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5

Abstract6

In present days the wireless communication has developed quickly. This demand on wireless7

application has put several limitations on the existing radio spectrum which is precious and8

limited. Various frequency bands are not used properly in the fixed spectrum assignment but,9

the cognitive radio more helpful to utilize these frequency bands which are called as white10

spaces. This is an exclusive approach to improve use of radio electromagnetic spectrum. There11

are four methods to establish the cognitive radio. This report explain the first method i.e.12

spectrum sensing and describe the issues, techniques and challenges of this method.13

14

Index terms—15

1 Introduction16

he available Electromagnetic Spectrum band is becoming piled up day by day, as there is increasing demand for17
the requirement of wireless communication applications. Several researchers stated that the licensed spectrum18
is not use correctly because of static allocation spectrum. However, it is more complex to discover available19
bands either to develop vacant band or to set up a new service. To overcome these problems the researchers20
implement Dynamic Spectrum Management this improves the available spectrum utilization. Compared to21
various techniques and method, Spectrum sensing is the difficult task for formation of cognitive radio based22
communication.23

2 II.24

3 Spectrum Sensing25

The primary aim of this cognitive radio technology is to the secondary users need to identify the presence of26
primary users and to depart the frequency band quickly and emerge the equivalent primary radio to avoid27
interference to primary users.28

Spectrum sensing technique is classified into two types. They are:29
Direct Techniques: this is also called as frequency domain approach. This technique estimation is complete30

directly from the signal approach.31
Indirect Technique: this technique also called as time domain approach and this technique estimation is carried32

out by using autocorrelation of the signal.33
Several classifications depending on the needs of spectrum sensing as discussed below: a) Spectrum Sensing for34

Spectrum opportunities Primary transmitter detection: the detection and presence of primary users performance35
is depending on the received signal of CR users. This detection could be done with various approaches such as36
energy based detection, waveform based detection, Primary Transmitter Detection, matched filter (MF) based37
detection, covariance based detection and cyclostationary based detection etc.38

Cooperative and collaborative detection: the key signals of spectrum sensing are detected by cooperating or39
interacting with other users. This method can be executed as either speared the indirect approach by the external40
detection or spectrum load smoothing algorithm or by accessing the spectrum coordinated by spectrum server.41
b) Spectrum Sensing for Interference Detection i. Interference temperature detection: in this method the CR42
system uses the ultra wide band (UWB) technology. In this approach the secondary users synchronized with43
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5 CLASSIFICATION OF SPECTRUM

primary users and utilizes low transmit power and this signal or power controlled by the interference temperature44
level. Hence, this approach solves the problems of primary users.45

ii. Primary receiver detection: in this approach the spectrum and interference opportunities are recognized by46
primary receiver’s local oscillator leakage power.47

4 c) The Proposed Spectrum Decision Framework48

The main function of CR scenario is to spectrum sharing, spectrum access and spectrum sensing related to49
MAC and PHY layers. The upper protocol layer performs the operations of CR capabilities and the QOS issues,50
decision-making and monitoring functions could be done in the transport, application and network layer. Issariya51
studied and explain the CR network’s performance issues of the transport layer. Chowdhury, Lee and Akyildiz52
defined the open research issues, various key challenges and concern performance which had appeared in the53
transport layers in Cognitive Radio Ad-Hoc Networks (CRAHNs).54

According to Chowdhury, Lee and Akyildiz the connectivity in Cognitive Radio Ad-Hoc Networks is also55
spectrum dependent, which means the disconnection can be detected by spectrum handover or presence of56
primary users. Hence, this disconnection is detected and addressed through several innovative approaches.57
The main distinction of the traditional routing protocol is that the CR based routing protocol controlled the58
functions of primary users and its service interruption losses to establish the best routes. In cognitive radio59
networks the secondary users not have the rights to forward packets during sensing. So, the sensing function60
can be considered at the transport layer to avoid the pocket losses and excessive re-transmissions on the paths61
with each node in sensing state, particularly the interaction between MAC and transport entities and multi-hop62
distributed networks. Generally, the transport protocol needs to be spectrumaware in CR scenarios and also63
require latest algorithms. Chowdhury, Lee and Akyildiz illustrate the TCP-based protocol for Cognitive Radio64
Ad-Hoc Networks and the main aim behind this approach is to address the transport layer challenges in Cognitive65
Radio Ad-Hoc Networks (CRAHNs).66

III.67

5 Classification of Spectrum68

Sensing Techniques The above figure represents the block diagram of energy detection. In this energy detection69
technology the signal is passed through band pass filter with W bandwidth and it is integrated over different time70
intervals. To detect the existence of absence of the primary user the integrator block output is compared with71
the predefined threshold value. This threshold value is variable or fixed this could be depends on the channel72
condition.y(k) = n(k)????? H0 y(k) = h * s(k) + n(k)?? H173

Where y(k) = sample to be analyzed at each instant k. n(k) = noise of variance ?2.74
The y(k) allows the received samples sequence i.e. k?{1, 2?.N} at the signal detector, then a decision rule can75

be stated as,H0?? if ? > v H1?? if ? < v Where ? = E |y(k)|276
The expected energy of the received signal and v is preferred for the noise variance i.e. denoted as ?2. But,77

ED escorted by few disadvantages they are:78
? ED cannot be used to discover the spread spectrum signals.79
? Detection performance is subject to the precariousness of noise power.80
? Sensing time taken to achieve a given probability of detection may be high.81
ii. Matched Filter Matched filter is also called as liner filter this could be designed to maximize the output signal82

to noise ratio for a given input signal. This filter detection can applied due to the secondary users has previous83
knowledge of primary users. The correlation is equal to function of matched filter in which the unidentified or84
new signal is curl with filter and the impulse response is time shifted and mirror version of a reference signal.85
Matched filter operation is expressed as:Y[n] = ? h[n-k] x[k]86

Where ’x’ = unknown signal ’h’ = impulse response of matched filter Advantages: the detection of matched87
filter is taking less time because it needs only O (1/SNR) samples to meet a given probability of detection88
constraint. However, the matched filter detection is best detection in stationary Gaussian noise because of the89
primary user signal is recognized to the cognitive radio user.90

Disadvantages: matched filter detection process needs a previous knowledge of each primary signal. If matched91
filter not working properly then it gives poor information to the users. The major disadvantage of this matched92
filter is to every time the cognitive radio require devoted receiver for all types of primary user. Centralized93
Coordinated Techniques: this technique has the cognitive radio controller. This controller gives the information94
about the detection of cognitive radio in the presence of primary user. Therefore, by using broadcast method the95
controller provide the information to all cognitive radio users. This information supply procedure categorized96
into two types they are: Primary Receiver Detection: the primary receiver produces the leakage power of local97
oscillator through its RF front end and receiving the data from its primary transmitter. This method detects the98
presence of primary users by increasing low cost sensor node that is near to primary user’s receiver detects the LO99
leakage power produces by the RF front end of the primary user’s receiver which are within the communication100
range of CR system users. Then the local sensor intimate this sensed report to CR users. Hence, these users101
recognize the spectrum occupancy status and also identify the spectrum opportunities to operate CR users in102
spectrum overlay.?103
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Interference Temperature Management: the major function of this Interference Temperature Management is104
to arrange an upper interface limit for specified frequency band in given geographic location. However, the CR105
users do not have the problem with interference while using the particular frequency band in particular area.106
The CR user transmitters manage their interference by varying their transmission power but it could be done by107
depending on their particular location with respect to primary users. Majorly this method focused on measuring108
interference at the receiver. The operating principle of this Interference Temperature Management is like an UWB109
technology where the CR users are permitted to synchronize and transmit synchronously with primary users.110
Low transmit power is controlled by the interference temperature level so as not to cause harmful interference to111
primary users.112

6 Issues in Spectrum Sensing113

Channel Uncertainty: Because of fading or shading of the channel there will be uncertainties in the received signal114
strength which will lead to wrong interpretation. To avoid this Cognitive Radios must have high sensitivity so115
that he can differentiate between faded primary signal and a white space. If the fading is severe, a single116
cognitive radio cannot give high sensitivity so handle this we go for a set of cognitive radios which share their117
local measurements and collectively decide on the occupancy state of a licensed band.118

Noise Uncertainty: The detection sensitivity can be defined as the minimum SNR at which the primary signal119
can be accurately detected by the cognitive radio and is given by ?min=PpL(D+R) N Where N= Noise power.120
Pp= Power Transmitted by Primary User. D= Interference Range of Secondary User. R= Maximum distance121
between Primary Transmitter and corresponding Receiver.122

The noise power estimation is limited by calibration errors as well as changes in thermal noise caused by123
temperature variations. Since a cognitive radio may not satisfy the sensitivity requirement due to underestimate124
of N, ?min should be calculated with the worst case noise assumption, thereby necessitating more sensitive125
detector ??10].126

7 Aggregate Interference Uncertainty: If multiple127

Cognitive Radios are operating same in same licensed band which will lead to spectrum sensing will be affected by128
uncertainty in aggregate interference. Even though the primary user is out of interference range this uncertainty129
may lead to wrong detection so this uncertainty will create a need of more sensitive detector.130

Sensing Interference Limit: There are two factors for this issue that is when an unlicensed user may not131
know exactly the location of the licensed receiver which is required to compute interference caused due to its132
transmission and the second reason is that if a licensed receiver is a passive device, the transmitter may not be133
aware of the receiver. So these factors need attention while calculating the sensing interference limit.134

V.135

8 Conclusion136

As the usage of frequency spectrum is increasing, it is becoming more valuable. So we need to access the137
frequency spectrum wisely. For this purpose we are using Cognitive Radio. In our paper we discussed about the138
most important technique that is Spectrum sensing and the issues involved in it to establish the communication139
using Cognitive radio. We also said about important the importance of cooperation between Secondary users to140
avoid interference.141
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Figure 5: Figure 6 :
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Figure 8: Figure 8
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