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Abstract 
 
Next generation communication system aims at the utilization of the allotted 

spectrum in an efficient way. Cognitive Radio Network (CoRN) has been 

bloomed as a promising solution to overcome the under-utilization problem 
of the primary(licensed) users’ allotted bandwidth. It yields high Quality of 

Service (QoS) and reliability. Spectrum sensing provides the required 

information where the licensed and unlicensed users are not allowed to use 
the spectrum simultaneously. This article focuses on the various spectrum 

sensing and monitoring approaches in the CoRN. Moreover, we review the 

applications of CoRN in various fields which leads to the usage in 5G and 
the next generation communication networks. 

  

Key words: Cognitive Radio Network, Narrowband spectrum monitoring, 

Narrowband spectrum sensing, Spectrum mobility, Spectrum sensing, 
Spectrum sharing. 

 

1 Introduction 
 

In the current digital era, wireless communication has become an essence 

in everyone’s life. We are in the stage that there is no world without smart 

phone, internet, IoT(Internet of Things) and IoE(Internet of Everything). As 
the Ecommerce industry mainly depends on IoT and IoE, the usage of 

internet increases drastically. 
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The world becomes very small due to the deployment of wireless 

enabled devices. The recent advancement in wireless era has its own pros and 

cons to be dealt with. Most of the customers need high data rate with better 
cost-effective plans. So, in order to satisfy their needs a most effective 

technique is required.         

 Electromagnetic spectrum as a natural source is licensed by the 
government. Within the available licensed bands, few bands like TV bands 

are underutilized which results in wastage of the spectrum according to 

Federal Communications Commission (FCC) [1]. There are two major 

concerns in wireless communication. One is energy effectiveness and the 
other is spectrum efficiency where the performance can  be improved  by   

using  CoRN,   which    is compatible with both Primary User (PrU) and and 

Secondary compatible with both Primary User (PrU) and Secondary User 
(SeU) [2]. In practice, unlicensed users (ULU) are termed as Secondary 

Users and the licensed users (LU) are said to be Primary Users. CoRN is very 

opt in sensing and gathering particulars such as frequency, modulation, 
bandwidth and power from the environment surrounded around it [3].  

In the past 10 years, there are enormous progressions on CoRN 

technology.  This article presents an outline of several recent methods in 

CoRN, budding challenges, and imminent applications of CoRN. In Section 
2, definition of CoRN and the cognition cycle spectrum sensing techniques 

are presented. Spectrum sensing techniques for CoRN are deliberated in 

Section 3. Spectrum monitoring approaches are conversed in Section 4. The 
applications of CoRN and conclusions are in Sections 5 and 6 respectively. 

 
2 Definition and the CoRN Cycle 

 

CoRN is a smart wireless communication management system which is 
aware of its outside world (i.e., surrounding environment), where the 

transceiver detects and moves into the unused/free communication channels 

which optimizes the utilization of radio spectrum. CoRN is one among the 

most promising technology to compact with the spectrum scarceness issues 
especially for the forthcoming 5

th
 generation network [4]. The CoRN cycle 

includes the following: 

 

2.1 Spectrum Sensing 
 

Observing the free/unused radio spectrum to find the presence of 

spectrum holes or white spaces. A set of frequencies allocated to the PrU that 
is not being used by that user at a specific time and location is called as 

spectrum hole [4]. 
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2.2 Spectrum Analysis/Decision 
 

Estimating the spectrum holes which are detected in the spectrum 
sensing phase and analyzing the required data rate, power, bandwidth etc., 

Based on this, a decision is made to select the suitable spectrum for 

transmission. 
 

2.3 Spectrum Mobility 
 

Retaining the uninterrupted communication services while transferring to 

a suitable spectrum. Once the SeU finds the presence of PrU, immediately it 

has to vacate the channel so that it should not interfere with the PrU. 

 

2.4 Spectrum Sharing 
 

Providing the finest spectrum scheduling technique among various 
existing users.The following Figure 1 illustrates the CoRN cycle. 

 

 

Figure 1: CoRN Cycle 

 

In order to exploit the available spectrum in an effective way, Cognitive 

Radio Technology (CoRT), permits ULU to access licensed spectrum bands. 
To find out the spectrum holes, the ULU consistently monitors the LU 

activities. These spectrum holes (spectrum bands) are then used by the ULU 

without interfering with the LU. This procedure of finding the spectrum 
holes is called as spectrum sensing [5] [7]. 
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Two types of spectrum holes are there, which are temporal spectrum hole 

(TSH) and spatial spectrum hole (SSH). A TSH appears when there is no LU 

transmission during a particular period and during this time interval the ULU 
utilizes the available spectrum to transmit. A SSH seems when the 

transmission of the LU is within a particular range and the ULU can access 

the spectrum band outside that particular range. Several spectrum sensing 
methodologies have been used to judge the absence or presence of LU 

transmission such as energy detection, matched filtering detection and 

feature detection. After sensing, to utilize the spectrum in an effective way, 
spectrum allocation and sharing schemes are most important. Though the LU 

access the spectrum when ULU parallelly utilizes the same spectrum, the 

noise generated by the ULU should be below a specific threshold of the LU 

[6]. 
 

3 Spectrum Sensing 
               

As SH is one of the prime element in CoRN, spectrum sensing permits 

the ULU to detect the presence of SHs. Based on the bandwidth size, there 

are two approaches of spectrum sensing which includes narrowband and 
wideband sensing.  

 

3.1 Narrowband Spectrum Sensing 
 

The narrowband spectrum sensing approach deals with checking the 

availability of portion/slice of the spectrum. 

In this paper a detailed study of narrowband sensing has been done. 
Types of narrowband sensing includes matched filter, feature detection and 

eigen-value based detection [7].            

Figure 2 shows the concept of spectrum sensing. In a licensed band of 
spectrum, the LU transmitter transmits data to the LU receiver. At the same 

time, a pair of ULU tries to access the spectrum. In order to secure the LU 

transmission, the transmitter of ULU needs to sense the spectrum to check 
the presence of LU receiver in that particular range of the ULU transmitter. 

The ULU transmitter, rather than detecting the LU receiver, it can easily 

check the absence or presence of the LU signals. 

From Figure 2, it is clear that the radius with respect to the LU 
transmitter and receiver detections are different. Sometimes the LU receiver 

may be outside the LU transmitter detection radius. In this case there a 

possibility to miss the spectrum hole. After all the detection of LU receiver is 
harder than the detection of LU transmitter. So, researchers mostly focus on 

detecting LU transmitter [8]. Moreover, it is also difficult for the ULUs to 

differentiate the LU signals from the already existing ULU transmitter 
signals.  
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Figure 2: Concept of Spectrum Sensing 

Received signal at the ULU, y(t) can be denoted as, 
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where w(t) is the additive white Gaussian noise (AWGN) and r(t) is the 

LU’s transmitted signal. P1 represents the hypotheses of the presence of the 

LU signals and Po represents the hypotheses of the absence of the LU signals 
[9]. Depending on the observation of the received signal y(t), the decision 

will be made between Po and P1 which is the main goal of spectrum sensing. 

Two probabilities are considered.  One is the detection probability denoted 
by Pd and the other one is the false-alarm probability represented by Pfa. Here 

Pd signifies the probability that the decision made will be in favor of  P1 

when P1 is true and Pfa signifies the probability that the decision made will be 
in favor of   P1 when P0 is true. We can obtain the probability of missing-

detection Pmd based on Pd   so that, Pmd = 1- Pd [2]. Figure 3 depicts the 

classification of narrowband spectrum sensing techniques. 

 
Figure 3: Classification of Narrowband Spectrum Sensing 
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3.1.1 Matched Filter Detector (MFD) 
 
MFD comes under coherent based sensing where the information about 

the LU such as physical implementation, physical structure and other 

parameters are known to the ULU in prior. MFD is said to be the optimal 

coherent detector, since it maximizes the received signal to noise ratio (SNR) 
for AWGN channels [10]. It follows cross correlation concept between the 

received signal and the known sequence. Whenever a LU signal is present, it 

is indicated by means of a positive cross correlation peak else a vacant band 
is maintained. Experimental results show that MFD is better than ED. Upon 

detecting the presence of the LU, MFD also measures the power level of the 

LU. The power level of the LU is subject to change based on the surrounding 

environment. In order to cope up with the different power levels of the LU 
and the interference, the ULU should be able to alter its power level, while 

measuring the power level of the LU [11]. The prime advantage of MFD is it 

has high processing gain within less time period. 
 

3.1.2 Feature Detector (FD) 
 

In practical communication systems, for synchronization purpose some 
additional features are added to the signal such as cyclic prefix, pilot, beacon 

frames, preamble etc., This FD technique aims at capturing a particular 

signature of the LU signal. The sensing rate of FD is fast when compared to 
ED. There are three types of FD namely waveform detector, correlation 

detector and cyclostationary detector. In waveform detector, to detect the 

absence or presence of LU, the conclusion is based on correlating the known 
signal with the received signal by comparing the output with a specific 

threshold value[12].Correlation detectors are mainly used in Orthogonal 

Frequency Division Multiplexing(OFDM) which depends on the second 

order statistics (autocorrelation function) of the received signal where the 
features are added to the periodicity of the LU signal[13]. Cyclostationary 

detectors are more reliable when compared to other sensing methods even at 

low SNR and it has high noise immunity also. It possesses cyclostationary 
properties such as chip rate, symbol rate etc, which are used to spot out the 

presence of LU [14]. 

 

3.1.3 Energy Detector (ED) 
 

Energy detector is a non-coherent based detection scheme in which the 

information about the LU is not needed in prior. The main advantage of this 
ED is it permits the spectrum sensing approaches to be employed in different 

implementations and environments [15]. The computational complexity of 

ED algorithm is relatively low, the design is simple and easy to implement. 
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One of the major drawbacks of this ED algorithm is its detection 

performance which is very low because it can’t differentiate between the LU 

signal and noise. In general, there is a need to operate the LU signals under 
low SNR because the received LU signals have more power fluctuations due 

to shadowing and multipath fading effects. The major issue with ED is that it 

depends on the SNR and noise power [16]. 
 

3.1.4 Eigen Value-Based Detector (EVBD) 
 
EVBD has been proposed to overcome the practical implementation 

limitations of coherent detection methods. Here the decision is made based 

on the comparison of threshold with the test statistics (maxima to minima 

eigen value of covariance matrix). Since EVBD comes under non-coherent 
detector, it doesn’t need the information about the LU in prior. Due to this it 

is highly robust to noise uncertainty. Sensing performance of EVBD is also 

high and it is capable of detecting signals even with low SNR. Eventhough 
this method has many advantages; the only drawback is the computational 

complexity which is very high [7]. 

  

4 Narrowband Spectrum Monitoring 
  

Spectrum monitoring schemes are introduced as a supplement for the 
spectrum sensing techniques which reduces the frequency as well as the time 

interval that lies between the starting of LU transmission and the ULU 

detects its transmission. Dynamic frequency hopping and Monitoring during 

reception are the two classifications of narrowband spectrum monitoring 
approach. 

 

   
Figure 4: Classification of Narrowband Spectrum Monitoring 
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4.1 Dynamic Frequency Hopping (DFH) 
  

In DFH, the ULU performs two tasks simultaneously. One is the data 
transmission which takes place in the in-band channel and the other is 

spectrum sensing in the out of band channels. Depending upon the 

availability of channels during spectrum sensing in the previous time slot, 
that free channels are used in the next time slot provided the channel 

switching should be within a fraction of second. But still challenge exists 

with respect to the quality of service (QoS) [17].  
 

4.2 Monitoring During Reception 
 

To detect the arrival of the LU signal, the communication among the 
cognitive radios should be stopped and some quite time periods are 

introduced in between them. Meanwhile there exists a trade-off between the 

secondary network’s performance and the primary network’s performance. 
The ULU transmitter remains silent during the sensing time period and hence 

no throughput is achieved. However if the sensing time period is too long, 

then the average throughput of the ULU will be low whereas the average 

delay will be high. One way of enhancing the transmission efficiency is that 
the cognitive radio can monitor the spectrum without disturbing their 

communication. This method can detect the reappearance of the LU during 

the ULU transmission. If the absence of LU signal is correctly monitored, the 
time taken to sense the network can be used for packet delivery of ULU [18]. 

 

4.2.1 Receiver Statistics Method 
 

The main idea here is the CRN monitors the spectrum without 

introducing any quiet time periods in between the communication. Here 

Low-Density Parity Check (LDPC) code is used to compare the bit error 
count with that of the threshold for each of the received packets. If the error 

count exceeds the threshold, then the algorithm reports the LU activity. The 

number of errors not only depends on the presence of LU but also due to 
certain parameters that disturbs the error count includes narrowband 

interference, phase noise, sampling frequency offset and carrier frequency 

offset. Although this method is simple, the receiver statistics may vary with 
respect to the system settings [19]. 

 

4.2.2 Energy Ratio Method 
 

This method overcomes the issues of the previous method. Energy ratio 

method is mainly used for OFDM based CRNs. Here two unmodulated sub-

carriers are used at the transmitter side mainly for monitoring purpose.  
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An energy ratio is used at the receiver side between two continuous 

sliding windows which are equal in size. If this ratio lies below the threshold, 

then the ULU transmits continuously; else it indicates the appearance of the 
LU and at the same time the ULU stops transmission [20]. 

 

5 Applications of CoRN 
 

There are many applications of CoRN which includes broadband cellular 

networks, smart grids, Medical body area networks (MBANS) and public 
safety networks. One of the emerging applications of CoRN is in cellular 

networks. The biggest challenge of all the cellular networks operator is the 

growing demand for the effective utilization of the available spectrum 
especially in “hotspot” where there is huge amount of data generation in a 

smaller area. For example, consider a cricket stadium where the most of the 

people used to take pictures or videos and upload in the websites which 
increases the traffic in the cellular network drastically. For such cases CoRN 

is a best solution [21][22]. 

 

6 Conclusions 
 

CoRN has the ability to enhance the spectrum efficiency in the future era 
of wireless communication systems. This article presents an overview of 

CoRN cycle, types of spectrum sensing, classification of narrowband 

spectrum sensing and spectrum monitoring approaches. Each sensing method 

has its own advantage and disadvantage. CoRN plays a vital role in various 
applications like medical field, public safety, cellular broadband etc., for the 

betterment of spectral efficiency. But still challenges remain that the CoRN 

has to cope up with the LU and the ULU and there is an urge to avoid 
interference so that it can be used in many applications. 
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