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Introduction:

The motivation of this paper is the delay betwdentechnological inventions and their
actual deployment in real world. Particularly refieg to the emergence of 2.5G
technologies which provided features like GPRS, ED@ spite of 2G being a huge
success story, the future generation of mobilerteldgies could not recreate its magic.
2G could enhance the standard of living of a commmam by empowering him with a
device which could allow him to reach anyone in temotest corner of the world. Its
main strengths were high quality of speech andajlotobility. 3G failed to entice due to
its limited additional features like Multimedia Brdcast and Multicast Service Center
(MBMS) in combination with the I[P Multimedia SystertiMS).[1] But these
technologies failed to tune the correct accessnt@olgy. The advent of 4G promises to
go beyond these technologies and provide state stavices like pop up window on the
mobile device or connecting other devices, (nottéthto mobile phones), like computers
to facilitate better utilization of resources arattbr Quality of Service(QoS) for users.

This paper is divided into three sections. Theiseabne clarifies the definition of 4G,
section two introduces the cooperative networks serdices concepts which increases
the QoS and the third section deals with the layarehitecture for 4G technologies.

Defining 4G

4G will be a convergence platform which will progictlear advantages in terms of
bandwidth, power consumption, spectrum usage anuxaof heterogeneous services
which can be integrated across various networksgded with a basic cellular
architecture. This core architecture when extercdprovide mechanisms for users to
cooperate to enhance their utility, over short ean§ communication. The goal is to
provide enhanced level of integrated services alitly increases spectral efficiency and
QoS. Cooperative network architecture is built & tcellular framework for this
purpose.

The past technologies dint serve the purpose othivag pace with increasing user’s
perspective of utility in the sense that it invalvdesign of services only at application in
physical layer. Due to this methodology adoptedfthé tuning of intermediate layers

would create a hindrance in the implementatiorhefdervices designed. The aim of 4G
is to integrate design and functionality at alldksvof protocol architecture and hence
provides full potential to realize the needs ofisers.



4G Network
Architecture

4G also aims at providing personalized user sesvithis demands higher understanding
of user's expectations. The key features of 4G amplementation of user
personalization, deploying heterogeneity in termisnetwork, terminal and services,
evolutionary design of devices and personalizedesd on mobile devices. [2]

1. User Personalization

In order to make 4G succeed where 3G hasn't, grawide user friendly services with
user personalization. It is important for the usebe able to fully access the features of
the phone and use it for novel applications like Video streaming, interactive services,
IP data casting[3].Also users can be provided aqmalized applet which will allow
them to choose the services available to them a&pdsa any information on the fly.
Social life play can important part in a persornfe hnd hence it is important to have a
deeper understanding of human requirements in ¢odemhance his social life.

2. Deploying Heterogeneous Services

Heterogeneous services imply that users can aatiesmation by connecting to one or
more types of networks. This heterogeneous conngctican be made possible by
dynamic nature of the terminals and topology of mieéwork. For example if the user
cannot access the WLAN he is subscribed to, hestihraccess the required content by
the setting up a multi-hop ad hoc network on tlye Mllso short range communication
technologies like Wi-Fi and Bluetooth will enablenemunication between various
devices. Universal Mobile Telecommunication Sys{@MWTS) and digital audio/video
broadcasting (DAB/DVB) will open the possibility fmovide to mobile users interactive
or on demand services — so called IP data casdijhg.[
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3. Multimode Reconfigurable Devices

The user terminal is able to access the core nktlspchoosing one of the several access
networks available and to initiate the handoff ketw them without the need for network
modification or internetworking devices. This leddshe integration of different access
technologies in the same device (multimodality)t@rthe use of the software-defined
radio (SDR) (reconfigurability) [4]. For examplehereas the integration of Bluetooth in
the user terminal will enable a personalizatiomdfar service, a built in GPS receiver
will allow users to utilize their personal devicas navigators just by plugging them in
their cars and thus even lighten the number of eeedevices. However, the
reconfigurability of the user terminal could be eykaspect that would make the future
4G technology as highly adaptable as possiblega#nious worldwide markets.
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4G Challenges

Although 4G is considered the future of enhancecdeless world, there are many
challenges existing to make this dream a realitgldbal standardized approach to 4G is
required. There are too many divergent approachesich 4G is defined. Inter-network
and intra-network connectivity is fundamental tce thbrovision of temporally and
spatially seamless services. Vertical and horidzdmadovers are critical for 4G. In the
former case, the heterogeneity and variety of netsvexacerbate the problem. Many 4G
services are delay sensitive. Guaranteeing shtayslén networks with different access
architecture and coverage is far from straightfedv&Jser centric approach seems the
most logical approach to 4G, developing technolbgged on the user needs and
expectations. The further in the future 4G is, lifgher the risks on the user expectations
predictions. Non conventional access architectimey need to replace conventional
ones in many scenarios. More studies need to bducted on these approaches. 4G
networks would be undoubtedly complex, but this ptaxity needs to be hidden from
the user. Management of time, frequency and dpasaurces in a multi-network, multi-
user environment is far from trivial. Multiple asseinterference control and mitigation
in heterogeneous environments (coexisting air fatess, varied terminals and services)
is an issue. By any measure, power consumptionturd multi-function multi-standard
4G terminals will sharply increase. Usability isieasly compromised, heat management
becomes an issue. Cost of infrastructure is keytHersuccess of 4G. However, new
access architectures may require a large numhbsraafss points. Cost of terminal should
be low enough to attract customers. Services rebd attractively priced.

Architectural Design

This section describes architectural principles basic requirements of a 4G Network.
These features mainly include functional blocks,ltiple services and their creation,

connectivity issues, end-to-end concept, securagtrol, operation and maintenance, and
self organization



In Cooperative Networks (CoNet) [6], layered approach is globally supported. This
means that the functionality of the system is geslpnto distinct layers that form
logically separate subsystems. Any layered modslatdeast three layers: application,
connectivity, and access. The application layer banfurther divided into service
application and service support sub layers. Thaectivity layer can be further divided
into network control and transport (IP) sub layekad the access layer may contain
several independent access networks that can atsnidn simultaneously. The layers
should have well defined interfaces and be funeligrindependent of each other. Such
an approach is required to ensure easy adaptatibaterogeneous access technologies,
related technology changes, and flexible suppartdpid service innovation. Because of
the need for cross-layer optimization (e.g., fowppmanagement, QoS support, etc), the
layered approach in CoNet is considered as a designiple rather than as a universal
design pattern, meaning that every 4G system magnpally have its own layered
architecture.

Independent Functional Blocks, Modularization and Reuse

The CoNet architecture should define each funcisran independent functional block.
This promotes component-based modular architectunere different building blocks
can be combined as needed to realize complex sysféms in turn requires standardized
definition of

syntax and semantics of these interfaces. Fornostdunctionalities required to process
and route user data, handle control signaling,deal with network management can be
separated into different functional blocks in theen control, and management planes,
respectively. It should be noted that each layaghefarchitecture has its own separate set
of functions for each plane; hence, nine differkmictional blocks can be identified.
Realization of the functionalities as independauitding blocks allows the introduction
of new functions when needed without changing

the whole architecture. The building blocks shobtd reused, when applicable, with
different access technologies and realization abua services. Therefore, implementing
the same or very similar functionality multiple esishould be avoided.
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Cooperative Connectivity

The CoNet architecture should ensure connectivetyvben all the entities of a network

in a consistent manner across all access techesldgr any service. This requires

consistent support for device mobility, QoS, autloation, authorization, and accounting
(AAA) and so on. The connectivity layer provide®peration across various realizations
of networks, calledcooperative connectivity, and shall be independent of the various
transport technologies used to link the nodes ef btwork together. By separating

access and transport the CoNet architecture makeanisparent to the common and
standardized transport infrastructure and hidestéhbnology from the end user, while

facilitating the most efficient usage of spectruesaurces. The CoNet architecture shall
support both session continuation (i.e., handowenw

the access technology used is changed) and sireolianusage of several access
networks. Finally, the user should be able to seasty roam across different access
technologies and administrative domains without amgnual user intervention. This

implies that the CoNet architecture should alsopsupconnection of subscribers to

private IP networks through Network Address Tratwsi&(NATS) and Simple Traversal

UDP through NATs (STUNS).

An End- To — End Approach

The CoNet architecture should include the endpofnts, terminals) as part of the
communication system, and support end-to-end (B2Bptiation and fulfilment of QoS
parameters, security settings, and so on. This &##oach does not mandate that all
functionality should be located in the endpoints. Be contrary, the functionality can
also be provided in hop-by-hop, and/or edge-to-adgener subject to proper and lawful
termination of transport connections. The CoNethiéecture should ensure that the
interoperability of (and communication between)enetieneous endpoints is maintained.

Security

The CoNet architecture should provide a securelytegted environment in which
network elements are deployed and interact. Bepdatecting end users and networks
from each other through authentication and authtidm, the components of the CoNet
concept should also be protected from any intrusiomalicious attack. The architecture
should provide a security framework to enable mtiwe of private information and data.
Furthermore, the CoNet architecture should prowddeounting capabilities and further
enhance the AAA paradigm. The architecture showdddistributed and consist of
security components able to communicate through dedined interfaces. Underlying
mechanisms such as DIAMETER [3] would provide tbeassary secure communication
framework where multiple networks cooperate. Tooagglish these, we would be well
advised to rely on already existing security aldjons that are stable, resilient, and well
established.

The creation of new mechanisms and protocols isideithe scope of CoNet. Rather its
objective is to build the trust models and secudgsociations between the various



components of the distributed CoNet architecturehwscalable access control to
distributed components and resources.

Self Organizing CoNets

The CoNet architecture is expected to comprise mbem of networks exhibiting
different capabilities in terms of coverage, capaciransmission rates, transmission
delay, and transmission cost. Networks might beaircooperative or competitive
relationship with each another. Part of the accessain in the wireless world may not
be centrally organized in the future and may evewide infrastructureless connectivity.
Nodes may come and go and be loosely associatédeaith other, forming alliances
whenever and wherever. Such nodes that could kdeopahe personal, the local, and
even the global sphere would temporarily coopei@igrovide connectivity in an ad hoc
manner or share application resources. A network

that is a member of the CoNet has to build relation

with other networks to provide expected global amwiivity and support the demanded
access versatility. Relations between cooperarearks are supposed to be established
dynamically. The creation of these dynamic relalops is a first aspect of self-
organization. The dynamic organization of relations

between networks and individual network elementsupposed to result in a CoNet
structure that adapts its topology to meet the dhelsiaf varying traffic patterns and
transmission demands. To ease administration aecatpn, the network nodes should
mostly be self-configuring, and resources shouldib&ibuted among

them dynamically to cope with varying traffic

volumes and traffic characteristics.

Cooperative Services

The services provided in 4G will depend on timace, terminal and user.
Sy ~ f(time, place, terminal, user)

Cooperative service support by customer diversity

We assume a certain numberWifreless Sations (WSs) in the range of the sarBase
Sation (BS), served by the same multicast service flowcdse only one terminal out of
the group has received the overall information,rtbeded retransmissions are performed
locally.

The terminals in the same multicast group are iysiglal proximity, such that they can
communicate with each other using high-speed vdgelinks. Due to the multi-user
diversity, there is a high probability that at kease of them will receive the downlink
multicast packet correctly; that terminal may hebeeome leader €luster Head (CH) —

and take the responsibility, if needed, to retrahtime data packet locally by using links
with high data rate. In addition, it should als&rmmwledge the reception of the downlink



packet towards the BS. Contrarily to ad-hoc netwaskhere the scope is to achieve a
better routing and the retransmissions are perfdrat¢he IP.

Local retransmissions within the same short-rarrgam

have the following advantages:

» Retransmitted packets from neighboring terminalsbe transmitted at a lower power
level than it would be done by the BS, thus leading lower interference for parallel
ongoing communications.

» Retransmissions can be performed by exploitingithieensed band, thus providing the
service at a lower price.

» The BS can reserve some licensed band for thensetigsions in each group.

R = f(1/GS)

whereR andGSare respectively the amount of retransmissionstfaadroup size. This
allows an adaptive regulation of redundancy in delpacy of the group size.

Increasing the quality of service due to customer accumulation

We assume a finite number of terminals in the raofgdae same BS served by the same
video flow — as an example, we suppose a videarsireg encoded by using thultiple
Description Coding (MDC). In order to increase the quality of the \odeve propose that
the BS transmits disjunctive descriptors to théed&nt members of the group. Therefore,
even if the higher data rate cannot be processemhéyerminal alone over the cellular air
interface, different terminals will receive differtedescriptors and repeat/forward them
over the short-range air interface, thus having entandwidth available. As a
consequence, the increasing QoS will be dependattteonumber of users belonging to
the same group:
QoS =1(GS)/ (2)

whereGSis the group size.
The proposed service infrastructure hence indueessers to form cooperative groups in
order to achieve the common benefit of an enhagoadity of service.

Perspective of 4G in European Market

It outlines two divergent visions on 4G: the sdedilimmediate” 4G vision, consisting
of wireless local area networks (WLANSs) combinedthwiother wireless access
technologies, competing with 3G in the short teamg the so-called “linear” 4G vision,
in which the 3G standard is not

replaced until the end of its life cycle by an altrigh speed broadband wireless network.
Which of these visions will materialise, and whaistmeans for the competitiveness of
the main 4G stakeholders in Europe, will be to @daextent determined by which
business models are feasible for 4G.



Conclusion

The aim of this research review was to exploreatieents in the field of cooperative
networks being particularly deployed for 4G. Thpat overviews divergent definitions
of 4G. It lists out key features of 4G technologydaalso looks at challenges in
deployment of 4G. what makes 4G interesting is thet not confined to basic mobile
device or services. 4G has capability to faciliesteergence of new businesses which will
provide content for the services which 4G propo3éey will be rightfully known as
content providers. Interesting challenge for futtesearch can be how far cooperative
networks can tackle the challenges faced by 4Geamekge as an universal architecture
for next generation devices.
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