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Abstract

Exact average bit error probability (BEP) expressions for mobile-relay-based
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relaying over N-Nakagami fading channels are derived in this paper. The average BEP
performance under different conditions is evaluated numerically to confirm the accuracy of
the analysis. Results are presented which show that the fading coefficient, the number of
cascaded components, the relative geometrical gain, and the power allocation parameter have
a significant influence on the average BEP performance.
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1. Introduction

Mobile-to-mobile (M2M) communication technology has attracted significant research

interest in recent years. It is widely employed in many popular wireless communication
systems such as mobile ad-hoc networks and vehicle-to-vehicle networks [1]. When both the
transmitter and receiver are in motion, the double-Rayleigh fading model has been shown to
be applicable [2]. Extending this model by characterizing the fading between each pair of
transmit and receive antennas as Nakagami distributed, the double-Nakagami fading model
has also been considered [3]. The moment generating, probability density, cumulative
distribution, and moment functions of the N-Nakagami distribution have been developed in
closed form using Meijer’s G-function [4].

Cooperative diversity has been proposed as a promising solution for the high data-rate
coverage required in M2M communication networks. Based on amplify-and-forward (AF)
relaying, the pairwise error probability (PEP) for cooperative inter-vehicular communication
(IVC) systems over double-Nakagami fading channels had been derived in [5]. The exact
symbol error rate (SER) and asymptotic SER expressions for M2M networks with
decode-and-forward (DF) relaying had been obtained using the widely employed moment
generating function (MGF) approach over double-Nakagami fading channels [6].

Incremental relaying is a promising technique to conserve channel resources by restricting
the relaying process based on certain conditions [7]. Typically, the instantaneous
signal-to-noise ratio (SNR) of the source-destination link is used as an indication of the
channel reliability. If the quality of the direct link between the source and destination is
sufficiently high, it is not necessary to forward a signal from a relay. Otherwise, a relay should
participate to improve the quality of the received signals. In [8], closed form expressions for
the error probability, outage probability (OP) and average achievable rate for incremental DF
and AF relaying with a single relay over Rayleigh fading channels were derived. In [9], a
cooperative transmission technique with distributed opportunistic incremental DF (DOIDF)
relaying was presented. The OP of DOIDF was derived, and results were given which showed
that DOIDF can achieve the same space diversity order as multiple-input single-output
(MISO) and single-input multiple-output (SIMO) systems. An incremental best relay scheme
for multiple relays was proposed in [10], and adaptive modulation was applied to the proposed
scheme to satisfy the spectral efficiency and the bit error rate (BER) requirements. Closed
form expressions for the error rate, OP and average channel capacity were obtained in [11] for
incremental best relay cooperative diversity networks with DF and AF relaying over
independent and non-identical Rayleigh fading channels. Based on incremental AF relaying
scheme,the exact closed form expressions for the lower bound on OP of
multiple-mobile-relay-based M2M cooperative networks with relay selection over
N-Nakagami fading channels were derived in [12].

Optimum power allocation is a key technique to realize the full potentials of relay-assisted
transmission. A novel approach for OP analysis of the multiple-node AF relay network was
provided in [13],and optimal power allocation was studied based on the derived OP bound. In
[14], game theory was applied to network problems, in most cases to solve the resource
allocation problems.To address the misbehavior problem, continuous-time protocols were
proposed in [15],and matrix exponential was used to model the queueing process. In [16], a
new continuous-time model for carrier sense multiple access (CSMA) wireless networks was
proposed,which taken into account non-saturated queues.A new method for the study of the
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competition and cooperation relationships among nodes in a network using a CSMA protocol
implemented with an exponential backoff process was provided in [17].

However, to the best of our knowledge, the average bit error probability (BEP)
performance of mobile-relay-based M2M cooperative networks with incremental DF (IDF)
relaying over N-Nakagami fading channels has not yet been investigated. We present the
analysis for the N-Nakagami case which subsumes the double-Nakagami results in [5,6] as
special cases. Exact average BEP expressions are derived here for IDF relaying over
N-Nakagami fading channels. The average BEP is optimized based on the power-allocation
parameter. We resort to numerical methods to solve this optimization problem. In order to
show the accuracy of the analytical results, the average BEP performance under different
conditions is evaluated through numerical simulations. Results are presented which show that
the fading coefficient, the number of cascaded components, the relative geometrical gain, and
the power allocation parameter have a significant influence on the average BEP performance.

The rest of the paper is organized as follows. The IDF relaying M2M cooperative network
model is presented in Section 2. Section 3 provides exact average BEP expressions for IDF
relaying. In Section 4, the average BEP is optimized based on the power allocation
parameter.In Section 5, Monte Carlo simulation results are presented to verify the analysis.
Finally, some concluding remarks are given in Section 6.

2. System Model

We consider a mobile-relay-based cooperation model, namely a single mobile source (MS)
node, a single mobile relay (MR) node, and a single mobile destination (MD) node. The nodes
operate in half-duplex mode, and are equipped with a single pair of transmit and receive
antennas.

According to [5], let dsp, dsg, and dgp represent the distances of the MS to MD, MS to MR,
and MR to MD links, respectively. Assuming the path loss between the MS and MD is unity,
the relative gain of the MS to MR and MR to MD links are defined as Gsg=(dsp/dsg)" and Ggp
= (dsp/drp)", respectively, where v is the path loss coefficient [18]. We further define the
relative geometrical gain as 4= Ggsr/Grp, Which indicates the location of the relay with respect
to the source and destination [5]. When the relay is close to the destination node, u is negative,
and when the relay is close to the source node, u is positive. When the relay has the same
distance to the source and destination nodes, x is 0 dB.

Let h=h,, ke {SD, SR, RD}, represent the complex channel coefficients of the MS to MD,
MS to MR, and MR to MD links, respectively, which follow an N-Nakagami distribution. h is
assumed to be the product of statistically independent, but not necessarily identically
distributed, N random variables[4]

h= ﬁ a (1)
i=1

where N is the number of cascaded components, and a; is a Nakagami distributed random
variable with probability density function (PDF)

2m™ L m
f(a)=————a”" ' exp(-—a* @)
(a) ) (=52
where T'(:) is the Gamma function, mis the fading coefficient, and (2 is a scaling factor.

The PDF of h is given by [4]



3986 Xu et al.: Performance Analysis of IDF Relaying M2M Cooperative Networks over N-Nakagami Fading Channels

2 Nom,
fh<h)=N—Go“xN°{h2Hﬂ\‘ ______ } &)
h[ [r(m) -
where G['] is Meijer’s G-function .
Let y=lh’, ke{SD, SR, RD}, so that ysp=|hsp]’, Ysr=|nsrl’, and yro=|hro/’. The
corresponding cumulative density functions (CDF) of y can be derived as [4]

F _;GNJ : Mi 2 4)
y(y) - N 1LN+1 yH Q ‘ml,....,mN 0
i=1 =<

Hr(mi)

By taking the first derivative of (4) with respect to y, the corresponding PDF can be obtained
as[4]

fy(y)z%G&‘ﬂ?{yH%h ...... mN} ©)
YHr(mi)

The IDF relaying process can be described as follows. During the first time slot, the MS
broadcasts a signal to the MD and MR. The received signals rsp and rsg at the MD and MR
during this time slot can be written as [6]

Isp = VKEhgg X+ ngp (6)

I'sp =+/Gsr KEhgp X+ Ngp (7)

where x denotes the transmitted signal, nsp and nsg are zero-mean complex Gaussian random
variables with variances No/2 per dimension. Here, E is the total energy which is used by both
the source and relay nodes during two time slots. K is the power allocation parameter that
controls the fraction of power reserved for the broadcast phase. If K=0.5, equal power
allocation (EPA) is used.

During the second time slot, the MR decides whether to decode and forward the signal to the
MD by comparing the instantaneous SNR jp to a threshold Rt. Let pp denote the
instantaneous SNR of the MS to MD link. If »p>Rt, the MD will broadcast a ‘success’
message to the MS and MR. Then the MS will transmit the next message, and the MR remains
silent. The output SNR at the MD can then be calculated as

Yo =7VsD (8)
where
K|he, | E -
Ysp :||Z—D|:K|hSD|2V 9)

0

If »p<Rt, the MD will broadcast a “failure’ message to the MS and MR. The MR then
decodes the signal from the MS and generates a signal x, that is forwarded to the MD. Based
on the DF cooperation protocol, the received signal at the MD is given by [6]

fep = /(1= K)Grp Ehgp X, +Ngp (10)
where ngp is a conditionally zero-mean complex Gaussian random variable with variance Ny/2

per dimension.
If selection combining (SC) is used at the MD, the output SNR can be calculated as
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Ysc = MaxX(Ysp . Vrp) (11)
where

1-K)Gyn lhon [ E -
YrD =( ) IZD| RD| :(l_K)GRD|hRD|2V (12)
0

3. Average BEP of IDF Relaying M2M cooperative networks

In this section, exact average BEP expressions for IDF relaying M2M cooperative networks
are derived. The average unconditional error probability of the signal at the MD using
incremental DF relaying can be written as [8]

P(e) =Pr(ysp < Rt)x Ry, (€) +Pr(ysp = Rt)x Byipeee (€) (13)
where Py (e) is the average probability that an error occurs in the combined diversity
transmission from the MS and MR to the MD. Pg(€) is the probability of error at the
destination given that the destination decides that the relay does not forward the source signal.

The CDF of the SNR ysp can be expressed as [4]

1 ropem
F (=0} {= ﬁm ...... m ,o} (14)
Hr(mi) YsD =1 =%
where _
Ysp = Ky (15)
So that
Pr(ysp <Rt) = FySD (Rt)
1 Rt - m,
:N—Gll,\‘r\'llﬂ {=Hal o mN,0j| (16)
Vsp =l =<

1 Rt & m
:l_N—Gll,\lNlﬁ {=Hal|%nl ...... mN,0j| (17)
Hr(ml) Vsp i=l =<
i=
Next, Pgirect(€) is given by
Pdirect (e) = IO Pdirect (e|r) fySD (r |VSD 2 Rt)dr (18)
where
Pyirect (6]r) = axerfc(+/or) (19)

a and b are constants that depend on the modulation employed, e.g. for BPSKa=0.5and b =
1, and for QPSK a = 0.5 and b = 0.5. We then have
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fros (r|VSD > Rt) =
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Hr(m_) Ysp i=1 ==
]
i=1
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Tano| L ppm -
_ r ONLSDEQ MM r>Rt
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Combining (19) and (20), Pairect(€) can be expressed as
a
Pdlrect(e) Rt m x
Hr(m) GlN+1{ Halﬁnl ...... mNO}
SD i=1 i
N
erfe(</or) - I oy gL R dr
[ erfetbr) - LSDljlgilml ______ m
_ a
i N1 | Rt &~m g
Hr(mi)_Gl,N+l|:_Hl|n11 ...... mN,0i|
i= Ysp i €2
\ _
.[ erfc(\/7) Go? L E‘ o ldr—
Ysp i= Q """" "
N
j ‘erfe(ybr) G L ﬂ- _dr
o 4 Q ...... N |
a (21)
B Rt [G=C.]
HF(m) GlNN1+1|: H |%n1 ...... mN,0j|
Ysp it €2

G, can be expressed as
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s i1 &2 22)
_LJ. 71GZO(br )GNO|: N ﬂ|7 ]dr
- 1,2 ION | — 11 A Mo
\/; Ysp i2 & e
To evaluate the integral in (22), the following integral function can be employed [19]
[
a ISt | Clen Cy m,n k |81

IO G, [ax‘d1 ,,,,,, vaGp,q {wx o bq"}dx
— k¢|9+a(V—U)—lo_—a km-+It, kn-+lIs Wkkk(p_q) A(k ai) A(k )
= (27_[)b*(|—1)+c*(k—1) kp-+Iv,kg-+lu Il(u v) A(k bl) A(k (23)

Al L-a ), A(Ll-a-d,), AK,a,.,), AlK,,)
Al l-a—¢), . Al 1= —C,), A(K,b, ), ACK,b,)

where 0<m<q, 0<n<p, 0<s<v, and O<t<u, are integers, a;, b;, ¢; and d; are arbitrary real values,
and

b =s+t—0 'V
2
C =m+n- P+q
2
° . P-d
g=>b->b+ > +1 (24)
i=1 i=1
6=) d — ci+ﬂ+1
i=1 i=1
A(k,an):i’aﬁl’ .,an+k—1
k k k
Equation (22) is then given by
1 w2 | 1 &Nms
G, = Gl —1 | =12 25
1 \/; 2,N 1|:b SD]|:]|_:Q| My, mN,O_ ( )
G, can be expressed as
| _
GZ_I erfc(\/7) G {;Hﬂ‘ ...... m, (A1
Vsp ia € ]
(26)

Rt
Gy (br

1 N 1
:ﬁjo )G L, = %|m1 ------ mN]dr

Numerical technigues can easily be used to evaluate the integral in G,.
Pqiv(€) is given by [20]

I:)div (e) PSR (e) P (e) + (1 PSR (e)) com (e) (27)
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where Pgsgr(e) is the probability of error at the relay, Py(e) is the probability that an error occurs
at the destination given that the relay decoding was unsuccessful, and P,m(€) is the probability
that an error occurs at the destination given that the relay decoding was successful.

Then Psr(e) can be expressed as

Pr(e) = [ P e[}, (1)

=NLj:r‘1erfC(\/E)GgN{; o mN}df (28)
[Trm)

=1

—

a o | 1 em e ]
= \/_ N GZ N+1 b_Ha MMy ,0
”HF(mt) SR t=1 =%t |
t=1
where
Ysr = KGggrYy (29)

When the relay makes a decoding error and forwards an incorrect signal to the destination,
P,(e) is given by [20]

P.(e)= I: J.;’RD f.o 7sp) oy (ro)dYsprro

+a,[0 LRD erfc(y/bysp ) fySD (7sp) fyRD (7ro)dyspvro (30)

where

1 roem
fyso(r): N G(;\YI”\‘O{=' al|ml ------ mN} (31)
Hr(mi)r Vsp i=l =4
i=1

£ (1) = G()”,’N"[Llﬂ[mﬂ ______ } (32)

ﬁr(mtt)r VRD tt=1 Qy m
tt=1
Yro = 1=K)Ggpy (33)

To evaluate G, consider

b
IORD fVSD (rso)dysp = FVSD (7ro)

1 y N m 34
=N—Gll,\lr(ll+1{£nal|ﬁh ------ vaO} 9

Hr(mi) oo =
i=1

Then from (23), we obtain
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- m;
1 + RO i 5 (1emyae
G, GNN+TN1+1 _IN ml r%h,.?r'nN’,omN (35)
HF(m )H r(my) ySDHEtt
tt=1 tt=1 =2t

To evaluate G,, consider

J::D erfc(y/bysp) fySD (sp)dysp
= I:erfc(, [by50) T, (sp)drso ‘Joy Cerfe(ybyp) L Oso)io (36)

1 1 &m
=N—GZNN2+1[ Halml

\/;H F(mi) bySD i=1

where

ol )Gé\‘NO |:ySD H o |m1 ______ :|dySD (37)

YsD =1

YRD —
Gs = \/— j 7sD 1G12 20 (bVSD

So that

- (39)
1 o 1 » ~
~ N .[o \JSG(;\INO{ = Hgtt |m1 ...... my }dVRD
Hr(mtt) ’rD YRD tt=1 =t
tt=1
Gs can easily be evaluated via numerical integration.
Pcom(€) can be expressed as
P, (€)= ajo erfc(x/br) f. (rlysp <RE)r (39)
where
stc (r|ySD < Rt) =
—1 F f <R
F (Rt)( o (N (N+F (01, (D)1 <Rt (40)
YsD
f,.(r), r>Rt
1 roem
F.(N=5——G\u {=H—“‘3nl ...... . ’0} (41)
Vro tt=1

[1T(m,)

tt=1

Combining (39) and (40), we obtain
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Pan®)= - (R) «(J; erfeBt,, (F,,, )+

IORterfc(\/E)FySD (Nt (r)dr)+ a j;erfc(\/E )f, (Ndr (42)

1
:a[m(G(S +G7)+G8]

Ggis given by
5 N
6t [ ercret| LI o
Hr(mtt) 0r YRD tt=1 Qy
tt=1
N
et LIS e e
Hr(mn) r YRD tt=1 ==t
tt=1

1|1 1 Neom, e
R —GzNN2+1[= .

[Trem) ¥
tt=1
Ge, Gyand Ggcan also be evaluated via numerical integration. Finally, substituting (16), (17),
(18) and (39) in (13), we obtain the exact average BEP expressions for IDF relaying M2M
cooperative networks.

4. Average BEP-Optimized Power Allocation

To further improve the performance, we aim to optimally allocate the power between
broadcasting and relaying phases. For optimization of the power allocation, we consider the
average BEP as our objective function. The resulting average BEP needs to be minimized with
respect to the power-allocation parameter K (0 <K <1).

Fig. 1 presents the effect of the power allocation parameter K on the average BEP
performance of IDF relaying M2M cooperative networks over N-Nakagami fading channels.
The number of cascaded components is N=2, the fading coefficient is m=2, the relative
geometrical gain is 4=0 dB, and the threshold is Rt=4 dB. These results show that the average
BEP performance is improved with an increase in the SNR. For example, with K=0.4, the
average BEP is 1x107 for SNR=10 dB, 3x10™ for SNR=20 dB, and 1.5x10° for SNR=30 dB.
When SNR=10 dB, the optimum value of K is 0.68, when SNR=20 dB, the optimum value of
K is 0.77, and when SNR=30 dB, the optimum value of K is 0.88. This indicates that equal
power allocation (EPA) is not always the best approach.

From Fig. 1, it can readily be checked that these expressions are convex functions with
respect to K.The convexity of the average BEP functions under consideration guarantees that
the local minimum found through optimization will indeed be a global minimum. But,a
closed-form solution is not available. We resort to numerical methods to solve this
optimization problem. The optimum power allocation (OPA) values can be obtained a priori
for given values of operating SNR and propagation parameters. The OPA values can be stored
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for use as a lookup table in practical implementation.

In Table 1, we present optimum values of K for N-Nakagami fading channels. We assume
that the number of cascaded components is N=2, the fading coefficient is m=1, the relative
geometrical gain is x=—10 dB, and the threshold is Rt=0 dB.

Fig. 2 presents the effect of the EPA and OPA on the average BEP performance with BPSK
modulation. For OPA, the values of K are used in Table 1 for BPSK modulations. For EPA,
K=0.5. These results show that the average BEP performance of OPA is better than that of
EPA. For example, with SNR=10 dB, the average BEP is 2x107 for OPA, while 2.6x107 for
EPA.

. BPSK

10 . . . . . . . . 3
—&— SNR=10dB |
—&— SNR=200B |

10° —%*— SNR=30dB |-

ABEP

10—6 | | | | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fig. 1. The effect of the power-allocation parameter K on the average BEP performance

Table 1. OPA parameters K

SNR BPSK QPSK
5 0.77 0.85
10 0.89 0.85
15 0.81 0.92
20 0.94 0.88
25 0.84 0.87
30 0.89 0.97
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BPSK
10 r T T T T

—B— 0oPA |7
—O— EPA []

ABEP

10_ | | | |
5 10 15 20 25 30

SNR(dB)

Fig. 2. The effect of EPA and OPA on the average BEP performance

5. Numerical Results

In this section, we present Monte-Carlo simulations and numerical methods to confirm the
derived analytical results. The simulation results are obtained for BPSK modulations.
Additionally, random number simulation was done to confirm the validity of the analytical
approach. All the computations were done in MATLAB and some of the integrals were
verified through MAPLE. The links between MS to MD, MS to MR and MR to MD are
modeled as N-Nakagami distribution. The total energy is E =1. The thresholds considered are
Rt=-4 dB, 0 dB, and 4 dB. The fading coefficient is m=1,2,3, the number of cascaded
components is N=2,3,4, and the relative geometrical gain is x=20dB, 5dB,-20dB, respectively.
In Fig. 4, 5, 6, 7, we only want to present the effect of Rt, m, N, x on the average BEP,
respectively, so the value of K should remain unchanged. For different values of Rt , m, N, x,
the optimized values of K are different. We resort to numerical methods to obtain the
optimized values of K.

Fig. 3 presents the average BEP performance of IDF relaying M2M cooperative networks
over N-Nakagami fading channels with BPSK modulation. The relative geometrical gain is
1=0dB, the power allocation parameter is K=0.5, and the threshold is Rt =4 dB. The following
cases are considered based on the number of cascaded components N and the fading
coefficient m:

Case 1: Msp =1, Mg =1, Mrp=1 and Nsp =3, Nsr= NRD:3-
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Case 2: Msp=1, Mg =1, Mgp =1 and Nsp =2, NSR=NRD=2.

Case 3: Mgp=2, Mgg =2, Mgp =2 and Ngp =2, Nsg=Ngrp=2.

Fig. 3 shows that the numerical results coincide with the theoretical results, which verifies the
accuracy of the analysis. As the SNR increases, the average BEP performance improves, as
expected. For example, in Case 2, when the SNR=10 dB the average BEP is 4x107, and when
SNR=15 dB the average BEP is 9x107,

0 BPSK
10 : T T T T
- O  Simulation
Analytical

10"t

107}

0 5 10 15 20 25
SNR(dB)

Fig. 3. The average BEP performance over N-Nakagami fading channels.

10

Fig. 4 presents the effect of the threshold Rt on the average BEP performance of IDF
relaying M2M cooperative networks. The relative geometrical gain is x=0 dB, the power
allocation parameter is K=0.5, and the number of cascaded components is N=2. The thresholds
considered are Rt=—4 dB, 0 dB, and 4 dB. These results show that the average BEP
performance is improved as Rt increases. For example, with SNR=12 dB, the average BEP is
1.8x10? when Rt =—4 dB, 9x107 when Rt =0 dB, and 3.5x10® when Rt =4 dB. As Rt increases,
the probability that the relay forwards the source signal increases, and the resulting
performance is better than that with just direct transmission, so the average BEP performance
improves. For fixed Rt, an increase in the SNR decreases the average BEP, as expected.
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10° —— : : : . : : : :

- —H— Rt=4dB
—O— Rt=0dB |]
—%— Rt=-4dB |/

ABEP

10—4 | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20

SNR(dB)
Fig. 4. The effect of the threshold Rt on the average BEP performance.

Fig. 5 presents the effect of the number of cascaded components N on the average BEP
performance of IDF relaying M2M cooperative networks over N-Nakagami fading channels.
The number of cascaded components is N=2, 3, and 4, which denotes 2-Nakagami,
3-Nakagami, and 4-Nakagami fading channels, respectively. The fading coefficient is m=2,
the relative geometrical gain is =0 dB, the threshold is Rt=4 dB, and the power allocation
parameter is K=0.7. These results show that the average BEP performance is degraded as N is
increased. For example, when SNR=10 dB, the ABEP is 6.5x10°® for N=2, 1.5x107 for N=3,
and 2.8x107 for N=4. This is because the fading severity of the cascaded channels increases as
N is increased. For fixed N, an increase in the SNR decreases the average BEP, as expected.
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BPSK
10 r T T T T

—B— N=2 |3
—0— N=3]

ABEP

10-4 | | | |
0 5 10 15 20 25

SNR(dB)

Fig. 5. The effect of the number of cascaded components N on the average BEP performance.

Fig. 6 presents the effect of the relative geometrical gain x on the average BEP performance
of IDF relaying M2M cooperative networks over N-Nakagami fading channels. The number of
cascaded components is N=2, and the fading coefficient is m=2. The values of the relative
geometrical gain considered are ©=20 dB, 5 dB, and —20 dB. The threshold is Rt=4 dB, and the
power allocation parameter is K=0.8. These results show that the average BEP performance is
improved as y is reduced. For example, when SNR=10 dB, the average BEP is 2.6x107 for
1=20 dB, 1.3x1072 for =5 dB, and 3x107 for x=—20 dB. This indicates that the best location
for the relay is near the destination. For fixed u, an increase in the SNR results in a decrease in
the average BEP, as expected.

Fig. 7 presents the effect of the fading coefficient m on the average BEP performance of
IDF relaying M2M cooperative networks over N-Nakagami fading channels. The number of
cascaded components is N=2, and the fading coefficients considered are m=1,2, and 3. The
relative geometrical gain is 4=0 dB, the threshold is Rt=4 dB, and the power allocation
parameter is K=0.7. These results show that the average BEP performance is improved as the
fading coefficient m is increased. For example, when SNR=15dB, the ABEP is 7.2x107® for
m=1, 8.7x10™ for m=2, and 4x10* for m=3. This is because the fading severity of an
N-Nakagami channel is less for a larger m. For fixed m, an increase in the SNR again reduces
the average BEP.
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Fig. 7. The effect of the fading coefficient m on the average BEP performance.
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6. Conclusion

Exact average bit error probability (BEP) expressions for IDF relaying M2M cooperative
networks over N-Nakagami fading channels were derived. Simulation results were presented
which confirm the analysis. The results given showed that the fading coefficient m, the number
of cascaded components N, the relative geometrical gain x, and the power allocation parameter
K have a significant effect on the average BEP performance. The expressions derived here are
simple to compute and thus complete and accurate performance results can easily be obtained
with negligible computational effort. In the future, we will consider the impact of correlated
channels on the average BEP performance of IDF relaying M2M cooperative networks.
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