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Summary

In order to realize the vehicle-to-vehicle communication system with high robustness for any
running environment, it is necessary to grasp signal strength variation characteristics of the
driving environment-specific (fading characteristics), and to design the gain and receiver sensitivity
that ensures a sufficient system margin. This time, we have developed a communication perform-
ance predictive modeling techniques for urban NLOS intersection environment. Through the

modeled by Nakagami-m distributed fading characteristics of the driving environment, we made it

possible to predict accurately the SN ratio required communication performance, and to design a

high accuracy system margin.
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Table 1 One Cases of V2V (Vehicle to Vehicle)

Service Requirement

Service Situation Anti-Collision at

Intersection Service

Target Vehicle Maximum Speed | 70km/h
Communication area length 94.7m (10m + 84.7m)
Requirement PER (max) 5%
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Table 2 Line Design Example

(Non Line of Sight Intersection)

Environment City Urban | Suburbs
Fading Margin dB 6.3 6.8 58
Require C/(I+N) dB 4.0
@QPSK/100Byte
Receiving Sensitivity | dB -90.1
Acceptable dB 99.0 98.5 99.5
propagation loss
Distance m 105(10+95)
Propagation Loss dB 89.2 96.8 91.6
(Estimate)
System Margin dB 9.8 1.7 7.9

Power(dB)

Tranmission Power Level

Acceptable Propagation Loss
(depends on the Environment and the design)

Average Propagation Loss @Position

t
System Margin ———————1

(depends on the Environment and the design
1

Required Average [ ¥ 77T '
sﬁj(;aué%ERvera,,g,i%_, ‘ . . |}/ *Receiver Gain(antenna)
(depends on 1 | Fading Margin I S SR 2
the Environment depends on the Environment)
and the design) *Required CINR@PER (system)

Average White Gussian Noize Level g:rfgilg\l/ri]g/@PER

@Temperature

% :design parameter

Fig. 1 Outline of Power Level
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Fig. 2 Raytrace Simulation Model

Table 3 Vehicle Distance from Center of the

Intersection
RX Position | Distance (m) | TX Position | Distance (m)
RX1 20.3 ™1 29.2
RX2 28.3 TX2 49.0
RX3 36.3 TX3 115.0
1800mm
(n=33)
1800mm
(n=33)
Fig. 3 Receiving Antenna Array Setting
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Fig. 4 Simulated Propagation Paths (TX3-RX1)
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TX3-RX1 (Simulation)
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Fig. 5 Fading Characteristics TX3-RX1 (Simulation)
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Table 4 Dk (Simulation)

Position Rayleigh Nakagami-m
TX3-RX1 0.10 0.08 (m=1.30)
TX2-RX1 0.11 0.09 (m=1.37)
TX1-RX1 0.13 0.08 (m=1.57)
TX3-RX2 0.09 0.09 (m=1.04)
TX2-RX2 0.11 0.11 (m=1.04)
TX1-RX2 0.11 0.10 (m=1.31)
TX3-RX3 0.10 0.10 (m=1.20)
TX2-RX3 0.11 0.10 (m=0.85)
TX1-RX3 0.15 0.10 (m=1.54)
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A7 — 4 B L, Table 6 Dk (Experiment)
Position Rayleigh Nakagami-m
Table 5 V2V Communication Unit Spec TX3-RX1 0.12 0.11 (m=1.63)
Frequency 720MHz TX2-RX1 0.13 0.13 (m=1.25)
Transmit Power 20dBm TX1-RX1 0.12 0.06 (M=1.86)
Bandwidth 8.3MHz TX3-RX2 0.15 0.09 (m=2.05)
Modulation Scheme 16QAM (1/2) OFDM TX2-RX2 0.1 0.07 (m=1.78)
Error-Collection Scheme Convolutional Code R=1/2 TX1-Rx2 0.13 0.09 (m=1.86)
Access Method CSMA/CA TX3-RX3 0.28 0.06 (m=4.05)
TX2-RX3 0.17 0.07 (m=2.10)
Very Lowged( ~ 3km/h) TX1-RX3 0.15 0.09 (m=1.75)
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