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Abstract Opportunistic transmit cooperative relaying (OTR) system has been interested for its ability to mitigate
the fading in wireless channel without multiple antennas in a small terminal. In OTR system, only the relays
that the received Signal-to-noise ratio (SNR) from a source is greater than the threshold transmit to the
destination. However, the receiving branches of a destination in a realistic system is fixed, the excess number of
signals from the transmit relays does not improve the system performance and consequently increases power
consumption. In this paper, we adopt Double Opportunistic Transmit (DOT) cooperative diversity system which
controls the average number of transmit relays. Although the average number of the transmit relays can be
controlled by adjusting the two thresholds in DOT system, the instantaneous number of transmit relays is
varying in fading channel. Thus we propose Maximal Ratio Combining (MRC) or Generalized Selection
Combining (GSC) according to the number of the signals from relays at the destination. The outage probability
of the proposed system is derived in closed form. The analytical results show that the system performance is
improved with the number of the branches. Also it is noticed that when the number of the branches is fixed,
the outage probability decreases with the increase of the average SNR of S-R path and R-D path.
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| . Introduction

Ad-hoc networks have focused on key technology
for next generation wireless systems. However, the
power consumption of wireless ad-hoc networks is
critical to maintain network lifetime and communication
reliability. Recently, cooperative diversity has been
applied to wireless ad-hoc networks to reduce power
consumption and improve system performance by
mitigating the fading effects of wireless channels™,

Moreover in an opportunistic transmit cooperative
relay system, only the relays that the received SNR is
greater than the threshold transmit to the destination
for more efficient use of the limited system power and
the communication resources. In a realistic
opportunistic transmit cooperative relay system, the
receiving branches in a destination is usually fixed. S.
Ikki analyzed the performance of a cooperative
diversity networks which have limited branches at a
destination using Generalized Selection Combining
(GSO)™. However when the number of the received
signals from the transmit relays exceeds the number of
the branches at a destination, the excess number of
signals does not improve the system performance and
consequently increases power consumption.
we adopt Double opportunistic
transmit (DOT) cooperative system which can control

In this paper,

the average number of transmit relays to prevent
excess number of transmit relays by adjusting the
thresholds™. Though the average number of the
transmit relays can be controlled in DOT system, the
instantaneous number of transmit relays s
continuously changing in fading channel. Thus we
adaptively introduce Maximal Ratio Combining (MRC)
or Generalized Selection Combining (GSC) at the
destination according to the number of the received
signals from the transmit relays. We assume
independent and identically distributed (i.id) Rayleigh
fading channels and decoded-and-forward (DF) relay.

This paper is organized as follows. The proposed

cooperative relaying scheme and the transmit protocol

are described in section II. Its performance is analyzed
theoretically in section III. Section IV presents the
numerical results and discussions. The paper is

concluded in section V.

Il. Proposed System

1. System model

Fig. 1 shows the proposed system model in which S,
R, and D denote source, relay and destination,
respectively. Rk(k: 1,2,3, ..., K)denotes k—th relay.
The solid lines show the source transmit step, and
destination transmit step, and the dashed lines denote
the relay transmit Stﬁpm. We assume a DF relay. The
multipath channels are assumed independent identically
distributed (1.i.d) Rayleigh fading channels. Each signal
received from £, is independently faded and combined
at D for the diversity gain. In this proposed system
model, the opportunistic transmit conditions are
identical to the DOT system in [3] and [4] but the
combining method at the destination node is different.
According to the number of the receiving signals from
the transmit relays, we adaptively apply to MRC or
GSC for diversity combining.

Fig 1. Proposed system model
J2 1. HIQHs AJAR! mE

The transmit protocol of the proposed system
consists of the following four steps (see Fig. 2):
(a) Source transmit step: The source transmits the

information to the relays. Each relay compares the
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SNR received to the source-relay threshold (Ig).

(b) Destination transmit step: The destination transmits
a pilot tone to the relays. Each relay compares the
SNR received to the destination - relay threshold
(Lpp)-

(c) Relay transmit step: When both received SNRs
from the source and the destination exceed their
respective thresholds, then the relays transmit.

(d) Diversity combining step: The multipath signals are
received and MRC or GSC combined at D. If the
number of transmit relays is less than the number
of diversity branches at D, the received signals are
MRC combined. On the other hand, the number of
transmit relays is greater than the number of
diversity branches, the received signals are GSC

combined.

(b)

A

()

Y

Fig 2. Transmit protocol of the proposed system
O3 2, Fotst A|ARIS] A IRES

2. Transmit condition of a relay

It is desirable that the number of transmit relays are
identical to the number of branches in a destination for
reducing the power consumption of the system and for
efficient utilization of wireless communication
resources.

If we define that the size of the active relay set is
|Cl , the probability of i relays being transmitted

among K relays, Pr(|Cl=4) , can be written as

K
i

Pr(‘C‘:i):[ j[Pr(VSk > L 7k >rDR):|’ [I—Pr(yﬂ > L 7 >FDR):|K l

M

where ~g and 7y, denote the received SNR at
R(k=1,2,3,..,K) of the S— R, path and that of
the D— R, path, respectively. Assume the channel is
reciprocal, then . can be replaced by ~,,. I'¢p and
I'py are the thresholds of the S— R path and that of
the R— D path, respectively.

The transmit probability of k—th DF relay in
Rayleigh fading in equation (1) can be rewritten as

Pr(}’sk >Tg, Vi >FDR) = Pr(75k >Lgs Vo >FDR)
Pr(yg > g )Pr(¥p > T )

o]

=
7 sk
@)

where v g, and 7, denote the average SNR of the
k—threlay of the S— R, path and that of the £, —D
path, respectively. Notice that the regular opportunistic
transmit relaying system only considers the first term
Pr(vg > I'gy) in equation ()7

The average number of transmit relays that satisfy
the transmit condition, the received SNR (v4, and ~, )
of a relay is greater than the respective threshold (i.e.,

Iy, or I'yp), can be written as [6],

M

DOT

K (K -
= Zk[k ]‘:Pr(}/Sk >Lgs Vin > rku)]A [I—Pr(;/M >Lgs Vip > FRIJ)]K '
)

) Kexp{_[@ +l:£j}
Vsk Yw

©)

We noticed that the average number of transmit
relays is a function of the average SNR. When the
number of the diversity branches of a destination is
identical to the average number of transmit relays by
adjusting the average SNR and/or the thresholds, the
power consumption caused by the excess number of
transmit relays can be reduced and the efficiency of the
radio resources (i.e, time slots, radio frequencies, and

codes etc.) can be increased.
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lll. Performance Analysis

Though the average number of the transmit relays
can be controlled in equation (3), the instantaneous
number of transmit relays is varying around the
average number of the transmit relays in fading
channel. Therefore the combined SNR vy can be

written by [2]

i
Zj/RA,D ’ZSN
k=1

Vs =

N
Yropi 12N
; R, ,D. (4)
where v p.; is the order statistics of
Vr.D:i = VR,D:i == VryD:i = 0. In equation

(4), the first expression represents the combined SNR
of MRC case that the number of the transmit relays is
less than the number of the receiver branches V. And
the second expression represents the combined SNR of
the GSC case that the number of the transmit relays is
greater than the number of the receiver branches AV,
therefore, the best /V signals among received signals
are combined.

The probability density function (pdf) of combined
SNR ~y, conditioned on the number of active relays

|C=1

can be written by
TR I o
Hlrwlcl=i), i8N s
where f,(vz lCI=1i) is the pdf of the output SNR
of MRC. We will assume each branch has identical
branch SNR, then 7 g, and 7, will be replaced to 7 ¢
and v,p, for al k(k=1,2,..,K), respectively.
Assuming iid. Rayleigh fading on each branch, the
distribution f (4 JlC=1)
freedom [7].

is x* with 2¢ degrees of

~7ro ' TrD
7RD e
s Yap 20

Alreolel=1) = ©)

And the pdf of the output SNR of GSC
fz(%u)”a: Z)

. _ ygnle 7w ! Tao = Vet -N (ﬁ]ﬁil
Alrlel=0)= [ ){m(N TR ¥

w2 ; m
_Zﬁ[_@) s 7RD20
mom! " Ny,

(M

can be given by [8]

x ¢ Tw!Tw { &7 N

The unconditional pdf of combined SNR ~y, can be
obtained using (6), (7), and (1),

A (;/RD Zf (71(1)”(:‘ )Pr ‘C‘ )

S i{rwlcl=i)pr(ci=i)+ 3 £l =i)ee(icl-)

N : Yao ! o K 7}([;6 Yo ! Tao L’ N e i-N (ﬂ)\q
Zu - Pr(lel- )+,§l[N]{?;,;(N—I)! +y,m§‘( Y 1 N1

w0 7o ) plrao I NTap _ S _;
X e {L ;(,m! VT, Pr(‘C‘ x)

®)

The outage probability is defined that the combined
SNR is less than the threshold I The outage
probability at the destination can be obtained by
integrating the unconditional pdf, and written by

n K-n
(K 7(;&+%J 4%”%] TN (1_/}71{0);{71
7;(*1 J{e e et (k-1)!
n K-

1
« lfe’('*”"\’)("/?m) B N—z{iij’" | o m (r/?RD)/
1+//N e A\ o J!
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IV. Numerical results

Fig. 3 shows the outage probability for A= 10,
N=17, I'=TIy, As we expected the outage
probability decreases with the average SNR of S-R and
R-D paths. In the case that 7y /T, equals 0 dB, the
error floor that the error is not decreasing regardless of
the SNR of S-R path is noticed. It is interpreted that
the average SNR of R-D path is too week, it causes
high outage probability although the SNR of S-R path

is strong.

V! T (dB)

Fig 3. Outage probability vs. vg:/I; for different
YuolTpp (K=10, N=7,1'=T},)

T 3. TS 5/ Ty O N 5/ Ty 20N T2 2%
ME (K=10, N=T7,I'=TIp)

H H H
1 2 3 4 5 6 7 8
No. of branch, N

Fig 4. Outage probability as a function of the
number of branches (A=10,1I'=1IT)
O3 4, 7tx| 0| I Mg (K=10,1'= 1))

The outage probability versus the number of
branches for different average SNR of S-R path and
R-D path is shown in Fig. 4. The outage probability is
decreases with the number of branches. When the
number of branches is fixed, the outage probability also
decreases with the SNR of S-R path and R-D path.

V. Conclusions

In this paper, we propose a DOT in a cooperative
diversity system with MRC/GSC for diversity
combining. The average number of transmit relays is
limited to the number of the receiver branches at the
destination to prevent the excess number signals from
transmit relays in the DOT system. However, the
instantaneous number of transmit relays is varying due
to the channel fluctuation. When the instantaneous
number of transmit relays is less/greater than the
number of the branches of the destination, MRC/GSC
is adopted for diversity combing.

The outage probability is analytically derived and
show that the
mmproves with the number of the

the numerical results system
performance
branches. Also it is noticed that when the number of
the branches is fixed, the outage probability decreases
with the increase of the average SNR of S-R path and

R-D path.
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