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ABSTRACT

In the progress of transmission systems that imsediversity in various domains, the executionamhpetent
baseband receivers categorized by affordable catipoél load is an essential thing. This would be a
imperative point in the future expansion of 4G eyst in which the space, time and frequency diyevsilt

be merged together to enhance the system througHptet, we develop a channel estimation technique f
MC-CDMA system for the minimization of BER and theaximization of throughput. The maximization of
throughput is an essential thing for the successfiéption of signal. At the receiver side, thgioal data is
obtained based on the channel estimation algorhathe inverse process of the transmitter sigerf®rmed

in the receiver side. The major contribution of sk is to estimate the channel information inaaaptive
way. We estimate the channel using the cuckoo lsedgorithm based on the best solution we obtaimfthe
cuckoo search algorithm. After estimating the clehnme calculate the Bit Error Rate (BER) perforoaand
throughput based on the acknowledgement send hyted/er. Experimental results show that our tepie

is better in terms of BER and throughput compandtié existing technique.

Keywords: Cuckoo Search Algorithm, Channel Estimation, MC-CBRystem, Throughput, BER

1. INTRODUCTION

As the wireless internet service has been considese
one of the primary services in the future genenativeless
systems, competent exploitation of radio resourcas
downlink is becoming more essential (Klenetal., 2009).
Multi-carrier system has been inspired by hugentlan
frequency allocation that results in crowded spsetand

communications in  similar wireless transmission
channels. Therefore, Multicarrier Code Division kflé
Accesses (MC- CDMA) which is a mixture of CDMA and
multicarrier modulation derived from Orthogonal
Frequency Division Multiplexing (OFDM) ( Benhamidd
Othman, 2009; Karinet al., 2010) has been tempting much
interest and is under wide study. Each user's nateid|
symbol to be transmitted in MC-CDMA is extendingeov

huge numbers of users require concurrent accessiumerous subcarriers by means of an orthogonal
Prevailing wireless systems may be exploited singledissemination sequence defined in frequency domain.

frequency, single antenna and pulse for
transmission and reception. In case of malfunctibae,
total system will become non operational due toishaes

carrier

The data rate, capacity and the performance of the
system is attempted to enhance in wireless comiaiomc
based on the modern studies. An interesting aplprivet

of such system. A distributed system by means dfimu exploits more than one antenna in transmitter ecesver is

carrier, multi-antenna and coded pulse can offencae
appropriate communication (Sinha and Borty, 204

multi-rate Code-Division Multiple Access (CDMA)

spatial diversity. We exploited as the transmitedsity
approach for MC-CDMA system (Vakil and Aghaeinia,
2009). In MC-CDMA designs, the transmitter of both

packet systems, radio resources can be consigned in multi-tone depended Direct Sequence CDMA (DS-CDMA)

code or time-division manner. Some influential rault

access designs and error control approaches astiass
(vakil  and Aghaeinia, 2009) for

and that of orthogonal multicarrier DS-CDMA sprediols
serial to parallel transformed data streams by sa#n

successful specified spreading code in the time domain. Iriouar
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ways we can get the mixture of multicarrier trarssioin the receiver side, to retrieve the original sigmalperform
and CDMA. Consequently, the multiplexing CDMA the inverse process that we applied in the tratsnside.
(Sayadiet al., 2009; Aliesawiet al., 2011) designs are After receiving the signal, the receiver will seih
classified in to two: first one is that the freqogmlomain  acknowledgement indicating whether it receivedsigeal
spreading in MC-CDMA integrates the multicarrier correctly. Using this acknowledgement, we calcuthte
transmission with the frequency domain spreadimg the  throughput which is the average rate of successful
original data stream from the user is with the sgerific message delivery in a communication channel. We
spreading code in the frequency domain but ndtértime ~ estimate the channel in MC-CDMA system by using
domain. In other words, each signal is transmittedcuckoo search algorithm aided LMS algorithm. Traper
concurrently in different subcarriers but multidieoy ~ is organized as follows: The second section shdwes t
respective chips of the spreading code for evelpgasiier. ~ system model of MC-CDMA and the third section
The second one is that the Time Domain Spreadingete ~ explains our adaptive way of estimating channel ted
as MC-CDMA scheme scatters the original user degars ~ fourth section shows the performance of our progose
in the time domain (Narwat al., 2012). technique and the fifth section discusses our tgcken

In bit loading strategy implemented to MC- CDMA is compared with the existing technique and the sigtttion
offered in the single user case. The algorithm feas concludes our technique.
allocate bits and energy per code and also to atithe

number of codes that increase the throughput per 2. SYSTEM MODEL
subcarrier. The throughput tumbles with the inceeims )
channel selectivity is more or less insensitivehannel The system model for MC-CDMA system is as

selectivity when each symbol is widen over all the follows: Initially we set the number of users as=X
subcarriers accessible; spreading each symbol alver {U1,U2Us,...,U;,...,Un} where m denotes the total
the subcarriers provides the uppermost throughpdt a number of users and i denotésuser from the set of
also found that the throughput is more or lessusers X . Thereafter, we set the number of data sub
independent of the information sequence length. Incarriers n and the data bit used by each user Fignel
addition, the relationship of MC-CDMA, OFDM and shows the system model of MCCDMA system. The
DS-CDMA with RCPT HARQ exposes that, under same €quation given below shows the data send by theiuse
settings, the throughput of MC-CDMA is greatestain

frequency selective fading channel (Gacaeinal., D, ={df‘ & g}

2012; Maet al., 2012). Earlier studies on the downlink ‘
throughput did not cautiously contemplate the self-
interference and the restricted data rate set.eSyst VWNere: X
throughput on the uplink can be enhanced by comgent Du = Data Ofi user

only one data user to transmit for the reason that Df‘ta bits

multi-user interference, the self-interference dme t d d" data bit

synchronous downlink is not much fewer than thetimul K = Total number of data bits
user interference, however, not adequate to exfse
effects of the self-interference and the restrictath rate
set on the system throughput (Chandra and PrabiZ; 2
Benhamid and Othman 2009).

In this study, we propose a channel estimation
tbelf Zr;'r%llfer;?é l\gr?dciﬁg/l '?n;iisrﬁgtgggﬂtﬁ [E:g'gﬁggﬁg ° the trustworthine_ss of data transfer. If we setrthmbgr
aspect of our technique is inspired by the techeigjuen of data s_ub-carners as n, we will get the waletiecin
in (D’'Orazio et al., 2011) which they have exploited the nxn matrix format. A Sa”?p'e format of walsh code WC
genetic algorithm aided LMS algorithm for the cheinn for the data sub-carrier n'is as follows:
estimation of MC-CDMA system. Here, we modulate the

We then generate the walsh code WC based on the
data sub-carriers we set. The walsh code is arpappr
exploited in the wireless communication to transmit
multiple replica of data stream across differerteanas
and to use various received versions of data t@amceh

user data using the Binary Phase Shift Keying (BPSK Oy Oy .+ . Oy,
technique and we apply the spread spectrum teahm@gu O, O, on
the modulated signal and then apply the invers¢ fas WC(n)=

Fourier transform. We then transmit the inverset fas
Fourier transformed signal after applying the aygliefix
technique to eliminate the inter-symbol interfeenét Oy Oy o o Oy
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Fig. 1. System model of MC-CDMA system

From this walsh code, we separate the walsh cade fo  The user data is modulated using Binary Phase Shift
the number of users. For instance, the walsh codthé Keying (BPSK) modulation technique. The modulated

first user, second user and last user are as fsilow signal is as follows:
BPSK — * 2Eb 2]'[f
WC, =[ay ay, . . ay D, () =D, (t) T—bCOS A
WCU2 =|:C(21 Uz aZn]
_ Where:

we, =[ay ap, o] DPF(t) =BPSK modulated" user’s data
Where: ' _ -
WCy1 = Walsh code for first user fe = Carrier frequency
WCy, = Walsh code for second user The spread spectrum technique is applied for the
WCym = Walsh code for fiuser BPSK modulated signal to widen the bandwidth of the
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signal. The spread spectrum is the product ofrlrespose 3. PROPOSED CUCK OO SEARCH AIDED

of the BPSK modulated signal and the respectivestwal LMSALGORITHM FOR CHANNEL
code. It is explained by an equation below: ESTIMATION

This section explains our proposed technique tmatd
the channel in MC-CDMA system. The received signal
contains the Rayleigh fading multiplied with thdgaral
Where: transmitted signal and it is added with additiveitevh
SPUi = Spread spectrum df user Gaussian noise. We estimate the Rayleigh chansetitzmn

the cuckoo search algorithm. The fast Fourier foansis
performed on the received signal after discardmegctyclic

The inverse fast Fourier transform is applied after prefix and the equation is given below:
finding the spread spectrum for the BPSK modulated

signal. The following equation shows the IFFT "tiser: vl e
FF =) IFe ™ ;wherel {0,1,2,...m :

1=0

sk, =[ o ] *wc,

WC, = Walsh code of'l user

= T2 .
IF ‘EZ[SFLJ e wherell {0,1,2,...m

=0 Where:
FF = Fast Fourier transform
Where: 3.1. Cuckoo Search Algorithm
IF; = IFFT of {" user The fast Fouri ‘ d sianal is th fie
m = Total number of users e fast Fourier transformed signal is then apples

the cuckoo search algorithm to estimate the chaimel
Before transmit the signal, we have to apply the MC-CDMA system. The process of cuckoo search
cyclic prefix and after summing the cyclic prefixed zigorithm is as follows: initially we have to geats
signal of every user, we transmit the signal. It is jpitial population of r host nests by setting upfierit

expressed by an equation below: and lower limit. So the nests would be generated
between the upper and lower limit. Each nest caostai
)(T=Zm:||:i randomly generated Rayleigh channel. The Rayleigh
i=1

channel would be in complex form and we have td fin
the fitness for each nest. After calculating thedss, we
Where.: _ set a condition to separate the best nests and nests.
Xt = Signal to transmit T X The worst nests are performed by Levy flights amelck
The received signal contains the original transditt  the fitness again. Compare the fitness of the ests and
signal multiplied with the Rayleigh fading and adde the Levy flight applied nests. Take the nest wilihbst

with noise. It is shown by an equation below: fitness and give it to next iteration with the ngwenerated
nests for the condition we set initially. The itera will be
X, =X H +n repeated until we get the best nest constantly. Fige2
shows sample initial solution generated randomly.
Where: 3.2. Fitness Calculation
Xr Received signal

The fitness calculation for the solutions (nests)
generated randomly in our technique is based orbithe
error rate. The process of calculating the fitniessour

To estimate the channel in MC-CDMA system, we technique is as follows: the conjugate of the Raghle
exploit the cuckoo search aided LMS algorithm im ou channel of each nest is multiplied with the sohtio
proposed technique. obtained after applying fast Fourier transform sa{ady.

H = Rayleigh fading channel
= Additive white gaussian noise
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- begt
H matrixof P, s
. ; , T
H matrixof P, Objective function T(P). P=(p,.p......0,)
H matrix O‘f 133 Generate imitial population of
1 host mesis .l'r‘:[f =kZiconm)
H‘_.f”l.,e I:l'I - _‘!{J’.‘L"(_‘F‘L’J TEq 'r.'.l'lri';q’}li‘} ar (stop erlerioi)
H matrix Of R Geta cuckoo randoemily v Levy flights
. A . . . evaluare its gualinfimess 11,
Fig. 2. Sample initial solution contains Rayleigh channel 1 :
i ) o 0 (1 Rt i e ST I
It is shown by an equatlon below: Clioarea o negi ginona (e, f1oe o 3!
_ . if {,.ﬁ! = fir. ]'
X, =FF *conj(H*) ' -
Wh replace § I the new solition,
ere:
Xeqi = Equalized value enif
FF = Solution obtained after fast fourier transform
H* = Rayleigh channel of each nest A fraction (pa)oef worse nests
The solution is then multiplied with the walsh caxfe areabandoned and irew onas are bullr,
the respective user and we take the real values aaod
convert it to 1's and 0’s based on the conditionsee Keep the besp saluréons
X =X EQ'*WC for nests with qualit solutions);
R i U
Wh Renk the solurions and find the courrent best
ere:
Xgri = Realvalue end while  Posiprocess resules and visualizarion

WCy; = Walsh code of'l user
end

1 ifXR,(d,) >0
os ={ (d,) Fig. 3. Pseudo code of cuckoo search algorithm

0; else

The equation below shows the formula to calculate
Where: the fitness value for each solution (nest) basedhen
Xo = Converted value Rayleigh channel in each nest:
Thereafter, we have to check the bit error ratevéen
the original transmitted signal and the receivegaii The
bit error rate is calculated based on the followiorgnula:

fit(P,) = > BER,
i=1

no.of incorrect bits Wherei _
BER = ——————— fit = Fitness
total no.of bits P, = " nest (solution)i = 1,2,...., r
ER = Biterror rate of'{ user

For instance, if the transmitted bit sequence
1101011001 is and the received bit sequence as The fithess value is calculated for each solution
0100111101, the number of incorrect bits in thesirel separately using the randomly generated Rayleigh
bit sequence is four and the total number of kitem. So,  channel. The solutions are then separated basettieon
here the bit error rate is 0.4 which is forty peteges. best solution and worst solution using the obtaifitedss
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value and by setting a threshold limit. In our case 4.3. BER Performance
solution with less bit error rate has the bestefis The i i
Levy flight function (Yang and Deb, 2009) is apdlien ~ 4-3.1. BER Analysisbased on Sub-Carriers

the worst solutions and the fitness is calculatgalra The TheFig. 4 show the bit error rate performance based
Levy flight function is performed as follows: on two sub-carriers. Here, we have measured the bit
error rate by varying the signal to noise ratio pier In
Ph=P+al0 Levyd ) thisFig. 4, we compare the bit error rate of our proposed

technique with the bit error rate of the existiagtnique.

The solutions we obtained after applying Levy fligh From this graph, our proposed technique shows ligths
function and the best solutions are compared apdsgithe ~ Dit error rate compared to the existing techniqueenv
best solution among them based on fitness value. ThWe Set the sub-carriers as two. _
solution that has best fitness value is given pstifor next The Fig. 5 shows the bit error rate comparison
iteration with the newly generated solutions. Tieeations ~ Petween our proposed technique and the existing
are repeated until we get a constant best sol(ftioeEig. 3 technique by setting the sub-carriers as four. Tigisre

shows pseudo code of cuckoo search algorithm. also shows that the first user of our techniquethasit
error rate little less compared to the existinghtégue
4. RESULTS and the bit error rate of the second user of cehirtigjue

decreases steeply compared to the existing tecarhigu
This section describes the result we obtained €or o increasing the signal to noise ratio per bit vahfter
proposed technique. In this section we compared oui25db. So the overall performance of this graph show
proposed technique with the existing technique thatthe bit error rate of our technique is lessgared to
(D'Orazio et al., 2011) in terms of bit error rate the existing technique when the sub-carrier is.four
performance and throughput performance. We analyzed The Fig. 6 shows the bit error rate curve for our
both the performance based on number of sub cairrierproposed technique and the existing technique when
and number of data bits. sub-carrier is eight. This graph shows that thst fimd
4.1 Evaluation Metrics second user of our proposed techr_liq_ue obtaingdeESS
error rate compared to the existing technique by
The evaluation metrics we considered are bit eatar increasing the value of signal to noise ratio peafier
and throughput. Both are explained as follows: Bite = 15db when we set the sub-carriers as eight.

error rate is the percentage of bits that are vedewith . .
errors divided by the total number of bits procdsseer a 44 BER Analysisbased on data bits

given period of time. It is shown by an equatioloibe The Fig. 7 shows the bit error rate performance of
our proposed technique and the existing technigienw

BER = no.of incorrect bits we set the data bits as ten thousand. Here, thghgra
Total no.of bits shows that the first user of our proposed techniga®

little less bit error rate compared to the existing

Throughput is the average rate of message receivedechnique at some values of signal to noise ratiokt
successfully in a communication channel. The and it is same to the existing technique at remgini
throughput is typically evaluated in bits per setoif a values of signal to noise ratio per bit. Considgrthe
packet is not received precisely, an outage wituoc  second user of our proposed technique, the bit eate
This information_ would be accessible at the reaeive redyces steeply after 25db of signal to noise fagiobit
through a Cyclic Redundancy Check (CRC) at the e compared to the existing technique. So overai
Medium Access Control (MAC) layer. proposed technique has obtained less bit error rate

4.2. Performance Analysis compared to the existing technique.

The performance of our proposed techniaque is TheFig. 8 shows the bit error rate comparison of our
analyzedpusing bit error rate aﬁd Ft)hroughput be((qsed proposed technique and the existing technique when

number of sub-carriers and number of data bitseims set the data bit as thousand. This graph showsfahat
of number of sub-carriers, we set the numbers as tw MOSt of the values of signal to noise ratio pertbi¢ first
four and eight. In terms of number of data bits,seethe ~ @nd second user of our proposed technique obtéassd
number of data bits as ten thousand and thousand. bit error rate compared to the existing technique.
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BER Vs Eb/No on Rayleigh Channel for n=8

1 1 1

sl user with BPSK(proposed) [

=—8=— yser2 with BPSK(proposed)

-.- user! with BPSK(existing)
“user2 with BPSK(existing)

Bil error rale

10°
10 15 20 25 30
Eb/No, dB

Fig. 6. BER Curve forn =8

BER Vs Eb/No on Rayleigh Channel for databit=10%

| |
el s o1 with BPSK (proposed) H
- == user2 with BPSK(proposed)
10 + user| with BPSK(existing)
- user2 with BPSK(existing)

TTTTTIT

Bil error rale

10
0 5 10 15 20 25 30
Eb/No, dB

Fig. 7. BER Curve for data bit = 10000

942 JCS

% Science Publications



Balaji, S. and N. Vasudevan / Journal of Computéerge 10 (6): 935-947, 2014

BER Vs Eb/No on Rayleigh Channel for databit= 10°
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Throughput Vs SNR for n=4
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4.5. Throughput Performance estimate the performance of our technique with the
. existing technique. Also, we set the number of siger

4.5.1. Throughput Analyss based on sub- g for both the techniques. When we compared the

carriers performance of BER based on different number sub-

The Fig. 9 shows the throughput analysis based onCarriers i.e. setting sub-carriers as two, four afght,
two sub-carriers. The value of throughput is takgn  OUr technique achieved less bit error rate ovexadl it
varying the signal to noise ratio per bit. Here, we denotes that our technique performed well than the
compare the throughput of our proposed techniquk wi €xisting technique that uses genetic algorithm for
the throughput of the existing technique. THig. 9 channel estimation. When we compared the performmanc
shows that the throughput of the second user of ourof BER based on different data bits i.e. settingadats
proposed technique shows better performance than thas thousand and ten thousand, our technique odtaine
users of existing technique. less bit error rate than the existing one. When we

The Fig. 10 shows the analysis of throughput using compared the throughput based on different subecarr
four sub-carriers. Here, the first and second ustmur  and differnt data bits, the overall performance oof
proposed technique showed good throughputtechnique performed well than the existing techeiqu
performance compared to the existing technique whenThese outcomes implies that for channel estimation,

we increasing the value of signal to noise ratio Ipie cuckoo search performed better than genetic alguorit
The Fig. 11 shows the throughput analysis of our
proposed and existing technique when the sub-casie 6. CONCLUSION

eight. In thisFig. 12, when we increasing the signal to ) _
noise ratio per bit value over 26db, our proposed N this study we have proposed a technique to
technique achieved better throughput compared ¢o th eStimate the channel for MC-CDMA system for

existing technique. minimization of BER and the maximization of
_ _ throughput. Here, we modulated the user data using
4.6. Throughput Analysis based on data bits BPSK modulation and we applied the spread spectrum

technique on the modulated signal and applied the

TheFig. 12 shows the throughput performance of our inverse Fourier transform. The cyclic prefix teau® is

proposed and existing techniques when the daia ten then applied before transmitting the signal frone th
thousand. Here, also the throughput performand®ef o nsmitter side. At the receiver side, the reverseess
second user of our proposed technique showed betteg performed to retrieve the original signal anc th
performance compared to the existing techniquethed  5cknowledgement is sent to the transmitter from the
first user of our proposed technique is little €ett receiver side. We estimated the channel informaiion
compared to the existing technique. an adaptive way based on cuckoo search algorithen. W
The Fig. 13 shows the performance of throughput of compared the performance of our proposed technique
our proposed technique and the existing technicuenw  with the existing technique in terms of BER and
we set the data bit as thousand. Here, the secsgtdofi  throughput and showed that our proposed technigue i
our proposed technique showed better throughputhetter compared to the existing technique. In Rjtuve
compared to the existing technique; and when coimpar can use some hybrid algorithms to estimate the reHan

the first user of our proposed technique with tkistthg  information instead of cuckoo search algorithm to
technique, our technique has better performanseime  enhance the throughput further, because the channel
values of signal to noise ratio per bit. estimation is an important step to enhance theutfirput
for the successful delivery of message over the
5. DISCUSSION communication channel.
Our technique is compared with the existing 7 REFERENCES
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