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INTRODUCTION

1. INTRODUCTION
WIRELESS COMMUNICATION:

Wireless communications is one of the most active areas of technology development of our time. This development is being driven primarily by the transformation of what has been largely a medium for supporting voice telephony into a medium for supporting other services, such as the transmission of video, images, text, and data. Thus, similar to the developments in wireline capacity in the 1990s, the demand for new wireless capacity is growing at a very rapid pace. Although there are, of course, still a great many technical problems to be solved in wireline communications, demands for additional wireline capacity can be fulfilled largely with the addition of new private infrastructure, such as additional optical fiber, routers, switches, and so on. On the other hand, the traditional resources that have been used to add capacity to wireless systems are radio bandwidth and transmitter power. Unfortunately, these two resources are among the most severely limited in the deployment of modern wireless networks: radio bandwidth because of the very tight situation with regard to useful radio spectrum, and transmitter power because mobile and other portable services require the use of battery power, which is limited. These two resources are simply not growing or improving at rates that can support anticipated demands for wireless capacity. On the other hand, one resource that is growing at a very rapid rate is that of processing power. Moore's Law, which asserts a doubling of processor capabilities every 18 months, has been quite accurate over the past 20 years, and its accuracy promises to continue for years to come. Given these circumstances, there has been considerable research effort in recent years aimed at developing new wireless capacity through the deployment of greater intelligence in wireless networks. A key aspect of this movement has been the development of novel signal transmission techniques and advanced receiver signal processing methods that allow for significant increases in wireless capacity without attendant increases in bandwidth or power requirements. The purpose of this book is to present some of the most recent of these receiver signal processing methods in a single place and in a unified framework.
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2. TYPES OF WIRELESS COMMUNICATION NETWORKS
2.1 CELLULAR NETWORK


A cellular radio network is a radio network made up of a number of radio cells (or just cells) each served by a fixed transmitter, normally known as a base station. These cells are used to cover different areas in order to provide radio coverage over a wider area than the area of one cell. Cellular networks are inherently asymmetric with a set of fixed main transceivers each serving a cell and a set of distributed (generally, but not always, mobile) transceivers which provide services to the network's users. Cellular networks offer a number of advantages over alternative solutions:
• increased capacity 

• reduced power usage 

•
 better coverage 


A good (and simple) example of a cellular system is an old taxi driver's radio system where a city will have several transmitters based around a city. We'll use that as an example and assume that each transmitter is handled separately by a different operator. 

2.2 WIRELESS LOCAL AREA NETWORK


This article is about the wireless transmission method. The notebook is connected to the wireless access point using a PC card wireless card.



  The above diagram shows a Wi-Fi network.

A wireless local area network (WLAN) links two or more devices using some wireless distribution method (typically spread-spectrum or OFDM radio), and usually providing a connection through an access point to the wider internet. This gives users the mobility to move around within a local coverage area and still be connected to the network.


Wireless LANs have become popular in the home due to ease of installation, and the increasing popularity of laptop computers. Public businesses such as coffee shops and malls have begun to offer wireless access to their customers; often for free. Large wireless network projects are being put up in many major cities: New York City, for instance, has begun a pilot program to provide city workers in all five boroughs of the city with wireless Internet access.
TYPES OF WIRELESS LANs:
Peer- To- Peer


Peer-to-Peer or ad-hoc wireless LAN


An ad-hoc network is a network where stations communicate only peer to peer (P2P). There is no base and no one gives permission to talk. This is accomplished using the Independent Basic Service Set (IBSS).


A peer-to-peer (P2P) network allows wireless devices to directly communicate with each other. Wireless devices within range of each other can discover and communicate directly without involving central access points. This method is typically used by two computers so that they can connect to each other to form a network.


If a signal strength meter is used in this situation, it may not read the strength accurately and can be misleading, because it registers the strength of the strongest signal, which may be the closest computer. In the below figure, you can see Hidden node problem: Devices A and C are both communicating with B, but are unaware of each other.



IEEE 802.11 define the physical layer (PHY) and MAC (Media Access Control) layers based on CSMA/CA (Carrier Sense Multiple Access with Collision Avoidance). The 802.11 specification includes provisions designed to minimize collisions, because two mobile units may both be in range of a common access point, but out of range of each other.


The 802.11 has two basic modes of operation: Ad hoc mode enables peer-to-peer transmission between mobile units. Infrastructure mode in which mobile units communicate through an access point that serves as a bridge to a wired network infrastructure is the more common wireless LAN application the one being covered. Since wireless communication uses a more open medium for communication in comparison to wired LANs, the 802.11 designers also included shared-key encryption mechanisms: Wired Equivalent Privacy (WEP), Wi-Fi Protected Access (WPA, WPA2), to secure wireless computer networks.

Bridge


A bridge can be used to connect networks, typically of different types. A wireless Ethernet bridge allows the connection of devices on a wired Ethernet network to a wireless network. The bridge acts as the connection point to the Wireless LAN.

Wireless distribution system


A Wireless Distribution System is a system that enables the wireless interconnection of access points in an IEEE 802.11 network. It allows a wireless network to be expanded using multiple access points without the need for a wired backbone to link them, as is traditionally required. The notable advantage of WDS over other solutions is that it preserves the MAC addresses of client packets across links between access points.


An access point can be either a main, relay or remote base station. A main base station is typically connected to the wired Ethernet. A relay base station relays data between remote base stations, wireless clients or other relay stations to either a main or another relay base station. A remote base station accepts connections from wireless clients and passes them to relay or main stations. Connections between "clients" are made using MAC addresses rather than by specifying IP assignments.


All base stations in a Wireless Distribution System must be configured to use the same radio channel, and share WEP keys or WPA keys if they are used. They can be configured to different service set identifiers. WDS also requires that every base station be configured to forward to others in the system.


WDS may also be referred to as repeater mode because it appears to bridge and accept wireless clients at the same time (unlike traditional bridging). It should be noted, however, that throughput in this method is halved for all clients connected wirelessly.


When it is difficult to connect all of the access points in a network by wires, it is also possible to put up access points as repeaters.
Roaming


Roaming between Wireless Local Area Networks.

There are 2 definitions for wireless LAN roaming:

•
Internal Roaming: 

The Mobile Station (MS) moves from one access point (AP) to another AP within a home network because the signal strength is too weak. An authentication server (RADIUS) assumes the re-authentication of MS via 802.1x (e.g. with PEAP). The billing of QoS is in the home network. A Mobile Station roaming from one access point to another often interrupts the flow of data between the Mobile Station and an application connected to the network. The Mobile Station, for instance, periodically monitors the presence of alternative access points (ones that will provide a better connection). At some point, based upon proprietary mechanisms, the Mobile Station decides to re-associate with an access point having a stronger wireless signal. The Mobile Station, however, may lose a connection with an access point before associating with another access point. In order to provide reliable connections with applications, the Mobile Station must generally include software that provides session persistence. 

•
External Roaming: 

The MS(client) moves into a WLAN of another Wireless Internet Service Provider (WISP) and takes their services (Hotspot). The user can independently of his home network use another foreign network, if this is open for visitors. There must be special authentication and billing systems for mobile services in a foreign network.
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3. WIRELESS APPLICATIONS AND SERVICES

3.1 WIRELESS APPLICATIONS
Wireless applications are those which use free space as the transmission medium and do not involve cabling like fiber or copper.
3.2 WIRELESS SERVICES

1)
Voice Data

2)
Video and multimedia applications and services


VHF, Microwave TV Transmission, Millimeter Wave Data Transmission, Cellular Telephony Services, Wireless Video Telephony and Video Conferencing, Wireless PBX, Wireless Broadband Internet and Internet Access, HDTV, Digital Audio Broadcasting (DAB) or Hi-Fi Sound, Wireless Geo-Location Services, Wireless E-Mail, PCs Interactive Applications using WPANs, WLANs & WMANs networks.

Businesses succeed today because they are fast, not vast. Instead of holding large stockpiles of materials and finished goods inventory to meet customer commitments, companies rely on fast information exchange to drive responsive enterprise and supply chain systems that adjust to dynamic production, distribution and service needs.
If information is old, it’s wrong. And when information is wrong, systems stop, shipments are delayed, and service and productivity suffer. Wireless technology has become essential for getting accurate, real-time information when and where it’s needed.

Now companies are finding new ways to use wireless to create a competitive advantage. They’re leveraging legacy wireless LANs to provide automated asset tracking and to connect their workforces with wireless voice-over-IP (VoIP). Real-time responsiveness is being extended beyond the four walls with GPS and wide-area voice & data networks for dynamic dispatch and remote access to enterprise information.

Wireless can reach almost anywhere your business goes. But there are still disconnects between what businesses need from wireless systems and what they get. For example:

· A wireless LAN may cover your warehouse or factory, but will your wireless devices       survive there?

· How will enterprise applications handle real-time data? And how will wireless devices handle enterprise software applications and screens?

· How can you lock down your network without locking into security technology that may become dated or unsupported?

· What will managing and securing a wireless network do to your IT support requirements?

Before starting a wireless project, make sure your solutions provider is grounded in all the aspects required to make a system successful. Many providers can hang access points and install radio cards, but can’t make the connection between wireless technology and business value.
Barcoding Inc. doesn’t just provide wireless technology, we solve business problems. At Barcoding Inc., we understand the value you get from your wireless systems depends on the reliability, responsiveness, and security they provide. We’ll show you how your options for integrating wireless systems with business systems along with how that impacts your ROI and total cost of ownership. We’ll help you see the benefits of supporting specific operations with wireless technology, hidden costs associated with incomplete integration or standalone systems, and how wireless and enterprise systems can work together to give your business the information it needs to get ahead.

•
Professional Services 

•
Network SAP Integration 

•
Network Security 

•
Software Development

•
Terminal Emulation

•
Voice Picking Applications 
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4. SOLUTIONS OFFERED BY WIRELESS TECHNOLOGIES
Wireless Technology Solutions, Inc. (WTS) is a leading ICT Solutions and Services Provider. Our company is engaged primarily in the implementation of GSM network infrastructure projects, catering to the requirements of leading mobile communications service operators and vendors in the Philippines. WTS has expanded its supplier partnerships with Nokia, UTStarcom, Radwin, IP Access Limited and IP Wireless, Inc to cater to the telecommunication solutions requirements of its clients.

· Wireless solutions for schools 
    - In the classroom 
    - Remote schools 
    - Mobile access for students and student services 

· Wireless solutions for people on the go 
    - Real Estate Agents 
    - Stock Brokers 
    - Doctors 
    - Service personnel 
    - Airplane Pilots  

· Wireless solutions for the home
    - Personal Area Networks for the home 
    - Personal and home security  

· Wireless solutions for police and emergency vehicles

    - Reducing respond time 
    - Increasing efficiency 
    - Health care services 
    - E911 services 
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5. 1G, 2G, 3G, 4G AND 5G WIRELESS SYSTEMS
5.1 1G WIRELESS SYSTEM

1G, which stands for "first generation," refers to the first generation of wireless telecommunication technology, more popularly known as cellphones. A set of wireless standards developed in the 1980's, 1G technology replaced 0G technology, which featured mobile radio telephones and such technologies as Mobile Telephone System (MTS), Advanced Mobile Telephone System (AMTS), Improved Mobile Telephone Service (IMTS), and Push to Talk (PTT).

Unlike its successor, 2G, which made use of digital signals, 1G wireless networks used analog radio signals. Through 1G, a voice call gets modulated to a higher frequency of about 150MHz and up as it is transmitted between radio towers. This is done using a technique called Frequency-Division Multiple Access (FDMA).
In terms of overall connection quality, 1G compares unfavorably to its successors. It has low capacity, unreliable handoff, poor voice links, and no security at all since voice calls were played back in radio towers, making these calls susceptible to unwanted eavesdropping by third parties.
However, 1G did maintain a few advantages over 2G. In comparison to 1G's analog signals, 2G's digital signals are very reliant on location and proximity. If a 2G handset made a call far away from a cell tower, the digital signal may not be strong enough to reach it. While a call made from a 1G handset had generally poorer quality than that of a 2G handset, it survived longer distances. This is due to the analog signal having a smooth curve compared to the digital signal, which had a jagged, angular curve. As conditions worsen, the quality of a call made from a 1G handset would gradually worsen, but a call made from a 2G handset would fail completely.

Different 1G standards were used in various countries.
· Advanced Mobile Phone System (AMPS) was a 1G standard used in the United States.

· Nordic Mobile Telephone (NMT) was a 1G standard used in Nordic countries (Denmark, Finland, Iceland, Norway and Sweden), as well as in its neighboring countries Switzerland and Netherlands, Eastern Europe, and Russia.

· Italy used a telecommunications system called RTMI.

· In the United Kingdom, Total Access Communication System (TACS) was used.

· France used Radiocom 2000.
2G WIRELESS SYSTEM
2G (or 2-G) is short for second-generation wireless telephone technology. Second generation 2G cellular telecom networks were commercially launched on the GSM standard in Finland by Radiolinja[1] (now part of Elisa Oyj) in 1991. Three primary benefits of 2G networks over their predecessors were that phone conversations were digitally encrypted; 2G systems were significantly more efficient on the spectrum allowing for far greater mobile phone penetration levels; and 2G introduced data services for mobile, starting with SMS text messages.
After 2G was launched, the previous mobile telephone systems were retrospectively dubbed 1G. While radio signals on 1G networks are analog, radio signals on 2G networks are digital. Both systems use digital signaling to connect the radio towers (which listen to the handsets) to the rest of the telephone system.

2G has been superseded by newer technologies such as 2.5G, 2.75G, 3G, and 4G; however, 2G networks are still used in many parts of the world.

2G TECHNOLOGIES
2G technologies can be divided into TDMA-based and CDMA-based standards depending on the type of multiplexing used. The main 2G standards are:

· GSM (TDMA-based), originally from Europe but used in almost all countries on all six inhabited continents. Today accounts for over 80% of all subscribers around the world. Over 60 GSM operators are also using CDMA2000 in the 450 MHz frequency band (CDMA450).[2]

· IS-95 aka cdmaOne (CDMA-based, commonly referred as simply CDMA in the US), used in the Americas and parts of Asia. Today accounts for about 17% of all subscribers globally. Over a dozen CDMA operators have migrated to GSM including operators in Mexico, India, Australia and South Korea.

· PDC (TDMA-based), used exclusively in Japan

· iDEN (TDMA-based), proprietary network used by Nextel in the United States and Telus Mobility in Canada

· IS-136 aka D-AMPS (TDMA-based, commonly referred as simply 'TDMA' in the US), was once prevalent in the Americas but most have migrated to GSM.

2G services are frequently referred as Personal Communications Service, or PCS, in the United States.

CAPACITIES, ADVANTAGES, AND DISADVANTAGES:
Capacity

Using digital signals between the handsets and the towers increases system capacity in two key ways:

· Digital voice data can be compressed and multiplexed much more effectively than analog voice encodings through the use of various codecs, allowing more calls to be packed into the same amount of radio bandwidth.

· The digital systems were designed to emit less radio power from the handsets. This meant that cells could be smaller, so more cells could be placed in the same amount of space. This was also made possible by cell towers and related equipment getting less expensive.

 Advantages

· The lower power emissions helped address health concerns.

· Going all-digital allowed for the introduction of digital data services, such as SMS and email.

· Greatly reduced fraud. With analog systems it was possible to have two or more "cloned" handsets that had the same phone number.

· Enhanced privacy. A key digital advantage not often mentioned is that digital cellular calls are much harder to eavesdrop on by use of radio scanners. While the security algorithms used have proved not to be as secure as initially advertised, 2G phones are immensely more private than 1G phones, which have no protection against eavesdropping.

 Disadvantages

· In less populous areas, the weaker digital signal may not be sufficient to reach a cell tower. This tends to be a particular problem on 2G systems deployed on higher frequencies, but is mostly not a problem on 2G systems deployed on lower frequencies. National regulations differ greatly among countries which dictate where 2G can be deployed.

· Analog has a smooth decay curve, digital a jagged steppy one. This can be both an advantage and a disadvantage. Under good conditions, digital will sound better. Under slightly worse conditions, analog will experience static, while digital has occasional dropouts. As conditions worsen, though, digital will start to completely fail, by dropping calls or being unintelligible, while analog slowly gets worse, generally holding a call longer and allowing at least a few words to get through.

· While digital calls tend to be free of static and background noise, the lossy compression used by the codecs takes a toll; the range of sound that they convey is reduced. You'll hear less of the tonality of someone's voice talking on a digital cellphone, but you will hear it more clearly.

EVOLUTION
2G networks were built mainly for voice services and slow data transmission. Some protocols, such as EDGE for GSM and 1x-RTT for CDMA2000, are defined as "3G" services (because they are defined in IMT-2000 specification documents), but are considered by the general public to be 2.5G services (or 2.75G which sounds even more sophisticated) because they are several times slower than present-day 3G services.

2.5G (GPRS)

2.5G is a stepping stone between 2G and 3G cellular wireless technologies. The term "second and a half generation"[citation needed] is used to describe 2G-systems that have implemented a packet switched domain in addition to the circuit switched domain. It does not necessarily provide faster services because bundling of timeslots is used for circuit switched data services (HSCSD) as well.

The first major step in the evolution of GSM networks to 3G occurred with the introduction of General Packet Radio Service (GPRS). CDMA2000 networks similarly evolved through the introduction of 1xRTT. The combination of these capabilities came to be known as 2.5G.

GPRS could provide data rates from 56 kbit/s up to 115 kbit/s. It can be used for services such as Wireless Application Protocol (WAP) access, Multimedia Messaging Service (MMS), and for Internet communication services such as email and World Wide Web access. GPRS data transfer is typically charged per megabyte of traffic transferred, while data communication via traditional circuit switching is billed per minute of connection time, independent of whether the user actually is utilizing the capacity or is in an idle state.

1xRTT supports bi-directional (up and downlink) peak data rates up to 153.6 kbit/s, delivering an average user data throughput of 80-100 kbit/s in commercial networks.[3] It can also be used for WAP, SMS & MMS services, as well as Internet access.

 2.75G (EDGE)

GPRS networks evolved to EDGE networks with the introduction of 8PSK encoding. Enhanced Data rates for GSM Evolution (EDGE), Enhanced GPRS (EGPRS), or IMT Single Carrier (IMT-SC) is a backward-compatible digital mobile phone technology that allows improved data transmission rates, as an extension on top of standard GSM. EDGE was deployed on GSM networks beginning in 2003—initially by Cingular (now AT&T) in the United States.

EDGE is standardized by 3GPP as part of the GSM family and it is an upgrade that provides a potential three-fold increase in capacity of GSM/GPRS networks. The specification achieves higher data-rates ( up to 236.8 kbit /s) by switching to more sophisticated methods of coding (8PSK), within existing GSM timeslots.
3G WIRELESS SYSTEMS
Difference between regular CDMA and W-CDMA:
CDMA vs WCDMA
CDMA stands for Code Division Multiple Access, which is a type of algorithm used in telecommunications to squeeze more usable channels within the same bandwidth. WCDMA is Wideband CDMA that still uses code division to divide the channels. The most major difference between CDMA and WCDMA is in the group of technology that it is grouped with. CDMA is a 2G technology and is a direct competitor to GSM, which is the most widely deployed technology. WCDMA is a 3G technology that is often used in tandem with GSM to provide both 2G and 3G capabilities within the same area of coverage. WCDMA and CDMA do not belong to the same line as the 3G technology of CDMA is called EV-DO and is the competitor to WCDMA.
As indicated by being a part of the 3G group of technologies, you can clearly see that WCDMA can offer much faster speeds and take advantage of the more recent services that cannot be found within basic 2G. WCDMA is also better suited for accessing the internet and emails compared to the very slow CDMA.

As indicated by the word wideband, WCDMA uses a much wider bandwidth than that of CDMA. WCDMA uses frequency bands that are 5Mhz wide compared to CDMA where each frequency band is only 1.25Mhz wide. Contrary to the popular belief that only the bandwidth has been changed with WCDMA, the differences between the two are much bigger as WCDMA was designed from the ground up and was not derived from the CDMA design. Despite this, both technologies still use code division to create a greater number of channels within the same given bandwidth and only the algorithms used vary and not the basic concept behind it.

Due to the much wider acceptance of GSM, a lot of telecommunications companies who had CDMA and EV-DO networks are beginning to adapt the GSM and WCDMA technology. This is to allow compatibility with the greater majority and to open up the options of their subscribers in terms of handset options.

Summary:

1. CDMA is a 2G technology while WCDMA is a 3G technology

2. CDMA and WCDMA are not used together

3. WCDMA offers much faster speeds compared to CDMA

4. CDMA uses frequency bands 1.25 Mhz wide while WCDMA uses frequency bands 5Mhz     wide.
5. The WCDMA doesn’t share the same design as CDMA

6. CDMA and its successors are being phased out in favor of GSM and WCDMA

ISSUES ON 3G WIRELESS SYSTEM

· High input fees for the 3G service licenses

· Great differences in the licensing terms

· Current high debt of many telecommunication companies, making it more of a challenge to build the necessary infrastructure for 3G

· Health aspects of the effects of electromagnetic waves

· Expense and bulk of 3G phones

· Lack of 2G mobile user buy-in for 3G wireless service 

· Lack of coverage because it is still new service

· High prices of 3G mobile services in some countries 

4G WIRELESS SYSTEM

Definition

Fourth generation wireless system is a packet switched wireless system with wide area coverage and high throughput. It is designed to be cost effective and to provide high spectral efficiency. The 4g wireless uses Orthogonal Frequency Division Multiplexing (OFDM), Ultra Wide Radio Band (UWB), and Millimeter wireless. Data rate of 20mbps is employed. Mobile speed will be up to 200km/hr. The high performance is achieved by the use of long term channel prediction, in both time and frequency, scheduling among users and smart antennas combined with adaptive modulation and power control. Frequency band is 2-8 GHz. it gives the ability for world wide roaming to access cell anywhere.

Wireless mobile communications systems are uniquely identified by "generation designations. Introduced in the early 1980s, first generation (1G) systems were marked by analog frequency modulation and used primarily for voice communications. Second generation (2G) wireless communications systems, which made their appearance in the late 1980s, were also used mainly for voice transmission and reception The wireless system in widespread use today goes by the name of 2.5G-an "in between " service that serves as a stepping stone to 3G. Whereby 2G communications is generally associated with Global System for Mobile (GSM) service, 2.5G is usually identified as being "fueled " by General Packet Radio Services (GPRS) along with GSM. In 3G systems, making their appearance in late 2002 and in 2003, are designed for voice and paging services, as well as interactive media use such as teleconferencing, Internet access, and other services. The problem with 3G wireless systems is bandwidth-these systems provide only WAN coverage ranging from 144 kbps (for vehicle mobility applications) to 2 Mbps (for indoor static applications). Segue to 4G, the "next dimension" of wireless communication. The 4g wireless uses Orthogonal Frequency Division Multiplexing (OFDM), Ultra Wide Radio Band (UWB), and Millimeter wireless and smart antenna. Data rate of 20mbps is employed. Mobile speed will be up to 200km/hr. Frequency band is 28 GHz. it gives the ability for world wide roaming to access cell anywhere.

Features:

· Support for interactive multimedia, voice, streaming video, Internet, and other broadband services
· IP based mobile system 

· High speed, high capacity, and low cost per bit 

· Global access, service portability, and scalable mobile services 

· Seamless switching, and a variety of Quality of Service driven services 

· Better scheduling and call admission control techniques 

· Ad hoc and multi hop networks (the strict delay requirements of voice make multi hop network service a difficult problem) 

· Better spectral efficiency 

· Seamless network of multiple protocols and air interfaces (since 4G will be all ?]IP, look for 4G systems to be compatible with all common network technologies, including802.11, WCDMA, Blue tooth, and Hyper LAN). 

· An infrastructure to handle pre existing 3G systems along with other wireless technologies, some of which are currently under development.
5G WIRELESS SYSTEMS

5G (5th generation mobile networks or 5th generation wireless systems) is a name used in some research papers and projects to denote the next major phase of mobile telecommunications standards beyond the upcoming 4G standards (which is expected to be finalized between approximately 2011 and 2013). Currently, 5G is not a term officially used for any particular specification or in any official document yet made public by telecommunication companies or standardization bodies such as 3GPP, WiMAX Forum or ITU-R. New standard releases beyond 4G are in progress by standardization bodies, but are at this time not considered as new mobile generations but under the 4G umbrella.

Prognosis

If a 5G family of standards were to be implemented, it would likely be around the year 2020, according to some sources. A new mobile generation has appeared every 10th year since the first 1G system (NMT) was introduced in 1981, including the 2G (GSM) system that started to roll out in 1992, and 3G (W-CDMA/FOMA), which appeared in 2001. The development of the 2G (GSM) and 3G (IMT-2000 and UMTS) standards took about 10 years from the official start of the R&D projects, and development of 4G systems started in 2001 or 2002. However, still no official 5G development projects have currently been launched.

From users point of view, previous mobile generations have implied substantial increase in peak bitrate (i.e. physical layer net bitrates for short-distance communication). However, no source suggests 5G peak download and upload rates of more than the 1 Gbps to be offered by ITU-R's definition of 4G systems.[2] If 5G appears, and reflects these prognoses, the major difference from a user point of view between 4G and 5G techniques must be something else than increased maximum throughput; for example lower battery consumption, lower outage probability (better coverage), high bit rates in larger portions of the coverage area, cheaper or no traffic fees due to low infrastructure deployment costs, or higher aggregate capacity for many simultaneous users (i.e. higher system level spectral efficiency). Those are the objectives in several of the research papers below.

Research

Key concepts suggested in research papers discussing 5G and beyond 4G wireless communications are:

· Pervasive networks providing ubiquitous computing: The user can simultaneously be connected to several wireless access technologies and seamlessly move between them. These access technologies can be 2.5G, 3G, 4G, or 5G mobile networks, Wi-Fi, WPAN, or any other future access technology. In 5G, the concept may be further developed into multiple concurrent data transfer paths.

· Cognitive radio technology, also known as smart-radio: allowing different radio technologies to share the same spectrum efficiently by adaptively finding unused spectrum and adapting the transmission scheme to the requirements of the technologies currently sharing the spectrum. This dynamic radio resource management is achieved in a distributed fashion, and relies on software defined radio.

· Internet protocol version 6 (IPv6), where a visiting care-of mobile IP address is assigned according to location and connected network.

· High altitude stratospheric platform station (HAPS) systems.

· Real wireless world with no more limitation with access and zone issues.

· Wearable devices with AI capabilities.

· One unified global standard.

The radio interface of 5G communication systems is suggested in a Korean research and development program to be based on beam division multiple access (BDMA) and group cooperative relay techniques.
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6. EVOLUTION OF CELLULAR SYSTEMS
During the 1980's, the more advanced national PTTs focused their marketing attention on providing a telephone service to mobile subscribers. The first public radio telephone nets had been introduced during the seventies, based on the cellular concept for frequency reuse. Some initial systems, often operating in the 150 MHz band, only supported operator-assisted calls without automatic handover. To provide enhanced user capacity with improved and automatic services, Sweden, Norway, Denmark, Belgium, The Netherlands, Switzerland and Austria implemented (slightly different) versions of the Nordic Mobile Telephone (NMT) system. These analogue systems all use Frequency Division Multiple Access (FDMA). The system was set up in the 450 MHz band, and was later also deployed in the 900 MHz band. At the end of the 1980's, the various versions of the NMT system had a total of nearly a million subscribers. By 1989, the analogue Total Access Communication System (TACS) had approximately 750,000 subscribers in Great-Britain. In France, the Radiocom network had about 165,000 subscribers and in Germany, the C450-network (NETZ-C) had another 165,000 subscribers. In the US, the Advanced Mobile Phone System (AMPS) and American Radio Telephone System (ARTS) had a total of 2 million subscribers in 1988.

The GSM digital cellular telephone net was introduced in Europe in the 900 MHz band in the early 1990's. The acronym GSM originally stood for "Groupe Special Mobile" but later the name "Global System for Mobile communication" was adopted. The system employs Time Division Multiple Access (TDMA) of 8 subscriber signals per channel. The channel bit rate is 270.8 kbit/s and Gaussian Minimum Shift Keying (GMSK) is used. The system is suited for voice communication as well as for circuit-switcheddata communication.

In the US, the IS54 digital cellular concepts proposes a channel bit rate of 48.6 kbit/s, using pi/4 Differential Quadrature Phase Shift Keying (DQPSK) modulation on a 830 MHz carrier. A TDMA access scheme with three subscribers on each channel is proposed to ensure compatibility with the 30 kHz frequency spacing used for existing AMPS analogue networks. Voice is coded into 8 kbit/s, and including error control coding and signaling the bit rate per subscriber is 16.2 kbit/s.

PERSONAL COMMUNICATIONS
Personal Communication Services or PCS will provide broad range of radio communication services (including cordless, cellular, paging, mobile data etc.). These services free individuals from the constraints of wireline PSTN and enable them to communicate when they are away from their home or their office telephone.

EVOLUTION PATH
The evolution of wireless went as follows:

	Generation:
	1
	2
	2.5
	3

	Cordless
	CT1
	CT2, DECT
	converge with cellular PCS
	

	Cellular
	AMPS, NMT
	GSM, D/E-AMPS, ADC, JDC
	Cellular Based PCS, 2.5G
GPRS, IS-95C, HSCSD, EDGE
	UMTS, IMT-2000

	Mobile data:
	Mobitex
	converge with cellular PCS
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Cellular and cordless converge into future systems, such as UMTS.
THIRD GENERATION
3G widely uses CDMA technology. Licenses for 3G networks have been auctioned in many countries in 2000. Mobile Internet, particularly based on the WAP protocol, is seen by many as the driving market factor.

FOURTH GENERATION
4G systems are intended to provide a very "open architecture" to allow flexible introduction of new features, services and business models. Augmented reality is one of the topics of interest.

MOBILE RADIO GENERATION

Enhanced Radio Access Technologies for Next Generation Mobile Communication presents a comphrenhensive overview of the latest technology developments in the field Mobile Communications. This monograph focuses on the fundamentals of mobile communications technology and systems, including the history and service evolution of mobile communications and environments. Further to this, CDMA technology including spread spectrum, orthogonal and PN codes are introduced. Other important aspects include fundamentals of single carrier CDMA technologies, DS CDMA, Broadband CDMA with frequency domain equalizer, and multi-carrier CDMA technology for high speed data transmission including MC-DS/CDMA, MC-CDMA. Finally aspects of modern cellular systems such as cdma2000/1xEv-Do/1xEv-Dv and WCDMA/HSDPA are introduced and existing and developing wireless data services, such as Wi-Fi, Bluetooth, UWB, WiBro/Mobile WiMAX, and digital broadcasting services like DVB, DMB, ISDBT are described.
6.1 COMPARISON BETWEEN 3G AND 4G

3G is currently the world’s best connection method when it comes to mobile phones, and especially mobile Internet. 3G stands for 3rd generation as it  is just that in terms of the evolutionary path of the mobile phone industry. 4G means 4th generation. This is a set of standard that is being developed as a future successor of 3G in the very near future.

The biggest difference between the two is in the existence of compliant technologies. There are a bunch of technologies that fall under 3G, including WCDMA, EV-DO, and HSPA among others. Although a lot of mobile phone companies are quick to dub their technologies as 4G, such as LTE, WiMax, and UMB, none of these are actually compliant to the specifications set forth by the 4G standard. These technologies are often referred to as Pre-4G or 3.9G.

4G speeds are meant to exceed that of 3G. Current 3G speeds are topped out at 14Mbps downlink and 5.8Mbps uplink. To be able to qualify as a 4G technology, speeds of up to 100Mbps must be reached for a moving user and 1Gbps for a stationary user. So far, these speeds are only reachable with wired LANs.

Another key change in 4G is the abandonment of circuit switching. 3G technologies use a hybrid of circuit switching and packet switching. Circuit switching is a very old technology that has been used in telephone systems for a very long time. The downside to this technology is that it ties up the resource for as long as the connection is kept up. Packet switching is a technology that is very prevalent in computer networks but has since appeared in mobile phones as well. With packet switching, resources are only used when there isinformation to be sent across. The efficiency of packet switching allows the mobile phone company to squeeze more conversations into the same bandwidth. 4G technologies would no longer utilize circuit switching even for voice calls and video calls. All information that is passed around would be packet switched to enhance efficiency.

Summary:

1. 3G stands for 3rd generation while 4G stands for 4th generation

2. 3G technologies are in widespread use while 4G compliant technologies are still in the horizon

3. 4G speeds are much faster compared to 3G

4. 3G is a mix of circuit and packet switching network while 4G is only a packet switching network

	Major requirement
driving architecture
	3G
(Including 2.5G, Sub3G)
	4G

	
	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 (IPv6)


CHAPTER 7
HISTORY OF MOBILE PHONES
7. HISTORY OF MOBILE PHONES
The history of mobile phones records the development of interconnection between the public switched telephone systems to radio transceivers. From the earliest days of transmitting speech by radio, connection of the radio system to the telephone network had obvious benefits of eliminating the wires. Early systems used bulky, high power consuming equipment and supported only a few conversations at a time, with required manual set-up of the interconnection. Today cellular technology and microprocessor control systems allow automatic and pervasive use of mobile phones for voice and data.

The transmission of speech by radio has a long and varied history going back to Reginald Fessenden's invention and shore-to-ship demonstration of radio telephony, through the Second World War with military use of radio telephony links. Mobile telephones for automobiles became available from some telephone companies in the 1950s. Hand-held radio transceivers have been available since the Second World War. Mobile phone history is often divided into generations (first, second, third and so on) to mark significant step changes in capabilities as the technology improved over the years.

First generation: Cellular networks

The technological development that distinguished the First Generation of mobile phones from the previous generation was the use of multiple cell sites, and the ability to transfer calls from one site to the next as the user travelled between cells during a conversation. The first commercially automated cellular network (the 1G generation) was launched in Japan by NTT in 1979. The initial launch network covered the full metropolitan area of Tokyo's over 20 million inhabitants with a cellular network of 23 base stations. Within five years, the NTT network had been expanded to cover the whole population of Japan and became the first nation-wide 1G network.



 Analog Motorola DynaTAC 8000X Advanced Mobile Phone System mobile phone as of 1983.
The next 1G network to launch was the Nordic Mobile Telephone (NMT) system in Denmark, Finland, Norway and Sweden in 1981.[17] NMT was the first mobile phone network to feature international roaming. The Swedish electrical engineer Östen Mäkitalo started work on this vision in 1966, and is considered to be the father of the NMT system, and by some the father of the cellular phone itself. The NMT installations were based on the Ericsson AXE digital exchange nodes.
Several other countries also launched 1G networks in the early 1980s including the UK, Mexico and Canada. A two year trial started in 1981 in Baltimore and Washington DC with 150 users and 300 Motorola DynaTAC pre-production phones. This took place on a seven tower cellular network that covered the area. The DC area trial turned into a commercial services in about 1983 with fixed cellular car phones also built by Motorola. They later added the 8000X to their Cellular offerings. A similar trial and commercial launch also took place in Chicago by Ameritech in 1983 using the famous first hand-held mobile phone Motorola DynaTAC.

 
AT&T's 1971 proposal for Advanced Mobile Phone System (AMPS) was approved by the FCC in 1982 and frequencies were allocated in the 824–894 MHz band.Analog AMPS was superseded by Digital AMPS in 1990.

 
In 1984, Bell Labs developed modern commercial cellular technology (based, to a large extent, on the Gladden, Parelman Patent), which employed multiple, centrally controlled base stations (cell sites), each providing service to a small cell area. The sites were set up so that cells partially overlapped and different base stations operated using the same frequencies with little or no interference.

 Vodafone made the UK's first mobile call at a few minutes past midnight on 1 January 1985.

 
The technology in these early networks was pushed to the limit to accommodate increasing usage. The base stations and the mobile phones utilised variable transmission power, which allowed range and cell size to vary. As the system expanded and neared capacity, the ability to reduce transmission power allowed new cells to be added, resulting in more, smaller cells and thus more capacity. The evidence of this growth can still be seen in the many older, tall cell site towers with no antennae on the upper parts of their towers. These sites originally created large cells, and so had their antennae mounted atop high towers; the towers were designed so that as the system expanded—and cell sizes shrank—the antennae could be lowered on their original masts to reduce range.

Second generation: Digital networks



  Two 1991 GSM mobile phones with several AC adapters 

In the 1990s, the 'second generation' (2G) mobile phone systems emerged, primarily using the GSM standard. These differed from the previous generation by using digital instead of analog transmission, and also fast out-of-band phone-to-network signaling. The rise in mobile phone usage as a result of 2G was explosive and this era also saw the advent of prepaid mobile phones.
 
In 1991 the first GSM network (Radiolinja) launched in Finland. In general the frequencies used by 2G systems in Europe were higher than those in America, though with some overlap. For example, the 900 MHz frequency range was used for both 1G and 2G systems in Europe, so the 1G systems were rapidly closed down to make space for the 2G systems. In America the IS-54 standard was deployed in the same band as AMPS and displaced some of the existing analog channels.


 
Coinciding with the introduction of 2G systems was a trend away from the larger "brick" phones toward tiny 100–200g hand-held devices. This change was possible not only through technological improvements such as more advanced batteries and more energy-efficient electronics, but also because of the higher density of cell sites to accommodate increasing usage. The latter meant that the average distance transmission from phone to the base station shortened, leading to increased battery life whilst on the move.

Third generation: High speed IP data networks and mobile broadband

 
As the use of 2G phones became more widespread and people began to utilize mobile phones in their daily lives, it became clear that demand for data services (such as access to the internet) was growing. Furthermore, experience from fixed broadband services showed there would also be an ever increasing demand for greater data speeds. The 2G technology was nowhere near up to the job, so the industry began to work on the next generation of technology known as 3G. The main technological difference that distinguishes 3G technology from 2G technology is the use of packet switching rather than circuit switching for data transmission. In addition, the standardization process focused on requirements more than technology (2 Mbit/s maximum data rate indoors, 384 kbit/s outdoors, for example).

The first pre-commercial trial network with 3G was launched by NTT DoCoMo in Japan in the Tokyo region in May 2001. NTT DoCoMo launched the first commercial 3G network on October 1, 2001, using the WCDMA technology. In 2002 the first 3G networks on the rival CDMA2000 1xEV-DO technology were launched by SK Telecom and KTF in South Korea, and Monet in the USA. Monet has since gone bankrupt. By the end of 2002, the second WCDMA network was launched in Japan by Vodafone KK (now Softbank). European launches of 3G were in Italy and the UK by the Three/Hutchison group, on WCDMA. 2003 saw a further 8 commercial launches of 3G, six more on WCDMA and two more on the EV-DO standard.

 
During the development of 3G systems, 2.5G systems such as CDMA2000 1x and GPRS were developed as extensions to existing 2G networks. These provide some of the features of 3G without fulfilling the promised high data rates or full range of multimedia services. CDMA2000-1X delivers theoretical maximum data speeds of up to 307 kbit/s. Just beyond these is the EDGE system which in theory covers the requirements for 3G system, but is so narrowly above these that any practical system would be sure to fall short.

 
The high connection speeds of 3G technology enabled a transformation in the industry: for the first time, media streaming of radio (and even television) content to 3G handsets became possible, with companies such as Real Networks and Disney among the early pioneers in this type of offering.

 
In the mid 2000s an evolution of 3G technology begun to be implemented, namely High-Speed Downlink Packet Access (HSDPA). It is an enhanced 3G (third generation) mobile telephony communications protocol in the High-Speed Packet Access (HSPA) family, also coined 3.5G, 3G+ or turbo 3G, which allows networks based on Universal Mobile Telecommunications System (UMTS) to have higher data transfer speeds and capacity. Current HSDPA deployments support down-link speeds of 1.8, 3.6, 7.2 and 14.0 Mbit/s. Further speed increases are available with HSPA+, which provides speeds of up to 42 Mbit/s downlink and 84 Mbit/s with Release 9 of the 3GPP standards.

 
By the end of 2007 there were 295 million subscribers on 3G networks worldwide, which reflected 9% of the total worldwide subscriber base. About two thirds of these were on the WCDMA standard and one third on the EV-DO standard. The 3G telecoms services generated over 120 Billion dollars of revenues during 2007 and at many markets the majority of new phones activated were 3G phones. In Japan and South Korea the market no longer supplies phones of the second generation.

 
Although mobile phones had long had the ability to access data networks such as the Internet, it was not until the widespread availability of good quality 3G coverage in the mid 2000s that specialized devices appeared to access the mobile internet. The first such devices, known as "dongles", plugged directly into a computer through the USB port. Another new class of device appeared subsequently, the so-called "compact wireless router" such as the Novatel MiFi, which makes 3G internet connectivity available to multiple computers simultaneously over Wi-Fi, rather than just to a single computer via a USB plug-in.

 
Such devices became especially popular for use with laptop computers due to the added portability they bestow. Consequently, some computer manufacturers started to embed the mobile data function directly into the laptop so a dongle or MiFi wasn't needed. Instead, the SIM card could be inserted directly into the device itself to access the mobile data services. Such 3G-capable laptops became commonly known as "netbooks". Other types of data-aware devices followed in the netbook's footsteps. By the beginning of 2010, E-readers, such as the Amazon Kindle and the Nook from Barnes & Noble, had already become available with embedded wireless internet, and Apple Computer had announced plans for embedded wireless internet on its iPad tablet devices beginning that Fall.

 Fourth generation: All-IP networks

 
By 2009, it had become clear that, at some point, 3G networks would be overwhelmed by the growth of bandwidth-intensive applications like streaming media. Consequently, the industry began looking to data-optimized 4th-generation technologies, with the promise of speed improvements up to 10-fold over existing 3G technologies. The first two commercially available technologies billed as 4G were the WiMAX standard (offered in the U.S. by Sprint) and the LTE standard, first offered in Scandinavia by TeliaSonera. One of the main ways in which 4G differed technologically from 3G was in its elimination of circuit switching, instead employing an all-IP network. Thus, 4G ushered in a treatment of voice calls just like any other type of streaming audio media, utilizing packet switching over internet, LAN or WAN networks via VoIP.

CHAPTER 8
FUTURE SCOPE AND ENHANCEMENT
8. FUTURE SCOPE AND ENHANCEMENT
Wireless systems becoming an important infrastructure in our society. A virtual global system is a good solution that can efficiently connect many dedicated wireless systems including 2G to 4G cellular systems, wireless LAN, broadcasting systems, etc.
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