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Abstract: Three vehicle-to-vehicle (V2V) models and
three roadside-to-vehicle (RTV) models, each suitable for
RF channel emulation and based on measurements at
5.9 GHz, are presented. Each model captures the joint
Doppler-delay characteristics of a different environment.
The packet error rate (PER) for each model, measured
with an emulator and an 802.11p Wireless Access in
Vehicular Environments (WAVE) prototype, is presented.

n this article, we present six small-scale fading models
created in support of the IEEE 802.11p wireless access in
vehicular environments (WAVE)/dedicated short-range
communications (DSRC) standard [1]. The models are
to be used as the basis for the motion-related equipment
certification test for the standard. These models are suitable
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for certain commercial RF channel emulators and computer
simulators. The modulation for 802.11p is orthogonal fre-
quency division multiplexing (OFDM) at 5.9 GHz, with a
bandwidth of 10 MHz. Therefore, the channels for 802.11p
are doubly selective, which means they are both time- and
frequency-selective. Applications for 802.11p include trans-
portation safety (e.g., alerts for approaching emergency
vehicles), toll collection, and commercial services.
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Previous work related to V2V measurement and mod-
eling include theoretical two-dimensional (2-D) [2] and
three-dimensional (3-D) [3] V2V models, flat-fading V2V
measurements for the highway [4], and doubly selective
models for the roadside-to-vehicle (RTV) channel [5]. In
[5], the authors report Doppler spectrum shapes, but
they do not describe how those shapes were deter-
mined. Power delay profiles (PDPs) and tap fading statis-
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tics were reported in [6]. Preliminary models based on
measurements taken in 2003 at 2.4 GHz of the express-
way with same-direction travel and a high middle wall
were reported in [7], [8], and [9]. The works in [8] and
[9] report attempts to capture the wide range of link bit
error rate (BER) variation with a collection of tapped-
delay lines.

Model Development

The type of model we consider is the tapped-delay line,
where each tap process is described as having Rician or
Rayleigh fading and by a Doppler power spectral density
(PSD). Certain RF channel emulators, such as the
SPIRENT 5500 [10], and certain communication system
simulators, such as MATLAB Simulink, describe doubly
selective channels in terms of “paths,” where the
Doppler PSD of each path is described as having one of
a small collection of shapes, such as “classic 6 dB,”
“rounded,” or “flat” [10]. Other path parameters include
the shape’s width, center frequency, excess delay, and
area (i.e., path power). One can craft a composite tap
PSD by assigning several paths with different shapes to
have approximately the same excess delay. However,
an RF channel emulator has only a finite number of
paths; older models have only 12 paths and newer mod-
els, such as the 5500, have 24 paths. Therefore, in defin-
ing channel models for this type of channel emulator,
only one to three paths per tap should be used.

The models listed in Table 1 represent six of the
environments or scenarios in which the WAVE/DSRC
system is expected to operate. Three of them are for
the V2V link and the other three are for the RTV link.
For each model, we indicate the distance between the
transmitter (TX) and the receiver (RX), the number of
takes we used to develop the model, and the average
PER obtained when we emulated the model with trans-
mitted 1,000-B physical layer service data units
(PSDUs) at 6 Mb/s. A “take” is one event of driving by
the location, and it consists of 9.6 s of recorded data,
which corresponds to approximately 83,500 measured
channel impulse responses.

For the certification test, the WAVE/DSRC equipment
is to be operated using an RF channel emulator over the
specified channel for at least 5 s, for packets with a
given PSDU size, and the PER is to be recorded. The
equipment passes if the PER under the specified condi-
tions is less than 10%.

These small-scale fading models represent multi-
path fading effects only and do not include path loss or
lognormal shadowing. The models are based on data
which was measured in Spring 2006 at a frequency of
5.9 GHz in the metropolitan Atlanta, Georgia area.
Details on the measurement and signal processing
techniques can be found in [11]. The vehicle speeds
during measurement were approximately 105 km/h
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