
On the Statistical Properties of Equal Gain
Combining over Mobile-to-Mobile Fading Channels

in Cooperative Networks
Batool Talha

Faculty of Engineering and Science,
University of Agder, Servicebox 509,

NO-4898 Grimstad, Norway
Email: batool.talha@uia.no

Serguei Primak
Department of ECE,

University of Western Ontario,
London, ON, N6A 5B9, Canada

Email: primak@engga.uwo.ca

Matthias Pätzold
Faculty of Engineering and Science,
University of Agder, Servicebox 509,

NO-4898 Grimstad, Norway
Email: matthias.paetzold@uia.no

Abstract— This article deals with the statistical analysis of
equal gain combining (EGC) over mobile-to-mobile (M2M) fad-
ing channels in a dual-hop amplify-and-forward relay network.
Here, we analyze narrowband M2M fading channels under non-
line-of-sight (NLOS) propagation conditions. It is assumed that
there exist K diversity branches between the source mobile
station and the destination mobile station via K mobile re-
lays. The received signal envelope at the output of the equal
gain (EG) combiner is thus modeled as a sum of K double
Rayleigh processes. It has been shown that the evaluation of
the probability density function (PDF) of this sum process using
the characteristic function (CF) is rather intractable. However,
the target PDF can efficiently be approximated by the gamma
distribution. Exploiting the properties of the gamma distribution,
the cumulative distribution function (CDF), the level-crossing
rate (LCR), and the average duration of fades (ADF) of the
sum process are also approximated. The approximation of the
mentioned sum process by a gamma distributed process makes it
possible to provide simple and closed-form analytical expressions
for the aforementioned statistical quantities. The validity of
the obtained analytical expressions is confirmed by simulations.
The presented results can easily be utilized in the performance
analysis of EGC over relay-based M2M fading channels.

I. INTRODUCTION

Recent studies in the field of wireless communications
have demonstrated the potential of cooperative relaying to
meet the high data-rate and coverage requirements of future
wireless communication systems [1], [2]. The advantage of
such relaying is the attainment of spatial diversity gain by
utilizing the existing resources of the network. From a variety
of cooperative diversity schemes [3]–[5], the study presented
in this article revolves around amplify-and-forward-type relay-
ing. In this scenario, several mobile stations assist the source
mobile station by amplifying and forwarding its information
signal to the destination mobile station.

Here, a dual-hop amplify-and-forward configuration has
been taken into account, where there exist K mobile relays
between the source mobile station and the destination mobile
station. Such a configuration in turn gives rise to K diversity
branches. Thus, the previously mentioned spatial diversity gain
is achieved by combining the signal received from the K
diversity branches at the destination mobile station. Among the
most important diversity combining techniques [6], maximal
ratio combining (MRC) has been proved to be the optimum

one [6]. It is widely acknowledged in the literature that a
suboptimal and less complex combining technique, referred to
as EGC, performs very close to MRC [6]. Studies regarding
the statistical properties of EGC and MRC in non-cooperative
networks over Rayleigh, Rice, and Nakagami fading channels
are reported in [7]–[9]. Furthermore, performance analysis of
the said schemes in terms of the bit error and outage proba-
bility over Rayleigh, Rice, and Nakagami fading channels can
be found in [10]–[12]. In addition, the performance analysis
of cooperative diversity using EGC and MRC over Rayleigh
and Nakagami-m fading channels is presented in [13]–[15].

In recent years, M2M communications has also gained
considerable attention for its potential utilization in coop-
erative networks, ad hoc networks, and vehicle-to-vehicle
(V2V) communications. Statistical studies of M2M fading
channels in [16] have revealed that such channels behave quite
differently from the conventional cellular and land mobile
terrestrial channels like, e.g., Rayleigh, Rice, and Suzuki
channels. In relay-based cooperative networks, M2M fading
channels under NLOS propagation conditions can be modeled
as double Rayleigh stochastic processes [17]. Under line-of-
sight (LOS) propagation conditions, double Rice processes
effectively model M2M fading channels [18]. The authors of
[19] have recently studied the performance of digital mod-
ulation over double Nakagami-m fading channels with MRC
diversity. However, to the best of our knowledge, the statistical
analysis of double Rayleigh and/or double Nakagami-m fading
channels with EGC has not been carried out so far.

This article deals with the derivation and analysis of the
statistical properties of EGC over M2M fading channels in
cooperative networks. Although, on the one hand, the PDF
can efficiently characterize a fading channel, the LCR and the
ADF, on the other hand, provide vital information about how
fast the fading channel is changing with time. Thus, studies
pertaining to the PDF, the CDF, the LCR, and the ADF along
with the CF of the received signal envelope at the output of the
EG combiner are included in this article. The output signal of
the EG combiner is modeled as a sum of K double Rayleigh
processes. It has been illustrated that the computation of the
PDF of the sum of K double Rayleigh processes is rather
intractable when it comes to the evaluation of the inverse
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Fourier transform of the CF. An alternate approach is therefore
presented in which the PDF is either approximated by another
but a simpler expression or by a series.

Depending upon the purpose for which the approximated
PDF has to be used, several methods of approximation
have been proposed so far [20]–[23]. Here, we follow the
approximation approach using orthogonal series expansion.
Specifically, we introduce an approximation approach based
on the Laguerre series expansion [21]. It turns out that the
first term in the Laguerre series equals gamma distribution.
This enables us to show that the PDF of the sum of K
double Rayleigh processes can efficiently be approximated
by the gamma distribution. Exploiting the properties of the
gamma distribution, closed-form approximations are presented
for the CDF, the LCR, and the ADF of the sum process.
Furthermore, the close fitting of the approximated theoretical
results with those of the exact simulation results shows that
the approximation approach followed here is valid. We have
demonstrated the influence of the number of diversity branches
K on the statistical properties of the received signal envelope
at the output of the EG combiner.

The organization of the remaining part of the paper is
as follows. Section II describes the M2M fading channel
model associated with amplify-and-forward relay networks.
Section III deals with the derivation of the analytical ex-
pressions for the CF, the PDF, the CDF, the LCR, and the
ADF of the received signal envelope at the output of the EG
combiner. Section IV validates the correctness of the analytical
expressions presented in Section III by simulations. Finally,
some concluding remarks are presented in Section V.

II. EGC OVER M2M FADING CHANNELS

In this section, we describe the system model of EGC
over M2M fading channels in a dual-hop cooperative network,
where there are K mobile relays connected in parallel between
the source mobile station and the destination mobile station.
We aim to investigate frequency non-selective M2M fading
channels under NLOS propagation conditions in isotropic
scattering conditions. All mobile stations in the network, i.e.,
the source mobile station, the destination mobile station, and
the K mobile relays do not transmit and receive a signal at
the same time in the same frequency band. The propagation
scenario considered is illustrated in Fig. 1, where it can be
seen that the mobile relays form K diversity branches.

We have taken into account the time-division multiple-
access (TDMA) based amplify-and-forward relay protocols
proposed in [24], [25]. Thus, the signals from the K diversity
branches in different time slots can be combined at the destina-
tion mobile station using EGC. Assuming perfect channel state
information (CSI) at the receiver, the received signal envelope
at the output of an EG combiner can be written as [6]

Ξ (t) =
K∑

k=1

∣∣∣ς(k) (t)
∣∣∣ =

K∑
k=1

χ(k) (t) (1)

where ς(k) (t) (k = 1, 2, . . . ,K) describes the fading process
in the kth subchannel from the source mobile station to the
destination mobile station via the kth mobile relay. Here, we

model the fading process ς(k) (t) as a weighted zero-mean
complex double Gaussian process, i.e.,

ς(k) (t) = ς
(k)
1 (t)+jς

(k)
2 (t) = AR(k) μ(2k−1) (t) μ(2k) (t) (2)

for k = 1, 2, . . . ,K. In (2), μ(i) (t) (i = 1, 2, . . . , 2K) rep-
resents a complex circular Gaussian process with zero mean
and variance 2σ2

μ(i) . These Gaussian processes are mutually
independent, where the spectral characteristics of each one
are described by the classical Jakes Doppler power spectral
density. The Gaussian process μ(i) (t) defines for i = 2k−1 =
1, 3, . . . , (2K − 1) the scattered component of the subchannel
between the source mobile station and the kth mobile relay.
Similarly, the Gaussian process μ(i) (t) represents for i =
2k = 2, 4, . . . , 2K the scattered component of the subchannel
between the kth mobile relay and the destination mobile
station. In (2), AR(k) is the relay gain of the kth relay. It is
worth mentioning that the relay gain AR(k) can be considered
as a scaling factor for the variance of the complex Gaussian
process μ(i) (t), i.e., Var

{
AR(k)μ(i) (t)

}
= 2(AR(k)σμ(i))2,

where i = 2, 4, . . . , 2K. The absolute value of ς(k) (t) is
denoted by χ(k) (t) in (1), where each χ(k) (t) is a double
Rayleigh process.

Source
mobile station

Destination
mobile station

(1)( )t (2)( )t

(4)( )t(3)( )t

(2 1)( )K t (2 )( )K t

Mobile relay #1

Mobile relay #2

Mobile relay #K

Fig. 1. The propagation scenario describing K-parallel dual-hop relay M2M
fading channels.

III. STATISTICAL ANALYSIS OF EGC OVER M2M FADING

CHANNELS

This section aims at presenting a thorough study of the
statistical properties of EGC over M2M fading channels.
The derivation and analysis of the closed-form analytical
expressions for the CF, the PDF, the CDF, the LCR, and the
ADF of Ξ (t) is included in the discussion below.

A. PDF of a Sum of Double Rayleigh Processes

In order to express the PDF pΞ (x) of Ξ (t), we discuss two
independent approaches, namely the CF-based exact solution
and the approximate solution obtained using an orthogonal
series.
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1) CF-based Exact Solution: Mobile radio fading channels
are usually characterized with the help of statistical quantities,
such as the PDF of the envelope and the phase of the received
signal. Another, important statistical quantity is the CF, which
is related to the corresponding PDF through the Fourier
transform.

Since the received signal envelope at the output of the
EG combiner Ξ (t) given in (1) is a sum of K indepen-
dent but not necessarily identical double Rayleigh processes
χ(k) (t) , (k = 1, 2, . . . ,K). Therefore, we can express the CF
ΦΞ (ω) of Ξ (t) as a product of the CFs Φχ(k) (ω) of the
stochastic processes χ(k) (t), i.e.,

ΦΞ (ω) =
K∏

k=1

Φχ(k) (ω) . (3)

By definition, the PDF of a stochastic process and its CF
are related through the Fourier transform [26] as

Φχ(k) (ω) =

∞∫
−∞

pχ(k) (x) ej xω dx (4)

where pχ(k) (x) represents the double Rayleigh distribution
[17], i.e.,

pχ(k) (x) =
x

σ2
μ(2k−1)σ

2
μ(2k)

K0

(
x

σμ(2k−1)σμ(2k)

)
. (5)

Substituting (5) in (4) and solving the integral over x using
[27, Eq. (6.621-3)] allows us to write Φχ(k) (ω) as [28]

Φχ(k) (ω) =
4
3

1
(1 − jωAR(k)σμ(2k−1)σμ(2k))2

× 2F1

[
2,

1
2
;
5
2
;
−1 − jωAR(k)σμ(2k−1)σμ(2k)

1 − jωAR(k)σμ(2k−1)σμ(2k)

]
(6)

∀ k = 1, 2, . . . ,K. In (6), 2F1 [·, ·; ·; ·] is the Gauss hyperge-
ometric function [27]. Finally, substituting (6) in (3) provides
us with the required CF ΦΞ (ω) of Ξ (t), i.e.,

ΦΞ (ω) =
K∏

k=1

4
3

1
(1 − jωAR(k)σμ(2k−1)σμ(2k))2

× 2F1

[
2,

1
2
;
5
2
;
−1 − jωAR(k)σμ(2k−1)σμ(2k)

1 − jωAR(k)σμ(2k−1)σμ(2k)

]
. (7)

Given the CF ΦΞ (ω) of Ξ (t), the corresponding PDF
pΞ (x) can be obtained by computing the (complex conjugate
of the) inverse Fourier transform of the CF ΦΞ (ω). Unfor-
tunately, the complicated form of the CF ΦΞ (ω) makes it
difficult to obtain a simple and closed-form expression for the
PDF pΞ (x).

Assuming χ(k) (t) (k = 1, 2, . . . ,K) are independent and
identically distributed (i.i.d.) stochastic processes, implies that
Φχ (ω) = Φχ(k) (ω), with σ2

μ(2k−1) = σ2
μ(1) , σ2

μ(2k) = σ2
μ(2) ,

and AR = AR(k) ∀ k = 1, 2, . . . ,K. This in turn allows us to
express the CF ΦΞ (ω) in (3) as

ΦΞ (ω) = {φχ (ω)}K =
{

4
3

1
(1 − jωARσμ(1)σμ(2))2

× 2F1

[
2,

1
2
;
5
2
;
−1 − jωARσμ(1)σμ(2)

1 − jωARσμ(1)σμ(2)

]}K

. (8)

By substituting (8) in [26, Eq. (5-94)], the PDF pΞ (x) can
be obtained. However, note that the CF ΦΞ (ω) in (8) is still
quite complex to be evaluated using [26, Eq. (5-94)].

2) Approximate Solution Using an Orthogonal Series Ex-
pansion: It has been shown in Section III-A.1 that it is
rather complicated to compute the PDF pΞ (x) of Ξ (t) by
taking the inverse Fourier transform of the CF ΦΞ (ω). An
alternate approach is to approximate the PDF pΞ (x) of Ξ (t)
either by another but a simpler expression or by a series.
Here, we follow the approximation approach using orthogonal
series expansion. From various options of such series, like,
e.g., the Edgeworth series and the Gram-Charlier series, we
apply in our analysis the Laguerre series expansion [21]. The
Laguerre series provides a good approximation for PDFs that
are unimodal (i.e., having single maximum) with fast decaying
tails and positive defined random variables. Furthermore, the
Laguerre series is often used when the first term of the series
provides a good enough statistical accuracy [21].

The PDF pΞ (x) of Ξ (t) can then be expressed using the
Laguerre series expansion as [21]

pΞ (x) =
∞∑

n=0

bn e−xxαLL(αL)
n (x) (9)

where

L(αL)
n (x) = ex x(−αL)dn

x! dxn

[
e(−x)xn+αL

]
, αL > −1 (10)

denote the Laguerre polynomials. The coefficients bn can be
given as

bn =
n!

Γ (n + αL + 1)

∞∫
0

L(αL)
n (x) pΞ (x) dx (11)

where x = y/βL and Γ (·) is the gamma function [27].
The parameters αL and βL can be computed by solving the

system of equations in [21, p. 21] for b1 = 0 and b2 = 0. The
solution of the mentioned system of equations yields

αL = (κΞ
1 )2

κΞ
2

− 1, βL = κΞ
2

κΞ
1

(12a,b)

where κΞ
1 and κΞ

2 are the first and second cumulant, respec-
tively, of the stochastic process Ξ (t). Note that the first and
second cumulant of Ξ (t) are merely the mean value and the
variance, respectively. Furthermore, assuming that the power
of the sum process Ξ (t) is normalized by the number of
diversity branches K and the underlying double Rayleigh
processes are i.i.d. stochastic processes, we can express the
nth cumulant of Ξ (t), κΞ

n , in terms of the nth cumulant of
χ (t), κχ

n, as

κΞ
n =

κχ
n

K(n−1)
(13)

where χ (t) denotes a double Rayleigh process. The first two
cumulants of χ (t) can be expressed as [29]

κχ
1 =

ARσ
μ(1)σ

μ(2)π

2 , κχ
2 = 1

4A2
R σ2

μ(1)σ
2
μ(2)

(
16 − π2

)
.

(14a,b)
Given κχ

n, the value of κΞ
n (n = 1, 2) can easily be computed

using (13), which directly leads to the evaluation of αL and
βL in (12a,b). Substituting the obtained quantities αL and βL

in the Laguerre series expansion, the first term of the series
can be identified as the gamma distribution

pΓ (x) =
xαL

β
(αL+1)
L Γ (αL + 1)

e
− x

βL . (15)
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The PDF pΞ (x) of Ξ (t) can thus be approximated as

pΞ (x) ≈ pΓ (x) =
xαL

β
(αL+1)
L Γ (αL + 1)

e
− x

βL . (16)

The usefulness of the PDF pΞ (x) of Ξ (t) lies in the fact
that it can be utilized in the performance analysis at the
link level of EGC systems. Such performance studies require
the knowledge of the PDF of the received signal-to-noise
ratio (SNR). Making use of (16) and applying the concept of
transformation of random variables [26, p. 244], the required
PDF of the SNR can be obtained.

In the following, we derive the analytical expressions of
the CDF, the LCR, and the ADF assuming that the double
Rayleigh processes χ(k) (t) are i.i.d. stochastic processes.
In addition, we would exploit the properties of the gamma
distribution.

B. CDF of a Sum of Double Rayleigh Processes

The CDF FΞ− (r) of Ξ (t) is the probability that Ξ (t)
remains below the threshold level r [26]. Substituting (16) in

FΞ− (r) =
r∫
0

pΞ (x) dx and solving the integral over x using

[27, Eq. (3.381-3)] allows us to express the CDF FΞ− (r) in
closed form as

FΞ− (r) ≈ 1 − 1
Γ (αL + 1)

Γ
(

αL,
r

βL

)
(17)

where Γ (·, ·) is the upper incomplete gamma function [27].

C. LCR of a Sum of Double Rayleigh Processes

The LCR NΞ (r) of Ξ (t) represents the average rate of up-
crossings (or down-crossings) of the stochastic process Ξ (t)
per second through a certain threshold level r. The LCR
NΞ (r) can be computed using the formula [30]

NΞ (r) =

∞∫
0

ẋ pΞΞ̇(r, ẋ) dẋ (18)

where pΞΞ̇ (r, ẋ) is the joint PDF of the stochastic process
Ξ (t) and its corresponding time derivative Ξ̇ (t) at the same
time t. Throughout this paper, the overdot represents the time
derivative.

In Section III-A.2, we have shown that the PDF pΞ (x) of
Ξ (t) can efficiently be approximated by the gamma distribu-
tion pΓ (x). Based on this fact, we assume that the joint PDF
pΞΞ̇ (r, ẋ) is approximately equal to the joint PDF pΓΓ̇ (r, ẋ)
of a gamma process and its corresponding time derivative at
the same time t, i.e.,

pΞΞ̇ (r, ẋ) ≈ pΓΓ̇ (r, ẋ) . (19)

A gamma distributed process is equivalent to a squared
Nakagami-m distributed process [31]. Thus, applying the
concept of transformation of random variables [26, p. 244],
we can express the joint PDF pΓΓ̇ (x, ẋ) in terms of the joint
PDF pNṄ (y, ẏ) of a Nakagami-m distributed process and its
corresponding time derivative at the same time t as

pΓΓ̇ (x, ẋ) =
1
4x

pNṄ

(√
x,

ẋ

2
√

x

)
. (20)

After substituting pNṄ (y, ẏ) as given in [32, Eq. (13)] in (20),
the joint PDF pΓΓ̇ (x, ẋ) can be written as

pΓΓ̇ (x, ẋ) =
1

2
√

2πxσ̇

x(m−1)

(Ω/m)m Γ (m)
e−

x
(Ω/m)− ẋ2

8σ̇2x (21)

where m, Ω, and σ̇ are the parameters associated with the
Nakagami-m distribution. The result in (21) can be expressed
in terms of the parameters of the gamma distribution, i.e., αL

and βL, as

pΓΓ̇ (x, ẋ) =
1

2
√

2πβx

xαL

β
(αL+1)
L Γ (αL + 1)

e
− x

βL
− ẋ2

8βx (22)

where β = 2
(
π ARσμ(1)σμ(2)

)2 (
f2

Smax
+ 2f2

Rmax
+ f2

Dmax

)
/K.

Here, fSmax , fRmax , and fDmax are the maximum Doppler
frequencies caused by the motion of the source mobile station,
mobile relays, and the destination mobile station, respectively.

Numerical investigations show that pΞΞ̇ (r, ẋ) ≈
1√
3 AR

pΓΓ̇ (r, ẋ). Substituting pΞΞ̇ (r, ẋ) in (18) allows
us to express the LCR NΞ (r) in closed form as

NΞ (r) ≈
∞∫
0

ẋ√
3AR

pΓΓ̇ (r, ẋ) dẋ

=
√

2rβ

3πAR

rαL e
− r

βL

β
(αL+1)
L Γ (αL + 1)

=
√

2rβ

3πAR

pΞ (r). (23)

D. ADF of a Sum of Double Rayleigh Processes

The ADF TΞ− (r) of Ξ (t) is the expected value of the time
intervals over which the stochastic process Ξ (t) remains below
a certain threshold level r. Mathematically, the ADF TΞ− (r)
is defined as the ratio of the CDF FΞ− (r) and the LCR NΞ (r)
of Ξ (t) [6], i.e.,

TΞ− (r) =
FΞ− (r)
NΞ (r)

. (24)

By substituting (17) and (23) in (24), we can easily obtain an
approximate solution for the ADF TΞ− (r).

IV. NUMERICAL RESULTS

The purpose of this section is twofold. Firstly, to illustrate
the important theoretical results by evaluating the expressions
in (16), (17), (23), and (24). Secondly, to validate the correct-
ness of the theoretical results with the help of simulations.
The exact simulation results have been obtained by applying
the sum-of-sinusoids (SOS) concept [33] on the uncorrelated
Gaussian noise processes making up the received signal enve-
lope at the output of the EG combiner. The model parameters
of the channel simulator were computed by the generalized
method of exact Doppler spread (GMEDS1) [34]. Each Gaus-
sian process μ(i) (t) (i = 1, 2, . . . , 2K) was simulated using
N(i)

l = 14 for i = 1, 2, . . . , 2K and l = 1, 2, where N(i)
l is the

number of sinusoids required to simulate the inphase (l = 1)
and quadrature components (l = 2) of μ(i) (t). The authors of
[33] have shown that with N(i)

l ≥ 7 (l = 1, 2), the simulated
distribution of

∣∣μ(i) (t)
∣∣ closely approximates the Rayleigh

distribution for all i = 1, 2, . . . , 2K. The maximum Doppler
frequencies caused by the motion of the source mobile station,
the mobile relays, and the destination mobile station, denoted
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by fSmax , fRmax , and fDmax , respectively, were set to 91 Hz,
125 Hz, and 210 Hz. The variances σ2

μ(i) were chosen to be
σ2

μ(i) = 1/K ∀ i = 1, 2, . . . , 2K. The relay gains AR(k) were
selected to be unity, i.e., AR(k) = AR = 1 ∀ k = 1, 2, . . . ,K
unless stated otherwise.

The results presented in Figs. 2–5 show a good fitting
of the approximated analytical and the exact simulation re-
sults considered as the true results. Figure 2 illustrates the
theoretical results of the PDF pΞ (x) of Ξ (t) described by
the approximation in (16). For the purpose of validation of
the theory, the simulation results obtained by evaluating the
statistics of the waveforms generated by using the SOS-based
channel simulator are included in Fig. 2. The PDF pΞ (x) of
Ξ (t) for a different number of diversity branches K, keeping
the relay gain AR constant is shown in Fig. 2. For K = 1
and AR = 1, the PDF pΞ (x) of Ξ (t) maps to the double
Rayleigh distribution, confirming that our approximation in
(16) is valid. Furthermore, the PDF pΞ (x) of Ξ (t) tends to
a Gaussian distribution if K increases. This observation is in
accordance with the central limit theorem (CLT) [26].
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Fig. 2. The PDF pΞ (x) of the received signal envelope at the output of the
EG combiner Ξ (t) for a different number of diversity branches K.

In Fig. 3, the theoretical results of the CDF FΞ− (r) of
Ξ (t) described by the approximation in (17) are illustrated.
Here, the CDF FΞ− (r) of Ξ (t) for a different number of
diversity branches K keeping the relay gain AR in each branch
constant is shown. A close agreement can be observed between
the presented approximate solution and the exact simulation
results.

The LCR NΞ (r) of Ξ (t) described by (23) is evaluated
along with the exact simulation results in Fig. 4. This figure
illustrates the LCR NΞ (r) of Ξ (t) for a different number of
diversity branches K while the relay gain AR is kept constant.
It is quite clear from the graphs that for K = 1 and AR = 1,
(23) provides us with a very close approximation to the exact
LCR of a double Rayleigh distributed process given in [17].
In addition, increasing K while keeping AR constant, result
in a decrease in the LCR NΞ (r) for both lower and higher
signal levels r.

Figure 5 reveals the theoretical results of the ADF TΞ− (r)
of Ξ (t) described by (24) along with the exact simulation
results. It can be observed in Fig. 5 that keeping the relay gain
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AR constant and increasing the number of diversity branches
K result in an increase of the ADF TΞ− (r) at higher values of
r. However, at lower values of r, the ADF TΞ− (r) decreases
with increasing K.

V. CONCLUSION

In this article, we have studied the statistical properties
of EGC over frequency non-selective M2M fading channels
under NLOS propagation conditions in a dual-hop amplify-
and-forward relay network. It is assumed that K diversity
branches are present between the source mobile station and the
destination mobile station via K mobile relays. The received
signal envelope at the output of the EG combiner has therefore
been modeled as a sum of K double Rayleigh processes. Here,
we have thoroughly analyzed the PDF, the CDF, the LCR,
and the ADF along with the CF of this sum process. We
have proposed an approximation approach using an orthogonal
series expansion in the form of the Laguerre series to approx-
imate the PDF of the sum of K double Rayleigh processes.
The approximation of the target PDF using the Laguerre
series makes it possible to approximate the PDF of the sum
process by a gamma distribution. It has been shown that the
approximation provided by the Laguerre series is remarkably
good. Exploiting the properties of the gamma distribution, the
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CDF, the LCR, and the ADF of the sum process are also
approximated. With the help of this approximation, we are
able to present simple and closed-form expressions for the
aforementioned statistical quantities. Furthermore, the close
agreement of the approximated theoretical results with those
of the exact simulation results shows that the approximation
approach followed here is valid. We have demonstrated the
influence of the number of diversity branches K on the
statistical properties of the received signal envelope at the
output of the EG combiner. The results can easily be utilized
in the performance analysis studies of EGC over relay-based
M2M fading channels.
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[17] C. S. Patel, G. L. Stüber, and T. G. Pratt, “Statistical properties of
amplify and forward relay fading channels,” IEEE Trans. Veh. Technol.,
vol. 55, no. 1, pp. 1–9, Jan. 2006.

[18] B. Talha and M. Pätzold, “On the statistical properties of double Rice
channels,” in Proc. 10th Int. Symp. on Wireless Personal Multimedia
Communications, WPMC 2007. Jaipur, India, Dec. 2007, pp. 517–522.

[19] W. Wongtrairat and P. Supnithi, “Performance of digital modulation in
double Nakagami-m fading channels with mrc diversity,” IEICE Trans.
Commun., vol. E92-B, no. 2, pp. 557–562, Feb. 2009.

[20] O. E. Barndorff-Nielsen and D. R. Cox, Asymptotic Techniques for use
in Statistics. New York: Chapman and Hall, 1989.

[21] S. Primak, V. Kontorovich, and V. Lyandres, Eds., Stochastic Methods
and their Applications to Communications: Stochastic Differential Equa-
tions Approach. Chichester: John Wiley & Sons, 2004.

[22] A. Ord, Families of Frequency Distributions. London: Griffin, 1972.
[23] A. Stuart and J. K. Ord, Kendall’s Advanced Theory of Statistics, 6th ed.

London: Arnold, 1994, vol. I.
[24] R. U. Nabar, H. Bölcskei, and F. W. Kneubühler, “Fading relay channels:

Performance limits and space-time signal design,” IEEE J. Select. Areas
Commun., vol. 22, no. 6, pp. 1099–1109, Aug. 2004.

[25] K. Azarian, H. E. Gamal, and P. Schniter, “On the achievable diversity-
multiplexing tradeoff in half-duplex cooperative channels,” IEEE Trans.
Inform. Theory, vol. 51, no. 12, pp. 4152–4172, Dec. 2005.

[26] A. Papoulis and S. U. Pillai, Probability, Random Variables and Stochas-
tic Processes, 4th ed. New York: McGraw-Hill, 2002.

[27] I. S. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series, and
Products, 6th ed. New York: Academic Press, 2000.

[28] R. Iskander, “The characteristic function of the K-distributed interfer-
ence,” in Proc. XII European Signal Processing Conf. (EUSIPCO), vol.
1–3. Vienna, Austria, Sep. 2004.

[29] M. K. Simon, Probability Distributions Involving Gaussian Random
Variables: A Handbook for Engineers and Scientists. Dordrecht: Kluwer
Academic Publishers, 2002.

[30] S. O. Rice, “Mathematical analysis of random noise,” Bell Syst. Tech.
J., vol. 24, pp. 46–156, Jan. 1945.

[31] M. Nakagami, “The m-distribution: A general formula of intensity
distribution of rapid fading,” in Statistical Methods in Radio Wave
Propagation, W. G. Hoffman, Ed. Oxford, UK: Pergamon Press, 1960.

[32] M. D. Yacoub, J. E. V. Bautista, and L. G. de Rezende Guedes, “On
higher order statistics of the Nakagami-m distribution,” IEEE Trans.
Veh. Technol., vol. 48, no. 3, pp. 790–794, May 1999.

[33] M. Pätzold, Mobile Fading Channels. Chichester: John Wiley & Sons,
2002.

[34] M. Pätzold, C. X. Wang, and B. O. Hogstad, “Two new methods
for the efficient generation of multiple uncorrelated Rayleigh fading
waveforms,” IEEE Trans. Wireless Commun., vol. 8, no. 6, pp. 3122–
3131, Jun. 2009.

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in the IEEE ICC 2010 proceedings



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


