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INTRODUCTION

Multiband spectrum access provides significant promises
for cognitive radio networks, such as:

By accessing multiple bands, more spectral
opportunities will be utilized.

Data transmission interruptions will be reduced
since the user has multiple channels.

Handoff frequency can be reduced with proper
channel allocation schemes.

The basic principle is to enable the secondary users
(SUs) to simultaneously access multiple bands.

Multiband spectrum access is enabled by multiband
spectrum sensing techniques.

THE MULTIBAND SENSING PROBLEM

The nature of the wideband spectrum makes multiband sensing a
difficult task. The reasons are as follows:

In multiband spectrum sensing, the SU must sense a wide spectrum to
exploit more spectral opportunities.
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The available bands are not necessarily contiguous (e.g., the 2nd and
4th bands are unoccupied, whereas the 3rd band is occupied).

Contiguity1

Some primary users (PUs) consume small portion of the band, yet it
may be considered unavailable (e.g., the 1st band cannot be utilized).

PU Activity2

The occupancy of the bands are correlated, thus the complexity of
the wideband detection problems is very high.

Correlation3

The SU must have a wideband receiver with expensive analog-to-
digital (A/D) converters, wideband antennas, etc.

Hardware4

The wideband spectrum can be divided into multiple
subchannels as shown above.

If the occupancy of the bands is independent, then the
multiband sensing problem is formulated as

Where 𝑘 = 1,2, … , 𝐾 is the band index, 𝐫𝑘 is the received signal vector, 𝐱𝑘

is the PU transmitted signal, and 𝐰𝑘 is noise. 𝐻0
𝑘 and 𝐻1

𝑘 denote the
absence and presence of the PU in the 𝑘-th band.
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That is, the decision rule for each band is the likelihood ratio test, where
we compare the test statistic, 𝑇(. ), of the 𝑘-th band with a threshold 𝜉𝑘.𝑇 𝐫𝑘 ≷
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In practice, the number of bands and their carrier frequencies are not
known at the SU. Thus, the SU must estimate them (i.e., we solve an
edge-detection problem).
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Wavelet transforms are powerful to detect singularities in the signal. In
the cognitive radio (CR) context, these singularities are actually channel
edges.

There are several wavelet-based techniques such as: The continues
wavelet transform (CWT), the wavelet multiscale product (WMP), and
the wavelet multiscale sum (WMS).

Challenges and Limitations

By using a threshold-based technique, edges due to noise sources
can be ignored. However, a true-edge may be misdetected if it is
below that threshold.

Rejecting 
True Edges
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Singularities in the spectrum are not only due to actual channel
boundaries, but also due to other noise sources.

There are several wavelet families (orthogonal & non-orthogonal),
each has different advantages. Choosing a universal family is very
difficult.

Wavelet 
Family
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The transition from an idle band to a busy one is not abrupt in
practice. The RMSE of the actual and estimated boundaries is
shown below, where higher 𝛽 means a smoother transition.
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Impulsive noise

False edge

Conventionally, to successfully reconstruct the sampled signal, the
sampling rate must be at least as twice the maximum frequency
component in that signal (also known as the Nyquist rate).

In a wideband spectrum (say 1GHz), the A/D must sample, at least, at a
rate of 2GHz. This requirement demands unaffordable A/D converters,
which makes real implementations infeasible.

The literature on signal processing has been recently oriented towards
techniques where sampling can be done below the Nyquist rate. This is
known as compressive sensing.

Challenges and Limitations

Sparsity1
Signal sparsity is vital to tangibly reduce the sampling rate (e.g.,
the spectrum is sparse in frequency). However, if CR is successfully
implemented, the spectrum will no longer be sparse!

Because partial measurements are used, it is expected that the
signal-to-noise ratio (SNR) will deteriorate. This is an issue in CR
because the SUs already operate in the low SNR region.

Signal Quality2

In conventional sampling, the reconstructed signal is a linear
combination of the measurements. In compressive sensing, the
reconstruction procedure is non-linear.

Complexity3

The Compressive Sensing Problem

Where  𝐫 = 𝐫1
𝑇 , 𝐫2

𝑇 … , 𝐫𝐾
𝑇 𝑇 is an 𝐿 × 1 vector (i.e., all the channels), 𝐁 is an 𝐿 ×

𝐿 basis matrix, 𝐲 is an 𝐿 × 1 weighting vector, 𝐦 is an 𝑀 × 1 measurement vector,
and 𝚯 is an 𝑀 × 𝐿 measurement matrix. Here, 𝑀 ≪ 𝐿.

𝐦 = 𝚯 𝐫 = 𝚯𝐁 𝐲

Design a stable 𝚯1 Reconstruct  𝐫 from only 𝑀
measurements instead of 𝐿 samples 
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It is usually assumed that the Basis matrix is available at the SU
(which may not be the case in practice). Thus, a more robust
algorithm is required when this matrix is unknown (blind sensing).

Sparsity Basis4

In CR, there are three domains that can be opportunistically used

Challenges and Limitations

Frequency Time Space

At a given time, not all 
channels are occupied

The PU does not transmit 
all the time over a given 

channel

Due to the propagation 
losses in the wireless 

channels, the same bands
may be reused in different 

geographical regions

Due to the advancements in multi-antenna technologies (e.g., multiple-
input multiple-output (MIMO) systems), spectral opportunities in the
angle-domain can be utilized to further boast the CR network’s capacity.

The basic principle is that the SU estimates
the direction of arrival of the PU signal.
This helps estimate the PU’s location.
Then, the SU can transmit at the same
time, the same frequency, and the same
area of the PU, but in a different direction.

Cost1
The SU receiver must be equipped with multiple antennas, and
this will incur additional hardware and software complexities.

Reliable direction of arrival (DOA) estimation techniques must be
implemented. A joint estimation of the DOA and the received
signal strength can improve the estimation accuracy.

DOA 
Estimation
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Using MIMO systems, the SU can, in principle, sense and transmit
at the same time. This, however, requires isolating the antennas
with reliable echo interference cancellation techniques.

Isolation3

Most of the existing work focus on single-based DOA estimation
algorithms. To estimate over multiple bands, a sequential
algorithm is used. A wideband-specific algorithm is required.

Wideband4


