 “vertical” DMRS/TTI (4V), especially for high speed and large packet sizes

Proposals:

· “Horizontal” DMRS design is robust against frequency errors.

· Tightening UE frequency accuracy beyond +/-0.1ppm does not seem necessary if such scheme is adopted.
· 4 “vertical” DMRS/TTI is incompatible with UE frequency accuracy of +/-0.1ppm.

· In the undesirable case that 4 “vertical” DMRS/TTI is adopted for V2V tightening the UE frequency accuracy requirements well beyond +/-0.1ppm is necessary (e.g., +/-0.01ppm).
4 Conclusions

In this contribution we have extensively compared the performance of different DMRS mappings and modulation options for V2V, under various realistic channel, mobility and synchronization accuracy assumptions. We observe and conclude the following:

Observations:

·  “Horizontal” DMRS (2H) largely outperforms the other schemes in most considered cases. The link-level spectral efficiency achievable with “horizontal” DMRS is several times larger than the one achievable with 4 DMRS/TTI.

· Shortening the DMRS symbol provides good performance at low packet size, performance is unsatisfactory for medium/large TB sizes.

· Potential system-level range loss due to ISI/ICI cause by shrinking of CP duration is not visible in these results.

· “Horizontal” DMRS design (2H) is compatible with UE frequency synchronization accuracy of +/-0.1ppm.

· Frequency synchronization error dominates the bad performance of 4 “vertical” DMRS/TTI (4V). Assuming ideal synchronization leads to significant performance improvement

· Due to this observation it is essential that any results used for drawing conclusions on L1 PC5 transmission schemes assume the 2x0.1ppm frequency error model

· Even assuming ideal frequency synchronization, “horizontal” DMRS (2H) largely outperforms 4 “vertical” DMRS/TTI (4V), especially for high speed and large packet sizes
Proposals:

· “Horizontal” DMRS design is very promising and it is recommended as baseline for PC5 transmission of V2x.

· OFDM symbol length reduction is not promising enough for V2V communication over the D2D link. We propose to downprioritize further study of this technique in the continuation of the V2V study.

· This does not preclude that shorter TTI lengths can be studied in other scenarios and for other purposes, such as latency reduction.
·  “Horizontal” DMRS design is robust against frequency errors.

· Tightening UE frequency accuracy beyond +/-0.1ppm does not seem necessary if such scheme is adopted.

· 4 “vertical” DMRS/TTI is incompatible with UE frequency accuracy of +/-0.1ppm.

· In the undesirable case that 4 “vertical” DMRS/TTI is adopted for V2V tightening the UE frequency accuracy requirements well beyond +/-0.1ppm is necessary (e.g., +/-0.01ppm).
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