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ABSTRACT 
 

 

 

Cognitive radio is expected to address several operational challenges like dynamic spectrum 

access, spectral heterogeneity and facilitate end-to-end Quality of Service (QOS).  The 

complex nature of cognitive radio is due to its dependency on various network parameters at 

different levels and ambiguous standards. It is a challenge to address the issues related to 

effective management of cognitive radio. Issues related to mobility management such as 

signaling overhead need to be addressed for effectual operation of cognitive radio networks. 

Signaling enables devices to exchange control information over control channel and helps 

facilitate data communication. Modern telecommunication-data networks have seen a 

tremendous increase in signaling and the trend is expected to continue through to the 

networks of the future. Recent network outrages due to excessive signaling overhead have 

emphasized the need to develop effective mechanisms to handle signaling overhead. 

Cognitive radio networks are expected to have high signaling overhead considering their 

complex cognition cycle. This thesis we investigate the amount of signaling generated during 

a period due to mobility of nodes on the cognitive radio network using a centralized support 

node, additionally solutions are proposed for effective management of control signaling 

overhead. 

 

Keywords: Cognitive radio, Signaling, Common control channel, mobility management. 
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1 INTRODUCTION 

 
Telecommunication has been revolutionized by novel radio technologies and increased 

processing capability.  Tele and data communication have increased leaps and bounds, 

becoming an inevitable part of our daily life.  Radio spectrum is considered to be an 

exhaustive natural resource and thus must be utilized in an effective manner.  Recent studies 

have indicated that most of the available radio spectrum is underutilized. Thus spectrum can 

be seen as a scarce resource in terms of licensing and regulation but not in terms of usage 

[36, 44].   

 

Cognitive radio is a radio that understands its surroundings and adapts to the environment 

intelligently. It is to be understood that cognitive radio technology is different from dynamic 

spectrum Access (DSA). DSA can be seen as a “killer application” of cognitive technology 

[1].  Extensive research and extraordinary progress has been made in applying cognitive 

techniques in dynamic spectrum access, adaptation of radio parameters and flexibility in 

modulation techniques. A radio network that adapts itself in order to accomplish end-to-end 

goals can be termed as a cognitive network [39].  

 

Considering the cognitive cycle most of the cognitive research emphasis has been on 

developing efficient spectrum sensing techniques and cooperation [11, 14, 47]. The concept 

of mobility management in cognitive radio networks is fairly unexplored; issues related to 

this have been explored in literature [20, 21].  

 

Mobility management in itself is a very imperative and diverse field, considering increasing 

number of mobile users and complex usage patterns. Mobility management involves, but not 

limited to the functionalities like spectrum discovery, spectrum selection, spectrum 

handover, information gathering, sharing of collected resource information and managing all 

functionalities and services via control signaling. Considering all of the above tasks, it is 

important to understand that all of them are interdependent and heavily rely on the control 

information generated in the network.  

 

Control signaling is one of the important aspects of mobility management. Advancement in 

radio access technologies and end user equipment has posed new challenges to mobility 

management in modern opportunistic networks. Modern Radio Access Technology (RAT) 

has allowed users to seamlessly access data using applications built on smart phones. The 

data traffic in the network has increased and recent study reports suggest that it will continue 
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to increase at much more higher rates [6]. Recent outrages due to signaling traffic have 

shattered the experts and it has made them rethink their strategies on how signaling traffic 

can be handled effectively. 

  

Control signaling related issues, especially signaling overhead in prominent existing radio 

networks has posed serious threat to the operators. It motivates us to investigate how 

effectively signaling can be handled in future next generation networks. In this thesis work 

we investigate the amount of signaling generated in cognitive radio networks due to mobility 

of nodes and identify the important issues and challenges posed by control signaling. We 

also discuss possible solutions to keep track of secondary user in a cognitive radio network. 
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2 BACKGROUND AND RELATED WORK 
 

 

2.1 Key concepts 
 

This section presents the key concepts that are required to understand the work discussed in 

this thesis. 

2.1.1 Cognitive Radio 
 

Rapid progress in radio technology, high-speed processors and software design has aided to 

the rapid growth of software-defined radio. SDR was coined by Joseph Mitola and since then 

has seen a tremendous growth while traversing multiple horizons.  Today SDR finds its 

application in military, radio communication and satellite communication. Advancements in 

software radio have been studied [41] and the benefits of cognitive SDR are distinctly 

addressed.  

 

The term cognitive radio was coined by Joseph Mitola III, according to him Cognitive radio 

is a radio that employs model based reasoning to achieve specified level of competence in 

radio related domains [24].  

  

It is very difficult to define cognitive radio due to its scope and complexity. Let us consider 

some of the definitions attributed to cognitive radio proposed by renowned researchers and 

regulatory authorities. Several works have tried to define cognitive radio by correlating 

several works contributed by industry, research groups and academia [25, 46]. Paper [38] 

describes the efforts being made to attain a standardized definition for cognitive radio. 
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Figure 2-1 Predicted trend for cognitive radio [11] 

 

Simon Haykin, in his work [41] defines it an intelligent wireless communication system that 

is aware of its environment and uses the methodology of under- standing-by-building to 

learn from the environment and adapt to statistical variations in the input stimuli, with two 

primary objectives in mind: 

 

 Highly reliable communication whenever and wherever needed. 

 Efficient utilization of the radio spectrum 

 

The Software Defined Radio Forum (SDRF) in their work show several clear differentiation 

between software controlled radio, software defined radio, adaptive radio and cognitive 

radio. They [46] address important features of cognitive radio like awareness, reason, agency 

and how they can be applied to intelligently adapt to operational aspects of radio. 

 

This work [25] presents a good view on a number of attempts made to standardize the 

definition of cognitive radio. The comparison between various works on defining cognitive 

radio is presented and compared, in an attempt to converge the definitions to a standardized 

one.  

 

The Virginia Tech Cognitive Research Group (CWG) define a Cognitive radio network as a 

network with a process that can perceive current network conditions, and then plan, decide, 

and act on those conditions. The network can learn from these adaptations and use them to 

make future decisions, all while taking into account end- to-end goals. 
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Table 2-1 Cognitive radio definition matrix [25] 
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FCC * * * *        

 

Haykin * * *  * * * *    

 

IEEE1900.1 * * * * *       

 

IEEE USA * * * * * *     * 

 

ITU-R * * * * * *      

 

Mitola * * * * * * * * * *  

 

NTIA * * * * * * *     

 

SDRF 

CRWG 

* * * * *  *     

SDRFSIG * * * * * * * * *   

 

VTCRWG * * * * * * * * *   

 

“*”Indicates included features.  

 

This work [46] proposes that the key attributes of cognitive radio are to be aware, adjustable, 

automated and adaptive. A cognitive radio must be aware of its surroundings i.e. awareness 

at various levels like environment awareness, location awareness, network awareness, user 

awareness and policy awareness etc. The authors also suggest the factors that will influence 

the cognitive policy engine. 
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Figure 2-2 Domains of awareness that can influence a cognitive radio policy engine 
 

Cognition in cognitive radio is achieved by following the standard “OODA loop”.  This 

methodology was primarily developed for military purposes but later found its way into 

several applications ranging from commerce to robotics. [28], this loop is very similar to the 

cognition process proposed by Mitola for cognitive radios [39]. 

 

 

Figure 2-3 OODA loop ref [39] 
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Figure 2-4 The Cognition cycle proposed by mitola ref [24] 
 

The cognition cycle involves complex tasks and thus there are a lot of open issues in current 

cognitive radio research. Several issues have been addressed in literature [2, 11, 16, 19, 28, 

47]. Mobility management and signaling issues are two key research issues that need to be 

addressed in modern heterogeneous networks [17]. 

 

2.1.2 Mobility Management 
 

In conventional mobile networks, mobility management is responsible for reliable end-to-

end connection and provisioning quality of service, under varying conditions based on time 

and location. Understanding mobility management in cognitive radio is challenging, as it is 

dependent on multiple factors. Several research works have been based on analyzing the 

possible issues with mobility management in cognitive radio networks and suitable solutions 

have been proposed. Mobility related issues on various layers have been studied [49] and 

different solutions have been proposed for reliable mobility management [15, 17, 27, 29]. 

 

In our work we consider a dedicated entity known as the “support node” to facilitate mobility 

management. We assume all mobility related decisions are made by this entity. The 

heterogeneous nature of cognitive radio network makes mobility management a complex 

task. . In cognitive radio networks maximum research emphasis has been on spectrum 

sensing, the concept of mobility in heterogeneous environments has remained fairly 

unexplored. In terms of current literature, mobility can be classified as user mobility, 

terminal mobility, session mobility and seamless mobility [20, 24, 27].  
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Mobility Management is interrelated to all the levels of the cognition cycle that is sensing the 

environment, modeling the spectrum based on information gathered and sharing information 

in the form of updates.  It is important to understand the change in mobility management due 

to change in operational conditions. This change in operational environment is referred to as 

spectrum mobility [23]. Spectral mobility occurs when a secondary user willingly or 

unwillingly changes from his current operational frequency band and jumps to another 

vacant spectral segment. In heterogeneous networks, Spectral mobility may require the user 

to access a completely different network through different terminal interface [26]. Several 

works [15, 19, 29] have discussed about the issues and challenges facing mobility 

management. Most of the research work in mobility management has been related to either 

handover management or IP management [17]. This paper discusses very relevant and 

diverse issues and challenges related to mobility management. We derive our motivation 

from one such issue highlighted in the paper [17] about control signaling overhead.  In this 

thesis we investigate the amount of control signaling generated in cognitive radio networks 

and try to analyze what kind of an impact it may have on the overall network performance.  

 

2.1.3 Control Signaling 
 

The explosive acceptance of smart phones has been a boon to the telecommunications 

industry.  The technologies and services have made mobile market more innovative and 

interesting with huge revenue generation opportunities for telephone manufacturers and 

telecom operators. In earlier wireless communication systems the main task was to facilitate 

reliable voice communication along with small services like SMS.  These services require 

low bit rate and also have a very low control overhead [37]. Once the connection was 

established no control signaling or very little control signaling was required. This work 

discusses the importance of beacon signaling and its application [40] 

 

With the impact of smart phone the services expected from a cell phone have increased 

immensely, the user wishes to stay connected while on move, access services and 

applications. The traffic originating from Smartphones have increased tremendously and 

CISCO estimates that it will be doubling every year till 2014[40]. The traffic generated is 

diverse not only with regards to characteristics of the application but also in terms of users 

usage pattern [6]. This traffic from smart phones has set the alarms going for several 

operators. The operators have taken steps to counter the traffic generated and extensive 

research has been done on accommodating data traffic. 

 



  9 

Signaling messages are considered to occupy a small part the frequency band in order to 

perform control services like call setup, paging and location update etc. Laptops are known 

to generate very little signaling, as they tend to stay connected once they are connected. On 

the other side smartphones are known to create more signaling messages due to constant 

updates from various applications like social networking, online gaming, news updates etc. 

 

 

Figure 2-5 Comparison between data traffic and signaling traffic for an online game 

played for half an hour [42] 
 

Several new features have been introduced to improve service, generate revenue and enhance 

user experience. Fast dormancy is one such proprietary feature, which is used to increase 

battery life of a handset by forcing the network to close the data connection as soon as data is 

downloaded and then disconnecting from the network to move into idle state.  Thus by 

reducing the time spent in active state the handset enhances battery life and thus aiding to the 

user experience related to battery life. However the drawback with this technology is that 

incase if the user wants to send new data, a new connection has to be established all over 

again, thereby increasing the amount of signaling in the network.  The device manufacturers 

welcomed this feature, as enhanced battery life is the most desired feature in smartphone. 

However in terms of telecom operator it was a curse, as more signaling overhead leads to 

wastage of network resources and therefore less number of smartphone can connect. It is 

becoming tough for the operators to ensure that their networks are ready to handle sudden 

surge in data and control signaling. It demands operators to make changes, such as adjusting 

network parameter settings, pertaining to connection management and signaling overhead. 

This article [33] suggests possible solutions for the signaling overhead issue. This [8] work 

discusses Smartphone Mobile Data Usage and the Impact on Signaling. 
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Figure 2-6 Data and signaling traffic measured in a live commercial network in 

Western Europe, Nov. 2010[42] 

 

Recent service outrages due to signaling issues in Verizon, Telenor, O2, AT&T, DOCOMO  

[5,12,22,32,34,35] and Teliasenora have left the experts babbled and have put operators to 

shame.  Unexpected signaling spikes have shutdown the complete Telenor network in 

Norway for up to 18 hours.  Similar events have occurred with Japanese operator DOCOMO 

leaving the network unusable for 4 hours. The Japanese operator has now spent more than 

60% of new investment into developing infrastructure to handle signaling efficiently. These 

happenings span across the globe with all major continents affected. These happenings have 

left signaling gurus baffled and has forced operators to rethink better strategies to handle 

control signaling. It is time that operators take signaling seriously unlike before when things 

were considered done.  Recent usage patterns have indicated that the signaling traffic 

generated from mobile phones is eight times greater than a laptop with USB dongle. 
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Figure 2-7 Amount of data and signaling generated in a live network in Western 

Europe in between Dec 2009 and Jul 2010 [42] 
 

 

2.1.4 Common Control Channel 
 

A Common Control Channel (CCC) is used for exchanging control information and support 

network coordination among secondary users.  CCC is expected to constantly perform the 

four important operations of a cognitive radio network namely, sensing the spectrum, sharing 

information, taking decisions and mobility [21]. Signaling generated in the CCC must be 

delivered reliably for smooth operation of network and related protocols. There exist four 

types of CCC, 

 

1. Cluster based Common Control Channel 

2. Sequence based Common Control Channel 

3. Dedicated Common Control channel 

4. Dynamic Common Control Channel 
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Figure 2-8 Types of Common control channel 
 

The types of common control channel are clearly explained in [30] and the author explains 

the benefits of having a dedicated CCC. In addition to this CCC can also be categorized as 

local coverage or global coverage based on the coverage area of the CCC. In this [30] work 

Global Dedicated Common Control Channel (GCCC) is used for the sake of simplicity but in 

practice it is very difficult to assign a global dedicated channel as spectrum availability 

varies with time and location. It is recommended to place the CCC in the unused parts of 

Ultra High Frequency (UHF) band [4]. It is also important that we consider the presence of 

the primary user in the CCC and creating traffic in the CCC.  Considering the following 

reasons IEEE 802.22[48] is based on assigning CCC dynamically accessing spectrum of 

legacy users. 

 

In our work we consider a Global Dedicated Common Control channel as it is “always on” 

and provides reliable communication of control information. It is also easy to understand and 

implement.  We consider that all secondary user control information is sent and updated 

irrespective of location. 
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3 DESIGN AND IMPLEMENTATION 
 

3.1 Aims and Research Questions 
 

 

The aim of this research is to analyze the amount of control signaling generated in cognitive 

radio networks due to node mobility.  We define a scenario* in which we consider a 

cognitive microcell of 1000*1000 meter area and divide it into clusters of 100 meters each. 

The division of clusters is based on geographical area and is performed for the ease of 

understanding.  Each cluster contains uniformly distributed nodes with mobility configured 

according to random waypoint model. All the nodes travel at walking speed (1.34 m/s) and 

have uniformly distributed pause times.  Nodes traverse different cluster boundaries during a 

period of time. Considering that a control signal is generated for every node crossing the 

cluster boundary, we investigate the amount of signaling generated during a period due to 

mobility of nodes in the CRN using a centralized support node. We use Common Control 

Channel for signaling of control information between support node and secondary users.  

 

This research is further broken down into four objectives.  

 

 Model a Particular Cognitive Radio Network (CRN) and track the movement pattern 

of Cognitive Radio Devices (CRD) in order to analyze the amount of signaling 

generated due to node mobility and exchanged over the Common Control Channel 

with a centralized entity. 

 Selecting a simulator that supports the defined Cognitive Radio Network scenario* 

and simulate the particular CRN scenario*. 

 Estimate the average number of signaling messages generated per second (by all 

network members) due to node mobility. 

 Ascertain how a varying network population impacts the amount of signaling 

generated in the network.  

 

The research questions that need to be answered by this thesis is  

 

 

RQ~1  How is signaling affected by the changes (fluctuations) in the number of 

network members? 

 

RQ~2 How many control signals are generated in the CCC during a period of time 

for the defined CRN scenario*? 
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RQ~3 How can we effectively keep track of the location of secondary spectrum 

users in centralized CRN? 

 

3.2 Method 
 

The goal of this project is to investigate the amount of control signaling generated in the 

common control channel due to mobility of nodes.  As the research is still in infancy it was 

important to find a simulator with all support functions required for completion of the 

project. 

 

NS is a discrete event simulator, widely used for research in the field of telecommunication 

and computer networking. It is the most extended simulator in research and education. NS 

has substantial support for commonly used protocols and topologies over wired and wireless 

networks. 

 

The simulator used to simulate this project is network simulator NS-2 version 2.31. 

 

NS 2 Installation  
 

The basic requirement to build ns2 is to have a C++ compiler. Before installing ns2 we 

would like to check for the compatibility of the simulator with existing operating systems. A 

windows XP platform is virtualized over a MAC OSX machine using VMware Fusion.   

  

Cygwin is installed to bring in native Linux like look and feel [45].  Standard NS-2 packages 

are available for NS2installation. Please refer appendix for detailed information on NS2 

installation. We follow the guidelines to install ns all-in-one package from the ns2 

homepage. 

 

Once NS2 has been installed, we try configuring nodes and setup communication. 

 

We consider an example script to understand how nodes are configured using ns2 [9]. 
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3.3 Design & Implementation 

 

3.3.1 Node Topology and Node Mobility 
 

Node mobility is configured using Setdest mobility tool. It is integrated in ns-allinone-2.31.   

By using this tool we will be able to configure different mobility features like position, 

direction, speed and pause time.  

 

We can configure mobility using the following command  

 

The meaning of the parameters are given below  

 

   

 

 

VVersion: 1 = 1999 CMU, 2= 2003 UM. 

 

NNumber of nodes in the scenario.


SSpeed distribution: 1 = uniform, 2 = normal. 

 

mMinimum speed in m/s. 

 

MMaximum speed in m/s. 

 

TSimulation time in seconds. 

 

PPause type: 1= constant, 2= uniform. 

 

PPause time in seconds. 

 

xLength of scenario in X-axis. 

 

yLength of scenario in Y-axis. 

 

 

 

Setdest –v -n -s -m -M -t-P -p -x –y > scenario-name.tcl 
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In our project we configure the number of nodes based on the scenario i.e. 100 or 200 with a 

1000x1000 area.  We assume that nodes traverse across boundaries at uniform speeds of 1.34 

m/s and have uniformly distributed pause times [43]. 

 

The motivation behind choosing 1.34 m/s speed is that various studies have indicated it to be 

the average walking speed and thus most of the previous researches on mobility models have 

assumed walking speeds of average mobile user as 1.34 m/s. 

 

3.3.2 Cognitive Radio and Cognitive Network Simulator 
 

A Cognitive Radio and Cognitive Network (CRCN) simulator is a software-based simulator 

for network-level simulations [31]. This simulator supports cognitive radio network protocol 

including CR MAC and CR Routing.  It relies on NS-2 to generate realistic traffic pattern 

and topologies. This simulator is based on NS2 and completely supports all NS2 MAC and 

Routing protocols. 

 

The functionalities provided by the simulator 

 

Figure 3-1 Architecture of CRCN simulator 
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Table 3-1 Functionality overview of CRCN simulator 

 

Support for CR Routing 

 

 Multi-radio multi-channel support 

 Single-radio multi-channel support 

 Interface to select radio 

 Interface to select channel 

 Heterogeneous radio and spectrum environment 

 Information needed during routing process 

 

 

Support for CR MAC 

 

 Single-radio multi-channel support 

 Multi-radio multi-channel support 

 Interface to select channel 

 Information needed during dynamic spectrum access 

 

 

Support for CR PHY. 

 

 Reconfigurable spectrum parameters and radio 

parameters 

 Interference information 

 SINR/SNR physical model 

 

 

In a cognitive radio network, maintaining control over communication is one of the key areas 

of interest. Any operator or authority will like to keep check on the users and the 

communication between users. Centralized architecture provides better control and 

optimization in comparison to distributed architecture. It also comes with drawbacks like 

single point of failure and acting as a bottleneck.  In our project we select a centralized 

architecture for maintaining control over communication. 

 

Nodes are positioned in such a way that whenever a node traverses from one geographical 

boundary to another a control signal is sent to the stationary node.  If we consider a scenario 

of 100 nodes, then 101 nodes are configured i.e. 100 mobile nodes and 1 stationary node 

acting as a support node.  

 

There are several challenges that still need to be addressed in terms of simulator support for 

cognitive radio networks. It Ns2 to simulate a wireless network we need to specify a routing 

protocol. The pure interest of our study is to analyze the amount of signaling generated due 



  18 

to node crossings.  Thus we try tried to configure Ns2 2.31 using third party routing agents 

like NO AdHoc routing agent (NOAH), but this agent was not compatible with the version 

of network simulator and thus we had to find an alternative solution to configure nodes. 

 

The nodes are configured to transmit using Wireless Flooding Based Routing Protocol 

(WFRP) configuration [7] and which makes the sink nodes periodically send a beacon 

message, mobile nodes report to sink node every certain period using User Datagram 

Protocol (UDP) protocol-null sink. Mobile nodes are made to communicate with the support 

node whenever they are in range. This feature is used to create a control signal for every 

assumed boundary crossing. 

 

We create a cognitive scenario for 100, 200 mobile nodes.  The simulation event is 

configured for 100 seconds simulation time and output is collected in a trace file. The 

topology and simulation can be visualized using Network Animator (NAM).  

 

The important changes made to network simulator and configuration parameters and 

terminal environment are mentioned in the Appendix B. 
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4 RESULTS AND DISCUSSION 

 
 

The simulation is run for 100 node and 200 node scenarios for the duration of 100 simulation 

seconds, 50 simulation seconds, 10 simulation seconds and the results are collected.   

 

The results show extremely high control signaling is generated. In figure 4.1 we can see the 

amount of control signaling generated in scenarios for 100 and 200 nodes.  

 

 

Figure 4-1 Results depicting increase in the amount of signaling. 
 

This thesis was aimed at answering three research questions aimed at seeking solutions via 

simulation work and literature review. Our study indicates that for the cognitive scenario 

consisting of 100 nodes for a time of 100 simulation seconds the signaling overhead 

generated is a whooping 36300 signals. Considering the amount of signaling is generated 

due to node mobility and complex stages of the cognitive radio cognition cycle, it can be 

analyzed that effective means of signaling needs to be opted to accommodate such a 

demanding technology.   Our second research question was how the network reacts to 

change in network members. We configured a network for 200 nodes and simulated it for 

100 simulation seconds.  We observe that the amount of control signaling generated in the 

network has increase to twice the amount with 72598 signals generated. Our third research 

question is what we believe is the most interesting part of the thesis work.  We had to study 

various papers on mobility management, cognitive networks and heterogeneous network.  

We propose a possible paradigm that can help resolve several complex tasks related to 

cognitive radio and mobility management. 
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Proposed Solution 

We propose a possible solution to handle such high signaling overload in cognitive radio 

networks.  Considering the amount of signaling generated in the common control channel, 

we choose a dedicated entity that can help handle control signaling in the network, we call it 

a Support Node. 

 

 

Figure 4-2 Support Node 
 

Support node is a dedicated support entity, which helps facilitate mobility management in 

cognitive radio networks.  Such an entity is expected to handle all control signaling created 

in the network, assist in tasks like handover, location management, paging etc. and aid taking 

decision considering user requirement. Additionally cognitive users need to perform 

complex task like sensing the spectrum for spectral holes, selecting the spectrum for 

available spectrums and taking a decision on which one is the most suitable based on his 

requirements. Mobility management in itself is a very vast topic dealing with diverse 

features. In our work we limit our discussion to signaling and location management.  

 

To answer our third research question on how a centralized entity can help in keeping track 

of secondary users we consider a case where a cognitive user who needs entry into a 

cognitive radio network.  In our work we consider that all control information is handled via 

a dedicated out of band common control channel. 
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Figure 4-3 Overview of functionality of support node 
 

Whenever a cognitive user needs to connect to a CRN he needs to communicate via common 

control channel and send a request asking for update on the available spectrum opportunities. 

The support node felicitates all communication in the area and maintains information on 

available spectral opportunities. Whenever a user senses information or leaves a cognitive 

network the information is updated to the support node. Thus helping the secondary user in 

making decisions related to the spectrum based on his requirement. Thus when a user opts to 

select a particular available opportunity the support node keeps track of the secondary user 

and his activities in the network. Thus having a centralized entity helps handling signaling 

effectively while keeping track of secondary users. 
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5 CONCLUSION 
 

 

This thesis presents the results of a simulation and literature overview addressing the issues 

with signaling in cognitive radio networks. This thesis aimed to answer three research 

questions. First and seconds question were related to cognitive radio network simulation and 

the third one relates to keeping track the secondary user in cognitive radio network. The first 

and second research questions were related to the simulation study performed and the third 

was to propose a architecture for handling signaling overhead and keeping track of location 

of the cognitive user, The simulation outcome addressed the first and second questions 

providing the signaling generated in cognitive radio network and explain how it increase 

with the increase in network members. The third question dealt with tracking of secondary 

user, to address this we propose an architecture where the functionality of support node in 

cognitive radio networks was explained. It is clearly mentioned how it can help in keeping 

track of secondary spectrum users.  

 

The main aim of the thesis was to investigate and understand the control signaling generated 

in cognitive network. The emphasis from the outcome of this work is clear that future 

network will pose severe challenges to signaling and it is time we enhance signaling 

techniques to cope up with ever increasing data transmission. Keeping in mind the predicted 

rise in the amount of signaling, we must ensure that efficient signaling protocols and 

architectures are developed to handle nomadic signaling loads and scale up signaling 

resources based on requirements.  It is interesting that build an overlay network of support 

nodes, such a network will be an ideal platform for provisioning quality of service taking 

into account end-to-end user goals. This network can be ideal to realize the proposed end-to-

end advantages promised by cognitive radio networks.  

 

The cognitive simulator support is still in its infancy thus making analytical solutions more 

appealing at this juncture of time.  More extensive work needs to be put on developing a 

simulator with support for all functionalities and providing complete backward 

compatibility. 

 

Future works may have to consider developing technologies to accommodate data 

communication and signaling in the same band, use of efficient signaling techniques, use of 

dedicated transceivers for control signaling and provisioning more resources for signaling.  
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Cognitive radio technology promises a great future, posing a great challenge to researchers 

in industry and academia.  Based on predicted data and signaling trends of mobile users and 

usage pattern, mobility management and signaling management in future next generation 

networks will be a challenging task and research works needs to be addressed towards 

signaling and mobility management for further development of cognitive radio networks. 
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APPENDIX A 
 

NS-2 Installation  

 
1. After installing Cygwin, the first step in the installation of NS2 is to download the 

compressed file ns-allinone-2.31.tar.gz available on NS2 source homepage. This file 

contains all the libraries,  

 

 Tcl release 8.4.14  

 Tk release 8.4.14  

 Otcl release 1.13  

 TclC release 1.19  

 Ns release 2.31 

 Nam release 1.13  

 Xgraph version 12  

 CWeb version 3.4g  

 SGB version 1.0  

 Gt-im gt-itm y sgb2ns 1.1 

 Zlib version 1.2.3 

 

2.  Now we extract the files using the command  

 

 tar –zxvf ns-allinone-2.31 

 

3.  The installation folder ns2.31 contains the installation script which has to be installed. 

 

 cd ns-allinone-2.31 ./install 

 

4.  We install cognitive patch from the source website and we check for possible errors 

using the command  

 

 ./validate
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APPENDIX B 
 

NS-2 Configuration 

 

#Define Options 

 

set val(chan) Channel/WirelessChannel  #Channel Type 

 

set val(prop)    Propagation/TwoRayGround  #Radio propagation model 

 

set val(netif)    Phy/WirelessPhy  #Network interface type 

 

set val(mac)     Mac/Maccon   #MAC type  

 

set val(ifq)      Queue/DropTail/PriQueue  #interface 

 

set val(ant)      Antenna/OmniAntenna  #Antenna type  

 

set val(ll)       LL   #Link layer type 

 

set val(ifqlen)  150   #queue type 

 

set val(nn)       101   #number of nodes 

 

set val(rp)       WFRP   #routing protocol 

 

set val(X)        1000   #X value 

 

set val(Y)        1000   #Y value 

 

set val(cstop)   50   #connection stop time 

 

set val(stop)    50   #simulation stop time 

 

set val(cp)     "Sri100"   #topology file 

 

# Initialize Global Variables 

 

set ns_ [new Simulator] 

 

set tracefd  [open fifty.tr w] 

 

$ns_ trace-all $tracefd  

 

set namtrace [open fifty.nam w] 
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$ns_ namtrace-all-wireless $namtrace $val(X)  $val(Y) 

 

#set up topology 

 

set topo [new Topography] 

 

$topo load_flatgrid $val(X) $val(Y) 

 

# Create God 

 

set god_  [create-god  $val(nn)] 

 

# Create nodes 

 

for {set i 0} {$i < $val(nn)} {incr i} { 

 

  set node_($i) [$ns_ node]  

 

   $node_($i) random-motion 0; 

 

} 

 

#Connection Pattern 

 

source $val(cp) 

 set j 0 

 

 for {set i 0} {$i<100} {incr i} { 

 

        set udp_($j) [new Agent/UDP] 

 

        $ns_ attach-agent $node_(100) $udp_($j) 

 

        set null_($j) [new Agent/Null] 

 

        $ns_ attach-agent $node_([expr $i+1]) $null_($j) 

 

          

         set cbr_($j) [new Application/Traffic/CBR] 

 

         puts "cbr_($j) has been created over udp_($j)" 

 

         $cbr_($j) set packet_size_ 512 

 

         $cbr_($j) set interval_ 1 

 

         $cbr_($j) set rate_ 10kb 

 

         $cbr_($j) set ransom_ false 

 

         $cbr_($j) attach-agent $udp_($j) 

 

         $ns_ connect $udp_($j) $null_($j) 
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         $ns_ at 1.0  "$cbr_($j)  start" 

 

         set j [expr $j+1] 

 

         set i [expr $i+1] 

 

 } 

 

#Define initial node position  

 

 for { set i 0} {$i<$val(nn)} {incr i} { 

 

         $ns_ initial_node_pos  $node_($i) 30 

 

     } 

 

#CBR connection stops 

 

 for {set i 0} {$i<50} {incr i} { 

 

    $ns_ at $val(cstop) "$cbr_($i) stop"         

 

 }     

 

# Tell all nodes when the simulation ends 

 

 for {set i 0} {$i<$val(nn)} {incr i} { 

 

      $ns_ at $val(stop).000000001 "$node_($i) reset";  

 } 

 

# Ending nam and simulation 

 

 

$ns_ at $val(stop) "finish" 

 

$ns_ at $val(stop).0 "$ns_ trace-annotate \"Simulation has ended\"" 

 

$ns_ at $val(stop).00000001 "puts \"NS exiting...\"; $ns_ halt" 

 

proc finish {} { 

 

    global ns_ tracefd namtrace 

 

    $ns_ flush-trace 

 

    close $tracefd 

    close $namtrace 
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NAM and CYGWIN Snapshots 

 

 

Figure B.1 Showing NAM output for hundred node scenario 
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Figure B.2 showing output from Cygwin window 

 


