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Abstract— Cognitive Radio (CR) is a promising technology 

to improve the spectrum utilization efficiency in Wireless 

Communications. Cognitive means “Relating to the part of 

mental functions deals with logic”. And Cognitive Radio, in 

which a transceiver can intelligently detect which 

communication channels are in use and which are not, and 

instantly move into vacant channels while avoiding 

occupied ones. Researchers show that more than 70% of 

available spectrum is not used efficiently. For efficient 

utilization of spectrum we need to know whether the 

spectrum is used by primary user or not which is called 

Spectrum Sensing. Due to the increasing demand for 

wireless communication CR allows better use of the radio 

spectrum. CR is intelligent network that adapt to the 

changes in spectrum environment. The main aspect of the 

cognitive radio is spectrum sensing. It is one of the most 

challenging issues in cognitive radio systems. In this paper, 

a brief overview of cognitive radio, study of spectrum 

sensing techniques for cognitive radio and spectrum sharing 

is presented. Various sensing and sharing scheme for the 

cognitive radio are reviewed and the challenges associated 

with them. 
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I. INTRODUCTION 

The concept of cognitive radio was introduced by Joseph 

Mitola in 1998 and published in an article by Mitola and 

Gerald Q. Maguire Jr. in 1999. Cognitive radio is an 

adaptive radio and network technology that can 

automatically detect available channels, in which either the 

network or the cognitive radio nodes can change particular 

transmission, reception, or radio environment sensing 

parameters to execute their tasks provided that no 

interference with licensed user and other cognitive radio 

nodes. 

A. COGNITIVE RADIO CYCLE  

In cognitive radio cycle, a cognitive radio device monitors 

spectrum bands and then detects the spectrum holes.  The 

characteristics of the spectrum spaces that are detected 

through spectrum sensing are estimated. Then, the 

appropriate spectrum band is selected according to the 

characteristics and user requirements. When the operating 

spectrum band is determined, the information exchange can 

be performed over this spectrum band [1]. 

 
Fig. 1: cognitive radio cycle [1]. 

B. Functionalities of a Cognitive Radio Network [2] 

The basic services of Cognitive radio network are given 

below:  

1) Spectrum Sensing:  

The most important task of Cognitive radio network is the 

ability to sense the unused spectrum and detect primary 

(licensed) users and share it with other user (Unlicensed) 

under condition that, primary user should not be disturbed. 

2) Spectrum Management:  

The ability of Cognitive radio network to capture the best 

available spectrum bands to serve user requirements and to 

serve the quality of service requirements over all available 

spectrum bands. Spectrum management can be divided into 

two functions. 

1) Spectrum analysis 

2) Spectrum decision 

3) Spectrum Mobility:  

The ability of Cognitive radio network to exchange its 

frequency of operation and move to best available channel.  

Secondary user must vacate the channel if the primary user 

is present again. 

4) Spectrum Sharing:  

In spectrum sharing a fair spectrum scheduling is provided 

to overcome significant difficulties in open spectrum 

utilizing. Cognitive radio system needs to provide an 

optimal spectrum allocation technique among various 

Cognitive Radio users. 

SPECTRUM SENSING 

 
Fig. 2: Principle of spectrum sensing [3] 
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Fig. 2 shows the basic principle of how spectrum 

sensing can be used to protect the PUs. As shown in figure, 

a primary Tx sends data to its intended Rx in a certain 

licensed spectrum band. A pair of CR users (CR Tx and CR 

Rx) intends to access the spectrum holes for secondary 

communication. To protect PU from interference, the CR Tx 

perform spectrum sensing to find spectrum holes. In 

particular, the CR Tx detects whether there is an active 

primary Rx inside the coverage of the CR Tx. If not, the CR 

Tx can safely transmit to the CR Rx using the identified 

spectrum hole. Otherwise, the CR users are not allowed to 

use the band. Therefore, detecting the nearby primary Rx’s 

can directly identify the spectrum hole, which is called 

Direct spectrum sensing. It is well known that detecting a 

Rx is a challenging task, because the Rx does usually not 

transmit signals when it works. Thus, most of the existing 

spectrum-sensing schemes identify spectrum holes by 

detecting the primary Tx’s. In Fig. 2, let D be the 

transmission range of the primary Tx and R be the 

interfering range of the CR Tx. Then, the CR Tx needs to 

detect the presence of an active primary Tx within a distance 

D + R. If the distance between the primary and the CR Tx’s 

is larger than D + R, there will be no active primary Rx 

inside the interfering range of the CR Tx, and then, the CR 

Tx can safely access the spectrum bands. 

Indirect spectrum sensing requires a larger 

detection range from R to R + D. Thus, indirect spectrum 

sensing needs to detect very weak primary signals, which 

makes spectrum sensing more challenging. Furthermore, 

when the signal-to-noise ratio (SNR) of the primary signal 

that is measured at the CR Tx is low enough, e.g., below the 

SNR wall, it is impossible for the CR Tx to detect the 

primary Tx, even when the infinity number of samples of the 

primary signals are used [3]. 

II. SPECTRUM SENSING TECHNIQUES 

Classification of spectrum sensing techniques: 

 
Fig. 3: Classification of Spectrum Sensing Technique [4] 

A. Signal Processing Technique 

Matched filter detection: In matched filter detection 

technique, primary user’s (PU’s) information is needed such 

as modulation technique, pilots, spreading codes, preambles 

and packet format. The sensing is performed by correlating 

the observed signal with the known sample to detect the 

presence of the PU. The advantage of this technique is, it 

requires less time and few samples of the received signal. 

However, this technique requires prior knowledge of the 

PU, consumes more power and high complexity.  

 
Fig. 4: Matched Filter Detection Block Diagram 

1) Energy Detection:  

In Energy detection based technique PU’s information is not 

needed. In other word, Energy detection is used when the 

sensor has no information about the signal structure. Energy 

detection detects the signal based on the sensed energy 

which is compared with a threshold if it less then threshold 

then PU’s is considered to be absent. The disadvantage of 

this technique is it cannot distinguish between PU’s signal 

from the SU’s signal and has poor performance under low 

signal-to-noise ratio (SNR). 

 
Fig. 5: Block diagram of energy detection 

The above block diagram is of energy detection 

.The band pass filter selects the specific band of frequency. 

After the band pass filter there is a squaring device which 

measures the received energy. The received energy is then 

passed through integrator which determines the observation 

interval. The output of integrator is compared with a 

threshold value and if the value is below the threshold, it 

will consider that primary user is absent otherwise primary 

user is present. 

2) Cyclo-stationary based detection:  

Cyclo-stationary feature detection is a method for detecting 

primary user transmissions by utilizing the periodicity of the 

received signals .The periodicity is coupled with sine wave, 

pulse train, spreading code, hopping sequences or cyclic 

prefixes. This detection technique can differentiate noise 

from primary users’ signals and it can also perform better at 

low SNR. high speed sensing cannot be achieved by Cyclo-

stationary feature detection. This  technique is more 

complex and if the PU’s characteristics are unknown it 

cannot work .detection of cyclo-stationary properties is a 

compromise solution that does not require knowledge of 

waveform and give a performance that is somewhat better 

than that of energy detection in this technique, the incoming 

signal is correlated with itself before being sent to energy 

detector. 

 
Fig. 6: Cyclostationary based detection 

3) Interference Temperature:  

This sensing method is introduced by FCC. An interference 

temperature above the noise floor is measured. Cognitive 

Radio Sensor Network (CRSN) nodes estimate how much 

interference they would cause at the PU receiver. Then, they 

adjust their power such that their interference and the noise 

floor together do not exceed the interference temperature 

level. For accurate interference measurement CRSN nodes 

requires knowing the location of the PU [5].  

B. Cooperative Sensing Technique  

Other sensing technique is cooperative sensing technique in 

which CR shares their sensing information with each other 

increasing the performance and accuracy. 

1) Centralized Spectrum Sensing:  

In centralized sensing, a central unit called cluster head or 

server collects sensing information from cognitive devices, 

identifies the unused spectrum, and transmits this 
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information to other cognitive radios or directly controls the 

cognitive radio traffic. 

2) Distributed Sensing:  

In distributed sensing, cognitive nodes share intra cluster 

information among other cluster nodes, and observe that 

which part of the spectrum is available and they can use for 

communication. This technique requires continuous update 

of the spectrum information table, hence large storage and 

computation is required 

3) Hybrid Sensing:  

In hybrid technique, CR shares information in distributed 

manner. Each user can independently identify the available 

channel. When the primary user arrives it releases the 

channel immediately without informing other nodes. The 

detection time in this technique is less but it requires 

dedicated hardware for cooperation, which will increase the 

hardware cost [4]. 

Spectrum 

sensing 

Methods 

Advantages Disadvantages 

Matched 

Filter 

Best in Gaussian 

Noise, requires less 

sensing time 

 

Requires prior 

information of PU 

transmission 

characteristics, high 

complexity 

Energy 

Detection 

Low computation 

and simple 

Longer sensing 

time, Low SNR and 

high power 

consumption 

Cyclo-

stationary 

Detection 

Most resilient to the 

variation in noise 

levels 

Requires prior 

knowledge of PU 

transmissions. 

Interference 

Temperature 

Recommended by 

FCC, Guarantees 

interference to PU 

do not exceed 

predefined level 

Requires  

information of PU 

location 

Table 1: Overview of Spectrum Sensing Methods [5] 

4) Spectrum sharing 

Spectrum Sharing Techniques:  One of the major challenges 

in open spectrum usage is the spectrum sharing. The main 

challenge after detecting the available spectrum hole is to 

access or share the spectrum among the secondary users of 

the cognitive radio. Classification of Spectrum Sharing is as 

follows: 

1) Network Architecture 

2) Spectrum Access 

3) Spectrum Allocation 

 
Fig. 7: spectrum sharing Techniques [6] 

  The first classification is based on the 

Network architecture, which can be centralized and 

decentralized spectrum sharing: 

1) Centralized spectrum sharing:  

The spectrum allocation and access procedures are 

controlled by a central entity. Moreover, Distributed sensing 

technique which is continuous update of the spectrum 

information table can be used such that, the measurement of 

the spectrum allocation is transferred to the central entity, 

and a spectrum allocation map is constructed. Furthermore, 

the central entity can lease spectrum to users in a limited 

geographical region for a specific amount of time. In 

addition to competition for the spectrum, competition for 

users can also be considered through a central spectrum 

policy server [8]. 

 
Fig. 8: Centralized spectrum sharing 

2) Decentralized spectrum sharing:  

Spectrum allocation and access are based on local (or 

possibly global) policies that are performed by each node 

distributively. Distributed Solutions also are used between 

different networks such that a base station (BS) completes 

with its interferer BSs according to the Quality of Service 

requirements of its users to allocate a part of the spectrum. 

The recent work on comparison of centralized and 

distributed solutions reveals that distributed solutions 

generally closely follow the centralized solutions, but at the 

cost of message exchanges between nodes [9]. 

 
Fig. 9: Decentralized spectrum sharing 

The second classification is based on allocation 

behavior, where spectrum access can be cooperative and 

non-cooperative spectrum sharing: 

3) Cooperative spectrum sharing:  

Cooperative (or collaborative or selfless) solutions exploit 

the interference measurements of each node such that the 

effect of the communication of one node on other nodes is 

considered. A common technique used in these schemes is 

forming clusters to share interference information locally. 

This localized operation provides an effective balance 

between fully centralized and a distributed scheme. 

4) Non-cooperative spectrum sharing:  

Only a single node is considered in non-cooperative (or non-

collaborative, selfish) solutions. Because interference in 

other CR nodes is not considered, by using non-cooperative 

solutions may result in reduced spectrum utilization. 

However, these solutions do not require frequently 



Contemporary Techniques in Spectrum Sensing and Sharing in Cognitive Radio: A Review 

 (IJSRD/Vol. 6/Issue 04/2018/247) 

 

 All rights reserved by www.ijsrd.com 964 

exchanges message between neighbors as in cooperative 

solutions. This can be also understanding by using “Game 

Theory”.it defined as “ one in which any player is unable to 

make enforceable contracts outside of those specifically 

modeled in the game”[10]. 

For example: Human beings living together in a society 

exhibit some basic behaviors that can be categorized as: 

1) Individual behavior( Non-cooperative Spectrum 

Sharing) 

2) Group behavior( Cooperative Spectrum Sharing) 

3) Individual behavior (Non-cooperative) is represented by 

self-interest, rationality, or irrationality. For example, 

neoclassical economic theory studies the behavior of a 

rational agent maximizing an objective function over an 

appropriate set of choices. 

4) Group Behavior (Cooperative) includes groupings 

formed for a common public good (survival etc.), some 

of which can be irrational [11]. 

The third spectrum sharing techniques are based on 

the access technique; these are two types: 

1) Overlay spectrum sharing:  

In an Overlay approach, shown in fig (10) the cognitive 

radio detects the actually transmitted signal of the primary 

user and adjust its own signal in such a way that it does not 

disturb the primary Receiver even though it transmits in the 

same band [7].  

 
Fig. 10: Overlay spectrum sharing 

2) Underlay spectrum sharing:  

By observing the spread spectrum techniques developed for 

the cellular network, Each and every node used the wireless 

networks in the underlay spectrum sharing technique.  In 

which, power of secondary user (Unlicensed) reduced and 

spectrum of secondary user would be spread all over the 

Bandwidth, as shown in fig (11). When the spectrum 

allocation map is ready, the cognitive radio starts 

transmission in the Network. Due to this, at certain position, 

it will interfere with the primary user and causes 

interference. This increased bandwidth compared to the 

overlay technique [7]. 

 
Fig. 11: Underlay spectrum sharing 

III. CONCLUSION & FUTURE SCOPE 

Spectrum is a very valuable resource in wireless 

communication systems and it has been a major research 

topic from last several decades. CR is an exciting and 

promising technology that offers a solution to the spectrum 

crowding problem. The cognitive radio is initially proposed 

as agent to implement software defined radio. The cognitive 

radio is intelligent agent for telecommunication. Cognitive 

radio should be able to sense the environment, make 

observations from environment, and able to use these sensed 

information for taking decision. Considering the challenges 

increases in cognitive radios, the use of spectrum sensing 

method appears as an extremely important need to achieve 

satisfactory results in terms of efficient use of available 

spectrum and limited interference with the licensed primary 

users.  In this paper, we have provided an overview on 

cognitive radio, different spectrum sensing and spectrum 

sharing techniques. 
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