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Abstract

In recent years cooperative diversity has been widely used in wireless networks. In particular, cooperative
communication with a single relay is a simple, practical technology for wireless sensor networks. In this pa-
per, we analyze several simple network topologies. Under the condition of equal power allocating, the opti-
mum relay location of each network topology are respectively made sure by using symbol error rate (SER)
formula. And these types of topologies are compared, the analysis results show that, linear network topology
has the best system performance, the system performance of isosceles triangle topology is better than that of

equilateral triangle topology.
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1. Introduction

Multiple antennas transmitting diversity technology has
been investigated based on their ability to combat fading
induced by multi-path of the channel, and has been
widely used in wireless communication system. However,
the deployment of antenna array on mobile terminal is
difficult due to the size and power limitation. In order to
solve this problem a new mode of gaining transmit di-
versity called cooperative diversity has been proposed
and widely studied [1]. The terminals share their anten-
nas and other resources to create a “virtual array” through
distributed transmission and signal processing [2].
Compared with the multi-relay cooperative communi-
cation, single-relay cooperative communication has more
practical value for wireless sensor networks [3]. The re-
search for single-relay cooperative communication net-
work topology has great significance for improving the
performance of cooperative systems. Paper [4] has
pointed out that, the location of relay has an impact on
the performance of the system. However, the analytic
network topology is single and has not given the theo-
retical basis of the optimal relay location. In this paper,
what is mainly concerned is that, in the uncoded coop-
erative communication system, the position of relay is
how to affect the SER performance of the system. Ac-
cording to the SER formula of single-relay cooperative
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communication system [5], in several equal-power allo-
cated simple network topologies, the optimal relay loca-
tion is trying to be gotten. The comparison system per-
formance among these types of network topologies will
be done.

2. System Model

The block diagram of single-relay cooperative commu-
nication system is shown as Figure 1.

The mechanism of single-relay cooperative communi-
cation is divided into two stages. Both stages use the
orthogonal channel, such as TDMA, FDMA, or CDMA.
In the first phase, source node sends symbols to the des-
tination node; relay node receives the symbols sent from
source node at the same time. The received symbols y; 4
and y,, at destination node and relay node, respectively,
can be written as

Voa =~ Bhoa[n]-x[n]+ 204 [n] @
vor =Bhy, [n]-x,[n]+ 2., [1] )

In which x,[n] is the transmitted information; Py is the
transmitted power at the source node; 4, is the channel
coefficients from source node to destination node, which
can be written ash, 4 [n]=d,q-asq[n], a.a[n] can be
modeled as a zero mean, complex Gaussian random

1JCNS



148 L. XU ET AL.

relay

h L.
source sd destination

Figure 1. Block diagram of single-relay cooperative com-
munication system.

variable with variances o&7,, the path loss d,, (as-
suming a plane-earth model) is proportional to R;%,
R, . isthe distance between source node and destination
node. A, is the channel coefficients from source node
to relay node, which can be written as 4, [n|=d,, -a,.[n],
a,[n] can be modeled as a zero-mean, complex Gaus-
sian random variables with variances &7, , the path loss
d,, (assuming a plane-earth model) s proportional to
R;2, R,, is the distance between source node and re-
lay node. z,4[n] and =z, [n] are additive white Gaus-
sian noise.

In the second phase, relay node amplifies the received
signal and forwards it to destination node with transmit-
ted power P,. The received symbols at the destination
can be written as

JB

2 hr,d [n] : yx,r + Zy.d [n] (3)
H h.v,r + NO

Vrd =

where 4, 4 is the channel coefficients from relay node to
destination node, which can be written as /. [n]=
dra-ara[n], a.a[n] can be modeled as a zero-mean,
complex Gaussian random variables with variances &7, ,
the path loss d,, (assuming a plane-earth model) is
proportional to R:5, R., is the distance between
source node and relay node. z,,[n] is additive white
Gaussian noise.

Assuming the antenna modes used by source node,
destination and relay node in the system are omni anten-
nas. The power of transmitted symbols x,[n] is nor-
malized. 6?,, o7, and &’, aresetto 1.

3. Theoretical Analysis

THEOREM 1I: If all of the channel links A4, &,
h., are available, i.e., 62, #0, 62, #0 and &2, #0,
then when B/N, and PB/N, go to infinity, the SER
of the AF systems with M-PSK or M-QAM modulation

can be tightly approximated as

BN{ 1 1 1
PS = 2 2 2 + 2 (4)
b H. s,d Hé‘s,r PZé‘r,d

where, for M-PSK signal, b=bpy for M-PSK and [5]
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In which M = 4, b = 1, and for QPSK modulation
adopted in this paper. So,
B= i+i
32 4z
N, is the power value of additive white Gaussian
noise for each channel.
When B =5 = P/2, P is the fixed total transmission
power P =R+ P, . Define

L .
V4 No’ 72 Novy NO! N V2 27/
—_ Rl _ ROLR W1,
= ! Nod 4 ],\d[o A ]/15:2,51Rx¢1 :Eyé‘sz.dRs_fj (6)
7o Bliva’_ RSR, L1
V2 = ZNod =12 ],\1;!0 L =107 aR 2575rz,dR,-,‘§1 @
A _ RO’R;, L1

3 =

= 552rR.vr -4 552er_l;l‘ 8
No No 710s,r R, 27,” )]

With channel model, (4) is transformed as follows
through the use of (6), (7) and (8).

4B 1 1
R’ ~ -4 -4 + -4 (9)
7R.v,d yR.s,r j/Rr,d

4. Topology Models Analysis

4.1. Equilateral Triangle Topology

Because R,, =R,,=R., =R, (9) is transformed as
follows.

p-_%8 (10)

2
The transform relation between bit error rate (BER)
B, and SER P, is as follows.

B =1-J1-P (1)

So (10) can be transformed to (12)

B =1-\1-P, =1- 1—8—’92 12)
(r&*)

When R =1, we can get

8B
R iy (13)
v
B =1-J1-P, =1- /1—8—’23 (14)
v
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The comparison graphic of BER between simulation
and the asymptotically tight approximation is shown as
Figure 2.

The comparison graphic of BER among R =2, R=1.5
R=1,R=0.7,R=0.5is shown as Figure 3.

Some conclusions can be obtained from the analysis of
Figure 3.

1) When R >1, the BER increases as R increases.

2) When R =1, the BER only matters with . In this
situation, the path attenuation is not considered.

3) When R <1, the performance of BER is better
than that of the situation R >1, the BER increases as R
increases.

There is a constraint condition for R, R> Rnin. Rmin
is used to ensure the space nonrelated performance of
antenna among source node, destination node and relay
node.
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Figure 2. The comparison of BER between simulation and
the asymptotically tight approximation.

10°
10—1 L
1072k

10—3 L

10

BER

103k

—R: 2-2-2
R: 1.5-15-1.5
LR
107" f| ——r: 0.7-0.7-0.7
—<—R: 0.5-0.5-0.5

0 5 10 15 20 25
P/No [dB]

10—6 H

10°®

Figure 3. The comparison of BER amongR=2,R=15R=
1,R=0.7,R=05.

Copyright © 2011 SciRes.

ET AL.

149

4.2. Isosceles Triangle Topology

Isosceles triangle topology is shown as Figure 4.
When R, ;= R, =R,

A T

Because of the symmetry of the topology, the situation
of ae (O, ;z/3] is mainly researched.
When Rs,d = Rr,d = R,

R, = R\2(1-c0sp), a e{—%,OjU[O,%}

Because of the symmetry of the topology, the situation
of fe(0, 7z/3] is mainly researched.

When «a = =r/3, the isosceles triangle topology
becomes the equilateral triangle topology.

When «=7z/4 and R = 1, R,, =0.765367 . When
B=r/4 and R =1, R, =0.765367 . The comparison
graphic of BER between these two type topologies is
shown as Figure 5.

Through the analysis of Figure 5, we can see that, to-
pology a and topology b have the symmetry structure and
their BER performance also have the symmetry. If
a=f,then

relay
T /NG \
L Vo [ A ST
source ¥-%———destination | source $—— —tdestination;
(@) Ryy=R,, =R (b) Reu=R.a=R

Figure 4. Isosceles triangle topology.

10° .
1-0.765367-1
—>—1-1-0.765367
10?1; —o—1-1-1
107
o
L
m
10—3 L
107E
10° s . s .
0 5 10 15 20 25

P/No [dB]

Figure 5. The comparison of BER with different Rgq — Rg —
Ry g.
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P,

Isosceles Trianglea = P,

Isosceles Triangle b (15)

, 4B| 1 1
Isosceles Triangle a ~ —| —+

R =
rr 7( 2(1—cosa))

(16)

From (16), the SER performance of the isosceles tri-

angle a topology will be improved if « decreases.

There is a constraint condition for «, @ > @min, min

is used to ensure the space non-related performance of
antenna between source node and relay node.

. 4B 1 1
P,|Isosceles Triangle b ~ — —+=
7 y(,/Z(l—cosﬂ)) 4

(17)

From (17), the SER performance of the isosceles tri-

angle b topology will be improved if S decreases.

There is a constraint condition for £, B> Buin, Bhrin

is used to ensure the space nonrelated performance of
antenna between source node and relay node.

4.3. Linear Topology

Linear Topology is shown as Figure 6.

Assuming R,, is a fixed value, R, = pR,.. When
pe(01), R.s=R.q(1-p). The process of determin-
ing the optimal location of relay is as follows.

4B 1 1

=4

R N -
YRsa | y(pR.a) y[(l—p)R&d}

The second derivative of (18) with respectto p is
4B 2
——[12p* +12(1- 19
R [ p°+12(1-p) J (19)
(19) >0, so the p corresponding to the minimum value
of (18) is existing.
Make the first derivative of (18) with respectto p is
equal to 0.

P|Linear ~ (18)

4B 3 3

2 _14p*—4(1-p)* |=0 20

" R;Z[ p°—4(1-p) } (20)
The root satisfying the constraint condition p e (0,1)

is 0.5.

relay
® g g

source destination

Figure 6. Linear topology.
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Make R,, equal to 1, the comparison graphic of
BER with different R, —R,,—R., is shown as Fig-
ure 7.

We can see that, if the linear topology structures are
symmetric, then the BER performance also have the
symmetry.

5. The Comparison of Performance among
Topologies

Make R,, =1, the comparison graphic of BER among
equilateral triangle topology, isosceles triangle topology
b (B =nr/6,R,, =0517638), linear topology (p =0.5)
is shown as Figure 8.

We can see that, the BER performance of linear to-
pology (p=0.5) is the best, the BER performance of
isosceles triangle topology b (8 =7/6, R,, =0.517638)
is better than that of equilateral triangle topology. But
there are also some questions existing.
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Figure 7. The comparison of BER with different R4 — Rgy —
Ry g.
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Figure 8. The comparison of performance among topologies.
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Question 1): Is the BER performance of isosceles tri-
angle topology b with optimal relay location always bet-
ter than that of equilateral triangle topology?

From (13), we can get

F,

Equilateral Triangle = 4—B(£+£j (21)
y\vr v

compare (21) to (17), because 8 < (0, 7/3],
cosfe(1, 1/2] and 2(1-cosf)e(0,1],

P,

Isosceles triangleb < P,

Equilateral triangle

when S =x/3, the equal mark exists.

Question 2): Is the BER performance of linear topol-
ogy with optimal relay location always better than that of
isosceles triangle topology b with optimal relay location?

The SER formula of isosceles triangle topology b with
optimal relay location is as follows.

P Isosceles Triangleb __ I|m4—B 1 +l
S | min _/?—>O —4
7 ;/( 2(1—cos,6)) "1(22)
-2 =" 0360827

e e

The SER formula of linear topology with optimal re-
lay location is as follows.

P [55%% = 4—?[ pt+(1- ,0)4] = %-0.0451034 (23)
4 e
Compare (22) to (23), we can get
R :\iti)r?celesTrangleb > R llglg(e)asr

In summary, the BER performance of linear topology
with optimal relay location is the best, the BER per-
formance of isosceles triangle topology b with optimal
relay location is better than that of equilateral triangle

topology.
6. Conclusions

In this paper, under the condition of equal power allo-
cating, the optimal relay location of several type topolo-
gies is determined. The research of the optimal relay
location provides a good data reference for getting the
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best BER performance in the actual topology of power-
limited network. The cooperative communication net-
works have the features that, if the topology structures
are symmetric, then the BER performance also has the
symmetry. Under certain conditions, linear topology is
the best by comparison. In order to get the better BER
performance, the use of cooperative positioning relay is a
good choice. Optimum power allocation techniques can
also make the BER performance of the system with op-
timal relay location be well improved.
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