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ABSTRACT

Wireless Relaying is a promising solutions to overcome the channel impairments and provides high data rate

coverage that appear for beyond 3G mobile communications. In this paper we present end to end BER

performance of dual hop wireless communication systems equipped with multiple Decode and Forward relays

over Rayleigh fading channel with the best relay selection. We compare the BER performance of the best relay

with the BER performance of single relay. We select the best relay based on the end to end channel conditions.

We further calculate the outage probability of the best relay. It is shown that the outage probability of the best

relay is equivalent to the outage probability when all relays take part in the transmission. We apply Orthogonal

Space Time Block coding(OSTBC) at the source terminal. Numerical and simulation results are presented to

verify our analysis.

I. Introduction

Dual hop transmission is a technique by which
the channel from source to destination is split
into two shorter links using a relay'’. In this case
the key idea is that the source relays a signal to
destination via a third terminal that acts as a relay.
It is an attractive technique when the direct link
between the base station and the original mobile
terminal is in deep fade or heavy shadowing or
there is no direct link between source and desti-
nation.

On the other hand diversity technique is an
effective technique to mitigate the severe form of
interference that arises due to the multi path pro-

pagation of wireless signal gain without increasing

the expenditure of transmission time or bandwidth.
Although transmission diversity is clearly advanta-
geous on a cellular base station, it might not be
practical for other scenarios. Especially due to
cost, size or hardware limitations, a wireless device
may not be able to support multiple transmission
antennas. In order to overcome this limitation a
new form of diversity technique, the cooperative
diversity(named so as it comes from user coopera-
tion) has been introduced™ ™. It exploits the broad-
cast nature of the wireless transmission. In cellular,
the ad-hoc network when one user is transmitting
information to a remote terminal, other users
nearby also receive it and transmit the signal to
the destination. This process results in multiple

copies of same signal from independent fading
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paths at the destination and brings diversity.

Depending on the nature and the complexity of
the relays cooperative transmission system can be
classified into two main categories; regenerative
and non regenerative systems. In regenerative
systems, relay fully decodes the signal that went
through the first hop and then retransmits the
decoded version to the second hop. This is also
referred to as decode-and-forward or digital relaying.
On the other hand, non regenerative systems use
less complex relays that just amplify and forward
the incoming signal without performing any sort
of decoding. It is called amplify-and-forward [6]
or analog [7] relaying. The performance of both
systems has been well studied in [1, 8, 9, 10]. In
[11] a distributed space time coded(STC) coopera-
tive scheme is proposed, where the relays decode
the received symbols from the source and utilize
a distributed space time code. The number of distri-
buted antennas(distributed relays) for cooperation
is generally unknown and also may be not unique.
So coordination among the cooperating nodes is
needed prior to the use of a specific space time
coding scheme.

Moreover, if many relay stations transmit signal
to destination then it also needs synchronization
of carrier phases among several transmit receive
pairs which will increase the complexity of recei-
ver as well as cost. Choosing the minimum number
of relays for reducing cooperation overhead and
saving energy without performance loss is an
important concern. There are various protocols propo-
sed to choose the best relay among a collection
of available relays in literature. In [12], the author
proposed to choose the best relay depending on
its geographic position, based on the geographic
random forwarding protocol proposed in [13] and
[14]. In [15], the author proposed opportunistic
relay based on the instantaneous channel conditions.
This single relay opportunistic selection provides
no performance loss from the perspective of
diversity-multiplexing gain trade off, compared to
schemes that rely on distributed space time
coding"”.

In this paper our aim is to analyze the system

with multiple relay nodes where source has two
transmit antennas and each relay and destination
have one antenna. In the second hop, before
transmitting signal to destination the best relay is
selected based on the instantaneous channel condi-
tions of two hops. This technique can save the
transmission power of the network. It also reduces
the decoding complexity at receiver side and at
the same time achieves diversity gain. However
this intermediate relay shall increase the maximum
distance between source and destination also increase
the spectral efficiency.

The paper is outlined as follows: Section II
introduces channel model. Relay selection protocol
is described in Section III. Section IV derives the
probability density function (PDF) and moment
generation function (MGF) of the received SNR
per bit and analyzes the BER performance when
QPSK constellations are used. Section V shows
the outage behavior of the best relay. Simulation
results are presented in  Section VI and finally

Section VII presents conclusion and future work.

II. System and Channel Model

We are considering a wireless dual hop net-
work where a number of relay nodes are placed
randomly and independently according to some
distribution. The direct link between source and
destination may be blocked by some obstacles.
The relays can communicate with both end points.
In our model the source equipped with two
transmit antennas and each relay node has a
single antenna which can be used for both
transmission and reception. All transmissions are
assumed to be half duplex and therefore a relay
station can not transmit and receive at the same
period. During the first hop source broadcasts
symbols, the relays listen and during the second
hop, relays forward the decoded version of the
received signal to destination.

Fig.1 shows the channel model. We are
assuming the channel remains constant during the

two hops with Rayleigh fading. We are applying
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OSTBC at the source. No channel information is
available at source. So no power or bit loading is
performed at source. Each transmission antenna of
source is assumed to use the same transmission
power Jf = P/t, where P is the total transmission
power of the base station and t is the number of
antennae at base station. In this paper we are
considering t=2. For two transmit antenna, there
exists a rate one OSTBC defined by the trans-

mission matrix X,

(% -x
X, = . (6]
X2 X]

where z, and z, are a pair of complex symbols
to be transmitted and * denotes the complex con-
jugate.

We assume there are r relays and number of
transmit antennae at source is 2. So the channel
matrix for the first hop is given by

He=| : @)

where the element h,;; denotes the channel gain
between the ith relay and the jth transmission
antenna of source, i=1,2,---r and j=1,2. We
assume that each element of Hg, is independent
and identically distributed complex Gaussian random

variable with zero mean and [, variance. If we

Fig. 1. A half duplex dual hop relay network
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notice carefully we observe each row of Hg, repre-

sents the channel coefficient between source and
relay. So the channel matrix for each relay can
be represented by

a;=(hy  hy) for i=12,.r  (3)

And for the second hop g; is the individual relay

to destination fading amplitude.

M. Relaying Protocol

In single relay selection schemes only one
opportunistic relay transmits the received signal to
destination. In previous work opportunistic relay is
defined considering distance toward source or desti-
nation [14] or considering the channel condition.
The selection of the best relay based on distance
is not a good selection since communication link
between transmitter and receiver locating in the
same distance might have enormous difference in
terms of received signal due to fading and
shadowing. In [15], authors select the best relay
based on the channel condition. In this paper we
are assuming all relays can listen to each other.
After monitoring the instantaneous channel condition
each relay also broadcast the information to each
other. If the relays are hidden to each other then
they send information to destination and destination
decides among them which is the most opportu-
nistic for relaying and broadcasts the decision to
relay stations'"”".

Let a; and «;,; denote the total channel power

from source to ithrelay and ith relay to destination

respectively. Here, «, and «,; describe the

s
quality of the wireless path between source to
relay and destination to relay. «; is calculated by

relay ¢ by the following equation.

ag = ‘hil ‘2 +‘hi2‘2 €}

And «,,=lg,? is the fading amplitude from relay

to destination. Since the two hops are both
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important for end to end performance, each relay
calculates corresponding h; based on the two

decision rules.

Rulel: #; =min {asi’aid } ®
h = 2 — zaxiaid
Rule 2: L+L a,+ay 6)
A5 g

The relay ¢ that maximizes function h; is one
with the “best” end to end path between initial
source to destination. After being selected as the
best relay it relays signal to destination. In this
paper it is assumed the destination have perfect
channel information available for decoding the

received signal.
IV. END to-END Ber Analysis

When OSTBC X, is used at the source the

signals received at each relay are given by,

Y, =X +E; @)
where
ve=[ o] ®
and
E=[d. ¢ ] ©)

where y! and e denote the received signal and
the additive complex white Gaussian noise with
mean zero and variance o respectively, at the ith
relay during the [th symbol duration where the
block length of the OSTBC is denoted by L.
After that each relay decodes them with an
efficient ML detector and takes decision among
them which is more opportunistic for relaying
signal to destination and then transmits it to
destination according to single opportunistic relay
selection protocol™. Let ith relay is the most
appropriate for relaying signal to destination. Then

the received signal at destination is

Y2 =g X, +eP. (10)

where X, is the transmitted signal matrix from

relay to destination and e” is the complex

additive white Gaussian noise with mean zero and
variance 0%. Assume 0% =o%=o0". From (8) the

received SNRs for the first hop can be given as:

2

7 (p)=cpla’ hy (1n

2 cpZZ:
j=1

where ¢=L/(t.K.-Log,M) and p= P/ K is the
number of complex symbol transmitted by X].

And for the second hop it is like a SISO channel
and SNR can be given by,

7P ()= ple| /1og, M (12
where M is the modulation order.
The MGF of the first hop and the second hop

for 'yR (p) and ’yD(p) are respectively obtained
by,

M () =(1+chips) (13)
and
M (s) :1/(1+st). (14)

By taking the inverse Laplace transform of (13)
and (14), the PDF of 7"(p) and v"(p) respectively
are given by,

L 7ichp
(r-1!

f},R( p)(y) =(chp) (15)

and
_ 1 Pp)s
f},D( p)(7/) = e : (16)

The PDF of phase € of the received signal with
SNR 7 is given by in [16]
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VACIIAE ie‘y log, M[H cosf.[4rlog, M7671°g2M00529

x[l —%erfc(ﬂ/ylogz M cos H)H

an

1 ® 2
where erfc(x) Z—/ e Vdy. Then the exact
™ T

probability that the phase 6 of the received

signals lies in a decision region [0,,0,] is given

by,

w0,

Pe(0<[6,6,):0)= [ [ 101 u0dr. (19

04

The BERs of M-ary PSK constellation for the first
and the second are respectively obtained by,

s 1 & el :
B =7 24 Iy [, 0@ 00007 (19)

1

SR :
B ) = g7 24 I, [, 0@ 00107 (20)

where 0, =(2j—3)n/M and 0, =(2j—3)7/M
for j=1,---M and e, is the number of bit errors

j
in the decision region (0, =(2j—3)7/M,

0, = (2§ —3)n/ M.

In regenerative system, the relay decodes the
received signal and then re-transmits the decoded
one to the destination. The signal received at the
destination has undergone two states of decoding
in cascade, and the end to end BERs of M-ary

PSK constellation are given by,

PR (p) = B (p)

21
LR oy 2m K gty B

Finally we obtained the end to end BER of
M-ary PSK constellations by substituting (19) and
(20) in Eq. (21).

V. Outage Probability

The mutual information between the source and

relay nodes i= 1,2,--or in the first hop can be
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given by
1
L=5 log(1+©,;SNR) 22)

2 2
_ P +Ihyg

with (2, 5

.{2,, is exponential distri-

. . 1 .
bution with parameter A\ = 5 s shown in

Appendix A.
and the mutual information in the second hop of

this corresponding relay is given by

I, = %log(l +Q;,SNR). (23)

The probability density function of 2, 2,

are in order as follows.

S Qi A) = Ayt 24
[( Q. 2) = Ape @25)

So the capacity of the network for relay ¢ is
the minimum of the mutual information of these

two hops.
C(7;)=min(Z;;, 1) (26)

We are selecting the best relay based on end
to end channel condition. So the maximum capacity
of the entire network depends on the mutual
information of the best relay. The mutual infor-

mation of the best relay can be given by

I = max (min(/;;,1;,)).

i€l

(2))

seesl’

I= max (min(% log(1+Q, SNR, % log(1+Q,,SNR))).(28)

ie‘l,“,r‘
So the network capacity
Clr)=1 29)

The outage probability P, , can be defined as
the probability that instantaneous capacity C(v)
fall below outage capacity C

out*
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P = PI'(C(}/) < Cout) (30)
J2)

out = pr(lg"}a)f‘(c(}/,) <Cou)) [€2))

DuQe to the independent channel assumption it
given by

P =] | B (32)

with P2 _PF(C(’Y;) < Cyml,f,)'

out

P, = Pr(min(%log(l +QilSNR),%log(l +Q,,SNR)) < Cyy)

22Com -1

=Pr(min((Q2 VR

Qp)<w)),w= (33)

il
Then by using order statistics in [17]

Pr(min(€,;, Q) = F(4) + F(A,)— F(A)F(4,)
=(l-e ")+ (- 2" = (1- ") 1-e7")

22C0ut71
oo MR

(34

22Cuut -1
Pl =1-¢ " TSw (35)

And finally by putting this value of P!, into Eq.
(29) we get the outage probability Z,

"
VI. Simulation Result

In this section we are presenting our simulation
results of BER performance and outage behavior.
We consider QPSK and 16QAM constellation for
2 transmit antennas equipped at source.

We are assuming that the channels are slow
Rayleigh fading channel. Two sorts of simulation
are performed, one for decision rule 1 and another
for decision rule 2. We can see that the perfor-
mances are nearly the same for both cases. From
Fig. 2 and Fig. 3 we see the BER performance
of the best relay among a set of relays is always
better than the BER performance of single relay.
It is also shown that the better BER performance
can be achieved by adopting more relay nodes.
Modulation order also affects the difference between

2 transmit antenna equiped source

R=2 Rule=1 -
R=2 Rule=2

R=3 Rule=1
10 R=3 Rule=2
—+— R=5 Rule=1
— — —R=5Rule=2
—*— R=7 Rule=1
4| — — — R=7 Rule=2

0 2 4

Fig. 2. BER vs. SNR for Relay selection.
Tx=2, modulation=QPSK.

the BER performances, as shown in Fig. 3. How-
ever, for higher modulation order, the difference
becomes negligible. Comparing Fig.2 and Fig. 3,
it is easily noticeable.

Fig4 and Fig.5 illustrate the outage perfor-
mance of the best relay for outage capacity

2 transmit antenna equiped source

10

BER

R=2 Rule=1
R=2 Rule=2
R=3 Rule=1
10" R=3 Rule=2
—+— R=5 Rule=1
— — —R=5Rule=2
—*— R=7 Rule=1
4| — — —R=7Rule=2
0 2 4

‘,,44
ok -
3
N
S
>
B
8

SNR [dB]

Fig. 3. BER vs. SNR for Relay selection. Tx=2,
modulation=16QAM.

theory, relay=1
4| —+— simulate relay=1
theory, relay=3
simulate relay=3
theory, relay=5
—F— simulate relay=5
theory, relay=7
§| —*+— simulate relay=7
0 5 10 15 20 25
SNR [dB]

Fig. 4. Outage probability vs. against transmit
SNR(db), C,,, = -HbpsiHz, A, =1/2, A\, =1

outage probability

out
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outage probability

-6| —+— simulate relay=7 | | | T
0 5 10 15 20 25
SNR [dB]
Fig. 5. Outage probability vs. against transmit
SNR(@db), C,,, = lbpsHz, \; =1/2, A\, =1

C,u =-5bps/Hz and C_ , =1bps/Hz. It is shown
tOhat theoretically result match with simulation
result perfectly. Both figure shows that the outage
probability decreases with increase in number of
relays. By adopting more relays better outage
performance can be achieved.

VI. Conclusion

In this paper we presented end to end BER
performance and outage performance of dual hop
wireless transmission by selecting the best relay
based on the instantaneous channel condition. Both
BER performance and outage performance can be
improved by adopting more relays. However the
outage performance of the best relay is equivalent
to the outage behavior when all relay nodes partici-
pate into the second hop. The single relay selection
can reduce receiver complexity and at the same
time will increase the network coverage. In future
we will continue our work in multi-hop trans-

mission for covering long distance environment.
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Appendix A

Let n=1,2--*k be normally distributed random

536

variable with mean O and variance 1, Then the

random variable

0~ x} (36)

is distributed according to the chi-square distribu-
tion with k degrees of freedom. This pdf of Q is
given by
1 (k12)-1 ~x/2
Sxk)= 2”2r(k/2)x ¢
0 for  x<0, (37

for x>0,

when T is the gamma function defined by
Ia)= J‘xa*leﬂdx (38)
0

if k=2, then Eq. (37) is an exponential distribu-

1

tion with parameter 3.
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