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Abstract—This paper is devoted to the analytic investigation
of a maximum-ratio-combining based regenerative multi-relay
cooperative wireless network over non-homogeneous scattering
environments. Such propagation conditions are rather realistic
as they are encountered often in practical wireless transmission
scenarios. Novel analytic expressions are derived for the symbolerror-rate of M −ary phase shift keying (M −PSK) over independently and non-identically distributed fading channels. The
derived expressions are based on the moment-generating-function
(MGF) approach and are given in closed-form in terms of the
generalized Lauricella series. A simple algorithm for computing
this special function is also proposed while the offered results are
validated extensively through comparisons with respective results
from computer simulations. Based on this, they are particularly
useful in the analytic performance evaluation of such cooperative
systems. To this end, it is shown that the performance of the
cooperative system is significantly affected, as expected, by the
number of employed relays as well as by the value of the involved
fading parameters η and µ.

I. I NTRODUCTION
Cooperative transmission methods have attracted significant
interest over the past decade due to their applicability in size,
power, hardware and price constrained devices such as cellular
mobile devices, wireless sensors, ad-hoc networks and military
communications [1]–[20] and the references therein. Such
systems exploit the broadcast nature and the inherent spatial
diversity of wireless paths and are typically distinguished between regenerative (decode-and-forward) or non-regenerative
(amplify-and-forward) relaying schemes. In general, the digital
processing nature of regenerative relaying is considered more
efficient than non-regenerative relaying, which requires costly
RF transceivers to scale up the analog signal in order to avoid
forwarding a noisy version of the signal [21]–[24] and the
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references therein.
It is also widely known that fading phenomena create nonnegligible detrimental effects on the performance of both
conventional and cooperative communication systems [25]–
[36] and the references therein. As a result, the limits of
various communication scenarios have been analyzed by several researchers over the most basic multipath fading conditions. In this context, Huang et al. [37] derived upper and
lower bounds for the outage probability (OP) of multi-relay
decode-and-forward (DF) networks over independent but nonidentically distributed (i.n.i.d) Nakagami−m fading channels.
Likewise, Duong et al. [38] analyzed the symbol error rate
(SER) and OP of DF systems with relay selection over i.n.i.d
Nakagami−m fading channels, with integer values of m.
A comprehensive analytical framework of a dual-hop multiantenna DF system under multipath fading was derived in
[39]. In the same context, the performance of DF systems
over different fading conditions was addressed in [40]–[42],
whereas analysis for the SER of dual-hop DF relaying for M ary shift keying (M −PSK) and M -ary quadrature amplitude
modulation (M −QAM) over Nakagami−m fading channels
was reported in [43].
However, in spite of the numerous investigations on relay
communications over fading channels, the majority of investigations assume that multipath fading effects follow either the
Rayleigh or the Nakagami−m distributions. This is mainly
due to the presence of cumbersome integrals that involve elementary and/or special functions [44]–[54] and the references
therein. Nevertheless, these conventional fading models are
based on the underlying concept of homogeneous scattering
environments, which is not practically realistic since surfaces
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Fig. 1. Multi-node dual hop cooperative relay network.

in most practical radio propagation environments are spatially
correlated [55]. This issue was addressed in [56] by proposing
the η−µ distribution, which is a generalized fading model
that has been shown to provide particularly accurate fitting
to realistic measurement results while it includes as special
cases the well known Rayleigh, Nakagami−m and Hoyt
distributions [56]–[58]. Based on this, several contributions
have been devoted to the analysis of various communication
scenarios over generalized fading channels that follow the η−µ
distribution [58]–[62] and the references therein. Motivated by
this, the present work is devoted to the evaluation of SER in regenerative relaying for M −PSK Modulations over generalized
fading conditions. Based on this, useful insights are extracted
on the effects of fading on the system performance that can
be useful in future design and deployments of regenerative
cooperative communications.
The reminder of this paper is organized as follows: Section
II presents the considered system and channel models. The exact SER analysis over generalized multipath fading conditions
is derived in Section III while Section IV presents the corresponding numerical results along with related discussions.
Closing remarks are finally provided in Section V.
II. S YSTEM

AND

C HANNEL M ODELS

A. System Model
We consider a multi-node cooperative radio access network
consisting of a source node S, intermediate relay nodes Rk ,
with k = {1, 2, · · · , K}, and a destination node D, as
depicted in Fig.1. Each node in the system is equipped with a
single antenna and a half-duplex decode-and-forward protocol
is adopted. Furthermore, the nodes in the system transmit
signals through orthogonal channels for avoiding inter-relay
interference using for example time division multiple access
(TDMA). Based on this, In phase I, the source broadcasts the
signal to the destination and to all relay nodes in the network
yielding
√
yS,D = P0 αS,D x + nS,D
(1)
yS,Rk =

√

P0 αS,Rk x + nS,Rk

(2)

where P0 is the transmit source power, x is the transmitted
symbol with normalized unit energy in the first transmission
phase, αS,D and αS,Rk are the complex fading coefficients

from the source to the destination and from the source to the
k th relay, respectively, whereas nS,D and nS,Rk represent the
corresponding additive white Gaussian noise (AWGN) with
zero mean and variance N0 . In the next k + 1 time slot, if the
k th relay decodes correctly, then it forwards the decoded and
re-encoded signal to the destination with power P̄Rk = PRk ;
otherwise, if the decoding is unsuccessful the relay remains
silent i.e., P̄R = 0. Based on this, the received signal at the
destination terminal can be represented as follows:
√
yRk ,D = P̄Rk αRk ,D x + nRk ,D
(3)

where αRk ,D is the complex fading coefficient from the
k th relay to the destination and nRk ,D is the corresponding
AWGN. It is assumed that each path experiences narrowband
multipath fading that follows the η − µ distribution and that
maximum-ratio-combining (MRC) diversity is employed at the
destination. Based on this, the output received signal can be
expressed as follows:
yD = w0 yS,D +

K
∑

wk yRk ,D

(4)

k=1

√
√
∗
∗
where w0 =
P̄Rk αR
P0 αS,D
/N0 and wk =
/N0
k ,D
denote the optimal MRC coefficients for yS,D and yRk ,D ,
respectively with (·)∗ representing the complex conjugate
operator.
B. Generalized Multipath Fading
It is recalled that η−µ distribution has been shown to
account accurately for small-scale variations of the signal in
non-line-of-sight communication scenarios. This fading model
is described by the two named parameters, η and µ, and it is
valid for two different formats that correspond to two physical
models [56]. The probability density function (PDF) of the
instantaneous SNR γ =| α |2 P/N0 is given by [56], [59]
(
)
√
1
1
2 π µµ+ 2 hµ γ µ− 2 Iµ− 21 2µHγ
γ
)
(
(5)
fγ (γ) =
1
1
2µγh
µ+
µ−
Γ(µ)H 2 γ 2 exp
γ

where γ = E[γ] = (P/N0 )Ω is the average SNR per symbol
with transmit power P and Ω = E[| α |2 ] channel variance,
whereas Γ(·) and Iα (·) denote the Euler gamma function and
the modified Bessel function of the first kind, respectively
[67]. The parameters h and H are given in terms of η in
two formats: In Format-1, h = (2 + η −1 + η)/4 and H =
(η −1 − η)/4 where 0 < η < ∞ is the scattered-waves power
ratio between the in-phase and quadrature components of each
multipath cluster. In Format-2, h = 1/(1 − η 2 ) and H =
η/(1 − η 2 ) where −1 < η < 1 is the correlation coefficient between the in-phase and quadrature components of
the scattered waves in each multipath cluster. In both for2
mats, µ = E 2 (γ) (1 + (H/h) )/2V (γ) is related to multipath
clustering, with E(·) and V (·) denoting statistical expectation
and variance operations, respectively [56]. The η−µ distribution includes other important fading models such as: i)
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Nakagami−m for µ = m and η → 0 or η → ∞ in Format-1
or η → ±1 in Format-2, as well as for µ = m/2 and η → 1
in Format-1 or η → 0 in Format-2; ii) Nakagami−q (Hoyt)
for µ = 0.5 and η = q 2 in Format-1 or q 2 = (1 − η)/(1 + η)
in Format-2; iii) Rayleigh for µ = 0.5 and η = 1 in Format-1
or µ = 0.5 and η = 0 in Format-2 [56].

P̄M−PSK

1
=
π
|

1
+
π
|

III. E XACT S YMBOL E RROR R ATE A NALYSIS
It is recalled that the end-to-end SER for the considered
cooperative system can be expressed as follows [66]
D
PSER

=

K
2∑
−1

P (e|A = Cz )P (A = Cz )

(6)

z=0

where the binary vector space in the above expression is
A = [A(1), A(2), A(3), ..., A(K)] of dimension (1 × K) and
denotes the state of the relay nodes in the system, with A(k)
taking the binary values of 1 and 0 for successful and unsuccessful decoding, respectively. For the case of statistically
independent channels the joint probability of the possible state
outcomes can be expressed as

K
∏

I1 =
(7)

P (A(k)).

×

k=1

Furthermore, Cz = [C(1), C(2), C(3), · · · , C(K)] denotes
different possible decoding combination of the relays with
z ∈ {0, 2K − 1}. The conditional error probability P (e|A =
Cz ) is the error probability conditioned on particular decoding
results at relays while P (A = Cz ) is the corresponding
probability of the decoding outcomes. Based on the MRC
method, the instantaneous SNR at the destination for decoding
combination, Cz , can be expressed as [66]

1
π

∫

K

PR
P0 ∑
+
C(k)|αRk ,D |2 k .
N0
N0

(8)

k=1

It is also recalled that the MGF for independent fading
channels in DF scheme is given by [63]
MγMRC (s) = MγS ,D (s)

K
∏

C(k)MγRk ,D (s)

Mγ
{z

0

gPSK
sin2 θ

, I1

∫

(M −1)π
M

Mγ

π/2

{z

(

)

dθ
}

gPSK
sin2 θ

)

(11)
dθ

, I11

K
∏

π/2
0

C(k)

k=1

(
1+
(

1
(
1+

)µS,D
A1
sin2 θ

}

)µS,D
A2
sin2 θ

1
(
)
(
B1k µRk ,D
1+
1 + sin2 θ

)
B2k µRk ,D
sin2 θ

)

dθ
(13)

where
{A1 }
A2

and

{B1k }
B2k

γMRC (Cz ) = |αS,D |2

(

π/2

where gPSK = sin2 (π/M ). It is noted here that in order to
evaluate (6), we firstly need to determine the error probability
for decoding at the destination terminal, using MRC, under
given decoding outcomes at nodes i.e., for a given Cz . To this
end and based on the MGF approach the probability P (e|A =
Cz ) can be expressed as (12), given at the top of the next page.
Evidently, the analytic solution of (12) is subject to analytic
evaluation of the integrals I1 and I11 . To this end, for the
case of non-identical fading parameters, i.e, µS,D ̸= µR1 ,D ̸=
· · · ̸= µRK ,D , ηS,D ̸= ηR1 ,D ̸= · · · ̸= ηRK ,D and γ S,D ̸=
γ R1 ,D ̸= · · · ̸= γ Rk ,D , the I1 term can be re-written as

P (A) = P (A(1))P (A(2))P (A(3)) · · · P (A(K))
=

∫

γ S,D gPSK
2(hS,D {∓} HS,D )µS,D

(14)

γ Rk ,D gPSK
.
2(hRk ,D {∓}HRk ,D )µRk ,D

(15)

=

=

By also setting u = sin2 (θ) and carrying out long but basic
algebraic manipulations one obtains
(gPSK )
βγ
I1 = MRC
2π

(9)

∫

1
0

×

k=1

which in the present analysis can be expressed according to
[59, eq. (6)], namely

∑K

1

1

(1 − u)− 2 u2(µS,D + k=1 C(k)µRk ,D )− 2
)µS,D (
)µS,D
(
1 + Au2
1 + Au1

K
∏

k=1

(

1+

u
B1k

C(k)du
)µRk ,D (
1+

u
B2k

)µRk ,D

(16)

where
Mγη−µ

(

g
sin2 θ

)

=

(

4µ

2

)µ
h(2(h − H)µ + sing2 θ γ̄)−1
(2(h + H)µ + sing2 θ γ̄)

.

(10)
Based on the MGF expression, the end-to-end error probability
for M −PSK constellations over individual η − µ fading link
when η, µ and γ̄ in each path are not necessarily equal can
be expressed as [65, eq. (5.78)]

βγMRC (gPSK ) =

714

×

(

K
∏

k=1

2
)
4µ2S,D (h2S,D − HS,D

C(k)

)µS,D

2
γ 2S,D gPSK
)µRk ,D
(
2
)
4µ2Rk ,D (h2Rk ,D − HR
,D
k
2
γ 2Rk ,D gPSK

.

(17)
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)
gPSK
−1 µS,D
4µ2S,D hS,D (2(hS,D − HS,D )µS,D + sin
2 θ γ̄S,D )
gPSK
(2(hS,D + HS,D )µS,D + sin
2 θ γ̄S,D )
0
)
(
K
gPSK
−1 µRk ,D
∏
4µ2Rk ,D hRk ,D (2(hRk ,D − HRk ,D )µRk ,D + sin
2 θ γ̄Rk ,D )
dθ
×
C(k)
gPSK
(2(hRk ,D + HRk ,D )µRk ,D + sin
2 θ γ̄Rk ,D )
k=1
)
−1)π (
∫ (MM
gPSK
− µS,D
4µ2S,D hS,D (2(hS,D − HS,D )µS,D + sin
1
2 θ γ̄S,D )
+
gPSK
π π/2
(2(hS,D + HS,D )µS,D + sin
2 θ γ̄S,D )
(
)
K
gPSK
−1 µRk ,D
∏
4µ2Rk ,D hRk ,D (2(hRk ,D − HRk ,D )µRk ,D + sin
2 θ γ̄Rk ,D )
×
dθ.
C(k)
gPSK
(2(hRk ,D + HRk ,D )µRk ,D + sin
2 θ γ̄Rk ,D )

1
P (e|A = Cz ) =
π

∫

π/2

(

(12)

k=1

Importantly, eq. (16) can be expressed in closed-form in
terms of [64, eq. (7.2.4.57)] yielding

∑K
βγM RC (gP SK )Γ(2µS,D + 2 k=1 C(k)µRk ,D + 12 )
I1 =
∑K
√
2 πΓ(2µS,D + 2 k=1 C(k)µRk ,D + 1)
(
K
∑
1
(2K+2)
C(k)µRk ,D + ; µS,D , µS,D ,
2µS,D + 2
×FD
2

k=1

3 cos2 (π/M ) cos2 (π/M ) cos2 (π/M )
;
,
,
,··· ,
2
1 + A1
1 + A2
1 + B11
)
cos2 (π/M ) cos2 (π/M )
cos2 (π/M )
2
,
,··· ,
, cos (π/M ) .
1 + B1K
1 + B21
1 + B2K
(20)

k=1

µR1 ,D , · · · , µRK ,D , µR1 ,D , · · · , µRK ,D ;

1
1
,− ,
A1
A2
k=1
)
1
1
1
1
,··· ,−
,−
,··· ,−
−
B11
B1K
B21
B2,K

2µS,D + 2

C(k)µRk ,D + 1; −

(18)

(n)

where FD (·) denotes the generalized Lauricella hypergeometric function of n variables [64].
In the same context, for the I11 integral we set u =
cos2 (θ)/ cos2 (π/M ) in (12), which yields

It is evident that with the aid of the derived closed-form
expressions for I1 and I11 , the corresponding error probability term for M −PSK Modulation can be straightforwardly
determined by, P (e|A = Cz ) = I1 + I11 .
In order to derive a closed-form expression for the overall
average SER of the considered system, we additionally need
to determine the decoding probability of the relay nodes
P (A = Cz ) which is a direct product of the element terms
P (γ̄S,Rk ) = P (A(k) = C(k) = 0) i.e. decoding error at
the relays and (1 − P (γ̄S,Rk )) = P (A(k) = C(k) = 1) i.e.
successful decoding at the relays. This can be also evaluated
using the MGF approach, namely

MγMRC (gPSK ) cos(π/M )
I11 =
2π
∑K
∫ 1 −1
1
u 2 (1 − cos2 (π/M )u)2(µS,D + k=1 C(k)µRk ,D )− 2
(
)µS,D (
)µS,D
×
2 (π/M )
cos2 (π/M )
0
1 − cos1+A
1
−
u
u
1+A
1
2
×

K
∏

k=1

(

C(k)du
)µRk ,D (
cos2 (π/M )
1 − 1+B1k u
1−

cos2 (π/M )
1+B2k u

(

1
; µS,D , µS,D , µR1 ,D , · · · ,
2
K
∑
1
C(k)µRK ,D ;
µRK ,D , µR1 ,D , · · · , µRK ,D , − 2µS,D + 2
2

I11

K
∑

MγMRC (gPSK ) (2K+3)
FD
=
π

1
P (γ̄S,Rk ) =
π
|

)µRk ,D .

(19)

Evidently, the above integral can be also expressed in closed(n)
form in terms of the FD (·) function. As a result, by performing the necessary change of variables and substituting in (19),
one obtains

∫

1
+
π
|

π/2

MγS,Rk
{z

0

(

gPSK
sin2 θ

, I2

∫

(M −1)π
M

π/2

MγS,Rk
{z

, I22

(

)

dθ
}

gPSK
sin2 θ

)

(21)
dθ .
}

In order to evaluate I2 and I22 in closed-form, we follow
the same procedure as in the derivation of the closed-form
expressions for I1 and I11 as the difference is that there is no
involvement of µRk ,D term in this case. Based on this, and
after long but basic algebraic manipulations, the closed-form
expressions for I2 and I22 can be expressed as,
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0

10

βγS,Rk (gPSK )Γ(2µS,Rk + 12 )
√
I2 =
2 πΓ(2µS,Rk + 1)
(
)
1
1
1
(2)
×FD 2µS,Rk + ; µS,Rk , µS,Rk ; 2µS,k + 1; − , −
2
C1
C2
(22)

Direct
One−Relay.
Two−Relays
Three−Relays

−1

10

−2

10

−3

10

MγS,Rk (gPSK )

SER

I22 =

(

1
1
(3)
FD
; µS,Rk , µS,Rk , − 2µS,Rk ;
π
2
2
)
3 cos2 (π/M ) cos2 (π/M )
;
,
, cos2 (π/M )
2
1 + C1
1 + C2
(23)

−4

10

−5

10

−6

10

where
−7

{C 1 }
C2

βS,Rk (gPSK ) =

(

10

γ S,Rk gPSK
=
2(hS,Rk {∓}HS,Rk )

2
4µ2S,Rk (h2S,Rk − HS,R
)
k
2
γ 2S,Rk gPSK

0

5

10

15

(24)
)µS,Rk

20
SNR [dB]

25

30

35

40

Fig. 2. SER in η − µ fading with µ = 0.5, η = 1 and ΩS,D = ΩS,Rk =
ΩRk ,D = 0dB for 4−PSK Modulation with different number of relays.

.

(25)
0

10

To this effect, the decoding error probability of the relay nodes
can be readily obtained by P (A = Cz = 0) = I2 + I22
D
for M −PSK is deduced by inserting
whereas the PSER
P (e|A = Cz ) and P (A = Cz ) in (6).
To the best of the authors’ knowledge, the derived analytic
(n)
expressions are novel. Furthermore, it is noted that the FD (·)
function has been studied extensively over the past decades.
However, it is not included as built-in function in popular
software packages such as MATLAB, MATHEMATICA and
MAPLE. Based on this, a simple MATLAB algorithm for
computing this function straightforwardly is proposed in the
Appendix.

−1

10

−2

10

−3

10

ηS,R = 0.1, ηR ,D = 0.1, ηR ,D = 0.9

−4

Ω

10

R ,D

k

1

2

k

1

2

ηS,R = 0.9, ηR ,D = 0.8, ηR ,D = 0.9

= 0dB

SER

k

−5

ΩR ,D = 10dB

10

k

µ = 0.5

−6

10

−7

10

−8

10

µ=1
−9

10

IV. N UMERICAL R ESULTS

−10

In this Section, the offered analytic results are employed
in evaluating the performance of the considered regenerative
system for different communications scenarios. Respective results from computer simulations are also provided for verifying
the validity of the analytic results. The variance of the noise
is assumed to be N0 = 1 while M −PSK constellation is
employed assuming equally allocated transmit powers to the
source and the relay nodes. It is noted here that the presented
results are limited to Format−1 of the η − µ distribution but
they can be also readily extended to scenarios that correspond
to Format−2.
We firstly plot the corresponding SER as a function of SNR
employing one, two and three relay nodes using equal power
allocation, i.e., P0 = PRk = P/(K + 1) over symmetric and
balanced η − µ fading channels for 4−PSK constellations.
In Fig. 2, the η − µ fading parameters are set to µ = 0.5
and η = 1 while Ω parameters are equal to 0dB. Also, the
performance of direct transmission mode with P0 = P is
included as a reference for demonstrating the benefits of
cooperative transmissions in wireless network designs. It is

10

0

5

10

15

20
SNR [dB]

25

30

35

40

Fig. 3. SER in η − µ fading with µ = {0.5, 1}, ηS,D = 0.9 and ΩS,D =
ΩS,Rk = 0dB, ΩRk ,D = {0, 10}dB with diffferent ηS,Rk and ηR1 ,D for
4−PSK Modulation for K = 2.

observed that at a target SER of 10−4 the single relay system
exhibits a gain of 15dB over the direct transmission, whereas
the two and three relay systems outperform the direct scenario
by about 19.5dB and 21.5dB, respectively.
Likewise, Fig. 3, shows the SER performance in nonidentical η−µ fading condition for 4−PSK modulations for the
case of two relays with equal power allocation. It is assumed
that ηS,D = 0.9, ΩS,D = ΩS,Rk = 0dB, ΩRk ,D = {0, 10}dB,
µS,D = µS,Rk = µRk ,D = µ = {0.5, 1} with different values
of ηS,Rk and ηR1 ,D . The figure reveals that when µ is maintained fixed, the fading becomes less severe as {ηS,Rk , ηR1 ,D }
increases from {0.1, 0.1} to {0.9, 0.8} for ηR2 ,D = 0.9.
For example, at a SER of 10−4 almost 1.25dB and 1.75dB
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A MATLAB A LGORITHM FOR C OMPUTING THE
G ENERALIZED L AURICELLA F UNCTION

0

10

−1

The Generalized Lauricella function is defined by the following non-infinite single integral,

10

−2

10

−3

10

(n)

FD (a, b1 , · · · , bn , c; x1 , · · · , xn )
∫ 1
(26)
Γ(c)ta−1 (1 − x1 t)−b1 · · · (1 − xn t)−bn
,
dt
Γ(a)Γ(c − a)(1 − t)a−c+1
0

−4

SER

10

−5

10

µ

S,R

k

−6

10

= 0.5, µ

R ,D

k

−7

10

=µ

R ,D

1

= 0.5

2

The above representation can be straightforwardly evaluated
with the aid of the following MATLAB algorithm,
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Function FD = Lauricella (a, b1, · · · , bn, c, x1, · · · , xn);
f = gamma(c)./gamma(a). ∗ gamma(c − a);
Q = @(t) f. ∗ t.ˆ(a − 1). ∗ (1 − t).ˆ(c − a − 1). ∗ ...
(1 − x1. ∗ t).ˆ(−b1) · · · (1 − xn. ∗ t).ˆ(−bn);
FD = quad(Q, 0, 1);
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Fig. 4. SER in η − µ fading with µS,D = 0.5 and η = 0.1, ΩS,D =
ΩS,Rk = ΩRk ,D = 0dB for different µS,Rk and µRk ,D for 4−PSK
Modulation and K = 2.

gains are achieved for ΩRk ,D = 0dB and ΩRk ,D = 10dB,
respectively, for the considered values of µ.
Finally, Fig. 4 shows the SER performance in η − µ fading
scenario with µS,D = 0.5 and η = 0.1 for 4−PSK modulation
and balanced links of channel variance 0dB employing two
relays with equal power allocation for different values of µS,Rk
and µRk ,D . It is noticed that increasing at least one of µRk ,D ’s
value at a fixed µS,Rk or increasing both µS,Rk and µRk ,D
simultaneously can improve the cooperation performance of
the system. Indicatively, at a SER of 10−4 , almost 1.25dB and
1.75dB gains are observed when {µS,Rk , µR1 , µR2 } changes
from {0.5, 0.5, 0.5} to {0.5, 0.5, 1} and from {0.5, 0.5, 1} to
{0.5, 1, 1.5}, respectively. Also, nearly 0.75dB and 1dB gains
are achieved when {µR1 , µR2 } varies from {1, 1} to {1, 1.5}
and then to the less-severe fading conditions of {1.5, 2} when
µS,Rk = 1. On the other hand, about 4dB is gained when both
µS,Rk and µRk ,D increase at the same time.
V. C ONCLUSION
In this paper, we analyzed the performance of regenerative
cooperative systems over generalized fading conditions. Novel
exact closed-form expressions for the end-to-end average SER
for M −PSK modulated signals were derived over independently and non-identically distributed channels. The derived
analytic expressions were subsequently employed to draw
insights of the different fading parameters in the generalized
η−µ fading conditions and their impact on the end-to-end
system performance. Indicatively, it was shown that the system
performance is highly affected by the η−µ fading parameters
regardless of the number of employed relay nodes.
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