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1 Introduction

In this contribution we provide link results comparing performance for different DMRS mappings considered for V2V over PC5 according to the simulation assumptions agreed in RAN1#83bis:
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 Simulated Algorithm Details

The channel is estimated independently per each DMRS symbol and the channel on data REs is estimated from the channel in the DMRS symbols. A linear demodulator is applied to the data symbols prior to channel decoding.

The channel estimator operates with the following steps:

i) a per-subframe and UE average frequency shift is estimated using the closest pair(s) of DMRS in the subframe;

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;

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 [1] and we recommend that, in case a 4V pattern is selected, performance requirements are based on implementations that explcitly compensate for the frequency shift. 
2.1 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(3x0.1*10-6fc)t). The equalizer compensates for the joint effects of fading and frequency offset.
Curves include the following scheduled BW assumptions:

· 50 PRBs,

· 25 PRBs (QPSK-1/2 for 300B payload);
· 12 PRBs (16QAM-1/2 for 300B payload).
We simulate at {2,6}GHz carrier frequencies and with Doppler shifts of {0,1800}Hz at 6GHz and 600Hz at 2GHz. Both 15+15km/h and 140+140km/h results are shown. 
3 Comparison of PSSCH DMRS Mappings
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Figure 1: Link results for 140+140km/h at 2GHz and Doppler shift=600Hz. 


[image: image2]
Figure 2: Link results for 15+15km/h at 6GHz and Doppler shift={0,1.8}kHz. Option 1 is the best mapping for the considered settings.
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Figure 3: Link results for 140+140km/h at 6GHz and Doppler shift=0 kHz. Option 1 is the best mapping for the considered settings.
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Figure 4: Link results for 140+140km/h at 6GHz and Doppler shift=1.8 kHz. Option 1,2,3 give sufficiently good performance for the considered settings.

Option 1 provides the best performance in all considered scenarios and it is thus recommended for V2V. Both Doppler shift and spread can be accurately estimated and compensated with the considered algorithms.

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

Proposal:

·  Option 1 is selected for sidelink-based V2V over PSSCH. 
4 Comparison of PSBCH DMRS Mappings

In this section we compare PSBCH performance with 2 and 4 DMRS/subframe, in addition to the 4 SS/subframe which are not used for channel estimation. Legacy payload is assumed. We only simulate the worst case Doppler shifts, i.e., 600Hz Doppler shift at 2GHz and 1800Hz Doppler shift at 6GHz and 140+140km/h.
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Figure 5: PSBCH DMRS mapping for 2 and 4 DMRS/subframe.
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Figure 6: Link results for PSBCH transmission at 2GHz / Doppler shift=600Hz and 6GHz / Doppler shift=1800Hz.

We observe that using 2 DMRS/subframe is convenient at 2GHz, while 4 DMRS/subframe are necessary at 6GHz. Thus, we propose the following:
Proposal:

· The eNB (pre)configures PSBCH with 2 or 4 DMRS/subframe

· Consider the mappings in Figure 5 for further study. 
· The UE does not need to do blind tests between DMRS configurations, but it simply follows the eNB (pre)configuration.
5 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:

Proposal:

·  Option 1 is selected for sidelink-based V2V over PSSCH. 

· The eNB (pre)configures PSBCH with 2 or 4 DMRS/subframe

· Consider the mappings in Figure 5 for further study. 
· The UE does not need to do blind tests between DMRS configurations, but it simply follows the eNB (pre)configuration.
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