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ABSTRACT 

 

Cognitive Radio Networks (CRNs) provide a solution for the spectrum 

scarcity problem facing modern wireless communications. However, compared with 

the traditional networks, cognitive radio networks exhibit some distinct features, 

which result in necessity of further research in the resource allocation and scheduling 

that have been solved for the traditional networks. The basic concept of CRNs relies 

on utilizing the unused spectrum of a primary network, without interfering with the 

activity of primary users (PUs). Therefore, an effective scheduling algorithm is 

needed in order to manage the opportunistically available resources and provide the 

necessary Quality of Service (QoS) for different traffic classes for secondary users. 

In this work, we focus on link queue aware earliest deadline first scheduling in a 

single cell cognitive radio system. The purpose of this work is to investigate how 

CAQA-EDF algorithm satisfies the QoS for various secondary user traffic. A buffer 

selection criterion is introduced together with the channel availability to adjust the 

priority of different cognitive radio user traffic to be selected for service. Extensive 

simulations have been carried out and important performance metrics are 

investigated in the simulation, such as the system throughput, fairness and sevice 

delay time and are quantified by the impact of PU channel availability. Simulation 

result shows that all traffics are scheduled before missing their deadline, despite 

giving rtPS default scheduling, nrtPS and BE are served before their deadline. In 

terms of throughput, PU activity effect the overall throughput, the result shows that 

lower PU active period and high probability of detection with lower false alarm 

increases the throughput. Finally, fairness is achieved for all traffic and no starvation 

happened during packet transmission. 
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ABSTRAK 

 

Rangkaian Radio Kognitif (CRNs) menyediakan satu penyelesaian untuk 

masalah kekurangan spektrum menghadapi komunikasi tanpa wayar yang moden. 

Bagaimanapun, berbanding dengan rangkaian tradisional, rangkaian radio koginitif 

mempamerkan beberapa ciri-ciri yang berbeza, dimana menghasilkan keperluan 

untuk kajian lanjutan dalam peruntukan sumber dan penjadualan telah diselesaikan 

untuk rangkaian tradisional. Konsep asas bagi CRN bergantung kepada penggunaan 

spektrum yang tidak digunakan daripada suatu rangkaian utama, tanpa menganggu 

aktiviti bagi pengguna utama(PUs). Oleh itu, suatu algoritma penjadualan yang 

effektif adalah diperlukan untuk menguruskan peluang sumber sedia ada dan 

menyediakan keperluan kualiti perkhidmatan (QoS) bagi kelas trafik yang berbeza 

untuk CRU. Dalam kerja ini, kami fokus kepada ketersediaan saluran dan 

penjadualan pertama bagi tarikh akhir yang teratur dalam satu sel sistem radio 

kognitif. Tujuan kerja ini adalah untuk menyiasat bagaimana CAQA-EDF algoritma 

memenuhi QoS untuk pelbagai trafik CRU. Suatu kriteria pemilihan buffer adalah 

memperkenalkan bersama dengan ketersediaan saluran untuk menyesuaikan 

keutamaan bagi trafik pengguna radio kognitif yang berbeza dipilih untuk 

perkhidmatan. Simulasi yang meluas telah dijalankan dan kepentingan prestasi 

metrik telah dikaji dalam simulasi, seperti hasil sistem, kesamarataan dan 

penangguhan masa perkhidmatan dan kuantiti,  kesan daripada ketersediaan saluran 

PU. Keputusan simulasi menunjukkan bahawa semua trafik adalah dijadualkan 

sebelum ketinggalan tarikh akhir,walaupun diberi penjadualan lalai bagi  rtPS, nrtPS 

dan BE  berkhidmat sebelum tarikh akhir. Dalam bentuk hasil, aktiviti PU memberi 

kesan kepada keseluruhan hasil, keputusan menunjukkan bahawa tempoh aktif PU 

yang rendah dan keberangkalian yang tinggi bagi pengesanan dengan keberangkalian 

yang rendah bagi penggera kesalahan akan meningkatkan hasil. Akhirnya, 

kesamarataan telah dicapai untuk semua trafik dan tiada ketidakcukupan yang 

berlaku semasa penghantaran paket. 
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CHAPTER 1 

INTRODUCTION 

1.1 Motivation and Background 

With the increasing number of wireless users, scarcity of the electromagnetic 

spectrum is obvious. Taking this into consideration, the Federal Communications 

Commission (FCC) which was created by the US Congress in 1934 published a report 

prepared by Spectrum Policy Task Force (SPTF) [1]. This report recommends certain 

rules and regulations for the efficient use of radio spectrum and the ways to improve the 

existing spectrum usage. Moreover, its responsibilities are the management and licensing 

of the electromagnetic spectrum within the United States and its possessions. For example, 

it licenses very-high frequency (VHF) and ultra-high frequency (UHF) broadcast 

television (TV) stations and enforces requirements on inter-station interference. 

The main reason for such a step is the underutilization of the spectrum. It can be 

seen in Figure 1.1 that a large portion of the assigned spectrum is used scantily and 

utilization ranges from 15% to 85% [2]. In relation to the spectrum utilization this report 

illustrates that there is a significant inefficient spectrum utilization than the actual 

spectrum scarcity due to the legacy system and the rules imposed by the FCC. Most of the 

allotted channels are not in use most of the time; some are partially occupied while others 

are heavily used. 
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Figure 1.1 Spectrum utilization [2] 

The 21st century has seen an explosion in personal wireless devices. From mobile 

phones to wireless local area networks (WLAN), people want to be perpetually networked 

no matter where they are. Services like mobile phone and global positioning system (GPS) 

use frequencies licensed by the FCC, while others like WLAN and Bluetooth use 

unlicensed bands. 

The most popular unlicensed bands are the Industrial, Scientific and Medical 

(ISM) bands at 900 MHz, 2.4 GHz, and 5.8 GHz. While setting up a home wireless 

network to access your broadband Internet connection does not fall within the original 

“ISM" definition, lack of general use of these bands prompted the FCC to loosen 

restrictions. Within these frequency ranges, anyone can transmit at any time, as long as 

their power does not exceed the band's regulatory maximum. 

Innovative techniques are required that can handle spectrum underutilization and 

exploit the currently available spectrum. The dynamic spectrum access (DSA) policy 

involves assigning different frequency bands to different wireless networks only when a 

need arises. The concept of licensed or primary user (PU) and unlicensed or secondary 
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user (SU) emerge in this process. PU has the priority or legal right on the usage of the 

designated spectrum. SU uses the licensed frequency bands without causing any 

interference to the licensed users. Such vacant bands are called spectrum holes or white 

spaces. A spectrum hole is a band of frequencies assigned to a primary user, but at a 

particular time and specific geographic location, the band is not utilized by the user. 

Spectrum underutilization can be subsided if the spectrum holes can be utilized by a set of 

SU transceivers at the appropriate time and place. Cognitive Radio Network (CRN) is 

wireless communication concept which is capable of utilizing the unused spectrum 

opportunistically with the least interference to the existing users. 

Twenty years ago, the FCC was primarily concerned with long-distance 

telecommunications. Managing spectrum resources typically involved guaranteeing 

minimal interference levels between spectrum licensees, including radio stations, 

broadcast television stations, and telecommunications providers. To accomplish this, FCC 

manually survey each area and select power, frequency, and bandwidth parameters for 

everyone that minimizes overall interference. 

Mitigating interference in this new wave of personal wireless devices is a much 

more difficult problem. Certainly individually licensing every person's home Wi-Fi 

network would help cut down on interference, but it would by no means be a scalable 

solution. Rather than manually, static spectrum allocation, the FCC needs an automatic, 

distributed, and dynamic approach to managing radio frequencies in order to enable better 

spectrum sharing. 

Such a scheme would define at least two classes of spectrum users. The first would 

be primary users who already possess an FCC license to use a particular frequency. The 

second would be secondary users consisting of unlicensed users. Other classes could also 

be defined, prioritizing users' access to the frequency band. Primary users would always 

have full access to the spectrum when they need it. Secondary users could use the 

spectrum when it would not interfere with the primary user. 
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IEEE 802.22 is the first worldwide cognitive radio based standard [3]. The 

development of the IEEE 802.22 WRAN standard  is aimed at using cognitive radio 

techniques to allow sharing of geographically unused spectrum allocated to the television 

broadcast service, on a non-interfering basis, to bring broadband access to hard-to-reach 

low-population-density areas typical of rural environments, and is therefore timely and has 

the potential for wide applicability worldwide. IEEE 802.22 WRANs are designed to 

operate in the TV broadcast bands while ensuring that no harmful interference is caused to 

the incumbent operation (i.e., digital TV and analog TV broadcasting) and low-power 

licensed devices such as wireless microphones. 

WRAN  network is heterogeneous traffic wireless network that involves different 

users wired or wireless, from a real-time, data, voice users, to higher speed users and so 

on. The IEEE 802.22 standard [3] have identified and classified the heterogeneous traffics 

expected in WRAN into five service flows: Unsolicited grant service (UGS), Real time 

polling service (rtPS), non-real time polling service (nrtPS), best effort (BE) and extended 

real time polling service (ertPS). These traffics have different QoS and arrive to the 

network in Poisson process, from random locations within the coverage area of network. 

Thus, an efficient scheduling algorithm in cognitive radio is needed. 

1.2 Problem Statement  

As mentioned before, CRN is considered as a promising solution for addressing 

the spectrum scarcity problem by using an opportunistic spectrum access approach, where 

frequency bands that are not used by their licensed users, such as the TV users, can be 

utilized by cognitive radios. Making efficient use of the radio resources is becoming a 

very challenging task due to the scarcity of radio resources, time-varying channel 

conditions, and very diverse quality of service (QoS) requirements. However, availability 

of a channel for secondary users depends on whether the primary user is occupied or not 

which is opportunistic scenario. 
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Scheduling policy design is a part of the spectrum sharing and plays a crucial role 

in the network performance. How to design a scheduling scheme to efficiently and fairly 

allocate the available spectrum(s) or channel(s) is a challenging and fundamental issue in 

CRNs. Users in a wireless scenario may have different channel conditions. The selection 

of a CRU to use an available spectrum at any time should take into consideration the 

balance between the current possible throughput and fairness. If a user with the highest 

priority is chosen at each slot, then other users with lower priority will be starved and such 

an allocation scheme would be considered unfair. Fair scheduling can provide better 

opportunity to the users with lower priority but will reduce the overall maximum possible 

throughput. Therefore, how to improve the resource utilization to get a high throughput 

and make a compromise between the system throughput and fairness is an important issue. 

Moreover, we need to carefully consider the medium access control frame structure when 

designing a scheduling scheme because of the unique features of the CRNs. As such, we 

are motivated to investigate scheduling algorithms that address the distinct characteristics 

of CRN environments while finding a balance between fairness and system throughput. 

1.3 Project Objectives  

The objective of this study are as follows:- 

1) To investigate channel availability and queuing aware scheduling algorithm in 

cognitive radio network. 

2) To evaluate the secondary user traffic QoS in terms of throughput, delay and 

fairness. 
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1.4 Scope of the Project 

The scope of this work will be on scheduling algorithm in cognitive radio networks 

based on Earliest Deadline First scheduling to preserve the QoS of all types of Secondary 

User traffic.  In cognitive modeling, primary user activity is modelled by using ON/OFF 

Markov model. The research focuses on downlink scheduling for transmission from the 

BS to SUs. The basic allocated resource unit is a time-frequency block (using the OFDMA 

access technique).  

The secondary user traffic that we will consider in the work is the Real Time 

Polling Service (rtPS) traffics, Non Real Time Polling Service (nrtPS) traffics and Best 

Effort (BE) traffics. In simulation MATLAB tools will be used. 

1.5 Thesis Organization 

 

This thesis is structured into six chapters.  

Chapter 1 focuses on introduction, problem definition, research objective and 

scope of the work.  

Chapter 2 introduces a cognitive radio spectrum sharing technology. We define 

cognitive radios in a very broad sense with the capability to share the available channel, 

also the important features of IEEE 802.22 WRAN are presented. In this chapter, we also 

provide literature reviews on scheduling policies in wireless networks and related work on 

scheduling in cognitive radio network.  

 Chapter 3 consists of the system design and framework of cognitive radio 

network. The primary user activity model is presented. Channel availability model for 
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cognitive radio networks is described. Furthermore, the secondary user traffic generation 

is highlighted.  

Chapter 4 presents channel availability and queuing aware scheduling algorithm in 

CRN. The technique used to differentiate services for QoS provisioning in the algorithm 

together with the CRN features is explained. Buffer management strategies in the 

algorithm are also highlighted.  

Chapter 5 Simulation results are presented to evaluate the performance of the 

scheduling algorithm. Simulations in different performance metrices like throughput and 

fairness are discussed  

Chapter 6 describes the summary of the work, conclusion and suggestions for 

future work. 
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