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ABSTRACT

This paper discusses about one of the most advanced mobile communications which is still in the process of research.
The 4g mobile communication refers to the next generation mobile technology which effectively deals with the speed of data transfer using the existing wireless and wired networks through software defined ratio concept. Also different channels are used in the process of adaptive modulation and coding where the data transfer is done without any errors If implemented this provides key services to not only the regular customers but even effectively to the armed forces 

The architecture of this technology is being developed as service oriented which provides unlimited usage with low  costs at
high speed. Also IP usage comes in handy
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to security departments and police.
The technical challenges  based on ip networking has been discussed in the paper. These challenges have been met using technologies like Variable Spreading Factor Orthogonal Frequency and Code Division Multiplexing (VSF-OFCDM),which is based on multi-career CDMA technologies with the variable spreading  factor scheme for increasing the system capacity.
Its applications are being checked by conducting experiments in countries like Japan which have shown some excellent results in fields like the internet usage in a phone for long distances with high speeds like 124 Mbits/sec. Now let us see the different technologies implemented in this, discussed in the paper.

1.Introduction:

Consumers demand more from their technology. Whether it be a television, cellular phone or refrigerator, the latest technology purchase must have new features. 
Cellular Subscribers pay extra on top of their basic bills for such features as instant messaging, stock quotes, and even Internet access right on their phones. But that is far from the limit of features; manufacturers entice customers to buy new phones with photo and even video capability.  
A number of technologies currently exist to provide users with high-speed digital wireless connectivity; Bluetooth and 802.11 are examples. But they provide speed in tens of meters. 
Mean while, cellular providers seek to increase speed on their long-range wireless networks. The goal is the same :long-range, high-speed wireless, which for the purposes of this report will be called 4G, for fourth-generation wireless system. 

Such a system does not yet exist, nor will it exist in today’s market without standardization. Fourth generation wireless needs to be standardized throughout the world due to its enticing advantages to both users and providers.ders
2. History:
The original cellular phone network in the United States was called (AMPS). It was developed by AT&T and launched in 1983. AMPS operated in the 800 MHz range, from 824-849 MHz and 869-894 MHz The lower band was used for transmissions from the phone to the base station, and the upper band was for the reverse direction 
This allows full duplex conversation, each pair contains sending and receiving data which is desirable for voice communications. The bands were divided into 832 sub channels. Each sub channel was 30 KHz wide, and had voice quality. The sub channels were set up with 45 MHz apart and base station contains a record of them.
Though usable, this system included a number of security flaws. Because each phone transmitted (like any radio transmitter) in the clear on its own frequency, the phones in this system “were almost comically vulnerable to security attacks” (Riezenman 2000, 40). The crime of service theft plagued cellular service providers, as individuals with radio scanners  could “sniff” the cellular frequencies and obtain the phone identification numbers necessary to “clone” a phone (Riezenman 2000, 39). 

The abuser could then use this cloned phone to make free telephone calls that would be charged to the legitimate user’s account..
3.Evolution of mobile communication:

The users of the Third-Generation (3G) International Mobile Telecommunications-2000 (IMT-2000) mobile communication services, which was launched in October 2001,has already reached about 34 million subscribers. The  system provides a variety of advanced multimedia services such as video communications and high speed internet access.

 It is expected that this modern era requires a more advanced wireless communications system, such as the Fourth-Generation (4G) mobile communication system. [image: image7.png]‘@Maximizing capacity in an isolated
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                      Figure 1 
No single wireless Radio Transmission Technology (RTT) can do both broadband high-speed data-rate and seamless mobility, and therefore we need multiple RTTs to complement each other in any optimal way to ensure the information delivery in a more cost-effective way and in a more spectrum-efficient way. So 4G mobile technology was initiated.

3.Approach to 4G system configuration:

Technical Challenges

1) Technology for Implementing High-capacity and High rate Transmission:.

Technologies that satisfy high capacity and high transmissions is Variable Spreading Factor Orthogonal Frequency and Code Division Multiplexing (VSF-OFCDM),which is based on multi-career CDMA technologies with the variable spreading factor scheme for increasing the system capacity as shown 
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                      Figure 2 
 When it is applied to isolated hot spots, we can achieve its highest capacity by choosing a flexible spreading factor of one to be compatible with conventional OFDM. 

On the other hand, it works as a kind of CDMA with a spreading factor higher than one under multi-cell environments to enable the same frequency reuse. Then, a single air interface of VSF-OFCDM realizes capabilities of OFDM and CDMA in an adaptive manner according to environments
2) Technologies for Cost Reduction

Network cost is increased by the use of higher frequency band to achieve higher transmission rate with conventional system
 To avert that problem, cell radii is expanded by means of higher performance
of radio transmission and circuit technology, such as low S/N ratio techniques, the use of adaptive array antennas, and low noise receivers. 

There is also a need to study diversified entrance links that connect various base stations to the network, for further reduction in the costs of system construction and operation.

3) System Interconnection Technology Based on IP Networking

When a new system is first introduced, it is generally difficult to fulfill the service area to the extent of the existing system. 

However, by implementing a terminal that has the capabilities of both the new system and the existing system, it is possible to cover both areas. Also, giving consideration to international roaming, a terminal that can be configured to work with multiple systems based on Software Defined Radio (SDR) technology is an effective way to cope with periods of system introduction and operating frequency bands Furthermore, future mobile communication services will be provided with interconnection and integrated with heterogeneous access technologies, including wired and indoor area, access based on IP networks.
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When a new system is first introduced, it is generally difficult to fulfill the service area to the extent of the existing system. 

However, by implementing a terminal that has the capabilities of both the new system and the existing system, it is possible to cover both areas. Also, giving consideration to international roaming, a terminal that can be configured to work with multiple systems based on Software Defined Radio (SDR) technology is an effective way to cope with periods of system introduction and operating frequency bands that differ from country to country and region to region.  Furthermore, future mobile communication services will be provided with interconnection and integrated with heterogeneous access technologies, including wired and indoor area, access based on IP networks.

4.Main objectives:

4G is being developed to accommodate the quality of service and rate requirements set by further development of existing 3G applications The 4G working group has defined the following as objectives of the 4G wireless communication standard:

· Flexible channel bandwidth, between 5 and 20 MHz, optionally up to 40 MHz

· A nominal data rate of 100 Mbit/s while the client physically moves at high speeds relative to the station, and 1 Gbit/s while client and station are in relatively fixed positions as defined by the ITU-R

· A data rate of at least 100 Mbit/s between any two points in the world.

· Peak link spectral efficiency of 15 bit/s/Hz in the downlink, and 6.75 bit/s/Hz in the uplink (meaning that 1000 Mbit/s in the downlink should be possible over less than 67 MHz bandwidth).

· System spectral efficiency of up to 3 bit/s/Hz/cell in the downlink and 2.25 bit/s/Hz/cell for indoor usage.

· Smooth handoff across heterogeneous networks. 

· Seamless connectivity and global roaming across multiple networks.

· High quality of service for next generation multimedia support (real time audio, high speed data, HDTV video content, mobile TV, etc).

· Interoperability with existing wireless standards and 

· An all IP,packet switched network. 

5.System Architecture:

The main problem that was emphasized during migration from 2G to 3G was the incompatibility of infrastructure and  consequent big investment costs. That is the problem  that should be kept in mind when introducing future generations of mobile communications. 
Open Wireless Architecture: According to Lu,[7,8] future infrastructure should be based on open wireless architecture (OWA) which would ensure that single terminal can seamlessly and automatically connect to any available network. In the offices, homes or different public places, when local high-speed access systems are available [WLAN, worldwide interoperability for microwave access (WiMAX), home radio frequency (homeRF), wireless ATM, etc.], terminal should  automatically connect to one of those. When being mobile, terminals should switch to one  of the available cellular systems (GPRS,  DGE, UMTS, etc.). The synergy of different networks can provide:

_ Great increase of spectrum efficiency;

_ Highest possible data rates for users;

_ Best sharing of network resources;

_ Best management of service quality and multimedia services.

Two crucial technologies will be necessary to serve large number of users with high session data rates. First one is so-called parent coverage or ‘‘umbrella coverage’’ for non-interruptible services and the second one is ‘‘Pico-cell coverage’’ which will increase capacity and will be designed without any constraints on coverage continuity. Strong handover mechanism between parent and Pico cells will be necessary.
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Service-oriented Architecture:

Service-oriented architecture (SOA) which converge various radio transmission technologies into an open system platform. The cooperation between different operators will be crucial to set up the uniform billing policy and service quality. Special routing infrastructure and mechanisms should determine the ‘‘best path’’ for each transmission. Network system should calculate best path based on low power consumption. Therefore user terminals need not ‘‘shout’’ at a central base station but instead ‘‘whisper’’ to the nearest terminal which can route the transmission further to base station. Open standards are essential to establish unique but worldwide compatible communication systems

Internet protocol v6(IPv6) support: :   In the context   of 4G, Ipv6 support is essential in order to support a large number of wireless-enabled devices. By increasing the number of IP addresses, IPv6 removes the need for Network Address Translation (NAT)
6.Key 4G Technologies:
Adaptive Modulation and Coding: In adaptive modulation and coding (AMC) we can take advantage of excellent channel conditions or on the other hand become slower but robust in extremely bad channel conditions. The receiver is responsible for providing feedback on current channel conditions. For example, terminals close to base station in the cell are assigned higher order modulation with higher code rates, [64 quadrature amplitude modulation (QAM) with R ¼ ¾ turbo codes] and vice versa. Due to the constant variations in the quality of the channel, terminal should constantly update information on channel properties and optimize system parameters, such as: modulation, coding, signal bandwidth, signal power, etc

Software Defined Radio(SDR): ): It is a key technology for providing multi-standard and multi-frequency-band equipment with low development costs and effort through simultaneous multi-channel processing. 
Multiple Access Techniques Orthogonal Frequency Division Multiplex: The basic idea of orthogonal frequency division multiplex (OFDM) is the optimal adaptation to the changing conditions in a channel. The principle is the division of the broad-band signal into narrow-band orthogonal subcarriers (tones) which makes it more robust to multi-path effects and distortions. In order for the subcarriers to be orthogonal, a cyclic preﬁx is added which has length greater than the expected delay spread. Also a guard interval is inserted between each OFDM symbol. For implementation of OFDM, FFTs at the transmitter and receiver are used
Multiple Access Techniques—Multiple-input Multiple-output: The system that uses multiple-input multiple-output (MIMO) principle beneﬁts in range, quality of received signal, reliability, spectral efficiency and consequentially also data rate. MIMO channel is usually non-LOS (line of sight) and suffers impairments such as time-selective and frequency-selective fading. The communication is more efficient when many multiple-path signals are received. Frequency band for MIMO systems is 2–5GHz where propagation characteristics are favorable and the cost of RF equipment is not high. The signal is adapted optimally to the changing channel conditions through division of the broad-band signal into narrow-band orthogonal subcarriers. MIMO system co-exists with OFDM. When using OFDM and MIMO simultaneously, channel response becomes a matrix. With proper coding and interleaving across frequencies, multi-path can be used as an advantage of OFDM system. Frequency selectivity improves the rank distribution of OFDM–MIMO response matrix which leads to increased capacity of the system.

7. Comparison with other radio technologies:

 The Mobile WIMAX (IEEE 802.16e-2005) mobile wireless broadband access (MWBA) standard is sometimes branded 4G, and offers peak data rates of 128 Mbit/s downlink and 56 Mbit/s uplink over 20 MHz wide channels.  

      UMB was the brand name for a discontinued 4G project within the 3GPP2 standardization group to improve the CDMA2000 mobile phone standard for next generation applications and requirements.
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8.Applications of 4G systems: The improvements in media communication quality have been one of the most perceptible advancements and only the perceptible advancements noted by the customers. The ultimate objective of enhanced-reality media communications is to provide a transparent environment that is indistinguishable from face-to-face communications . The applications, which require more advanced wireless capabilities, are discussed in [2]. In the article, three main directions for enhancing media communication reality, that is 3D audio communications, 3D visual communications and biological information communications, as shown in Figure 2, were analyzed, and as a conclusion, it is expected that the future customers will be able to make full use of 1 Mbits  to 100Mbit/s under the end-to-end latency.
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This seems a reasonable motivation for discussing the necessity of the new mobile systems.

9.Strengths in 4G:

1. 4G visions take into account installed base and past investments

2.Strong position of telecommunications vendors expected in the marketplace.

3.Faster data transmission and higher bit rate and bandwidth, allow more business applications and commercialization.

4. Has advantage for personalized multimedia communication tools.

10.Weakness in 4G:

1. No large user community for advanced mobile data applications yet.

2.Growing divergence between telecommunications  vendors and operators

3 .Not possible to offer full internet experience due to limited speed and bandwidth.

4. Comparatively higher cost to use and deploy infrastructure compared fast mobile generation.

11.Opportunities in 4G:

1. Evolutionary approach may yield opportunities for the 4G

2. Emphasis on heterogeneous networks capitalizes on past investments.

3. Strategic alliance and coalition opportunities with traditional non telecommunication industries.

4. Sophisticated and mature commercialization of 4G technology would encourage more applications of e-commerce and m-commerce.

5.Worldwide economy recover stimulates consumption and consumer confidence, therefore bring in opportunities for telecommunication sections.

12.Threats in 4G:

1. Faster rate of growth and developments in other region.

2. Since 3G mobile is still in the market, it squeezes the market competition in the mobile industry.

13.Conclusion:

. This paper reported the 4G system objectives including potential applications and system requirements, technical challenges, and related standardization activities. Through the discussion, it has been revealed that the major feature of the 4G system capability should be its ultra high speed IP packet transmission with reduced delay to meet a variety of requirements derived from the two-way enhanced reality communications such as 3D-audio, 3D-video, and biological information media world.

It was also described that our technical challenges in radio communication fields are likely to provide breakthrough candidates to realize the above features. The local and international standardization activities indicate a global strong support toward this 4G direction.
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