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Introduction

Noman Muhammad, Davide Chiavelli, David Soldani and Man Li

Browsing through the literature, one may find many different definitions for quality of
end-user experience (QoE) and quality of service (QoS). Some try to define the terms
from a business perspective whereas others do so from a technical perspective. In the
context of this book, QoE is the term used to describe the perception of end-users on how
usable the services are. QoS, on the other hand, describes the ability of the network to
provide a service with an assured service level. In order to provide the best QoE to users
in a cost-effective, competitive and efficient manner, network and service providers must
manage QoS and services in proper and appropriate ways.

QoS and QoE are so interdependent that they have to be studied and managed with a
common understanding, from planning to implementation and engineering (optimisa-
tion). In short, the aim of the network and services should be to achieve the maximum
user rating (QoE), while network quality (QoS) is the main building block for reaching
that goal effectively. QoE, however, is not just limited to the technical performance of the
network, there are also non-technical aspects, which influence the overall user perception
to a great deal. Figure 1.1 shows an example of technical and non-technical factors
affecting the QoE. This book will only deal with the technical aspects of QoE in detail.

In subsequent chapters of this book, the relationship between QoS and QoE and their
management is discussed in length. Although the specific focus of the discussion is on
Universal Mobile Telecommunication System (UMTS) cellular networks, many of the
covered concepts are generic in nature and, as such, they are effectively applicable to
other types of fixed and cellular networks.

1.1 QokE value chain

The overall QoE depends on how well the operator orchestrates the entire value chain as
seen by the user. This value chain comprises the following:

e Mobile content providers, the content originators, websites, WAP sites, games, video,
audio, portals, etc.
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Technical factors (mainly QoS): Non-technical (subjective) factors:
* E2E network quality « Ease of service setup
» Network/service coverage * Service content
» Handset functionality * Pricing
* Customer support
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Figure 1.1 QOE is affected by the technical (QoS) and non-technical aspects of service.

e Service and network providers — that is, mobile network operators (MNOs), mobile
network virtual operators (MVNOs) and mobile Internet service providers (ISPs),
which are often owned by the operators themselves and transmit the content to the
user.

e User device and application software that enables the user to experience the content.

e The network infrastructure providers and system integrators who, although not seen
by the user, enable the above three components in the value chain.

The QoE value chain is depicted in Figure 1.2.

Although everyone in the mobile data service value chain should focus on optimising
the experience, it is the MNO who has the main stake. Ignoring QoE, when designing a
system/service, and waiting for users to vote with their loyalty is expensive and can have
even worse consequences.

Mobile operators sit in the middle of this chain and orchestrate all four of these
components in order to provide an overall ‘experience’ to the user. At the same time they
have the highest stakes in ensuring an excellent QoE.
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Figure 1.2 QOE value chain.
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As already pointed out, QoE and QoS are integral parts of each other and no dis-
cussion on QoE would be complete without referring to QoS. These two terms have been
described in different ways in different forums, leading to confusion for some readers in
many cases. It is very important to understand their interaction — as discussed in the next
section. An effort has been made to present various definitions and view points to come to
a common understanding. Throughout this book, the terms ‘QoS’ and ‘QoE’ will be used
in the context described in the following section.

1.2 QoS and QoE

This section defines and explains the differences between QoS and QoE. This will help us
to understand the requirements of the operator and of the end-user:

e QoS is defined as the ability of the network to provide a service at an assured service
level. QoS encompasses all functions, mechanisms and procedures in the cellular
network and terminal that ensure the provision of the negotiated service quality
between the user equipment (UE) and the core network (CN).

e (QoFEis how a user perceives the usability of a service when in use — how satisfied he or
she is with a service in terms of, for example, usability, accessibility, retainability and
integrity of the service. Service integrity concerns throughput, delay, delay variation
(or jitter) and data loss during user data transmission; service accessibility relates to
unavailability, security (authentication, authorisation and accounting), activation,
access, coverage, blocking, and setup time of the related bearer service; service
retainability, in general, characterises connection losses.

The term ‘QoFE’ refers to the perception of the user about the quality of a particular
service or network. It is expressed in human feelings like ‘good’, ‘excellent’, ‘poor’, etc.
On the other hand, QoS is intrinsically a technical concept. It is measured, expressed and
understood in terms of networks and network elements, which usually has little meaning
to a user. QoE and QoS concepts are shown in Figure 1.3.

Although a better network QoS in many cases will result in better QoE, fulfilling all the
traffic QoS parameters will not guarantee a satisfied user. An excellent throughput in one
part of a network might not help if there is no coverage a short distance away.

As far as measures are concerned, these statistics tell an operator very little about
the level of customer satisfaction. Flawless transmission of garbled packets does not
make for happy users. So, the inference that QoE is improved because QoS mechanisms
are used to reduce jitter or average packet delivery delay may not be accurate in all
circumstances. What is important is good user experience or QoE, and the goal of QoS
should be to deliver a high QoE.

Delivering high QoE depends on gaining an understanding of the factors contributing
to the user’s perception of the target services, and applying that knowledge to define the
operating requirements. This top-down approach reduces development costs and the
risks of user rejection and complaint, by ensuring that the device or system will meet user
requirements.
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End-to-end QoS required by user (QoE)
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Figure 1.4 Top-down approach and E2E QoS definition.

In Figure 1.4 the remote end is shown as a simple host. Other more complex cases at
the remote end, such as private LAN with overprovisioning, or possibly LAN priority
marking, and DiffServ and/or Reservation Protocol (RSVP) capable routing elements
are not depicted. The reference point shown at the UE is at the interface to the UE.
Within the UE, QoS control could be derived from any of the mechanisms that occur
across that reference point, or it could use a different mechanism internally. Although the
scenarios currently identified are mainly using DiffServ in the backbone IP network, it is
not mandated that DiffServ must be used for this. Other mechanisms, for example, over-
provisioning and aggregated RSVP may be used.

The scenario presented in Chapters 3-5 will give examples of concatenating QoS
mechanisms in different parts of the network that together can deliver an end-to-end
QoS (consistent treatment and interworking between QoS mechanisms implemented in
different network domains). End to end is by definition intended from a reference point —
say, a service access point (SAP) — between two immediately above and below (adjacent)
protocol layers, such as, for example, IP and TCP/UDP, through which the layers can
exchange data in the UE to the corresponding SAP between the peers (same protocol
entity layers) located in the remote host. For an example see SAP2-SAP3 in Figure 4.6.

1.3 QoE and QoS management

QoE and QoS management can be classified in four interdependent categories: network
planning, QoS provisioning, QoE and QoS monitoring, and optimisation.

1.3.1 Network planning

The planning process includes network dimensioning and detailed network planning.
Network dimensioning (or initial planning) provides an estimate of the required number
of radio, transmission and core network elements and the capacity of related interfaces.
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The calculations thereof are based on the operator’s requirements for coverage, capacity
and QoS. In detailed network planning, capacity and coverage are analysed for each
relevant part of the network and interfaces between the entities in communication. This
requires real traffic estimates and a network topology for each analysed area, the utilisa-
tion of accurate models for signal and user data transmission, and the actual network
element’s characteristics, functionalities and parameters.

1.3.2 QoS provisioning

QoS provisioning is a process that deploys QoS in networks and mobile terminals. The
process translates planning results into mechanisms and parameters understandable by
network elements and mobile terminals and it further configures them on equipment or
devices.

QoS provisioning can be classified in three categories: radio, core and transport QoS
provisioning that configures the QoS mechanisms inside the network; service QoS
provisioning that maps services into QoS profiles (set of bearer service attributes);
and terminal QoS provisioning that provides service application specific QoS informa-
tion to terminals.

1.3.3 QoE and QoS monitoring

With the growth of mobile services, it has become very important for an operator to
measure the QoS and QoE of its network accurately and improve it further in the most
effective and cost-efficient way to achieve customer loyalty and maintain competitive
edge. A poor QoE will result in unsatisfied customers, leading to a poor market percep-
tion and, ultimately, brand dilution.

Although QoE is very subjective in nature, it is very important that a strategy is devised
to measure it as realistically as possible. The ability to measure QoE will give the operator
some sense of the contribution of the network’s performance to the overall level of
customer satisfaction in terms of reliability, availability, scalability, speed, accuracy and
efficiency.

Together, these elements define QoE and competitive advantage across today’s packet-
based communications networks. The experience is expressed in human terminology
rather than metrics. An experience can be excellent, very good, good, fair or poor.

Two practical approaches to measuring QoE are the following:

1. Service level approach using statistical samples of a population of terminals.
2. Network management system (NMS) approach using QoS parameters.

The first relies on a statistical sample of overall network users to measure the QoE for all
the users in the network. This process involves:

e Dectermining the weighting of key applications.

e Identifying and weighting QoE key performance indicators (KPIs).

e Devising a proper statistical sample (geographic areas, traffic mix, time of day, etc.)
and taking KPI measurements accordingly.
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e Ultilising mobile agents in the handsets to make the results more accurate.
e Giving an overall QoE score (index) from KPI values for each separate service and a
service mix.

The second is a methodology whereby hard QoS performance metrics from various
parts of the network are mapped onto user-perceptible QoE performance targets. These
QoS measurements are made using an NMS, collecting KPI figures from the network
elements and comparing them with the target levels. The process involves:

o Identifying the relationship between QoS KPIs and their effect on QoE.
e Measuring QoS KPIs in the network.
e Rating users’” QoE through measured QoS KPIs using some mapping rules.

1.3.4 Optimisation

Cellular network optimisation can be seen as a process to improve the overall network
quality as experienced by the mobile subscribers and to ensure that the network resources
are efficiently utilised. This includes performance measurements, analysis of measure-
ment results and updates of the network configuration and parameters. The optimisation
process can be initiated because of several reasons, the most typical are:

New technologies, elements or features of particular network elements are taken into
use.

External edge conditions have changed.

Detection of decreased QoS performance in a particular network area.

As a part of daily network operation process.

1.4 Organisation of the book

The purpose of this book is to introduce the principles, practices and researches in mobile
service planning, provisioning, performance monitoring and optimisation in QoE and
QoS management. This book is intended for both academic and professional audiences
(industry).

The first part of the book (Chapters 2—6) lays the foundations for further understand-
ing of QoS and QoE management.

In Chapter 2 we describe some of the existing and upcoming multimedia services and
their performance in detail to provide a general understanding of mobile service applica-
tions and performances.

Chapter 3 presents the latest mobile network QoS standardisation in the 3rd Gen-
eration Partnership Project (3GPP).

Chapter 4 describes the packet data transfer across second-generation (2G) and third-
generation (3G) cellular systems, adopter protocols to implement the QoS and radio
interface channels.
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Chapters 5 and 6 discuss QoS mechanisms in the radio, core and backbone networks,
respectively.

In the second part of the book (Chapters 7—10), we discuss the four elements of QoE
and QoS management in detail.

Chapter 7 ‘Service and QoS aspects in radio network dimensioning and planning’
addresses radio dimensioning and detailed planning issues that may arise when deploying
multimedia services in wideband code division multiple access (WCDMA) and enhanced
General Packet Radio Service (EGPRS) cellular systems.

Chapter 8 ‘QoS provisioning’ examines service and QoS provisioning in detail. QoE
and QoS measurements including more insights into these methods are discussed in
Chapter 9 ‘QoE and QoS monitoring’.

The objectives, concepts, processes, algorithms and means for QoS and QoE optimisa-
tion across UMTS cellular networks are discussed in Chapter 10 ‘Optimisation’.



