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Abstract:-Short text messaging plays a primary role in
ensuring safety in Vehicular Ad Hoc Networks (VANETS).
The issue of road safety captures the mind of many as a
global public health hazard. The concept of VANETS
enables  implementation of  emerging  wireless
communication technologies to realize applications geared
towards safety in vehicular environment in response to
growing concerns of road accident injuries. Preliminary
research findings in VANETS indicate that majority of
vehicular accidents involve non-impaired drivers who, if
alerted of the impeding danger, would avoid such crashes.
Solutions have been proposed in collision avoidance
through short text messages supported in vehicle-to-vehicle
(V2V) and vehicle-to-infrastructure (V21) communications.
While the existing protocols relying on pilot carriers
adequately address the fixed and low mobility scenarios,
high vehicular mobility is perturbed by Doppler shift
which renders the existing protocols ineffective as far as
the received signal quality is concerned. In this paper a
novel method based on matrix inversion is analytically
developed to enhance signal detection in short text
messaging by vyielding more accurate Doppler shift
estimates in high mobility VANETs. Numerical results
indicate that the proposed method outperforms the
methods based on existing algorithms.
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I. INTRODUCTION

Safety in vehicular ad hoc networks (VANETS) is a
key element implemented in vehicle-to-vehicle (V2V) and
vehicle-to- infrastructure (V21) communication [1]. VANETS
promise to revolutionize road transport through integration of
Intelligent Transportation System (ITS) where safety occupies
a significant position [2]. ITS aims to provide innovative
services relating to different modes of transport and traffic
management and enable various users to be better informed
and make safer, more coordinated, and smarter use of transport
networks.

Passive safety systems like the airbag, the safety seat
belt, and the Anti-Lock Braking System already exist and help
to decrease intensity of accident fatalities but have proved
inadequate with time. Active systems such as emergence
messaging and collision avoidance imbedded in vehicular
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communications have been proposed to warn drivers in
advance and form an active area of research [3] [4]. The
supporting technology imbedded in wireless communication is
based on the IEEE 802.11 protocol [5].

Motivated by the possibility to reduce the number of
accidents, avoid potentially dangerous traffic situations and
improve user mobility comfort, the US Federal
Communication Commission (FCC) allocated 75 MHz
frequency band at 5.9 GHz, designated Dedicated Short Range
Communication (DSRC), to cover the entire ITS applications

[6].

The first amendment to the IEEE 802.11 protocol, the
IEEE 802.11a, introduced orthogonal frequency division
multiplexing (OFDM) to address the increased demand for
high bit rates on the 20 MHz bandwidth in WiFi fixed and
portable devices. OFDM transforms a broadband frequency-
selective channel into parallel narrowband overlapping
frequency-flat sub channels where the sinc-shaped spectra
exhibit zero crossings at all the remaining sub carriers, thereby
constituting an orthogonal set. Since each subcarrier could be
modulated independently, OFDM created low data rate
parallel channel links with reduced BER by splitting the high
data rate single-carrier channel [8].

The second amendment creating IEEE 802.11p
halved the bandwidth which tremendously changed the
physical layer parameters to adapt to the high mobility
conditions encountered in vehicular networks. In fact, the
standard is designated Wireless Access in Vehicular
Environment (WAVE) in upper layers of the protocol [9]. The
increased symbol size combined with the guard interval makes
OFDM robust to multipath fading by removing Inter-symbol
Interference (ISI) and introducing diversity [10].

Further, the standard incorporates multi-antenna
operation at both the transmitter and the receiver, called
multiple input multiple output (MIMO) technique [11]. The
two most important advantages of a MIMO system are (i) a
significant increase of both the system’s capacity and spectral
efficiency, where the capacity of the link increases linearly
with the minimum of the number of transmitter or receiver
antennas and (ii) dramatic reduction of the effects of fading
due to the increased diversity, particularly in a rich multipath
environment [12]. For these reasons MIMO-OFDM has been
proposed for use in wvehicular networks as a spatial
multiplexing technology [13].
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Despite these benefits OFDM suffers a setback
arising from high sensitivity to Doppler shift. The particular
problem arises when the receiver is moving towards the
source. The received frequency is increased whereas if it is
moving away from the source the received frequency is
decreased [14]. This effect, called Doppler Effect, causes a
frequency offset with the local oscillator, the Doppler shift,
and it is one of the major sources of increased BER
experienced in a vehicular channel.

Frequency dispersion across adjacent subcarriers
leads to power leakage which breaks orthogonality among the
subcarriers and causes increased BER arising from Inter-
carrier Interference (ICI) [15]. This effect is especially
experienced in high mobility conditions where Doppler shift is
predominant [16].

The wvehicular channel has been investigated for
multipath fading, shadowing and Doppler shift in [17] [18]
[19] [20] [21] [22]. In all cases under reference, the channel
matrix was modelled with time-invariant coefficients obtained
by means of pilot carriers, suitable for portable and low
mobility nodes, to estimate Doppler shift. In high mobility
conditions, the algorithms fail to estimate the correct Doppler
shift values thus, causing errors in the detection of the received
signal due to the residual effects.

The proposed method models a channel matrix with
time-variant coefficients analytically obtained as exponential
functions of time with better Doppler shift estimation
capability evaluated by matrix inversion in high node mobility
scenarios. Numerical results indicate that the proposed method
performs better than the existing methods in estimating
Doppler shift in high vehicular mobility conditions.

To the best of my knowledge no algorithm utilizing
channel matrix inversion techniques for estimating Doppler
shift has been published in the recent literature.

The rest of the paper is arranged as follow. Section Il
is the system model; Section Il is Doppler shift estimation;
Section IV is numerical results; while Section V is the
conclusion.

Il. SYSTEM MODEL

Presented is a model based on a spatial multiplexed
transceiver system in Fig. 1, where the challenges of
frequency-selectivity of the channel caused by Doppler shift
(DS) are considered to emulate a vehicular channel.
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Fig. 1:- Transceiver system with MIMO-OFDM channel in
high speed vehicular environment

Consider a system with N, transmit antennas and Ng
receive antennas linked with a MIMO channel H such that

y=Hx+n (1)

T T
where X:[Xlxz...XNT] and y:[ylyz...yNR] are
transmit and receive signals with X; and y; denoting transmit

signal from i-th transmit antenna (i=1,2,...,Nt) and receive
signal at j-th receive antenna (j=1,2,...,NR), respectively, with
elements considered to be zero-mean independent and
identically distributed (i.i.d.) Gaussian variables. H is an

(NgxN;) matrix with complex exponential elements

. . T
hij while the noise vector N = [nlnz...nR] is assumed to
. 2 . -
have zero-mean and variance o, at receive antenna J. The

T
symbol [] denotes vector transpose.

Each link between a pair of transmit and receive antennas can
be regarded asan L —Tap Finite Impulse Response (FIR)

filter. Moreover, the channel is assumed time variant (TV)
over the transmission of one OFDM symbol as a result of
fading caused by DS. Hence, a time-domain channel matrix

for the Ith tap is expressed as:

LAGELA

ORLACRLNONS b, (K)

_h’l\‘ryl(k) h'l“rvz(k) AN ()

[
k .

where ~ NeoMN: ( ) stands for the TV channel impulse response

(CIR) between the jth (j=1...N;) receive antenna and the ith

(i=1...Ny) transmit antenna of the Ith (I=1...L) tap during the
eth(e=1...E) OFDM symbol.
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Due to Doppler spread arising from DS, the channel matrix
coefficients vary dependent on the value of the Doppler
spread. In our model, the channel is modelled with
exponentially decaying path gains as a function of the DS. The
time-domain matrix in (2) is Fourier-transformed to yield a
frequency-domain channel matrix expressed as

hl]_ei( fo—fy )_1 hlnef( fe— T4 )_1

~(fo=fg) ™ ~(fo=1g)™
hmle ( ) hmne ( ) ,(3)

where fC is the carrier frequency and fd is the DS given by
Vv
fy=—1f cosp (4)
C

where V is speed of the vehicle, C is the speed of lightand £
is the angle of the signal arrival at the receive antenna.
Substituting f, in (3) using (4) at maximum DS (5 =0),
each coefficient in the channel matrix becomes

h — h ef( fcffd )71

_h e{l%jfl £t '
()

where the value in each case is dependent on the speed of the
vehicle V. Normalizing (5) to exp( fc’l) the gains become

h, = hoe_(l_g , ©)

where hO is a stationary gain. In the limitsv —0,

\

-1
hNe( CJ —h,e™, constituting the well-known channel
matrix with constant gains for the quasi-static channel.

Y

However, as V—C, h, e_( Cj — h,e™ =0, implying
that at extremely high vehicular speed the channel is extremely
lossy so that it has no output y(t) caused by extreme effects

of mobility. In our model, V is scaled by a constant & to
define the realistic channel gains expressed as

hy = hoe_(l_iv] .

Under the model, a critical speed, the High Speed (HS) is
defined as the VANET speed beyond which estimation and
compensation of DS will be performed. At HS the symbol
time of the signal and the coherence time of the channel are
equal, beyond which the channel becomes fast fading with
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consequences of signal distortion. Thus, it can be shown that
at T, =T, the critical speed
C
V,=——
T f, )
=HS
Given that different channel models have different coherence
time, it follows that HSs of such channels will similarly differ
for a given signal. For successful decoding to be realized in

channels beyond HS position, estimation and compensation of
DS is necessary.

I11. DOPPLER SHIFT ESTIMATION

The channel frequency response characteristics
determine the effects of DS on the signal. Consider a signal

with baseband B, having symbol time T, =1/B;

transmitted over the channel. Defining o, as the RMS delay

spread, [23] gives the expression of the channel coherence
bandwidth as

B ~

C

1
—. 8

O-T

Over this channel, frequency-selectivity is governed

by signal bandwidth. Each path experiences a different amount
of DS such that the total frequency dispersion in the received

signal isA, the Doppler spread B, . The reciprocal is the
coherence time of the channelT,, that is, T, =1/B,.
Recalling that when T, >T, , fast fading occurs [24], it
becomes evident that high mobility will increase B, and
cause frequency-selectivity when Tc reduces to the level

below TS . Hence, the fading speed of the channel can also be

measured by the Doppler spread. Conversely, DS is estimated
as

B, ~—, 9
D~ T 9)

C

so that the rate of channel fading can estimate DS experienced
in that channel. However, (9) does not provide the explicit
amount of DS present sufficiently to enable compensation.

In frequency domain, at low vehicular speeds, By is low and
as long as By < B_, the channel is flat fading and the effect of
DS is not experienced. However, as speed increases, B also

increases according to (9). In the event that By > B, the

signal will undergo fast fading and be filtered by the channel.
This will generate the out-of-band interference that will reduce
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signal quality. Consequently, the DS-perturbed channel matrix
in (3) becomes

H, = e_(l_TJ H (10)

as shown in (7), so that the amount of DS is estimated by the
estimation matrix obtained by matrix inversion of the quassi-

static matrix H , thus

H=H"H,
av? . 11
i e_[l_ij (11)

c
NrNt

The quassi-static matrix inversion in (11) isolates the
Doppler shift factor which can be eliminated by compensation
process to enhance detection.

IV. NUMERICAL RESULTS

Our model, proposed method (PM), was tested under the
described conditions and the respective results are provided.
Comparisons are made with existing models namely, Level-
crossing Rate (LCR) and the uncompensated channel for
validation.

For a given channel frequency response, frequency
selectivity is governed by signal bandwidth. A channel with a
hypothetical response was tested with a signal at 5.9 GHz in a
range of velocity values for fading properties.

We validated our channel by testing the estimation
performance using (11) followed by a compensation process.
Then, we evaluated the performance of DS estimation in the
simulation. The BER is the chosen metric for performance
evaluation. The experiment is performed under two different
normalized DS: 0.2 and 1.0 at 25 dB SNR, corresponding to
DS of 334 Hz and 1632 Hz, at velocity of 30 km/h and 150
km/h (on-coming) in the Highway scenario of the vehicular
channel model with carrier frequency at 5.9 GHz. The results
are given in Figs. 2 — 4.

Speed vs Channel Gains in VANETs
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Fig. 2:- Vehicle speed vs normalized channel gains
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The channel gains in stationary conditions are
consistent with the static and portable wireless systems.
However, mobility induces DS which increases with vehicular
speed as indicated in Fig. 2. At low values of DS
corresponding to low and medium speeds distortion correction
is done by channel equalization. However, DS exponentially
reduces the channel gains so much in HS VANETSs that
distortion correction is only possible by channel estimation
and compensation. The critical speed at which estimation
commences varies with propagation scenarios. Typical
scenarios classified based on environmental scattering features
and associated vehicular velocities have variously been
classified in the literature as: Highway; Rural; Suburban; and
Urban whose propagation parameters are obtained in
measurement campaigns.

N Fading curve: Coherence Time vs Speed
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Fig. 3:- Coherence time vs vehicular speed

Depending on the extent of the Doppler spread, the
received signal undergoes fast or slow fading. For a

transmission signal with symbol time TS:3><10’3, the

critical speed V, is defined as in Fig. 3. Up to a velocity of 18

m/s or 65 k/h the received signal undergoes slow fading and
requires no compensation. The increasing velocity causes
further reduction in coherence time, leading to fast fading.
This condition requires compensation above the velocity of 65
km/h, which is defined as HS in this case.
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Fig. 4:- Channel Estimator performance at different speeds
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Different methods are compared for estimation
performance in Fig. 4. The estimation error is improved in the
proposed method owing to the elimination of fading
contributed by multi-path delay spread as a result of use of
OFDM and cancellation of more accurately estimated Doppler
noise by matrix inversion.

V. CONCLUSION

The implemented matrix inversion method yields
numerically better Doppler shift estimates in high mobility
vehicular channel that leads to superior signal detection
performance in terms of BER compared to the existing
methods based on pilot carriers. The method also simplifies
the estimation process as it eliminates pilot carriers which are
more complex to implement.
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