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ABSTRACT:

Inter Carrier Interference (ICI) is being introduced in
WOFDM due to the carrier frequency offset (CFO),
which will degrade the system performance and efficien-
cy at higher modulation levels and it decreases the per-
formance of power amplifiers. Hence, here in this paper,
we introduced a novel ICI mitigation algorithm under the
two channel environments such as AWGN and Rayleigh.
Simulation results have been compared with existing and
proposed schemes under these channel specifications and
concluded that the Rayleigh has performed far better than
the AWGN channel distributions in terms of Bit Error
Rate (BER) and Carrier interference Ration (CIR) perfor-
mance.

Index terms:

OFDM, ICI, Frequency Offset, AWGN, Rayleigh chan-
nel, BER and CIR.

LINTRODUCTION:

Orthogonal Frequency Division Multiplexing (OFDM) is
being used for high data rate wireless applications [1]. It
is a multicarrier modulation technique which incorporates
orthogonal subcarriers. High Peak to Average Power ratio
and Inter carrier Interference (ICI) are two main disad-
vantages of the OFDM systems. In OFDM systems ICI
occurs due to frequency offset in between the transmit-
ter and receiver carrier frequencies or Doppler Effect [2].
Many techniques have been developed to reduce the ef-
fect of ICI; ICI self cancellation is a simple and conve-
nient technique. ICI self cancellation scheme proposed
by Zhao [3] utilizes data allocation and combining of
(1,-1) on two adjacent subcarriers i.e.
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same data is modulated at k"th and k+1™ sub carriers
using (1,-1) as data allocation and are combined at the
receiver with weights 1 and -1. It is one of the most prom-
ising techniques to reduce ICI; however, its performance
degrades at higher frequency offsets. Yeh, Chang and
Hassibi had proposed conjugate cancellation scheme in
[4]. In this scheme, OFDM symbol and its conjugate are
multiplexed, transmitted and combined at the receiver to
reduce the effect of ICI. However, this scheme shows a
significant improvement in CIR at very low frequency
offsets and its performance degrades as carrier frequency
offset increases.

At higher frequency offset >0.25 its CIR performance is
worse than standard OFDM system. In [5] the author has
proposed Phase Rotated Conjugate Cancellation (PRCC),
which is an extension to the scheme proposed in [4]. In this
an optimal value of phase is multiplied with the OFDM
symbol and its conjugate signal to be transmitted on dif-
ferent path. The optimal value of the phase depends on
the frequency offset and hence requires continuous carrier
frequency offset (CFO) estimation and feedback circuitry,
which increases the hardware complexity [6-7].

Another ICI self cancellation scheme [8] based on gener-
alized data allocation (1,ue®) has been proposed in the lit-
erature to improve CIR performance of ICI self cancella-
tion system, where & is the optimal value, which depends
on frequency offset. Thus for every normalized frequency
offset, a unique value of & is to be multiplied with the data
which again requires CFO estimation and feedback cir-
cuitry [6-7]. A symmetric symbol repeat ICI self cancella-
tion scheme, which utilizes data allocation and combining
of (1,-1) at k" and N-1- k™

November 2015




ISSN No: 2348-4845
International Journal & Magazine of Engineering,

Technology, Management and Research

A Peer Reviewed Open Access International Journal

Subcarrier. This scheme shows better CIR
performance than ICI self cancellation scheme.
One of the major advantages of this scheme is to
achieve the frequency diversity and hence its
performance in frequency selective fading
channel found to be better than ICI self
cancellation scheme. In this paper, we have
proposed an optimal and sub-optimal scheme for
SSR ICI cancellation scheme to improve the
CIR performance. The scheme is based on SSR
ICI self cancellation scheme, in which a data is
modulated at two symmetrically placed
subcarriers i.e. kffand N-1- k™ and utilizes a
data allocation of (1,-1) to improve CIR
performance. To further reduce the effect of ICI,
received modulated data signal at k*®and N-1-
k" subcarriers are combined with weights 1 and
-{. The 1 and & are the optimal values resulting
in maximum CIR. The optimum values of 3 and
& are the function of normalized frequency offset
i.e. for every normalized frequency offset; there
exist a unique value of 1 and & This process
requires continuous CFO estimation. To
overcome this problem, we have proposed a
suboptimal approach to find suboptimal values.
The obtained sub-optimal values (3,,,¢&,,) are
independent of normalized frequency offset. Thus,
the proposed scheme does not require any CFO
estimation or feedback circuitry and hence eliminates
the requirement of complex hardware circuitry.

ILEXISTING METHOD:
A.OFDM System:

The discrete time OFDM symbol at the transmitter can be

expressed as

[n] = — Nz_l O
in| =— X e N,
Vfﬁk=0
n=012....N—1 (1)

where N is total numbers of subcarriers and X (k)
denotes the modulated data symbol transmitted on
k*" subcarrier. Due to AWGN channel and frequency
offset, the received OFDM signal can be written as

Zmen
y[n] = x[n]e’ ¥ +win]
n=012 ... N —1 2
where £ is the normalized frequency offset and wln]
is the sample of additive white Gaussian noise. The
received data signal on k™ subcarrier can be written

as
Y(k) = X(k)S(0) + X552 X(DS( — k) + W(k)
k=0,1,..,N—1 (3)
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Where W(k) is k** the sample of DFT of additive
noise. The sequence S(I — k) is defined as the ICI
coefficient between k™ and [subcarriers, which can
be expressed as
S(U—k) = e(jfr(Hf—k)(l—; ) sin (m(l+£—k)) @
Nsin(T(i+2—1) )
The CIR at the k*" subcarrier can be written as

_ Isery|?
CIR = s Isamp )

SSR ICI Self Cancellation Scheme:

In SSR ICI self cancellation scheme [6], the data
symbol to be transmitted at the k™ subcarrier is
repeated at the subcarrier N — 1 — k™ with opposite
polarity,ie.,

X(N—1) = —X(0), ... X(N—1— k) = —X(k)

The block diagram of the proposed SSR ICI self
cancellation scheme is depicted in Figl. The received
data signal at the k™" subcarrier is thus given by

N
]

V() =22, X(DS((I—k) —S(N—-1—-1—-k)) +
Wik) (6)
Combining the received data at k™ and N — 1 — k*?

subcarriers, we have

V" k)=V'(k)—Y(N—-1-k) )]
Using (6) & (7) we have
N

7—1

V() = Y XOISU-K) —SN-1-1-8)
= —S(+k+1-N +5(k-1D
+W(k)—W(N—1—k)]
k=0,1,2,.....,§—1 (8)
Thus, CIR of conventional SSR ICI self cancellation
scheme canbe written as

CIR, =
| —5(—N—-1-28)+25(0) - 5(1-N+2k)|
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Figl. SSR ICI self cancellation scheme
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C.Additive White Gaussian Channel:

It adds white gaussian noise to a complex/real input sig-
nal. If the input signal is real, then it adds real Gaussian
noise and will produces a real output signal. It produces
the complex output signal by adding the complex gauss-
ian noise when the input signal is complex. Below are the
various modes of noise variance that can be generated by
the AWGN Channel:

Specifying the Variance Directly or Indirectly

a.Signal-to-Noise ratio (E_b/N_0), where the AWGN cal-
culates the variances from these quantities:

* The ratio of energy per bit to noise PSD,E bN 0,

* Number of bits per symbol N_s

* Input signal power

* Symbol period

b.Signal to noise ratio (Es/No), where the AWGN calcu-
lates the variances from these quantities:

* Es/No, the ratio between energy of signal to PSD
noise

 Input signal power

* Symbol period

c.Signal to noise ratio (SNR), where the AWGN calcu-
lates the variances from these quantities

*SNR
Input signal power

Changing the symbol period in the AWGN Channel will
affects the noise variance added per sample, which can
also causes a change in the final error rate.

B
| o - —=
BT ] Magpig T r
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Fig2 Proposed Block diagram of ICI Self cancellation
with AWGN Channel
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III.PROPOSED SCHEME:
In the proposed scheme at the transmitter a data

allocation (1.-3) is utilized at k™" and N — 1 — kP
subcarriers ie.
X(N—1) = —ax(0), X(N —2)
=-3x(1),.. X(N—1—k)
= —X (k)

Hence, the received data signal at the k*" subcarrier
is v

(k) = X, X()S((L— k) —3S(N—1—1—

) +wi(k) (10)

After Combining the received data at k™ and
N — 1 — k™ subcarriers with weight 1 and - we
have

Y = ¥ {k) FV' (N —1—k) (1)

v (k) = 21 ; (D[S — k) —aS(N—1—1—
k) — &SI+ k+1—-N)+&8k -D+w(k) —

SW(N—1-k)]

k=0,1,2,.....,§—1 (12)
Thus, CIR of proposed optimal SSR ICI self
cancellation scheme is givenby

CIR, =
|—E5(2k+1-N)+ (1435 5(0) —25(N—1—-2k) 2

E?:_;h,J—fs(z—N+k+1]—s(1—k)—xs(n—1—;—:.:]+§7.§(z—k)|=
(13)
The optimum values of 3 and £ are calculated for
£ €[0.03,0.25] at a very small interval of Ae which
results in maximum CIR for the givene. Thus for
everys, we have a unique optimal value of and 1 and
£ these are denoted by (3g,uy). The optimum
values(},, 1) are to be used for data allocation and
combining the data atk™ andN — 1 — k™ subcarriers
to maximize the CIR of the OFDM system. Where,
CIR, (21,291, lgy) corresponds to maximum value of
CIR for £,and so on and
_ (Er—=r)

= t1 (15)
Where, egand g are the lowest and the highest
possible values of the normalized frequency offset.
Here, we have considered g4 = 0.25 ande;, = 0.03.
To avoid the problem of continuous £ estimation,
sub-optimal pair (3,1, amongst all (3, 15) has
been found by using the following criterion as
Il (- cm(fj Jua.m] (16)

In the above expression, p represents the maxinmm
CIR of a particular row of the matrix given by (14)
and the second term represents the mean deviation of
the CIR of that row from the peak (p) of that row.
Thus irrespective of the value ofz_ (A, 4., )can be
used for data allocation and combining to get a sub-
optimal CIR performance.

C‘sm .uso) = ;:i: P—
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A.Rayleigh Distribution:

Rayleigh fading is a rational model, when an environment
that consists of many objects can scatter the transmitted
signal before the arrival of signal at receiver. The central
limit theorem holds that, the channel impulse response
can be modelled well as a gaussian process irrespective of
individual components distribution when there are enough
much scatter [10]. When we apply Central Limit Theorem
(CLT) to the large number of paths, then each path can be
modelled with time as the variable as circularly symmet-
ric complex Gaussian random variable (GRV), which is
known as Rayleigh channel model [11]. When there is no
prevalent component to the scatter such model will have
the mean of zero and the phase between 0 and 2« radians.
Therefore the channel response envelope is Rayleigh dis-

tributed.
=
eun | ugu -4
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I

Fig3 Proposed Block diagram of ICI Self cancellation
with Rayleigh Channel
A circularly symmetric complex GRV is of the form,
Z=X+1]
where the real and imaginary parts are zero mean
iid. GRV's.
For circularly symmetric complex random variable,
E[z] = E[e/%Z] = /%] 2]
A circularly symmetric complex GRV is completely
specified by the variance
o? = E[Z?]
The magnitude|Z|, which has the PDF ofpa(z), is
called as Rayleigh random variable

e _Z
'gf.){z)=?e 27,20

15

IVEXPERIMENTAL RESULTS:

In this paper, we have considered an OFDM system with
N=64,128 and 256 subcarriers, M-QAM and M-PSK
modulation schemes to modulate each of the subcarri-
ers. The simulation model of the existing and proposed
schemes with AWGN and Rayleigh channels is shown in
Fig.1, Fig2 and Fig3.
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The computer simulation using MATLAB 2014a are per-
formed to evaluate the Carrier Interference Ratio (CIR)
and Bit Error Rate (BER) performance of existing and
proposed schemes with respect to the normalized fre-
quency offset and SNR. Fig. 4 shows the CIR perfor-
mance of standard OFDM system, SSR ICI self-cancella-
tion and proposed optimal, sub-optimal approaches with
AWGN. Fig. 5 shows BER performance of the standard
OFDM system, conventional SSR ICI self cancellation
and the proposed approach. As seen from Fig. 4 the CIR
performance of the proposed optimal approach is about
60.23dB far better than the sub-optimal and conventional
schemes. The CIR performance of proposed scheme is
slightly worse than conventional SSR ICI self cancella-
tion scheme foree[0.03,0.25]. The BER performance of
the proposed scheme is very much improved in compari-
son to standard OFDM system and very close to conven-
tional SSR ICI self cancellation scheme in [3].

Companison of CIR Performance

—6— Standard OFDm sysiem

.4 —&— 55R IC1 Self Cancellation H

4 Proposed SSR IC! Seif Cancellation{Sut-cptimal)
—+— Propased SSR IC! Sef Cancallation{optimal)
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Fig 4 CIR performance Comparison
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Fig 5 BER performance Comparison

Fig6 shows that the transmitted data and modulated data
with 128 subcarriers and 128-PSK. The performance of
the proposed scheme with higher modulation levels has
shown in fig7 and fig8.
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We tested it with 128-QAM and N=128 subcarriers and o EERL s
we got the CIR of 63.9932 dB, which is an improved per-
formance than the fig4 results.

Temerarmittnd Data "0°

—6— Standard OFDm System
o SSRICI Sef C.
|t Propeand 558 11 So¥ CancelataniSun Optimat | £
1‘1 2 3 4 5 B T 1 ) 10
EbHNoiaB)

Fig7. CIR Performance with N=128 and 128-QAM

imersmited data phase representation
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(b)
v The modulated output of 128-QAM in presence of
5 — AWGN is shown in fig9 and it has got the CIR which is
Standard OFDm system

.| —— S5 1 Sat Cancutzion _ shown in fig7.Further CIR improvement can be achieved
§ |4 Prososed SSR CI Sof CancelatonSubstimal . . R .
ey Prponsd SARACH Sl Enmalaechpdne by using Rayleigh distribution instead of AWGN. Figl0
SR shows the performance of the proposed scheme in pres-
ence of Rayleigh channel distribution with 128-PSK and
: 256 subcarriers. We can see that the proposed scheme has
got maximum CIR of 71.325with the Rayleigh distribu-
tion. Fig9 shows the transmitted data with 256 subcarriers
and modulated data with 128-PSK and the figl1 shows
N R RO M (O S S s the comparison between the conventional schemes with
02 004 006 008 01 0M2 0MW 06 0w 02 0m . . .
Noemakzad faqancy sfset AWGN and with Rayleigh. It can be observed that while
increasing in the frequency offset still the CIR perfor-
mance stable with the proposed Rayleigh approach and
Fig6. (a) Data of Transmitter (b) modulated data has maximum CIR of 51dB. It’s much higher than the
other conventional ICI reduction techniques [3-8].
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Fig10. (a) Transmitted Data of N=256 and (b) modu-
lated data with 128-PSK.

Table I:Simulation parameters:

Parameters Specifications
FFT & IFFT size 8
No. of Subcarriers 64, 128 and 256
Cyclic prefix 1
Channel model AWGN and Ravleigh
Modulation scheme QAM, QPSK
Constellation points 4.8.16,32, _and 128
OFDM block size 3
Companson of CIR Pedormance
i : —Q—r Stmd:mlOFB!n splllm :

N
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Propased SSR ICI Seff Cancelationioptimal)

Figl1. CIR performance with N=256 and 128-PSK un-
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der Rayleigh channel model
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V.CONCLUSION:

Here, we introduced a new ICI self cancellation algorithm
in presence of various channel environments for higher
modulation levels with increased subcarriers. And also
we had compared the simulation results with the existing
algorithms with the proposed scheme under the AWGN
and Rayleigh distributions. After observing the simula-
tion results the Rayleigh has performed well with N=256
and 128-PSK as well as 128-QAM. We achieved the max-
imum CIR of 71.325dB. The proposed scheme well im-
proved the performance of CIR and also decreases the bit

error rate with increasing signal to noise ratio values.
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