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Abstract: OFDM is an approach in which the multicarrier transmission technique has been used for
wireless communication. Here the high data rate has been use to transmit the data. This high data can be
divided into various sequences of the data. However, OFDM is sensitive to the receiver synchronization
errors such as carrier channel offset (CCO) that causes inter carrier interference (ICI), and exacerbated by
motion-induced Doppler shifts and local oscillator instability. This paper proposes a solution that
incorporates DFT Based Superimposed Pilot Aided approach with Winner Filter for Carrier Frequency
Offset Estimation in OFDM Systems. Proposed methodology employs Winner filter for approximation of
density and weight of filtered particles. Finally on the basis of weight of filter particles proposed system
estimate CCO for OFDM signal. An analytic expression in form of mean square error (MSE) and SNR ratio
of frequency offset synchronization is reported, and simulation results verify theoretical analysis and show
approximate 1.99X improvements in MSE and 73% enhancement in SNR ratio.
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1. INTRODUCTION

Orthogonal frequency division multiplexing (OFDM) is a
technique of computerized adjustment in which the
information stream is part into N parallel surges of decreased
information rate with each of them transmitted on isolated
subcarriers. To put it plainly, it is a sort of multicarrier
computerized specialized strategy. OFDM has been around
for around 40 years and it was initially considered in the
1970s amid research into minimizing impedance among
diverts close to each other in recurrence [2].OFDM has
appeared in such unique places as deviated DSL (ADSL)
broadband and advanced sound and video communicates.

OFDM is likewise effectively connected to a wide
assortment of remote correspondence because of its high
information rate transmission capacity with high transfer
speed, productivity and its strength to multi-way delay.
OFDM has been proposed as a transmission strategy to
bolster fast information transmission over remote
connections in multipath situations. Amid the most recent
forty years, OFDM has formed into a well-known plan for
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wideband advanced correspondence, whether remote or over
wires, utilized as a part of utilizations, for example,
computerized TV and sound telecom, remote systems
administration and broadband web get to. In remote
situations, transmitted signs take after a few proliferation
ways. At the point when reflected from encompassing articles
these ways achieve the beneficiary with various proliferation
postpones that causes defer spread, between image
obstruction (ISl), blurring, and arbitrary stage bending. For
instance, the postponed duplicates of the transmitted flag will
meddle with ensuing signs, bringing about the ISI. The
transmitted image rate is accordingly restricted by the defer
spread of the channel.

OFDM has been utilized as a part of remote LAN models,
for example, American IEEE802.11a and the European equal
HIPERLAN/2 and in mixed media remote administrations,
for example, Japanese Multimedia Mobile Access
Communications. 802.11 is an arrangement of IEEE
principles that represent remote systems administration
transmission techniques. They are usually utilized today as a
part of their 802.11a, 802.11b, and 802.11g variants to give
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remote framework norms in the home, office and business
foundations. The 802.11a standard uses a similar center
convention as the first standard, works at 5 GHz band, and
uses a b52-subcarrier orthogonal recurrence division
multiplexing (OFDM) with a most extreme crude
information rate of 54 Mbit/s, which yields a sensible net
achievable throughput in the mid-20 Mbit/s. Since the 2.4
GHz band is intensely used to the point of being swarmed,
utilizing the 5 GHz band gives 802.11a a noteworthy
preferred standpoint. OFDM s likewise connected in 802.16
and WiMAX innovations.

The IEEE 802.16 standard is the IEEE Standard for
Wireless Metropolitan Area Networks (MANS), otherwise
called WIMAX and Wireless LAN. The fundamental
guideline of OFDM is in part a high information rate stream
into various lower information rate streams and afterward
transmitted these streams in parallel utilizing a few
orthogonal sub-bearers (parallel transmission). Because of
this parallel transmission, the image term expands
accordingly diminishes the relative measure of scattering in
time brought about by multipath defer spread. OFDM can be
viewed as either a regulatory procedure or a multiplexing
strategy.
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Figure 1: Comparison between conventional FDM (a) and
OFDM (b)

2. WIMAX

WIMAX alludes to interoperable executions of the IEEE
802.16 group of remote systems models approved by the
WIMAX Forum. (So also, Wi-Fi alludes to interoperable
executions of the IEEE 802.11 Wireless LAN benchmarks
affirmed by the Wi-Fi Alliance.) WIMAX Forum
confirmation permits merchants to offer settled or versatile
items as WiMAX guaranteed, accordingly guaranteeing a
level of interoperability with other ensured items, the length
of them fit a similar profile. It is a media communications
innovation that gives remote information in an assortment of
courses, from indicates guide joins toward full versatile cell

Paper I1D: 2019/1JTRM/8/2019/28157

-

sort get to the first IEEE 802.16 standard (now called
"Settled WiMAX") was distributed in 2001.

WIMAX received some of its innovations from WiBro, an
administration promoted in Korea versatile WiMAX (initially
in light of 802.16e-2005) is the amendment that was
conveyed in numerous nations, and is the reason for future
corrections, for example, 802.16m-2011.

WIMAX is once in a while alluded to as "Wi-Fi on
steroids” and can be utilized for various applications
including broadband associations, cell backhaul, hotspots,
and so forth. It is like Wi-Fi, however, it can empower
utilization at much more noteworthy separations.

3. CHANNEL ESTIMATION METHODS

Channel estimation [9,10,11,12] has a extensive and rich
history in the communications systems and one carrier. In
these systems, usually modeled as CIR varying FIR unknown
candidate in a timely manner, and should be estimated
coefficients. Many approaches can be applied to individual
channel carrier systems for multiple carrier systems
appreciated. However, the unique properties of the transfer of
multi-carrier achieve additional views allow for the
development of new methods for the direct estimation multi-
carrier systems.

Channel estimation methods based on the pilot insertion
can be divided into two classical pilot models, which are
block-type and comb-type model. The first model refers to
that the pilots are inserted into all the subcarriers of one
OFDM symbol with a certain period. The block-type can be
adopted for slowly fading channel, that is, the channel can be
considered as stationary within a certain period of OFDM
symbols. Nevertheless, the second model refers to that the
pilots are positioned at some definite subcarriers in each
OFDM symbol [13,14l.

4. RELATED WORK

In  [1] author proposed IAFA-CE  system
which investigate the intrinsic interference caused by intra-
symbol data and channel noise in the intensity-modulation
direct-detection OQAM-OFDM (IMDD-OQAM-OFDM)
system by theoretical derivation. IAFA-CE considering the
intrinsic interference and channel noise on OQAM-OFDM
system. This algorithm can achieve high accuracy CE for
combating the system noise. The 10 Gb/s IMDD-OQAM-
OFDM system is set to validate the algorithm. The algorithm
can greatly reduce EVM. IAFA-CE can achieve ~1.5dB
sensitivity improvement compared with lAM-C.
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In [2] author present a novel approach for pilot-aided
channel estimation in OFDM systems with synchronous co-
channel interference. The estimator is derived based on the
Kullback-Leibler divergence minimization framework. The
obtained solution iteratively updates both the desired user's
and the interferer's channels, using a combination of linear
minimum mean squared-error (LMMSE) filtering and
interference cancellation, avoiding the complex matrix
inversions involved in the full LMMSE channel estimation
approach. Estimation of the noise variance is also included in
the iterative algorithm, accounting for Gaussian noise and
residual interference after each iteration. The estimates of
both channels are used at the equalizer to reject the
interfering signal, thus mitigating the degradation due to co-
channel interference. Simulation results show that the
receiver using the proposed estimator performs as good as the
one employing the full LMMSE estimator and very closely to
a receiver having perfect knowledge of the channel
coefficients.

In [3] a novel, reduced complexity iterative channel
estimation algorithm for OFDM systems using superimposed
pilots is proposed. It utilizes past channel estimations of
double correlated channel as a side information to reduce
number of iterations. In this paper, Least Square (LS) channel
estimation followed by two dimensional Wiener filter for
reducing OFDM symbol interference is done iteratively to
achieve the Minimum Mean Square Error (MMSE). Small
variations of the channel over each OFDM symbol duration
are neglected due to a high data rate, but the values between
different OFDM symbols are assumed correlated. The
channel is modeled as a double selective, i.e. both frequency
selectivity channel and Doppler shift are taken into
consideration. Past channel estimates are used as side
information for the present channel estimation to improve the
forthcoming channel estimation at the first iteration and
reduce the total number of iterations required.

In [4] author describe orthogonal Frequency Division
Multiplexing (OFDM) is multiplexing technology of
orthogonal multi-carrier, and the channel estimation model
based on pilot in OFDM systems is analyzed; Now that, the
channel estimation based on pilot needs interpolation, in
order to reduce the complexity of the interpolation algorithm,
the FFT channel estimation algorithm based on pilot is
studied. Because of the direct FFT channel estimation
algorithm existing energy spectrum leakage problems, the
optimized FFT channel estimation algorithm based on the
Hamming windowed function is put forward. The simulation
results show that in the multi-path fading channel, the
proposed algorithm can effectively improve performance of
channel estimation in OFDM systems.
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This paper [5] investigates the pilot placement problem
for sparse channel estimation in orthogonal frequency
division multiplexing (OFDM) systems. Prompted by the
success of the compressed sensing technique in recovering
sparse  signals from undersampled  measurements,
compressed sensing has been successfully applied for pilot-
aided sparse channel estimation in OFDM systems to reduce
the transmitted overhead. However, the selection of pilot
tones significantly affects channel estimation performance.
Seeking optimal pilot placement for sparse channel
estimation, in the sense of minimum mean-square error of the
channel estimation, through an exhaustive search of all
possible pilot placements is extremely computationally
intensive. To reduce the computational complexity and
simultaneously maximize the accuracy of sparse channel
estimation, cross-entropy optimization is introduced to
determine the optimal pilot placement. Computer simulation
results demonstrate that the pilot index sequences obtained
using the proposed method performed better compared with
those obtained using the conventional equispaced scheme and
the random search method.

An Efficient Pilot Design Scheme for Sparse Channel
Estimation in OFDM Systems having higher signal to noise
ratio , bit error rate and having energy spectrum leakage
problem so there is need of an scheme which overcome all
this problem.

5. PROPOSED METHODOLOGY

In CCO estimation by using frequency domain involve
the assessment of each phase of the carrier for each symbol in
the following, the symbol in the phase shift due to the carrier
Channel offset. Two different evaluation methods to estimate
CCO estimation method based on the pilot is used, which is
the acquisition and tracking mode. In the acquisition CCO
estimation method is powerful and made the tracking mode is
estimated that the fine CCO. Initially, it is assumed that the
estimated purchase has already been done so well and CCO
estimation is made in this paper. All simulation results show
the mean square error (MSE) with respect to different signal-
to-noise ratio (SNR) in dB and learning with respect to a ratio
of the length of the OFDM symbol sequence of the repeat
sequence respect to various CCO values.

For CEO estimation in OFDM in this paper a pilot based
Hamming window filtering approach has been proposed
which employed pilot tone insertion mechanism for Channel
domain and transmit every OFDM symbol to reduce the
transmitted overhead.

Particle impoverishment problem over OFDM means
statistically selecting higher weight particles many times
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which is inappropriate for performance enhancement.
Gaussian Particle Filtering Approach for Carrier Channel
Offset Estimation in OFDM have particle impoverishment
problem which degrade the performance.

In order to overcome Particle impoverishment problem,
this paper propose a solution that incorporate DFT Based
Superimposed Pilot Aided approach with Kalman filter for
Carrier channel Offset Estimation in OFDM Systems in order
to detain particle impoverishment problem.
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Figure 2: OFDM Signal

Winner Filtering Approach for Carrier Frequency Offset
Estimation in OFDM  Systems having particle
impoverishment problem ie particles having higher weight
statistically selected many times which is inappropriate for
performance enhancement.

Particle impoverishment problem over OFDM means
statistically selecting higher weight particles many times
which is inappropriate for performance enhancement. Winner
Particle Filtering Approach for Carrier Channel Offset
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Estimation in OFDM have particle impoverishment problem
which degrade the performance.

In order to overcome Particle impoverishment problem,
this dissertation propose a solution that incorporate DFT
Based Superimposed Pilot Aided approach with Winner
Filter for Carrier channel Offset Estimation in OFDM
Systems in order to detain particle impoverishment problem .

Proposed methodology for Channel estimation initially
takes OFDM spectrum of N sub channel as show in equation .

n—1
1 .
5:(0) =% > Ay(yelloireil

n=0

Where S,(t) is OFDM spectrum of N sub channel and An
(t) is amplitude and 0,(t) represent phase of the carrier..

After that proposed methodology apply DFT over OFDM
signal for fragment out different channel separately. Then
generate auto covariance matrix for these fragmented channel.
Apart from that proposed methodology subsequently take
equivalent pilot tone signal Pn,(t) and generate auto
covariance matrix for it.

After generation of covariance matrix for both OFDM and
Pilot tone signal proposed methodology perform comb- type
pilot tone insertion. Diagonal element of covariance matrix of
Pilot tone signal is to be inserted at diagonal element of
covariance matrix of OFDM signal. This insertion lead lower
noise generation in OFDM signals.

Figure 3: Channel offset with pilot tone for Signal

Furthermore after pilot tone insertion Winner filter
employed for approximation of the density of particles
filtered and weight. Finally on the basis of filter particles
weight proposed system estimated CFO for OFDM signal.

Then filter particles approach Winner Filtering (WF) to
estimate the carrier channel offset (CCO) systems.PF in
OFDM is stronger especially for nonlinear problems where
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traditional approaches like maximum likelihood estimators
cannot show the best performance. PF suffers the problem of
reducing the standard particles (Pl) due to re-sampling the
static parameter (ie CCO) estimation. Winner PF (GPF)
inhibits IP problem because the process of re-sampling is not
required in the algorithm.
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Figure 4: Channel offset estimation for Signal

The Winner Filtering approximates filtration and
predictive Gaussian densities on a frame PF. The Winner
Filtering updated recursively as posterior mean and
covariance of the parameter of interest (ie CCO). The basic
idea is to represent a PF density (for example filtering or
higher density) samples generated and their associated
weights. Then approximate particle density filtration and
weight is displayed. The approximation of the density of
particles filtered and weight as

p(lyr) = XM wh a(xy — b o3 [11]

Where i represent particle and k represent its time index
whereas M denote total particle number. Then on the basis of
that particles weight proposed approach estimate CCO for
channel offset as show in figure 4 that represent estimated
channel and frequency offset respectively.

6. SIMULATION AND PERFORMANCE
EVALUATION

To simulate the proposed work the implementation has
done in MATLAB. The execution has been done on the i3
processor with 4 GB RAM and 500 GB HDD. The Signal
processing used in communication system pay focus on

Paper I1D: 2019/1JTRM/8/2019/28157

fetching the raw signal for getting information  the
complexity can be enhance with respect to signal by its
characteristics. The SNR or signal-to-noise-ratio represents
the strength of the signal and noise. When this ratio gets
higher than the extracted information is more reliable
Mean = x/s
Where ¥ = MEAN
S-= Standard Deviation

MSE 50KM/H

Mean Square Error
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Figure 7: Comparison of MSE
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It is a general term, which in computer network and
communication system is measure of how much true signal
versus how much noise. It is a particular image has, which
results in a grainy appearance.

SNR = bs
~ PN

Where Ps is signal power and PN is noise power
Along with that SNR ratio is also being compared as
show in figure 8.
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Figure 8: Comparison of SNR Ratio

The signal to noise ratio can calculated as per formula
given above. In figure 8 the Results of both methodology and
it seems to be that the 73% improved SNR has been
calculated by the proposed approach.

7. CONCLUSION

OFDM is an emerging field in the world of wireless
communication. In this way there are lots of challenges in
front of us. This dissertation gives a brief description on the
OFDM and their issues. It also explore problem faced in the
channel offset estimation over OFDM. In order to overcome
energy spectrum leakage problem in this paper proposed
solution incorporate DFT Based Superimposed Pilot Aided
approach with Winner Filter for Carrier channel Offset
Estimation in OFDM Systems. Proposed methodology
employs Winner filter for approximating the density and
weight of filtered particles. Finally on the basis of weight of
filter particles proposed system estimated CCO for OFDM
signal. Superimposed Pilot Aided approach have much more
less MSE and SNR than existing sparse channel offset
estimation based approach .Which is nearly 73 %
improvement in SNR and 1.99X improvement in MSE. In
future frequency offset estimator may be utilizing the
periodicity embedded in a training symbol and generalize the
well known correlation-based methods such that the
estimation range of all the correlations embedded in a
training symbol can be extended to the maximum.
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