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ABSTRACT— The 4G plans are still years away, but transitioning from 3G to 4G should be seamless for customers because 4G will have evolved from 3G. Users won't even have to get new phones. Digital applications are getting more common lately and are creating an increasing demand for broadband communication systems. The technical requirements for related products are very high but solutions must be cheap to implement since we are essentially talking about consumer products. For Satellite and for Cable; such cost-efficient solutions are already about for the terrestrial link the requirements are so high that the 'standard' solutions are no longer an option. Orthogonal Frequency Division Multiplexing (OFDM) is a technology that allows transmitting very high data rates over channels at a comparable low complexity.4G mobile has spawned the vision of a system that enables an “Always Best Connected” (ABC) mode of communication for the citizen of the forthcoming information society. This now widely accepted vision sketches a heterogeneous communication land scape comprising different wireless access systems in a complementary manner, where the user, supported by his/her personal intelligent agent(s), enjoys untethered connectivity and ubiquitous access to applications over the most efficient combination of wireless systems available. In the present paper, we identify the major developments in the fourth generation mobile communication market, present the technical aspects of the fourth generation network architecture and analyse the implications of the “Always Best Connected” vision upon it in terms of functional requirements and overall service provision capabilities. In closing, we introduce a generic4G system model, elaborate on its major functional entities and finally, identify its key enabling technologies and solution sets. 
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I. Introduction

4th generation mobile communication systems tend to mean different things to different people: for some it is merely a higher-capacity new radio interface, while for others it is an interworking of cellular and wireless LAN technologies that employs a variant of the Mobile IPv6 mobility management protocol for inter-system handoff and IETF AAA technologies for seamless roaming.

There is no doubt that 4G systems will provide higher data rates. Traffic demand estimates suggest that, to accommodate the foreseen amount of traffic in the 2010 – 2020 timeframe in an economically viable way, 4G mobile systems must achieve a manifold capacity increase compared to their predecessors. In the European Union, the debate about 4G systems has been taking place mostly within the context of its IST Framework Program activities. Out of this process has spawned the vision of a system that enables an “Always Best Connected” for short mode of communication [1].This now widely accepted vision sketches a heterogeneous network infrastructure comprising different wireless access systems  in a complementary manner, where the user, supported by his/her personal intelligent agent(s), enjoys untethered connectivity and ubiquitous access to applications over the most efficient combination of available systems. Figure 1 provides an illustration of the future 4G mobile network architecture comprising ad-hoc, cellular, hot-spot, and satellite radio components. 

A 4G system will be able to provide a comprehensive IP solution where voice, data and streamed multimedia can be given to users on an "Anytime, Anywhere" basis, and at higher data rates than previous generations. As the second generation was a total replacement of the first generation networks and handsets; and the third generation was a total replacement of second generation networks and handsets; so too the fourth generation cannot be an incremental evolution of current 3G technologies, but rather the total replacement of the current 3G networks and handsets. The international telecommunications regulatory and standardization bodies are working for commercial deployment of 4G networks roughly in the 2012-2015 time scale. There is no formal definition for what 4G is; however, there are certain objectives that are projected for 4G. These objectives include, that 4G will be a fully IP-based integrated system. 4G will be capable of providing between 100 Mbit/s and 1 Gbit/s speeds both indoors and outdoors, with premium quality and high security.

Although 3G networks were really about the technology, 4G networks are both a technology and a business transformation. 4G will potentially reshape not just the wireless industry, but also cable, wire line and handset companies. It will also simultaneously provide the media and entertainment another avenue for content delivery.
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Figure 1. The generic 4G mobile network architecture.
Considering that a single system that optimally meets a wide range of use cases and satisfies diverse service requirements is likely to remain an engineering utopia, we understand that heterogeneous architectures that can exploit individual system capabilities’ to optimally server the instant application and value-added service mix in a flexible manner are a plausible design approach. The goal of future mobile communication systems will be to incorporate and integrate different wireless access technologies and mobile network architectures in a complementary manner so as to achieve a seamless wireless access infrastructure. It is widely accepted that the individual (wireless and/or wire line) access networks will interface to core and/or backbone network elements over the IP protocol, the lingua franca of networking technology. Regardless of their particular technological blueprints, these wireless access networks are expected to have the following in common: 

1) A dynamic address assignment mechanism that is capable of associating a short-lived or long-lived IP address to the respective wireless interface at the mobile terminal.
2) A transparent IP forwarding service that is accessible over the logical termination of the IP layer at the mobile terminal and one or more gateways at the wireless access network infrastructure. The IP forwarding service is set up by signalling procedures specific to the technical architecture of each wireless access network. 
II.  Migrating to 4G

 The fact that 4G mobile networks intend to integrate almost every wireless standard already In use, enabling its simultaneous use and interconnection poses many questions not yet answered. The research areas that present key challenges to migrate current systems to 4G are many but can be summarized in the following: Mobile Station, System and Service.To be able to use 4G mobile networks a new type of mobile terminals must be conceived. The terminals to be adopted must adapt seamless to multiple wireless networks, each with different protocols and technologies. Auto reconfiguration will also be needed so that terminals can adapt to the different services available. This adaptation may imply that it must download automatically configuration software from networks in range. Moreover terminals must be able to choose from all the available wireless networks the one to use with a specific service. To do this it must be aware of specifications of all the networks in terms of bandwidth, QoS supported, costs and respect to user preferences. Terminal mobility will be a key factor to the success of 4G networks. Terminals must be able to provide wireless services anytime, everywhere. This implies that roaming between different networks must be automatic and transparent to the user. There are two major issues in terminal mobility, location management and handoff management. Location management deals with tracking user mobility, and handling information about original, current and future cells. Moreover it must deal with authentication issues and QoS assurances. Handoff management primary objective is to maintain the communications while the terminal crosses wireless network boundaries. In addition, 4G networks, in opposition to the other mobile generations, must deal with vertical and horizontal handoffs, i.e., a 4G mobile client may move between different types of wireless networks (e.g. GSM and Wi-Fi) and between cells of the same wireless network. Furthermore, many of the services available in this new mobile generation like videoconference have restrict time constraints and QoS needs that must not be perceptible affected by handoffs. To avoid these problems new algorithms must be researched and a prevision of user mobility will be necessary, so as to avoid broadcasting at the same time to all adjacent antennas what would waste unnecessary resources. Another major problem relates to security, since 4G pretends to join many different types of mobile technologies. As each standard has its own security scheme, the key to 4G systems is to be highly flexible. Services also pose many questions as 4G users may have different operators to different services and, even if they have the same operator, they can access data using different network technologies. Actual billing using flat rates, time or cost per bit fares, may not be suitable to the new range of services. At the same time it is necessary that the bill is well understood by operator and client. A broker system would be advisable to facilitate the interaction between the user and the different service providers. 

Another challenge is to know, at each time, where the user is and how he can be contacted. This is very important to mobility management. A user must be able to be reached wherever he is, no matter the kind of terminal that is being used. This can be achieved in various ways one of the most popular being the use of a mobile-agent infrastructure. In this framework, each user has a unique identifier served by personal mobile agents that make the link from users to Internet[15]. 

III.  SERVICE PROVISION IN THE 4G ERA

To reap the economical and developmental benefits of competition, namely diversified service offerings and rapid technological evolution, the mobile value chain must be open so as to foster and harbor the participation of multiple new players, e.g., value added service providers, content providers, application developers, etc). These players will cooperate with the incumbent mobile operators to contribute additional value to the mobile service provision process but will also compete for the lion’s share of user revenue.

A. Analyzing the “Always Best Connected” vision

In the 4G mobile communication era, a plethora of

disparate services and multimedia applications will have to be flexibly yet efficiently deployed over a heterogeneous multinetwork environment, raising service management requirements [2]. Nonetheless, mobile users will expect seamless global roaming across these different wireless networks and ubiquitous access to personalized applications and rich content via a universal and user-friendly interface. In studying the implications of the heralded “Always Best Connected” vision of 4G mobile systems, we identify the notion of utility, implicitly embedded in the “best” adjective.

Utility is a fundamental concept in microeconomic theory that concerns a typically continuous function representation of the consumer’s preference relation over a set of commodities [3]. 

B. User utility issues

Users engage communication-based applications to realize various subjective benefits. These applications depend on the timely and orderly provision of network bearer services to exchange application-specific signalling and to move various classes of user information between communicating application endpoints. Inasmuch as the network is unable to provide the required levels of service, application will become dysfunctional and any user-perceived benefits of these applications will remain elusive, thus leading to a degraded user experience. Performance of communication-based applications depends on the accommodation of QoS requirements for their native signalling and the exchange of arbitrary user information. From a network viewpoint, these factors translate to traffic flows with different QoS requirements that will – in principle – levy different charges, thereby decreasing user satisfaction. Thus, ensuring an adequate performance for communication based applications so as to maximize user satisfaction, translates to honouring the QoS requirements of their traffic flows while minimizing the overall charges incurred, i.e., solving the user’s utility maximization problem. Providers of network bearer services face the dual problem, i.e., maximizing revenue and minimizing network resource usage whilst meeting QoS requirements for all serviced traffic flows.

Given the multitude and diversity in the product offerings of the value chain participants, the technological complexity of the overall heterogeneous system and the IT illiteracy of the major consumer segment, it is understandable that most users will be unable to engage and coordinate such service provision matters all by themselves so as to maximize their utility. Consequently, some kind of intelligent mediation as part of the mobile service provision process should be introduced to efficiently cater for the utility-related aspects.

We believe that such mediation is a task that cannot – and should not – be undertaken by any of the aforementioned roles in the mobile value chain. For each of them will find interest in biasing a solution to his/her own preference – and monetary benefit of course. Thereupon, we claim that a trusted user delegate should always provide for the mediation between the value chain participants in providing services and applications, as well as for an unbiased solution to the user’s utility maximization problem. Fundamentally, that constitutes emergence of new role in the value chain; a role that will maintain the customer relationship and provide the user with a universal roaming and service access capability whilst accommodating personal preferences, regardless of the access network(s) and terminal equipment in use.
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Figure 2. Evolution of the mobile value chain toward 4G.

Regardless of whether this new role will emerge through fission from the incumbent mobile network operator role or through further evolution of existing MVNO approaches, one of its major tasks will be to provide billing services for its customer by collecting related charging information from other players’ equipment that is engaged in the mobile service provision process, correlating it and issuing a single itemized bill to the customer, thus fulfilling user requirements for one-stop billing. In addition, it will act as a clearinghouse, realizing accounting procedures that apportion revenue between the interested players according to bilateral or multilateral accounting agreements [4].

The intelligent mediation process could be part of a service provision platform [5] that mediates between independent application provider’s and mobile network operator’s domains to accomplish a flexible deployment model for value-added services and multimedia applications developed by the former

over the network infrastructure managed by the latter. The alternative service management option is to impose several bilateral customer relationships between the user and all kinds of wireless access network operators he/she may contact when accessing any value-added service or application. However, that significantly complicates service provision by mandating the resolution of all technical on a per service/application provider-mobile network operator basis for each particular user – an approach that is clearly non-scalable.

For intelligent mediation to work, network and terminal domain functionality must be controllable by higher layer or third party entities besides the network and terminal entities engaging in protocol signalling related to the particular functionality. That is, network control and management plane should be exposed to higher layer entities and technologically agnostic interactions that allow such higher layer entities to monitor and control network protocol signalling and thereby, overall network behaviour, should be specified. Thus, rather than a concrete, all-encompassing architecture, a set of interworking approaches with standard technological solutions seems to be a more suitable approach for 4G. In the next section we outline the key technological capabilities that will characterize 4G mobile systems.

IV. TECHNOLOGICAL SOLUTION SETS FOR 4G
A. Adaptable capability-aware service provision

        To provide the mobile user with a consistent list of available applications that are supported by the mobile device he/she is currently employing, it is necessary to discover – and exploit – device capability information. Furthermore, given that wireless access networks differ significantly in terms of coverage area and supported bandwidth, mobile network capabilities should also be considered along with other important flavors of context information so as to further refine the list of applicable services. In turn, that requires flexible representation formats (e.g., XML)[6].
B.Transparent mobility and universal roaming capability:
         The variety of wireless access technologies that will coexist in the 4G mobile environment complicates the technical and regulatory aspects of roaming. Seamless user mobility across different wireless access technologies with minimal or zero user intervention must be supported by efficient inter-system mobility management and handover procedures. To reduce signaling load, micro-mobility should be handled by the specific mobility management mechanisms of each wireless access network, while macro-mobility and roaming should built on cross-industry standard protocols and architectures, such as hierarchical Mobile IPv6 [7] and AAA [8]. Considering that handoff to a different system may entail different charges, it may be desirable to include QoS and pricing information as part of mobility management signaling.
C. Automated protocol configuration mechanisms

         In the 4G era, the plethora of available – but disparate  applications combined with the existence of multiple wireless access systems and the need for a user profile-driven decision process, suggests that there may be multiple options capable of accommodating the same set of services. In example, a media stream can be transported to a mobile terminal by means of either a wireless LAN or a UMTS bearer service.However, the decision regarding which particular system to use depends on a number of factors, such as the respective cost of service, availability of network resources, radio link

quality and user preferences. Continuing our previous

example, we can imagine scenarios where end-to-end

application signaling is routed via UMTS, because of its predictable performance and explicit QoS guarantees, while media streams are routed via a nearby WLAN to take advantage of its greater bandwidth capacity and lower cost.Since using different systems will result in accruing different charges, in 4G mobile environments service provision decisions must remain informed of users’ pricing preferences. 

D. Policy-based management and information
 models

Our previous point suggests that the system and protocol configuration procedures should be dynamic and automated to the highest degree possible but also open and flexible enough to facilitate higher-layer control over network bearer services.We find typical network management solutions (e.g., SNMP) as too narrow in scope, focusing on management of individual network elements within – rather than across – administrative domains. On the other hand, policy-based management [9] demarcates between enforcer entities and decision entities in the infrastructure, thereby allowing the realization of a flexible management architecture that spans across multiple administrative domains.
E. Interoperable QoS management across different systems

 Currently, the prevalent QoS models for the IP protocol are Integrated Services [10] and Differentiated Services [11]. Despite the differences in the scope of their design assumptions, control model and trade-off between accuracy and scalability, IntServ and DiffServ share a common subset of functionality, e.g., the traffic classification elements. It is possible to treat the common functional components of these QoS architectures as instances of a generic information model for network elements that provide QoS-aware treatment to IP packets [12]. That, in turn, would constitute part of a generic information model for an entire network infrastructure that provides an aggregate IP forwarding service. Combined with policy-based management, information models can provide a consistent view of network – and mobile terminal – functionality and facilitate its configuration and adaptation regardless of the particular technologies it is built upon. With a flexible open API that exposes the functional features of the network infrastructure in a technologically opaque fashion and allows a third party or application to control and coordinate the underlying network mechanisms, the realization of QoS management schemes distributed across multiple administrative domains becomes greatly simplified, especially in the case of heterogeneous infrastructures like 4G.

F. Flexible pricing and billing mechanisms

The clear demarcation between the network and the service domains that has been architected in existing 3rd generation systems suggests that any future-proof charging and billing architecture should portrait similar   if not greater   flexibility in its design. As a minimum requirement, network-related pricing models must be completely independent from service related ones, with regard to formulation as well as application matters. In combination with policy-based management, information models support the interoperable specification of pricing models for specific domains [13] and the configuration of affected components in the mobile network infrastructure, respectively. 
G. Application and mobile execution      environment aspects

To efficiently achieve mass scale deployment over millions of mobile terminals from different manufacturers and with disparate characteristics, application development must adopt the “write once, run anywhere” paradigm. Virtual machine that abstract differences in the operating system and the hardware platform promote a hassle-free application development, while interpreted languages lend themselves nicely to the restricted nature of mobile devices that may lack the resources required for a full compilation of a downloaded application. In addition, independent service providers will be relieved from the burden of developing, supporting and maintaining multiple versions of their applications for each possible client. The execution environment at the mobile terminal should shield applications from mobility-induced events (e.g. change of IP address) in the underlying protocol stacks while enabling the realization of network-aware application behaviour. Any API exposed to applications should refrain from using network related information fields (e.g. IP address, port numbers) in its class and method definitions. Information that may change due to network events (e.g., handover) should be handled internally via other libraries that are wrapped by the API that is visible to applications. Ideally, applications will use the transport API to instantiate so-called “flow” objects, allowing them to exchange information with their counterparts. These “flow” objects should be opaque with regard to the protocol details of the underlying connectivity service, thus shielding applications from undesirable network events (e.g. loss of transport socket connection). Such events should be handled by the execution environment that will send the appropriate notification to the application, allowing for the graceful termination of its active communication session, if necessary.
In addition, the mobile terminal must provide a local QoS Manager [6] to serve application requests for QoS treatment of their traffic flows. QoS signalling must proceed in a two stage admission control; one at the mobile terminal, as it is a device limited in resources, and one at the intelligent mediation agent that will gather admission control decisions from the network agents of the wireless networks employed to carry the traffic flows of that particular application. Undoubtedly, there will be cases where the mobile terminal rather than the wireless interface is in scarcity of resources (e.g. drained power supply), so this approach can potentially minimize unnecessary signalling over the radio interface and preserve valuable bandwidth. Figure 3 below provides an illustration.
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Figure 3. Intelligent mediation architecture for 4G.
In the above generic architecture, network agents advertise their bearer service offerings to the user’s mediation agent. We consider bearer service offerings to be a combination of QoS level and pricing model supported and applied, respectively, by the wireless network represented by the network agent. We assume provision of wireless network bearer services under a wholesale model of peering agreements to adjacent network domains. Service agents refer to application functionality that may interact with mobile terminal agents and network agents for the purpose of QoS management and QoS adaptation. A service agent will inform the mobile terminal agent and the network agents of the QoS requirements of their traffic flows and register an appropriate callback interface to support subsequent notifications and QoS

Adaptation for these traffic flows. Mobile network agents must abide by a common network information model so that an unambiguous definition of network bearer services is possible,e.g., when negotiating with other agents. Realizing 

that each agent represents the interests of a particular stakeholder in the mobile service provision (i.e., mobile network operator, application provider, mobile user), we assume that it operates under an individual policy. Notably, the resulting dynamics are that of an open market where different goods are advertised at widely known prices and selfish consumers may freely choose from a wide range of producers. 
V. CONCLUSIONS 
As we come up with the analysis out of this 4G technology, it is inevitable that 4G would completely replace 3G in a long run. Nevertheless, 4G and 3G tend to keep a co-competitive relationship in a short run. In order for 4G to grow in the future market, it is unavoidable to compete with 3G and acquire 3G’s customers. As it was also analyzed and investigated through the scenarios, the comparison was made here that among three candidates for the 4G presented. Every service providers and manufacturers strategize towards high mobility and high data rates whether it is 3GPP, WiMAX or even WiBro oriented. However, the mainstream of service providers concern about regulation, uncertainty of market, and economic burden. There is also new spectrum allocation issue which should be resolved and determined, much as the technology feasibility. Anyhow, there are still plenty of opportunities for 4G. Under these circumstances, to be flourished in the future telecommunication market, each technology should be finalized its standards soon and developed systems to meet needs of consumer demands in a right time. Furthermore, the technical development, change and innovation should be reflected in a future regulation policy. Advances in mobile communication technologies have been rapid and their effects have frequently manifested themselves in ways and places far beyond the ones imagined by their inventors. flexible pricing and billing schemes, capability negotiation processes, and last but not least, open, technology-independent APIs are all important building blocks of 4G mobile systems.. 
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