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1 Introduction

In this contribution we provide a presentation of some potential physical layer formats for V2X. A comparison of the performance of these proposals is provided in [1] (link) and [2] (system).
2 Densified “vertical” DMRS mapping (“4V”)
The first scheme we consider consists of densified DMRS mapping to 4 DMRS/TTI. We considered different DMRS mappings and identified the proposal in Figure 1 as the most promising one. The DMRS symbols are rate matched by the transmitter, which results in coderate increases for a given TB size compared to D2D.
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Figure 1: Subframe structure for “4V” (4 “vertical” DMRS symbols/TTI).
3 “Horizontal” DMRS mapping (“2H”)

The second scheme we consider maps DMRS to each OFDM symbol, in order to limit the need of time-domain interpolation/extrapolation at high Doppler. Data is accommodated by frequency multiplexing it with the DMRS. We consider mapping 2 DMRS REs/RB/symbol, i.e., one DMRS every 6th subcarrier because this shows to be the best numerology performance-wise (Figure 2). 
We have compared performance shifting the DMRS positions across symbols but no noticeable performance gain was identified in the considered scenarios, thus we present here the baseline alternative without shifts.
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Figure 2: Subframe structure for “H” (2 “horizontal” DMRS symbols/RB interleaved with data).

We consider two modulation approaches:

1. OFDM: data and DMRS are mapped directly to the IDFT demodulator;

2. Modified SC-OFDM: data is first DFT precoded and then mapped to the IDFT inputs, together with the DMRS (Figure 3).

In [3] we compare the CM and inband emissions for the above alternatives. The modified SC-OFDM gives significantly improved CM as compared to OFDM, therefore we focus on this alternative in the following.
We observe that the coding gain of the 2H scheme is approximately the same as with legacy PUSCH, for a given BW, which affects results positively.

[image: image3]
Figure 3: Modified SC-OFDM mapping with “H” scheme.
4 Shortened TTI

A further alternative consists of increasing the DMRS spacing (e.g., to 30kHz) and correspondingly shorten the TTI to 0.5ms. We notice that even the CP shrinks, which results in increased ICI/ISI in case of time dispersion of the channels and timing misalignment. We believe that timing misalignment may be an issue in case of V2X, and CP extension may need to be considered if shortened TTI is further considered, which results in degraded coding gain. 

We also observe that even with shortened TTI performance is unsatisfactory and DMRS densification to 4 DMRS/TTI is needed [1]. 

In [3] we also provide preliminary consideration on emissions for this modulation scheme.
5 Considerations on Advanced Receivers

The link performance on PC5 depends also on the algorithms implemented in the receiver. 3GPP assumes typically linear IRC equalizers as baseline, but in certain studies advanced receivers have been considered targeting specific scenarios.

In case of high Doppler spread experienced by PC5 receivers for V2x it is reasonable to assume some performance improvement by advanced receivers, e.g., by use of turbo equalization with iterative channel estimation refinement. We note that the choice of baseline receiver may affect both the optimal L1 design and the expected performance.

In 3GPP there are some precedents of misalignment between receiver assumptions in RAN1 and RAN4. For example, during the CRS-IC work RAN1 assumed optimistically that receivers would cancel CRS interference in all subframes while RAN4 specified such receivers only for ABS, leading to optimistivally biased expectations on the feature realistic performance based on RAN1 results. 

We are in principle open to considering advanced UE receivers as baseline for V2x if justified by performance, but we wish to avoid any misalignment between RAN1 assumptions in the L1 design and practical UE implementations. Therefore, we suggest the following way forward:

Proposals:

· Linear IRC UE receivers are baseline in RAN1 V2X evaluations.
· Results obtained with other (advanced) receivers may be included in the final TR only after RAN4 has confirmed that such receivers have reasonable complexity to be assumed as baseline for performance requirements of V2x-enabled UEs.
6 Conclusions

In this contribution we have presented different DMRS mapping schemes for V2X over PC5. We provide extensive numerical comparisons in [1]-[3]. We anticipate here the conclusion that 
“Horizontal” DMRS mapping (2H) provides the best performance at link and system levels, as well as superior robustness to frequency inaccuracy up to +/-0.1ppm.
Proposals:

· Consider  “Horizontal” DMRS mapping (2H) in Figure 2 as baseline DMRS mapping in the rest of V2X evaluations

· The modified SC-OFDM modulation scheme with reduced CM shown in Figure 3 can be considered in the continuation of the study.
· Linear IRC UE receivers are baseline in RAN1 V2X evaluations.
· Results obtained with other (advanced) receivers may be included in the final TR only after RAN4 has confirmed that such receivers have reasonable complexity to be assumed as baseline for performance requirements of V2x-enabled UEs.
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