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Distance Influence on Performance of Cooperative Communication
Schemes in Wireless Networks
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Abstract
communication networks. From this, the best relays are chosen to assist transmitting the signal to the destination

In this paper, we analyze effects of positions of relays on the performance of cooperative

or to replace the source to retransmit the signal to the destination whenever the destination incorrectly receives
the signal from the source. As the results, we show the significant improvement on performance of schemes
choosing best relays, which is compared to the performance of other cooperative schemes. Moreover, the
simulation results that match exactly with the theoretical results prove the correctness of the analysis.

Key Words : Distance influence, AF, DF, ARQ protocol, Cooperative communication.

I . Introduction

Signal fading due to multi path propagation is a
serious problem in wireless communication which can
be mitigated by deploying multiple antennas at
transmitters. However, it is impossible to apply this
technique in some scenarios where wireless mobiles
may not be able to support multiple antennas due to
size or other constraints. Spatial diversity has received
a great deal of attention as the best solution to combat
the detrimental effects of fading or noise. Spatial
diversity can be created by enabling a single antenna
mobile in multi user environment to share their

antennas and to generate a virtual multiple antenna

transmitters' ™

At the moment, three cooperative
methods dealt with the attention of a lot of people are
amplify and forward (AF), decode and forward (DF)
and coded cooperation (CC)?. All of them help
transmitting the signal from a source to a destination
more reliability. AF strategy is the simplest way in
which the partners amplify their received signal before
they transmit it to the destination. DF strategy consists
of fix DF and selective DF protocols. Both have the
common features, in which relays decode its received
signals before it performs transmitting the decoded
signal to the destination. However, in the Fix DF
protocol, the relay always forwards the decoded signal

to the destination, it does not care about correctness of

‘239, LA E W AV AR BA| 2 E e signal. On the contrary, in the Selective DF protocol,
AEl e, st A7 HA| SR g o the relays only send the decoded signal to the
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destination when it is fully decoded. CC is the most
efficient way but it is very complex to perform.

Cooperative communication is the efficient solution,
however in deep fading environment, to ensure the
accurate signal at the destination, the destination
requires for resending signal whenever it receives an
erroneous Signalm. This technique is called as
automatic repeat request (ARQ) protocol.

In wireless networks, relay nodes are placed
arbitrarily so the problem to choose the best relay
nodes is a necessary requirement. Many recently
proposed papers have attended to solve the problem. In
[4], Bin Zhao and Mathew proposed the way to choose
the best relay based on position of relays. By this way,
the authors proved that the system obtains a better
performance on the throughput, energy delay tradeoff,
total energy consumption. A solution for the relay
scheduling problem based on the most geographical
advantage 1s proposed by Zorzi and Ran in"™Mel
However, in all papers, the authors did not show the
best position of the relays. So in this paper, we analyze
influence of distance to operation of cooperative
over the slow fading

communication  schemes

environment in two cases including cooperative

cooperation and cooperative ARQ protocol.

II. System Model

The solid lines denote the data transmission
channel

= The dashed lines denote the feedback

channels

a9 1. 89 ARQ Al 2E
Fig. 1. Cooperative ARQ system model.

We consider the operation of Cooperative ARQ
protocol as shown in Fig. 1, in which a terminal S is
a source, D is a destination. The antennas of the source
and the destination are omni—directional antennas so A,
B, C, D.. are relays in the communication range of both
the source antenna and the destination antenna.

The distances from the source to the relay, the relay
to the destination and from the relay to the destination
are indicated by dgp, dpp, and dgp = 1 respectively.

Operation of ARQ protocol includes two phases. In
the first phase, the source broadcasts signals to the
destination and all relays, the received signals at the

destination and relays are given by:

Ysp = hopy/ Psr tngp (D
Ysp, = hop V/ Psx tng, 2

where Ygp, Ygp are received signal at the
destination and the relays, x is a sent symbol.hgp,

hgp are channels responding from the source to the

destination and from the source to the ‘" relay which

are assumed to be independent zero—mean complex
Gaussian random variables. We denote A5p, \sp as

variances of path loss of the channel with

Nop = (dSD/dSR)ﬂ. Here, dgj is the distance from

-th . .
source S to i’ relay, dgp is the distance from the
source to the destination and (3 is the path loss

exponent. For free space, we have §=2 "'n sDs Mop
is AWGN with variance 0%, g5 at the destination

and i'" relay. Py is the transmitted power at the
source.

In the second phase, if the destination receives an
incorrect signal, it sends an informed message to
request a retransmission. Signals at the relays are
amplification factor

amplified with an

ai = \/PR;/ (PS|hSRZ|2 +0-251?2) . It then iS

forwarded to the destination by:
Yrp = hrpoysptngrp 3)

where: P is power of the transmitted symbols at
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At the destination, detect performance is given by:

h*SR,h*R,D A/ PR[ —Yrp)

relay.

Tpp=arg min (

“4)

The signal is broadcast from the source
— — — The signal is sent from the relay
a9 2. 99 B4 AlsE Y

Fig. 2. Cooperative communication system model.

In here, the destination only performs decoding the
signal received from the relay as ot

In cooperative communication system as shown in
Fig.2, the operation of system also has two phases.
Operation of the first phase is same with cooperative
ARQ. In the second phase, the relay processes the
signal and forwards it to the destination. At the
destination, it combines both signals in two phases to
decode. In the case, the relay uses Fix DF, it decodes

and forwards decoded signal to the destination as:
Yrop = hrp \/?R y;af’_ NpD (5)
where
- y;;% is decoded signal at the relay ¢. In the case
of using BPSK, the decoded signal is performed as:
(6)
If the relay uses Perfect DF, it only sends the
decoded signal to the destination when the received

y = sign (real (h*gﬁlysﬁl))

signal at the relay is correct.
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II. Performance Analysis

1. Distance Influence in Cooperative ARQ
scheme.

The probability error for the symbol is calculated as

(7

where Pgp is the probability of error of the source
m

Pr=PrgpPry

destination link and is given as

Ysp9pPsk )

1 (]L[fl)H/]l/[( .
Pro, = —f 1+ ~140
I 0 sin%0
(3
where:
9psk = Sin *(IT/ M) and Y, —P5|h |2 /0 s

the SNR at the destination. The Pr  is the probability

of error of the relay link is written as™:

1
Pr,=—x
R ™

In(

47, (1(¢) =)

!
VI () =4y,

f(u DI/ M+ (¢) 4,
0

(¢) —4n,
9
where
vsn= Pdhsal® /0™ Y pp= Prlhppl*/o™™
are the SNR at the relay and the destination
f}/a': fYRD—i_ 7537
= Trpsne L) =Vt 7,0psil/sin® (6).

From[g], we have the upper bound of the probability

error at the destination as.

1 (M—1)11/ M
Pr, = / O (1+

For special case of BPSK modulation, we have

H/2
e,

’Y
Let === q, from (11), we have
Yo

9 psk l),

do (10
sin®(9) ~, (10)

-1

7”) o

251n (9) ~

a
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We consider the case, we use only one relay, so
Pg = P, from (12), we have

2 2
dsp dsp

- dsn_dpp )
v dsp dsp | dsp | dsp
din drp  dsp dip

1
=(1— /5
dsp+dhp+1

In the simplest case, when dgp+ dpp =
(13)

1
Pr,=0-,/——+—)
b \/d§R+d3w+1

o 1
= \/d§R+(1—dSR)2+1 )

(13)
1, from

(14

%Prmm%dSRZdRD =0.5 (15)
From (14), we have influence of distance to BER as:
1
dop+dypp=——"—5—1 (16)
SR RD (1—p rup)

2. Distance Influence in Cooperation scheme.
In the case, the relay uses Fix DF. Inm, we have the
average BER as:
P=Prly=1lz =—1]
=Pr[— /Py(lhgf +hpf?) +n > 0Prle=1]+
Pr[— \/FS(ULSDP — |hRD|2) +n>0|Prle=—1]
=P,(1—Prle=—1)) + P, Prle =—1]
= Py~ Prle =17~ P)

(17)

where:
- Prle=—1] is the
probability of BPSK signal transmission over Rayleigh

Instantaneous  error
Fading channel from the source to the relay.

- ¢ =— 1 means the relay makes a wrong decision
on the symbol.

We have

1 P, 2 /0,2
Prle=—1]==[1— %] (18)
2 1+P5>‘512/‘7512

P, =Pr[— /Ps(lhgf —Ihpf) +n>0] (19
=Prin> /Py(lhgf +IhzP)]

, the authors divides into two cases. In the first
case, both paths S-D, R-D have the similar quality. Or

the positions of source, relay are placed in the circle

In (7

with radius » = dgp = dpp.

The average BER is written as:

— PN’ Y
Pc—%Pd(l+ SASRZ j+% S/\SRZ
1+ Pdp 1+ Pp
P P
dp+ Py dop+ Py

(20)

From (20), with P,,= const and P, > 0, the

minimum average BER of (20) obtains when d?g R 1S
minimum.

In the second case, the fading level of the channel of

the propagation paths to the receiver is different from

the other, we have:

=Prin> /P |hSD|

(18) with |hppl* >0, we have

21

l\')|r—l

—lhpp)] <

From (17),

- 124 -



20103 6¢ =g YES

28] =7A A10d A3E

Pr[n> PS (|hSD|27|hRD|2)]
> Prin> /Ps(hgpl® +hgpl*)]
o P, <P,
from (0), P, < Py~ Prle=—1](7,,~ 5)
.. Py ismin
S0 to £ is min {Pr[e =—1]ismin
P 2 2
Prie=—1]==[1— 1/%] (22)
2 1+PS‘)‘SR/USR
d
_1_
2

We assume the dgp = 1, 0%, = 1, from (22) we

have
Pr[ﬁ . 1]]Wi'rz_)dSR 7:3 Il’lll’l (23)
2 / 1
P, = 2 = 2 [1- 2 ]
20\30*)‘50) 1+/\SD/PS
2(\%p— ) L+ X5,/ Ps
di‘D/dJZ?D - 1
2(d%p/d%p—1) \ 1+1/P

]
1

1
— 1 —
2(d25D/d3%D_1) [ 1+d?€0/d§z 5]
(24)
From (24),
élmin - dRDmax (25)

From (23), (25) and 0.1 < dgp, dpp < 0.9, we

have the closer to the source, the better of performance
of system.

In the case, the relay uses Perfect DF, we calculate
the relay position for minimizing BER of Perfect DF
as:

From[g], we have:
~ o’ A? n B?

VpsPNep PN Pr\gp
Where:

) (26)

P PSK

1, sinll _ 3 | sinll  sin2ll
A—2—|— 417’3_ 16+ 41T 3217
gpsi = sin*(I1/2)

A? B? A? B?

PPSI\" + - +
win P 5)\?5*1? PB)\% D Péd?gD/ d?s‘]? P Rd2SD/ d?w
We have

dip dp
2 7= Pro . 27)
PJA%*  P,/B
In the simplest case

dSR’ dRD =0.1:0.1:0.9,and dSI?,+ dRD =1,
Ppsg,, —dsg =0.7,dpp = 0.3

IV. Simulation Results

In this section, we use Monte-Carlo simulation to
verify the theory results in Section III, We use BPSK
modulation. In all simulation, we assume that variances
of Gaussian whilte noise equal 1 and the average BER
curves modulation. In all simulations, we assume that
equal 1

variances of Gaussian white noises

(0%p =0%p=0Rpp=1) and the average BER
curves are presented as a function of SNR. For fair
comparison, the total energy of the cooperative system
should not exceed that of corresponding of the direct
transmission. If P is the power of the source in the
direct transmission, in the first phase the power for
transmitting signal from the source to the destination is

PT/ 2 and in the second phase, the power for each
relay is PT/ 2R in which R is the number of relays
used in the system.
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Fig. 3 BER performance vs. distance of fixed DF
with dgp+dpp =1 over three dimensions

=8—AF SNR=10
== AF SNR=15
—8—AF SNR=20

01 nz 03 n4 0& 06 a7 na ns
Distance

a9 4. dgptdrp = 1914 S3F 5 AAF(AF) 9] A
o BER A%

Fig 4. BER performance vs distance at different
SNR using AF

In Fig 3, 4, we show the effect of distance on the
performance of the system by two and three
dimensions. The theoretical results match exactly with
in which the best position of
ARQ
dgp = dpp = 0.5. Advantages of using the best

the simulation results,

relays  for  cooperative protocol 1S

relay in performance of ARQ protocol are shown in Fig

5 in which although the system uses only a relay A at

the position dgp = 0.5, and dpp = 0.5, it obtains
better performance than the system using two relays
A B (The
dgp=0.5, dpp = 1.5) or using relays A ,C (The

positon of relay B @ is

position of relay Cis dgp = 1.5, dpp = 0.5), when
SNR is small. Especially, when we use two relays at
position A, the system achieves better performance
than the system using three relays at the position A, B,
C in all values of SNR.

: :
== NARG relay A
== NARG Relay AB
=#=NARGrelay AC
NARG relay AA
ARQ Brelay AB.C

BER
=

SNR (dB)

¥ 5. dSR+dRD = 194 5% T AAE(AF) ] A
o BER A%

Fig. 5 BER performance with different positions
of relays

In the Fig 6,7 we investigate the performance of the
system when it uses the Fix DF protocol. As analyzed
in Section III, the best position of using Fix DF is the
close to the source. Comparing performance of using 2
relays and 3 relays in cooperative communication with
only one relay at the best position is show in the Fig
8. Performance of the system using only one relay A
(at the position dgp = 0.2, dpp =0.8) can save

4dB compared to performance of system using 2 relay
A, B (The position of relay B is dgp=0.2 ,

dpp=0.8 ) at BER=10 ",
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I 6. dSR+dRD = 1oM SF T AA5(AF) 2 A
 BER A%
Fig. 6 BER performance vs

distance when the

SNR of the system changes

—#&— DF with SNR=2
—¥— DF with SNR=4
* DF with SNR=12
—&— DF with SNR=20
® - DF with SNR=40
—@-— DF with SNR=45

I
01 02 03 0.4 05 06 07 08 0g
Distance

a9 7. dSR+dRD = 1oM SF T AA5(AF) 2 A
o] BER X%

Fig. 7 BER performance vs distance S—R using
fix DF with different values of SNR

—® ~Fix DF with relay A
~ ~Fix DF with relay A.B
—O—Fix DF, AA B

BER

i
SNR (dB)

a% 8. dSR+dRD = 194 TF T AAE(AF) Y] A
) BER 45

Fig. 8 The BER comparison of the system with
different number of relays in Fix DF
scheme

Fig. 10 BER performance of the

Distance R-D

Distance S-R

9 9. dgptdpp = 194 2% 5 A94AR) 9] A2
o] BER A%

Fig. 9 BER performance of the system
perfect DF scheme in three dimensions.

using

Similarly, in the Fig 9, 10, 11, we show the average
BER performance for the case of Perfect DF. The best
position of relay in the figure is similar with analyzing
in Section III. the best relay at the position
dep=0.7,dpp = 0.3. Advantages of the system
using only one relay at the best position in cooperative
communication are show in the Fig. 11. From Fig.11,

when we use two relays at the position dgz = 0.6,
dpp = 1.6 and dep=10.2,dpp =1.2,

performance of the system using the best relay is

better than that of the system using two relays.

—o— SNR=5,A
—@— SNR=10,A
—+—SNR=15A

4
m:\.\‘\o\.\‘—.’/b/«

1® I I I I I I L
01 02 03 0.4 05 06 07 08 09
Distance

a8 10. dgp + dpp = 1914 TF 3 ARE(AF) ] Az
) BER A%

system with
different values of SNR
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—&—Perfect DF relay A (0.7,0.3)
2| =P -Perfect DF relay A0.7,0.3), C (0.4,1.4)

7 g

L I I L I
[ 1
SNR (dB)

TR 11 dgp + dpp = 1914 TF 3 AAEF(AF) ] Az

2

f BER A5

Fig. 11 BER comparison of the system using
perfect DF with different number of
relays

V. Conclusion

In this paper, we have shown the influence of the
relay position to perform of the system when the relay
uses AF protocol, DF protocol. Based on distance from
the source to the relay and the relay to the destination,
we have chosen the best relays and proved advantages
of the best relays compared the scheme without
choosing the best relays. Simulation results prove the

correctness of the theoretical results.
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