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Abstract— Efficient pooling of the radio spectrum is achieved by using a cognitive radio (CR), which is a multi-band, spectrally
agile radio that employs flexible communication techniques. Orthogonal frequency division multiplexing (OFDM) has proven to
be the prime candidate for spectrum pooling based wireless transmission systems as it can achieve high data rate communications.
The large side lobes resulting from the use of OFDM result in high out-of-band (OOB) radiation. In this context a survey of
sidelobe suppression methodologies for cognitive radio is presented. Various aspects of sidelobe problem are studied from a
cognitive radio perspective and an efficient suppression method is introduced. Challenges associated with sidelobes are given and
enabling suppression methods are reviewed.
Keywords- Cognitive Radio, OFDM, Out Of Band Radiation, Sidelobe Suppression.
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I.

INTRODUCTION

The need for higher data rates is increasing as a result of the
transition from voice-only communications to multimedia type
applications. Given the limitations of the natural frequency
spectrum, it becomes obvious that the current static frequency
allocation schemes cannot accommodate the requirements of
an increasing number of higher data rate devices. As a result,
innovative techniques that can offer new ways of exploiting
the available spectrum are needed. Cognitive radio arises to be
a tempting solution to the spectral congestion problem by
introducing opportunistic usage of the frequency bands that
are not heavily occupied by licensed users [1]. Efficient
pooling of the radio spectrum is achieved by using a cognitive
radio, which is a multi-band, spectrally agile radio that
employs flexible communication techniques and detects the
presence of primary user transmissions over different spectral
ranges to avoid interference to the licensed users.
According to a report of the United States Federal
Communications Commission (FCC) [2], there are large
temporal and geographic variations in the utilization of
allocated spectrum ranging from 15% to 85%. It is then clear
that the solution to the spectrum scarcity problem is
dynamically looking for the spectrum ‖white spaces‖ and
using them opportunistically. In this paper, we use the
definition of cognitive radio adopted by Federal
Communications Commission (FCC): ―Cognitive radio: A
radio or system that senses its operational electromagnetic
environment and can dynamically and autonomously adjust its
radio operating parameters to modify system operation, such
as maximize throughput, mitigate interference, facilitate
interoperability, access secondary markets.‖ [3].
In cognitive radio terminology, primary users can be defined
as the users who have higher priority or legacy rights on the
usage of a specific part of the spectrum. On the other hand,
secondary users, which have lower priority, exploit this
spectrum in such a way that they do not cause interference to
primary users. Therefore, secondary users need to have
cognitive radio capabilities, such as sensing the spectrum

reliably to check whether it is being used by a primary user and
to change the radio parameters to exploit the unused part of the
spectrum. One approach to share spectrum between primary
and secondary spectrum users is opportunistic spectrum access
(OSA), in which secondary user is allowed to identify and
exploit local and instantaneous spectrum white space where the
prime user is not present. Since secondary users may need to
transmit over noncontiguous frequency bands, OFDM is an
attractive candidate for modulation in OSA networks. In
OFDM based OSA system, to enable coexistence with primary
user, the constituent tones/subcarriers can be turned off at the
prime user’s channel, creating spectrum notches to limit
interference perceived by primary user. The concept of the
coexistence between an OFDM based OSA system and a
primary user is illustrated in Fig. 1.

Figure 1- OFDM based OSA secondary user coexist with primary
use.

Orthogonal frequency division multiplexing (OFDM) has
proven to be the prime candidate for spectrum pooling based
wireless transmission systems as it can achieve high data rate
communications, by collectively utilizing a number of
orthogonally spaced frequency bands which are modulated by
many slower data streams, and this division of the available
spectrum into a number of orthogonal subcarriers makes the
transmission system robust to multipath channel fading.
Furthermore, it is possible to turn off the subcarriers in the
vicinity of the primary user transmissions, and thus the
spectral white spaces can be filled up efficiently. Even though
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the secondary transmissions help in improving the spectral
efficiency by transmitting in the spectral white spaces left
unused by the primary users, the large side lobes resulting
from the use of OFDM result in high out-of-band (OOB)
radiation. Thus, the coexistence of the primary and the
secondary users in the form of spectrum sharing is dependent
on the suppression of the interference from the rental systems
to the legacy systems. The basic idea is to improve the system
performance of an OFDM-based cognitive radio by solving an
important problem that makes the coexistence of the legacy
and the rental systems a practical solution to the existing
under-utilization of the radio spectrum.
A. System Operation and Cognitive Cycle
Figure 2 gives the blocks of a CR system. The three
fundamental tasks of the system are:
1. Spectrum Estimation—Gauge the radio spectrum scenario
and perform radio scene analysis.
2. Channel State Estimation and Predictive Modeling—
Accurate and timely channel state information (CSI) at the
transmitter is important for accurate power control, prediction
of channel capacity, and scheduling.
3. System Reconfiguration—based on the radio spectrum
scenario and the channel state information, the system
dynamically adapts transmission parameters such as power,
spectrum, and modulation scheme and data rate.
The spectrum estimator senses the spectrum and detects the
presence of interference regions and spectrum holes and the
channel estimator gauges the channel to derive the channel
state information. Based on this information the transmitter

adapts one or more of the following: signal spectrum,
modulation scheme, constellation size of code, data rate, and
power. Consequently a pulse waveform that has little or no
energy in the interference domains is constructed. The stream
of data is modulated by the pulse waveform to obtain a
transmission signal. The signal is then transmitted through the
channel. At the receiver, the signal, corrupted by interference,
is received and the data is detected using a suitable detector.
Figure 2 illustrates the cognition cycle by which the system
interacts with the environment and communicates.
B. Advantages of OFDM Based CR
1. OFDM is a multicarrier modulation technique that can
overcome many problems that arise with high bit rate
communications, the biggest of which is time dispersion.
2. The inter-symbol interference (ISI) is removed by
extending the OFDM symbol with a cyclic prefix (CP).
Using CP, OFDM reduces the dispersion effect of
multipath channels encountered with high data rates and
reduces the need for complex equalizers.
3. OFDM include high spectral efficiency.
4. Robustness against narrowband interference (NBI).
5. Removes Fading and Harmonic distortion.
6. Scalability and easy implementation using fast Fourier
transform (FFT).
7. It is possible to allow the overlap of the individual
subcarriers without leaving spectral guard bands, and still
be able to avoid the adjacent subcarrier interference.
8. Faster transmission than FDM.
9. Bandwidth Efficiency.

Figure 3- An illustration of the conventional and orthogonal FDM
techniques.

II.

Figure 2- System model of the Cognitive Radio transmitter, the
major blocks include the spectrum and channel state estimator,
adaptive pulse shaper (Transmission waveform shaping) and
modulator. Receiver: The main components are the Signal base
band processor and detector.
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SIDELOBE SUPPRESSION METHODS FOR
COGNITIVE RADIO

A. Filter-Based Approach
Filter-based approaches process signals in the time domain
and aim at separating the SOI and interference signals based
on their power-spectrum properties. The aim is to synthesize a
filter that provides a desired frequency–response function,
which enhances regions of the spectrum with high SINR and
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suppresses those with low SINR. An optimal (Wiener) filter
can be derived when the power spectrum (covariance) of the
SOI and interference are known. In case the covariance is
unknown, adaptive filters can be used to adjust the weights of
the filter.
B. Transform-Domain Approach
Transform-domain approaches first convert the received
signal to the transform domain, remove certain transform
components, and then use the inverse transform to synthesize
the SOI. Time–frequency analysis then provides a more
powerful means for signal separation and classification. Time–
frequency representations (TFRs) describe signals in the form
of their joint time and frequency characteristics [8]. Widely
used time–frequency analysis tools include the short-time
Fourier transform (STFT), wavelet, and Chirplet. STFT
introduces a time domain window into the Fourier transform
and jointly examines the signal properties in both time and
frequency domains. The wavelet transform extends the STFT
by applying different shapes of window functions in different
frequency bands. Chirplet approaches analyze the time–
frequency characteristics in a manner that its time–frequency
atoms (Chirplet) are the rotated versions of STFT or wavelets
in the time–frequency plane. TFRs are useful in separating
signals with continuously varying frequency content, even
when they have overlapping power spectrum. The transformdomain approach can be used to suppress co channel
interference as long as the SOI and interfering signals have
distinct components in the transform domain.
C. Active Interference cancellation
This technique based on frequency domain signal
processing proposed as MB-OFDM (Multi Band OFDM)
UWB (ultra wide band) system. Instead of turning off a large
number of tones two special tones are defined at the edge of
the interference band which sufficiently cancel the interference
in that band. These two tones are known as the Active
Interference Tones. The tone value can arbitrarily determined
without affecting the information tones due to the
orthogonality relationship.
D. Subcarrier Weighting Method
This technique, referred to as subcarrier weighting, is based
on the multiplication of the used subcarriers with real-valued
factors which are chosen such that the sidelobes are
suppressed and no side information has to be transmitted. The
real-valued subcarrier weights are determined in such a way
that the side lobes of the transmission signal are minimized
using an optimization algorithm which is capable to take
several optimization constraints into account.
E. Orthogonal Projection
This method uses signal pre-distortion for sidelobe
suppression, and employs as few as one reserved subcarrier for
recovering the distorted signal in the receiver. The use of
orthogonal projection matrix leads to zero emission at some
desired frequency points, while simultaneously suppressing
emissions at neighboring frequencies. Using the reserved
subcarriers, intersymbol interference (ISI) between data
symbols introduced by pre-distortion matrix can be completely
removed in the absence of noise.

F. Adaptive Symbol Transition (AST)
Similar to the windowing technique, the OFDM symbols
are extended in time to reduce the effect of symbol transition.
However, instead of using a predefined filter shape, the
transition signal is optimized adaptively based on transmitted
data and detected LU bands to reduce the interference to LU.
In the AST technique suppresses OFDM sidelobes by
extending OFDM symbols and using the extensions to smooth
the transition between consecutive symbols. However, instead
of using a predefined window shape (e.g., RC), we propose an
adaptive method that calculates the value of the symbol
extension based on LU center frequency and bandwidth.

III.

COMPARISON OF VARIOUS SIDELOBE SUPPRESSION
METHODS

The first method proposed for sidelobe suppression was filter
method. The filter method is easy but complex as well as the
suppression gain is not much effective hence the other method
proposed as windowing the transmission signal in time domain
and the insertion of guard bands. With the former method, the
symbol duration is prolonged, where as with the latter the
scarce spectral resources are wasted. Both methods reduce the
system throughput. Other proposed algorithms include the use
of interference cancellation carriers (CC) and subcarrier
weighting. While CC technique can significantly suppress
OFDM sidelobes, it results in an increase in the system peakto-average-power ratio (PAPR) and the performance is
sensitive to the cyclic prefix (CP) size. On the other hand,
subcarrier weighting method causes an increase in the system
bit error rate (BER), and the interference reduction is not as
significant as it is with the CC method. Two optimal methods
are proposed. The algorithm proposed in spreads OFDM
symbols in the time domain (ATS) to temper symbol changes
but using this algorithm, the transmission rate reduction is high
and the interference reduction is insignificant compared to the
CC method.
TABLE 1- COMPARISON OF VARIOUS SUPPRESSION METHODS

Properties/Methods

Filter

IC

Suppression Gain

L

H

Hardware
Complexity

H

Co Channel
Interference

SW

AST

OP

L

H

H

H

H

L

L

L

L

L

L

L

Channel
Interference

L

L

L

L

L

PAPR Value

H

H

H

L,C

L

CP Size
Dependency

N

Y

N

N

N

IC- Active Interference cancellation, L-LOW
SW- Subcarrier Weighting Method, H-HIGH
AST- Adaptive Symbol Transition, C-CONSTANT
OP- Orthogonal Projection, N-NONE, Y-YES
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USING HISTORY FOR PREDICTION

Modulated OFDM subcarriers suffer from high side lobes,
which result in adjacent channel interference. We propose an
adaptive optimal method that treats on OFDM signal in both
time and frequency domains. By using this algorithm, it is
possible to achieve a high value of side lobe suppression while
the PAPR value of the transmitted signal is unchanged and the
transmission rate reduction is lower than similar methods. It is
similar to an adaptive symbol transition (AST) method, to
suppress OFDM side lobes and shape the signal spectrum.
Similar to the windowing technique, the OFDM symbols are
extended in time to reduce the effect of symbol transition.
However, instead of using a predefined filter shape, the
transition signal is optimized adaptively based on transmitted
data and detected LU bands to reduce the interference to LU.In
this context we will introduce a new adaptive optimal method
to improve performance of CR. If there is an acceptable
tolerance level to interference in the system then we are
expected to design the system for both Power and Error. This
proposed system is design to optimize power and error for an
acceptable range to the interference in which the interference
level would be optimized for a range in which the error and
power levels will be in the minimized range. By using genetic
algorithm this new method reduces the complexity and also
gives much better output as compared to the previously
proposed AST method. As we know that the Hermitian
transpose and Lagrange multipliers are not very well known
and also difficult to find, also linear least squares problem with
a quadratic inequality constraint optimization used in AST
method is quite complex. Hence a new optimal method which
gives an alternative to the complexity of previous method will
be introduced. The system model shown in Figure 4 gives an
approach to the AST method incorporated in the cognitive
radio transmitter.
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