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Abstract— Many applications for wireless service operate 

with their own individual licensed spectra. It is rare that each 

service is fully consuming its available spectrum. To realize 

a more efficient use of this valuable resource, secondary 

spectrum usage by cognitive radios is being considered. 

Cognitive radio (CR) is the enabling technology for 

supporting dynamic spectrum access the policy that 

addresses the spectrum scarcity problem. Cognitive radio is a 

technology initiated by many research organizations and 

academic institutions to raise the spectrum utilization of 

underutilized spectrum channels through dynamic spectrum 

access. Cognitive Radio is a paradigm for wireless 

communication in which either a network or a wireless node 

changes its transmission or reception parameters to 

communicate effectively while avoiding interference to 

licensed users. 
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I. INTRODUCTION 

G. Marconi pioneered the world of wireless comm. when he 

demonstrated his radio’s ability to continuously contact 

ships sailing over the English Channel using an RF link. 

This historic event occurred in 1897 and triggered the rise of 

wireless technology. With improvements in RF technology 

Wireless equipment has become portable and cheaper. With 

development in cellular radio and personal communications, 

subscribers have grown manifold. To accommodate the 

growth of subscribers, additional bandwidth is required but 

the availability of Electromagnetic spectrum is limited and 

there is severe competition for the available bandwidth. 

Over the past decade, there has been a dramatic growth in 

wireless communication due to the popularity of smart 

phones and other mobile devices .as a result, the demand for 

commercial spectrum has been incredibly increased. 

Because of this developing demand on wireless 

communication applications has put a great deal of 

limitations on the accessible radio spectrum which is 

restricted and valuable. In settled spectrum assignments 

there are numerous frequencies that are not being 

appropriately utilized. So cognitive radio helps us to utilize 

these unused frequency bands which are additionally called 

as "White Spaces". 

The Federal Communications Commission (FCC) 

ruled in November 2008 that unused portions of the RF 

spectrum (known as white spaces) be made available for 

public use .White space devices must include technologies 

to prevent interference, suchas spectrum sensing and 

relocation capabilities [3-5]. 

The idea for CR was developed by Joseph Mitola at 

the Defence Advanced Research Projects Agency (DARPA) 

in the United States. Full cognitive radio is sometimes 

known as “Mitola radio.” software. The CR is viewed as the 

key enabling technology for future mobile wireless services 

anywhere, anytime and with any device. 

 
Fig. 1: Occupancy of the Spectrum 

II. HOLE OR WHITE SPACE CONCEPT 

It is observed that even after efficient allocation of 

bandwidth by the telecommunication regulatory body, the 

spectrum is used inefficiently. The Figure 1 illustrates the 

occupancy of the spectrum, it is seen that the spectrum is not 

prudently used and there are void spaces or holes in the 

spectrum. The reasons for the underutilization of the 

spectrum are: 

 The occupancy of the spectrum is high during the day 

time and less during the night time (cellular phone 

spectrum). 

 The presence of guard bands in the spectrum to prevent 

adjacent channel interference. The current project is not 

targeted to locating guard bands. Guard bands reduce 

the sensitivity to spectral leakage in multicarrier 

communication.  

 
Fig. 2: Spectrum holes concept 

If the void spaces in the spectrum can be detected 

and used, then the problem of spectrum limitation can be 

solved to some extent. The race for occupying the increasing 

demand for bandwidth within a limited range of spectrum 

has given rise to a new technology known as Cognitive 

Radio. 

III. LITERATURE REVIEW: COGNITIVE RADIO 

Defining cognitive radio can be a very difficult and a 

controversial task, though it was a term first defined by 
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Mitola in [1] as ―A radio that employs model based 

reasoning to achieve a specified level of competence in 

radio-related domains. It was also defined in Haykin in [2] 

as ―An intelligent wireless communication system that is 

aware of its surrounding environment (i.e., outside world), 

and uses the methodology of understanding-by-building to 

learn from the environment and adapt its internal states to 

statistical variations in the incoming RF stimuli by making 

corresponding changes in certain operating parameters (e.g., 

transmit-power, carrier-frequency, and modulation strategy) 

in real-time, with two primary objectives in mind: 

 Highly reliable communications whenever and 

wherever needed.  

 Efficient utilization of the radio spectrum. 

A. Types of Cognitive Radio 

1) Based on Type of Approaches 

 Full cognitive radio (“Mitola Radio”): Every possible 

parameter taken into account. 

 Spectrum sensing cognitive radio: Only radio frequency 

spectrum Considered. 

2) Based on Frequency Spectrum: 

 Licensed Band Cognitive Radio 

 Unlicensed Band Cognitive Radio 

IV. COGNITIVE CYCLE (MAIN FUNCTIONS) 

The cognitive engine works according to the cognitive 

cycle. The cognitive cycle[3]consists of various steps as 

shown in fig.3. This cycle includes analyzing the RF stimuli 

from outside environment and sensing spectrum holes. It 

also includes functions like transmission power control and 

spectrum management after sensing the white spaces to 

ensure interference free opportunistic spectrum access. 

 
Fig. 3: Cognitive Cycle 

The states in the above CR cycle defining the 

spectrum management process consists of following major 

steps: 

1) Spectrum Sensing: A CR user can only allocate an 

unused portion of the spectrum. Therefore, the CR user 

should continuously monitor the Radio Environment for 

the availability of free spectrum bands, capture their 

information, and then detect the spectrum holes. 

2) Spectrum Decision: Once the available spectra are 

identified, it is essential that CR users select the best 

available band according to their QoS requirements. 

3) Spectrum Sharing: The transmissions of CR users 

should be coordinated by spectrum sharing functionality 

to prevent multiple users colliding in overlapping 

portions of the spectrum. 

4) Spectrum Mobility: If the specific portion of the 

spectrum in use is required by a PU, the communication 

must be switched to another vacant portion of the 

spectrum. 

5) Radio Environment: The idea of Radio Environment 

Maps (REMs) design is to decide what type information 

must be stored and how this would be available to the 

various radios. The REM information can be updated 

with observations from CR nodes and disseminated 

throughout CR networks. 

V. ARCHITECTURE OF COGNITIVE RADIO 

As shown in Fig. 4, cognitive radio network architecture can 

be classified in two groups as the primary network and the 

cognitive network. Primary network is referred to as the 

legacy network that has an exclusive right to a certain 

spectrum band. While cognitive network does not have a 

license to operate in the desired band. The basic elements of 

the primary and unlicensed networks are defined as follows: 

A. Primary User 

Primary user has an authorization to operate in a certain 

spectrum band. This access can be only controlled by its 

base-station and should not be affected by the operations of 

any other unauthorized user. 

 
Fig. 4: Cognitive Radio Network Architecture 

B. Primary Base-Station 

Primary base-station is a stationary setup network 

component which has a spectrum authorization. In principle, 

the primary base-station does not have any cognitive radio 

capability for sharing spectrum with cognitive radio users. 

However, primary base-station may be required to have both 

legacy and cognitive radio protocols for the primary 

network access of cognitive radio users. 

C. Cognitive Radio User 

Cognitive radio user has no spectrum license. Hence, the 

spectrum access is allowed only in an opportunistic manner. 

Capabilities of the cognitive radio user include spectrum 

sensing, spectrum decision, spectrum handoff and cognitive 

radio MAC/routing/transport protocols. The cognitive radio 

user is assumed to have the capabilities to communicate 

with not only the base-station but also other cognitive radio 

users. 
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D. Cognitive Radio Base-Station 

Cognitive radio base-station is a fixed infrastructure 

component with cognitive radio capabilities.  Cognitive 

radio base-station provides single hop connection to 

cognitive radio users without spectrum access license. 

VI. COGNITIVE RADIO’ S KEY BENEFITS 

Cognitive Radio offers optimal diversity [5] (frequency, 

power, modulation, coding, space, time, polarization and so 

on) which lead to:  

 Spectrum Efficiency: The basic purpose of 

implementing CR will allow the spectrum to be met in 

future demand. 

 Higher bandwidth services- Interest of MBMS is 

always on the ascent which will be encouraged by the 

execution of CR. 

 Graceful Degradation of Services - At the point when 

conditions will be not perfect, an agile debasement of 

administration is given, rather than the less attractive 

complete and sudden loss of administration. This 

highlight of CR is essential in giving administrations to 

the clients particularly when they are portable and the 

base stations in contact are continually evolving. 

 Improved Quality of Service (QoS) (latency, data rate, 

cost etc) - Suitability, availability and reliability of 

wireless services will improve from the user’s 

perspective.  

 Commercial Exploitation- CR advances range 

liberalization (makes it much less demanding to 

exchange range between clients). Undoubtedly, a 

business case may exist for turning into a range agent, 

whereby a third party oversees the exchange between 

supplier and demander and gets a commission.  

 Benefits to the Service Provider- More clients in the 

business sector and/or expanded data exchange rates to 

existing clients. More players can come in the business 

sector. 

 Future-proofed product- A CR is able to change to 

services, protocols, modulation, spectrum etc. without 

the need for a user and/or manufacturer to upgrade to a 

new device. 

 Common hardware platform- Makers will pick up from 

economies of scale in light of the fact that they no more 

need to assemble various equipment variations, rather 

utilizing a solitary normal stage to run an extensive 

variety of programming. This likewise supports in quick 

administration organization.  

 Emergency service communications- Joint operations 

amid real occurrences would advantage extraordinarily 

as police, flame, rescue vehicle and coastguard could be 

connected together in one radio with every radio client 

detecting the range being utilized by alternate 

gatherings and reconfiguring itself.  

 Benefits to the Licensee- CR can prepare for range 

exchanging, where licensees would be permitted to rent 

a bit of their range rights to outsiders on a worldly, 

spatial or other suitable premise to recover a percentage 

of the cost of its 24hr-a-day permit. 

VII. RELATED WORK 

Moin Uddin et al.[5](2011)presented interesting features and 

futuristic applications for CR. These devices were expected 

to form a basis of all next generation networks in totally or 

partially. This will help mitigate the spectrum scarcity 

problem and also on the restriction of using only assigned 

spectrum for transmission which may be extremely helpful 

during emergency situations. However, its implementation 

requires substantial research to device cost effective 

solutions to the challenges presented in this research. 

Manthan D. Rana,[6](2014)presented the Review 

on spectrum sensing & sharing  techniques of cognitive 

radio system. The authors researched When primary user is 

not utilizing the allocated band, secondary user can claim 

for that vacant band of primary user. For that spectrum 

sensing is required. When the primary user comes then 

secondary user all will be dropped. The main objective is to 

improve the call drop ratio. This paper describes about 

major roles done in cognitive radio system for using the 

spectrum effectively. 

Mario Bkassiny [4](2012) review some of the 

recent patents on spectrum sensing techniques for cognitive 

radio (CR) applications. The presented patents are 

categorized under: 1) spectrum sensing algorithms and 

architectures, 2) spectrum sensing and data communication 

and 3) cooperative spectrum sensing. The presented patents 

include special sensing algorithms that are based on the 

multi-resolution spectrum sensing (MRSS) approach, which 

ensures reliability of the spectrum sensing in wireless RF 

environments. They also discuss a CR patent that includes 

multiple RF chains to perform simultaneous cognitive tasks. 

Several patents that consider cooperative sensing are also 

presented as a solution to the hidden terminal problem 

inherent in wireless networks. They review the advantages 

and disadvantages of the presented patents and propose 

future directions for developing spectrum sensing 

techniques for CR’s 

Bablu Kumar Singh[8](2014) review the .study of 

Recent trends in cognitive radio communications and 

networks for  licence free connectivity They review that the 

Cognitive radio (CR) is the enabling technology for 

supporting dynamic spectrum access the policy that 

addresses the spectrum scarcity problem that is encountered 

in many like signal processing techniques for spectrum 

sensing, cooperative spectrum sensing, and transceiver 

design for cognitive spectrum access with design and 

consideration for quality-of-service. These include the study 

of dynamic spectrum allocation methods, spectrum sensing, 

cooperative communications, incentive mechanisms, 

cognitive network architecture and protocol design, 

cognitive network security, cognitive system adaptation 

algorithms and emergent system behavior 

Beibei Wang et al. [7](2011)  discussed recent 

advances in the study of cognitive radios. Cognitive radio 

technology basics, cognitive radio network architecture and 

its applications are introduced. Spectrum sensing is already 

in the works reviewed, and dynamic spectrum allocation and 

sharing are important issues to be analyzed intimately. 
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VIII. CONCLUSION 

Through this paper, we present interesting features and 

futuristic benefits for CR. Cognitive Radio is a new type of 

network used to detect the communication channels and 

cutting edge technology from several research areas. These 

devices are expected to form a basis of all next generation 

networks in totally or partially. This will help mitigate the 

spectrum scarcity problem and also on the restriction of 

using only assigned spectrum for transmission which may 

be extremely helpful during emergency situations. However, 

its implementation requires substantial research to device 

cost effective solutions. 

REFERENCES 

[1] J.Mitola, “Cognitive Radio: Making Software Radios 

more personal,” IEEE Pers. Commun, vol.6 , no.4,  

pp.13-18, Aug. 1999. 

[2] S. Haykin, Cognitive radio: brain‐empowered wireless 

communications, IEEE Journal on Selected Areas in 

Communications 23 (2) (2005) 201‐ 220. 

[3] Relay based cooperation for cognitive radio networks, 

IJSSCEA VOL. 4.PAGE NO. 1-9 

[4] Recent Patents on Spectrum Sensing Methods and RF 

Architectures for Cognitive Radios Received: 

December 15, 2011, Revised: February 8, 2012, 

Accepted: March 1, 2012 

[5] Cognitive Radios: Need, Capabilities, Standards, 

Applications and Research Challenges International 

Journal of Computer Applications (0975 – 8887)  

Volume 30– No.1, September 2011 

[6] Review on spectrum sensing & sharing techniques of 

cognitive radio system International Journal of 

Futuristic Trends in Engineering and Technology Vol. 4 

(01), 2014 

[7] Beibei wang et al, “advances in cognitive radio 

networks: a survey, ieee journal of selected topics in 

signal processing”, vol. 5, no. 1, february 2011. 

[8] A Study of Recent trends in cognitive radio 

communications and networks for license free 

connectivity conference paper .February 2014 

[9] An Overview of Cognitive Radio Network Technology,  

XG  technology, INC. November 2012 

[10] Cognitive Radio and its RF Challenges Markku Renfors 

Tampere University of Technology Finland 


