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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 Simulated Schemes and Algorithm Details

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;

· Dash-dotted: “comb”: 4 DMRS with comb, according to proposal in [4].

The channel is estimated independently per each DMRS symbol and the channel on data REs is estimated from the channel in the DMRS symbols, using different algorithms as follows:

· 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 case: i) a per-subframe and UE average frequency shift is estimated ii) the frequency shift is compensated for the signal of the UE in the subframe iii) linear piecewise interpolation in time domain is applied between consecutive DMRS symbols, and extrapolation for the edge symbols of the subframe and iv) the frequency shift that was compensated at step ii) is re-applied. We notice that this algorithm gives much improved performance compared to the linear piecewise interpolation that we evaluated in [3] and we recommend that, in case a 4V pattern is selected, performance requirements are based on implementations that explcitly compensate for the frequency shift. Further discussion in the Appendix.
· In the “comb” case the receiver uses a half-length DFT when demodulating DMRS symbols, obtaining de facto 2 DMRS estimates. Frequency shift estimation and “average” channel estimate are obtained for each DMRS-comb, and the estimated channel in the adjacent symbols is obtained from the closest DMRS-comb including explicit frequency offset compensation on the frequency domain signal. 
2.1 General Simulation Assumptions
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,

If some curves are reduntant because of obviously high BLER they are removed from the plot.
We do not include retransmissions in these plots because we study the effect of retransmissions at system level in [2]. We observe however that:

· 4V and comb 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 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.

3 Comparison of DMRS Mappings
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Figure 1: Link comparison for 2H (2 “horizontal” DMRS/RB), 4V (4 “vertical” DMRS/TTI) and “comb” (4 “vertical” comb DMRS/TTI), 190B, 2x15km/h, 6GHz, 2x0.1ppm frequency offset.
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Figure 2: Link comparison for 2H (2 “horizontal” DMRS/RB), 4V (4 “vertical” DMRS/TTI) and “comb” (4 “vertical” comb DMRS/TTI), 190B, 2x140km/h, 6GHz, 2x0.1ppm frequency offset.
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Figure 3: Link comparison for 2H (2 “horizontal” DMRS/RB), 4V (4 “vertical” DMRS/TTI) and “comb” (4 “vertical” comb DMRS/TTI), 300B, 2x15km/h, 6GHz, 2x0.1ppm frequency offset.
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Figure 4: Link comparison for 2H (2 “horizontal” DMRS/RB), 4V (4 “vertical” DMRS/TTI) and “comb” (4 “vertical” comb DMRS/TTI), 300B, 2x140km/h, 6GHz, 2x0.1ppm frequency offset.
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Figure 5: Link comparison for 2H (2 “horizontal” DMRS/RB), 4V (4 “vertical” DMRS/TTI) and “comb” (4 “vertical” comb DMRS/TTI), 800B, 2x15km/h, 6GHz, 2x0.1ppm frequency offset.
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Figure 6: Link comparison for 2H (2 “horizontal” DMRS/RB), 4V (4 “vertical” DMRS/TTI) and “comb” (4 “vertical” comb DMRS/TTI), 800B, 2x140km/h, 6GHz, 2x0.1ppm frequency offset.

The simulation results show clearly that 4V and comb are more sensitive than 2H to Doppler spread and frequency errors. Furthermore, 2H benefits from reduced overhead and improved coding gain, an advantage especially for large payloads and challenging estimation scenarios. We also notice that “comb” is not better than 4V in any of the considered scenarios. Effects of potemtial MPR is not shown in the simulations but can be easily derived by shifting vurves towards right by the proposer MPR level.
Finally we observe that all the considered scemes may be suitable to resolve frequency ambiguity within the typical intervals considered for V2X applications, but 4V is the most limited scheme in this perspective with an ambiguity of approximately +/-2300Hz. If the 4V scheme is finally selected it is essential that the synchronization solution ensures typical relative deviations well below 0.1ppm, otherwise the combined Doppler spread and frequency shift may exceed the ambiguity due to DMRS spacing.

Based on the simulation results above, we observe the following:

Observations:

·  “Horizontal” DMRS (2H) largely outperforms the other schemes in most considered cases. 

· 4V and 2H perform better than “comb” in all considered scenarios

· Differently from 2H and comb, 4V is unable to resolve frequency ambiguities above 2300Hz.
· 4V requires good frequency accuracy, likely better than +/-0.1ppm for the 6GHz case.

Proposals:

· “Horizontal” DMRS design (2H) is very promising and it is recommended as baseline for PC5 transmission of V2x.

4 Conclusions

In this contribution we have extensively compared the performance of different DMRS mappings and modulation options for V2X over PC5, 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. 

· 4V and 2H perform better than “comb” in all considered scenarios

· Differently from 2H and comb, 4V is unable to resolve frequency ambiguities above 2300Hz.

· 4V requires good frequency accuracy, likely better than +/-0.1ppm for the 6GHz case.

Proposals:

· “Horizontal” DMRS design (2H) is very promising and it is recommended as baseline for PC5 transmission of V2x.
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Appendix

In this section we compare link performance for the 4V scheme using a linear piecewise interpolation algorithm (as considered in [3]) and a more sophisticated approach where Doppler shift is explicitly modelled and compensated for. Details for the algorithm are provided in Section 2.
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Figure 7: Link comparison for different 4V estimation algorithms for a 300 Bytes packet at 140+140km/h. It is evident that linear interpolation techniques are not able to cope with the large frequency offset despite the reduced DMRS apcing as compared to 2V. 
In case 4V will be the agreed scheme for V2X it is recommended that channel estimators considered for performance requirements explicitly model and compensate for frequency offsets in addition to linear or other time domain interpolation techniques.

