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Abstract:  Cognitive Radio's primary enabling function is spectrum sensing, which identifies the unoccupied spectrum portion of 

licensed users and makes opportunistic use of the available user. It is an essential part of 5G communications and the most promising 

solution to the problem of spectrum sensing. Different narrow band and Wide Band techniques to spectrum sensing that are suitable 

for 5G were investigated in this study. Different strategies are categorized based on channel condition, main user condition, system 

cost, and the diverse character of the broad band spectrum. Also, different Sensing methods using a wide band of compression were 

discussed. Additionally, their sensing performance is compared and contrasted with their relative importance and drawbacks.  
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I. INTRODUCTION 

             Cognitive radio is a fantastic technique, To make the most of the available frequencies and avoid wasting bandwidth [1]. 

In general, Cognitive Radio is able to find swaths of underused radio frequency spectrum and optimize its settings so that it can be 

put to good use. Users with cognitive abilities are secondary users, whereas those with licenses are main users [2]. By determining 

policy can accommodate two types of users who have different priorities in using the available radio frequency spectrum. In most 

cases, secondary users can use the spectrum so long as they don't disrupt primary user performance, overlay performance, or the 

underlay. When a CR system is operating in overlay mode, spectrum sensing plays a crucial role. The ability to spot primary users 

in a certain frequency range is what this term refers to. Spectrum sensing systems have been the subject of numerous attempts at 

development. We've seen some centralized and decentralized systems for both narrowband and wideband communications [3]. 

Some of the biggest problems with making efficient spectrum sensing algorithms are complexity, signaling and overhead, the 

existence of many SUs, small- and vast fading phenomena and shadowing, and energy consumption. There have been several 

innovations and studies in the field of spectrum sensing, include energy detection (ED), cooperative detection, wavelet detection, 

and covariance detection. [4].      In Cognitive Radio, Spectrum sensing techniques mainly fell into two categories: narrow band 

sensing and wide band sensing. Narrow band techniques have been proposed, but sensing over a larger spectrum of frequencies, 

from hundreds of megahertz to a few gigahertz, is necessary for more opportunistic information processing. 

       In order to organize the observed signal, coherent detection techniques like matched filtering require prior knowledge of 

essential signals. Energy detection methods, the simplest method, can determine whether or not primary users signals exist. To find 

out if there was a primary user signal or not, the received signal energy was compared to an ideal value that had already been set. 

Detection of cyclostationary features, which is superior to energy detection in low signal-to-noise (SNR) situations due to its greater 

robustness to noise uncertainty. Though it requires some familiarity with signal characteristics, this approach will differentiate 

Cognitive Radio transmission apart from other types of primary users signals [5]. The periodicity of the primary user signal is also 

taken into account inside the scope of this characteristic detecting.. It is this part that makes use of the periodicity flag for PU 

signals.Periodicity is shown to be prevalent in many different types of events. The spectrum exhibits periodic statistics and 

associations due to the presence of these cyclostationary signals. because of the distinctive interval in each phenomenon. This 

methodology's biggest drawback is that it necessitates numerous calculations, which extends the sensing time. Since narrow band 

methods only yield a single binary result for the full spectrum, they are not immediately applied to wide band sensing. This means 

that they are unable to effectively find spectrum holes over a wide band [6].  

         In a Broad Band Spectrum This article continues with a brief discussion and categorization of sensing algorithms according 

to the various 5G major enabling approaches. Classifying sensing algorithms additionally makes use of the Primary user status and 

the Channel condition. New goods are likely to proliferate as a result of the widespread deployment of 5G technology. The goal of 

this study is to talk about some of the uses that 5G networks could have. Also, both broad- and narrow-band sensing approaches 

have been discussed.  

II. MOTIVATION 

       The fixed spectrum allocation strategy can't let people share the spectrum to make space for more wireless devices and 

applications. Cognitive Radio is an important and promising technology that gives dynamic access to the spectrum and makes it 

easier to share the spectrum.  However, 5G wireless networks can improve their spectrum efficiency with the help of a cutting-edge 
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communication technology known as non-orthogonal multiple access (NOMA). In order to improve spectrum efficiency and 

manage flooded data in forthcoming 5G wireless networks, the CR integrated NOMA technique was developed.  

 

III COGNITIVE RADIO FUNDAMENTALS 

     When compared to regular radio, CR has a few unique qualities. Consisting of cognitive capacity and reconfigurability [7]. In 

the context of radio frequency (RF) environments, cognitive capability refers to a device's sensing and intelligent awareness of 

conditions, while re-configurability refers to the ability of SUs to make decisions and adjust operating parameters such as power 

transmission, modulation scheme, and communication protocols.  

 

A. Terms Used in Cognitive Radio  
 

  The concept of a "spectrum hole" or "empty space" is the first step in the concept of Cognitive Radio.  

i) Spectrum hole: An unfilled portion of the radio frequency (RF) spectrum is referred to as a "spectrum hole." .White spaces are 

those with no interference that could be utilised by SU transmitters, grey spaces are those that are only partially occupied by PU, 

and black spaces are those with so much interference that they cannot be used at all. 

ii) Cognitive Radio Concept: The initial step in using Cognitive Radio is to identify the licenced user's location and the frequency 

bands that are free for use. Lastly, when a legacy user is found, the channel should be made available again. 

3) Cognitive Cycle: Spectrum mobility, spectrum sharing, spectrum management, and spectrum sensing are the primary cognitive 

activities.The ability to sense the electromagnetic spectrum is central to the concept of contextual radio (CR).This term refers to the 

process of identifying the unoccupied radio spectrum at a given time, location, and frequency by using the information gleaned 

from the surrounding radio environment. Spectrum sharing refers to the practise of allocating radio frequencies (RF) in an equitable 

manner among users of complementary radio (CR) networks. When a CR user's spectrum is needed by a PU, the CR user must 

modify its operating frequency while still meeting the user's criteria for smooth communication. 

 

IV. RELEATED WORK 
i) Wide Band Spectrum Sensing 

               Like narrowband sensing, wide band spectrum sensing tries to pick up a bandwidth that is wider than the channel's 

consistency bandwidth. [8]. Fig 1 shows the several narrowband and wideband spectrum sensing methods along with their stages 

and benefits Table 1. Using a normal ADC plus the Fast Fourier Transform (FFT) or the Wavelet Transform (WT), Nyquist wide 

band sensing is a straightforward method for quickly getting a wide band signal.High-rate ADCs, however, are difficult to realise 

with current electronic technology. The super heterodyne technique provides another option for avoiding overly stringent 

requirements for the sample rate determination. This process is fixed because of the sweep tune function. The filter bank algorithm 

is a prototype-based sensing method. However, this method requires numerous RF parts to be built in [9]. Sub-nyquist alternatives 

are becoming more and more common in several industries due to the drawbacks of Nyquist sampling techniques. Sub-nyquist 

wideband sensing can take two important forms: compressive and multichannel. In multi channel wide band sensing, various 

sampling channels were used. Each block of m consecutive samples is separated by the uniform grid. According to the sparseness 

and compressibility of the signal, Compressive sensing is a way to get information about a signal with only a few measurements 

and one description of the signal.O(Klog(W/K) samples are sufficient for sampling because the signal with the band limit W in 

Hertz in the wideband spectrum is sparse [10]. 

 

 
 

figure 1. categorization of various types of sensing algorithms. 
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Table I 

Analysis of existing wide band Sensing Methods 

 

Wideband Spectrum Sensing 

Methods 

 

Channel 

State 

 

PU 

State 

 

 

Advantages 

 

Compressive Sensing[15] 

 

Static 

 

Static 
Utilized in 5G Techniques through the Exploitation of Sparsity 

 

Weighted Sensing[16] 

 

 

Static 

 

Static 

Appropriate for the varied characteristics of the wideband 

spectrum 

Adaptive 

Weighted Sensing[17] 

 

Static 

 

Dynamic 
Enhance the performance across a broad range of SNR values. 

 

 

 

Deep Sensing[18] 

Dynamic Dynamic 
Appropriate for use in networks of the future generation with 

flat Rayleigh fading channels 

Sliced Sensing[16,18] Dynamic Dynamic Perfect for realistic 5G Situation 

 

ii) Narrow Band Spectrum Sensing 

                Narrowband Spectrum Sensing is a method of collecting data on certain frequency bands by allocating them to secondary 

users. The Secondary Users determine which frequency band will be scanned by tuning the first component of the radio's front end, 

the band pass filter (BPF). Narrowband sensing, in which the centre frequency and bandwidth of each band are predefined and 

sensing is conducted band by band, is used in TV transmission, for example. When communicating via a narrowband channel, the 

message bandwidth is limited. A signal's bandwidth can't go above the coherence bandwidth of the channel, either the curves of the 

frequency responses are flat. 

              Transmission of narrowband signals is requiring little effort and energy to process at the receiver ingesting processing 

devices. The distribution of frequencies is restricting the channel's frequency so that only certain signals may equal to, and the 

interest range is not powerful in terms of the channel's capacity to transport data. Once a frequency band is chosen, communication 

may begin; but, due to the dynamic nature of the radio environment, the principal user may be displaced. Therefore, as a second 

phase of sensing, before communication commences, SU narrowband sensing is carried out for a chosen band to confirm for the 

lack of main user interference (PU).After resources are allocated, they must be constantly monitored and sensed[13]. 

 

Table II 

Detailed analysis and evaluation of existing narrow band sensing methods [19] 

Spectrum Sensing 

approaches 

 

Advantages 

 

Disadvantages 

 

Energy Detection 

 

Easy to implement, no specialised knowledge 

is needed, 

Potentially affected by noise uncertainty and the 

SNR Wall problem 

 

Matched Filter  

detection 

 

Maximum signal-to-noise ratio, shortest 

possible sensing time, and the best 

possible filter 

Prior information is necessary before proceeding, 

At each SU, there is a requirement for a dedicated 

detector in order to synchronize. 

Cyclostationary  

detection 

 

Resistant to the effects of noise and 

uncertainty, 

Dependable as well as correct 

Information needed in advance, design that is more 

difficult and expensive 

  

V. Deep Sensing Spectrum 

        Deep sensing techniques make it possible to track the development of dynamic features by employing a model design called 

dynamic state space (DSM) [20].The user condition, an ever-changing location in real time, channel fading, and the Doppler effect, 

among other elements, can be used in DSM, and they all need to be evaluated jointly in the future next generation mobile 

scenario.The subsequent generation of wireless networking, known as 5G, features vast connection and calls for a high data rate. 

Therefore, in order to implement CR in 5G, some advanced communication methods will need to be developed. These methods 

will need to be able to offer the spectrum sensing methods in deeper cognition mode. Non Orthogonal Multiple Access (NOMA) 

technology has been recommended for usage in higher applications in order to boost spectrum efficiency and enormous user 

connectivity in 5G-based critical radio environments.   It is possible to merge the interweave, overlay, and underlay paradigms of 

CR network operation with the power domain NOMA. 

 

i) NOMA Concept 

              The NOMA concept is predicated on the multiplexing of information in either the power or code domains at the transmitter 

for the purpose of signal combination, which is referred to as superposition coding (SC), and the use of successive interference 
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cancellation (SIC) at the receiver for the purpose of signal detection.It enables simultaneous access for a number of users at the 

same time and frequency by making use of non-orthogonal resources in both the power and coding domains.Code domain NOMA 

uses spreading sequences like Code Division Multiple Access , and it is classified as Low Density Spreading CDMA, Sparse Code 

Multiple Access , and Low Density Spreading Orthogonal Frequency Division Multiple Access . Power domain NOMA allots 

power to users in accordance with the condition of their channels. 

 

VI. COMMENTS ABOUT DIFFERENT COMPRESSIVE SENSING APPROACHES 

          Compressed sensing is a sub-Nyquist testing method that lets you fix bad signals in an underdetermined direct framework in 

a way that is easy for a computer to understand. Compressive sensing is used in 5G technologies because of its sparse data output, 

which helps cut down on hardware costs, power consumption, and the complexity of signal detection[11]. Compressed sensing is a 

concept that consists of a number of fundamental components, three of which are signal transformation, sparse signal compression, 

and sparse signal recovery. The field of wireless communications often makes use of one of three distinct varieties of recovery 

algorithms. The three different categories of algorithms are as follows: There are algorithms for convex relaxation, greedy iterative, 

and Bayesian interference. The best and most unique course of action is to navigate around and make use of the significant sparsity 

that exists in every component of 5G networks. CSMUD is a relatively new endeavour that enables non-orthogonal code division 

multiple access for irregular big Machine Type Communications. This access may be achieved by CSMUD.The run in CSMUD is 

formed by means of spreading sequences, correlation, and a greater amount of error in the detection rate[12]. Only homogenous 

systems are suitable for compressive sensing. Broad band sensing, where each band is treated as being the same in PU traffic 

attribute-wise. Nevertheless, wideband spectrum is heterogeneous in that several spectrum bands may have various PU habitation 

patterns. 

            The sensing matrix and the recovery mechanism are two aspects that must be taken into account in order to design 

compressive sampling.The weighted compressive approach uses the block-like occupancy structure in the wideband spectrum. 

various building components comprise the wideband spectrum of heterogeneity. Each block has a unique quantity.blocks are 

combined when their levels of sparsity are the same.in becomes one. A block with a higher average is preferable than blocks with 

low averages. Levels of sparsity include many occupied bands. The low median block is given more weight than the high average 

block, which has higher weight due to the fact that it has more bands that were occupied 

             Another strategy for 5G is known as the Internet of Things (IOT), and its primary objective is to develop devices that are 

extremely small in size, capable of performing several functions, and able to perceive their surroundings using multiple sense 

organs. The spectrum sensing approach for IoT devices can employ either coarse or fine sensing depending on the application. 

There are two different kinds of sensing processes, and both of them are affected by speed in the process of signal detection. To get 

things started, rapid coarse sensing is carried out in order to investigate the channel holdings throughout the whole available network 

bandwidth using the smallest possible sample size. Second, fine sensing is carried out in select channels at a slower rate than others 

in order to increase the likelihood of determining the PD value and identifying the PU signal type [14].It is demonstrated in Table 

1 that many compressive sensing algorithms that are appropriate for 5G networks have been mentioned, and that their channel 

conditions and principal user states have been taken into consideration for the comparison analysis. 

 

VI. CONCLUSION 

          The CR has the potential to solve the problems caused by the lack of available spectrum. This article provides a description 

of the most advanced wide band spectrum sensing technologies that are suitable for 5G communication systems, along with a brief 

summary of their accomplishments. Also, both narrow band and wide band spectrum sensing techniques with their relative 

advantages and disadvantages are discussed.  
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