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Abstract: In cognitive radio networks, the secondary user network are allowed to utilize the underutilized frequency bands
of primary user network on non-interfering basis. To achieve this task, the secondary users (SU) are required to sense the RF
environment, and once the primary user (PU) is found to be active, the SU have to give up the channel within certain amount
of time. There are two restrictions related to spectrum sensing: probability of detection and probability of false alarm. The
higher the detection probability, the better the PU can be protected. However, from the SUs’ point of view, the lower the
false alarm probability, the more chances the channel can be utilized, thus the higher the achievable throughput for the SUs.
In this paper, we study the basic tradeoff between sensing capability and achievable throughput of the SUs. This paper
investigates the design of novel approach of spectrum sensing based on coherent function to maximize the achievable
throughput for the SUs under the limit that the primary users (PU) are sufficiently protected. Computer simulations are
presented to evaluate the proposed tradeoff methodology.
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1. INTRODUCTION

With the increase of wireless communications technology
in the last two decades, in many countries, most of the
existing radio spectrum has been allocated to players. This
results in the spectrum scarcity, which causes a crisis for
new players of the wireless communications. On the other
hand, studies show that the usage of most of the allocated
spectrum experiences low utilization. Recent measurements
by Federal Communications Commission (FCC) show that
70% of the allocated spectrum in US is not utilized.
Furthermore, time scale of the spectrum use varies from
milliseconds to hours [1]. This motivates the concept of
frequency reuse that allows secondary networks to borrow
unused radio spectrum from primary licensed networks
(users). With potential demand for frequency spectrum and
limited resource availability FCC decided to make a
paradigm shift by allowing more and more number of
unlicensed users (SU) to transmit their signals in licensed
bands so as to efficiently utilize the available spectrum. The
motivating factor behind this decision was the findings in a
report by Spectrum Policy Task Force, in which vast
geographic variations in spectrum usage were found ranging
from 15% to 85% [2]. FCC was now open to new approaches
for efficient spectrum sharing techniques with unlicensed
users (SU); one of them is Cognitive Radios.
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Figure: 1

The cognitive radio, built on a software-defined radio,
is defined as an intelligent wireless communication system
that is aware of its environment and uses the methodology
of understanding by building to learn from the environment
and adapt to statistical variations in the input stimuli. The
ultimate objective of the cognitive radio is to obtain the best
available spectrum through cognitive capability and
reconfigurability as described before. Since most of the
spectrum is already assigned, the most important challenge
is to share the licensed spectrum without interfering with
the transmission of other licensed users (PU) as illustrated
in Fig. 1. The cognitive radio enables the usage of
temporarily unused spectrum, which is referred to as
spectrum hole or white space [3]. If this band is further
utilized by a licensed user, the cognitive radio moves to
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another spectrum hole or stays in the same band, altering its
transmission power level or modulation scheme to avoid
interference as shown in Fig. 1. Cognitive Radio can smartly
senses and adapts with the changing environment by altering
its transmitting parameters, such as modulation, frequency,
frame format etc. The main challenges with cognitive radios
are spectrum sensing. For this purpose various detection
schemes like energy detector, matched filter and
cyclostationary feature detector are discussed in paper [4].
This paper presents a new correlation function method, and
compares its performance with energy detection, which is
the most common approach to detect the presence of
universal, unknown signals.

The rest of the paper is organized as follows: Section-2
introduces the problem of spectrum sensing and discusses
energy-based detection. Section-3 describes correlation
function method for sensing and comparison simulation
results with discussions. Finally conclusion and future work
are discussed in Section 5.

2. PROBLEM FORMULATION

In this section, we first present the general model for channel
sensing, then review the energy detection scheme and analyze
the relation between the probability of detection and
probability of false alarm.

2.1. General Model of Spectrum Sensing for Cognitive
Radio (CR)

Suppose that the frequency band with carrier frequency fc
and bandwidth W and the received signal is sampled at
sampling frequency fs, which is greater than the Nyquist rate.
In transmitter detection, in order to distinguish between used
and unused spectrum bands, Cognitive radio users (SUs)
should have the capability to detect their own signal from a
PU transmitter. The local RF observation used in PU
detection sensing is based on the following hypothesis model
[4]:

r(t) = w(t) : H1 & r(t) = s(t) + v(t) : H
0

(1)

Where r(n) is the signal received by the SU, s(t) is the
transmitted signal of the PU, v(t) is white Gaussian noise
(AWGN) with zero mean and variance σ2

w
. H

0
 is a null

hypothesis, which states that there is no licensed user (PU)
signal in a certain spectrum band. On the other hand, H1 is
an alternative hypothesis, which indicates that there exists
some PU signal. Let γ = σ2

s
/ σ2

w
as the received signal-to-

noise ratio (SNR) of the primary user under hypothesis H
1
.

For the primary signal s(n), may have four types: (i) BPSK
modulated signal (ii) complex PSK modulated signal
(iii) real Gaussian signal and (iv) CSCG signal. There are
two probabilities for channel sensing: probability of
detection, P

d
, which defines, at the hypothesis H

1
, the

probability of the algorithm detecting the presence of primary

signal; and probability of false alarm, P
f
, which defines,

under the hypothesis H
0
, the probability of the algorithm

detecting the presence of primary signal. From the PUs side,
the higher the P

d
, the better protection it receives. However,

from the SU side, the lower the P
f
, there are more chances

for which the SU can use the frequency bands when they
are available. Noticeably, for a good detection algorithm,
P

d
should be as high as possible while P

f
should be as low

as possible.

2.2. Energy-detector Sensing

The energy detector is optimal to detect the unknown signal
if the noise power is known. In the energy detection, SU
sense the presence/absence of the PUs based on the energy
of the received signals. As shown in Fig. 2, the measured
signal r(t) is squared and integrated over the observation
interval T. Finally, the output of the integrator is compared
with a threshold ë to decide if a PU is present [4].

Figure. 2

Energy detection is taken as the reference for
comparison in this paper, since it is general and can be
applied to any unknown signal. The received signal r(t) is
passed through a bandpass filter with a bandwidth of W Hz.
The filtered signal is squared and then integrated for T
seconds. The output of the integration is the test statistic Y,
which is then compared to the threshold λ. If Y > λ, the
signal is declared present. If not, it is assumed to be absent.
If the input to the detector is strictly AWGN, the normalized
test statistic 2Y/N

0
has a chi-square probability density

function (PDF) with 2TW degrees of freedom. Similarly, if
a signal is present, the normalized test statistic has a non-
central chi-square PDF with 2TW degrees of freedom and a
non-centrality parameter, where E is the energy of the signal
measured over T seconds. The energy is expressed as

Y = ∫
T

r2(t)dt (3)

Then P
d

and P
f
can be evaluated as [5]:

P
f
= P

r
(Y > γ|H

0
)  and Pd = P

r
 (Y > γ|H

1
) (4)

While the energy detector is easy to implement, it has
several shortcomings. It has been observed that the energy
detection suffers from longer detection time for required goal
will not be able to detect the signal reliably for SU and may
loose the opportunistic underutilization of PU signal.

3. PROBLEM SOLUTION

Instead of only considering the energy of the signal to be
detected, it can be exploited by any properties that exist in
signal but may not present in the noise. One such property
is the coherence function of the samples.
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3.1. Proposed Coherence Function Method

A coherence function is defined as [6]
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The C
sw

 is a real function between 0 and 1 gives a
measure of correlation between s and v at each frequencies
w. LTI filtering operation gives v = h*s » V(w

k
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k
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Then the equation (5) may  be  expressed as magnitude-
normalized cross-spectrum in each  frame, is  given by
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So that the coherence function becomes |Ĉ
sv
(w

k
)|2 =

|H(w
k
)/H(w

k
)/|2 = 1 (7)

When s and v are uncorrelated i.e. v is a noise process
not derived from signal s, the sample coherence converges
to zero at all frequencies as the number of blocks in the
average goes to infinity. It can be observed that the
probability of detection is significantly increased and
probability of false alarm can be minimized by use of above
mentioned equations. As in equation (6), if there is presence
of primary signal, coherence function approaches unity and
converse in presence of noise, it had being verified by Matlab
simulation shown in next section.

3.2. Performance Comparison and Simulation

Simulations of the coherent function method were carried
out for a BPSK signal (rectangular pulses) with a symbol
rate of either 1 KS/s or 10 KS/s and a sensing bandwidth of
6 KHz. These simulations are compared to energy detection
for a sensing time of 1ms is enough for sensing time for
cognitive radio and the results are shown in Fig. 3. The
improvement in the probability of detection offered by the
coherence function method is readily apparent. The results
in Fig. 3 indicate that although the performance of energy
detection is limited by standard deviation of noise level, it
can be observed that percent detection and percent false
noise is limited by 50% (detection) and 50% (false alarm)
at maximum noise level in engery detection system. On the
other hand the performance of the coherence function method
is increasing by 100%(detection) and 50%(false alarm) at
maximum noise level. The simulation was carried out for a
QPSK signal with the same parameters used for BPSK, but
the performance is identical in nature. The reason is that for
the same symbol rate, the spectrum of BPSK and QPSK
signals are similar.

Figure. 3

4. CONCLUSION AND FUTURE WORK

Efficient sensing of the vacant spectrum is an important part
of cognitive radio. This work proposed a new coherent
function method and its performance was compared with
standard energy detection. Simulation results indicate that
the new coherent function method has better performance
than energy detection for longer sensing time environments.
In future work, it can plan to investigate the performance of
the new method for collaborative sensing, multiple antennas
per user, and more realistic channel models. Detection of
fading channels are also planned with help of coherence
function.
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