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Abstract:
The success of wireless communications for voice applications is evidenced by the sale of 400 billion GSM cell-phones every year worldwide. Wireless telephony has changed the way we live, work, and play. The emergence of the Internet in the last decade changed the way we share information with each other, be it via email or through web browsing. Today, all forms of information are available in digital formats, such as digital speech, digital audio, digital images, digital video, and of course digital text. The next revolution in our lives will be access to broadband digital content -anytime and anywhere. This paper investigates and analyzes technological trends in wireless telecommunication. Also, it will shed some light on the future and challenges facing the progress in this fascinating technology. 
Introduction:
I. The Fundamentals of Wireless Communications
a) Principles of Wireless Communications:
Radio, or the use of radiated electromagnetic waves, is the only practical way of communicating with people or vehicles that move around on land, on the sea, in the air, or in outer space. It is the use of electromagnetic waves that permits the transmission and reception of information over a distance without the use of wires.
In principle, radio communications is a relatively straightforward process. At the transmitting or sending end, the information to be sent (e.g., a voice signal) is imposed on a locally generated radio frequency (RF) signal called a carrier. The process of imposing the information signal on the carrier is called modulation. This carrier signal, along with the information signal imposed on it, is then radiated by an antenna. 

At the receiving end, the signal is picked up by another antenna and fed into a receiver where the desired carrier with the imposed information signal is selected from among all of the other signals impinging on the antenna. The information signal is then extracted from the carrier in a process referred to as demodulation. Thus modulation of the carrier wave occurs at the transmitter and demodulation occurs at the receiver. 

b) Types of Signals and More Details on Modulation:
There are two basic types of signals:  Analog and Digital Signals.
An Analog signal is a signal that varies continuously between a maximum and minimum value. Examples of analog signals include the human voice or other measurable values in the physical universe. 
A Digital signal, in contrast, at a given instant of time takes one of a limited set of values called a symbol. A sequence of such values or symbols can be used to represent a number or alphabetical characters. Examples of digital signals include the presence or absence of a current pulse on a wire or a light pulse on a fiber optic cable. A communications system can be either analog or digital (or a combination of the two) that is, the information can be transmitted in either the analog or digital form within the network itself.
Modulation: The trend in wireless systems is toward digital systems and the use of advanced forms of digital modulation. Digital systems have a number of important advantages including the fact that digital signals are more immune to noise and, unlike analog systems, even when noise has been picked up, any resulting errors in the digital bit stream can be detected and corrected. Moreover, digital signals can be easily manipulated or processed in useful ways using modern computer techniques. 

In a digital system, the analog signal is digitized in an analog-to-digital converter to make it compatible with digital transmission. At the receiving end, the analog signal is reconstructed from the sequence of bits that describe the amplitude of the signal at each instant of time. Thus, in a digital cellular system, for example, a voice signal is first converted into a digital signal and is then carried over digital transmission facilities that employ one of the advanced forms of digital modulation of the carrier wave.

c) Multiple Access and Duplexing Techniques:
Multiple Access: There are different ways of dividing up the spectrum and providing users access to it in   an organized way.
1) FDMA: In Frequency Division Multiple Access (FDMA), the available spectrum is divided into non-overlapping slots in the frequency dimension. These frequency slots or channels are then put into a pool and assigned to users on either a manual or automated basis for the duration of their particular call. For example, a 150 kHz block of spectrum could be divided into 6 channels or frequency slots each 25 kHz wide. Such an arrangement would allow six simultaneous conversations to take place.

2) TDMA: In Time Division Multiple Access (TDMA), the available spectrum is divided into non-overlapping time slots in the time dimension. These time slots or channels are then put into a pool and assigned to users for the duration of their particular call. For example, a 150 kHz of spectrum would be divided into recurring groups (frames) of six time slots. The six time slots facilitates six conversations each take turns using the available capacity. 
3) CDMA: A Code Division Multiple Access (CDMA) is both a modulation and an access technique that is based upon the spread-spectrum concept. A spread-spectrum system is one in which the bandwidth occupied by the signal is much wider than the bandwidth of the information signal being transmitted. In spread spectrum systems, multiple conversations simultaneously share the available spectrum in both the time and frequency dimensions. Hence, in a CDMA system, the available spectrum is not channelized in frequency or time as in FDMA and TDMA systems, respectively. Instead, the individual conversations are distinguished through coding; that is, at the transmitter, each conversation channel is processed with a unique spreading code that is used to distribute the signal over the available bandwidth. The receiver uses the unique code to accept the energy associated with a particular code. In this way, many conversations can be carried simultaneously within the same block of spectrum. 

Duplexing: In many, if not most, communication systems, it is desirable to be able to communicate in both directions at the same time. This system characteristic, which is known as full-duplex operation, is desirable because it lets one party in a voice conversation interrupt the other with a question or one device to immediately request a retransmission of a block of information received in error during a data communications session. There are two basic ways of providing for full-duplex operation in a radio system. By far the most common is to assign two different frequency slots per conversation -- one for transmitting and one for receiving. By separating the slots sufficiently in frequency, filters (say in the portable radio) can be used to prevent the transmitted information from interfering with the simultaneously received information. Thus, in many land mobile radio bands, a channel actually consists of two frequency slots -- one for each direction of transmission in a full-duplex conversation. This arrangement is called Frequency Division Duplexing (FDD). 

Another much less common means of achieving full-duplex operation in the digital world is through what is called Time Division Duplexing (TDD). In TDD, a single channel is used with each end taking turns transmitting. Each end sends a burst of information and then receives a burst from the other end. As in the case of the TDMA access technique, this process is repeated rapidly enough that the end user does not perceive any gaps or delays in what is heard. To the end user it appears as a true full-duplex connection. 
d) Types of Services
The land mobile market can be divided into four traditional segments serving four different applications. These four segments or applications are (a) one-way paging or messaging, (b) two-way dispatch, (c) two-way mobile/portable telephone, and (d) two-way data or messaging. Understanding these different applications is important from a technological perspective because they all have different requirements.
II. Modern Wireless Systems and Trends

In this section I will describe new and evolving wireless telecommunications systems that are being developed and deployed to take advantage of recent advances in hardware and software elements used in wireless systems
1. Paging

There are three major technological advances associated with radio paging systems -- the deployment of vast regional, national, and even international networks, the development and deployment of higher speed signaling techniques; and the development and deployment of two-way paging systems. 

The deployment of paging systems covering large geographic areas has been made possible by the development of high-capacity terminals capable of controlling a large number of widely dispersed transmitters employing single or multiple frequencies and, often, offering a selection of coverage areas. Signals in nationwide and regional systems may be distributed from the central site containing the terminal to each market over satellite or terrestrial transmission facilities. In so-called "satellite" paging, signals are transmitted via satellite to very small aperture terminals (VSATs) located in each market served. 
Another major advance in paging systems is the development and deployment of systems with protocols that operate at much higher speeds. The development of high-speed paging protocols and voice compression are now allowing providers to offer voice paging on an efficient basis, while eliminating the need for operators to transcribe voice messages into alphanumeric messages. 

2. Two-way Mobile Data

A fundamental advantage of mobile data systems is that they offer a much higher effective information transfer rate than voice systems. Two-way voice dispatch and cellular mobile radio systems can be used for transmitting data messages by using modems and a "dial-up" connection. However, since these systems were optimized for voice communications, they are subject to limitations when used for sending data. Not only must the modem contend with a much more hostile channel with time varying characteristics such as multipath distortion, signal fading, noise, and interference, but also with mobile/portable customer equipment that contains special circuitry that enhances voice performance but constrains or complicates data handling. Modem manufacturers have responded to the growing interest in using analog cellular systems for data communications by developing modems containing special protocols aimed at overcoming or at least minimizing these problems. There are often difficulties associated with connecting the modem to the mobile/portable unit. This is because the physical and electrical interfaces to the mobile/portable unit are not standardized and, in some cases at least, may not even contain desired electrical connections. In any event, the use of circuit switched systems is not efficient for handling "bursty," computer data where the integrity of the data is critical to the service or application. In certain respects, these two-way data systems can be looked at as extensions of the specialized packet switched networks that have evolved using terrestrial transmission facilities. 
In these specialized systems, the message to be sent is divided up into smaller units of information called packets. Each packet includes the address of the person or equipment to which the message is directed as well as extra bits that are used to detect errors in transmission. In contrast to circuit switching used for voice services, in packet switching there is no full-time direct connection between the two ends of the connection. Instead, these packets are sent from node-to-node through the network in store-and-forward fashion and, at the receiving end, the individual packets are reassembled into the original message. 
In a packet switched, two-way mobile data system, the region to be covered is divided up into small areas or cells, each served by a base station transceiver and associated antenna equipment. These cells are then interconnected to the fixed network using wireline or other facilities. The over-the-air signals are sent digitally and because channels with paired frequency slots are utilized, full duplex is possible. 

Another interesting advancement in the provision of two-way mobile data services is the development and deployment of the Cellular Digital Packet Data (CDPD) system by portions of the cellular industry. These systems, which as the name imply use the packet data approach just described, are overlaid on existing analog cellular networks in such a way that they can utilize a portion of the existing cellular infrastructure. The packetized data transmission occurs either during normal gaps in the usage of the cellular channels for voice communications or on separate cellular channels that have been set aside for such purposes. The CDPD system allows the carrier to exploit economies of scope or integration while providing customers with a wide coverage, packet data communications capability or a combination of normal cellular voice services and packet data services within a single device. 
3. Two-way Dispatch

Major developments in the systems for providing two-way dispatch have occurred in the multichannel trunked radio systems. The early trunked systems offered greatly improved dispatch services by providing disciplined access to channels and much greater spectral efficiency. Subsequent developments in trunked systems include the use of more powerful signaling techniques, virtually unlimited addressing capabilities, smooth integration of dispatch and interconnected mobile telephone service, and multi-site networking capabilities. 

The combination of greater addressing capabilities and more powerful signaling, for example, allows the creation of different communications groups among the units that comprise a customer's fleet. Thus, a dispatcher at a company that owns cement trucks and sand and gravel trucks can, at his or her option, communicate with the entire fleet, subfleets consisting of just the sand trucks, gravel trucks, or field supervisors, or, on a private basis, with individual units. Moreover, using high-speed signaling, the network can be dynamically reconfigured, thus creating what is often referred to as a software defined network. The ability to reconfigure networks dynamically is especially useful in emergency or other abnormal circumstances where field resources need to be redeployed to fit a particular circumstance. 

Another major trend in trunked radio systems, like in telecommunications networks more generally, is the movement toward digital rather than analog transmission. Digital transmission has a number of advantages such as, for example, the ease of providing different services on a common platform. But a principal impetus for the use of digital rather than analog transmission in radio systems is that, when it is combined with voice compression and more efficient modulation techniques, it allows multiple voice conversations to be carried in the same frequency slot that formerly carried a single analog voice conversation. Typically this is done using the TDMA techniques described earlier, although FDMA and CDMA techniques are being deployed as well. 
4. Two-way Mobile Telephone

Major developments in systems for the provision of wireless telephony have occurred on four fronts. First, in response to reduced regulatory restrictions and for other reasons, trunked, two-way dispatch systems have improved significantly in their ability to provide wireless telephone services. Second, due to rapid growth in the number of subscribers, evolving competition and other factors. Third, the FCC has reallocated and assigned a large block of new spectrum in the 1.9 GHz region for the provision of Personal Communication Services --including mobile/portable telephone services. Fourth, there have been significant technological developments in cordless telephones and related devices using unlicensed spectrum -- including additional unlicensed spectrum in the 1.9 GHz region. 

5. Unlicensed Two-way Data

Broadly speaking two-way wireless data communications can be divided into two categories. The first is the wide-area data systems of the type described in Section IV.B. The second category is local data systems that provide service over a more limited area such as an office, factory, or campus. These local systems are referred to as wireless Local Area Networks (LANs). Wired LANs have grown extremely rapidly in recent years as a way of interconnecting personal computers for, among other things, the exchange of electronic mail, the sharing of peripheral equipment such as printers and high-speed modems, and accessing large centralized files. 

Wireless LANs, like wireless KTSs/PBXs in the voice world, allow more mobile employees (e.g., warehouse workers) to be connected into the organization's wired network and reduce the costs of moving employees from place to place within the business complex. There are a number of commercial products available today that operate in the unlicensed band in the 900 MHz region as well as other unlicensed bands near 2.4 and 5.7 GHz. Typically these systems employ packet techniques and some form of spread spectrum as the modulation and access technique. Efforts are now underway to create standards for wireless LANs. 

Because of the wider bandwidths available and the frequency reuse that is possible with the short ranges involved, much higher data rates are possible than on the wide area, two-way wireless data systems described previously. As noted earlier, the FCC has allocated 10 MHz of spectrum in the 1.9 GHz region for unlicensed data applications and, due at least in part to certain interference issues in that band, has indicated a willingness to reallocate other spectrum for wireless LAN and similar applications. 

Recent advances and future trends:

A. Communicating Anytime, Anywhere, and in Any Mode

There seems to be a wide acceptance of the notion of being able to communicate anywhere, anytime and in any mode. This notion of course, encompasses not only the wireline networks but, by necessity, wireless networks as well. Certainly this notion is consistent with technological, marketplace, standards-making, and policy/regulatory trends that are evident even today. For example, it is consistent with the medium term trends toward improved coverage, integrated service provision, and improved functionality. Software programmable radios allows a subscriber unit to adapt its modulation, multiple-access method, and other characteristics to be able to communicate with a wide range of different systems and more efficiently support diverse voice, data, image and video requirements. Likewise, a single base station unit is able to adapt its characteristics to support older generations of subscriber equipment while retaining the ability to support future developments through software changes. Thus, even current trends support the notion of the user being able to communicate anywhere, anytime and in any mode using the most efficient and economic means available. 
B. Extending Multimedia and Broadband Services to Mobile Users

It has been widely observed that once people experience and get used to certain computer or communications services or capabilities in the office or at home, they soon want the same service or capabilities while they are away from those locations. This phenomenon is readily observable in personal computers where features and functions available on desktop systems quickly migrate to laptop computers that users can carry with them. Providing for the electronic transport of multimedia services is a challenging one because of the inherent differences in voice, data, image and video traffic as explained earlier. In the wireline network, a clear trend is towards the use of the asynchronous transfer mode (ATM) as a flexible format for handling, on the one hand, a mix of realtime, interactive, delay-sensitive traffic such as two-way voice and, on the other hand, non-realtime, less interactive, nondelay-sensitive traffic such as electronic mail. Multimedia traffic is also characterized by both continuous bit rate sources and variable bit rate sources. Examples of continuous bit rate sources include low-speed digital voice and high-speed digital video. Examples of variable bit rate or "bursty" sources include data files and digital images downloading wherein the need for capacity is not continuous or constant but, rather, varies from zero, when no information is requested, to very high, when the download of a file or image has been requested from the source. 

Extending multimedia and bandwidth on demand capabilities into the wireless environment presents a number of challenges. For example, ATM in the wired network has been based upon the availability of broadband, high-quality, low error rate transmission links (e.g., fiber optic cable based links) and the assumption that the end terminals remain connected to a fixed port on the network. In the mobile, wireless world, available bandwidths (and, hence, transmission rates) are typically limited by spectrum scarcity. In addition, a mobile terminal that is connected to one port on the network one minute may be connected to another one the next. 

From the user's perspective, the program will strive to ensure that current mobile services are extended to include multimedia and broadband services that access to services are made without regard to the underlying networks, and that convenient, lightweight, compact, and power-efficient terminals adapt automatically to whatever air-interface parameters are appropriate to the user's location and desired services. 
C. Embedded Radios

There is also a long-term trend toward, for want of a better term, embedded radios. This trend is comparable to the trend in microelectronics that is resulting in computer chips being installed in such ordinary items as automobiles, washing machines, sewing machines and other consumer appliances, and office equipment. They are even being installed in humans in the form of pacemakers and heart monitors. These devices are less visible than personal computers, computer workstations, and mainframe computers, but their impact on everyday life is significant nevertheless. 

There is a less developed but comparable trend in radio devices as well. For example, small radio transmitters are being placed in key chains, and the transmitter is used to communicate with a small receiver in a vehicle so that its doors can be unlocked remotely. Also, small Global Positioning System receivers are being placed in other devices such as laptop computers so that the location of the device can be pinpointed. Similarly, small two-way radio devices are being placed in laptop computers or Personal Digital Assistants (PDAs) to enable them to communicate via the two-way paging systems or cellular-based CDPD systems described earlier. It has even been reported that vending machine operators are considering putting microprocessors and small two-way radio devices in their machines so that they can automatically report when they are out-of-service, are out of a particular product, have a full coinbox, or are being physically abused. This means that, in the long term, radio communications devices will increasingly be placed or embedded in other equipment just as computer chips have been placed in such ordinary items as consumer appliances. This will bring not only computer power to such equipment, but communications power as well. 

Conclusions:

This paper provides an introduction to the underlying principles of wireless telecommunications and briefly describes four types of services that have been provided on modern wireless networks -- one-way paging, two-way dispatch, two-way mobile telephone, and two-way mobile data. Also, it gives a brief description of the Modern wireless telecommunications technology and services including improved coverage and universal roaming, increased integration of services, increased network based functionality, increased functionality of end user equipment, and improved spectrum efficiency. 
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