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1

Introduction and Background

Thomas Sälzer and Matthew Baker

1.1 The Context for the Long Term Evolution of UMTS

1.1.1 Historical Context

The Long Term Evolution of UMTS is one of the latest steps in an advancing series of mobile

telecommunications systems. Arguably, at least for land-based systems, the series began in

1947 with the development of the concept of cells by Bell Labs, USA. The use of cells

enabled the capacity of a mobile communications network to be increased substantially, by

dividing the coverage area up into small cells each with its own base station operating on a

different frequency.

The early systems were confined within national boundaries. They attracted only a small

number of users, as the equipment on which they relied was expensive, cumbersome and

power-hungry, and therefore was only really practical in a car.

The first mobile communication systems to see large-scale commercial growth arrived

in the 1980s and became known as the ‘First Generation’ systems. The First Generation

used analogue technology and comprised a number of independently developed systems

worldwide (e.g. AMPS (Analogue Mobile Phone System, used in America), TACS (Total

Access Communication System, used in parts of Europe), NMT (Nordic Mobile Telephone,

used in parts of Europe) and J-TACS (Japanese Total Access Communication System, used

in Japan and Hong Kong)).

Global roaming first became a possibility with the development of the ‘Second Genera-

tion’ system known as GSM (Global System for Mobile communications), which was based

on digital technology. The success of GSM was due in part to the collaborative spirit in which

it was developed. By harnessing the creative expertise of a number of companies working
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2 LTE – THE UMTS LONG TERM EVOLUTION

together under the auspices of the European Telecommunications Standards Institute (ETSI),

GSM became a robust, interoperable and widely accepted standard.

Fuelled by advances in mobile handset technology, which resulted in small, fashionable

terminals with a long battery life, the widespread acceptance of the GSM standard exceeded

initial expectations and helped to create a vast new market. The resulting near-universal

penetration of GSM phones in the developed world provided an ease of communication

never previously possible, first by voice and text message, and later also by more advanced

data services. Meanwhile in the developing world, GSM technology had begun to connect

communities and individuals in remote regions where fixed-line connectivity was non-

existent and would be prohibitively expensive to deploy.

This ubiquitous availability of user-friendly mobile communications, together with

increasing consumer familiarity with such technology and practical reliance on it, thus

provides the context for new systems with more advanced capabilities. In the following

section, the series of progressions which have succeeded GSM is outlined, culminating in the

development of the system known as LTE – the Long Term Evolution of UMTS (Universal

Mobile Telecommunications System).

1.1.2 LTE in the Mobile Radio Landscape
In contrast to transmission technologies using media such as copper lines and optical

fibres, the radio spectrum is a medium shared between different, and potentially interfering,

technologies.

As a consequence, regulatory bodies – in particular, ITU-R (International Telecommuni-

cation Union – Radiocommunication Sector) [1], but also regional and national regulators

– play a key role in the evolution of radio technologies since they decide which parts of

the spectrum and how much bandwidth may be used by particular types of service and

technology. This role is facilitated by the standardization of families of radio technologies

– a process which not only provides specified interfaces to ensure interoperability between

equipment from a multiplicity of vendors, but also aims to ensure that the allocated spectrum

is used as efficiently as possible, so as to provide an attractive user experience and innovative

services.

The complementary functions of the regulatory authorities and the standardization

organizations can be summarized broadly by the following relationship:

Aggregated data rate = bandwidth︸������︷︷������︸
regulation and licences

(ITU-R, regional regulators)

× spectral efficiency︸�����������������︷︷�����������������︸
technology

and standards

On a worldwide basis, ITU-R defines technology families and associates specific parts

of the spectrum with these families. Facilitated by ITU-R, spectrum for mobile radio

technologies is identified for the radio technologies which meet ITU-R’s requirements to

be designated as members of the International Mobile Telecommunications (IMT) family.

Effectively, the IMT family comprises systems known as ‘Third Generation’ (for the first

time providing data rates up to 2 Mbps) and beyond.

From the technology and standards angle, three main organizations have recently been

developing standards relevant to IMT requirements, and these organisations continue to shape

the landscape of mobile radio systems as shown in Figure 1.1.
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INTRODUCTION AND BACKGROUND 3

Figure 1.1: Approximate timeline of the mobile communications standards landscape.

The uppermost evolution track shown in Figure 1.1 is that developed in the 3rd Generation

Partnership Project (3GPP), which is currently the dominant standards development group

for mobile radio systems and is described in more detail below.

Within the 3GPP evolution track, three multiple access technologies are evident: the

‘Second Generation’ GSM/GPRS/EDGE family1 was based on Time- and Frequency-

Division Multiple Access (TDMA/FDMA); the ‘Third Generation’ UMTS family marked the

entry of Code Division Multiple Access (CDMA) into the 3GPP evolution track, becoming

known as Wideband CDMA (owing to its 5 MHz carrier bandwidth) or simply WCDMA;

finally LTE has adopted Orthogonal Frequency-Division Multiplexing (OFDM), which is the

access technology dominating the latest evolutions of all mobile radio standards.

In continuing the technology progression from the GSM and UMTS technology families

within 3GPP, the LTE system can be seen as completing the trend of expansion of service

provision beyond voice calls towards a multiservice air interface. This was already a key aim

of UMTS and GPRS/EDGE, but LTE was designed from the start with the goal of evolving

the radio access technology under the assumption that all services would be packet-switched,

rather than following the circuit-switched model of earlier systems. Furthermore, LTE is

accompanied by an evolution of the non-radio aspects of the complete system, under the

term ‘System Architecture Evolution’ (SAE) which includes the Evolved Packet Core (EPC)

network. Together, LTE and SAE comprise the Evolved Packet System (EPS), where both

the core network and the radio access are fully packet-switched.

1The maintenance and development of specifications for the GSM family was passed to 3GPP from ETSI.

ERICSSON EXHIBIT 1008, Page 9



26 LTE – THE UMTS LONG TERM EVOLUTION

and associated procedures, including those for the support of user mobility. The network

elements and interfaces used solely to support broadcast services are covered in Chapter 13,

and the aspects related to UE positioning in Chapter 19.

2.2 Overall Architectural Overview
EPS provides the user with IP connectivity to a PDN for accessing the Internet, as well as for

running services such as VoIP. An EPS bearer is typically associated with a QoS. Multiple

bearers can be established for a user in order to provide different QoS streams or connectivity

to different PDNs. For example, a user might be engaged in a voice (VoIP) call while at

the same time performing web browsing or File Transfer Protocol (FTP) download. A VoIP

bearer would provide the necessary QoS for the voice call, while a best-effort bearer would

be suitable for the web browsing or FTP session. The network must also provide sufficient

security and privacy for the user and protection for the network against fraudulent use.

Release 9 of LTE introduced several additional features. To meet regulatory requirements

for commercial voice, services such as support of IMS, emergency calls and UE positioning

(see Chapter 19) were introduced. Enhancements to Home cells (HeNBs) were also

introduced in Release 9 (see Chapter 24).

All these features are supported by means of several EPS network elements with different

roles. Figure 2.1 shows the overall network architecture including the network elements

and the standardized interfaces. At a high level, the network is comprised of the CN (i.e.

EPC) and the access network (i.e. E-UTRAN). While the CN consists of many logical nodes,

the access network is made up of essentially just one node, the evolved NodeB (eNodeB),

which connects to the UEs. Each of these network elements is inter-connected by means of

interfaces which are standardized in order to allow multivendor interoperability.

Figure 2.1: The EPS network elements.

The functional split between the EPC and E-UTRAN is shown in Figure 2.2. The EPC

and E-UTRAN network elements are described in more detail below.
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30 LTE – THE UMTS LONG TERM EVOLUTION

Security functions are the responsibility of the MME for both signalling and user data.

When a UE attaches with the network, a mutual authentication of the UE and the network is

performed between the UE and the MME/HSS. This authentication function also establishes

the security keys which are used for encryption of the bearers, as explained in Section 3.2.3.1.

The security architecture for SAE is specified in [2].

The NAS also handles IMS Emergency calls, whereby UEs without regular access to

the network (i.e. terminals without a Universal Subscriber Identity Module (USIM) or UEs

in limited service mode) are allowed access to the network using an ‘Emergency Attach’

procedure; this bypasses the security requirements but only allows access to an emergency

P-GW.

2.2.2 The Access Network
The access network of LTE, E-UTRAN, simply consists of a network of eNodeBs, as

illustrated in Figure 2.3. For normal user traffic (as opposed to broadcast), there is no

centralized controller in E-UTRAN; hence the E-UTRAN architecture is said to be flat.

Figure 2.3: Overall E-UTRAN architecture. Reproduced by permission of© 3GPP.

The eNodeBs are normally inter-connected with each other by means of an interface

known as X2, and to the EPC by means of the S1 interface – more specifically, to the MME

by means of the S1-MME interface and to the S-GW by means of the S1-U interface.

The protocols which run between the eNodeBs and the UE are known as the Access
Stratum (AS) protocols.

The E-UTRAN is responsible for all radio-related functions, which can be summarized

briefly as:
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