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Abstract — In this paper, the performance of Alamouti coded orthogo-
nal frequency division multiplexing (OFDM) systems over car-to-car (C2C)
fading channels correlated in time and space is analyzed. Taking different
geometrical scattering models into account, a generalized expression of the
time-variant transfer function (TVTF) is derived for wideband multiple-input
multiple-output (MIMO) C2C channels. We present a generalized expression
for the bit error probability (BEP), which will be used to describe the perfor-
mance of Alamouti coded OFDM systems over different types of C2C channel
models, such as the rectangle model, the tunnel model, the street model, and
the curve model. The effect of the maximum Doppler frequency and the an-
tenna element spacing on the system performance is discussed. Furthermore,
the proposed generalized model allows us to study the impact of the param-
eters of the geometrical model on the BEP. The proposed procedure enables
us to investigate the system performance using different kinds of C2C fading
channel models in a straightforward and time-efficient manner.

I. INTRODUCTION

Over the past few decades, there has been an increased interest in studying and
developing C2C communication systems, which offer numerous traffic safety ap-
plications to reduce the number of road accidents and to improve traffic flow. In
this regard, a large number of research projects focusing on C2C communication
systems have been carried out in Europe [1–3].

The development of C2C communication systems highly depends on a detailed
knowledge of the underlying radio channel. In the literature, numerous C2C channel
models have been developed and analyzed, such as the street line model [4], the
rectangle model [5], the cross-junction model [6], the curve model [7], and the
tunnel model [8]. The time-frequency selective properties of C2C channels are
significantly different from those of traditional fixed-to-mobile or mobile-to-fixed
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channels. Using OFDM systems can be of great advantage for C2C communications
due to their high spectral efficiency and their ability to mitigate multipath fading
effects.

In [9, 10], the performance of car-to-infrastructure (C2I) communication sys-
tems is analyzed. The frame success ratios and goodputs of C2I channels in a tunnel
environment were discussed and analyzed in [9], where it was shown that the use
of higher-order modulation schemes with constant packet length is more beneficial
to the total goodput than an increase in packet length. In [10], a narrowband single-
input single-output (SISO) C2I channel model for blind bent environments has been
derived. The authors of [10] studied the performance of different digital modulation
schemes over channels modelled by a sum of singly and doubly scattered compo-
nents. A computationally low-cost packet error model has been proposed for C2I
communications in [11], where the performance influence of different system con-
figurations and components were analyzed jointly.

The performance of C2C communication systems was analyzed in [12, 13]. The
impact of fast-varying channels on the C2C system performance was studied in [12].
It was shown that the channel estimation process is the most affected part due to
the rapid changes of the channel. In [13], the performance evaluation of the long
term evolution (LTE) technology in a C2C communication system was conducted.
The obtained results in [13] show the feasibility of broadband wireless access at
data rates of several Mbit/s. Another, recently published work dealing with the
performance analysis of C2C communications can be found in [14], where a new
regular shaped geometry-based stochastic model for non-isotropic scattering wide-
band C2C Rician fading channels has been proposed. There, to combat intercar-
rier interference (ICI), the authors proposed a new ICI cancellation scheme, called
precoding-based cancellation (PBC) scheme. Real-world measurement-based per-
formance results of C2C communications in various road configurations under vary-
ing LOS conditions were presented in [15]. There, the effect of objects blocking the
LOS path on the range of C2C communications was analyzed. Tapped delay line
C2C channel models have been designed in [16] based on the bit error rate (BER)
performance.

To the best of the authors’ knowledge, a theoretical analysis of the performance
of C2C communication systems over C2C channels under different scattering con-
ditions, as described in [4–8] has not been performed yet. Therefore, to fill this gap,
we have analyzed the performance of an Alamouti coded [17] OFDM system over
different C2C channel models, such as the rectangle model [5], the tunnel model [8],
the street line model [4], and the curve model [7].
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The main contributions and novelties of this paper are as follows:

1) We combine all abovementioned channel models [4, 5, 7, 8] to a general-
ized wideband MIMO C2C channel model assuming single-bounce scatter-
ing. The proposed model includes as special cases the rectangle model, the
tunnel model, the street line model, and the curve model.

2) We extend the wideband SISO C2C tunnel model in [8] to a MIMO C2C
tunnel channel model.

3) We also provide an extension of the narrowband MIMO C2C curve model
towards frequency selectivity.

4) Furthermore, we represent the corresponding correlation functions of the pro-
posed generalized model, such as the two-dimensional (2D) space cross-
correlation function (CCF) and the temporal autocorrelation function (ACF).

5) Finally, a comparative study of the BEP of Alamouti coded OFDM systems
is presented by using all abovementioned channel models [4, 5, 7, 8].

The rest of this paper is organized as follows. Section II describes the gener-
alized reference model. In Section III, the correlation functions of the reference
channel model, such as the 2D space CCF and the temporal ACF are briefly de-
scribed. Analytical expressions for the BEP of Alamouti coded OFDM systems are
presented in Section IV. The illustration of the numerical results found for the BEP
is the topic of Section V. Finally, Section VI provides the conclusions of the paper.

II. A GENERALIZED WIDEBAND MIMO C2C CHANNEL MODEL

In this section, we present a generalized reference channel model for a wide-
band MIMO C2C channel assuming single-bounce scattering. The proposed gen-
eralized reference channel model can be used to describe the geometrical rectangle
model and the tunnel model, as well as the street line model and the curve model
as a special case. The reference model is obtained by assuming that the number
of scatterers is infinite. The reference model serves as a basis for the derivation of
efficient MIMO channel simulators. In our proposed generalized channel model,
we consider two models, i.e., the rectangle model and the tunnel model, where the
positions of the scatterers S(mn) for m = 1,2, . . . ,M and n = 1,2, . . . ,N are described
as shown in [5, Fig. 2] and [8, Fig. 3], respectively. In both models, Cartesian co-
ordinates (xm,yn) are used to desribe the positions of the scatterers S(mn), where xm

and yn are random variables. The distribution of the scatterers S(mn) is completely
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determined by the distributions of xm and yn. In the following, we use the notation
and the definitions of the model parameters in [5, Fig. 2] and [8, Fig. 3], which are
summarized in Table E.1.

Table E.1: Definition of the parameters used in [5, Fig. 2] and [8, Fig. 3].

L The length of the tunnel.

R The radius of the semicircle tunnel.

(xT ,yT ,zT ) The position of the mobile transmitter (MST ).

(xR,yR,zR) The position of the mobile receiver (MSR).

D The distance between the MST and the MSR.

LA = A1 +A2 The length of the rectangular grids.

B1, B2 The width of the rectangular grids.

yT1 (yR1) The distance from the left-hand side of the street
to the MST (MSR).

yT2 (yR2) The distance from the right-hand side of the street
to the MST (MSR).

gT (gR) The orientation of the transmitter (receiver)
antenna array in the xy-plane relative to the x-axis.

fT (fR) The elevation angle of the transmitter (receiver)
antenna array w.r.t. the xy-plane.

dT (dR) The spacing between the antenna elements
at the transmitter (receiver) antenna.

vT (vR) The speed of the mobile transmitter (receiver).

j

T
v (jR

v ) The angle of motion of the MST (MSR).

a

(mn)
T , a

(mn)
R The azimuth angle of departure (AAOD) and

the azimuth angle of arrival (AAOA).

b

(mn)
T , b

(mn)
R The elevation angle of departure (EAOD) and

the elevation angle of arrival (EAOA).

D(l,mn)
T , D(mn,k)

R , The Euclidean distances d
⇣

A(l)
T , S(mn)

⌘

,

D(l,k)
T R , d

⇣

S(mn)
, A(k)

R

⌘

, and d
⇣

A(l)
T , A(k)

R

⌘

.

A. A Generalized TVTF
Let us assume a wideband MIMO C2C communication system employing MT

transmitter antennas and MR receiver antennas. The wideband MIMO C2C chan-
nel can be described by the channel matrix Hp( f 0, t) = [Hkl,p( f 0, t)]MR⇥MT , where
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Hkl,p( f 0, t) denotes the TVTF of the link from the lth transmitter antenna A(l)
T (l =

1,2, . . . ,MT ) to the kth receiver antenna A(k)
R (k = 1,2, . . . ,MR), and the index p in-

dicates the type of the geometrical channel model. We consider a rectangle model if
p = 1 and a tunnel model if p = 2. The TVTF Hkl,p( f 0, t) of the pth channel model
for the link A(l)

T �A(k)
R can be expressed as

Hkl,p( f 0, t) = lim
M!•
N!•

1p
MN

M,N

Â
m,n=1

e� j 2p

l

D(mn)
kl,p e j

h

2p f (mn)
p t+q

(mn)�2pt

0(mn)
kl,p f 0

i

(E.1)

where

D(mn)
kl,p = D(l,mn)

T,p +D(mn,k)
R,p , p 2 {1,2} (E.2)

f (mn)
p = f (mn)

T,p + f (mn)
R,p , p 2 {1,2} (E.3)

f (mn)
T,p = fTmax cos

⇣

a

(mn)
T,p �j

T
v

⌘

cos
⇣

(p�1)b
(mn)
T

⌘

(E.4)

f (mn)
R,p = fRmax cos

⇣

a

(mn)
R,p �j

R
v

⌘

cos
⇣

(p�1)b
(mn)
R

⌘

. (E.5)

The symbols D(mn)
kl.p , f (mn)

p , q

(mn), and t

0(mn)
kl,p in (E.1) denote the total path length,

the Doppler frequency, the phase, and the propagation delay of the reference model.
The distance D(mn)

kl,p is determined by (E.2) in which the distances D(l,mn)
T,p and D(mn,k)

R,p
are given by

D(l,mn)
T,p = D(mn)

T,p � (MT �2l +1)
dT

2

h

cos((p�1)fT )cos
⇣

(p�1)b
(mn)
T

⌘

·cos
⇣

gT �a

(mn)
T,p

⌘

+(p�1)sin(fT )sin
⇣

b

(mn)
T

⌘i

, p 2 {1,2} (E.6)

D(mn,k)
R,p = D(mn)

R,p � (MR �2k +1)
dR

2

h

cos((p�1)fR)cos
⇣

(p�1)b
(mn)
R

⌘

·cos
⇣

gR �a

(mn)
R,p

⌘

+(p�1)sin(fR)sin
⇣

b

(mn)
R

⌘i

, p 2 {1,2} (E.7)

respectively, where

D(mn)
T,p =



(xm � (p�1)xT )2 +(yn � (p�1)yT )2 +(p�1)(
q

R2 � y2
n � zT )2

�

1
2

(E.8)

D(mn)
R,p =

⇥

(xm � (p�1)xR +(p�2)Dx)
2 +(yn � (p�1)yR +(p�2)Dy)

2

+(p�1)(
q

R2 � y2
n � zR)2

�

1
2
. (E.9)
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The symbols Dx and Dy in (E.9) are defined as Dx = D and Dy = yT1 � yR1 , re-
spectively (see [5, Fig. 2]). It is assumed that the phases q

(mn) are independent,
identically distributed (i.i.d.) random variables, which are uniformly distributed
over the interval [0,2p). Using the distance D(mn)

kl,p in (E.2), the propagation delays

t

0(mn)
kl,p in (E.1) can be computed as t

0(mn)
kl,p = D(mn)

kl,p /c0, where c0 is the speed of light.
It is noteworthy that we have extended in this paper the SISO C2C semicircle tunnel
model in [8] to a MIMO model.

The proposed generalized channel model also includes the street line model
(p = 3) and the curve model (p = 4) as special cases. In these models, it is assumed
that an infinite number of scatterers are uniformly distributed on a street line (street
line model) [4] or on a curve (curve model) [7]. Hence, the double-sum in (E.1)
will be reduced to a single-sum, i.e., N = 1, by only taking into account the effect
of the scatterers S(m). Thus, the TVTF Hkl,p( f 0, t) of the reference model can be
represented as

Hkl,p( f 0, t) = lim
M!•

1p
M

M

Â
m=1

e� j 2p

l

D(m)
kl,pe j

h

2p f (m)
p t+q

(m)�2pt

0(m)
kl,p f 0

i

(E.10)

where

D(m)
kl,p = D(l,m)

T,p +D(m,k)
R,p , p 2 {3,4} (E.11)

D(l,m)
T,p = D(m)

T,p � (MT �2l +1)
dT

2
cos
⇣

a

(m)
T,p � gT

⌘

(E.12)

D(m,k)
R,p = D(m)

R,p � (MR �2k +1)
dR

2
cos
⇣

a

(m)
R,p � gR

⌘

(E.13)

f (m)
p = f (m)

T,p + f (m)
R,p , p 2 {3,4} (E.14)

f (m)
T,p = fTmax cos

⇣

a

(m)
T,p �j

T
v

⌘

(E.15)

f (m)
R,p = fRmax cos

⇣

a

(m)
R,p �j

R
v

⌘

. (E.16)

The symbols D(m)
T,p and D(m)

R,p in (E.12) and (E.13), respectively, can be found in [4]
for p = 3 and in [7] if p = 4, respectively.
B. Angle of Departure (AOD) and Angle of Arrival (AOA)

In the generalized reference model, the positions of all scatterers S(mn) are de-
scribed by the Cartesian coordinates (xm,yn) if p 2 {1,2}. For the special cases
p 2 {3,4}, the position of each scatterer is defined by the AOD and/or the angle
of scatterer (AOS). Thus, the angles a

(mn)
T,p (a(mn)

R,p ) [see (E.4) and (E.5)] and a

(m)
T,p

(a(m)
R,p ) [see (E.15) and (E.16)] are listed in Table E.2. According to [8, Eq. (15)],
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Table E.2: AODs and AOAs of the reference model

Geometrical AOD AOA
Model

Rectangle Model a

(mn)
T,1 given a

(mn)
R,1 given

(p = 1) in [5, Eq. (16)] in [5, Eq. (17)]

Tunnel Model a

(mn)
T,2 given a

(mn)
R,2 given

(p = 2) in [8, Eq. (15)] in [8, Eq. (15)]

Street Line Model a

(m)
T,3 given a

(m)
R,3 given

(p = 3) in [4] in [4, Eq. (14)]

Curve Model a

(m)
T,4 given a

(m)
R,4 given

(p = 4) in [7, Eq. (24)] in [7, Eq. (25)]

the EAOD b

(mn)
T and the EAOA b

(mn)
R can be expressed in terms of the coordinates

of the position (xm,yn) of the scatterer S(mn). In the curved street scattering model,
the position of the scatterer S(m) is described by the AOS b

(m). Hence, for p = 4,
the angle a

(m)
T,4 (a(m)

R,4 ) is defined in terms of the AOS as given in [7, Eq. (24)-(25)].

III. CORRELATION PROPERTIES OF THE REFERENCE MODEL

In [18], it was shown that the performance of Alamouti coded OFDM systems
depends on the temporal and spatial correlation properties of the underlying chan-
nel. In this regard, we will briefly review the main correlation functions, such as the
2D space CCF and the temporal ACF.

Starting from the derivation of the analytical expression for the space-time-
frequency CCF (STF-CCF) of the Type p C2C (C2Cp) channel model, we will
compute the corresponding 2D space CCF and the temporal ACF. The STF-CCF
of the TVTFs Hkl,p( f 0, t) and Hk0l0,p( f 0, t) is defined as rkl,k0l0,p(dT ,dR,n

0
,t) :=

E{H⇤
kl,p( f 0, t)Hk0l0,p( f 0 + n

0
, t + t)}. From the STF-CCF, we can obtain the 2D

space CCF rkl,k0l0,p(dT ,dR) of the reference model by setting t = 0 and n

0 = 0.
The 2D space CCF for p = 1, p = 3, and p = 4 can be found in [5, Eq. (30)], [4, Eq.
(27)], and [7, Eq. (47)], respectively. The 2D space CCF rkl,k0l0,p(dT ,dR) of the
reference model for p = 2, i.e., for the tunnel model, can be expressed as

rkl,k0l0,2(dT ,dR) =

R
Z

�R

xR
Z

xT

pxmyn(x,y)cll0(x,y)dkk0(x,y)dxdy

(E.17)
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where

cll0(x,y) = e j2p

dT
l

(l�l0)cosfT cos(bT (x,y))cos(gT�aT (x,y))

·e j2p

dT
l

sinfT sin(bT (x,y)) (E.18)

dkk0(x,y) = e j2p

dR
l

(k�k0)cosfR cos(bR(x,y))cos(gR�aR(x,y))

·e j2p

dR
l

sinfR sin(bR(x,y)) (E.19)

and pxmyn(x,y) denotes the joint probability density function of the random variables
xm and yn [8, Eq. (23)].

The temporal ACF rkl,p(t) of the TVTF of the transmission link A(l)
T �A(k)

R is
defined by rkl,p(t) := E{H⇤

kl,p( f 0, t)Hkl,p( f 0, t + t)} [19, p. 376]. By making use
of the results in [5, Eq. (32)], [8, Eq. (32)], [4, Eq. (26)], and [7, Eq. (48)], the
temporal ACF rkl,p(t) can be expressed for all considered C2Cp channel models.

IV. BEP OF ALAMOUTI CODED OFDM SYSTEMS

In this section, we present the expression of the BEP for Alamouti coded OFDM
systems over C2Cp channels correlated in time and space. The BEP of Alamouti
coded OFDM systems can be computed as

Pb =

•
Z

0

P
gS

(g) ·Pb|gS
(g)dg (E.20)

where P
gS

(g) denotes the joint PDF given by [18, Eq. (24)], and Pb|gS
(g) is the

conditional BEP of a digital modulation scheme for a given value of the signal-
to-noise ratio (SNR) g . For example, for the binary phase-shift keying (BPSK)
modulation scheme, the conditional BEP equals Pb|gS

(g) = erfc
�p

g

�

/2.
Under the assumption of perfect channel state information (CSI), the BEP Pb,p

of BPSK Alamouti coded OFDM systems over C2Cp channels correlated in time
can be written as [18, Eq. (27)]

Pb,p =
2s

2
0

16(s4
0 �r

2
T,p)

2
ḡ

•
Z

0

•
Z

0

w
Z

0

z2
Z

0

z2z3(w� z3)

z4(z2 � z4)w

·e
� s

2
0

2(s4
0�r

2
T,p)

[
(w�z3)2

z4
+z2+

z2
3

z2�z4
]

erfc(
p

g)

·I0

 

z3rT,p

s

4
0 �r

2
T,p

!

I0

 

(w� z3)rT,p

s

4
0 �r

2
T,p

!

dz4dz3dz2dg

(E.21)
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where s

2
0 is one half of the mean power of the received scattered components, the

upper limit w is given by w =
q

2s

2
0 gz2/ḡ , and rT,p = rkl,p(Ts)/2, where Ts is the

symbol duration.
In an analogous manner, the BEP Pb,p of a BPSK Alamouti coded OFDM sys-

tem over C2Cp channels correlated in space can be expressed as [18, Eq. (28)]

Pb,p =
2s

2
0

16(s4
0 �r

2
D,p)

2
ḡ

•
Z

0

•
Z

0

w
Z

0

z2
Z

0

z2z3(w� z3)

z4(z2 � z4)w

·e
� s

2
0

2(s4
0�r

2
D,p)

[
(w�z3)2

z4
+z2+

z2
3

z2�z4
]

erfc(
p

g)

·I0

 

z3
p

z4rD,p

(s4
0 �r

2
D,p)

p
z2 � z4

!

·I0

 

(w� z3)
p

z2 � z4rT,p

(s4
0 �r

2
T,p)

p
z4

!

dz4dz3dz2dg (E.22)

where rD,p = rkl,k0l0,p(dT ,0)/2.

V. PERFORMANCE ANALYSIS

This section presents the theoretical BEP results obtained by evaluating (E.21)
and (E.22). The correctness of the analytical results will be confirmed by system
simulations. For the system simulations, we consider an OFDM system with K = 64
subcarriers and Ts = 8µs. The geometrical model parameters used for computing
the BEP in (E.21) and (E.22) are presented in Table E.3. For the reference model, all
numerical results have been obtained by choosing the following parameters: j

T
v =

Table E.3: Model parameters.
Model parameters Value and unit

R 5 m

(xT ,yT ,zT ) (20 m, 2 m, 1 m)

(xR,yR,zR) (40 m, 2 m, 1 m)

D 400 m [5]

LA = A1 +A2 500 m [5]

B1, B2 100 m

yT1 (yR1) 20 m (10 m)

yT2 (yR2) 10 m (20 m)
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j

R
v =0�, fT =fR=45�, gT =gR=45�, and fTmax = fRmax =100Hz. The corresponding

MIMO channel simulator has been designed by using the Lp-norm method, such
that the resulting simulation model is ergodic [20], i.e., the statistical average equals
the time average. This allows us to compute the BEP from single runs. For each
single run, we have generated 106 data symbols.

In Fig. E.1, the BEP of an Alamouti coded OFDM system over different C2C
fading channels correlated in time versus the SNR has been illustrated. In our analy-
sis, as mentioned in Section IV, it has been assumed that the CSI is known at the re-
ceiver side. Hence, from Fig. E.1, we can conclude that the maximum Doppler fre-
quency fTmax ( fRmax) does not affect the system performance if fTmax ( fRmax) changes
over the range from 100 Hz to 500 Hz. It is worth mentioning that all considered
C2C channels behave in the same manner, as the same BEP is demonstrated. More-
over, it should be mentioned that the system simulation results match those of the
theoretical BEPs.

0 5 10 15 20 25 30
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10−5

10−4

10−3

10−2

10−1

100

SNR γ (dB)

B
E
P

 

 

Rectangle model, fTmax = fRmax = 100 Hz
Rectangle model, fTmax = fRmax = 500 Hz
Tunnel model, fTmax = fRmax = 100 Hz
Tunnel model, fTmax = fRmax = 500 Hz
Street line model, fTmax = fRmax = 100 Hz
Street line model, fTmax = fRmax = 500 Hz
Curve model, fTmax = fRmax = 100 Hz
Curve model, fTmax = fRmax = 500 Hz
Simulation, fTmax = fRmax = 100 Hz
Simulation, fTmax = fRmax = 500 Hz

Figure E.1: BEP performance of an Alamouti coded OFDM system over different
C2C fading channels correlated in time.

Figure E.2 shows the BEP performance over different C2C fading channels
correlated in space for dT = 0.1l and dT = 3l . From this figure, we can con-
clude that the system performance can be improved by increasing the antenna spac-
ings. This fact indicates that the spatial correlation between TVTFs Hkl,p( f 0, t)
and Hk0l0,p( f 0, t) is smaller if the antenna element spacings are large. Similarly to
Fig. E.1, the curves obtained for the BEP are approximately the same for different
C2C channel models.
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Figure E.2: BEP performance of an Alamouti coded OFDM system over different
C2C fading channels correlated in space with dT = 0.1l and dT = 3l .

Figure E.3 shows the effect of the street length LA and the distance D between
MST and MSR on the BEP performance. The system performance improves as the
length of the street LA increases. However, the BEP performance does not change
for different values of the distance between MST and MSR. The change of the street
width B1 and B2 does not affect the BEP performance, which can be seen in Fig. E.4.
This fact can be attributed to the presence of a large number of scatterers located on
a street line. Nevertheless, the system performance can be improved by increasing
antenna spacings dT from 0.1l to 3l .

The effect of the tunnel model parameters, i.e., the radius R of the tunnel arch
and the distance D between MST and MSR, on the performance of C2C communi-
cation systems has been demonstrated for different antenna element spacings dT in
Fig. E.5. We can see the same performance in terms of the BEP for different values
of R and D, which means that small changes in R and D do not affect the system
performance. From Fig. E.5, one can see the effect of the antenna spacings dT , in
which the system performance is improved by increasing dT .

Finally in Fig. E.6, the system performance of the C2C channel model based
on the curve model is shown. Similarly to Fig. E.5, the BEP performance does not
change if the radius R of the curve varies in the considered range.

VI. CONCLUSION

In this paper, a generalized reference model for wideband MIMO C2C chan-
nels has been derived by assuming single-bounce scattering. An extension from the
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Figure E.3: BEP performance of an Alamouti coded OFDM system over a C2C
channel (rectangle model) for different values of LA and D.
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Figure E.4: BEP performance of an Alamouti coded OFDM system over a C2C
channel (rectangle model) for different values of B1 and B2.
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Figure E.5: BEP performance of an Alamouti coded OFDM system over a C2C
channel (tunnel model) for different values of R and D.
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Figure E.6: BEP performance of an Alamouti coded OFDM system over a C2C
channel (curve model) for different values of the curve radius R.
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SISO C2C tunnel model to the MIMO case has been performed. Furthermore, an
extension of the narrowband MIMO C2C channel model based on the curve model
to the wideband model has been provided. An analytical expression has been pre-
sented for the BEP of Alamouti coded OFDM systems over generalized C2C chan-
nels. The effect of the geometrical model parameters of the propagation area on the
system performance has been studied and discussed. It has been shown that using
large antenna element spacings improves the system performance. The proposed
generalized C2C channel model can serve as a highly flexible C2C channel simu-
lator, which allows system developers to simulate a variety of C2C channels and to
evaluate their performance under different propagation conditions.
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