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ABSTRACT:- The approaching 4G (fourth generation) mobile communication systems are projected to solve still-remaining problems of 3G (third generation) systems and to provide a wide variety of new services, from high-quality voice to high-definition video to high-data-rate wireless channels. The term 4G is used broadly to include several types of broadband wireless access communication systems, not only cellular telephone systems. One of the terms used to describe 4G is MAGIC—Mobile multimedia, anytime anywhere, Global mobility support, integrated wireless solution, and customized personal service. As a promise for the future, 4G systems, that is, cellular broadband wireless access systems have been attracting much interest in the mobile communication arena. The 4G systems not only will support the next generation of mobile service, but also will support the fixed wireless networks. This paper presents an overall vision of the 4G features, framework, and integration of mobile communication. The features of 4G systems might be summarized with one word—integration. The 4G systems are about seamlessly integrating terminals, networks, and applications to satisfy increasing user demands. The continuous expansion of mobile communication and wireless networks shows evidence of exceptional growth in the areas of mobile subscriber, wireless network access, mobile services, and applications.
DEFINITION:-4G is the short term for fourth-generation wireless, the stage of broadband mobile communications that will supercede the third generation (3G). it is expected that end-to-end IP and high-quality streaming video will be among 4G's distinguishing features. Fourth generation networks are likely to use a combination of WiMAX and WiFi.  4G technologies are sometimes referred to by the acronym "MAGIC," which stands for Mobile multimedia, Anytime/any-where, Global mobility support, Integrated wireless and Customized personal service. 

	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, wireline and handset companies. It will also simultaneously provide the media and entertainment industries another avenue for content delivery. 


4G HISTORY:-
At the end of the 1940’s, the first radio telephone service was introduced, and was designed to users in cars to the public land-line based telephone network. Then, in the 60s, a system launched by Bell Systems, called IMTS, or, “Improved Mobile Telephone Service", brought quite a few improvements such as direct dialling and more bandwidth. The very first analog systems were based upon IMTS and were created in the late 60s and early 70s. The systems were called "cellular" because large coverage areas were split into smaller areas or "cells", each cell is served by a low power transmitter and receiver. 

The 1G, or First Generation. 1G was an analog system, and was developed in the 70s, 1G had two major improvements, this was the invention of the microprocessor, and the digital transform of the control link between the phone and the cell site. 

1G analog system for mobile communications saw two key improvements during the 1970s: the invention of the microprocessor and the digitization of the control link between the mobilephone and the cell site. 

Advance mobile phone system (AMPS) was first launched by the US and is a 1G mobile system. Based on FDMA, it allows users to make voice calls in 1 country 

 2G, OR SECOND GENERATION:
2G first appeared around the end of the 1980’s, the 2G system digitized the voice signal, as well as the control link. This new digital system gave a lot better quality and much more capacity (i.e. more people could use there phones at the same time), all at a lower cost to the end consumer. Based on TDMA, the first commercial network for use by the public was the Global system for mobile communication (GSM). 

3G, or THIRD GENERATION:-

3G systems promise faster communications services, entailing voice, fax and Internet data transfer capabilities, the aim of 3G is to provide these services any time, anywhere throughout the globe, with seamless roaming between standards. ITU’s IMT-2000 is a global standard for 3G and has opened new doors to enabling innovative services and application for instance, multimedia entertainment, and location-based services, as well as a whole lot more. In 2001, Japan saw the first 3G network launched. 

3G technology supports around 144 Kbps, with high speed movement, i.e. in a vehicle. 384 Kbps locally, and up to 2Mbps for fixed stations, i.e. in a building. 

4G, or FOURTH GENERATION:-
For 1 and 2G standards, bandwidth maximum is 9.6 kbit/sec, This is approximately 6 times slower than an ISDN (Integrated services digital network). Rates did increase by a factor of 3 with newer handsets to 28.8kbps. This is rarely the speed though, as in crowded areas, when the network is busy, rates do drop dramatically. 

Third generation mobile, data rates are 384 kbps (download) maximum, typically around 200kbps, and 64kbps upload. These are comparable to home broadband connections. 

Fourth generation mobile communications will have higher data transmission rates than 3G. 4G mobile data transmission rates are planned to be up to 100 megabits per second on the move and 1000gigbits per second stationary, this is a phenomenal amount of bandwidth, only comparable to the bandwidth workstations get connected directly to a LAN. 


Motivation for 4G Research Before 3G Has Not Been Deployed?
· 3G performance may not be sufficient to meet needs of future high-performance applications like multi-media, full-motion video, wireless teleconferencing. We need a network technology that extends 3G capacity by an order of magnitude. 
· There are multiple standards for 3G making it difficult to roam and interoperate across networks. we need global mobility and service portability 

· 3G is based on primarily a wide-area concept. We need hybrid networks that utilize both wireless LAN (hot spot) concept and cell or base-station wide area network design. 
· We need wider bandwidth 

· Researchers have come up with spectrally more efficient modulation schemes that can not be retrofitted into 3G infrastructure 

· We need all digital packet network that utilizes IP in its fullest form with converged voice and data capability. 

How  4G is advanced as compared to 3G :-
	
	3G (including 2.5G, sub3G)
	4G

	Major Requirement Driving Architecture 
	Predominantly voice driven - data was always add on
	Converged data and voice over IP

	Network Architecture
	Wide area cell-based
	Hybrid - Integration of Wireless LAN (WiFi, Bluetooth) and wide area

	Speeds
	384 Kbps to 2 Mbps
	20 to 100 Mbps in mobile mode

	Frequency Band
	Dependent on country or continent (1800-2400 MHz)
	Higher frequency bands (2-8 GHz)

	Bandwidth
	5-20 MHz
	100 MHz (or more)

	Switching Design Basis
	Circuit and Packet
	All digital with packetized voice

	Access Technologies
	W-CDMA, 1xRTT, Edge
	OFDM and MC-CDMA (Multi Carrier CDMA)

	Forward Error Correction
	Convolutional rate 1/2, 1/3
	Concatenated coding scheme

	Component Design
	Optimized antenna design, multi-band adapters 
	Smarter Antennas, software multiband and wideband radios

	IP 
	A number of air link protocols, including IP 5.0 
	All IP (IP6.0)
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SERVICE EVOLUTION:-

                                       The evolution from 3G to 4G will be driven  by   services     that   offer   better quality   (e.g.  video  and  sound)   thanks   to greater     bandwidth,   more     sophistication in   the   association  of  a  large  quantity   of information, and  improved  personalization. Convergence with other network (enterprise,fixed)  services  will  come  about  through  the high session data rate. Machine-to-machine transmission will involve two basic equipment types: sensors (which measure arameters) and tags (which are generally read/write equipment). It is expected that users will require high data rates, similar to those on fixed networks, for data and streaming applications. Mobile terminal usage (laptops, Personal digital assistants, handhelds) is expected to Grow rapidly as they become more users friendly. Fluid high quality video and network creactivity are important user requirements. Key infrastructure design requirements include: fast response, high session rate, high capacity, low user charges, rapid return on investment for operators, investment that is in line with the growth in demand, and simple autonomous terminals.
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 DIMENSIONING TARGETS:-

                                             
A simple calculation illustrates the order of magnitude. The design target in terms of radio performance is to achieve a scalable capacity from 50 to 500 bit/s/Hz/km2 (including capacity for indoor use), as shown in Figure2.Gebit/s/km2)0000

As a comparison, the expected best performance of 3G is around 10 bit/s/Hz/km2 using High Speed Downlink Packet Access (HSDPA), Multiple-Input Multiple-Output (MIMO), etc. No current technology is capable of such performance.

MULTI-TECHNOLOGY APPROACH:-

                                                                   Many technologies are competing on the road to 4G, as can be seen in Figure 3. Three paths are possible, even if they are more or less specialized. The first is the 3G-centric path, in which Code Division Multiple Access (CDMA) will be progressively pushed to the point at which terminal manufacturers will give up. When this point is reached, another technology will be needed to realize the required increases in capacity and data . The second path is the radio LAN one. Widespread  deployment of WiFi is expected to start in 2005 for PCs, laptops and PDAs. In enterprises, voice may start to be carried by Voice over Wireless LAN (VoWLAN). However, it is not clear what the next successful technology will be. Reaching a consensus on a 200 Mbit/s (and more) technology will be a lengthy task, with too many proprietary solutions on offer. A third path is IEEE 802.16e and 802.20, which are simpler than 3G for the equivalent performance. A core network evolution towards a broadband Next Generation Network (NGN) will facilitate the introduction of new access network


technologies through standard access gateways, based    on  ETSI-TISPAN,   ITU-T,   3GPP,   China Communication Standards Association (CCSA) and other standards. How can an operator provide a large number of users with high session   data rates using its existing infrastructure? At least two    technologies    are    needed.  The   first (called “parent coverage”) is dedicated to large 

       Coverage   and   real-time    services. Legacy technologies, such as 2G/3G and their evolutions will be complemented by Wi-Fi and WiMAX. A second set of technologies is needed to increase capacity, and can be designed without any constraints on coverage continuity. This is known as Pico-cell coverage. Only the use of both technologies can achieve both targets (Figure 4).  Handover between parent coverage and Pico cell coverage is different from a classical roaming process, but similar to classical  handover. Parent coverage can also be used as a back-up when service delivery in the Pico cell becomes too difficult.

KEY 4G TECHNOLOGIES:-

                                                Some of the key technologies required for 4G are briefly described below:

OFDMA:-
                  Orthogonal Frequency Division Multiplexing (OFDM) not only provides clear advantages for physical layer performance, but also a framework for improving layer 2 performance  by proposing an additional degree of free-dom. Using ODFM, it is possible to exploit the time domain, the space domain, the frequency domain and even the code domain to optimize radio channel usage. It ensures very robust transmission in multi-path environments with reduced receiver complexity. As shown in Figure 5, the signal is split into orthogonal subcarriers, on each of which the signal is “narrowband” (a few kHz) and therefore immune to multi-path effects, provided a guard interval is inserted between each OFDM symbol.
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Figure 5: OFDM principles

 OFDM also provides a frequency diversity gain, improving the physical layer  performance.It is also compatible with other enhancement technologies, such as smart antennas and MIMO. OFDM modulation can also be employed as a multiple access technology (Orthogonal Frequency Division Multiple Access; OFDMA). In this case, each OFDM symbol can transmit information to/from several users using a different set of subcarriers (subchannels). This not only provides additional flexibility for resource allocation (increasing the capacity), but also enables cross-layer optimization of radio link usage.

SOFTWARE DEFINED RATIO:-

                                                         Software Defined Radio (SDR) benefits from today’s high processing power to develop multi-band, multi-standard base stations and terminals. Although in future the terminals will adapt the air interface to the available radio access technology, at present this is done by the infrastructure. Several infrastructure gains are expected from SDR. For example, to increase network capacity at a specific time (e.g. during a sports event), an operator will reconfigure its network adding several modems at a given Base Transceiver Station (BTS). SDR makes this reconfiguration easy. In the context of 4G systems, SDR will become an enabler for the aggregation of multi-standard pico/micro cells. For a  manufacturer, this can be a powerful aid to providing multi-standard, multi-band equipment with reduced development effort and costs through simultaneous multi-channel processing.
MULTIPLE-INPUT MULTIPLE-OUTPUT:-

                                                      MIMO uses signal multiplexing between  multiple transmitting antennas (space multiplex) and time or frequency. It is well suited to OFDM, as it is possible to process independent time symbols as soon as the OFDM waveform is correctly designed for the channel. This aspect of OFDM greatly simplifies processing. The signal transmitted by m antennas is received by n antennas. Processing of the received signals may deliver several performance improvements: range, quality of received signal and spectrum efficiency. In principle, MIMO is more efficient when many multiple path signals are received. The performance in cellular deployments is still subject to research and simulations (see Figure 6). However, it is generally admitted that the gain in spectrum efficiency is directly related to the minimum number of antennas in the link. 
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INTERLAYER OPTIMIZATION:-

                                                                                                             [image: image3.png]* OFDMA
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Figure 7: Layer interaction and associated optimization

The most obvious interaction is the one between MIMO and the  MAC layer. Other interactions have been identified (see Figure7).

HANDOVER AND MOBILITY:-

                                                  Handover technologies based on mobile IP technology have been considered for data and  voice. Mobile IP techniques are slow but can be accelerated with classical methods (hierarchical, fast mobile IP). These methods are applicable to data and probably also voice. In single-frequency networks, it is necessary to reconsider the handover methods. Several techniques can be used when the carrier to interference ratio is negative (e.g. VSFOFDM, bit repetition), but the drawback of these techniques is capacity. In OFDM, the same alternative exists as in CDMA, which is to use macro-diversity. In the case of OFDM, MIMO allows macro-diversity processing with performance gains. However, the implementation of macro-diversity implies that MIMO processing is centralized and transmissions are synchronous. This is not as complex as in CDMA, but such a technique should only be used in situations where spectrum is very scarce.

CACHING AND PICO CELLS:-

                                             Memory in the network and     terminals   facilitates   service   delivery. In cellular systems, this extends the capabilities of the MAC scheduler, as   It   facilitates   the delivery of real-time services. Resources can be assigned to data only when the radio conditions are  favorable. This  method  can   double   the capacity   of a classical cellular system. In pico cellular coverage, high data rate (non-real-time) services    can be   delivered    even      when  reception/transmission is interrupted for a few seconds. Consequently, the coverage zone within which data can be received/transmitted can be designed with no constraints other than limiting interference. Data delivery is preferred in places where the bitrate is a maximum. Between these areas, the coverage is not used most of the time, creating an apparent discontinuity. In these areas, content is sent to the terminal cache at the high data rate and read at the service rate. Coverages are “discontinuous”. The advantage of coverage, especially when designed with caching technology, is high spectrum efficiency, high scalability (from 50 to 500 bit/s/Hz), high capacity and lower cost. A specific architecture is needed to introduce cache memory in the network. An example is shown in Figure 8. At the entrance of the access network, lines of cache at the destination of a terminal are built and stored. When a terminal enters an area in which a transfer is possible, it simply asks for the line of cache following the last received. between the terminal and the  cache. A simple, robust and reliable protocol is used between the terminal and the cache for every service delivered in this type of coverage.

MULTIMEDIA SERVICE,SERVICE ADAPTATION AND ROBUST TRANSMISSION:-

                                                                Audio and video coding are scalable. For instance, a video flow can be split into three Flows which can be transported independently: one base layer (30 kbit/s), which is a robust flow but of limited quality (e.g. 5 images/s), and two enhancement flows (50 kbit /s and 200 kbit/s). The first flow provides availability, the other two quality and definition. In a streaming situation, the terminal will have three caches. In Pico cellular coverage, the parent coverage establishes the service dialog and service start-up (with the base layer). As soon as the terminal enters Pico cell coverage, the terminal caches are filled, starting with the base cache. Video (and audio) transmissions are currently transmitted without error and without packet loss. However, it is possible to allow error rates of about 10-5 /10-6 and a packet loss around 10-2 /10-3. Coded images still contain enough redundancy  for error correction. It is possible to gain about 10 dB in transmission with a reasonable increase in complexity. Using the described technologies, multimedia transmission can provide a good quality user experience.

COVERAGE:-

                  Coverage is achieved by adding new technologies (possibly in overlay mode) and progressively enhancing density. Take a WiMAX deployment, for example: first the parent coverage is deployed; it is then made denser by adding discontinuous Pico cells, after which the Pico cell is made denser but still discontinuously. Finally the Pico cell coverage is made continuous either by using MIMO or by deploying another Pico cell Coverage in a different frequency band (see Figure 9). The ultimate performances of the various technologies are shown in Figure 10. Parent coverage performance may varyFrom 1 to 20 bit/s/Hz/km, while Pico cell technology can achieve from 100 to 500 Bit/s/Hz/km?, depending on the complexity of the terminal hardware and software. These performances only refer to outdoor coverage; not all the issues associated with indoor coverage have yet been resolved. However, indoor coverage can be obtained by:
• Direct penetration; this is only possible in low frequency bands (significantly Below 1 GHz) and requires an excess of power, which may raise significant Interference issues.

• Indoor short range radio connected to the fixed network.

• Connection via a relay to a Pico cellular access point.
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INTEGRATION IN A BROADBAND NGN:-

                                                            The focus is now on deploying an architecture realizing convergence between the fixed  and mobile networks (ITU-T Broadband NGN and ETSI- TISPAN). This generic architecture integrates all service enablers (e.g. IMS, network selection, middleware for applications providers), and offers a unique interface to application service providers. 

ADVANTAGES OF 4G:-

  1. Support for interactive multimedia services like teleconferencing and wireless Internet.

2. Wider bandwidths and higher bitrates.

3. Global mobility and service portability.

4. Scalability of mobile network.

5. Entirely Packet-Switched networks.

6. Digital network elements.

7. Higher band widths to provide multimedia services at lower cost(up to 100 Mbps).

8. Tight network security

LIMITATIONS:-

Although the concept of 4G communications shows much promise, there are still limitations that must be addressed. A major concern is interoperability between the signaling techniques that are planned for use in 4G (3XRTT and WCDMA).

Cost is another factor that could hamper the progress of 4G technology. The equipment required to implement the next-generation network are still very expensive.

A Key challenge facing deployment of 4G technologies is how to make the network architectures compatible with each other. This was one of the unmet goals of 3G.

AS regards the operating area, rural areas and many buildings in metropolitan areas are not being served well by existing wireless networks.

APPLICATIONS:-

Location application:-4G location applications will be based on visualized, virtual navigation schemes that will support a remote database containing graphical representations of streets, buildings and another physical characteristic of a large metropolitan area. This data base could be accessed by subscribers in vechicles.

Virtual navigation and telegeoprocessing:- You will be able to see the internal layout of a building during an emergency rescue. This type of application is some time referred to as ‘telegeoprocessing’.

A remote database will contain the graphical representation of streets, buildings and physical characteristics of a large metropolis. Blocks of this database will be transmitted in rapid sequence to a vehicle, where a rendering program will permit the occupants to visualize the environment ahead. They may also ‘virtually’ see the internal layout of buildings to plan an emergency rescue or engage hostile elements hidden in the building.

Telemedicine:- A paramedic assisting a victim of a traffic accident in a remote location could access medical records (X-rays) and establish a video conference so that a remotely based surgeon could provide ‘on-scene’ assistance.
Crisis management application:-In the event of natural disasters where the entire communications infrastructure is in disarray, restoring communications quickly is essential. With wideband wireless mobile communications, limited and even total communication capability(including Internet and video services) could be set up within hours instead of days or even weeks required at present for restoration of wire line communications.

CONCLUSION:-

                               The development in day-to-day communication after 3G is not just an 4G EVOLUTION,It’s a revolution.
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Fig 4: Coverage performance trends
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