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Abstract

Cognitive radio is an intelligent network which addresses the availability of radio spectrum in order to enable dynamic
spectrum access. This paper is based on engineering model for electromagnetic spectrum, which deals with current
scarcity-based regulatory model. It is an intelligent platform through which static frequency allocations can done to
dynamic, intelligent, and instantaneous frequency negotiations and assignment. Various detection models were discussed
to make the radio spectrum abundance model possible, and a brief discussion on the architecture of mobile network. It
was identified as a promising solution to the limit less need of spectrum and the main idea behind is for dynamic access
of unused spectrum for communication. Its play a vital role for dynamic utilization of idle spectrum without affecting the
rights of primary users, so that the services can be available for different or for other services. In this unused spectrum
can be share in order to achieve a prominent goal for avoiding the cost of usage of spectrum. It also helps in improving
the utilization of spectrum resources. In order to meet the critical requirements of the fifth generation (5G) mobile
network, especially the Wider-Coverage, Massive-Capacity, Massive-Connectivity, and Low-Latency four application
scenarios, the spectrum range used in 5G will be further expanded into the full spectrum era, possibly from 3 GHz to 300
GHz.
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INTRODUCTION

In order to overcome the problem which
people use to face due to explosive growth of data
transmission and reception with dense traffic, massive
device connection with continuous emergence of new
business and application scenarios more effectively in
the future, the fifth generation (5G) mobile
communication system comes into being. Cellular
network through which Internet of Things (1oT) will be
the major driving force for 5G development as well as
for device to device connection. The 5G network will
give a platform for people of various regions not only to
exchange information but also provide
interconnectedness of all things begins from home
utilization to industrial applications [1].

Due to rapid growth in development of
broadband access as well as in mobile technology
demand of people increasing day by day with respect to
information accessibility and different services from
internet at any moment, from anywhere as well as while

moving from one place to another as their point of
interest. Basically it is intended toward human centric
communication which focused on to provide better user
experience. In the nearest future, the demand for
communication will be more and higher in various
applications, such as remote areas, urban area, and
high-speed rail. With a rapid growth in the number of
wireless devices with respect to static management of
the radio spectrum which has created a shortage of
available radio spectrum.

It was expected that by 2020 over 50 billion
wireless devices will be connected, all of which are
likely going to demand access to the Internet. Due to
the static management of the radio spectrum it is not
enough to grant the access all 10T devices. Not sharing
the radio spectrum among users can result in the
creation of unwanted denial of service events. The limit
less need of the radio spectrum is thus one of the most
urgent issues at the forefront of future network research
that has yet to be addressed. One solution to these and
other challenges is to use cognitive radio technology,
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which has undergone extensive investigation by the
research community for almost two decades [2-4].

Cognitive radio technology allows loT devices
to sense the radio spectrum, decide about the state of
frequency either used or unused, and reconfigure their
communication parameters in order to meet QoS for
minimization of energy consumption. These devices
can use unlicensed spectrum as well as licensed bands
when their licensed primary users are not active,
preventing adverse interference.

Basically the sensing techniques has been be
classified into two categories: narrowband and
wideband. Narrowband sensing analyzes one frequency
channel at a time while wideband sensing analyzes a
number of frequencies at a time. Sequential-sensing
approaches are ineffective because they require longer
times and higher energy due to the use of ADC, which
is both costly and impractical for timely
communications. It involves three main processes:
sparse representation, coding with the sensing
matrix/measurement, and decoding, also called sparse
recovery [5, 6].

10T integrates the physical world and the
virtual world, and affects people’s behavior and
lifestyle through better connectivity and functionality.
With rapid development of mobile Internet and 10T, 5G
system will face new requirements and challenges in
Coverage, Capacity, Connectivity, and Low-Ilatency.
The network will radically change, such as new
spectrum exploration, dynamic spectrum usage, and
higher energy efficiency [7].

Spectrum

Electromagnetic spectrum is a range of
possible frequencies for electromagnetic radiation. With
the effectiveness of radio frequency through which we
are capable of sending information without wire as a
free space propagation. Using radio frequency voice
and telegraph it was already tested but now evolved into
digital communication capable of transmitting nay data
represented in digital form, from documents to sound to
video. The radio spectrum has a frequency range of 3
KHz to 300 GHz (premium frequencies being below 3
GHz) which can be used for wireless communication.
Common problem faced in wireless communication is
fading of signal or degradation strength of signal or
interference [8].

Interference between signals is basically an
alteration or modification, or disrupts or radio wave
while travelling in channel between transmitting end to
receiving end. Most important thing about spectrum is
that the entire wireless spectrum is not equally
distributed. In electromagnetic spectrum frequency at
the lower end of spectrum, tends to have better
propagation characteristics that higher band of
frequency. The lower frequency bands are capable of

travelling through solid objects with less signal
degradation and signal loss. Other aspect of lower band
of frequency has better range and more throughput or
capacity is more.

As per current scenario, the spectrum resources
are basically limited to 6GHz. Basically the spectrum
are categorize into licensed and unlicensed spectrum,
especially frequency band below the 3GHz. The
licensed and unlicensed bands are much less than ISM
band and 5GHz WLAN band.[9] The ISM band is
basically used by three major areas such as industry,
science and medicine, it can be used without license, as
long as each user follows certain protocols and does not
interfere with other frequency spectrum and also
depend upon transmitted power. The wireless
technologies such as WLAN, Bluetooth, Zig-Bee and
others can work on this spectrum band. As compared to
4G, 5G will face higher data transfer rates, wider
business platform, more rigorous in user experience,
and highly dense network architecture. The demand of
spectrum supply and contradictions will become more
prominent in future. Below 6GHz of frequency band are
very crowded and difficult to find the abundant
spectrum to meet the increasing requirement. Usage of
spectrum above 6GHz is relatively simple which can
provide larger band width and data accessibility is
more. The full spectrum involves low frequency band
below 6GHz and high bands are core band in 5G, and
the high-frequency bands are mainly used for local
compensation due to limitation of propagation of wave
characteristics. Most of the licensed spectrum has not
been fully utilized.

Spectrum Reallocation

Due to good propagation characteristics the
UHF band used in broadcasting and television is located
in same frequency band as the band used for mobile
communication. However, with the digitization of
analogue TV, idle rate of frequency bands allocated to
TV broadcast is higher. In order to use the idle
spectrum for TV broadcast this can be used by mobile
communication proposed in a conference WRC-07 [10].

It is also important to achieve high-speed
internet access in rural areas and geographical blind
region where the wireless network is unavailable while
the TV signal is available. With rapid development of
10T devices, short distance wireless communication
among terminals is more frequent, and some new
business and demands continue to emerge. The
uncompressed data with high quality video streaming,
interactive games, massive downloads and ultra fast
wireless data access in Ghps. For short distance
communication spectrum has been fully occupied by
802.11, Bluetooth, microwave and other applications
due to the need of low frequency wireless resources
limited data rate need to be upgrade further. Though
there is extremely high complexity communication
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technology are used to obtain higher spectrum
utilization.

With rapid development in semiconductor
industry such as CMOS many countries include US and
Eroupe have divided 60 GHz band into 5GHz-7GHz
unlicensed continuous spectrum resources for general
use. The 60GHz frequency has been widely studied in
academic and industrial fields for its large bandwidth,
high transmission rate, highly secure and anti-
interference. The unlicensed spectrum has large
bandwidth is about seven times as much as the sum of
the other low frequency spectrum [11].

Consequently, the 60GHz band has a great
advantage in high speed short distance communication.
The IEEE 802.11ad defines a novel MAC architecture
that 60 GHz can be compatible with Wi-Fi. In 60GHz
communication signals in different direction are very
small which is useful for space division multiplexing.
For high directional communication system the
parameter such as antenna gain and beam forming has
to be realizing in 60 GHz frequency spectrum.

Cognitive Radio Network toward 5G

Cognitive Radio gives an opportunity to reuse
valuable spectrum resources without change in
spectrum allocation policy which address a problem of
low utilization rate. The core idea behind Cognitive
Radio is to share the spectrum through dynamic
spectrum access and implication of sharing is that SUs
can use idle spectrum of Pus but only if they cannot
interfere  with communication of PUs. The brief
diagram of spectrum sensing is shown in Figure-1.
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Fig-1: Spectrum Sensing

Spectrum sharing includes four basic steps as follows:

1. Spectrum Sensing: The goal of the sensing
technique is to check for the status of the spectrum.
Also, to check the activity of licensed user by
sensing periodically. The CR transceiver looks for
an idle band i.e., spectrum holes without causing
interference to the primary network. Sensing can be
of centralized and distributed. First step of sensing
to complete spectrum sharing to improve spectrum
utilization and can be realize for various
application. SUs continuously detect frequency

band used by Pus in multidimensional space-
spatial domain [12]. Basically it detects the unused
spectrum as a hole is available. The main objective
of spectrum sensing is to discover the status of
spectrum and also the action of licensed users by
sensing target band periodically. Cognitive radio
transceiver will detect if there are spectrum holes
and will find out a technique to accessing it without
interfering the licensed users transmission or
reception. The spectrum sensing is broadly divided
into two types: centralized and distributed.
Spectrum Allocation: It is based on the
availability of spectrum holes and distributes the
unused spectrum to secondary users. The numbers
of holes were not fixed and the secondary users
need to compete while QoS are different for
different users. Therefore spectrum holes need to
be used fairly and efficiently. The basic need of
spectrum allocation is to design an efficient
spectrum allocation algorithms and protocols
through which spectrum utilization efficiency can
be increased, conflict-free and preferably close to
optimal target as possible.

Spectrum Management: The licensed, unlicensed
and unused spectrum bands are spread over a large
number of frequencies in the cognitive radio
networks. These unused spectrum bands show
different properties according to the time varying
radio environment. The Cognitive radio has to
decide the best available spectrum band, such that
it fulfills the QoS requirements. The collective
information obtained from spectrum sensing is to
plan and schedule the spectrum access by users
which do not have licensed to access the spectrum.
The basic component of spectrum management is:
spectrum access and spectrum analysis.

i) Spectrum Analysis: In this the data obtained
from sensing is analyzed first to collect information
about the spectrum holes and the decision is made
by optimizing the system performance on given
desired objective and constraints.

ii) Spectrum Access: After taking decision on
spectrum access which is based on spectrum
analysis, the unlicensed users can access the
spectrum holes. Mainly it is carried out on a
cognitive access protocol call MAC protocol
through which collision can be avoided between
primary users and also with others secondary users.
In order to access the frequency band the first
priority is given to primary users where as
secondary user subordinate relation to access it. It
require efficient algorithm to coordinate multiple
secondary users to access spectrum holes and avoid
the conflicts between primary and secondary users
while spectrum band.

Spectrum Mobility: The spectrum mobility is
important in the communication between the nodes.
If a particular part of the spectrum is required by
the licensed wuser, communication should be
continued by utilizing another free part of the
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spectrum. It deals with the hand-off strategy when
the PU returns. When a primary user is active or
ready to use, the priority of using that band
switches from unlicensed user to licensed user. The
change in the allocation of the spectrum band is
termed as hand-off. The corresponding protocol
parameters at different layer are adjusted to the
new frequency band. While the secondary user is
switched for another idle band, it maintains proper
communication requirements. The purpose of the
spectrum mobility in CR networks is to safeguard
smooth and fast transition leading to minimum
degradation. The secondary users must switch to
appropriate spectrum when following situation
arises: First- if a secondary user using a spectrum
hole and its appear to used by primary user then
conflict occur, thus secondary users must quit the
frequency band and then shift to other spectrum
holes for better communication with no loss.
Second- if secondary user change the geographical
location while primary users does not change, the
optimal holes for secondary users will be different
and they need to switch to appropriate frequency
band. Third- when the frequency spectrum used by
secondary users cannot meet their communication
requirements, they must switch to other frequency
band to meet their communication needs.

Requirement for Cognitive Radio Environment

Cognitive Radio is an adaptive and intelligent
technology which can automatically detect available
channels in wireless environment and adapting to it by
changing the transmission parameters. Major
requirements on cognitive radio which distinguishes it
from the conventional wireless communication in order
to handle the coexistence of secondary and primary
users both.

It is essentially to detect and avoid the conflict
where the secondary users and primary user use the
spectrum at a time and other spectral opportunities for
both in time and frequency domain as per the
requirements in terms of QoS or maximum time delay.
The main drawback is that the entire spectrum is not
fully used and may prevent the transmission of
secondary users even if primary users are not affected.
Basically cognitive users are allowed to operate a
certain frequency band; either the primary users is
occupied or not, provided that the interference caused to
primary users remain below threshold frequency band.
Information collected by cognitive devices are used
either to eliminate the interference effects produce
during the transmission by primary users at cognitive
receiver side or to improve the performance of primary
transmission through relying the collected messages to
primary receivers [13].

There must be a clear trade-off between the
interference  induced on primary signal and
improvement in stagnant SNR by secondary users. The

architecture of cognitive radio network is shown in
Figure-2.

— Cognitive Radio
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Fig-2: Architecture of Cognitive Radio Network (CRN)

Cognitive radio/spectrum broadly divided into two
types: a) Type- 1 and b) Type-2
1. Type-1: These devices used fixed spectral
bandwidth to transmit its data exploit the holes
in the spectrum by hopping on these holes for
absence of primary or secondary radio
systems. Example for Type-1 radio is WLAN.
In this case of WLAN system may hop signal
from one channel to other channel, but
bandwidth of the channel has to be 20 MHz.
2. Type -2: Basically in this system able to
expand or contract its bandwidth. For example
UWB system which uses OFDM and
bandwidth is between 3.1 GHz to 10.6 GHz. It
is easier to tune the available holes in
spectrum. If the band of 4GHz to 6GHz are
occupied, then this type of radio system switch
off the carrier in the range of 4-6 GHz and
transmit data in the frequency band of 3-4 GHz
and 6- 10 GHz.

Classification of different Sensing Techniques

The sensing technique can be broadly divided
into two categories such as: narrow band spectrum
sensing and wideband spectrum sensing. The
classification is shown in Figure-3.

e Narrow Band Spectrum Sensing is technique
which includes energy detection,
cyclostationary detection, matched filtering
detection, covariance- based detection and ML
based sensing.

e Wideband Spectrum Sensing use two
detection technique nyquist based and
compressive sensing detection. Basically in
Nyquist based the wideband signals get
sampled by ADC at high sampling rate and
low power consumption. It includes wavelet
detection and filter bank based sensing.
Secondly in Compressive sensing techniques
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signal get sampled below nyquist rate in order
to reduce the high sampling rate.
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Fig-3: Classification of spectrum sensing techniques

Narrowband Sensing Techniques

In this technique the secondary users allowed
to decide about their presence or absence of primary
users over a channel of interest. Consequently this
algorithm needs to able to determine accurate spectrum
hole and it can be expressed as two element hypothesis
detection model:

Hoy:x(t) =n(t)
Hy:x(t) =s) +n()....... @)

The above mentioned equation indicate two
hypothesis of non-existence or existence of s(t). Here
n(t) indicate additive white Gaussian noise and s(t) is
the signal of primary user for target channel. The state
Ho corresponds primary user absence and state H;
correspond primary user presence. Basically these
techniques are often evaluated using probabilities of

detection. These two probabilities can be defined as

follows:
Hy H

pr=p (H_1) &py=p (H—Z) ...... (ii)
Energy Detection

It is also known as radiometry or periodogram
whose implementation and computation is simple in
which energy detection is done by comparing the output
energy with some maintained threshold energy that
depend upon noise floor to determine the presence of
primary users signal. It is not necessary for energy
detector to perform sensing to have information
regarding primary users. However, there are many
challenges in this technique starting from the selection
of threshold energy, inability to differentiate between
noise and primary user interference, degradation of
performance at low SNR and difficult in detection of
primary user in whole spectrum [14].

Non-coherent detection method has been
adopted by energy detection and does not require any
complex processing as matched filtering detection
method. Figure-4 represents the structure of energy
detection. First step is to select a centre frequency to
receive signal from interested bandwidth and then the
received signal is measured by a magnitude squaring
device. Secondly the integrator control the observation
time, sum up all receive signal after squaring it. Then
the receiver compares the sum with predefined
threshold level in order to estimate primary user
activity. The energy detection can be performed without
any prior information of primary user signal, which
require low implementation complexity and perform
poorly under low SNR and cannot be distinguish
between signals of primary user from signal of other
secondary user. It also require knowledge of noise
power through which performance get degraded

5(0)

Noise Pre-Filter Squaring Device

Integrator Threshold

A Decide Primary
Stafe

—

Fig-4: Spectrum Sensing of Energy Detection

Mathematical approach for Energy Detection

In order to calculate the energy of the samples
as the squared magnitude of the FFT averaged over the
number of samples N. This is given by:

Fep =230, (Y)’ ... (iii)

Where N indicate the total number of received
samples, and Y(n) denote the nth integrated sample.
The output of the integrator is provided to comparator
where it was compared with predefined sensing

decision. If the energy is above the threshold level then
primary user is considered to be present whereas it was
considered as absent. Agp indicate denotes the threshold
that depends on the noise variance. The selection of the
threshold, which can be static or dynamic, dramatically
affects the detection performance.

Fgp < Agp Primary User Absent

and
Fgp > Agp Primary User Present
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Table-1: Advantage & Disadvantage of Energy Detection Method of Sensing

Advantage

Disadvantage

Implementation is easy.

No requirement of prior knowledge of signal characteristics.

False alarm rate is high.
At Low SNR value it is unreliable.
It is noise sensitive in nature.

Matched Filter Detection

In this detection additive noise status is
matched and the decision made if primary user signal
information helps to maximize the SNR. It also reduces
the observation time with the help of coherent
detection. The basic structure of matched filter
detection is shown in Figure-5. In coherent detection
require prior information about the primary user signal
and it needs carrier synchronization through which
signal can be processed. Thus matched filter detection
is more complex as compared with other detection
scheme and performance is also poor.

50) Sampling Decide Primary State

Matched Filter —*  Threshold Decision

Fig-5: Spectrum Sensing of Matched Filter

Mathematical approach for Matched Filter
Detection

In this sensing technique the received signal
was compared with predefined and pilot carrier samples
captured from transmitter. These pilot carrier is use to

compare test and compared with threshold. If higher
than threshold signal is present otherwise absent.

For test statistic function matched filter technique use a
relation given by:

Fyrp = %Zgﬂ ym)x, (n)..... (iv)

N denotes number of samples, y is the vector
of samples and x, are the pilot samples. The statics
sample is then compared to a threshold to determine the
sensing decision such as:

Fyrp < Aypp Primary User Absent

and
Fyrp > Aypp Primary User Present

Where Ayep denotes the threshold, which
depends on the noise level present in the received
signal. As for the previously mentioned techniques, the
use of a static threshold can lead to less accurate results
because of the noise uncertainty.  Matched filter
techniques are optimal in the sense that they require
only a few samples to achieve good performance
detection, but they are not very practical.

Table-2: Advantage & Disadvantage of Matched Filter Detection Method of Sensing

Advantage Disadvantage

Optimal sensing always possible.

Better detection at low SNR | Itrequires prior information regarding primary user signal.
region. It is impractical because it requires prior information of signal which is not

Cyclostationary Feature Detection

This detection technique depends on certain
features of received signals. The feature includes such
as modulation rate, carrier frequency, and periodic/a-
periodic. Since the noise is stationary with no
correlation so the feature detection can distinguish the
signal by analyzing spectral correlation function of the
signal. The performance of this detection technique is
better than energy detection technique. Moreover, it has
the ability to differentiate between signals and noise and

allow this methodology to be lesser probability of false
alarm. The performance of the cyclostationary detection
can be further enhanced by increasing number of
samples through which time of sensing increased and
complexity also. A block diagram of cyclostationary
feature detection is present in Figure-6. Mostly Primary
User transmitted signals are modulated signals, which
are modulated by pulse train, cyclic prefixes, or
repeating spreading.

S
S(t)

A Fast Fourier Correlation
—

Transform c X(f+a)X'(fa) * Threshold Decision

S(ba) Decide Primary User

State

Fig-6: Spectrum sensing of cyclostationary feature detection

This detection adopts cyclic correlation
function for detecting Primary User signal with a
certain modulation type with additive noise. After
obtaining partial information of the PUs signal, cyclic

correlation function can distinguish certain modulated
Primary User signals from other modulated signals and
noise because different types of modulated signals
exploit different cyclic characteristics and wide-sense
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stationary additive noise has no correlation. However,
there are two disadvantages in this detection technique.
In this first of all partial information of PUs is required.
Secondly there is a high cost of computation introduced
for cyclic correlation.

Mathematical approach for CFD

Let s(t) is received signal also called
cyclostationary if it satisfy the mean and correlation of
signals to be periodic.

mg(t) = E[s(t)] = my(Ty + ¢)...... )

R;(t,T) = R,(t + Ty, T)......... (vi)
Where, T, denotes the period of the signal s(t),

E denotes the expectation operator, Rs denotes the
autocorrelation function of s(t), and T denotes the time

offset. The autocorrelation R of the received signal s(t)
is given by
R,(t) = E[s(t + T)s*(t — T)e/2™].... (vii)

Where, E[] denotes the expectation operator,
and o denotes a cyclic frequency. In order to determine
the degree of correlation which consists of the auto
correlated values of the received signal samples, The
correlation distance is computed as the difference
between ACFs, which consists of the auto correlated
values of the received signal samples, and the reference
vector ACFger , given by:

d. = /Y ACFgr — ACFs.......... (viii)

The correlation distance d. is compared with
threshold level parameter y to decide whether signal is
present or absent.

Table-3: Advantage & Disadvantage of Cyclostationary Detection Method of Sensing

Advantage Disadvantage

e Immune to effect of noise. e For good performance it require large sensing time.

e  Probability of false alarm toward SNR is e For computation of large data it require large amount of
low. energy.

Covariance-Based Detection

In this detection process presence of Pus signal
SVD technique has been used. It also use covariance
matrix of received signal and determine the effect of
noise. The signal from primary users are correlated and
differentiated from noise. With the help of SVD method

eigen values of the covariance matrix can be found and
in order to decide about threshold value a ratio has been
taken between maximum eigen value to minimum eigen
value. This helps to decide between the two states Hy
and H;.The basic steps of covariance detection are as
shown in Figure-7.

S()

bl Samples Covariance

Matrix S0 —» mineigeavalue > Threshold Decision

Decide Primary User
State

Max eigenvalue to

Fig-7: Spectrum sensing of Covariance based detection

Mathematical approach for CBD
In order to compute the sample covariance matrix
of the received signal, the following expression is used

Rs(N) = L 3L25 s(n)s* (n)...... (i¥)

Where N is the number of collected samples.
The singular value decomposition operation applied on
the matrix Rs(N) gives the maximum and minimum
eigenvalues of Rg(N), that is Ana and Ay The test

statistic, which is calculated as the ratio of maximum to
the minimum eigenvalue, Amax / Amin, IS then compared to
a threshold to determine the sensing decision. Such that
if the test statistic is below a threshold, the primary user
is declared absent; otherwise the primary user is
declared present. This can be expressed as:
Amax 07 Apin < Ve Primary User Absent
Fcgp > 7. Primary User Present

Where vy, is a pre-defined threshold.

Table-4: Advantage & Disadvantage of Covariance Based Detection Method of Sensing

Advantage

Disadvantage

e Blindly detection

e No prior knowledge of the primary user signal and noise is required. | ¢  Good computational complexity coming

Machine Learning Based Spectrum Sensing

Machine learning has received increasing
interest and has found application in many fields due to
its ability to apply complex mathematical calculations
to analyze and interpret patterns and structures in data,

enabling learning, reasoning, and decision making. In
the context of cognitive radio networks, several
research papers related to machine learning for
spectrum sensing have been published.
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This  machine  learning-based  sensing
techniques aim at detecting the availability of frequency
channels by formulating the process as a classification
problem in which the classifier, supervised or
unsupervised, has to decide between two states of each
frequency channel: free or occupied. These classifiers
use features, such as the energy statistic or probability
vector, to determine the availability of channels [15,
16].

The technique in the first category uses two
steps. In the first step, unsupervised machine learning
techniques are used to analyze data and discover the

primary user’s patterns. In the second step, supervised
machine learning techniques are used to train the model
with the data labeled in the first step. Two-step machine
learning model for spectrum sensing. In the first step,
the K-means algorithm is used to identify the state of
the primary user’s presence. In the second step, support
vector machine or other types of classifiers are used to
attribute the new input data into one of the classes
specified by the K-means method used in the first step.
Techniques of the second category assume that the
classes are known, and they are based on supervised
machine learning to train models.

Table-5: Advantage & Disadvantage of Covariance Based Detection Method of Sensing

Advantage

Disadvantage

e  Machine learning can detect if trained correctly can be a

good approach
e Minimize the delay of the detection
e Use complex model in an easy manner

e  Complex techniques

e Has to be adapted in learning in very fast changing
environments

o  Features selection affects detection rate and adds
complexity

e High dataset has to be build

Wideband Spectrum Sensing

The next generation of communication
systems requires high data rates and therefore high
bandwidth. From this perspective, secondary users need
to sense wide frequency ranges of the radio spectrum to
find the best available channels.

As a result, several types of approaches have
been proposed to perform wideband spectrum sensing.
Most approaches divide the wideband spectrum into
several narrow bands and perform sensing sequentially,
a process that increases sensing time as they scan one
band at a time. Another solution is to sense the narrow
bands in parallel by using multiple sensors and
performing joint detection [17].

A compressive sensing technique has been
used to reduce the number of samples, reducing the
sensing delay. The most relevant sensing techniques
from types, Nyquist and sub-Nyquist based, present
their advantages and disadvantages, and discuss the
efficiency of each type.

Nyquist Wideband Spectrum Sensing

Conventional wideband spectrum sensing
techniques use standard ADC converters operating at
the Nyquist rate to sample the wideband signal.
Examples include wavelet, multi- and joint detection,
and filter bank sensing.

Wavelet-Based Sensing

Wavelet-based sensing uses the Wavelet
transform to get time and frequency information
simultaneously about the wideband signal. Unlike the
traditional Fourier transform that provides only spectral
information and works for a stationary signal. Short
Time Fourier Transform (STFT) is also used for time-
frequency analysis, however, the main problem with the

STFT is the inability to obtain both high time and
frequency resolutions simultaneously due to the
constant window length used in STFT analysis.

Wavelet transform can be used to analyze
signals with different frequencies at different
resolutions and obtain high time resolutions and low
frequency resolutions at high frequencies and vice versa
at low frequencies. The main idea in wavelet-based
sensing is using the wavelet transform to detect the
edges in the Power Spectral Density (PSD) function of
the wideband signal. These edges carry important
information about transitions from an occupied sub-
band to an empty sub-band. Locating these edges and
estimating the power between every two edges helps to
represent the wideband signal in a binary fashion and
classify the sub-bands into occupied and vacant [18].

Waveform-Based Sensing

This sensing technique takes advantage of the
special patterns sent with the PU signal such as
preamble, mid-ambles, pilot patterns and spreading
sequences. A preamble is a pattern transmitted at the
beginning of the data sequence, while midamble is
transmitted in the middle of the data sequence. These
patterns are added to the signal intentionally for
synchronization and detection purposes. Sensing is
performed by correlating the received signal with these
known patterns, and comparing the output of the
correlator with a certain threshold. This method is also
known as coherent sensing and can be applied on
systems with known signal patterns. It was found that
waveform-based sensing outperforms energy detector
with higher reliability and shorter sensing time.
However, this sensing technique is Secondary Users to
synchronization errors, and it decreases spectrum
efficiency since longer signal patterns are required for a
more accurate sensing performance [19].
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Sub-Nyquist Wideband Sensing

Each of the Nyquist-based sensing techniques
has limitations, such as a high sampling rate and power
consumption, are not acceptable for the next generation
of communication systems. Therefore, several
compressive-based techniques have been proposed to
mitigate the sampling rate issues. The application these
methods in the context of wideband spectrum sensing is
motivated by the scarcity of the spectrum and the
sparsity of the wideband signal in the frequency
domain.

Compressive Sensing-based Wideband Spectrum
Sensing

With the development of smart city, smart
agriculture, smart medical and other loT applications
targeting sensing and data collection, this kind of
Massive-Connectivity application scenario  which
requires a wide range of terminals, large quantity, small
data packet, low power consumption and mass
connection has put forward higher requirements for the
speed and power dissipation of spectrum sensing. Most
existing spectrum sensing techniques only focus on the
single channel and narrowband signal detection.
However, with the mushroom of innovative services,
traditional narrowband spectrum sensing can no longer
meet the fast growing spectrum requirements.

The high sampling rate and the large amount
of sampled data bring great challenges to the existing
analog to digital converters (ADC), processors and
storage devices in terms of the wideband spectrum
sensing. Based on the compressed sensing theory,
which can extract and detect the wideband signal
directly to achieve efficient wideband sensing with a
much lower sampling rate than the Nyquist criterion.

At present, most research on compressive
wideband spectrum sensing is based on the assumption
that the sparsity of wideband spectrum is known.
However, due to the limited information interaction
between Primary Users and Secondary Users and the
dynamically changing spectrum environment, the
sparsity of wideband spectrum becomes unknown.
Furthermore, there may be many active PUs who
occupy wireless resources at the same time in some hot
areas. The sparsity of the spectrum will be reduced or
even disappeared. Therefore it is necessary to analyze
the sparsity of the wideband spectrum before using the
compressive spectrum sensing method [20].

In the current wideband spectrum sensing
model, the continuous frequency band is represented by
the discrete frequency. Nevertheless, this model is out
of practice and cannot reflect the reality of spectrum
occupation. The heterogeneous characteristic of
wideband spectrum, where different spectrum bands
could have different Primary User occupancy patterns,
and modeled this heterogeneous wideband spectrum as
an inherent, block-like structure.

Non-Blind Compressive Wideband Sensing
Non-blind compressive wideband sensing
techniques determine the parameters of the wideband
signal such as its sparsity, or its occupancy, the number
of measurements required before performing the
measurement process. The sparsity level of the
wideband signal can be determined by estimating the
number of occupied frequency channels within a band
of interest. Then, the number of measurements that can
be determined, which is a function of the sparsity level,
measurement matrix, and the recovery algorithm.

Blind Compressive Wideband Spectrum-Sensing

An estimation of the parameters of
compressive sensing, such as sparsity level and the
number of measurements, is often required to minimize
the recovery error and enhance detection performance
or consult an external entity to exchange information
about the occupancy of the wideband spectrum.
However, estimation of sparsity adds more complexity
to the sensing process because doing so often requires
more traffic exchanges between the sensing nodes and
an external database or the use of one additional block
to estimate that sparsity.

Spectrum Sensing toward 5G
Full Duplex Spectrum Sensing

Most existing Secondary Users deploy half-
duplex (HD) mode to receive and transmit signals as
shown in Figure-8, in which Secondary Users sense the
spectrum before transmission. It will not only sacrifice
transmission time for spectrum sensing, but also lead to
a collision when Primary Users arrive and spectrum
waste when PUs leave owing to Secondary Users
cannot detect the change of Primary Users status (active
or inactive) during data transmission. between If the
Primary User re-accesses the channel again during the
time of Secondary User transmission, it can cause
conflicts them, and if the Primary User is in active state
during the sensing period while is in inactive state
during the transmission period, Secondary User will not
be able to detect the activity of Primary User in time.

Primary User I l . I I ]:_
e e !
Seconary User . !
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.

T, : Spectrum sensing period
T,: Transmitting period

Fig-8: Frame structure between half-duplex (HD) mode and full-
duplex (FD) mode

Furthermore, in order to offer higher data
transmission rate for users to meet the network
extremely high flow density requirements in the
Massive-Capacity application scenario, Secondary
Users need to detect the available spectrum holes
quickly and accurately. Consequently, it is hoped that
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the Secondary Users can use the spectrum holes
uninterruptedly and meanwhile sense spectrum
continuously, i.e., the full-duplex (FD) mode and
Secondary User can simultaneously perform spectrum
sensing and data transmission by using the full duplex
spectrum sensing algorithm, which can not only reduce
the probability of collision with Primary Users, but also
improve the efficiency of spectrum usage._ The
realization of the zero interference of receiving antenna
is based on the theory that when the distance between
the two transmitting antennas and the receiving antenna
is an odd number of half wavelengths, the phase of the
two transmit signals is opposite and it was achieved by
OFDM FD communication system [21, 22].

For a FD-CR network, optimal detection
thresholds for single-user and cooperative spectrum
sensing considered the low signal to noise ratio (SNR)
situation and designed a power function based
weighting scheme for energy detection to improve the
sensing performance._FD enabled WiFi station can
transmit and receive data simultaneously to improve the
throughput, or transmit and sense simultaneously to
monitor the LTE-U activity.

Spectrum-Database Based Spectrum Sensing

Continuous wider area coverage will be the
inevitable trend to meet the needs of users in the future,
which need to ensure the mobility of users and provide
seamless high-speed service experience. Although
many research works have concentrated on the
development of effective spectrum sensing approach,
the sensing overhead is large and the performance is
limited in some existing sensing algorithms. Moreover,
in order to protect the communication of PUs, the
complexity of sensing algorithm will be obviously
increased and the transmission power will be restricted.
Recent years, the spectrum-database based spectrum
sensing algorithm was proposed by some spectrum
regulators such as FCC and Ofcom, which is suitable
for the Wider-Coverage application scenario well. The
spectrum database is utilized to store the historical
spectrum information and to generate a new available
spectrum table based on the current spectrum state
information [23].

Figure-9 shows the spectrum-database based
spectrum sensing model. Each SU uploads the spectrum
sensing result (including the false alarm and missing
detection probability, the sensing period, the sensing
time, and the PUs’ exit time, etc.) to Base Station (BS),
and then the sensing result will be compared with
historical information in spectrum database to find all
available spectrum holes. Finally, BS controls SUs’
sensing and access operation according to the available
spectrum list. A spectrum sensing scheme with
geolocation database is proposed to improve the sensing
accurate.
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Fig-9: Spectrum-Database Based Spectrum Sensing Model

Based on the spectrum database, a framework
for determining the topology of vehicular network
including the spectrum data, multiple BSs and moving
vehicles in different traffic conditions. The spectrum
database minimizes the cost of analyzing the vehicular
environmental parameters such as vehicular density and
BS road coverage effectively, and reduces the resulting
error in spectrum sensing. A mobile crowd sensing-
driven geolocation spectrum database for device-to-
device (D2D) communication used the TV white space
is built in which mobile devices detect lots of spectrum
usage information, and then the cellular base station
performs data mining algorithms to build the
geolocation database [23].

5G System Vision

The spectral resources will indeed be required
for traditional links between Base Stations and Mobile
Devices. Moreover, as outlined in the 5G system vision
illustration given by Figure-10, new services such as
Deviceto-Device and Multi-Hop communication,
Wireless Backhauling, etc. will consume additional
resources. Furthermore, the identified need for further
spectral resources drives current discussions on the
introduction of mmWave communication as a novel
ingredient to the cellular wireless broadband
infrastructure landscape. Utilizing mmWaves, the cell
densification can be driven much further than with
frequencies below 6 GHz due to reduced coverage
range. Among the multitude of challenges to be
addressed in the design of future 5G systems, this White
Paper focuses on the spectrum challenges. In particular,
new spectrum usage paradigms will be addressed which
are considered to be a key enabler for making more
spectrum resources available to 5G systems and
services.

<1GHz link, e.g. LTE in Digital
Dividend, IEEE 802.11af, etc

3GPP, GSM, etc. Macro Cells

WiFi, 3GPP Small Cells

mmWave

Heterogeneous Cell Split

Cloud RAN & Enhanced Backbone Network NEG Blustocth

Fig-10: A 5th Generation Mobile Wireless Communications
System Vision
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Spectrum Scarcity

Spectrum scarcity has emerged as a primary
problem encountered when trying to launch new
wireless services like 10T wireless sensors, M2M
communication, Wireless Surveillance, etc. The effects
of this scarcity is most noticeable in the spectrum
auctions where the operators often need to invest
billions of dollars to secure access to specified bands in
the available spectrum. In spite of this scarcity problem,
recent spectrum utilization measurements have shown
that the available spectrum are severely underutilized
i.e. left unused This artificial access limitation based
scarcity is often considered to result from the static and
rigid nature of the command and control governance
regime. Interested parties and stake holders have now
started to consider possible improvements in the
governance regime by relaxing the constraints on
spectrum access by making use of the latest
technological capabilities [24-26].

Dynamic Spectrum Management for 5G

Spectrum is finite, a limited scarce resource,
but measurements reveal that several licensed frequency
bands are underutilized most of the time. The key
advantage of Cognitive Radio (CR), also known as
Dynamic Spectrum Access (DSA), is that it can sense
an unused channel and switch to it. Cognitive radio is
one technology under development that could allow
spectrum to be used more efficiently. A CR transceiver
scans for unused bands and changes its transmission
and reception parameters to different frequencies during
heavy data loads without interruption. It also can listen
for interference on busy channels and calculate a way to
reduce it, so the channels may be used by more people.

Dynamic spectrum management (DSM) or
dynamic spectrum access (DSA) is a set of technigques
based on theoretical concepts in network information
theory and game theory that is being researched and
developed to improve the performance of a
communication network as a whole. These are
techniques for cooperative optimization. The concept of
DSM also draws principles from the fields of cross-
layer optimization, artificial intelligence, machine
learning etc. DSM covers different areas like dynamic
channel allocation, frequency assignment, spectrum
coexistence, and spectrum access both the licensed and
unlicensed frequency bands. New generation of radio
transceivers makes dynamic and opportunistic spectrum
access possible.

| Primary User

i

JA__} Secondary User E_“” U& Possible Interference
w | i

Spectrum Sensing

Fig-11: lNlustration of DSA

Ability of a device to be aware of its
environment and to adapt to enhance its performance
and the performance of the network allows a transition
from static manual, oversight process to an automated
device-oriented process. This allows much more
intensive use of the spectrum, and spectrum
management policies of the regulator. Radios which are
aware of their environment and makes decisions about
the radio operating behavior based on that information
and predefined objectives. Environmental information
may or may not include location and time information.
Main functions of DSM are wide band spectrum
sensing, spectrum analysis, spectrum decision, spectrum
sharing, and spectrum mobility shown in Figure-11.

Device Relaying and Cooperative Communications

Cooperative communications represent a new
class of wireless communication techniques in which
network nodes help each other in relaying information
to realize spatial diversity advantages. Device terminal
relaying makes it possible for devices in a network to
function as transmission relays for each other and
realize a massive wireless mesh network. Device
relaying here refers to a fixed device or cell phone or
any other portable wireless device with cellular
connectivity (tablet, laptop, robots, etc) a user owns.
Device relaying makes it possible for devices in a
network to function as transmission relays for each
other and realize a massive ad hoc mesh network.
Multiple devices communicate with each other using
cooperative or non-cooperative communication, and
one or multiple devices can play the role of relays for
the other devices. Connection setup, interference
management, and resource allocation should therefore
be addressed using distributed methods. Before the data
transmission phase, two devices need to find each other
and the adjacent relays (i.e., peer discovery and
Device2Device connection setup). The devices can
periodically broadcast identity information so that other
devices may be aware of their existence and decide
whether or not they can start a D2D direct or device
relaying communication [27, 28].

In conventional cellular system, devices are
not allowed to directly communicate with each other in
the licensed cellular bandwidth and all communications
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take place through the base stations. Mobile 5G
network propose a device tier and D2D communication
for fringe area coverage. This includes direct D2D
communication as well as device relaying D2D.
Extending this and making the network totally device
centric or user centric, and a network of intelligent
wireless devices where a given device transceiver has
the entire spectrum available to operate through
community or group co-operation. Radios involved are
wideband spectrum agile, location aware radios capable
of location discovery and communication with
neighboring devices. These smart devices deploy a
learning algorithm to find best neighbor. Neighboring
nodes in the groups hold social relationship and are
committed. Incorporates device relaying with device
controlled link establishment where service provider
nodes assist in network and session establishment [29].

The new network architecture that merges
network routing into wireless link and RF design can
create a dynamic “fluid wireless network” without
predetermined topology and spectrum allocation. In the
multi-hop wireless communications, every packet takes
opportunistically available paths and spectrum on each
hop of the smart wireless system. In the new wireless
cooperative mesh network architecture newer smart
radios are capable of 5G operation, and treats exiting
base stations as just another wireless end point or node.
Co-existence of existing non cognitive devices possible
and they makes use of the current services as is the new
intelligent devices filter out these frequencies as and
when it encounters during its operation. This way new
architecture acts as an overlay on top of the existing
networks. Every node in the network not bothered about
the type of service, and service provider need not have
high power base stations. With the use of distributed
cloud based service access points or service element
cloud, every radio node shall be capable of acting as
service provider node. In the Internet of Things (loT)
world, every wireless device is also on the internet and
in the cloud [30].

CONCLUSION

CR technology is an essential measure to
mitigate the contradiction between supply and demand,
and it is the basic guarantee to meet the imbalance of
supply and demand in the future. With the resource
guarantee of spectrum sharing, the new generation of
information technology can effectively accelerate the
practical application and promote the healthy
development of 5G. Spectrum sharing scheme in the
following four key steps: spectrum sensing, spectrum
allocation, spectrum access, and spectrum handoff.
Furthermore, they are divided into several classes on
the basis of requirements of diverse application
scenarios that Wider-Coverage, Massive-Capacity,
Massive-Connectivity and Low-Latency.

Better electromagnetic  signal  detection
mechanism, which emulates the way eye detects things

needs to be in place. Radio devices then consume air
waves in much the same way as human beings consume
air from the atmosphere. Fully automated and
independent spectrum conditioners can over see the use
of spectrum in an area, and regulate the use than a static
stringent manual regulation of air waves. The new
network architecture that merges network routing into
wireless link and RF design can create a dynamic “fluid
wireless network” without predetermined topology and
spectrum allocation._Cogpnitive radio technology has the
potential to address challenges associated with spectrum
access.

The key enabling technologies that may be
closely related to the study of 5G in the near future are
presented, particularly in terms of full-duplex spectrum
sensing, spectrum-database based spectrum sensing,
compressive spectrum sensing, carrier aggregation
based spectrum allocation.
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