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4G: A USER-CENTRIC SYSTEM
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Abstract— The exponential growth of user demands and the } User Degision
limitations of Third Generation of Mobile Communication Sys-
tems (3G) have brought researchers to start reflecting on the G Globii Monilty
Fourth Generation (4G). Many prophetic visions have appeared 6 Security Security++ c
in literature presenting the future generation as the ultimate g g
boundary of the wireless mobile communication without any limit g 5 IMS @
in its potential, but practically not giving any designing rulesand ¢ , e 2

. . . o echnology =

thus any definition of it. In this paper we hence propose a new & ]
framework — the user centric system — that, through a satellite 3
hierarchical vision, presents the key features of 4G and points s

out the various level of interdependency among them. This leads
to the identification of the designing rules and therefore to a
more pragmatic definition of 4G. 2G 3G 4G

Generation

Index Terms— 4G, Heterogeneity, Integration, Personalisation,
Reconfigurability, Services, User-centric, Wireless Communica-
tion. Fig. 1. Protocol Layers Innovation versus Wireless Generations

I. INTRODUCTION

i ) ) I~ , and provide an optimum delivery via
high quality speech service, global mobility was a SUoN@he most appropriate (i.e., efficient) network available. From

reason for buying 2G terminals. THghird Generation(3G) e service point of view, it foresees that 4G will be mainly
has been started in some parts of the world, but the SUCCRRS seq on personalized services [3]. In Asia, the Japanese
story of 2G is hard to be repeated [1]. One reason is thale ai0r NTT DoCoMo has introduced the concept of MAGIC
the _evqlunon from 26 towards 3G has nqt brought Ay defining 4G: Mobile multimedia; Anytime, anywhere,

model largely unchanged. The well known services plus SOmgy cystomized personal service, which mostly focuses on

additional ones are provided, which may not be enough o,ic systems and treats 4G as the extension of 3G cellular
encourage the customers to change their equipment (see Figiie. o

1Y). The lack of innovative services was encountered too IateEven' if 4G is named as the successor of previous wire-
by the3G Partnership ProjecE3GPP). In the latest documentsjess communication generations, it is not limited to cellular

an attempt was ma_de to incorporate some aQVanced serv%ems, therefore has not to be exclusively understood as
into the 3GPP architecture such as Maltimedia Broadcast a linear extension of 3G [1]. Figure 2 shows the shift in

Td MUI“C?.St ngmce CenteMBMS) in combr:natlon Wltllh paradigm: while 2G was focused on full coverage for cellular
the IP Multimedia System(IMS). However, these sma €l systems offering only one technology and 3G provides its

correctmnshwelre made Wl'th(iUt the possibility to adjust the, jces only in dedicated areas and introduces the concept
access technology properly [ ]'. . ) of vertical handover through the coupling wiireless Local
_The up_cqmmg:ourth Generatlor(4G) IS prolected.to solve Area Network(WLAN) systems, 4G will be a convergence

stlll—r_ﬁmalmng problemslm; the fpfe"'o%’ds gen.eratu;n and Ratform extended to all the network layers. Moreover, in order
provide a convergence p "’,‘t orm for a Wit g.vane.ty OF NEW S€{5 hoost the innovation and define and solve relevant technical
vices, from hlgh-quallty voice to h|gh-d_ef|n|t|0_n_Vld90, througr@roblems, it has to be envisioned and understood the system
high-data-rate wireless channels. Varlous_ visions of 4(_3 ha1 Kel at a broader view, taking primarily into account the user.
em_erge_q recently among the tglec_ommumcauon industries, s approach can result in a beneficial method for identifying
universities and the research institutes all over the world [2], -\~ topics at all the different protocol layers (see Figure

IFigure 1 depicts "user sensitivity”, concept that is dealt later in Sectioh- Ther_e is clearly a negd for a meth0d9|09'cal changg in
1. the design of the next wireless communication generation.
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Fig. 2. Generational Evolution from 2G to 4G

The design should be more user-centric to avoid a potentiser-sensitivity) before improving or developing the lower
"flop” of the system. Finally, it is also worth to highlight ones. Without user friendliness, for example, the user cannot
that the forthcoming technology should be as less dependerploit his device and access to other features, such as user
as possible from any geographical matter, addressing v@grsonalization.
different markets, such as Europe, Asia, and America.

In this paper we propose a new framework resulting from
a methodology based on a top-down approach that concefns Key Features of 4G
a user-centric vision of the wireless world. Starting from
relevant user scenarios, we identify key features of 4G th&g
are presented and interlinked in this new framework. Then
mapping to technical features is performed, finally leading qu

a less prophetic and more pragmatic definition of 4G. ﬂress and user personalization will be the winning concept.

The_ rest of the paper is organized as foII_ows: Section ser friendliness exemplifies and minimizes the interaction
describes the new framework. The concluding remarks 38

given in Section lll.

1) User Friendliness and User Personalizatioim order to
courage the people to move towards the new technology,
ich is a process that usually takes a long time and a great
ort from the operators’ side, the combination of user friend-

tween applications and user thanks to a well designed
transparency that allows the man and the machine to naturally
interact (e.g., the integration of new speech interfaces is a great
Il. THE USER-CENTRIC SYSTEM step on to achieve this goal). For instance, a user reaching

In this section we list and describe all the key features atle place of a work appointment can get information in text,
their relative technological development derived from relevaatidio, or video format so that the travelling information can be
user scenarios. To do so, we propose a framework illustraidigplayed in the most user-friendly way. User personalization
in Figure 3 and referred as the user-centric system, which mayers to the way the user can configure the operational mode
be the basis for the design of 4G. of his device and pre-select the content of the services chosen

Inspired by the Helios-centric Copernican theory, the usaecording to his preferences. Since every new technology is
is located in the center of the system and the different kélgsigned having in mind as the principal aim to penetrate the
features defining 4G rotate around him on orbits with Bass market and to strongly impact the people’s lifestyle, the
distance dependent on a user-sensitivity scale. Therefore, e concepts introduced by 4G are based on the assumption
further the planet is from the center of the system the less tth@t the user wants to have the feeling that he is unique and
user is sensitive to it. The decrease of the user-sensitivity ledblgs he has exclusive needs. Therefore, in order to embrace a
to a translation towards the techno-centric system in whiddrger spectrum of customers, it has to be provided a high level
the network heterogeneity has a much stronger impact thefrpersonalization, so that either the user terminal will filter the
the user friendliness. Furthermore, this kind of representatibnige amount of information delivered according to the user’s
shows also the interdependency between key features #aslors, or the operator will send only the information relevant
their relative technological developments; in fact, as shovi@ the user. This permits the users to receive targeted pop-up
in Figure 3, some of the planets have their own satellites. advertisements, for example.

The user-centric system demonstrates that it is mandatoryThe combination between user personalization and user
in the design of 4G to focus on the upper layers (mdxiendliness gives definitely to the user the idea of an easy
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Fig. 3. The User-Centric System

management of the overall features of his device and the max- of design can provide the user with the most complete
imum exploitation of all the possible applications, conferring  application package, maximizing the number of services
the right value to the user’s expense. supported.

2) Network and Terminal HeterogeneitydG in order « By mean of a personalization transfer. An example can
to be a step ahead 3G must not only provide higher data clarify this concept: in case the user has a watch-phone on
rates but also some clear and evident advantage in people’s which he would like to see a video, he does not need to
everyday life. Therefore, the success of 4G will consist in the possess larger screen devices as all the publicly available
combination of network and terminal heterogeneity. Network terminals can be borrowed by him for the displaying
heterogeneity (see Figure 4) guarantees ubiquitous connection time. Therefore, the advantage for the customer is to
and provision of common services (e.g., voice telephony, etc.) buy a device on which he has the potential to get the
to the user, ensuring at least the same levelQuoflity of right presentation format for each service, freeing it from
Service(QoS) when passing from one network’s support to its intrinsic restrictions. Furthermore, in a private envi-
another one. Moreover, due to the simultaneous availability of ronment the user can optimize the service presentation
different networks, heterogeneous services are also provided as he wishes exploiting the multiple terminals he has at
to the user. For instance, a user visiting one of the European disposal.
capitals can listen to a guided tour and can purchase theThe several levels of dependency highlighted by the satellite
entrance ticket for the museum as well. Terminal heterogeneftigrarchical vision in the framework of the user-centric system
refers to to the support of different types of terminals idefinitely stress the fact that it is not feasible to design 4G
terms of display size, energy consumption, portability/weighgtarting from the access technology in order to satisfy the
complexity, etc. (see Figure 5). In contrast with 4G, 3G igser’s requirements.
characterized by homogeneous terminals.

Since 4G will encompass various types of terminals th&t The real technical step up — Integration of Heterogeneous
may have to provide common services independently of th&ystems

capabilities, the tailoring of the content to the end-user de-The technical features of 4G may be summarized with the
vice will be necessary to optimize the service presentatiqferd integration — seamless integration of already existing
Furthermore, as a result of the network heterogeneity, thRd new networks, services, and terminals, in order to satisfy
upcoming new services will be accurately selected wheth@greasing user demands.
to be prOViSioned or not aCCOfding to the Capabilities of the 1) 4G Designing Ru|esRegard|eSS the actual techn0|ogy,
terminal in use, in order to offer the best enjoyment to the usgye forthcoming one will be able to allow the complete
and to prevent a sensational flop of some service. This concpéroperability among heterogeneous networks and associated
is referred to as service personalization (user personalisatigBhnologies, thus providing clear advantages in terms of:
works on top of it). It implicitly constrains the number of | Coverage. The user will be connected "almost” anywhere
aqcegs_tec_hnologies supporta_ble by the user terminal. However, nanks to a widespread coverage due to the exploitation
this limitation may be solved in the following two ways: of the various networks available, offering to the user the
« By the development of devices with evolutionary design. best QoS achievable (see Figure 2).

A naive example can clarify this concept: in case the « Bandwidth. Sharing the resources among the various

user has a watch-phone on which he would like to see a networks available will smooth the problem related to

football match, just pressing a button on the watch'’s side the spectrum limitations relative to 3G [2].

a self-extracting monitor with a bigger screen can come« Power consumption. The battery draining is a chronic

out. Therefore, having the most adaptable device in terms problem of the wireless devices and the battery technol-
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Fig. 4. Heterogeneous Networks

ogy is not progressing at appropriate pace. Furthermotbe service provisioning strictly depends on terminal and user
while 2G mobile phones were shipped out with onesspectively.

battery, in 3G most phones are already shipped outApart from some "soft” additional emerging service, such as
with two batteries. Therefore, if we follow this rule thefast Internet connection, pop-up advertisements, etc., there is
power consumption will increase proportional to the morstill a lack of a really new one that will permit to start up new
advanced services. 4G will hence break the 3G rule [Hfuitful applications, making the user gain not yet marginal.
P ~ S 1) The real advantage in terms of services that 4G will bring
3¢ 3¢ is based on the integration of technologies designed to match
the needs of different market segments. In particular, since 3G
where P is the power ands is the service. networks are not able to deliver multicast services efficiently or
. L . at a decent quality [4], the integration Digital Audio/Video
The incorporation in 4G of multi-hop ad hoc networksg oo inoDAR/DVE) in 4G will open the possibility of

for example, can permit to extend the coverage to ma . : . ) L
. ) . I[P datacasting to mobile users, audio and video streaming in a
areas, increasing the spectrum efficiency of the system while - : . . ?
S . : ._much more efficient way than using the point-to-point switch
minimizing the power consumption. It will be then a relie

network. Furthermore, also the integration of ti&obal

for the user terminal, which will also experience much long e . . .
stand by periods that will enable time demanding applicatio?%smonmg Syst_er(GPS)/GALILEO_ in the user terminal will
offer the essential feature of location-awareness, necessary to

(e.g., movie on demand, etc.). . : ) d
2) Provisioning of Heterogeneous ServiceServices are provide the user with the most comprehensive and extensive
g 9 leyel of information, thus bringing the real revolution in terms

heterogeneous in nature (e.g., different types of services, sue . . . )
4 ) : S personalized services. These can provide not only location-
as audio, video, pop ups, etc.), quality, and accessibility. In

fact, at a certain time and place the quality and the access'?—sed information, such as maps and direction to follow to

bility of a service may not be the same due to the intrinsanch a specific place, but also useful information relevant in

heterogeneity of the network. For instance, a user in proximi Ine and space, such as pop-ups concerning offers in shops

of the shopping mall but out of the coverage of a WLAN Carrféarby. However, the GPS/GALILEO technology can only

. . . " . support outdoor localization of the user. Indoor localization
still receive pop-ups advertisements exploiting the mult|-holp

ad hoc network set up in his surrounding. Therefore, thanks {%quires the integration with short-range technologies, such

the dynamics of the network environment, which can change."i‘ﬁ WLAN andwireless Personal Area Netwo(W/PAN). It is

number of users, terminals, topology, etc., 4G maximizes thnéportant fo support, for instance, the guided tour in a museum

" . ) . .In order to get information about the items exposed.
probability to provide the user with the requested connectivity. ) ! . .
3) Multi-mode/Reconfigurable and Interworking Devices:

Differently from the previous generations, the service provided

in 4G will hence depend on time, place, terminal, and user’:o‘s it is illustrated in Figure 5, 4G is characterized by the
support of heterogeneous terminals ranging from pen-phone

to car. However, since the mobile phone has been widely
Soqg ~ const (3) accepted and used for the past ten years (1.5 billion mobile
Ssq ~ f(place) (4) Phones are used worldwide, this more than three times the
number of PCs), it is still expected to be in the next future
"on the edge of the wave” of the mass market.
Indeed, also because of service and user personalisatiorDue to its size and weight that guarantees the satisfying

Py ~ const

Sig ~  f(time, place, terminal, user) (5)
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portability, the wireless phone has still nho competitor in « Exploitation of interworking devices. In order to re-
the next future, while the penetration of other devices still duce the hardware embedded in the user terminal and
occupies a restricted niche role in the market (e.dPeesonal the software complexity, the use of interworking de-
Digital Assistant(PDA), a watch-phone and a pen-phone are vices is exploited. For example, this is the case of
still restricted to an elite of people more tech-confident). More- a bridge/router performing the interworking between
over, due to the casual and informal feeling it gives, people will  WMAN and WLAN: the WMAN is considered as the
pay more attention to the pop up advertisements/news/events backbone and the WLAN as the distribution network;

received on the mobile phone than on any other device. therefore, instead of integrating both technologies, the
Looking at the last innovations the actual tendency is to user terminal will only incorporate the WLAN card. The
use aGeneral Packet Radio Syste(@PRS) platform and idea is hence to complicate the system with the advantage

provide the user with the most complete range of applications of a great relief for the user terminal.
as possible, trying to include always new additional features
(e.g., video camera). On the other hand, the new 3G mobile ll. CONCLUSION
phones give essentially the possibility to support the mobileIn this paper, we have proposed a new framework —
video communication. However, it is not really clear what ighe user-centric system — that presents the key features
the real enhancement brought by 3G in our everyday life. Teé 4G: user friendliness and user personalization, network
mobile video communication is not the “killer application” adeterogeneity and terminal heterogeneity. Furthermore, its in-
the quality of the video is still low and it is practically limitedtrinsic satellite hierarchical structure shows the complex inter-
to a semi-static situation that implies a complete concentratidependencies among them, thus leading to the identification
of the user during the conversation (e.g., it is obviously nef the designing rules and consequently to a new pragmatic
practical to watch a mobile phone while walking on the streegnd not prophetic definition of 4G. Indeed, 4G will be a
restricting the field of action and raising secondary problemggnvergence platform providing clear advantages in terms of
such as security issues (e.g., in the car for the driver himseffpverage, bandwidth, power consumption, variety of services
Since 4G is based on the integration of heterogeneodi@ging, from pop-up advertisements to location based ser-
networks, the future trend of wireless devices will moveices and IP datacasting ones. All these characteristics will
towards: be supported by multi-mode/reconfigurable devices and the

« Multi-mode/reconfigurable devices. The user terminal i§plementation of interworking ones.
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