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Abstract – OFDM channel is used to pass multiple sub
carriers for the optimization of the channel performance.
When multiple subcarriers passes through one channel, as
the bandwidth is fixed it is necessary to keep a gap between
the subcarriers so that the interference between them does
not occur .This paper describes the efficiency of OFDM by
the number of signals being passed. The numbers of
transmitters increases and interferences increases when the
guard band decreases, so Guard band is designed & it is the
difference between two signals. Here, the value of guard band
has been halved to make the channel performance better.
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I. INTRODUCTION

OFDM (orthogonal frequency-division multiplexing)
has received considerable interest in the last few years for
its advantages in high bit rate transmissions over
frequency selective fading channels. OFDM is a multi-
channel modulation system employing Frequency Division
Multiplexing (FDM) of orthogonal sub-carriers, each
modulating a low bit-rate digital stream. OFDM can be
used either as a modulation or a multiplexing technique.
Interest in orthogonal frequency-division multiplexing [1]
[2] (OFDM) has witnessed a rebirth in the context of next
generation high-speed wireless/mobile communications
systems due to its many advantages. OFDM uses N
overlapping (but orthogonal) sub bands, each carrying a
baud rate of 1=T and they are spaced 1=T apart. Because
of the selected frequency spacing, the sub carriers are all
mathematically orthogonal to each other. This permits
proper demodulation of symbol streams without the
requirement of non overlapping spectra [3]. The accuracy
of channel state information greatly influences the overall
system performance [1]. The main challenge associated
with OFDM systems today are- channel identification and
tracking, channel coding and equalization [4]. In wideband
mobile channels, pilot-based signal correction schemes are
feasible method for OFDM systems [5]. OFDM systems
operating over a time-dispersive channel, a cyclic prefix
(CP) (or guard interval) longer than the channel duration is
usually inserted in the transmitted sequence. As a result,
the linear filtering by the channel is converted into a
(complex) multiplicative distortion on each OFDM sub
channel in the frequency domain. Appropriate training
based approaches suffice to estimate the channel gains on
each sub channel as described in [6] [7]. The estimate can
be then used for gain/phase correction [8] [9]. The
estimations for the block-type pilot arrangement can be
based on least square (LS), minimum mean-square error
(MMSE) and DFT (discrete Fourier transform).

II. SYSTEM DESCRIPTION

A. OFDM systems
The method for generating an ODFM symbol is as

follows.
First, the N input complex symbols are padded with

zeros to get Ns symbols that are used to calculate the
IFFT. The output of the IFFT is the basic OFDM symbol_
Based on the delay spread of the multi-path channel, a
specific guard-time must be chosen (say Tg). A number of
samples corresponding to this guard time must be taken
from the beginning of the OFDM symbol and appended at
the end of the symbol. Likewise, the same number of
samples must be taken from the end of the OFDM symbol
and must be inserted at the beginning. The OFDM symbol
must be multiplied with the raised cosine window to
remove the power of the out-of-band sub-carriers. The
windowed OFDM symbol is then added to the output of
the previous OFDM symbol with a delay of Tr, so that
there is an overlap region of bTr between each symbol as
in fig.1.

Fig.1. Block Diagram of the OFDM systems

B. Baseband Model
The basic idea underlying OFDM systems is the

division of the available frequency spectrum into several
subcarriers. To obtain a high spectral efficiency, the
frequency responses of the subcarriers are overlapping and
orthogonal, hence the name OFDM. This orthogonality
can be completely maintained with a small price in a loss
in SNR, even though the signal passes through a time
dispersive fading channel, by introducing a cyclic prefix
(CP). A block diagram of a baseband OFDM system is
shown in fig. 2.
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Fig.2. A Digital Baseband OFDM System

The binary information is first grouped, coded, and
mapped according to the modulation in a “signal mapper.”
[10].After the guard band is inserted, an N-point inverse
discrete-time Fourier transform (IDFTN) block transforms
the data sequence into time domain (note that N is
typically 256 or larger). Following the IDFT block, a
cyclic extension of time length TG, chosen to be larger
than the expected delay spread, is inserted to avoid
intersymbol and intercarrier interferences. The D/A
converter contains low-pass filters with bandwidth 1/TS,
where TS is the sampling interval. The channel is modeled
as an impulse response g(t) followed by the complex
additive white Gaussian noise (AWGN) n(t), where αm is
a complex values and 0 ≤ τmTS ≤ TG.

g(t)= (1)

At the receiver, after passing through the analog-to-
digital converter (ADC) and removing the CP, the DFTN
is used to transform the data back to frequency domain.
Lastly, the binary information data is obtained back after
the demodulation and channel decoding. Define the input
matrix X= diagX() and the DFT-matrix,

F_= W 00
N……Wα(N-1)

N

.

.

.

W(N-1)0
N……W(N-1)(N-1)

N (2)
Under the assumption that the interferences are

completely eliminated
Y-=DFT N (IDFTN (x-)*g-+n-)= X- Fg-+ N-=X -H

-+N
(3)

This equation demonstrates that an OFDM system is
equivalent to a transmission of data over a set of parallel
channels. As a result, the fading channel of the OFDM
system can be viewed as a 2D lattice in a time-frequency
plane, which is sampled at pilot positions and the channel
characteristics between pilots are estimated by
interpolation. The two basic 1D channel estimations in
OFDM systems are illustrated in Figure. The first one,
block-type pilot channel estimation, is developed under
the assumption of slow fading channel, and it is performed
by inserting pilot tones into all subcarriers of OFDM
symbols within a specific period. The second one, comb-
type pilot channel estimation, is introduced to satisfy the
need for equalizing when the channel changes even from
one OFDM block to the subsequent one. It is thus

performed by inserting pilot tones into certain subcarriers
of each OFDM symbol, where the interpolation is needed
to estimate the conditions of data subcarriers shown in
fig.3.

Fig.3. Two Basic Types of Pilot Arrangement for OFDM
Channel Estimations

III. CHANNEL ESTIMATION

A. LSE (Least Square Estimation)
Let is the diagonal matrix of pilots as, is the number of

pilots in one OFDM symbol, is the impulse response of the
pilots of one OFDM symbol, and is the AWGN channel
noise. If there is no ISI, the signal received is written as
[10]

B =A Fˆ h +Z
Where the vector of output signal is after OFDM

demodulation as B
B= [B0, B1,…,Bn-1]

T

The purpose of LS algorithm is to minimize the cost
function k without noise.

K=|B – Afh|2

Let is the estimate impulse response of the channel ˆH
H LS =A -1 B

Because of no consideration of noise and ICI, LS
algorithm is simple, but obviously it suffers from a high
MSE.
B. Minimum Mean Square Estimation (MSSE)

The MMSE estimator employs the second order
statistics of the channel conditions in order to minimize
Mean Square Error (MSE). Let Rhh, RHH, and RY Y be
the autocovariance matrix of h, H, and Y , respectively and
RhY be the cross covariance matrix between h and Y .
Also _2w denotes the AWGN variance Efjw2jg. Assume
the channel vector h, and the AWGN w are uncorrelated, it
can be derived that

R-HH=E{HHH}=E{(F-h)(F-h)H} = F-R-hhF-
H

Where
F_= TW00

N…………………………TW0(N-1)
N

.               .                                .

. . .
TW(N-1)0

N…………………….TW(N-1)(N-1)
N

and TWi;k
N=1/(N)1/2e-j2πik/N is called as the twidle factor

matrix. Assuming Rhh (thus RHH)and 2
w are known at

the receiver in advance, the MMSE estimator of the h is
given by ^h MMSE = RhY RY Y Y Y H. At last it can be
estimated that
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H^
MMSE=F-h

^MMSE=R-HH=R-HH[RHH+ 2
w(XXHt)-

1]-H^
LS

MMSE employs the second order statistics of the
channel for estimation. Sometimes the channel statistics
are not available, so it is difficult to estimate the channel
in this situation. However, in OFDM systems the signal
can be available at the receiver by means of pilot carriers.
C. DFT based channel estimation

Application of DFT on LS, MMSE channel estimation
can improve the performance of estimators by eliminating
the effect of noise. In OFDM system, the length of the
channel impulse response is usually less than the length of
the cyclic prefix L. DFT-based algorithm uses this feature
to increase the performance of the LS and MMSE
algorithms. It transforms the frequency channel estimation
into time channel estimation using IDFT, considers the
part which is larger than L as noise, and then treats that
part as zero in order to eliminate the impact of the noise.
Let H[k] denote the estimate of channel gain at the kth
subcarrier, obtained by either LS or MMSE channel
estimation method. Taking the IDFT of the channel
estimate
{H^[k]}N-1,

IDFT{H^[k]}=h[n]+z[n] h^[n],    n=0,1,…..N-1
Where z[n] denotes the noise component in the time

domain. Eliminate the impact of noise in time domain, and
thus achieve higher estimation accuracy.
h ^

DFT[n]={h[n]+z[n],n==0,1,2,….L-1 ;0 otherwise}
Taking the DFT remaining L elements to transform in

frequency domain
H^

DFT[k] = DFT {h^
DFT(n)}

IV. OFDM PARAMETERS

Fig.4. OFDM parameters

V. SIMULATION RESULTS

In this paper we have divided the guard band by 2. By
this the number of transmitted bits increases. We could
have divided the guard band by 3 also but with that the
results may not come better as the interference increases.

Fig.4. Represents the SNR vs SER

Fig.4 represent the study of the Signal to noise ratio vs
Symbol Error rate. As programmatically we have reduced
the ethical guard band into half, the number of data bits
increases, in the same contrast the flow of the data
increases and the receiving end receives more data in
comparison to the original scenario. The values can be
listed out using the table 1.

Table 1: SNR VS SER for LS

Here it is clearly visible that with the optimized guard
band the symbol error rate come out to be .0430 db for LS
where as for other techniques like MMSE

Table 2: SNR value for MMSE

The best performance with the decrease in the guard
band can be seen with DFT as the maximum symbol error
rate for DFT with the extended approach comes out to be
.430 db
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Table 3: SNR for DFT

Fig.5. SNR VS MSE

Figure 5 represent the analytical result of the Signal to
Noise Ratio to Mean Square Error.

Table 4: SNR VS MSE for LS

The above table represents the SNR vs BER values for
Least Square Method and the maximum MSE is .1 which
occurs at SNR=10 db where as the minimum MSE occurs
at SNR=30 db which is .0004.

Table 5:  SNR and BER for DFT

The above table represents the SNR vs BER values for
DFT Method and the maximum MSE is .1 which occurs at
SNR=10 db where as the minimum MSE occurs at
SNR=30 db which is .0007.

Table 6: SNR and BER for MMSE

The above table represents the SNR vs BER values for
Least Square Method and the maximum MSE is .1 which
occurs at SNR=10 db where as the minimum MSE occurs
at SNR=30 db which is .00014 and hence we can conclude
that MMSE is better than other techniques.

With the proposed work, it has been seen that the Mean
Square Error decreases with a little margin.

Fig.6. MMSE N= 32, 64, and 128
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Figure 6 represents the SNR vs BER pattern for the
extended algorithm. In the extended algorithm again all
the versions of MMSE have been employed with the
halved guard band and it has been monitored that the
MMSE with N=128 has an efficient edge over N=32 and
N=64.

VI. CONCLUSION

With the work done in this approach, we can conclude
that the ethical guard band can be reduced to some extent
to improve the performance of the channel. In the
presented work, halved guard band value improvises the
performance of the channel in terms of more data transfer
with a very least amount of increase in the interference.
With the approach presented, it has been also calculated
that if we take one third of the ethical guard band of the
channel the interference in the channel increases and in the
same contrast the symbol error rate increase, although it
has been also noticed that the number of received packet
increases if we take the one third of the guard band. Our
current work opens a wide range of possibilities for the
future researcher as they can put the OFDM channel into
such a time frame that for the initial time frame the guard
band can be taken one third of the ethical guard band and
when the interference increases the can band can be
mutated to half of the original guard band.
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