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Preface

This thesis is a result of my Ph.D. study at the department of Electronic
Systems at Aalborg university, Denmark. The work has been done under
the supervision of Associate professor Rasmus Olsen, Associate professor Jens
Pedersen and Professor Hans-Peter Schwefel.

The thesis describes methods for enhancement of quality of context and cost
e ective RoF network planning. The thesis is divided into four parts:

1. Introduction and Background
2. Quality of Context Enhancements
3. Cost E ective RoF Network Planning

4. Conclusions and Outlook

Part 1 gives an overview for the motivation, state-of-the-art and current work
in the eld. Part 2 is divided into two chapters and is based on three con-
ference papers and one accepted manuscript at Elsevier’s Computer Networks
journal. All papers have been reviewed, accepted, presented and published in
conference proceedings.

Part 3 includes one chapter which is based on the master thesis, and a confer-
ence paper which also has been reviewed, accepted, presented and published
in conference proceedings.

Following is a full list of publications:

1. Service Degradation in Context Management Frameworks

2. Optimizing the Quality of Dynamic Context Subscriptions for Scarce
Network Resources

3. Class-Based Context Quality Optimization For Context Management
Frameworks

4. Network aware dynamic context subscription management

5. An Automated Planning Model for RoF Heterogeneous Wireless Net-
works



Abstract

In Communication networks today there is an endless quest for increased ca-
pacity and improved quality. With wireless systems being now popular world-
wide for allowing users and devices to communicate and share information
with each other irrespective of their location, the development of sustainable
and reliable mobile applications is becoming a rising issue for next generation
networks. Manufacturers and service providers are not only looking to increase
capacity, bandwidth and performance properties, but are also looking into the
network’s ability to support new applications, features and improved services.
The increased number of mobile users puts a demand on today’s networks in
terms of application sensitivity, mobility and reliability.

Mobile operators are 0 ering various context-aware services and applications
to the user. Today, mobile users are demanding access to dynamic context in-
formation at any time, thus due to the sensitivity of such context applications,
users can easily get frustrated in case the context information received is no
longer valid. Mobile operators are in search for methods to ensure reliability
of dynamic context information.

Another main concern for both mobile operators and Internet Service Providers
(ISPs) is providing their customers with higher bandwidth and better network
services. Mobile applications today running on various devices such as smart-
phones, tablets and other connected devices are consuming large amounts of
network bandwidth. Mobile operators are now looking into heterogeneous net-
works to improve existing mobile broadband in order to accommodate such
mobile applications and devices.

This PhD thesis provides mobile service providers and operators with a set
of tools that aim to improve network services provided to the user. The PhD
study looks into dynamic context information reliability by developing models
and online algorithms that ensure increased reliability for context information
exchange. Eventually, the PhD looks into improving network planning by
implementing an automated network planning model that takes advantage of
both Radio over Fiber (RoF) and heterogeneous wireless networks to meet the
increasing demands for higher bandwidth.



Synopsis

I nutidens kommunikationsnetv rk er der en endel s s gen efter get ka-
pacitet og forbedret kvalitet. Tradl se kommunikationsnetv rk er blevet pop-
ul re verden over, fordi de tillader brugere og enheder at kommunikere og
dele informationer med hinanden, uanset hvor de er. Et voksende emne for
n ste generation af de tradl se kommunikationsnetv rk er udviklingen af
b redygtige og palidelige mobile applikationer. Producenter og tjenesteud-
bydere arbejder ikke blot med at ge kapacitet, bandbredde og funktionsegen-
skaber, men ser ogsa pa netv rkets evne til at underst tte nye applikationer,
funktioner og forbedrede tjenester. Det voksende antal af mobilbrugere stiller
krav til det eksisterende netv rk, hvad angar applikationsf Isomhed, mobilitet
og palidelighed.

Mobiloperat rer tilbyder brugeren forskellige services og applikationer, der
kender til konteksten, de eksekveres i. Nutidens mobilbrugere kr ver adgang
til dymamisk kontekst information til enhver tid, og risikerer at blive frus-
trerede, hvis denne information er ikke | ngere er gyldig ved modtagelsen.
Mobiloperat rer leder efter metoder, der kan sikre palidelighed for dynamisk
informtion om kontekst.

En anden vigtig udfordring for bade mobiloperat rer og internet udbydere
er at forsyne deres kunder med st rre bandbredde og bedre netv rk services.
Mobile applikationer, der bruges fra forskellige apparater sasom smart-phones,
tablets og andre tilsluttede enheder, konsumerer store m ngder netv rks-
bandbredde. Mobiloperat rer er derfor begyndt at se pa heterogene netv rk
for at forbedre de eksisterende mobilnetv rk, sa sadanne mobile applikationer
og enheder kan rummes.

Denne afhandling forsyner mobil service udbydere og operat rer medetv rkt jss t,
som har til hensigt at forbedre de netv rksservices, som leveres til brugeren.
Phd-afhandlingen ser pa palideligheden af dynamisk kontekst information ved

at udvikle modeller og online algoritmer, som sikrer get palidelighed ved
udveksling af kontekst information. Endelig ser afhandlingen pa at forbedre

netv rksplanl gning ved at implementere en automatiseret 'network plan-
ning’ model, som drager fordel af bade 'Radio over Fibre’ (RoF) og heterogene
tradl se netv rk for at m de de voksende krav om mere bandbredde.
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Chapter 1

Introduction

1.1 Motivation

In today’s online world there is an evolving global market for high quality services in
the mobile industry. This comes as no surprise since the mobile industry is continuously
evolving day by day and this evolution can be traced back since the customizable mobile
ring tones and logos, and from there it has become an attractive billion dollars indus-
try that opened room for di erent players such as mobile vendors and Internet Service
Providers (ISPs) to continuously develop and o er high-end services to the daily mobile
user.

According to Cisco [21] more than 85% of the world’s population today are mobile
owners in 105 countries around the world and according to [4] there are over one billion
smart-phones in use today. This became a main driver for creative applications to emerge
starting from bandwidth consuming applications such as Net ix which enables users to
stream HD videos on their mobile devices to context sensitive applications which can be
migration based applications, for example a Skype session migration from one network
device to another based on context information exchange. It is a clear indicator that user
entertainment has shifted from stationary devices and personal computers to our smaller
hand-held smart-phones and tablets. According to [68] almost half of all mobile users are
experiencing HD videos, online music, digital books, and online games on their mobile
devices on a regular basis.

Since there is a large demand on mobile networks, ISPs are in continuous development
of their mobile network in order to ensure network quality and to enhance the user expe-
rience. Therefore quality for both mobile services and network performance have always
been a topic of research. Today mobile applications are heading towards other types of
services which are unavailable on desktops and PCs. This is due to the fact that mobile
applications are able to deliver context sensitive information. The combination of user
mobility and the continuous increase of number of smart-phones on mobile networks is a



direct result of context information becoming more dynamic. This is due to the fact that
the user environment is constantly changing due to the increase in mobility and network
coverage. An example of dynamic context information can be expressed in the form of
application migration from a network device to another [44]. Application migration func-
tions in a way where a user migrates a service or application from one network device to
another based on dynamic context information. The service migration decision therefore
requires reliable context information to insure a successful migration. If the information
is not reliable, it can either lead to an incomplete migration process or a migration can
be triggered to the wrong device.

The ISPs are also looking into cheaper planning methods and tools, due to the fact that
the increase of mobility, network devices and bandwidth demands leads to the constant
expansion of the network which has a signi cant cost impact. ISPs are looking into
di erent methods to reduce both capital expenditures and operational expenditures of
the network. Today, wireless base stations is a signi cant part of the ISPs budget, and
looking into di erent planning technologies can be a way for ISPs to save money on the
planning process.

This thesis is divided in two main sections, both sections investigate methods to im-
prove quality and reliability of future mobile networks. The rst sections of the thesis
researches the area of dynamic context information exchange over mobile networks. The
thesis investigates di erent quality assurance algorithms, and the e ect they have on con-
text sensitive applications. The second section of the thesis investigates future network
requirements for e cient and cost e ective network planning. Since ISPs are yearly up-
grading their network infrastructure to meet market demands, it is always a challenge to
plan for next generation mobile networks, while fully utilizing the current infrastructure.
The thesis investigates implementation of Radio over Fiber (RoF) technology for wireless
networks. RoF is an integration of wireless and ber optic networks. This technology is
supposed to have a large economical bene t when deployed as last mile solution, since
it combines the good bene ts of ber networks such as large bandwidth characteristics
and low cable and equipment cost. The thesis investigates an optimized planning method
that enables reliable network planning of future mobile networks. The planning method
should be done automatically and implements RoF technology for heterogeneous wireless
networks.

1.2 Problem Formulation

The thesis is divided into three parts. Part I holds the introduction and background used
in this thesis. Part Il discusses context quality optimization, while Part 111 discusses
network planning optimization. Accordingly, the problem formulation discusses both
context sensitivity and planning of next generation networks.



1.2.1 Quality of Context Optimization

The ability of applications to adapt to the users’ environment is often referred to as context
awareness, [18], and is becoming a key factor in today’s mobile networks, since users need
to be able toe ciently interact with applications and platforms in a highly dynamic world.
Context awareness is achieved by accessing dynamic context information, provided by
context agents in a context management system and is a highly desirable feature for future
mobile applications. However, the access to dynamic context information distributed in
the environment has to be carefully designed to achieve scalability and context reliability.
European projects like MAGNET Beyond [57], SPICE, [20] or E-SENSE[3], and others
outside Europe, have been researching and developing concepts for context management
for some time, whereas reliability and accuracy indicators for context information just
recently caught the attention e.g. in the project SENSEI, [19].

An example on why context information reliability is an important issue can be ad-
dressed by looking into the case of service migration from one device to another. Service
migration is context sensitive in the manner that information from devices is gathered
and an informed decision is made by a context triggre manager in regards to migration
of the service running on one device to another device on the network. If the context
information gathered is unreliable, this may result in an incomplete migration process for
this session running on the device. An example of such migration process can be a video
call or online HD video running on a smart phone, the user arrives home and the device
connects to the home network and service migration is triggered to his smart TV where
a better picture resolution for the video is available. A cause of frustration to the user
could be entire loss of the session, and thus video call or online video must be restarted
[45; 46] .

Therefore, the reliability of the accessed information is the key to the success of any
context aware application, since application adaptation should respond to current events
and not to earlier ones.

Context information reliability relies on di erent parameters. The dynamics of the
information, the type of access strategy used to obtain the remote dynamic context infor-
mation and the network properties such as delay and packet loss. Attempting to optimize
one parameter has an e ect on another parameter, thus the context information reliability
task becomes a rather complex task. An illustration of the conceptual relations/impact
between the di erent elements that a ects the reliability of the context information can
be seen in gure 1.1. By attempting to change the type of access strategy it will have an
e ect on the network properties which can result in higher or lower delay and packet loss,
which will in turn a ect the reliability of context information. A stronger notion that af-
fects context reliability in this sense would be the so-called mismatch probability (mmPr).
The mmPr is de ned as the probability that the received information at the time of ex-



ecution is outdated. Therefore, if we cosndider a parameter such as information, via it’s
size it has a direct impact on network properties, however, via its dynamics it in uences
the reliability and the mmPr. This parameter dependency makes it quite challenging to
maximize context reliability. Therefore, in this thesis the problem addressed is how to
increase context reliability taking into account the di erent parameters a ecting context
reliability and their dependencies. The thesis does not analyze speci ¢ context elements,
but rather stays generic in respect to the type of context element.

Context
Reliability

Information
Dynamics

Access
Strategy

Network
Properties

Figure 1.1: Parameters a ecting context reliability

1.2.2 Planning of next generation networks

The expansion of wireless communication services has been catching service provider’s
attentions for quite some time. With increased demands for mobility by the user, wireless
services are required to provide users with larger bandwidth and more reliable connections,
also future mobile services and application are classi ed as bandwidth-hungry and sophis-
ticated. While wireless systems are required to cope with the user’s increasing bandwidth
demands, it should also maintain the network planning and management costs at feasible
economical levels.

The deployment of a cost-e ective Base Station (BSs) for wireless mobile networks is
the main key for service providers to remain competitive and successful in the market.
Radio-over- ber (RoF) technology reduces base station prices to a new level and therefore
is a promising solution for building wireless mobile networks [48; 54]. RoF functions
by modulating radio frequency onto an optical ber. Unlike coax and copper, optical

ber is attractive for RoF systems since it is immune to electromagnetic radiations, high
bandwidth, low latency and longer distances.

The main issue with 4G networks is that in order to accommodate for higher bit rates
and more users, the operator has to reduce the cell sizes, this is the so called micro-cells
or pico-cells concept. Another solution can be to operate on higher frequencies such as
the 40 to 90 GHz region. However, both solutions are not cost-e ective because if the



cell size is reduced, it will lead to a higher number of BSs in order to cover the service
area. If the frequency on the other hand is increased, it leads to more equipment being
installed and maintained. Both solutions will contribute to higher capital and operational
expenditures for the service provider.

One of the main advantages of RoF is that the BS only requires a simple optical/elec-
trical conversion. This signi cantly reduces the cost of the BS RoF because the control
station is shared with many BSs. This control station is responsible for functions such as
signal routing, processing and resource management.

By implementing a Rof solution the ISP is able to meet both the user’s demands while
maintaining a cost-e ective network. The thesis provides an automated planning tool for
planning RoF heterogeneous wireless networks which is aimed to reduce the e orts of the
network planner. It also compares the deployment price of regular BSs and RoF BSs.
The thesis takes into consideration the reuse of the ISPs infrastructure if it is present,
in this way ISPs can either build over the existing network or build a new network from
scratch. This means that the planning tool should be able to make use of legacy systems
such as 3G and WiMAX. Since the architecture is vastly di erent from the ones that are
deployed today, it requires a di erent planning process [22; 48; 54].

The main challenges for implementing such an automated planning tool is that the
tool itself should combine both ber planning as well as wireless and radio planning.
The tool would need to be able to introduce new algorithms that are able to facilitate
the planning of wireless networks and also should be aware of the infrastructure already
available for the ISP, in order to take advantage of the centralized processing o ered by
RoF heterogeneous wireless network architecture. The tool should also be able to make
optimal ber and radio planning scenarios i.e. it should choose the minimum number of
antennas, centralized units and ber, so that the planning process is reliable, exible and
cost-e ective.

The thesis investigates how to build RoF heterogeneous wireless networks while taking
into account the ISP’s currently available legacy systems. The thesis provides algorithms
and results for building a RoF network at the Danish municipality of Aalborg using
GIS data provided by TDC. The thesis examines di erent algorithms and developes a
planning tool that aims at decreasing the deployment cost. Finally the thesis reviews a
price comparison for deploying regular mobile networks versus RoF wireless networks as
proposed by the FUTON project.

1.3 Contributions

The thesis is divided into two di erent areas. This is due to working on di erent projects
and topics during the PhD. The rst contribution of the thesis is the study and op-
timization of context quality. The contributions were done during the work with Open



Pervasive Environments for migratory iNteractive services [46]. Although [1], [25] and [38]
have considered the age of information or up-to-dateness, but as mentioned in section 1.2
age of information alone is not a su cient measure of quality, since there are dependen-
cies between the access strategy, the information dynamics and the network parameters.
Chapter 3 makes an e ort to explore directions to improve QoC by exploring the depen-
dent metrics mentioned in a practical lab setting. The chapter also suggests how QoC
can be improved. Chapter 4 focuses on the so-called mismatch probability quality metric.
The chapter provides a set of optimization algorithms that run real-time in-order to im-
prove context management framework’s communications. There are three di erent set of
algorithms. The rst two algorithms are used to improve context information reliability
and quality in a best-e ort networking scenario. The last algorithm improves the context
information quality under a di erentiated network scenario. The second contribution was
done during collaborations with FUTON project both during masters and start of PhD
[54]. The thesis considers an implementation of a new automated planning model for
RoF heterogeneous wireless networks. The thesis introduces planning algorithms, Fiber
planning and Radio planning. The outcome of this is a tool that is able to automatically
plan RoF heterogeneous wireless networks with a set of GIS data as input.

1.4 Thesis Outline

The remaining of the thesis is structured as follows:

Chapter 2 - Background and Existing Work In this chapter a brief background
is presented about QoS, context information frameworks and future network plan-
ning.

Chapter 3 - Service Degradation in Context Management Frameworks
The chapter introduces results of the dependent degradation metrics measured dur-
ing a live test-bed setting. The chapter also proposes methods to improve context
reliability.

Chapter 4 - Network Aware Dynamic Context Subscription Management
This chapter is aimed to improve QoC. This chapter presents an extension to the
OPEN Context control framework, the chapter introduces an extra QoC control
section to the framework that optimizes context information exchange. The frame-
work is represented and the proposed algorithms are presented as well. The chapter
also shows simulation results using the 3 di erent algorithms and the results are
compared. The chapter’s contribution is a set of algorithms that can be used in a
context management framework to improve Quality of Context.



Chapter 5 - An Automated Planning Model System for Radio over Fiber
Heterogeneous Wireless Networks This chapter is based on the master thesis
[62]. The text has been rewritten and includes in many cases new re ections from
the situation today in comparison to how the situation was at the time of writing.
The chapter introduces a new automated planning model system for planning RoF
heterogeneous wireless networks. It presents the new model, algorithms and results
for planning a wireless RoF heterogeneous wireless network in the Danish munic-
ipality of Aalborg. The chapter also presents a new deployment cost comparison
between the proposed FUTON architecture and traditional wireless planning.

1.4.1 Roadmap

Chapter 3 is based on the "Service degradation in context management frameworks™ con-
ference paper. Here as the lead author of the paper | was responsible for setting up the lab
experiments, collection and analysis of results along with other co-authors. The chapter’s
contributions is addressing the Context reliability problem, by presenting live experiment
results showing the a ect network degradation parameters has on context quality. The
chapter also suggests methods to reduce context information degradation. Chapter 4 is
based on the journal paper "Network aware dynamic context subscription management™.
As lead author of the paper | generated algorithms, ran simulations and collected and
analyzed data together with the co-authors. The chapter continues addressing context
reliability and QoC by focusing on the mismatch probability quality metric, it investigates
proper subscription and class of service management. The chapter is based on the journal
paper "Network aware dynamic context subscription management”, and presents a set
of algorithms that address proper subscription methods as well as proper class of service
assignation which directly results in higher context reliability. Finally, Chapter 5 which
is based on the conference paper "An Automated Planning Model for RoF Heterogeneous
Wireless Networks™. The paper is based on the master thesis [62] and discusses network
planning issues. The motivation to continue and submit a journal paper was to nd po-
tential cost savings, which also was a motivation after starting work at TDC, which is
the largest Mobile and internet service provider in Denmark. As lead author | generated
algorithms, programmed algorithms, ran simulations, collected and analyzed data and
collected information regarding pricing. The chapter addresses the 4G demand for higher
bandwidth and expensive equipment cost, by looking into RoF network planning. The
chapter introduces di erent automatic planning algorithms and provides cost comparison
between regular mobile planning and Rof architecture.



Chapter 2
Background and Existing Work

This chapter provides a general background and state-of-the-art research for the previously
mentioned research goals. The chapter is divided into two main sections, the rst section
introduces the Quality of Context (QoC) concept which relates to context sensitive mobile
applications. The second section provides current research over RoF planning and state-
of-the-art RoF architectures.

2.1 Quality of Context

Since the vast increase in smart-phone users globally, ISPs are keen on o ering better
Context-Aware Services (CAS). The concept of context awareness in the mobile networks
world means that applications must be able to process context information explicitly in
order for it to be able to adapt its behavior accordingly. An example on such CASs is
as mentioned earlier service migration from one network device to another. Service mi-
gration requires access to dynamic context information, since the devices need to register
information about their capabilities and applications running on them, at the same time
the user location is required by the context manager in order to know when to initiate a
service migration based on the devices closest to the user’s position. The same applies for
mobile apps such as dating and friend nder apps. Since the users are constantly mobile,
location information is being constantly registered at the context manager and distributed
amongst nearby users. This means that those apps are dependent on the availability of
context information. Not only the availability is important, but also the up-to-dateness of
the information i.e. the context information being provided at the exact right time. QoC
is a set of parameters that measure the quality of Context information such as precision,
probability of correctness and up-to-dateness [9; 33; 34].

According to [50] location based mobile application, such as context based city guides,
friend nder applications, news and weather services tailored to the user’s current lo-
cation, these applications are context sensitive and su er from the location estimation
measurement process [65]. If the user is moving, the user is introduced to processing and
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communication delay which in turn causes additional errors on real-time mobile location
applications. Since the user is constantly moving, this adds an increase to the (static) po-
sitioning accuracy which is often coming at the costs of increased delay of the positioning
system.

Since [50] proven that mobility results in degradation that can be translated to delay,
the thesis investigates the impact on QoC while running context information exchange
at Best E ort (BE) priority, versus running context information exchange at Expedited
Forwarding (EF) priority [37]. IP QoS plays a key role in prevention of real-time services
application degradation [56]. It is of great importance for ISPs to set IP QoS in bottle
neck areas, such as access networks, since capacity becomes congested at that segment
of the network. Therefore, it is of note to see, how more reliable information exchange
would be with minimized delay and see, if it truly belongs in BE class of service, or if it
is too sensitive to delay, loss and jitter as VoIP tra cis.

Chapter 3 of the thesis introduces a live lab test bed experiment where this scenario
has been tested.

This section provides background and current research for the following topics:

Context Management Frameworks

Quality of Services

2.1.1 Context Management Frameworks

As mentioned before the ability of applications to adapt to the user’s environment is
often referred to as context awareness, [57], and is becoming a key factor in today’s
mobile networks, since users need to be able to e ciently interact with applications and
platforms in a highly dynamic world. The main example of context awareness considered
in the thesis is service migration. However, another example for need of context awareness
and context management could be an E-commerce application. The scenario could be as
follows: If a client of an E-commerce merchant makes purchases of all kinds, the client’s
pro le may be used to o er a customized service. Let’s say the client wants for example to
buy a bus ticket to visit a city near the beach. Based on the client’s choice of destination,
the client can then receive o0 ers to buy pullovers because of the "temperature™ measured
by the weather station near the mobile cell located in the client’s nal destination [66].
Context awareness is achieved by accessing dynamic context information provided by
context agents in a context management system and is a highly desirable feature for future
mobile applications. However, the access to dynamic context information distributed in
the environment has to be carefully designed to achieve scalability and context reliability.
European projects like MAGNET Beyond [57], SPICE [20], or E-SENSE [3], and others
outside Europe, have been researching and developing concepts for context management
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for some time, whereas reliability and accuracy indicators for context information just
recently caught the attention e.g. in the project SENSEI [19].

In those projects as well as within the research eld, see e.g. [9], [67], reliability
of context information has been acknowledged as an important meta data to context
information, as the end user’s satisfaction obtained from context-aware systems is directly
depending on the reliability of the context information. In the respect of reliability, some
work focuses on information reliability in terms of the uncertainty of the information
source, e.g. using fuzzy logic approaches, [64] or [58], in which reliability is related to
inexactness and uncertainty of obtained information and not the timely aspects of the
information. Other work focuses on reliability of the information by considering the age
of the information, see e.g. [38], [1] or [25]. However, the information age needs to be
related to the temporal dynamics of the information in order to provide a useful notion
of reliability.

The reliability of context information is challenged by network delay, information
dynamics, the context access strategy used and its parameter settings. The choice of the
context access strategy on the other hand also in uences network performance through
the context access tra c.

For applications to be able to adapt to their environment, access to dynamic context
information [57], which describes the current situation, is required. Context Management
systems 0 er exible access often via dedicated query languages, e.g. [17; 59], which allow
applications easy access to distributed information.

Device
Device Context Location

Context
: Manager

Context sensitive
Applications

Device __I Temperature

Context
Informatior

Figure 2.1: Example of Context Management system - The Context Manager resides on
the Context Management Node.

A generic context management framework is illustrated in gure 2.1, which contains a
set of entities called Context Agents (CA). Each CA is responsible for collecting data from
its own local environment, as shown to the right in the gure: one CA exists on each device
collecting information on, for instance, location, noise and temperature, respectively. A
server in the network will act as Context Manager, which is responsible for maintaining the
overlay network of context agents, i.e. it performs agent discovery, maintenance of agent
information, information (de)registration and later on also access optimization for access
to context information. In our considered architecture, context sensitive applications
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access context information through the context manager. The node that operates the
context manager, is called the Context Management Node (CMN).

As seen to the right of gure 2.1, context information at the source changes according
to external events, while the context-sensitive application would like to perform actions
matching the true state of the context values at the source. When that information is
dynamically changing, communication and processing delays can lead to deviations of
the known context value at the application from the true value at the source. Mismatch
probability (mmPr), [6] is de ned as the probability that at the time instant of using a
certain information for processing in the context-sensitive application, this information
does not match the value at the (physical) source. The reliability of context information
has previously been acknowledged and considered an important part of the quality of
context, [9], [67], [1] or [38], but not used in any e ective way. The thesis uses this
qguantitative context reliability metric for more accurate choices of access strategies to
improve reliability for all context sensitive applications requiring access to various dynamic
distributed information elements.

The mismatch probability depends not only on the two stochastic processes a) network
delay and b) information change process (See Chapter 4 for description of network delay
and information change), but also on the strategy by which the information is accessed.
The following three strategies will be used as principle mechanisms to access remote
dynamic context information:

Reactive strategy: whenever the application intends to process a certain context
value, the context manager sends a request to the context providing agent, and gets
a response with the information value in return. Figure 2.2 illustrates this access
strategy.

Proactive, event driven: the context manager has set up a subscription to the con-
text providing agent, and each time information changes value, the context agent
sends an update to the context manager. For continuous information types, such
change events can be de ned via discretization intervals. The proactive event-driven
strategy is illustrated in gure 2.3.

Proactive, periodic update: the context manager has set up a subscription to the
context providing agent, which after recurring time interval, sends the current value
to the context manager. Figure 2.4 illustrates this periodic strategy.
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Figure 2.2: Reactive Strategy - The CMN sends request to the CA. The rst request in the
shown example leads to a matching information element, whereas the second ones leads
to a mismatching information element. The end-to-end delay for sending the response

impacts the mismatch probability.

Figure 2.3: Proactive Event Driven Strategy - in the shown example, reception of the
update from Event 1 leads to a correct value at the CMN until Event 2 happens at the
CA. Update 2 will be Itered out at the CMN by the use of sequence numbers.
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Figure 2.4: Proactive Periodic Update - with a time interval T, an update of the most
current value at the context agent is sent to the context manager. Reordered outdated
updates are Itered out via sequence numbers.
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2.1.2 Quality of Services

With today’s networks being shared by converged services such as voice, video and data,
end-to-end quality of services are required in order to met the diverse performance re-
quirements from the network. QoS mechanisms play a key role in how packets traverse
the network, and how they are being handled at transit on routers. At a router tra c
is handled through two key factors, rst comes queue management which handles the
packet input at the queue, and second the queue scheduler which handles the packet de-
parture from the queue. Using QoS mechanisms at bottleneck locations for example at
the aggregation layer is quite critical. The rule of thumb from queuing theory indicates
that delay increases when bu er size increases, i.e. the higher the utilization (arrival-
rate/service-rate) level is, the higher the delay will be. At access networks utilization is
normally quite high, specially in urban areas, with regular utilization reaching 80%, and
due to lead time of ISPs, they can reach over 95% in some cases. This means that at some
point the queuing bu ers are fully loaded and drops and delays will take place. Real-time
services can su er a great loss in quality, since congested queues result in packets arriving
out of contract i.e either dropped or arrive too late to be of value. ISPs today con gure
QoS with the intention of congestion prevention and many of today’s real-time services
are still being treated as Best E ort (BE) tra c including context sensitive applications.
This can be unfair to context sensitive applications, since reliability of such applications
depends on low delay, jitter and loss [50]. The fact that such applications reside in the
BE class, makes the queue fully loaded at busy hour tra c giving no guarantees for delay,
jitter or loss for such applications.

Di erentiated Services

Di serv [37] is a highly scalable QoS solution that runs almost on every router today,
including private home routers/access points. Di serv makes use of the 8-bits Type of
Service (ToS) eld that is found in the IPv4 header. The rst 6 bits in the ToS header
are used to de ne the Di erentiated Services Code Point (DSCP) eld.

The 6-bit DSCP eld indicates how the packets are to be forwarded within the Di -
Serv domain of di erent network providers. This behavior is called the Per Hop Behavior
(PHB) and it is prede ned by the network provider. The Di Serv QoS classi es and aggre-
gates the network tra c into di erent tra c classes, these tra c classes are distinguished
from each other through the DSCP eld.

The marking and assigning of packets is performed at the network’s edge routers based
on the network provider’s prede ned policy. Within the Di serv domain the network’s
core routers manage packets according to the value found in the DSCP eld. The class
selector PHB that can be marked in the DSCP eld o ers three types of forwarding
priorities:
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1. Expedited Forwarding (EF): This type of forwarding is characterized by a minimum
con gurable service rate, independent of the other aggregates within the router, and
oriented to low delay and low loss services.

2. Assured Forwarding (AF): This type of forwarding is de ned and recommended in
for 4 independent classes (AF1, AF2, AF3, AF4), within each of the classes tra ¢
is di erentiated into 3 drop precedence categories (low, medium, high). The packets
marked with the highest drop precedence are dropped with lower probability than
those that are marked with lower drop precedence.

3. Best E ort (BE): This type of forwarding does not provide any performance guar-
antee and does not de ne any QoS level.

2.2 Radio over Fiber wireless Networks

Today’s mobile 4G networks are required to ful Il several tasks, such as provisioning of
true broadband wireless access, and enhanced system capacity in comparison to the older
3G networks. From an ISP’s point of view generalized deployment is constrained by
Operation and Capital expenditures (OPex and CAPex). 4G networks should be exible
and allow for exibility and upgradeability in order to enable ISPs to reuse currently
deployed legacy networks. Since mobile users demand more and more bandwidth and
sophisticated services, ISPs are in search of the perfect balance between three major
factors, which can be identi ed as: the demands for higher bit rates, network capacity
and deployment/infrastructure costs [22; 54].

RoF System is the concept of transmitting analog radio signals such as mobile radio
signals over an optical ber link. Thus, a single antenna can therefore receive any and
all radio signals carried over a single- ber cable to a central location where equipment
then converts the signals. This is opposed to the traditional way where each protocol
type (3G, LTE, WiFi and WiMAX) requires separate equipment at the location of the
antenna. There are many forms and architectures associated with RoF wireless transmis-
sions. [22] proposes an architecture introduced by the ber-optics networks for distributed,
extendible heterogeneous radio architecture and service provisioning (FUTON) project.
The aim of the FUTON architecture is to use simpli ed base-stations Remote Antenna
Units (RAUSs). Those RAUs are transparent multi-frequency transceivers, that receives/-
transmits radio signals from the users. From the RAU, the radio signals are forwarded
to the Centralized Unit (CU) that is set to serve an area where joint processing of the
forwarded radio signals take place. This proposed infrastructure will allow for use of het-
erogeneous networks, which means that 3G, LTE, WiMAX, WLAN, LTE Advanced and
other technologies can all co-exist at the same RAU-location.

RoF physical components are:
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1. Mobile Terminals (MTs) refer to hand held devices such as mobile phones, smart
phones, laptops. It is in general any device that supports one or more of the known
wireless technologies i.e. they are wireless devices running 3G,WiMAX,WLAN,...,
etc.

2. The Hybrid Optical-Radio Structure consists of the RAUs connected to the CU
through optical links on an optical ber. RAUs are the solution to increasingly more
complex and expensive Base Stations (BSs). The BSs are simpli ed to transparent
wireless transceivers with optical-electronic converters that sends/transmits wireless
signals to and from the CU. The RAUs will be connected to the CUs via ber, using
a tree or other topology, as seen in gure 2.5. This structure allows for lower
installation costs than today’s wireless systems so the CAPex will be lower. Since
there is no expensive processing electronics in the BSs there is also a lower OPex.

Figure 2.5: CU to RAU tree connection

3. The Central Units have the task of processing the radio signals to and from the
RAUSs. Several bers can be attached to each CU. Each CU consists of one or more
Joint Processing Unit (JPU). Each JPU is responsible for the process of radio signals
and the routing of IP packages to and from a limited number of RAUs. Additionally,
several CUs can be interconnected, to create even bigger serving areas. A CU and
its attached RAUSs will provide a geographical area of wireless coverage. This area
will be called service area. Depending on the size of the system implemented, several
CU’s may be connected. The CUs are also able to cooperate for instance with soft
handover.

2.2.1 Bene ts of RoF Technology

There is a huge bene t of transmitting radio signals over Dber, since optical ber o ers
high bandwidth which is up to 100 Terahertz in single-mode ber. The high optical
bandwidth enables high speed signal processing to be implemented. According to [27]
optical ber is a good method for distribution of wireless data transmissions because it
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has low loss transmission ranging between 0.3 dB/km at 1550 nm and 0.5dB/km at 1310
nm wavelengths. Since ber optics are the medium of transmission this allows RoF to
make use of Dense Wave Division Multiplexing (DWDM). This makes use of multiple
wavelengths which enhances the use of ber topology and bandwidth.
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Part 11

Context Management Optimization

19



Chapter 3

Service Degradation in Context
Management Frameworks

3.1 Introduction

As mentioned before in chapter 2, an important feature in today’s applications and services
would be its ability to sense and react to environment changes such as location changes,
weather changes or even network changes. An example on such environment-aware i.e.
context-aware service would be application migration from one network device to another.
But context information is not only utilized by applications so they can adapt to their
environments, for example in [44] triggers for service migration are based on the contextual
situation of the user and the involved devices. Via the migration framework running
applications may shift between devices, e.g. switch a video-stream from the mobile phone
to the large TV screen. A Context Management Framework (CMF) as described in [59]
0 ers the service of providing the information needed to perform context aware actions.
This study was done during work on the OPEN project therefore the CMF in use is
the one described in [53; 59]. Service migration represents a new and interesting use-
case to investigate QoC. A CMF’s main goal is to manage information distributed in the
network such as collecting, storing, processing and delivering relevant information from
di erent sources of context to functions in need of information, which can be either directly
measurable or inferred/processed information. The performance of such framework is
therefore closely linked to the performance of context aware applications. For example, to
carry out timely correct triggers to migrate services, the context information is required
to be timely correct as well. The dynamics of context information in combination with
any delays leads to potential use of mismatching information, giving grounds to incorrect
execution of context aware applications and triggers.

In this thesis, it is assumed that the delay of information occurs due to communication
between a context consuming node and a context providing node. In order to obtain the
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missmatch probability (mmPr) [6] the delay distribution should be obtained.

European projects like MAGNET Beyond [57], SPICE, [20] or E-SENSE, [3], and
others outside Europe, have been researching and developing concepts for context man-
agement for some time, whereas reliability indicators of context information just recently
caught the attention e.g. in the project SENSEI, [19]. Using time as an indicator
for the reliability of the information provided to the application is often used, e.g. in
[1; 25; 38], where the notion up-to-dateness or freshness is used, which may be useful
in time-synchronized networks, however without carrying much of the dynamics of the
information or the access method, which has been shown to be a key problem for reliable
context information in e.g. [6]. Therefore, the performance investigations focuse on the
reliability of context information. However, in that investigation there is a need to un-
derstand the realistic properties of context management, which is why the experiments in
this chapter are carried out.

Figure 3.1 gives an overview of the OPEN CMF framework, where two or more Con-
text Agents (CAs) that are capable of exchanging information regarding what context
information is available on which node. One of the nodes acts as an anchor point, the
Context Management Node (CMN), which contains an overview of all other CAs.

Figure 3.1: CMF Framework

In gure 3.1 an application is gaining access to the remote, dynamic context elements
A, B and C over the network, in order for it to perform a context aware reaction upon
a change in the contextual situation. Each context agent which has access to context
information, has a so-called retriever installed, which ensures the local data abstraction
and interfacing between the local source of information and the context management
system. the communication between CMN and CA is based on xml-rpc, which is TCP
based protocol.

21



3.2 Degradation Parameters of Context Management
Systems

Context information is collected via a reactive access strategy as show in gure 3.2. The

gure gives an abstracted view of the communication between the two Context entities
in order for the application to obtain the required context information. The de ned
performance parameters will in the following relate to this gure.

A

VS

Ol oo Voo

Figure 3.2: Access Delay

1) Tra c Volume: Tra c volume is here de ned as the amount of tra c being trans-
mitted in the course of context management as the payload of IP packets. Tra c¢ volume
therefore a ects the service degradation since the amount of bytes/second generated de-
pends on the request process, the size of the request and response messages. The focus
is therefore to measure the sizes of the request and response messages only, whereas the
actual network overhead can easily be calculated.

2) Access Delay: Figure 3.2 shows that the CMN sends a request (D1) to the CA to
collect context info. The CA then sends response (D2) to the CMN with the requested
context information. The access delay is then de ned as the time at which a request is
sent till a response is received, and is expressed as follows:

taccess = D1 + D3

Since, later on mainly the response time is of interest, we assume symmetrical delays.

3) Mismatch probability: The probability of using mismatching information is called
mismatch probability (mmPr), [6]. From [6] the mmPr equation for reactive strategy is
expressed as follows:

YA a1

mmpP Feu