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Abstract: The Orthogonal Frequency Division Multiplexing (OFDM) haglely been used in broadband wireless communication
due to its ability to efficiently utilize the spectrum with fticarrier communication. In this paper BER expression 7figd DQPSK
modulation has been derived from FrFT based OFDM systemdmthsence of carrier frequency offset (CFO) under frequenc
selective Rayleigh fading channel. The performance of @sed system has been evaluated and compared with the FFRTGBREM
system. Itis found that the FrFT based OFDM system outpmgdhe FFT based OFDM. BER analysis has also been done fousari
values ofa (FrFT angle parameter) on said FrFT based OFDM system, fevileg system responds bestiat 0.9 as compared with
other values ofr. Improvement as high as up to 23 dB in SNR has been achievadhetproposed FrFT based OFDM systen at

0.9 for said modulation with carrier frequency offset of Qrider frequency selective Rayleigh fading channel.
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1 Introduction gives rise to inter carrier interference (ICB][ This ICI

will destroy the orthogonality of the data and degrade the
The current multimedia applications on mobile requiressystem performance by degrading BER. [The system
wireless communication systems which can provide highperformance can be evaluated either by Signal to Noise
data rates with low delay and low bit error rate (BER). interference (SIR) or by BER under various wireless
The response of wireless communication is hencefading channels. The Gaussian approximation of ICI for
determined by the channel environmef}.The higher  calculating BER under AWGN channel is given ifl.[
data rate transmission and due to mobility between sourcéheir approximation was true for low BER and can be
and destination the channel introduces time selective antsed only for small signal to noise ratio. BER for
frequency selective fading 2] Fractional Fourier ~moments of ICI distribution was proposed by Zhao et al.
Transform (FrFT) had been proposed to analysis this timd7]. The exact symbol to error rate (SER) for
frequency selective fading in channel with multicarrier characteristic function of ICI had been derived &. [All
communication.  Orthogonal  Frequency Division of them had focused the effect of ICI in AWGN channel
Multiplexing (OFDM) is widely used for implementing only, but practically OFDM systems have to cope with
wireless applications. The major benefit of this parallel bi various wireless fading channels like Rayleigh, Rician
stream is that each sub-channel has much lower bit raténd Nakagami. Since ICI cannot be neglected in practice,
and is modulated on different carrier. The sub carriersthe impact of multipath fading should be taken care off.
used in OFDM are equally spaced and overlapped; thisThe cyclic prefix has been used to eliminate 1SI entirely
overlapping provided efficient utilization of bandwidth. and therefore only ICI needs to be concerned. Because
The subcarriers are made orthogonal to each other ifhere are many time-delayed versions of received signals
frequency domain for efficient demodulation at with different gains and different phase offsets, the ICl is
destination §]. The frequency dispersion of channel more complicated to calculate in various fading channels.
introduces the carrier frequency offset at the receiverSignal processing methods were applied to solve this
This carrier mismatch between transmitter and receiveproblem of ICl in OFDM systems. Liu et al9] proposed
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MUSIC-based and ESPRIT-based algorithms to estimatef the signal to be transformed in time-frequency plan
CFO. Biao Chen1( proposed Maximum Likelihood for from time-axis L§]. FrFT is defined as
CFO estimation, which was proved to be equivalent to _ 7
Music-based algorithm. Training sequences for CFO F“{X(t)}(u)_X"(u)__'ﬁ,x(t)Ka (t udt
e§timation was pro_posed by Jian Li et dll]. Different where Ky (t,u) = Age n(t2-+42)cota— j2rtuesea 40 i
kinds of windowing schemes were proposed by
J.Armstrong 12] to reduce the ICI in OFDM systems due
to CFO, such as the Hanning window, the Nyquist
window, and the Kaiser window. Muller-Weinfurtnetd
proposed MMSE Nyquist to mitigate the ICI effect.
MLSE-type signal detection in ICI with block wise
whitening of the residual ICI plus noise was proposed by
Hai-wei Wang et al. 2] to mitigate the effect of ICI in
OFDM systems. Kun Yi Lin et al. 4] proposed time
domain ICI self-cancellation method from the view of 3 System Model
equivalent channel time variation mitigation in said
system. ICI caused due to phase noise was dealt with aithe transmitter of FrFT based OFDM system has been
efficient algorithm based on improved tail interpolation shown in Figure 1. It is similar to traditional OFDM
and CPE processing id§]. All of these methods had not system the only difference is that here N-point IFrFT has
focused on the cause of ICI due to changing subcarriebeen used to modulate the subcarriers rather than N-point
bases in radio channels due to variation in frequency withlFFT.
time. Fractional Fourier transformed (FrFT) based OFDM  FrFT based OFDM system is a block modulation
system has been proposed for reduction of ICI effect,scheme where a block of N information symbols is
while Chen et al. 16 focused on searching of single transmitted in parallel on N subcarriers. The time duration
optimal FrFT angle. H. Wang et all7] focused on of an OFDM symbol is N times larger than that of a
reduction of ICI effect with the help of FrFT-OFDM single-carrier system. An OFDM modulator can be
system. In this paper BER of FrFT based OFDM systemimplemented as an IFrFT on a block of N information
has been calculated in the presence of ICI. In this papesymbols. To mitigate the effects of ISI caused by channel
ICI has been shown as the probability density functiontime spread, each block of IFrFT coefficients is typically
(PDF) of a mixture of complex Gaussian random preceded by a cyclic prefix (CP) or a guard interval
variables. The BER of FrFT based system has beeronsisting of N samples, such that the length of the CP is
calculated forrr/4 DQPSK modulation under frequency at least equal to the channel length. Under this condition,
selective fading channels. The results achieved have beem linear convolution of the transmitted sequence in the
compared with FFT based OFDM system under similarchannel is converted to a circular convolution. As a result,
conditions. the effects of the I1SI are easily and completely eliminated.
The present paper is organized as follows. After thisBut ICI will still remain there due to frequency dispersion
introduction, Section 2 reviews the Fractional Fourierin wireless fading channels, which will degrade the
Transform (FrFT). In Section 3 the system model of system performance. In this proposed model, the
proposed FrFT based OFDM system with its transmitterincoming serial data had gone through the channel coding
and receiver have been explained. Furthermore in Sectioat the rate one half for each bit. Then this coded data had
4 mathematical analysis of/4 DQPSK modulation for been passed through an inter-leaver for re-sequencing of
FrFT based OFDM system has been presented. Section @ata bits. This re-sequencing would help in distributing
is devoted to BER analysis of proposed model. Finallythe burst error in to several symbols and ensures the error
Section 6 explain and compares the simulation andfree reception of bits at receiver with minimum number of
theoretical results achieved from proposed model. bits required for forward error correcting codes. After
interleaving these symbols were modulated witti4
DQPSK modulation. These serial modulated bits were
then converted from serial to parallel and were grouped
into x bits each to form a complex number. Next, the
IFrFT was used to modulate the complex signal. After
The definition of Fractional Fourier Transform (FrFT) this, the parallel bits were converted to a series in time
stated it as the chirp basis expansion which is definingusing a so called time-division multiplexer and finally the
rotation in time frequency plane i.e. unified time cyclic prefixes were added. By using the digital to analog
frequency transformation. FrFT is a powerful tool for converter, the discrete symbols were converted to the
analyzing chirp signals i.e. signals which has varyingactual modulating analog signal. After going through the
frequency with time. The FrFT is defined for entire low-pass filter and Radio Frequency (RF) transmitter,
time-frequency plane. It has been observed that FrFT is dinally the OFDM signal had been transmitted. At
generalized case of FT. The anglecontrols the rotation receiver side; after the RF receiver and low pass filter, the

called Transformation Kernel aral is the rotation angle

of the transformed signallp].The kernel of FrFT is
converted into identity operator whenbecomes zero.At

a = 1/2 it becomes Fourier Transform, a = 7 it
becomes reflection operator and it becomes inverse
Fourier operator adr = 371/2.

2 FrFT: Fractional Fourier Transfor mation
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Fig. 2: Receiver

analog to digital converter had converted the analogwhere,8,_1[i] is the phase of the symbol modulated on
signal to digital symbols as shown in Figure 2. The cyclic (n — 1) subcarrier ofi!" OFDM symbol.A6,[i] is the
prefix was removed and the symbols were converted frondifferential phase carrying information bits. Further
serial to parallel. After this, the FrFT was used to processRayleigh fading channel response is given by
the symbols and symbols were again serialised. These
symbols were then demodulated witlr/4 DQPSK hij (n,1) =h(; (N+Ng) +n,1+ (j — 1) (N = Ng))
demodulator to obtain originally transmitted data.

E[h(p,1).xh(p,))] = 0230 (2mAt fq) 5 (I — k)

4 Mathematical Analysis where, hi j (n,1) is n" time channel response &f' tap.
Due to the presence of carrier offset at receivét

; th
The OFDM system considered here for performancerecewed symbol of th¢"* OFDM frame can be expressed

o N-1 j2rem
analysis is ofrt/4 DQPSK modulation. After applying as yj(n) = D3 hij i (m)e%T +  w(m)
IDFrFT to the sequencéXo, X1, Xz, , XN — 1)} which is B j=—em=0 - .
obtained after encoding with any modulation technique,™ = 0,1,..., N—1 where,e = AfT, = AfNT; is the

the expression of the" transmitted sample is given as Peosfpr;)ar:lszeed CFO anch(p,l) is the channel impulse

Ts = Tu+ Ty is the duration of OFDM symbol.

N N-1 After the removal of cyclic prefix and taking DFrFT, the
x(n) = Z XinF_a (n,K)) (1) data signal in th&" OFDM symbol can be expressed as
N+Ncep &,

where—Ncp < n< N p=
—Nep < L) _
andNcp is the length of the cyclic prefix. fi (k) B qZOF a (k’ q) Y @ ®)
N = Length of FrFT
Xi.n = nt" symbol transmitted oit" frame q=0,1,...,N—1where
The kernel of IDFrFTF_q4 (n,K) is defined as sina — jcosa _jmTs2cota ji2ulcota_ j2rmi
Fo (I,m) = ﬁeg2 e 2z € N
- sina+jcoso{ = jnszzcotor = jkzuzcota j2mmk (4)
FanK=\ g € 2z e 7z eHn On substituting (4) in (3), the signal at the receiver

. becomes:
In case ofrr/4 DQPSK modulation

N 00
X = X100l /2Erel G ali 428 () )= R 2, S @D %ea )
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0 N-1 *
+ 3y 0y 1S (ka)Xig+ w(l) wherenpg pp = E [Cylcpz} andAnin2 = E[ISnl,pllsnz’pz}
. .. . . N—1IN-1 _
Herel .S j (k,q) is t?\gllf‘,l coefficient and is given by o7 = Z Z (N— P)cogcota (Ts) o+ 27r(k1;I k)p
k=0 p=0
N-1 N-1
1Sika=3 3 FaknFoma (@ (13)
n=0 m=—N¢p K
f(x)=3 f(x|X)Prob(X)
j2men 1=1
hij(nn—mye ™
K —xHx
Khsymbol on pt" frame from equation no. 5 can be S e of Prob(X) (14)
rewritten as & o}
o (k) _ N g 1S (q Q)qu @ E[I’p (k) Mp-1 (k) |A61,A0;......... ABN_1] =0
N+ Nepi &, 07 7T (15)
oo N—1 s .
vy S 1S, (k,q)Xa,q+ w(l) wr|t|n'g.R{rp (k) rp,l (k)} andl {rp (k) Mp-1 (k)} in
i=—0q=0 hermitian quadratic form
a7k
. Rirp(k)rp-1(k) ¢ =R'QR (16)
Defining X [K] = [Xi0, Xi1, «ovvvevveennnnn XiN-1] { ( ) ( )} '
and
ColK = [1S * (k,0), 1S (K, 1) ....... Sj (k, N—1)] |{rp(k)rp,1(k)}:RHQiR (17)
rp (k) can be calculated and is given by where the complex Gaussian random vector R is defined

as

ro (k) :’/%NCPX KCoK" +w (k) (8 o
'p
g

and Hermitian matrice®,andQ; are
Here the BER evaluation of said system has been done for

/4 DQPSK modulation. Letr, (k) is the received
signal for pi" subcarrier ork" frame. Then the symbols
are decoded in phase difference of two successive

subcarriers for same OFDM symbol. With the cHF ofR{rp(k) Fp1 (k)} conditioned on
employment of differential detection at the receiver

5 BER analysisfor 11/4 DQPSK modulation

_ [0} _[o 3
Qr—{% 0} andQ; = 190

D g= [Ael,Aez ......... AQN,]_]
=S rp(k)*ro g (k 9
K d; p( ) P 1( ) ©) andA®,, is given by
Real and imaginary parts are given by g (w|ABp) = I _jwMerl (18)
D
I *p* wherel identity matrix and M is is the covariance matrix
Xep d;R{rp (k) L (k)} (10) defined as

M=E [RR"(g,A6p] =

-3k an P e

rp is the sum of several jointly complex Gaussian randomWhereg,p,a and f are parameters conditioned on
variables. It is therefore, a complex random variable withdifferential phase sequence g ahél, and are given by,
mean zero and variance is given by

XAppXH 4202
(20)

& —Elre (R)re (R1g. A66] = (—)
1
o2 = mx|/\p1,pzx|'* + 202 (12) N +Ng

(@© 2015 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.9, No. 3, 1383-1389 (2015)www.naturalspublishing.com/Journals.asp

Theoretical
Simulation

BER

SHR(E

Fig. 3: Theoretical and Simulation results of BER vs. SNR for FrFHBM and FFT-OFDM system

d
orP () =35~ ﬁ/ﬁl—ﬁfl
p=Erp1 (k) Mp-1 (k) |9, A 6p]

(21)  calculating other three probabilities and substitutirgjrth
values, we get

p= (%NQ) XAp_1p_1X" 4202

4
V2 ABpy)ay,
P (g)=3— P C;jp: )BOLflll
a+iB=E[r (k) fo1 (k) 0,A6:]  (22) Similarly,

Pl (g) =1 g v/2sin(ABpy) By
(N+N )X/\PP XM Pe =1 8\/Zuipy 1~ 0t

N-1
1 _ 1 1 1
l-bit error probability P, (g) of p" subcarrier Pb(gl)—z(N—Dpzl[PR' (@) +Pao ()

conditioned on specific phase sequence . .
S Averaging over all possible phase sequences the average
g = [AGU ....... ABN-_1) } is given by B\I/ER iglgi%/er\(by possible p qu verag
P (91) =3P (9,460 = F) + IP% (0,460 = %)

AN-2

+%1P}:3L| (g|,A9P = _774-[) + %Plg] (g|,A9P = _37T

>3 Py = 4N 2 Z Rl (a)
o - irn(, <man ) LSt ot ity e
LProb{Xl , >0/, 46, =7"} M
[2Prob {x p<0|9|749p——’7}} Pezﬁlglel(gl)
+4Prob {x}.; > 0l9..46; h 6 Simulation and Theoretical Results
Ph(g)=3— Z’ w dw In this section, the BER performance of tg4-DQPSK

FrFT based OFDM system in frequency selective
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Rayleigh fading channel had been evaluated. The resultf] L.Xue, S.Hong, V.D.Chakravarthy, M.Temple and

achieved had been compared with the BER performance Z.Zhigiang, IEEE Transactions on Communications,

of FFT based OFDM system with same modulation 61, 658-668 (2013).

technique under similar conditions. The theoretical and[8] K.Sathananthan and C.Tellambura, IEEE Transactions on

simulation results achieved had been shown in figure 3 for  Communications49, 1884-1888 (2001).

carrier frequency offset of 0.1. [9] H.Liu and U.Tureli, IEEE Communication Letterg, 104-
The BER of FFT-OFDM system far/4-DQPSK has 106 (1998). .

been evaluated using slandered expression. It had be%ﬁo] B.Chen, IEEE Signal Processing Lettes123-126 (2002).

observed that FrFT basadOFDM system performance L+1L-Jian. L'Guoq'ngsoagg ZGO(')B'G'a”nak'S' IEEE  Signal

better then FFT based system. For simulation, the numb 12]'?;?:?;:;?3”;&}?3& Tr_ansgctioln)é on Communicatiof

of sub carriers used is 8 with carrier offset of 0.1. Also the ™ - o~ (199'9) '

theoretical results have been obtained with 100 randoml '

. . . 3] S.H.K.Weinfurtner, IEEE Transactions on Communicas,
chosen differential phase sequences for given FrFT based 49 417.420 (2001).

OFDM system. In Figure 3, the solid line shows the (141K v.Lin, H.P.Lin and M.C.Tseng, IEEE Transactions on
theoretical results and the marker shows the simulation  Broadcastingss, 472-479 (2012).

results. The simulation has been done to verify the[1s)N.N.Tchamoy, J.Rinne, A.Hazmi, M.Valkama, V.Syrjala
theoretical results and is exactly same with the theorletica  and M.Renfors, IEEE Wireless Communication Lett@rs-
results. The FrFT based OFDM system has been 9 (2013).

simulated for different values o&r. The FrFT based [16] E.Chen, R.Tao and X.Meng, IEEE International Confesen
OFDM system achieved the best BER of %3 with on Innovative Computing, Information and Control, 14-17,
a = 0.9 as compared to other values @fas shown in Beijing, China (2006).

Figure 3. Further, the proposed model have been able tfL7] H.Wang, L.Wangyong, B.Wensimi and M.Hong, Wireless
achieve the improvement of 23 dB in SNR for obtaining  Personal Communication86, 707-716 (2012).

the 1023 BER using FrFT based OFDM as compared to [18] A.K.Singh  and  R.Saxena, = Wireless  Personal

FFT based OFDM system. Communicationsgb, 189-201 (2011).
[19] R.Saxena and K.Singh, Journal of Indian Institute of

Scienceg5, 11-26 (2006).
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