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ABSTRACT: Cognitive Radio is an emerging design paradigm that can potentially alleviate the problem of spectrum
shortage. The main requirement for using Cognitive Radio is spectrum sensing. In this paper, survey of various
problem of spectrum sensing in cognitive radio networks are presented. The challenges and issues involved in
implementation of spectrum sensing techniques are studied. A number of techniques to solve the problem of spectrum
sensing and a discussion of their complexity and performance are introduced. The two approaches to spectrum sensing
namely cooperative spectrum sensing and non cooperative spectrum sensing are presented. Moreover, in this survey
spectrum sharing has been discussed. As the key technology and main objective of Cognitive Radio, spectrum sharing
can make full use of the limited spectrum, alleviate the scarcity of frequency resources and improve the system utilities,
playing thereby an important role in improving the system performance of cognitive radio networks (CRNSs). In this
survey, the spectrum sharing in CRNs is discussed in terms of the sharing process. In particular, comparisons of
different spectrum sharing strategies are concluded, as well as sensing based sharing is discussed.

KEYWORDS: Cognitive Radio; Primary Users; Secondary Users; Dynamic Spectrum Access; Spectrum Sensing;
Spectrum Sharing

I. INTRODUCTION

In the past decade, there has been an explosive growth in spectrum demand because of increasing number of
wireless services. A different wireless services are allocated to different licensed frequency bands, leading to a more
and more congested radio spectrum[3]. According to survey of the Federal Communications Commission(FCC) show
that many licensed frequency bands are underutilized [2]. Cognitive radio (CR) has been proposed as a way to improve
spectral efficiency by exploiting unused spectrum in dynamically changing environments. The cognitive
transmitters/receivers use the environmental information to move towards an appropriate parameters, such as
modulation type, modulation index, coding format, transmission power level and latency in order to maximize their
data transmission rates under a constrained interference level.

Cognitive Radio network contains two types of users namely primary users(PU) i.e., licensed user that have
higher priority on the usage of spectrum and secondary users (SU) i.e., unlicensed users that have lower priority to use
the spectrum in opportunistic manner without causing any interference to the primary users[3].

In this paper, we focus mainly on spectrum sensing as it is the main requirement for the establishment of
cognitive radio. The challenges and issues involved in implementation of spectrum sensing techniques are studied. A
number of techniques to solve the problem of spectrum sensing and a discussion of their complexity and performance
are introduced. Moreover, the problem spectrum sensing under the framework of binary hypothesis testing has been
presented.

The rest of this paper is organized as follows: Section Il contains different accessing techniques for CR
networks. Section Il presents techniques commonly used for spectrum sensing. Section IV contains different
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approaches to spectrum sensing which includes cooperative and non cooperative spectrum sensing. In section V present
Spectrum Sharing and its different approaches and finally conclusions are presented in Section V1.

Il. ACCESSING TECHNIQUES FOR COGNITIVE RADIO NETWORKS
Access techniques for CR networks can be classified into two types:
e Overlay approach (or interference-free approach): In this approach, the SUs uses that portion of the spectrum

which is not used by primary users [5 ]. As a result SUs do not cause any undue interference to PUs. CR
networks that are based on overlay approach are referred as overlay CR networks.
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Fig. 1: Accessing techniques for CR networks

e Underlay approach (or interference-tolerant approach): In this approach, [6] the SUs spreads the signals over a
wide band of frequencies and thereby pursue its transmission. Spreading over a large bandwidth would help
secondary users transmit below the noise floor of primary users. Therefore, the power of secondary users has
to be regulated so that they do not cause undue interference to the primary users. The CR networks that
employ underlay access techniques are known as underlay CR networks.

For opportunistic transmission of secondary users to be possible the underlying spectrum has to be sensed and detected
for the presence or absence of primary users. This problem is referred to as “spectrum sensing” which would be the
focus of our work [5].

I11. TECHNIQUES FOR SPECTRUM SENSING

Commonly used spectrum sensing techniques[10] in CR networks are: Energy Detection, Matched Filter Detection and
Cyclostationary.

A. Energy Detection based Spectrum Sensing
It is the natural way to detect a signal when a priori information about the PUs is not available. In this

technique, the total measured energy of PUs signal is compared against a suitable threshold and a decision
about presence or absence of PUs is made accordingly [11] as depicted in Figure.2. This technique only
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requires the energy of signal, and not the shapes or other parameters of PUs. This implies low computational
and implementation complexities.
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Fig.2 : Energy detection based spectrum sensing
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In this the decision metric = is computed and compared against the threshold I' . The threshold T is

suitably chosen by striking a balance between the Pr5 and Pp. Choosing the threshold in above mentioned way
requires knowledge about noise and signal powers. However obtaining signal power can be quite difficult
owing to changes in the characteristics of channels between the PU and SUs [12],[13]. In practice, threshold I
is chosen by fixing Pra to a certain value.

B. Matched Filter based Spectrum Sensing

Matched filter is a linear filter which works on phenomena of maximize the signal to noise ratio. Matched
filter detection is then applied when the cognitive radio user having information about the type of primary
signal. Detection by using matched filter is useful only in cases where the information from the primary users

is known to the cognitive users. The waveform based sensing technique is illustrated in Figure.3.
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Fig. 3: Matched Filter based Spectrum Sensing

C. Cyclostationary based Spectrum Sensing

In Cyclostationary based Spectrum sensing technique, SUs can differentiate between primary signal,
interference, and noise (which is not a cyclostationary signal)[12]. Since cyclostationary detection can separate
signal from noise, it can be used in low SNR regions. The characteristics of the signal must be known a priori,
therefore, cyclostationary detection is limited [14]. Furthermore, cyclostationary detection performs poorly
with channel. The cyclostationary feature detection is performed as shown in Figure.4.
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Fig. 4: Cyclostationary based Spectrum Sensing

Among these techniques, energy detector based sensing approach, is the most common way of spectrum sensing
because of its simplicity and lack of need to know primary users signal characteristics [10],[15]. Moreover, energy
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detector based sensing has low computational and implementation complexities compared to other sensing techniques.
In this paper too, we focus on energy detection based spectrum sensing.

IV. APPROACHES TO SPECTRUM SENSING

Approaches to spectrum sensing can be classified based on the exchange or no exchange of information between the
SUs of a CR network into cooperative and non-cooperative spectrum sensing [ 10], [13]. We describe both these
approaches in the following:

A. Cooperative Spectrum Sensing:

In Cooperative spectrum sensing[14] can be done by cognitive radio networks, such that the SUs reports their result
to the Fusion Center (FC) to make a final decision about the activity of the primary user and therefore the available
spectrum holes are reported to other cognitive radio networks. The former approach is known as distributed
cooperative spectrum sensing and the later approach is known as centralized cooperative spectrum sensing. In
cognitive radio networks, it is also possible that to provided information through cooperative spectrum sensing is
used for assigning idle channels to available SUs. However, this approach will result in a trade-off between the SUs
throughput and sensing accuracy.

B. Non Cooperative Spectrum Sensing:
In non-cooperative spectrum sensing, PUs are detected by each SU independent of others as shown in Fig.6. In
other words there is no unambiguous exchange of information between the SUs or transmission of information to
the FC as was the case in cooperative spectrum sensing[14].

In general, cooperative spectrum sensing gives better performance than the non-cooperative spectrum sensing. This
is because in cooperative spectrum sensing there is a diversity advantage which helps out in averaging the noise
introduced by the sensing process. In non cooperative spectrum sensing, there is no diversity advantage as
secondary users take decisions independently based on their local measurement values.

V. TECHNIQUES OF SPECTRUM SHARING

In cognitive radio network, the main challenging task after spectrum sensing is to share the spectrum among the
secondary users. so solution of this can be classified by three aspects: Spectrum Allocation, Spectrum Access
Techniques, an Architecture Behaviour.

The first classification based on Spectrum Allocation behaviour which can be Non-cooperative or Cooperative:

e Non-cooperative Spectrum Sharing: Only a single node is considered in non-cooperative (or non-
collaborative, selfish) solutions [18]. Because interference in other CR nodes is not considered, non-
cooperative solutions may result in reduced spectrum utilization. However, these solutions do not require
frequent message exchanges between neighbors as in cooperative solutions. Cooperative approaches generally
outperform non-cooperative approaches, as well as closely approximating the global optimum [18]. Moreover,
cooperative techniques result in a certain degree of fairness, as well as improved throughput. On the other
hand, the performance degradation of non-cooperative approaches are generally offset by the significantly low
information exchange and hence, energy consumption.

The second classification for spectrum sharing in CR networks is based on the Access Technology [20]:

e Overlay Spectrum Sharing: In this technique SUs access the network using a portion of the spectrum that has
not been used by licensed users. This minimizes interference to the primary network[19].
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e Underlay Spectrum Sharing: The spread spectrum techniques are exploited such that the transmission of a CR
node is regarded as noise by licensed users[19].

The third classification is based on the architecture, which can be Centralized or Distributed:

e Centralized Spectrum Sharing: The spectrum allocation and access procedures are controlled by a central
entity. Moreover, a distributed sensing procedure can be used such that measurements of the spectrum
allocation are forwarded 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 [19].

o Distributed Spectrum Sharing: Spectrum allocation and access are based on local (or possibly global) policies
that are performed by each node distributively [19]. Distributed solutions also are used between different
networks such that a base station (BS) competes with its interferer BSs according to the QoS requirements of
its users to allocate a portion of the spectrum.

V1. CONCLUSION

In this paper, we reviewed CR networks and the problem of spectrum sensing as applied to it. We also reviewed
different commonly used spectrum sensing techniques. In this survey discussed the spectrum sharing procedure and the
key technologies of spectrum sharing in CRNs, such as centralized and distributed spectrum sharing, cooperative and
non-cooperative spectrum sharing and DSA. Finally we have reviewed the sensing based sharing techniques.

13.

14.
15.

16.

17.

18.

19.

20.

REFERENCES

M. M. Buddhikot, “Understanding dynamic spectrum access: Models, taxonomy and challenges,” Proc. IEEE DySPAN, pp. 649 — 663, Agpril
2007.

E. Biglieri, A. J. Goldsmith, L. J. Greenstein, N. B. Mandayam, and H. V. Poor, Principles of Cognitive Radio. New York: Cambridge
University press, 2012.

FCC, “Spectrum Policy Task Force,” ET Docket no. 02-135, Tech. Rep., Nov 2002.

J. M. lll and G. Q. Maguire, “Cognitive Radio: Making Software Radios More Personal,” IEEE Personal Communications, vol. 6, no. 4, pp.
13-18, Aug. 1999.

Q. Zhao and B. M. Sadler, “A Survey of Dynamic Spectrum Access,” IEEE Signal Processing Magazine, vol. 24, no. 3, pp. 79-89, May 2007.
T. Issariyakul, L. S. Pillutla, and V. Krishnamurthy, “Tuning Radio Resource in an Overlay Cognitive Radio Network for TCP: Greed Isn’t
Good,” IEEE Commun Mag., vol. 47, no. 7, pp. 57-63, July 2009.

S. Haykin, D. J. Thomson, and J. H. Reed, “Spectrum Sensing for Cognitive Radio,” Proc. IEEE, vol. 97, no. 5, pp. 849-877, May 2009.

S. Kay, Fundamentals of Statistical Signal Processing: Detection Theory. Englewood Cliffs, NJ: Prentice Hall, 1998.

B.C.Levy, Principles of Signal Detection and Parameter Estimation. New Y ork: Springer, 2008.

T. Yucek and H. Arslan, “A Survey of Spectrum Sensing Algorithms for Cognitive Radio Applications,” IEEE Comm. Surveys and Tutorial,
vol. 11, no. 1, pp. 116-130, Mar 2009

H. Urkowitz, “Energy detection of unknown deterministic signals,” Proc. IEEE, vol. 55, no. 4, pp. 523-531, Apr 1967.

D. Cabric, S. Mishra, and R. Brodersen, “Implementation issues in Spectrum Sensing for Cognitive Radios,” Proc. Asilomar Conf. on Signals,
Systems and Computers, vol. 1, pp. 772-776, Nov 2004.

H.Tang, “Some physical layer issues of wide-band cognitive radio systems,” Proc. IEEE Int. Symposium on New Frontiers in Dynamic
Spectrum Access Networks, pp. 151-159, Nov 2005.

K. B. Letaief and W. Zhang, “Cooperative communications for cognitive radio,” Proc. IEEE, vol. 97, no. 5, pp. 878-893, May 2009.

M. Ghozzi, F. Marx, M. Dohler, and J. Palicot, “Cyclostationarity based test for detection of vacant frequency bands,” Proc. IEEE Int. Conf.
Cognitive Radio Oriented Wireless Networks and Commun. (Crowncom), June 2006.

S. Shankar, C. Cordeiro, and K. Challapali, “Spectrum agile radios: utilization and sensing architiectures,” Proc. IEEE Int. Symposium on New
Frontiers in Dynamic Spectrum Access Networks, pp. 160-169, Nov 2005.

I. F. Akyildiz, B. F. Lo, and R. Balakrishnan, “Cooperative Spectrum Sensing in Cognitive radio networks: A survey,” Physical
Communication, vol. 4, pp. 40-62, March 2011.

lan F. Akyildiz, Fellow, IEEE,Won-Yeol Lee, Student Member, IEEE, Mehmet C. Vuran, Student Member, IEEE, and Shantidev Mohanty,
Member, IEEE “A Survey on Spectrum Management in Cognitive Radio Networks” Broadband & Wireless Networking Laboratory School of
Electrical & Computer Engineering Georgia Institute of Technology, Atlanta, GA 30332.

R. Menon, R. M. Buehrer, and J. H. Reed, “Outage Probability Based Comparison of Underlay and Overlay Spectrum Sharing Techniques,”
Proc. IEEE DySPAN 2005, Nov. 2005, pp. 101-9

H. Zheng and L. Cao, “Device-centric Spectrum Management,” Proc. IEEE DySPAN 2005, Nov. 2005, pp. 56-65.

Copyright to JIRCCE DOI: 10.15680/IJIRCCE.2016. 0402034 1301



i i\
:‘.IJIRCCE_‘

ISSN(Online): 2320-9801
ISSN (Print) : 2320-9798

International Journal of Innovative Research in Computer
and Communication Engineering
(An 1SO 3297: 2007 Certified Organization)
Vol. 4, Issue 2, February 2016
BIOGRAPHY
Soniya S. Christani has received her Bachelor degree in Electronics and Communication Engineering from Gujarat

Technological University, Ahmedabad, India. Currently she is pursuing M.E (Communication system engineering)
from Gujarat technological University. Her area of interest include wireless communication.

Mr. Jigneshkumar N. Patel has received the B.E. and M.E. degrees in Electronics & Communication Engineering
from Dharamsinh Desai University (DDU), Nadiad, Gujarat, India, in 1997 and 1999, respectively. Since 1999, he is
working as an Assistant Professor in SVIT, Vasad, Gujarat. His area of interests are Digital & Analog Communication,
Digital Electronics.

Copyright to JIRCCE DOI: 10.15680/IJIRCCE.2016. 0402034 1302



