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Abstract. In this work, a recently conducted measurement campaign for mil-
limeter wave (mm-wave) vehicle to vehicle (V2V) propagation channel char-
acterization is introduced. Two vehicles carrying a transmitter (Tx) and a
receiver (Rx) respectively were driven towards each other at an average speed of
60 km/h in an urban area of Jiading District, Shanghai, China. The measurement
was conducted with 409.6 MHz bandwidth at center frequency 73 GHz. The
parameters investigated include the large-scale fading and small-scale fading
coefficients. Specifically, a 2-slope path-loss model was proposed. Six kinds of
distributions of analytical expressions were used to fit the fast fading distribu-
tion. The results show that the fast fading distribution changes from Rician to
Nakagami, finally to lognormal with the distance between the Tx and the Rx
increases.
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1 Introduction

Mm-wave communications are going to be used for V2V communications [1].
Recently, the mm-wave V2V communications have been paid a tremendous attention.
This is due to the fact that the mm-wave communication is expected to enable gigabyte
per second data transmission for the future intelligent transportation systems. In such
systems, a large amount of sensors are going to be deployed in the vehicles.
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Furthermore, in order to realize unmanned manoeuvered vehicle technologies, big data
needs to be exchanged between terminals and the cloud. For these applications, it is
important to develop V2V mm-wave communication systems and techniques. As a
fundamental research, the channel characterization for the mm-wave frequency bands is
important for understanding the wave propagation in a variety of vehicular scenarios.

The reasons to investigate the propagation channel characteristics for mm-wave
channels are as follows: Assuming that mm-wave propagation occurs along straight
rays, this ray-alike propagation and the high attenuation of the mm-wave may jointly
lead to the effect that the propagation does not involve multiple bounces. For the
outdoor V2V scenario, it can be expected that there are not many multipath compo-
nents existing in the channel, mainly resulting from the high attenuation and the
directionality of antennas [2-4]. Meanwhile, the rapidly varying environment can
introduce non-stationarity into the channel. Therefore, how to maintain a stable con-
nection between the Tx and the Rx that are installed in different vehicles is of great
importance for the design and performance evaluation of V2V communication systems.

V2V communications have been a hot-spot for research and industry as the rapid
development of unmanned technologies. Channel models established so far can be
divided into two classes: the simulation-based models and the measurement-based
models. In the former category, the so-called geometrical scattering models are widely
investigated. Most of them based on the assumption that scatterers are distributed either
regularly, e.g. on one-ring, two-rings, elliptical ring, cylinder, ellipsoid, and etc., or
irregularly [5, 6]. With the ideal assumptions of scatterer distributions, channel char-
acteristics are derived which constitute a series of geometry-based stochastic models
[7-15]. In the measurement based category, most V2V measurements are conducted at
sub-6 GHz band [16-21]. Only few researchers conducted the mm-wave V2V channel
measurements. For instance, the impact of interference from side lanes was studied in
[22]. The time varying K-factor under the influence of velocity, vibrations and road
quality was illustrated in [23]. The blockage characteristics including delay, angular
spread and blockage loss was investigated in [24]. These studies facilitate evaluating
system performance analytically and alleviate the difficulties in designing communi-
cation techniques. However, as far as we concerned, the fading characterization of V2V
channel at 73 GHz has not been experimentally investigated based on measurements
due to the expensive cost of equipments and the difficulties of conducting
measurements.

In our work, a road measurement of V2V channel at center frequency of 73 GHz
was carried out. The large-scale channel parameters such as path loss and the
small-scale channel parameters e.g. fast fading coefficients are investigated. Further-
more, a 2-slope path loss model was proposed in the work and the statistical charac-
teristics of shadowing and fast fading are investigated. Six types of distribution
functions are used to find the best-fit for fast fading coefficients. Rician K-factor and
m-parameter of Nakagami are calculated for modelling and in-depth analysis.

The rest of the work is organized as follows: In Sect. 2, we introduce the mea-
surement equipments and scenarios. In Sect. 3, the measurement results are analysed.
Finally, the conclusive remarks are presented in Sect. 4.
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2 Measurement Equipment and Scenarios

In the measurement campaign, the WiCo mm-wave channel sounder was adopted.
A PN sequence modulated with QPSK and raised-cosine pulse-shaped was exploited to
sound the channel at the center frequency of 73 GHz. The sequence length was 4095
chips. The bandwidth was 409.6 MHz. Two rubidium clocks were used to synchronize
the Tx and the Rx. GPS devices were used to record position information which can be
used for location mapping. Two identical antennas with 10° Half-Power-Bandwidth
(HPBW) and gains of 25 dBi were adopted as Tx and Rx. The front view of sounder,
the side view of horn antenna are shown in Fig. 1. As illustrated in Fig. 2, two sets of
devices were placed into two 7-passenger cars separately. In order to obtain better
signal-to-noise ratio (SNR), the Tx and Rx antennas were mounted on the car roof,
which aims to avoid the car penetration loss. The heights of both antennas were around
1.5 m. Figure 3 shows the satellite map of the measurement area. The yellow line
denotes the route of measurement. Two cars accelerated from O to 60 km/h and then
were driven toward each other at a stable speed. The measurement campaign was

(a) The front view of WiCo sounder (b) The side view of horn antenna used in
measurement campaign

Fig. 1. Pictures of measurement devices

(a) (b)

Fig. 2. Photographs taken when the equipments are placed in car.
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conducted in the urban area of Jiading district, Shanghai. The route is adjacent to an
underground station and business buildings. Hence, the traffic was busy during the
measurements. The whole route is about 1.05 km. The route contains four lanes among
where no obstacles lie. The maximum speed of the car is 60 km/h. Some of the
measurement specifications are listed in Table 1.

Fig. 3. Satellite map of driving route (Color figure online)

Table 1. Measurement specifications

Center frequency |73 GHz Sounding signal | PN sequence
Bandwidth 409.6 MHz | Sequence length | 4095
Antenna height 1.5m Antenna type Horn antenna
Antenna gain 25 dBi Average speed | 60 km/h
HPBW of antenna | 10° Total distance | 1.05 km

3 Measurement Results

3.1 Large-Scale Fading

Figure 4 shows the power gain of the narrowband channel after averaging out the fast
fading. The black curve represents the results obtained through the measurements, and
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Fig. 4. Narrow-band power after removing fast fading and its fitted curve (Color figure online)

the red curve with analytical expressions is fitted to the black curve in terms of the
least-mean-square sense. The expression of the fitted curve is:

B 4.4 - log(d) —96.8 0<d<63m
PL(d) = { —27.0- log(d) —40.0 63 m<d<437m m

Obviously, the fitted curve can be divided into 2 parts. It should be noted that in the
first part, the power increases as the distance enlarges. This is of course not the exact
characteristics of pure propagation channels, since the HPBW of horn antenna is only
10° which creates a strong directional selectivity. Furthermore, two cars were driven in
different lanes, which leads to the occasions that the Rx and Tx are not aligned when
two cars are close to each other. In those cases, an obviously lower received power is
observed due to the misalignment. In the second part of the fitted curve, it can be
observed that the received power declines with significant fluctuations as the Tx-Rx
distance increases. This severe variation behavior is mainly caused by the influence of
vehicles existing nearby. The obstruction from cars was randomly present. Hence, the
shadowing caused by vehicles was also random, which leads to the fluctuation of
received power. Figure 5 demonstrates the cumulative distribution function (CDF) of
the shadowing existing in the 2 parts respectively. It can be clearly observed that the
shadowing in the second part is much larger than the first one. This is reasonable since
the shadowing is mainly caused by obstruction, and the obstruction due to cars in the
later portion of the curve happens more frequently in our measurement campaign.
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Fig. 5. CDFs of shadowing

3.2 Small-Scale Fading

Small-scale fading is also termed as the fast fading or multi-path fading in literature
[25]. In our work, we adopted a distance window with the length of 40 wavelengths to
study the statistics of a group of fast fading samples observed through the window. The
Kolmogorov-Smirnov (K-S) test is used to find the best fitted distribution for the fast
fading coefficients [26]. Six distribution functions of known expressions, i.e., Nak-
agami, Lognormal, Rician, Rayleigh, Gamma and Weibull are applied. The distribution
with minimum K-S statistics is regarded the best-fitted among these options. Figure 6
illustrates the best-fitted distribution for the fast fading at different distances. It can be
observed that in the measurements considered here, the best-fitted distribution of fast
fading varies when the Tx-Rx distance changes. Figure 7 illustrates the Probability
Density Function (PDF) of best fitted distribution. Most groups of fast fading follow
lognormal distributions. In addition, most lognormal distributions are found when the
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Fig. 6. Distributions of fast fading vs Tx-Rx distance
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Fig. 8. Nakagami m-factor vs Tx-Rx distance

Tx- Rx distance is larger than 288 m. When the Tx-Rx distance is between 120 m and
288 m, most groups of fast fading follow Nakagami distributions. The m-parameter of
Nakagami distribution is reported in Fig. 8. It can be observed from Fig. 8 that the
values of m decrease as the Tx-Rx distance increases. This implies that the fast fading
becomes severer when two vehicles move away from each other. The fast fading is
regarded worse than Rayleigh, since almost all m-parameters are less than 1 [27]. When
the distance is less than 120 m, most groups of fast fading follow Rician distribution.
Figure 9 demonstrates the Rician K-factor versus the Tx-Rx distance. It is interesting to
find that the Rician K-factor increases firstly and then decreases. The breaking point is
about 50 m. Two possible reasons are postulated as follows. One is that the car surfaces
cause lots of multi-path components when the two cars are close to each other. The
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Fig. 9. Rician K-factor vs Tx-Rx distance

other one is because Tx is not aligned with Rx. When the distance is larger than 50 m,
more multi-path components caused by other vehicles or scatterers in the scenario can
be captured by the antenna with higher probability, which leads to the decrease of the
Rician K-factor.

4 Conclusions

A road measurement campaign of V2V channel measurement at 73 GHz was con-
ducted in this work. The study was focused on the channel fading in terms of
large-scale fading and small-scale fading phenomena. A 2-slope path-loss model was
proposed and the breaking point was found at 63 m. Due to the obstruction of vehicles,
the shadowing of the later portion of the model is much larger than in the first part. As
for the fast fading, when the distance of two vehicles is less than 120 m, fast fading
coefficients follow Rician distributions with higher probability. By computing the
Rician K-factors, we can infer that as the distance of two vehicles increases, the LOS
component become stronger first and then weaker during this distance range. Here, the
breaking point is observed to be about 50 m. When the distance is between 120 and
288 m, the fast fading follows Nakagami distributions. By observing the m-parameter
of Nakagami distribution, it can be known that the multi-path fading from cars nearby
is insignificant as two cars are close to each other. When the distance is larger than
288 m, most samples of fast fading follow lognormal distributions. These findings can
be adopted for generating time-variant channel realizations for evaluating mm-wave
V2V communication systems and technologies.
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