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ABSTRACT
In the present paper, a multihop-multicast cooperative wireless net-
work with one source node, K destination nodes, and M relay
clusters each consists of N decode-and-forward relay nodes is con-
sidered. In each hop of transmission a relay having highest value
of received signal-to-noise-ratio (SNR) is selected to forward the
source’s data. The system is said to be in outage if any one of the
destination nodes is in outage, i.e., the received SNR of any des-
tination node is less than a predefined threshold value. The exact
value of end-to-end outage probability of the considered system is
derived over Rayleigh fading channels. It is shown that with in-
crease in the number of relaying hops the performance of the sys-
tem improves. Simulations are presented to verify the correctness
of obtained analytical results.
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1. INTRODUCTION
In a latest forecast by Cisco [9] more than eight-fold growth in
mobile data traffic is predicted from 2015 to 2020. Correspond-
ingly the spectrum requirement and energy consumption will be
raise to connect more devices. To extenuate the instability of fading
channels with improved energy and spectral efficiency, among dif-
ferent technologies multiple-input-multiple-output (MIMO) wire-
less technology is broadly accepted. It has been observed that high
capacity and diversity is achieved by employing the MIMO tech-
nology [10, 17, 20]. Beside this, Multi-hop relaying also emerged
as an effective option to realize efficient and trustworthy qual-
ity of service (QOS) communication to help wireless cellular net-
work [11, 14, 22, 24]. By deploying the one or more relays, a large
network split into shorter links, when a direct source- destination
link is not possible. Hence with formation of virtual antenna ar-
rays, multihop based cooperative communication system increases
the transmission coverage of wireless network by providing spatial
diversity [2,7,13].In multihop systems, the relay can either decode
and forward (DF) [4, 7, 13] or amplify and forward (AF) [1, 13].
The performance of DF relaying is much better than the AF relay-
ing due to its decoding and forwarding action. [18, 19, 22] inves-
tigated the performance analysis of DF relaying. In DF relaying
process correct or wrong data can be detected and demodulated,
depending upon the source relay channels. Therefore DF suffers

from the propagation of erroneous relaying, which bounds the use
of DF protocol to the multi-hop systems. A maximum likelihood
detector can be used for error performance improvement of DF
system. Although for relaying source data, the best relay can also
be selected [13]. For the diversity and error performance improve-
ment of the DF relaying based multi-hop network system, mani-
fold parallel paths can be used between the source and destination.
From these multiple paths, a best multi-hop path can be selected
for transmission of the source′s data [3]. The best relay selection
criterion depends on minimum or harmonic mean of S→R and
R→D channel signal-to-noise ratios (SNR). This best relay selec-
tion scheme, having the highest SNRs of the minimum of source-
to-relay and relay-to-destination is known the max-min based relay
selection [5,6,12].For cooperative multi-hop parallel relay network,
different path selection techniques, the outage probability and BER
analysis investigated over Rayleigh and Nakagami-m fading chan-
nels [3, 5, 6, 8].
By providing the multicast and multimedia broad cast, densely pop-
ulated areas, such as a cricket stadium can be covered easily. How-
ever, due to the dynamic changing nature of wireless channels, the
multicast transmission of data services is very challenging for the
centralized setup [25]. As the number of mobile users (MUs) in-
creases, to confirm all MUs receiving the data, the worst channel
condition experienced by all users limited the transmission rate re-
sulting in saturated system throughput [21]. The shadowing, fading
and path loss effect in wireless channels can be combat by using re-
lay based cooperative multicast (CM) network [15,16]. The outage
probability of DF-based cooperative multicast with the best relay
selection (CMRS) over Rayleigh fading channels studied in [15]
and for underlay cognitive relay network in [23].
In this paper presents the analysis of the end to end outage prob-
ability of DF based multihop cooperative with relay selection
(MCMRS) over Rayleigh fading channels. In the proposed system,
the best selected relay from the multi-hoped cluster, forward the re-
ceived signal from the source to another best chosen relay in next
cluster. With the propagation of data from different multihop clus-
ters, finally the best relay selected in last hop multicast the signal to
a group of destinations (or to multi mobile users, MMUs). For the
improvement of the system power distribution with outage proba-
bility is calculated.
This paper is organized as follows: Section 2 describes the system
model. The outage probability of the considered model analyzed in
Section 3 . Numerical results discussed in the Section 4. Finally,
conclusion is given in Section 5.
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Fig. 1: Multi-hop cooperative multicast system

2. SYSTEM MODEL
Our system consists of a source node S, multiple destination nodes
(Di, i ∈ 1, 2, 3, ......,K), and M relay clusters as shown in Fig.
1. Each relay cluster consists of N number of relay nodes. All the
nodes presented in the system are equipped with single antenna that
operates in half-duplex mode. It is assumed that no any direct link
is available between the source and destination. All the channels
presented in the system are assumed to be independent and iden-
tically distributed (i.i.d), reciprocal, and flatfading Rayleigh dis-
tributed type. The transmit power of each node in the system is
denoted by Pt. Additive white Gaussian noise with σ2

n variance
is presented at each receiving node. The channel coefficient be-
tween source and nth relay in the first cluster is denoted by hS,n,
1 ≤ n ≤ N . Let us denote hi,n as the channel from the selected
relay in the ith cluster to nth relay in the i+ 1-th cluster. The chan-
nel coefficient from the selected relay in the M th cluster to the kth
destination node is denoted by hM,k, 1 ≤ k ≤ K. The variance of
all the channels is assumed to be Ωh. If X is a Rayleigh random
variable with variance Ωh, then Y = X2 will have exponential
distribution. The CDF and PDF of Y are respectively given as

FY (y) = 1− exp(−y
Ωy

),

fY (y) =
1

Ωh
exp(

−y
Ωy

). (1)

Protocol: In first time slot source transmits its data towards cluster-
1. A relay having highest SNR is selected from cluster-1. The se-
lected relay from cluster 1 forwards the data in 2nd time slot to the
next cluster 2. The same procedure is repeated till the data reaches
to all the destinations.

3. OUTAGE PROBABILITY ANALYSIS
Let Pi denote the outage probability in the ith hop of transmission.
The outage probability in one hop is independent of other hops.
Therefore the end to end outage probability of the considered sys-
tem is given by

Pe2e = 1− (None of the hops are in outage)

= 1−
M+1∏
i=1

(1− Pi) . (2)

The outage probability in first M hops Pi for i = 1, 2, . . . ,M , is
given by

Pi = Pr

[
max

in=1,2,3....N
{γi,n} ≤ γth

]
, (3)

where

γi,n =
Pt |hi,1n|2

σ2
n

, (4)

and γth is the required SNR threshold at each node. It is known
that all the SNR values are independent of each other. Thus (3) can
be rewritten as

Pi =

N∏
n=1

Pr [γi,n ≤ γth]

=

N∏
n=1

Pr

[
Pt |hi,n|2

σ2
n

≤ γth

]

=

N∏
n=1

Pr

[
|hi,n|2 ≤

γthσ
2
n

Pt

]
. (5)

Now making use of (1) in (3) to get

Pi =

N∏
n=1

[
1− exp

(
−γthσ2

n

PtΩh

)]

=

[
1− exp

(
−γthσ2

n

PtΩh

)]N
. (6)

In the last hop, if the received SNR at any destination node is less
than γth then outage is declared. Thus the outage probability in the
last hop PM+1 is given by

PM+1 = Pr

[
min

k=1,2,3....K
{γM,k} ≤ γth

]
= 1− Pr

[
min

k=1,2,3....K
{γM,k} > γth

]
. (7)

In (7) all the K SNR values are independent of each other. There-
fore (7) can be rewritten as
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Table 1. : Outage probability values of the considered multihop-multicast
system for different values of R and M with SNR=30 dB, N = 2, K = 4.

Pe2e M=1 M=2 M=3 M=4
R=1 0.0040 4.9991e-04 1.4814e-04 6.2499e-05

R=1.5 0.0073 9.1390e-04 2.7086e-04 1.1427e-04
R=2 0.0119 0.0015 4.4438e-04 1.8749e-04

R=2.5 0.0185 0.0023 6.8976e-04 2.9103e-04
R=3 0.0277 0.0035 0.0010 4.3745e-04

R=3.5 0.0405 0.0051 0.0015 6.4450e-04
R=4 0.0584 0.0075 0.0022 9.3728e-04

PM+1 = 1−
K∏
k=1

(γM,k > γth)

= 1−
K∏
k=1

[
Pt |hM,k|2

σ2
n

> γth

]
. (8)

Using (1) in (8), PM+1 can be written as,

PM+1 = 1−
K∏
k=1

(
exp

(
−γthσ2

n

PtΩh

))
= 1− exp

(
−γthσ2

nK

PtΩh

)
. (9)

Now the end to end outage probability of the considered system is
obtained after substituting (6) and (9) in (2) as given below

Pe2e =

1 −

(
1−

[
1− exp

(
−γthσ2

n

PtΩh

)]N)M
exp

(
−γthσ2

nK

PtΩh

)
.

(10)

4. NUMERICAL RESULTS
In this section, the performance of considered system through
MATLAB simulations has been discussed. It is assumed, the source
is located at origin in the two-dimensional plane while all the des-
tinations are located at (0,1). The distance between two adjacent
clusters is d = 1/(M + 1). By considering path loss model the
variance of the channels is given by Ωh = d−ε, where ε is called as
path loss exponent and the value of ε, three is considered.
Fig. 2 studies the variation of outage probability of the considered
system versus SNR for K = 6, N = 5, R = 3 bps/Hz, and
M = 1,2,3,4,and 5. It can be seen from the figure that the out-
age probability of the system decreases while increasing the value
of M . This is due to the fact that, the distance between two nodes
will be decreased when the number of hops increases, which further
reduces the amount of path loss between the adjacent links. There-
fore the performance of system improves with increasing value of
N .
The variation of outage probability of the considered system versus
SNR is plotted in Fig. 3 for M = 3, N = 2, R = 3 bps/Hz, and
K =1,2,3,4,and 5. From this figure it can be observed that the out-
age probability of the system increases with increasing the number
of destination nodes (K). The reason is explained as follows. If the
number of destination nodes are increased then the probability that
any one node not having the required SNR will increase. Hence

the performance of system deteriorates with increase in number of
destinations.
Fig. 4 shows the variation of outage probability of the considered
system with respect to SNR for M = 3, N = 2, K = 4, and
R =1,2,3, and 4 bps/Hz. It can be noted from this figure that the
outage probability of the described system increases with increas-
ing in the value of data rate because of increasing in the value of
required SNR threshold γth = 2R − 1 with increasing the value of
R.
Table 1 presents the outage probability values of the considered
system for different values of R and M with SNR=30 dB, N = 2,
K = 4. It can be inferred from the figure that the outage probability
of the system decreases with increasing the value of M by keeping
R value constant. Also, it can be noticed from the table that the
outage probability value increases with increasing the value of R
when M value is fixed.

5. CONCLUSIONS
In this paper studies are made about the performance of multihop-
multicast cooperative system with DF relays over Rayleigh fading
channels. A simple adhoc relay selection criterion that selects a re-
lay with highest received SNR in each hop is considered for path
selection in the proposed system. The exact expression for end-
to-end outage probability of the considered system is derived. The
derived analytical outage probability matches exactly with the sim-
ulated outage probability. Uses of multiple relays between source
and destinations amend the diversity of wireless network. It is ob-
served that the performance of the system is improved with increas-
ing the number of relaying hops. With increasing either the number
of destinations or the required rate the performance was shown to
be deteriorated.
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Fig. 2: Outage probability of the considered system versus SNR for K = 6, N = 5, R = 3 bps/Hz, and M = 1,2,3,4,and 5.
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