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Abstract— The wireless data communication system demands robust methodologies to comba ec®of fading to
increase the throughput. The paper proposes a novel selection combining algorithm for eldy cooperative
system using decode and forward algorithm. Cooperative communication is one of the pr i ersity techniques
which have attracted the attention of the researchers currently. In the convention ative communication
system, the data is transmitted through ‘N’ number of relays to the destination. Tfhe s received from all the
relays are combined to decode the data at the destination.. In Literature, there are v s combining schemes such

as equal gain combining, maximum ratio combining scaled selection ¢ techniques. In the conventional
selection combining, only one relay signal is selected based on its chan eration (CSI). In this, the source
to relay CSl is not utilized. It has been proved that by utilizing full \n performance could be improved of
the selection combining algorithm. In the proposed system, instant sinal to noise ratio (SNR) is calculated at
the relay stations and it is used to take the decision whether he signal and forward (DF) the same to
destination or to be dropped. Only the signals with SNR ab@ threshold from the received relay signals is
considered for combining. The performance of the proposed m with maximum ratio combining and scaled
selection combining has been analyzed. In this syste ror performance is improved by using selected relay
signal, whereas only one relay is used in the conventi ection combining system.

Index Terms—Decode and forward (DF)
i ( .

selection combining, Symbol error prob

phase-shift keying (MPSK), Rayleigh fading, Threshold

[.INTRODUCTION

Diversity combining teghni e of the efficient methods formulated against Fading in wireless
Communication. In this e diversity, users in this network will share their antennas or resources to
provide diversity. Mgst only using diversity technique is spatial diversity which involves multiple
antennas which be u e gh enough distance separation between them. So that the receiver can receive multiple
independently fze™g al paths. By focusing on this problem we came across with one alternative which
involves th 'ed space diversity named as Cooperative Communication. At the base station , Spatial
diversity%S ed by combining the same information bearing signals from the different physically separated
1

mobile vSeveral protocols are proposed in the literature for implementing user co-operation, from which

-and-forward (DF) protocol is used in the paper. In the DF protocol, the relays decode and forward
ce’s data to the destination [2] .The impact of channels state information (CSI) of the source-to-relay
and the relay-to-destination link on various relay selection cooperative schemes has been presented in [3].
4],an optimum threshold that minimizes the end-to-end bit error probability, has been analyzed for a single-
relay cooperative system. A two-relay distributed switch and stay combining has been proposed with amplify
and forward and DF protocols and the outage error analysis has been presented in [5].In [6],the error
performance of a single-relay cooperative diversity system with DF relaying has been studied, and this work
consider that the relay forwards the source’s data only if the instantaneous signal-to-noise (SNR) is above a
threshold. In[7],[8], the performance analysis of multi-relay cooperative diversity with DF protocol and without
threshold relaying has been investigated. The outage performance of selection DF cooperative relay networks
has been analyzed in [9] for Rayleigh fading and in[10] for Nagakami Fading. In [11],the M-ary PSK error
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performance of a single-relay cooperative diversity system with selection combining (that does not include the
effect of the source-to-relay link) has been presented using a new paired error approach. In this paper,
instantaneous signal to noise ratio (SNR) is calculated at the relay stations and it is used to take the decision
whether to decode the signal and forward (DF) the same to destination or to be dropped. Only the signal with
SNR above the threshold from the received relay signals is considered for combining. The performance of the
proposed system versus Non cooperation signal and scaled selection combining has been analyzed. In this paper,
we consider a cooperative diversity system which has a source, multiple relays and destination in a flat Rayleigh
fading environment with statically independent links. The main drawback of the usual instantaneous SNR-base
selection combining with DF protocol for selection between the source-to-destination and relay—to—destination\
links is that it does not incorporate the effect of the source-to-relay link, that is the interuser link which plays a
important role in the error performance analysis. To overcome this problem, we present here a determ%
scaled factor, which incorporates the effect of source-to-relay fading . We derived the end-to-end sylm
probability (SEP) of this scheme for binary PSK (BPSK) in closed-form, we also give a method & oNgga¥zing
the scale factor such that it minimizes the end-to-end SEP.

L 2
I1.SYSTEM MODEL

In this paper, we consider a cooperative diversity system which has a source, multi I@ and a destination in
a flat Rayleigh fading environment  with statically in links (Fig.1).

*
— L 4

N\

Fig.1.Multiple relaying path

relay over flat fading environment. Th{Is Wgried out by 2 phases of operation in progress with this diversity
oadcalthe BPSK signal to the destination and as well as to the relays in

baseband signal received at the corresponding destination and at the
#lated and detected using DF algorithm. Let the information carrying
he constellation S, which is refers to symbol and it is given by,

The binary information is modulated b% modulator and broadcasted to destination as well as to the

scheme. In first phase, source will
the fading environment. The co
relays. The received signal i
complex signal have ener

Sm=V2E / ‘”), m=1,2,3,....M

Where, j =
The conwflex Ngseband received signal at the destination and at the relay at the first time slot is represented as,

Tsqg = hSd'S + Ngq

O Tor = hop S+ Ny

Where hg and hg are the random complex fading gains of the source to destination (SD) link and source to
relay (SR) link. Further, the additive white Gaussian noises of the source to destination and source relay links
are ngg, N respectively. Whereas the fading gains are formed as symmetric Gaussian random variable with zero
Mean and Variance Qsd and Qg respectively. The noises are formed as zero mean complex Gaussian random
variable with the variance 2N,
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In second Phase, the relay regenerate the symbol ; and transmit to the destination. The destination receives the
relay signal as,
Trg = Rpge s + Nyg

where hrd and nrd are fading gains and additive white Gaussian noise of the Relay Destination link
respectively. We assume that the destination have knowledge about the channel state information (CSI) of all

links including relay to destination and source to destination, Meanwhile relay has the CSI of SR link.
Now we indicate the instantaneous SNRs of the SD, SR, and the RD links, respectively as

L 4

The corresponding average SNRs are given by, 6 *

Es Qg
Igqg = E[st] = SNO d ) @
] &
Es Q,
rra = E[Ypq] = 2020 %

Where, rth is known as assigned average SNR threshold value and E [.] is know expectation operator. The

destination detects received signal S and finally detected symbol is obéi e proposed decision rule is,
max L%
(argls ¢ sRe(S 5
5 max
ol @ |
max L%
Ikarg {S R RDY‘RD)}JI

S partial to the following conditions, Q
K YSD > Tth »
l D

< Ty, and Ygg > Ygp,
if Yop < 1y, and Ygp > Ygp.
@ psed performance with the conventional schemes. Which articulates
gertogether to novel multiple selection combining scheme.

In this system we compared ou
different combining scherpes €y

In previous conventiona @ tion combining and threshold selection combining schemes out of N signal

random signal is to aflysis and decision purpose. But in this proposed combining scheme (Hybrid of
threshold and selec mbining scheme) we enhanced the performance by use of dual threshold level

process. At thq ' on we formulate selection combining scheme for best performance from received
signal S.
Q I11.PERFORMANCE ANALYSIS

@e esent the instantaneous SNR as,

In this section, we use the mathematical probability model for DF relaying proposed in [4] to derive a closed-
form expression for the outage probability of the SC system.

Y =202
No

The conditional error probability for MPSK is given by,

1 M-1 YsinZ =
P = 2 [T oxp (-2

M sin29
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A. SEP for Source-Destination link

The probability of error in SD link is derived in the form under the condition Yg¢p > Y7, OF Ygp > Ypp S
given by,

(M 1)

Ysin? % 1
exp (_ sin2@ ) X (FSD) exp (_ _) dxdp
Simplify error probability equation by applying integral over X, ‘\Q
1 n(M-1) 1 sin2 = 1 L 4
Pesp1 = p— Jo ™ (szm—+1> X exp (— (ﬁ o ))rmd(b 6

sin2¢ ' rsp

o

Pesp1 =f

Tth

substitution we get total symbol error probability of S-D link is given as,

1
PeSD = F_SD pZ(rsD,Q)o) - pl(I‘SD,(Z)Q' rth) - %
Pa(esprrp80) T P3(rsp.rrp.B0.ren) Z

B. SEP for Source-Relay-Destination Link 6\

The probability of error in R-D (Relay-De n) link, under the condition of
Y4 < Y4 isgiven by,

Probability of error in source to destination link Y's;, > Y'zp is obtained by applying integral %& further

Pao = 21100 01 exp (—FS—D () exp (= 2) Z exp (- ) dadxdy
Lets define P.gp1, Perpzs Perp3 &&
Perp1 = ( )pZ(FSR’ o)f (1( FRD (_i) dy

@ Perpz = . P(y)—exp( )
Perp3 —ZPIR(J’)f sz(Z)—exP(——)dZ

P @ isﬁ jty of error in S-R link when S is transmitted in S-R link and it is detected as S, at the relay

node. /Y ;M\ iS Probability of error in R-D link when S, is transmitted from relay to destination and it is detected
a destination node.
Iving above equations we get,
Popy = (1—P i sin’ dzd®
eRD1 — ( (y)) f a exp{ — (sm2® + ) zaz

Now applying integral over y in as,
By Substituting p,»)We get,
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n(M-1)

sin2¢ + TRD
1
)t
TRD

By applying integral over x and by further substitution, we get total symbol error probability of R-D link is

iven as
givi ‘\Q
2

1
Popp = Zﬁl,likm [p2(rsg, B1) — p2(rsg, ®2)] X (P1 — P2)

Where, P1 and P2 is given as,

P1= f0”_®3 (sin2 01, 1 )(sin2 93, 11 L1 ) X (1 —exp <_ (S;?;2‘2;3 +

sin2p ' rrp/ \ sin2@  TRp  Tsp
1
T—0y4 1 1 02
= sin
P2 fo (sin204= 1)(sinzrz>4I 1, 1)>< —exp _( ,2®4+
sin?¢ ' rrp) \'sin%0 " rRp " rsp sin?@

O

In this section, we discuss about the error analysis using [@ protocol and Symbol error probability

IV.NUMERICAL RES

(SEP) measure is carried out . Plots are done for received si EP with varying average SNR the decision
rule. Fig.2, shows that the results for Non cooperation, convel™®nal Scaled selection combining and Threshold
switching selection combining for multiple thresh bining schemes with the outage probability error
measure for various instantaneous SNR values of

In this evaluated result we use switched thr @cision rule for error performance analysis, which proved as
better combining scheme for multiple r@ better error reduction.

Fig 2, shows that the BER perfQdgiance ©f proposed scheme is improved to the conventional selection
combining. Schemes, In this proflose®\scheme, we fixed a threshold value at each relay station and at the
destination station. Based upo gntaneous SNR we took proper decision to forward the desired signal for
proper filtering and com 'r@ceiver node. The above plot shows that the multiple thresholds combining

scheme provides better e mance than existing schemes with achieved gain of 15dB over other schemes
from non-cooperativ
—+— Multiple Relay

D
threshold combining

S, EinnEn T —%— Multiple threshald

POPERATIVE COMMUNICATION

..............................

Mon-cooperative
Fig 2. BER performance for BPSK Signalling for
multiple threshold scheme for multiple relays
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CONCLUSION

In this paper, we proposed the threshold switching technique which incorporates the effect of source to relay
link to reduce the probability of error. The end to end symbol error probability is derived for M-PSK signalling
with DF relaying in flat Rayleigh fading. We have proved that the BER of proposed scheme is reduced than
conventional non-cooperation and scaled selection combining schemes for multiple relays with multiple
threshold combining scheme.
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