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Abstract

Assessment and Improvement of IPTV Service Availability in Vehicular

Networks

The increasing popularity of IP-based vehicular networks is currently leading to a strong
interest in Internet Protocol TeleVision (IPTV) services offered to users in vehicles. For
real-time communication services, such as live IPTV, the service quality as experienced by
the users (QoE) is of particular importance. QoE of IPTV is strongly determined by the
probability that a TV channel required by a user is unavailable upon its request, called
Channel Blocking Probability (CBP). In this dissertation, we investigate the Channel
Availability (CA) in IPTV services for vehicular users by means of comprehensive
simulation experiments. For this propose, we have developed an own simulation tool

which is based on a detailed IPTV user behavior model.

Moreover, we present an efficient and rather generally applicable analytical model in this
dissertation that allows one to predict the blocking probability of TV channels, both
for channel-switching-induced and handover-induced blocking events. We also validate
our analytical model by means of simulation, and we introduce a new measure for QoE.
Numerous case studies illustrate how the analytical model and our new QoE measure

can be applied successfully for the dimensioning of IPTV systems.

Furthermore, there exist two significant challenges regarding the provisioning of IPTV
services over vehicular networks: limited network bandwidth and the high rate of handover
events. Therefore, channel blocking may either happen at a handover instant when
a car changes its cell in the wireless access network or when an IPTV user within a
cell changes the TV channel watched. Evidently, handover-induced channel blocking
is particularly annoying for a user. Hence, we introduce two novel algorithms in this
dissertation which try to reduce the handover-induced channel blocking probability
significantly. Although, the second one tries to reduce the switching-induced channel
blocking probability, too. Our algorithms rely on an a priori reservation of the currently
watched channel in the neighboring cell before the user actually reaches the new cell. We
also present comprehensive case studies to investigate how strongly an a priori channel

reservation is able to improve the QoE for the IPTV vehicular users.






Kurzfassung

Die zunehmende Beliebtheit von IP-basierten Fahrzeugnetzen fithrt derzeit zu einem
starken Interesse der Forschung an IP-basierten Fernsehendiensten (IPTV) in Fahrzeugen.
Fir Echtzeit-Kommunikationsdienste wie Live-IPTV ist die Servicequalitiat, wie sie
die Anwender erlebt haben (Quality of Experience, QoE), von besonderer Bedeutung.
QoE von IPTV wird stark durch die sog Kanalblockierungswahrscheinlichkeit (Channel
Blocking Probability, CBP) bestimmt. Das bedeutet, dass ein Fernsehkanal, der von
einem Benutzer benotigt wird, auf seine Anfrage hin ggf. nicht verfiigbar ist. In
dieser Dissertation untersuchen wir die Kanalverfiigbarkeit (Channel Availability, CA) in
IPTV-Diensten fiir Fahrzeugbenutzer mittels umfangreicher Simulationsexperimente. Es
wurde ein eigenes Simulationswerkzeug entwickelt, das auf einem detaillierten IPTV-Nutz-

erverhaltensmodell basiert.

Dariiber hinaus prasentieren wir in dieser Dissertation ein effizientes und eher allgemein
anwendbares analytisches Modell, das es ermoglicht, die Blockierungswahrscheinlichkeit
von TV-Kanilen fiir Blockierungser-eignisse vorherzusagen, die durch Kanalwechsel oder
durch Handover verursacht sein kénnen. Dartiber hinaus validieren wir unser analytisches
Modell mittels Simulation und fithren ein neues Verfahren fir QoE ein. Zahlreiche
Fallstudien zeigen, wie das analytische Modell und unser neues QoE-Verfahren erfolgreich

fiir die Dimensionierung von IPTV-Systemen eingesetzt werden kénnen.

Dartiber hinaus existieren zwei wichtige Herausforderungen hinsichtlich der Bereitstellung
von IPTV-Diensten iiber Fahrzeugnetze: begrenzte Netzbandbreite und hohe Ubertragun-
gsgeschwindigkeiten. Kanalblockierung entweder zu einem Ubergabezeitpunkt geschehen,
wenn ein Fahrzeug seine Zelle in dem drahtlosen Zugangsnetz éndert, oder wenn ein
IPTV-Nutzer innerhalb einer Zelle den beobachteten Fernsehkanal &ndert. Daher fiihren
wir in dieser Dissertation zwei neue Algorithmen ein, die versuchen, die Handover-
induzierte Kanalblockierungswahrscheinlichkeit signifikant zu reduzieren. Unsere Algorith-
men beruhen auf einer a priori-Reservierung des aktuell beobachteten Kanals in der
benachbarten Zelle, bevor der Benutzer die neue Zelle erreicht. Zudem stellen wir
umfassende Fallstudien vor, um zu untersuchen, wie stark eine a-priori-Kanalreservierung

die QoE fiir die IPTV-Fahrzeugbenutzer verbessern kann.
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Chapter 1

Introduction

1.1 Motivation

During the last decade, using the Internet for various purposes like sharing information,
business, watching TV and entertainment has become more and more popular. Along
with the growing usage of the Internet, the television broadcast system was also developed
by bringing the satellite, digital cable and HDTYV services. There was an innovation in
television systems by digitization technology to provide better quality and high definition

images for the users.

Recently, offering TV programs via the Internet through an Internet Protocol Television
(IPTV) service has become increasingly common. IPTV service provides multimedia
services for any kinds of IP devices over Internet Protocol (IP) networks to watch
Television whenever the users want. IPTV is strongly supposed to be one of the next
killer applications over the Internet. There are many interests, particularly for service
providers who are willing to extend and ensure their business models in developing
a corresponding market effectively. IPTV is a quite new technology in the area of
information and communications technology. It changed the concept of using television
for its users and brought many new ideas and concepts in this area. IPTV is an outcome
of merging Web and TV, and can be predicted to revolutionize the content delivery
model and play a significant role in the next generation of TV systems. IPTV is a new
form of traditional TV and appears as an alternative delivery system for traditional cable
and broadcast systems. IPTV can prepare new aspects to traditional TV with increasing

interactivity.

In general, IPTV is a combination of modern technologies in computing, networking and

storage to deliver content through an IP network [5]. This system broadcasts various
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types of media content including text, graphic, audio and video files over an IP network to
reach a large number of users. IPTV has changed the way of users to access information,
knowledge and entertainment. It can be utilized in multiple sectors such as business,
entertainment, communication, healthcare and education. IPTV may be integrated with
an e-Learning system as a tool for supporting learning in education [6]. However, the
successful deployment of the IPTV application and services essentially depends on a wide

range of supporting technologies [7].

IPTV services for delivering TV content to viewers use the existing IP network. Video
compression techniques are used to compress the video content, and this compressed data
is transported to users using the existing IP networks as a Triple Play Service, which
provides audio, video, and data services [8]. In spite of deployment of IPTV, the essential
level of Quality of Service (QoS), Quality of Experience (QoE), security, reliability and

interactivity are still needed to achieve IPTV user’s satisfaction.

Traditional Television has been completely a broadcast-oriented facility. However now,
with these new technologies users are no longer restricted to the broadcast programs
of TV stations. They can use two-way communication by IPTV services, and they are
capable of choosing the program according to their wish to see on demand, whenever,
wherever, and on whatever device they want (TV, PC, smartphone, tablet, ...). IPTV
is not only used as TV over the network but also provides some other value-added
services, such as chat functions or other feedback mechanisms to allow the users for
ratings or discussion forums on the shows. Therefore, according to the International
Telecommunication Union Focus Group on IPTV (ITU-T FG IPTV) [9], IPTV service

has been defined as follows:

e “IPTV is defined as multimedia services such as television/video/audio/text/
graphics/data delivered over IP-based networks managed to support the required

level of QoS/QoE, security, interactivity and reliability.”

In general, IPTV services can be divided into two different categories of applications: live
streaming applications and on-demand applications. For the live streaming applications,
there are forceful time restrictions for delivering the TV channels for the viewers. However,
on the other hand, for Video-on-Demand (VoD) applications, there are no time limitations

and stored video files are delivered to the users at the time they want.

IPTV has very flexible and interactive characteristics, because of the underlying interactive
IP network which offers essential advantages including different ways of distributing
the TV channels, such as broadcasting, multicasting or unicasting. It is possible to

access to the electronic menu, fast forward, real-time rewind and billing management,
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* Multimedia net game * Movies and picture sharing
* Show missed callon TV * Video conferencing

FI1GURE 1.1: Applications for IPTV systems.

programming and other characteristics. As an IPTV service is based on the Internet,
other content can also be accessed, such as online games, e-mail, electronic financial

management, and so forth. Figure 1.1 depicts different types of IPTV applications.

A victorious technology should be cheap and user-friendly, and IPTV has that potential
for the large section of society. Moreover, by applying this potential of IPTV services
over vehicular networks, the users have a better chance to save time for doing some other

activities during the car journey.

Some people are not able to buy a computer or do not know how to work with the
computer. Nevertheless, they can use IPTV for their different goals [1]. We are going to

describe some of the potential IPTV usages in the following:

e Social networking: With the ability to chat during the watching of TV it is

possible to watch your favorite program with your friends.

e Education: It is possible to use regular TV as a medium of education with some
effort in this area. Because regular TV is unidirectional, so with this value added
services in an IPTV system it is bi-directional and is able to be used as an education

environment particularly in some developing countries.

e Travel and tourism: You can buy your ticket by means of an IPTV service with
your remote control, immediately just after watching a commercial advertisement

about discount off ticket price.
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e Healthcare: Access to the doctor for checkup or treatment is not easy for elderly
people or people in remote locations in a rural area. IPTV can solve this problem
by monitoring and treatment of patients and there is no need for them for leaving

their home.

e Financial services: Another benefit of the bi-directional capability of IPTV is in
the field of stock marketing and television banking. People who need to access to

business or financial developments and news can easily use IPTV in this regard.

e Instant feedback capability: People are able to vote and elect an instant with

also considering the security and privacy for them in IPTV systems.

It has been observed that day by day the number of mobile users with their devices
which are also moveable is steadily increasing. Therefore, used technologies for mobile
devices are becoming more powerful and common. In this situation, mobile applications
also keep becoming more important. Mobile applications have a variety of usages like
communication, business and education. According to the IDC survey [10], about 70%
of organizations are currently deploying at least one mobile application [11]. Technology

trends make mobile IPTV extend many IPTV services to mobile users [12, 13].

There has been growing interest to use IPTV technologies from fixed to mobile environment
or even nowadays vehicular environment. On the other hand, with recent advances in
vehicular networks and the advent of powerful mobile devices such as smart phones,
IPTV services become practical in vehicular environments. Vehicular IPTV lets vehicular
users get access to the offered IPTV services. In general, vehicular IPTV extends many
IPTV services to vehicular users. However, it is an important aspect for a vehicular
IPTV service to provide sufficient QoS and also QoE to maintain user satisfaction which
is quite difficult to achieve in vehicular and wireless networks. We have a privilege
for vehicular IPTV users in comparison to the mobile IPTV user, regarding terminal
capability. Because they are sitting in the car, they do not have any problem for power
consumption and energy saving on mobile devices. Although, there are still some problems

for providing IPTV services for vehicular users, which are summarized in the following:

1. Bandwidth: IPTV applications are bandwidth hungry and bandwidth is a
scarce resource in wireless environments. Therefore, careful allocation of resource

bandwidth in vehicular IPTV is imperative.

2. Handover process: Numerous handover events and switching from one Base
Station (BS) to the next one and service coverages are another significant problem

of IPTV transmission for vehicular users.
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3. Nature of wireless environment: There also exist some challenges related
to the nature of specifications of wireless links like diversity in receivers’ SNR
(Signal-to-Noise Ratio), frequent packet loss, the vulnerability of physical factors

and fluctuations in the link quality.

Therefore, in order to ensure the IPTV service performance (i.e. QoS and QoE), service
providers have to carry out very careful dimensioning and planning work for their

communication network.

1.2 Thesis Objectives and Contribution

Infotainment, combining information with entertainment, is a relatively recent neologism
for a TV program, website feature, applications or other presentation that combines
information with entertainment. Infotainment plays an important role, as on one hand
this can provide useful information to the driver regarding the road and his/her trip. On
the other hand, it can improve the user experience while driving and have fun during
the car journey for the car passengers. IPTV services as an example of entertainment
applications over vehicular networks are expected to play a significant role in the future
of intelligent transportation systems and vehicular infotainment systems. IPTV has been
becoming popular as it assures to deliver the content to users whenever they want. The
next step is to provide this content wherever the users are. Although mobile IPTV has
been greatly researched in the areas of communication, networking, human-computer
interfacing and educational environments [5-7, 10-14], little research has been proposed
on how to apply it for mobile users in vehicular networks. One of the major concerns for
vehicular TPTV systems is that vehicular networks have often limited bandwidth capacity
[15-17]. However, another great challenge for IPTV transmissions is a significant number
of handover events during a car journey which can imply IPTV blocking situations and
a decrease of QoE in IPTV systems. QoE is imperative as subscribers will choose for
IPTV based on the level of offered QoE.

The overall objective of this thesis is to elaborate effective solutions to determine the
TV Channel Availability (CA) in IPTV systems. Even though the effective bandwidth
of the vehicular network is growing very rapidly, because IPTV is a bandwidth greedy
application, there are still strong bandwidth limitations for IPTV services over vehicular
networks. An IPTYV service does not broadcast all the channels to the subscribers at
the same time. Therefore, TV channel availability is one of the most significant factors
to providing an acceptable level of QoE. In order to reach the overall goal, we try to

investigate the challenges of Channel Availability (CA) in vehicular IPTV systems. The
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main objective of this thesis is to conduct research on wireless networks to provide
seamless and smooth transmission for TV streams through vehicular environments.
In particular, we focus on the following aspects: QoE, Simulation, Channel Blocking

Probability, CA evaluation.

Objective 1: The first objective is to predict Channel Blocking Probability (CBP) and
Channel Availability (CA) in highway scenarios with different traffic intensity and a
varying number of TV channels offered to find out the CA of TV channels or the CBP.
One of the main challenges is the limited bandwidth and moreover, this limited bandwidth
has to be shared among the number of vehicles currently wishing to communicate in the
same cell. Therefore, CA and CBP in each wireless cell depends on the number of users in
each cell to receive IPTV service via the access networks which constitute the bottlenecks
for high traffic density situations on highways. Thus, it is highly desirable to evaluate the
probability that requested TV channels cannot be provided in vehicular IPTV systems.
Comprehensive experiments are carried out by means of our own simulation tool to
conduct the evaluations for numerous scenarios taking into account realistic IPTV user

behavior.

Objective 2: As the second objective, we have to find a way that allows one to predict
the blocking probability of TV channels for both channel-switching-induced, as well as
for handover-induced blocking events. Here, the probability of bottlenecks regarding
the available bandwidth in the cell is related to two items: First, the Switching-induced
Blocking Probability (SBP), reflecting blocking because of TV channel switching events
and the second one, the Handover-induced Blocking Probability (HBP), reflecting blocking
because of handover events. With our analytical model, we introduce new measures for
QoE in vehicular IPTV systems. Numerous case studies illustrate how the analytical
model and our new QoE measures can be applied successfully for the dimensioning of
IPTV systems, taking into account the QoE requirements of the IPTV service users in

strongly different traffic scenarios.

Objective 3: Channel blocking in vehicular networks may either happen at handover
moments when a vehicle is involved in a handover process or when an IPTV user within a
cell switches the TV channel watched. Obviously, channel blocking related to a handover
process is extremely annoying for an IPTV user. Therefore, we propose a solution to
reduce the Handover-induced Blocking Probability (HBP) significantly. Our algorithm
is based on a priori reservation of the currently watched channel in the neighboring
cell before the user actually reaches this cell. We will investigate how strongly our new
algorithm for pre-reservation of channels is able to decline the HBP in vehicular IPTV
systems. Moreover, by generalizing our algorithm beyond reduction of the probability of

handover-induced blockings, we try to reduce the number of switching-induced blockings
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at the same time. We propose this algorithm to try to adequately balance between all
the handover-executing and channel-zapping users to increase the users’ satisfaction with

respect to bandwidth usage in the cell.

The contributions of this thesis comprise, e.g., simulation and analytical tools to study
the availability of IPTV services in vehicular networks. Moreover, efficient algorithms

are proposed to reduce the handover-induced TV channel blocking probabilities.

1.3 Thesis Structure

This thesis consists of thirteen chapters, which are aiming for coverage of all the mentioned

objectives. In the following, we shortly present and summarize the content of each chapter.

Chapter 1: Introduction

Chapter 1 (current chapter) motivates the reader by different aspects of IPTV systems
and the fast development of TPTV services. In this chapter, we explain the recent
advances in the area of vehicular networks and mobile devices such as smart phones.
These advances are the reason for a rapid growth of user demand for using IPTV services
over vehicular networks. Moreover, this chapter motivates and describes in detail the
objectives of offering IPTV services over vehicular networks. Eventually, the structure of

this dissertation is given.

Chapter 2: Fundamentals

In Chapter 2, the necessary background knowledge and basic concepts regarding the
vehicular networks and IPTV services and system architecture are presented. Moreover,
we describe how to model switching and viewing behavior of an IPTV user during
an active session. IPTV user behavior is an interesting and highly relevant topic for
the IPTV service providers. In this chapter, we will also discuss about the Quality of
Experience (QoE) of IPTV services which is an essential aspect for the IPTV subscribers.
QoE has a strong impact when choosing adequate IPTV services for end users. QoE
is extremely important and subscribers will choose IPTV services based on the QoE.
Among QoE measures, TV channel availability (CA) and Channel Blocking Probability
(CBP) are the most important in this work. High CBP can dramatically decrease the CA,
and accordingly, QoE will be significantly declined. Section 2.5 is related to Objective
1 and we are going to analyze the assessment of QoE in detail for IPTV services in

vehicular networks.
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Chapter 3: A Simulation Tool to Assess IPTV Service Availability

Chapter 3 presents our simulation tool to evaluate CA and CBP in vehicular networks.
With this simulation tool, we are able to predict the channel blocking probability due
to handover events and channel switching within a given cell. Our simulation tool is
written purely in C, to evaluate QoE for IPTV services over vehicular networks with a
rather flexible applicability. An important characteristic of our simulator is its underlying
realistic model for IPTV user behavior, which itself has been derived from comprehensive
measurements of user behavior in existing IPTV systems. Accordingly, we describe the
LoadSpec tool to explain how we model in detail IPTV user behavior focusing on channel

switching events.

Chapter 4: Simulation-based Case Studies

By means of simulation experiments, we are going to determine the channel availability
for vehicular IPTV users in Chapter 4. In this chapter, we conduct a set of experiments
in different case studies in order to find out the suitable CA and CBP. Therefore, we are
able to provide a decision support for the choice of suitable boundary conditions, which
still lead to an acceptable level of the QoE for the users during their usage of IPTV

service.

Chapter 5: An Analytical Model to Assess IPTV Service Availability

In the previous chapters we tried to predict IPTV service availability based on a simulation
model. In Chapter 5, we elaborate an analytical model which is less detailed and much
less complex than our simulation model. In this chapter, we introduce our analytical
model which allows us to estimate the expected number of blocking events regarding
channel switching requests or handover requests for vehicular users in order to evaluate

the availability of vehicular IPTV services.

We consider the availability of an IPTV service for vehicular users in typical highway
scenarios. Moreover, we present new measures for QoE to cover individual users and
also the complete set of vehicular IPTV users. We execute numerous case studies to
demonstrate clearly the advantages of investigations based on an analytical modeling
approach as opposed to simulation-based experiments. In addition, we give a successful

validation of our analytical model at the end of Chapter 6.

Chapter 6: Case Studies based on the Analytical Model

In Chapter 6, we conduct extensive case studies to indicate how the analytical model

and our new QoE measures can be applied successfully for the dimensioning of IPTV
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systems. The goal of our analytical model is to find out the availability of IPTV services
under different situations and boundary conditions in vehicular networks. In this chapter
we are going to estimate the IPTV availability by means of two case studies by varying

traffic scenarios and network technologies.

Chapter 7: Reserve Channel Before Handover (RCBH) Algorithm

Chapter 7 proposes the RCBH algorithm, with the aim to decrease the probability of
handover blockings, and hence to reduce CBP accordingly by means of priority bandwidth
reservation. In vehicular networks allocating the bandwidth efficiently is very important
to support service continuity and service availability and to guarantee an acceptable level
of QoE for IPTV users. Our RCBH algorithm tries to reduce the handover blocking
to ensure continuous availability of a channel requested for a longer period, i.e. during
a viewing-phase, by an IPTV user. Evidently, handover-related blocking is extremely
annoying for an IPTV user, because the channel currently watched suddenly becomes
unavailable. This situation is the worst case from point of view of the user with respect
to the unavailability of TV channels, because it implies missing the program during
the handover process. Therefore, effective management to keep the channel blocking
probability small during the handover process of IPTV viewing users plays a significant

role.

Our primary goal in order to improve QoE of IPTV service is to reduce the probability
of handover-related blockings. The RCBH algorithm relies on a pre-reservation of the
currently watched channel in the neighboring cell before the user actually reaches the
new cell. We present in Chapter 7 comprehensive studies to consider how strongly the
pre-reservation of channels is able to diminish HBP and in general CBP. So, in overall,
RCBH increases the QoE of an IPTV system.

Chapter 8: Simulation Tool and Case Studies to Assess RCBH Algorithm

In Chapter 8, we present our proposed simulation tool for evaluating the RCBH algorithm.
We elaborated this second simulation tool (besides the simulator introduced in Chapter
3) for analyzing IPTV services offered in vehicular networks with applying the RCBH
algorithm. Owur dedicated simulator, simulates the RCBH algorithm for IPTV users
for various highway scenarios and it is suitable to determine both, switching- and
handover-induced blocking events in vehicular networks. We describe the embedding
of the algorithm into this simulation tool in detail in this chapter. Finally, in order to
evaluate our new simulator, we carry out a very thorough testing phase for this simulator.
We make a comparison between the RCBH simulation tool and our previous simulation

tool, which we have presented in Chapter 3.
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The simulation results for case studies to assess the RCBH algorithm are also given
in Chapter 8. We execute a set of experiments in order to evaluate the performance
of the RCBH algorithm to provide QoE for users at instants of handover-execution
during the car journey. We consider the blocking probability and blocking risk in our
experiments. Comprehensive simulation experiments have been carried out in this chapter
to demonstrate that the RCBH algorithm is indeed able to reduce the probability of
handover-induced channel blocking appreciably and thus it strongly improves QoE as
observed by an IPTV user. The case studies cover different traffic scenarios, access

networks based on different wireless technologies as well as various offers of TV channels.

Chapter 9: Advanced Reserve Channel Before Handover (aRCBH) Algorithm

In Chapter 9, the aRCBH algorithm has been proposed by means of generalized bandwidth
reservation in order to improve the switching-induced blocking of RCBH algorithm
which is described in Chapter 7. The policy of the RCBH algorithm is to keep the
handover-induced blocking very low by reserving the channel for the user immediately
after finding out that the user is going to view the specific channel. However, there are
some situations in vehicular networks during which zapping users are not able to watch
their new channel. This situation happens more often when we are applying the RCBH
algorithm. Accordingly, the newly requested channel will be blocked because there is
not enough free bandwidth in the cell and a large amount of the bandwidth is currently

reserved for incoming users from the neighboring cell.

In this chapter, we introduce our aRCBH algorithm which tries to balance adequately
between handover requests and new channel requests. Evidently, for providing an
acceptable level of QoE, it is needed to reduce the probability of handover-induced
blocking. Moreover, it is required to keep bandwidth utilization high at the same time for
the zapping users. Therefore, by applying the aRCBH algorithm the user’s satisfaction
will increase with respect to bandwidth usage in the cell. In the aRCBH algorithm, we
do not reserve the bandwidth immediately in the next cell for viewing users. We just
reserve the bandwidth for the viewing users relatively shortly (namely AT time units)

before they are leaving the current cell.

Chapter 10: Case Studies to Assess the aRCBH Algorithm

By means of simulation experiments, we present and discuss the simulation results of
our proposed aRCBH algorithm as well as the comparisons with RCBH algorithm. In
order to assess our new aRCBH algorithm regarding the reduction of switching blocking

events, we conduct several experiments to investigate the Channel Blocking Probability



Chapter 1. Introduction 11

(CBP), the Switching-related Blocking Risk (SBR) and the Handover-related Blocking
Risk (HBR) in Chapter 10.

Chapter 11: Summary and Outlook

In Chapter 11, as the chapter title indicates, a summary of all the studies in this
dissertation is given. Moreover, an outlook is presented for possible topics which are still

open and exciting for upcoming research work.






Chapter 2

Fundamentals

2.1 Vehicular Networks: Architecture and Applications

Considerable developments have taken place over the past few years in the area of vehicular
communication systems. These days as more and more vehicles are equipped with devices
to provide wireless communication capacities, interests on vehicular communications and
networks have grown significantly [18]. So, vehicular networks represent one of the major
subjects in the communication systems area and they are an important and emerging
area of research in the field of vehicular technology. This kind of network has been newly
attracting an increasing amount of attention from research and industry communities
together due to the wide variety of services such as inter-vehicle video streaming, safe
navigation support, business and digital entertainment applications, military or scientific
applications, internet access and much more [19]. Many research activities and projects
have been led in the area of vehicular networks. Many government projects have been

implemented in the USA, Japan, and the European Union [20].

The premiere objective of using vehicular network technology was to create an accident-free
environment at the first and observed as a key technology for enhancement of road safety
and transportation efficiency through Intelligent Transportation Systems (ITS) [21].
Furthermore, it has been considered to be an enabler for wide emerging safety and access
to information. Newly, there exists additional interest for research on the vehicular
network infotainment that aims to increase user satisfaction in traffic and car journey
and there are numerous entertainment applications which have become available recently
[22, 23]. Newly, lots of automobile companies are looking for combining communication
technologies in their vehicles for a different purpose in the field of safety, traffic information,

comfort, assisted driving, entertainment and commerce.

13
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FIGURE 2.1: General model of vehicular networks.

2.1.1 Vehicular Network Communications

A vehicular network organizes and connects vehicles with each other, with mobile and
fixed locations resources [24]. In general, two classes of vehicular networks can be
distinguished: Vehicle to Vehicle (V2V) and Vehicle to Infrastructure (V2I). While
V2V deals with communication among vehicles themselves, V2I is concerned about
transmitting information between a vehicle and the fixed infrastructure that is installed
along the road [25]. On one hand, the typical manner to establish a vehicle to vehicle
communication is to build-up wireless ad-hoc networks, in this case also called Vehicular
Ad-hoc NETworks (VANETs) [26]. VANETSs are an extreme case of Mobile Ad-hoc
NETworks (MANETS). High speed and frequent network topology changes are the main
characteristics of vehicular networks. These characteristics lead to special issues and
challenges in the network design. On the other hand, the common approach to achieve
vehicle-to-infrastructure communication is to build-up Roadside Backbone Networks
(RBNs) with fixed access points along the roads which can be accessed by the vehicles by
means of wireless communication [3]. So, vehicular networks are a challenging environment
since they combine a fixed infrastructure (RBN), and ad-hoc communications among
vehicles. As shown in Figure 2.1, the major goals of the vehicular networks are to enable
Vehicle-to-Vehicle (V2V) and/or Vehicle-to-Infrastructure (V2I) / Road-Side-Unit (RSU)
communications so as to provide more safety, comfort and entertainment to the car

passengers [27].
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2.1.2 Access Technologies of Vehicular Networks

Many technologies are related to the vehicle to infrastructure cooperation and may play

a role in communicating between vehicles and infrastructure.

There are many access network technologies to support V2I communications, e.g., IEEE
802.11p, WiMAX, LTE.

e /[EEER02.11p: IEEE 802.11p, cf. [28], is an approved amendment to the IEEE
802.11 standard to add wireless access in vehicular environments (WAVE). It
defines enhancements to 802.11 (the basis of products marketed as Wi-Fi) required
supporting Intelligent Transportation Systems (ITS) applications in the short-range
communications between vehicles (V2V) or between the vehicles and the roadside
infrastructure (V2I). This communication includes data exchange between (possibly
high-speed) vehicles and between the vehicles and the roadside infrastructure in
the licensed ITS band of 5.9 GHz. 802.11p will be used as the groundwork for
Dedicated Short Range Communications (DSRCs). DSRC has been used for years

for many types of short range dedicated links transmitting on various frequencies.

e WiMAX: Worldwide Interoperability for Microwave Access (WiMAX) technology
is based on IEEE 802.16 and 802.16e standards for fixed and mobile wireless access
in Metropolitan Area Networks (MAN) [29]. It can deliver data rates of 7T0Mbps,
cover ranges more than 30km, and it can provide secure delivery of content and

support mobile users at vehicular speeds [30].

e LTE: The Long Term Evolutionary access technology called LTE is quickly
becoming the network technology of choice for 4G deployments around the world.
The goal of LTE was to increase the capacity and speed of wireless networks
using new DSP (digital signal processing) techniques and modulations that were
developed around the turn of the millennium. A further goal was the redesign and
simplification of the network architecture to an IP-based system with significantly
reduced transfer latency compared to the 3G architecture. The LTE wireless
interface is incompatible with 2G and 3G networks so that it must be operated on

a separate wireless spectrum [31, 32].

2.1.3 Applications of Vehicular Networks

Vehicular networking has the potential of implementing a large variety of different
applications related to vehicles, vehicle traffic, drivers, passengers and pedestrians. In

particular, the applications are related to traffic safety, traffic efficiency and infotainment.
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These applications are the outcome of the numerous innovations of a group of researchers
and companies. In general, vehicular networking applications can be classified as three
different groups: first, active road safety applications, the second one concerns traffic
efficiency and management applications, and the third one represents infotainment

applications [33].

1. Active road safety applications:

The primary goal of vehicular networks was reducing the probability of traffic
accidents and the loss of life of the car passengers. Therefore, many active road
safety applications were developed for this purpose [34-39]. As many of the accidents
were related to vehicle collisions, active road safety applications provide the helpful
information for the drivers to avoid collisions. In these type of applications by
sharing information between vehicles and the roadside units one tries to predict the
collisions. This information can be provided by exchanging information between
vehicles and Road Side Units (RSU) to predict collisions. Information can indicate
vehicle position, intersection position, speed and distance heading. Furthermore,
information exchange between the vehicles and RSUs is used to determine dangerous

locations on roads, such as slippery sections or potholes [40, 41].

2. Traffic efficiency and management applications:

The goals of traffic efficiency and management applications are to improve the
vehicle traffic flow, traffic coordination and traffic assistance and to provide updated
local information, maps and messages of relevance bounded in space and/or time

[35]. This kind of applications are divided into the two categories:

(a) Speed management to help the driver to manage the car speed and preventing

the useless stop.

(b) Cooperative navigation to increase the traffic efficiency by managing the

navigation of vehicles.

3. Infotainment applications:

Infotainment applications have the ability to establish a general purpose Internet
access from cars in order to keep the car passengers entertained and informed, and
they can potentially generate services and applications specifically for in-car use.

They can be divided in two kinds of different services.

e Cooperative local services:
Cooperative local service applications are based on infotainment which can
be gained from locally based services like point of interest notification, local

electronic commerce and media downloading [35, 36, 39, 42].
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e Global Internet services:
This kind of applications are deepened on data which can be collected from
global Internet services. In this category of application we have communities
services such as insurance and financial services, fleet management and parking
zone management and I'TS station life cycle based on software and data updates
(35, 36, 39, 42].

Many Internet related applications require continuous Internet connectivity. The
continuous connectivity will be the most challenging problem in vehicles moving in
an overlay networking environment. In this case, frequent change of switching from a
current Access Point (AP) or Base Station (BS) to the next AP/BS may occur. Frequent
change of switching AP degrades the network performance. The switching mechanism
from one AP/BS to the next one is called handover and is executed according to a
well-defined decision criteria. Handover is also known as handoff, and it is an event
triggered whenever a vehicle moves from one AP coverage area to another AP coverage
area, without loss or interruption of services. When a handover occurs within the same
radio access technology this is known as horizontal handover. Handover which occurs

among different radio access technologies refers to vertical handover [43].

Vehicular networks are currently being one of the main areas of studies all around the
world and will be engaged to large deployments soon. Although there is much progress in
the field of vehicular networks, there are many new topics which researchers did not face
before, just like the new subjects in the area of infotainment applications. Entertainment

systems can transform a monotonous trip to a delightful experience.

IPTV service application is a subclass of entertainment applications and it has been
proposed to increase user satisfaction in traffic and car journey. In the literature, there
are only a few proposals of multimedia applications over vehicular networks or even
regarding vehicular IPTV services. However, some efforts to evaluate CBP for IPTV
with different types of access networks have been done. In [44], J. Lai et al. proposed
to decrease the CBP and to improve the channel availability in DSL-based access
networks. J. Lai et al. [45] investigated the CBP not only in stationary but also in more
realistic peak-hour scenarios and provided algorithms which allow one to reduce CBP
efficiently. A. Abdollahpouri et al., in [2], suggested a realistic model to reflect the typical
behavior of IPTV users and studied the influence of different channel popularities in
WiMAX based IPTV systems. In particular, they have proposed a user behavior model
reflecting, both, zapping and viewing periods. Momeni et al., in [46, 47], investigated the
availability of IPTV services in roadside-backbone-networks with vehicle-to-infrastructure
communication. In this effort, they assumed different access network technologies leading

to strongly different sizes of cells in highway scenarios and predicted the resulting CBP.
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There are some recent efforts on live video streaming and multimedia over VANETS in the
literature [27, 48, 49]. Therefore, offering an IPTV service over a vehicular network and
providing sufficient QoE for vehicular IPTV users is one of the quite new and challenging
topics. The major recognized reason is the significant challenges which are imposed
in IPTV transmission by the high mobility of the vehicles and network instability and
scalability. Another problem is that in real-time IPTV services one may be losing a
program because of delivering the TV channels over the vehicular network with an
insufficient capacity of wireless links. Currently, vehicular network based IPTV services
are considered to become very important in the future of ITS and vehicular infotainment

systems.

2.2 TPTYV Service and System Architecture

Television has become an indispensable device in approximately all the homes in all
over the world. There are many developments in shape, size, number of offered channels
and picture quality (standard definition to high definition) or even from fix TV to the
mobile television. However, with all of these developments TV stayed as a broadcast
medium with the one-way transmission for a long time from the service provider to the
end-users. However, after several years of technology development, with rising the new
generation of TV users and also with the quick progress of Internet technology, IPTV has
begun to bring to consumers the new TV experience which goes beyond any traditional
passive TV. The IPTV experience is being continuously enhanced with improvements in
the underlying networks and computing systems. The successful deployment of IPTV
applications and services on a large scale is essentially dependent on a broad range of

supporting technologies [50].

IPTYV services are becoming popular and are expected to expand rapidly in the near
future. It is the new standard of television and entices a lot of attention from both
industry and research communities. IPTV service offers multimedia streaming services
with security, reliability, and relevant QoS/QoE [51]. IPTV is also defined as a service
that includes multimedia services such as TV, video, audio, text, graphics, and data over

IP-based networks.

IPTV is extremely different from traditional broadcast based TV in its transmission
system. IPTV is a form of real-time video service that uses IP for delivering TV channels
via a network. Conventional cable TV services transmit dozens of channels all at once
via a fixed cable, the content of all channels flows into the subscriber’s home, and the
subscriber selects which channel to watch using a Set-Top Box (STB). However, in the

IPTV system, a subscriber uses the STB to request for only the specific channel required
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at that time, and only the requested channel is transmitted. Typically, an IPTV service
provider, due to the lack of network bandwidth, cannot transmit all the channels at the

same time.

The main advantage of IPTV is its ability to provide a rich TV viewing experience to
the users. IPTV services can be divided into two classes: Video on Demand (VoD) for
stored content and Broadband-TV (BTV) for live TV channels. IPTV providers need
different common standards for video encoding that are appropriate to the needs of the
application and the user’s TV screen. There are multiple video resolution formats such as
QCIF, QVGA, CIF, VGA, SD, HD and meanwhile even UHD over a wide range of codec
combinations such as MPEG2 and MPEG4. In general, higher performance levels will
require a larger bandwidth to be supported by the infrastructure used for multicasting
the data. Users in the vehicle are using TV screen devices with a rather small size and

high performance of resolution is usually not very important for them.

IPTV has some features which include [52]:

e Support for interactive TV: The two-way capabilities of IPTV systems allow
service providers to deliver interactive TV applications (standard live TV, HDTV,

interactive games, high-speed Internet browsing).

e Time shifting: A mechanism for recording and storing IPTV content for later

viewing, along with a digital video recorder.

e Personalization: The bidirectional communications with the IPTV system allow

users to decide what they want to watch and when they want to watch it.

e Low bandwidth requirements: Service providers only stream the channel that
the end user has requested instead of delivering every channel to every end user,

thus conserving more bandwidth.

e Accessible on multiple devices: Consumers can use not only televisions but

also their PCs and mobile devices to access the IPTV content.

On the other hand, IPTV needs to succeed supporting a couple of features in order
to constitute more than just the delivery of television, VoD or audio content over a

broadband network:
1. Interactivity made possible with the availability of an upstream channel, enabling
the delivery of new kinds of services to the end user.

2. Personalization and Advertisement offer new kinds of business models to content

providers and enhance the user’s entertainment experience.
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FIGURE 2.2: TPTV system architecture.

3. Portability/Mobility is important because the increasing number of mobile devices

in use needs to be considered.

4. QoE assurances and media transport over managed networks are necessary to

provide the same or better quality as that achieved in digital TV.

5. Converged Services combine features from different components (e.g. Telco and

TV services) and enhances the consumer’s rich media experience.

Figure 2.2 depicts a typical IPTV service network architecture which provides triple
play services (i.e., voice, video and data) via different access networks. An IPTV system
mainly consists of five different parts as shown in this figure. In the following, we discuss

these components in detail.

1. IPTV Head-end: The head-end is part of an IPTV system that is responsible for
acquiring, processing, encoding, and managing video content. It receives video from
a variety of sources such as satellites. The head-end manages access to on-demand
videos as well. It delivers video and content, i.e. the original TV channels, by
means of IP multicast or unicast, to the core network which represents a high-speed

communication infrastructure.
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2. Core Network: The core network is the central network portion of a communication
system. It primarily provides interconnection between several metro backbone
networks. In order to reduce latency between the clients and the streaming
servers and therefore improve the experienced QoS, core networks use fiber optic
links. Core networks for IPTV systems can be fiber optic rings that can distribute
simultaneously transmitted TV signals (live channels) throughout a large geographic
area and provide connections to other media sources (such as direct connection
to a television studio). The core network may also be used to provide individual

connections to stored media programs (on-demand programming).

3. Distribution Network (Metro Backbone): This subsystem interconnects the
core network with the different access networks. Its main function is to multiplex
the different service providers and to adapt the transport system to the specific
characteristics of the subscriber loop. Therefore, the metro backbone must perform
data transmission and switching tasks efficiently. Metro backbone is typically used
to distribute the TV channels in a metropolitan area. The service provider can
deploy local advertisement or local TV channels to a specific set of clients or provide
on-demand video services to customers located in its region. Typical equipment
in this part consists of the encoders for local TV channels, local advertisement

inserters and video servers to stream on-demand video services.

4. Access Network: An access network is an essential portion of a communication
network that allows individual subscribers or devices to connect to the metro
backbone. The access network provides last mile delivery of the TV channels
to the subscribers from the access network which may be DSL-based containing
BRASes (broadband remote access servers) and DSL access multiplexers (DSLAMs).
Alternatives for the access network could be WiMAX with components such as
ASN-GW (access service network - gateway) connecting the edge router to a base
station (BS) which may transmit the TV channels to the mobile users either using
unicast (cf. CID for connection identifier) or multicast (cf. MCID for multicast
CID). In case of a vehicular IPTV system, the mobile stations MS in Figure 2.2,
would represent the devices in the cars which there will present the TV programs to
the users. If WLANSs or LTE would be used to deliver IPTV services in a vehicular
network, the situation would be very similar to what is illustrated for WiMAX
in Figure 2.2 and, therefore, it is not explicitly depicted in this figure to reduce
complexity. The access network manages the user demands by using the return
channel. The main requirement of an access network is to have enough bandwidth
to support multiple IPTV channels as demanded by the currently active set of

subscribers.
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Nowadays, neither the core network nor the metro backbone (which might be
an interconnection of several broadband networks) will become a bottleneck for
the delivery of IPTV services. Therefore, let us assume that bottlenecks in the
delivery of TV channels to their vehicular users will mainly result from the limited

bandwidth of the access network.

5. Subscribers: Subscribers have access to the triple play services (i.e., voice, video
and data). Subscribers connect to the access network via home PC(s), Set Top
Boxes (STBs) or via mobile devices even during a car journey. The subscribers
are sitting in the cars if we assume access via a V2I communication system, and
their mobile devices may be connected to the access network either directly or have
their own local network which enables indirect communication and information
exchange between the user’s device (e.g. TV set) and the access network. This
direct or indirect communication allows accessing the available resources in the
IPTV network.

2.2.1 IPTYV vs. Internet TV

We distinguish IPTV from Internet TV (sometimes called Internet video) [53-55].
Moreover, understanding the differences may help to make a decision which one is
better to use. The main similarity between IPTV and Internet TV is to use IP technology
for video delivery [56]. One of the main differences between them is in the delivering
method. Unlike IPTV, Internet TV delivers video for subscribers without using secure
dedicated managed private networks which IPTV is the inverse. Consequently, Internet
TV cannot ensure a guarantee for the TV quality since some of the IP packets may be
delayed or lost since the Internet uses best-effort delivery. Evidently, IPTV services give

a higher quality, reliability and more consistent viewing experience.

2.2.2 IPTV Market Trends

Currently, many developed economies have IPTV deployments. The world’s leading
markets for IPTV are Germany (by Deutsche Telekom), France (led by France Telecom
Orange), South Korea, China and others. Several leading service providers (such as
Verizon Fios TV, AT&T U-Verse TV, and others) in the U.S. have brought IPTV
to the market. North America continues to show massive growth in IPTV in recent
years. Consumer demand for IPTV seems to request for higher bandwidth options.
The IPTV market has grown tremendously over the past few years, both regarding the
number of subscribers as well as investments made by service providers. For example,

recently several companies, such as the BBC and Time Warner Cable Inc., launched
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their applications to allow the users to watch live TV and catch up on their favourite

television programs on their iPads, iPhones, and Android mobile devices [57].

Advances in IPTV technology enable a new model for service provisioning, moving from
traditional broadcasting TV services to a new user interactive TV model. The change in
users’ behaviors from active to passive, content digitization allowing easier distribution,
and broadband-enabled technologies have changed the TV experience. IPTV allows TV
services to evolve into truly converged services, blending aspects of communications,
social media, interactivity, and search and discovery in new ways. These efforts address
the growing consumer demand for greater personalization and customization of TV

experiences [5].

2.3 Vehicular IPTV

In the literature, several studies are addressing different aspects of a vehicular networks,
such as: applications [58, 59], communication [34, 60-63], security [64], routing protocols
[65], cloud computing in VANETS [66], and general aspects [67]. Moreover, there are
also several approaches over vehicular communications. In aktive project [68], they try
to improve both traffic safety and traffic flow. The objective of this project is to have a
novel driver assistance system and traffic management system as well as C2C and C21

communication for cooperative vehicle applications.

Vehicular networks have been continuously updated to bring the new and useful features
for the enjoyment and utility of a driver and his/her passengers. One of this feature is
IPTYV service, which provides infotainment with quite useful information for the driver
and vehicle passengers. An example of enjoyment aspect of vehicular network is children
who are able to watch a movie or their favorite programs in the car and, thus, may
leave the driver being better able to concentrate on operating the vehicle. Moreover,
passengers in a vehicle undertaking a long journey may better pass the time by viewing

a TV program.

Rappaport [69] introduces an analytical model for improving the QoE and service
availability for the vehicular user during their audio usage in the car journey. His
analytical model is developed to characterize the handover problem in an environment
where mobile platforms can support multiple independent calls. This method is used to

find implicit handover parameters for systems in statistical equilibrium.

We give an overview of current and past projects dealing with in-vehicle multimedia

networks in this section. Most projects aim at providing rear-seat entertainment for cars,
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as this can be seen as the driver for high-speed networks, due in turn, to the trends of

the car industry.

e Prototype of IDB-1394 Network: The Nissan Corporation has designed a
prototype of an in-vehicle network based on IDB- 1394 using a ring topology with
a bandwidth of 400 Mbit/s which meets the demands for audio and video [70].

e SCOOT-R: Which is a subset of the European project ROADSENSE, is a
framework for software development. It offers a framework for distributing tasks on
multi-processing units architectures along with communication and synchronization
services. It also includes additional support to verify real-time constraints and to

implement fault-tolerant strategies [71, 72].

e MOST networks in the car industry: MOST Technology is a widely used
multimedia network among European car makers and is already implemented in
38 vehicle models [73]. BMW is a member of a core group responsible for the
development process of the MOST technology. Therefore, BMW applied the MOST
into almost all BMW car series as a transfer network for audio signal [74]. Volvo
Cars used also the MOST technology in their high-end products, they applied the
MOST multimedia technology in Volvo XC90, Volvo C70 and Volvo S80 models
[73].

Nowadays, with the development of wireless access network technology, it was a considerable
interest for mobile users to use IPTV services. Then the IPTV users expanded from the
home user to mobile users and through Mobile IPTV, users can enjoy IPTV services
anywhere and even while on the move [75]. In our work, we extend this to anywhere they
are, to establish IPTV over vehicular networks regions. Users are then able to use IPTV
services even for long car journeys and in the very near future, numerous vehicles and
not only top-of-the-range cars will be equipped with components allowing for a direct
Internet connection via different wireless access network technologies like LTE [76] or
WLAN [77]. So, IPTV is the next step in the development of Internet-Services over

Vehicular Networks and an ambitious intention for researchers [12].

2.4 Behavior Model of IPTV User

In this section, we focus on the IPTV user behavior. One of the main part of IPTV
service is to model IPTV user behavior. In a traditional TV transmission system (i.e.,
analog or digital terrestrial /cable/satellite TV systems), the service provider broadcasts

all the channels at the same time for the users and the channels are available in the TV
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set or Set-Top-Box (STB) of users. Therefore, the user activities like channel switching
have no impact on the provider network and the traffic load and, therefore, the demand
for network capacity is not very challenging in traditional TV systems. For this reason,
user behavior will not have an effect on traffic load or even channel blocking probability.
Accordingly, it was not needed for traditional TV providers to analyze and investigate the
behavior of their subscribers. However, the situation for the IPTV services is completely
different. An IPTV delivery system uses IP multicast technology to transmit TV channel
streams for the users. Each TV channel is relevant to a multicast stream. The channel
switching activity for IPTV users forces extra load on the network. Therefore, switching
and viewing behavior of an IPTV user during an active session has a significant influence
on service availability. Hence, it is quite valuable for the IPTV service providers to

investigate and analyze the IPTV user behavior.

2.4.1 Switching Model

In this subsection, we try to describe the model of switching behavior for a single user in
detail. Our user behavior model is based on the channel popularity and user activity.
Aggregate user behavior can be obtained from a combination of a specific percentage of

users with different behaviors.

The behavior of an IPTV user is also dissimilar from the users of other IP-based
applications. Figure 2.3 represents the typical behavior of an IPTV user during an ON
period (active session). In this figure, switching events are carried out by the user during
one hour (between 10 PM and 11 PM) are plotted. A switching event occurs when a user
selects a new TV channel. Several consecutive switching events within a short period
(e.g., less than 1 minute) indicate that the user is zapping TV channels to find something
of interest. The number of previous TV channels before starting to view an interesting

program is called zapping block.

As an example, in Figure 2.3, three zapping blocks with the size of 3, 2 and 8 can be
observed for a one hour time interval. Take into account, the channel, which is viewed
for a pe