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Abstract- Single relay model is one of the simplest
models of cooperative communication.
Cooperative communication in a wireless network
is more popular because of its flexibility and user-
friendly nature. Here in this paper we compare
the symbol error rate (SER) of single relay model
in two cases, one when the relay decodes the
information and only if it is able to decode
correctly it forwards the information to the
destination and secondly when the relay is unable
to decode the information correctly but still
forwards the information to the destination. The
performance of the model which decodes
correctly and then forwards the information is
much better than the model which does not

wireless channel is in a server fading state or you can
say that the channel is quite bursty. Since the
wireless channel is in a server fading state, the
information sent by the source is not able to reach its
destination and it is of not much use to keep trying
via retransmitting protocols like ARQ. Then if we
have a third party which is independent of the
source-destination link as shown in figure 1,
receiving the information sent by the source and
forwarding it to its desired destination, then there
will be a chance of successful transmission of
information from the source to the destination
without losing data in the medium. Thus it improves
the overall performance of the wireless
communication network.

decode correctly but still forwards the
information to the destination. Third Party
Keywards: decode and forward (DF), symbol
error rate (SER), maximum ratio combiner
(CRM).
I. Introduction
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Wireless communication technology is widely used Source Source-Destination Link

in mobile access services. Invention of new
techniques has bought a notable improvement in the
field of  wireless communication.  These
improvements in turn have revolutionized data rate,
device size, communication reliability and network
connectivity.

As wireless communication technology is very
popular and user friendly, there is always traffic
present in the network. As the traffic increases, the
performance of the wireless network decreases. To
maintain the network performance in this traffic,
wireless communication networks should improve
their capacity or efficiency to solve the traffic
problem. To reduce the traffic problem in the
wireless communication network, source can relay
the information or message to another node so that it
can forward the message or information to the
desired destination. It promotes a new idea and
techniques wherein there is a need of cooperation
between user and nodes for designing an improved
communication and networking system. Hence in
summary, cooperation between the nodes will
improve the performance of the communication
system [1].

To understand how a cooperative communication
network works, let us take an instant when the

Figure 1: system model
I1. System model

The system model of single relay cooperative
communication system is shown in figure 2.

Relay
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Source by Destination
Figure2: Relay system model

Processing at the relay differs according to the
employed protocols that are amplified-forward
protocol (AF) and decode-forward protocol (DF).
When the relay scales the received information and
transmits that scaled information to its desired
destination, then it is referred to as amplify and
forward protocol. On the other hand, in decode and
forward protocol, relay decodes the information and
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re-encodes it, and then retransmits that re-encoded
information to its desired destination [1][3].

In this paper we consider the system model of
communication networks in which decode and
forward (DF) relaying protocol is used. As shown in
figure 2; when source broadcasts the information
then the information received at the source and
destination are expressed [1] as

Where a1=vP1 h,;4 /NO and a2=vP2 hs4 /NO and
NO is the noise variance of the channel.

Assume that the average energy of the transmitted
information in equation (i) and (ii) is 1, then the
signal to noise ratio (SNR) of MRC at the destination
is given by

P1lhg g [24+P2Ih, g 12

Y e v)
bsa=VP1 hgga + i N .
o sd @7 Ted ® Here M-PSK modulation is used in system for
_ . transmitting the information. The SER formulation
=/ +
by =VPL hgra + msy (i) of an uncoded system with M-PSK modulation is
Where hq and hs, are the channel coefficient of the given by
link between source-destination and source-relay L o(M=D/M - bpsk v )
respectively; nsq and 7, are their respective Pesk(¥) = — expi——_d 6 (vi)

additive noise. ‘a’ is the information or message
transmitted from the source. bsyq and bs, are the
information received at the destination and relay
respectively.

In DF relaying protocol when the relay decodes
the information correctly and forward the decoded
information with power P2 to the desired destination,
then at the destination it can be expressed as

b ¢=vVP2 hga' +ng (iii)

Where h.4 is the channel coefficient of the link
between relay-destination. P2 is the power of  relay
by which relay transmits the decoded information to
destination. 0,4 and a' are the additive noise of relay-
destination link and decoded information at relay
respectively. If the relay is unable to decode the
information correctly then it does not forward the
information to the destination and therefore relay
power becomes ‘0’ or remains idle [1] [8].

In this paper we consider that even if the relay
unable to decodes the information correctly, then still
it forwards the information to the destination. So
here we have two conditions for comparison of
performance analysis of the system, (i) when P2 =0,
if relay unable to decode the information correctly
then it remains idle and (ii) P2 =P2, always; means
even if the relay is unable to decode the information
correctly still it forwards the information to the
destination.

I11. Theoretical Analysis

At destination signal or information from the relay
and source are jointly combined with the help of
maximum ratio combiner (MRC) introduced in [1]

b=bygal+ by az (iv)

Where v is the signal to noise ratio, bPSK:SiHZ% are
introduce in[1] [8].

There are two cases, in case | if the transmitted
information is decoded correctly by the relay then it
can forwards the decoded information to the desired
destination otherwise relay remains idle but in case Il
if the relay are unable to decode the information
correctly then also it forwards the information to the
destination.

When the information is sent by the MPSK
modulation from the source, at the relay node the
probability of incorrect decoding is
‘PPSK[PlIhS,rIZINO] and the probability of correct
decoding is [1- Wpsk[P1lhs1%/NO], explained in [1] .
In the case of M-PSK modulation, the SER
performance analysis can be obtained.

(@) Incase I : System model for a case | is shown in
figure 3, in which relay remains idle if it unable
to decode the information correctly which is sent
by the source.

Relay

Source hs. Destination

Figure 3: System model for a case I; here if relay unable
to decodes the information then it does not forward
information to the destination

Prsk= Wesk(Y) |p2=0 Wpsi(P1I hs, 1/ NO)
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+‘{IPSK('Y) | P2=P2 (l' ‘{JPSK(Pll hs,r |2/ NO) ) (V“) bpsk Plﬁg,r
F1(1+ NOsinZG) ()
By using equation (vi) and (vii) we can obtain the
SER of the DF cooperative system with M-PSK Where Fy(x(0)) = f
modulation [5].

M-Dr/M 1

x(g)de

Ppsk=

F1(1+ pskmasd) Fl(l pskpmsr) IV. Result

SER of DF cooperation system model with M-PSK
modulation for the two cases is shown below, which

s Plﬁs s 1>25r i _
Fl((l pk d)( ;k d can be obtained by the equation (viii) and (x) and
051n26 . R R
averaging it over the fading channel hg, , hsg , hrg
bpsk P162, [1].
[1- Fl(l"‘ ;Osw)] (VIII) . .
Exact SER formulation of the DF cooperation
Where Fy(x(0)) = _f(M De/M 1 a0 system with M-PSK modulation is calculated here by
x(6) assuming  8s,.~=1 , &s¢=1 , §,4=1, NO=1, and P1=

P2= P/2, for equation (viii). The graph of case | i.e.
The exact SER formulation of the DF cooperative
system is shown in figure 5. In this case if the relay
unable to decode the information sent by the source
then the relay does not forward information to the
destination and relay remains idle. Hence at the
destination only correct information reaches,
P2=p2 therefore the performance of the system will improve
as well as the reliability of the system increases.

(b) For case Il : system model for case Il is shown
in figure 4, in which relay forwards the
information to the destination even if it unable to
decode the information correctly which is sent
by the source.

Relay

10° ' ' ‘
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Figure 4: system model for case Il; here even if the relay 107
unable to decode the information correctly still it forwards
the information to the destination 10°F
PpSKz \PPSK(’Y) |f32= P2 \PPSK[Pll hs,r |2/ NO] “ 10tk

+ Ppsk(y) | P2=P2 [1- Wpek[P1l hs, 12/ NO] 0L

+ Wpsk[P1] hg, 1/ NO] [1- Wpsk(Y) ‘ p2=p2]  (ix) 107
By using equatio_n (vi) and (ix_) we obtain the SER_ of 0’ : - = = = + o
the DF cooperative system with M-PSK modulation PIND

for case Il in which P2=P2 always. . )
Figure 5: Graph obtain for exact SER; case |

Prsi= In case Il SER formulation of the DF cooperation
system model with M-PSK signal is calculated here

F1 ((a+ "S"m”) F1(1+ ‘“S"mfd)) by assuming  8=1 , 8sq=1 , 8,¢=1, NO=1, and P1=
P2= P/2, for equation (viii). The graph of case Il i.e.
) [1 F1 (1+ pSkPussr)] The SER formulation of the DF cooperative system
NOsin is shown in figure 6. In this case even if the relay

unable to decode the information sent by source, still

F1 ((1 pskPlSsd) ( bpsk Plﬁrd)) + it forwards the information to the destination,
NOsin*@ therefore sometime incorrect information reaches at

the destination. Hence the performance of the system

[1- F1((a+ pSkPde) (1+ %))] reduces.

NOsin 20

psk p 185 r

F1 (14
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Figure 6: Graph obtains for when P2=P2 always in system
model; case Il

On the basis of above two evaluation of case | and
case I, we compare their results shown in figure 7.
This result shows that the performance of case | is
better than the case Il. This is because in case Il if we
forward the information to the destination, which is
not correctly decoded by the relay, and that
uncorrected data or information is transferred to the
destination. The information received at the
destination is not the complete information as the
information is sent by the source. Hence the SER
performance of this system is poor. But in case | if
relay unable to decode the information correctly then
it will not forward the information to the destination
and relay become idle. Therefore, information
received at the destination is always correct and SER
performance of the system will improve. The
comparison of case | and case Il is shown below.

— —<— when P'2=P2; always
—=— Exact SER

SER
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Figure 7: Comparison of case | and case Il

V. Conclusion

In this paper, under the condition of case Il we get a
poor SER performance of the system as compared to
case |. This research shows that if the relay is unable
to decode the information correctly, then it should
not transfer the information to the destination
otherwise SER performance of the entire system will
decrease and the information reached at the
destination is lost in the channel. Symbol error rate
(SER) of the system model in case | much better than
symbol error rate (SER) of the system model in case
1.

VI. Reference

[1] K.J. Ray Liu, Ahmed K. Sadak, Weifeng Su and
Andres Kwasinski; “cooperative communication
system and networking. Cambridge University
Press 20009.

[2] Kiran Kumar gurrala, susmita das; “Impact of
Relay location on the performance of multi relay
cooperative communication”, IRACT-
international journal of computer network and
wireless communication, ISSN: 2250-3501,
vol.2 No.2 April 2012.

[3] XU Lei, ZHANG Hong-wei, LI Xiao-hui, WU
Xian-liang; “Optimum Relay Location in
Cooperative Communication Networks with
Single DF Relay”. The Key Laboratory of
Intelligent Computing and Signal Processing,
Ministry of Education Anhui University Hefei,
China.

[4] Yi Wu, Matthias Patzold, “Performance
Analysis of Cooperative =~ Communication
Systems with Imperfect Channel Estimation”.
978-1-4244-3435-0/09 ©2009 IEEE.

[5] Weifeng Su - Ahmed K. Sadek - K. J. Ray Liu;
“Cooperative Communication Protocols in
Wireless Networks: Performance Analysis and
Optimum Power Allocation. © Springer Science
+ Business Media LLC 2007. DOI
10.1007/s11277-007-9359-z.

[6] J. N. Laneman, D. N. C. Tse and G. W. Wornell,
“Cooperative Diversity in Wireless Network:
Efficient Protocol and Outage Behaviour,” IEEE
Transactions on Information Theory.

[71 P. A. Anghel and M. Kaveh, “Exact symbol
error probability of a cooperative network in a
Rayleigh-fading environment,” IEEE Trans.
Wireless Commun., vol. 3, pp. 1416-1421, Sep.
2004.Vol. 50, No. 12, December 2004, pp.
3062- 3080

[8] Ahmed K. Sadak, Weifeng Su and K.J. Ray Liu;
“multimode cooperative communication in
wireless network”. IEEE transactions on signal
processing, vol.55, No.1, January 2007.

www.ijert.org

2161



