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1. Introduction

Wireless communications have been an integral part of our lives since the discovery that electric signals can be transmitted through air. Marconi made this discovery in 1895, for which he earned a Nobel Prize. The 19th century thus saw the birth of wireless communications in the form of telegraphy or radio. Today, we subconsciously use wireless technologies for daily mundane tasks, such as cooking with microwaves, opening garage doors, unlocking cars, making cell phone calls, watching TV, listening to the radio and using  ‘hotspots’ to log on to the internet from our favorite coffee shops. The list of wireless applications is endless and fast growing. The past decade has seen the exponential growth in the adoption of technologies for voice and data transfer.  Technologies such as CDMA, GSM, Wi-Fi, and Bluetooth have met with resounding success, and more powerful technologies, such as UMTS and WiMAX are emerging. Globally, we are moving towards a wireless environment where geographical boundaries are rapidly vanishing. 


This paper has three main objectives. The first is to provide insight into the science behind wireless technology. Basic principles of wave transmission, the electro- magnetic spectrum, modulation, and signal characteristics are explored. The second objective is to discuss the technologies that are on the horizon. Specifically, 3G cellular technology and WiMAX are examined in terms of their technical characteristics. The third objective is to discuss the potential impact of their adoption on the current market scenario.  

2. Wireless Communications: A Tutorial

Every wireless technology has its own space on the Radio Spectrum. While wired communication has physical constraints that allow networks to be isolated from each other, wireless communication channels are separated on the basis of frequency allocation. Therefore, different frequency bands in the Radio Spectrum are apportioned for different purposes
. The Radio Spectrum is part of a larger Electro Magnetic (EM) Spectrum encompassing Microwaves, Infra Red, Visible light, X-Rays and Gamma Rays in addition to Radio Waves. These waves can be distinguished by means of their wavelength, frequency and energy.[image: image1.png]Coato ) (o) (e () Qo) (my) (Comor)
10 107 1 107 10° 10° 10" 107 107
Wavlengtn ncentimotrs

@*@ﬁé e

Buidings  Humans nmyam Pinnoad  Protazbans toms



[image: image2.jpg]


 Radio waves have the longest wavelength in the EM Spectrum. At any given time, there are thousands of radio signals emissions around us – TV broadcasts, AM and FM radio broadcasts, cell phone conversations, police and fire radios, GPS signals etc., but at the heart of it, radio is a very simple technology.  


A signal transmission is comprised of the carrier frequency and the signal. The signal is the data or voice transmitted over the rhythmically varying (sinusoidal) carrier wave.
 This is accomplished by superimposing the signal on the carrier, known as modulation. Modulation schemes work by varying the value of one of the three primary attributes of the sine wave – the amplitude, frequency or phase. Consequently, modulation techniques include amplitude shift keying (ASK), frequency shift keying (FSK) and phase shift keying (PSK). The signal is encoded onto a sine wave and radiated by a transmitter through an antenna, then captured and decoded by a receiver through another antenna. Though the description of the mechanism has been simplified, this is how a device as simple as baby monitors and as complex as cell phones or HDTV function. Cell phones are more sophisticated because they are full duplex, i.e. they use different frequencies to enable talking and listening at the same time, have more channels and possess a larger range. Signals such as those for HDTV make use of satellite dishes for transmission and reception which allow for compression and encryption of signals.


One way of classifying wireless devices is by their range of operation
. Line-of-sight or short range wireless devices have the transmitter and receiver of the signal in visual contact of each other. Baby monitors, garage door openers, car alarms, cordless computer peripherals such as keyboards, mice and printers, cordless phones and remote controlled airplanes are some examples of limited range communication devices. Devices such as TVs use Infra-red (IR) instead of radio waves, but work on the same principle. The major difference between IR and radio devices is that IR is just below the visible spectrum and uses light, which cannot penetrate walls or work around corners like radio waves can. This is why a TV channel cannot be changed from a different room. 


In order to keep different remotes from interfering with each other, for example, to prevent your garage opener from working on your neighbor’s garage and your TV remote starting up your DVD player, a digital coding system is used to uniquely identify each unit. The transmitter contains a digital circuit which creates a binary code. The receiver unit decodes the code and checks it against that set by the user. Only when the frequency and the code match, the control mechanism, be it the garage door motor or the car lock, is activated. There is a very ‘remote’ chance that the frequency and the code of your garage door opener will match those of your neighbors and hence device interference is not common. 
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Higher range wireless communications, discussed below, are further differentiated as Wireless Personal Area Networks (WPAN), Wireless Local Area Networks (WLAN) and Wireless Wide Area Networks (WWAN). 

WPAN
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Wireless PANs have a range of up to 100 feet. Bluetooth is a well known standard in WPANs that allows data transmission between devices such as cellular phones, PDAs, notebooks and desktop computers through short-range radio waves. Bluetooth operates in an unlicensed band
 used by other devices such as 802.11 networks, baby monitors, garage door openers, microwaves etc., and an access technology known as the Frequency Hop Spread Spectrum (FHSS) is used to avoid interference [17]. The basic idea behind the FHSS is hopping over different channels, or frequencies, in different time slots. Hence if the transmission of a signal over one channel is compromised due to interference, the retransmission over a different channel will ensure that the signal reaches the receiver. 

WLAN
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Wireless LANs are commonly used for wireless data access across computers via an access point. A single access point, commonly called a ‘hotspot’, can usually reach a range of up to 300 feet. Wi-Fi, short for Wireless Fidelity, is a set of standards for WLANs based on the IEEE 802.11 specifications, commonly used today to access the internet through wireless enabled computers and PDAs in proximity of a hotspot. Wi-Fi also uses the unlicensed radio spectrum 2.4 GHz band that does not require any regulatory approval. As mentioned earlier, this has the disadvantage that it allows for interference and hence the need for encryption to ensure access security. This lack of consistency worldwide results in the absence of standards for authorization, number of channels etc. Since the 2.4 GHz spectrum is crowded with other devices (Bluetooth, microwave ovens, cordless phones and video sender devices, among many others) Wi-Fi has the added risk of degradation in performance. Degradation is also seen (up to as much as fifty percent) when multiple WLANs operate close to each other, for example, in order to provide “blanket coverage” in large buildings like universities or corporate offices
. In summary, networks that do not require a license are faced with the issues of interference, security and performance degradation.  
WWAN

Wireless WANs
 are primarily used for voice or data transfer over distances up to 20 miles via a mobile phone service provider. The technology enables high quality voice transfer and longer range data transfer, albeit at the cost of speed. WWANs allow connection for users in transit away from a network infrastructure. 

In 1934 the US Congress created the Federal Communications Commission (FCC) to manage part of the radio spectrum [19]
. Lower frequencies on the radio spectrum are used to transfer voice, due to the longer distance they can travel. Revisiting basic physics, this is because attenuation of the signal increases with the square of the frequency. Hence, a 100 Hz wave will travel four times the distance of a 400 Hz wave to attain the same attenuation. (This is the reason why lower frequency AM radio channels can be heard over longer distances than higher frequency FM radio channels) In mobile telephony, a ‘channel’ or a pair of frequencies are used – one for transmitting and one for receiving at the same time. Since there are only a finite number of usable frequencies, there is considerable crowding of operators on the lower end of the radio spectrum. Regulation by the FCC has helped control designation of the frequencies and consequently WWANs fall under regulated air space. 


Mobile phone providers divide cities into ‘cells’; thus the name “cellular telephony.” The city can be thought of as a grid of hexagonal areas that are the cells, each being approximately 10 square miles. Each cell has its own base station which consists of a tower and a small shelter of building housing the radio equipment. Cell phones can be used over a wide area by simply switching between these cells [18]. A central office handles switching to land-based lines and controls base stations. A provider is typically allocated about 800 frequencies to use in a city. Cell phones and base stations use low-power transmitters and hence the frequencies can be reused in non-adjacent cells. In figure 5, the two darker cells can reuse the same frequency. Common technologies used in mobile telephony for traffic regulation include Frequency Division Multiple Access (FDMA), Time Division Multiple Access (TDMA) and Code Division Multiple Access (CDMA). These demonstrate different ways in which multiple users can utilize each cell. FDMA allocates a different frequency for each call, TDMA assigns each call a certain time period on a frequency and CDMA associates each call with a unique code, allocating it over different available frequencies. While FDMA is primarily used for analog transfer, 

the other technologies support digital transmission
. The Global System for Mobile communications (GSM) technology basically uses the TDMA technology, implementing encryption to secure the calls. GSM is the international standard in Australia, Europe, and much of Asia and Africa. It operates on the 900 MHz and 1800 MHz frequencies and utilizes Subscriber Identification Module (SIM) cards which store all user data and connection information, and is handset-independent. In the US, GSM runs on the 1900 MHz and the 850 MHz bands which are not compatible with the international system. However, dual- , tri- and quad-band phones available today allow for switching between operating frequencies when traveling internationally
. 

3. The next leap

The exponential growth of the wireless market has fuelled the development of wider, faster and more powerful technologies. While BlueTooth, Wi-Fi, GSM and CDMA dominated the past decade, new technologies are poised to replace them and change the wireless landscape. Wireless connectivity is the buzzword in both voice and data transfer. While new cellular technologies are moving beyond the second generation in the area of voice transfer, WiMAX is the new catchphrase in wireless broadband data connectivity. 

Voice Transfer

CDMA and GSM belong to what is commonly called the second generation, or 2G. 2.5G networks feature packet-based transfer, allowing the use of the infrastructure only when a transaction is required. In contrast, earlier systems maintained facilities in a session-like fashion
 which was inefficient. Another feature of 2.5G is that the systems are always on. Hence, a cell phone can receive content or services without the user having to manually evoke them. This has enabled mobile commerce and Location- Based Services (LBS), thus expanding the cellular phone market beyond voice transfer. GPRS (General Packet Radio Service), EDGE (Enhanced Data Rates for GSM Evolution) and HSCSD (High Speed Circuit Switch Data) are examples of 2.5G technologies. 2.5G systems are essentially technological upgrades to standard GSM mobile networks which increase data transmission speeds (and therefore capacities) and efficiency. These technologies provide a link between 2G and 3G.

3G systems aim to provide a global mobility with wide range of services including telephony, paging, messaging, Internet and broadband data. Also called UMTS or Universal Mobile Telecommunications System, 3G systems use new data transmission standards and operate at a different part of the spectrum range to 2G networks. Wideband CDMA (W-CDMA) is a type of 3G cellular network. While the 2G CDMA referred to the multiplexing scheme to share connections on the same spectrum, W-CDMA features a complete set of specifications, a detailed protocol defining mobile phone communication with the tower, signal modulation, datagrams (packets for data transfer) structure, etc. As a result, 3G/UMTS is designed to provide an integrated solution for mobile voice and data communication over a wide area with theoretical speed of up to 2 Mbps. The Third Generation Partnership Project (3GPP) is a group working on universally standardizing 3G networks. W- CDMA has been commercially launched by companies such as Vodafone, T-Mobile, Orange and Cingular AT&T in Japan, UK, Australia and most of Europe [3]. Cingular is the first carrier to have introduced UMTS in 6 cities in the US in July 2004 [4] and offers download speeds of 220-320 kbps. It “simulates an in-office experience” by allowing response to emails, downloading large attachments and accessing corporate networks, intranets and client-server applications [10]. There are several products available in the market supporting multiple technologies. For example, the HP iPAQ Pocket PC h6300 supports GSM/GPRS, WLAN as well as BlueTooth, enabling high-speed wireless voice and data connectivity [5]. 

Data Transfer

WiMAX, short for Worldwide Interoperability for Microwave Access, is the technology on the horizon for data transmission. WiMAX is based on the IEEE 802.16 specification and is a wide-area broadband technology designed to increase the scale of operation connecting cities. The 802.16 specification covers both the Physical (PHY) and Media Access Control (MAC) layers
 for fixed systems employing a Point-to-Multipoint (PMP) architecture operating between 2 and 66 GHz. It is capable of transmitting network signals up to 30 miles with shared data access rates of up to 70 Mbit/sec. (Wi-Fi has a theoretical capacity of 54 Mbit/sec). Intel Centrino mobile technology helped Wi-Fi gain popularity as a wireless technology
 and we see hotspots in places like homes, offices, cafes and airport lounges. The technology, however, faces some limitations, the foremost being that it is primarily designed for indoor use and is incapable of passing through obstructions. Some cities, such as Philadelphia, have implemented Wi-Fi in what’s knows as a Beehive configuration, where overlapping hotspots enable wireless coverage over several blocks
, but this faces the problems of interference and degradation. WiMAX, on the other hand is designed as a MAN and can beam broadband internet in a radius of up to 20 miles through trees, buildings or other topography.  In Houston, for instance, a tower operating from atop Williams Tower would theoretically almost reach Katy in the West, Aldine in the North, Pasadena in the East and, Pearland in the South. Thus homes and businesses within this range can all be connected through a single broadband wireless signal. The aim of WiMAX is to provide wireless access over greater distances, at higher speeds, for a larger number of users and at a lower cost than wired solutions.


WiMAX consists of two standards- a fixed wireless technology and a mobile standard (IEEE 802.16e). The latter could provide broadband wireless access in vehicular or moving environments. The present focus is on deploying the fixed-based technology. Intel is playing a significant role in creating a large market for WiMAX by helping with the standardization process and bringing in economies of scale. By 2009, the WiMAX market is estimated to be anywhere between $3 billion to $5 billion. WiMAX is predicted to be a viable alternative to DSL and cable for broadband access at home as well as a successor to Wi-Fi. It will also enable connectivity to non-serviced or under-serviced areas such as rural regions. Another prediction is that WiMAX will merge with 3G technologies and subsume cellular phone technology due to bigger bandwidth. A foreseeable advantage of WiMAX is that since a single tower is needed to service a big area, maintenance and security would be required for just that one site to keep the network operational. In the recent disaster at New Orleans due to hurricane Katrina, the loss of communications was attributed to the falling of cellular phone towers and flooding of wired systems. In such a scenario, it might have proved more feasible to quickly repair one WiMAX tower to revive communications.  


One possible hindrance to swift WiMAX adoption it is that it will require tower site acquisition and other investments in network infrastructure including high-gain antennas– investments often already made in cellular infrastructure. However, given the market trend, there appears to be sufficient support for WiMAX. Though WiMAX has not been commercially deployed as yet, stakeholders are preparing for its launch. For example, Wavesat Inc., a Principal member of the WiMAX Forum is a developer of WiMAX broadband wireless network chips and development tools. Wavesat has released the first WiMAX chip in the world, and offers silicon solutions to allow system manufacturers and operators to deploy WiMAX fixed wireless networks now, and transition to wireless WiMAX 802.16e mobility technology in the future [1]. Wavesat completed the first series of technical courses and workshops on WiMAX technology, operation, planning and deployment. Over 25 customers and partners from 10 countries gathered in Montreal in July of 2005 for a four-day, hands-on, WiMAX training covering the architectures for both subscriber and base stations. Another company, ADAPTIX [2], is one of the first to focus on wireless WiMAX. The company has demonstrated mobile WiMAX capabilities in its GMC Yukon Denali, where it simultaneously receives mobile Voice over IP calls (VoIP), streaming video content such as feature-length movies and the transfer of large files, at throughput of up to 2.5 Mbps traveling at vehicular speeds through the coverage area. 


Intel, working with Siemens Business Services and Alvarion, have successfully conducted a trial of pre-standard WiMAX in Houston County, Georgia
. A single base station was able to provide over 200 square miles of broadcast broadband coverage while maintaining high throughput. The technology was also shown to be feasible as the gear used to beam the signal cost under $20, 000. It was estimated that to obtain the same throughput with wired technology would require an investment in the millions. 


Intel also was a sponsor at the Sundance Film Festival in Utah where they, along with its partners Alvarion and Mountain Wireless demonstrated the capabilities of WiMAX [20.] . Using a 55 mile point-to-point wireless backhaul network from Salt Lake City to Park City, Utah, a feature-length film was streamed over the internet for the first time to a live audience at a remote ski-lodge. The image quality of the streamed film was indistinguishable from that shown in a commercial theatre. 

4. The overlap

It is evident that the boundary between data and voice transfer is diminishing. WiMAX, born from data transmission systems, is capable of real-time voice communication through VoIP and 3G cellular phone services that support high-speed data transfer. This complicates the market scenario where firms that were in separate markets now find themselves competing. The trend has given rise to new alliances, such as that between ‘voice company’ Vonage and WiMAX provider TowerStream, which unveiled its combined internet access and voice service package in New York City, Los Angeles, Chicago, San Francisco, Boston, and the greater Providence and Newport, Rhode Island, area in August 2005 [11]. 


Maravedis, an analyst group, said that the sub-11 GHz broadband wireless market has grown from $430 million in 2003 to $562 million in 2004, a 30% increase. The firm projects that the market will exceed $2 billion by the end of 2009. The firm sees the problem to be that the equipment costs of WiMAX will compete with those of more advanced 3- and 4G wireless systems, providing similar bandwidth by 2010. At that point, the two technologies will compete on price alone. A separate report by Pyramid Research also concluded that WiMAX will be threatened by mobile wireless broadband, and vice versa. They also predict that wireless WiMAX will capture a small percentage of mobile broadband users [6]. 


Other analysts, however, maintain that the two technologies will complement, rather than compete with each other.  The WiMAX mobile standard (802.16e) is still under development and the soonest Intel’s 802.16e chipset is predicted to be commercially available is in the first half of 2007. Pre-standard products of the fixed-based technology (802.16) have already been deployed in some cities [7]. A possible scenario is that by the time the mobile version of WiMAX is available in high volumes at affordable cost, a 3G/ Wi-Fi combination will have captured the wireless ecosystem. 3G has the advantage of being well-established, with installation costs already borne, and Wi-Fi is expected to capture a market of $6.2 billion worldwide by 2008 [8]. Also, services unique to WiMAX are yet to be developed and consumers, who already have 3G technology available on their cell phones and are already familiar with Wi-Fi, are therefore, perhaps, resistant to make the switch. These considerations indicate that WiMAX will complement 3G while trying to compete with Wi-Fi, and both will either compete with, or complement traditional broadband services [9]. 

5. Conclusion

Advantages of a wireless environment are being noticed by the corporate world. Round-the-clock connectivity through wireless email [15], mobility, and lower cost-of-ownership as compared to wired LAN hardware are just some of the tangible benefits for companies [14]. Companies are looking at how to integrate Knowledge Management (KM) systems into wireless handheld devices to take advantage of the popularity and technological sophistication of mobile devices for knowledge capture and sharing [16]. To be able to “assemble and deliver contextually relevant information to the process point that needs it” [21] defines the power of mobile KM. Benefits of mobile KM can be envisioned in the fields of marketing, sales, customer service, engineering, and anywhere that information needs to be accessed real-time. 



Location-based systems (LBS) are now available that employ the functionality of 3G networks to transmit rich content at high speed to hand held devices. FCC’s E911 mandate, which requires carriers to provide the location of callers issuing a 911 call, can be seen as a form of location-based service
. LBS may also provide a new platform for marketing by providing consumers with location-specific marketing information, for example, providing information about shopping and eating options to tourists visiting Houston’s Galleria. New applications that take into account location information can be developed to enhance a customer’s experience. For example, a theatre patron visiting Houston can get information such as show times, venue, distance from his hotel to the venue, ticket price, a trailer of the show etc. all on his cell phone.


WiMAX opens the possibility to connect remote areas that cannot be reached through conventional methods. Wired solutions prove to be expensive and current wireless solutions lack the range to reach areas that are beyond certain limits. In particular, rural areas, or sparsely populated areas away from big cities face the problem of limited connectivity. With the successful deployment of WiMAX, these areas will have broadband access and form new markets. 


Wireless broadband transmission with high throughput allows for new avenues in content distribution. The experiment by Intel and the Sundance Film Festival is an example of how the film industry can employ wireless technologies effectively to distribute movie content. It is easy to envisage how this ability can be used in the engineering industry when rich data needs to be transmitted to locations such as construction sites, supplier or customer locations, or to subcontractors. 


Aside from redefining a work environment from the office to anywhere-you-are, wireless communications offer mobile social networks that have gained popularity.  Due to globalization and today’s fast paced life, increasingly more users have a ‘virtual’ social life rather than a real one. The demand for smart, cool-looking gadgets that allow connectivity and applications such as SMS (Short Messaging Service) and MMS (Multimedia Messaging Service) is very high. Online communities such as Friendster.com (a community of 17 million people), are going wireless to increase their network [13]. 


With increasing investment on behalf of the governments, standardization organizations and major companies, the wireless trend is definitely here to stay. While it is still unclear how the market dynamics of the wireless industry will change in the next few years, it is apparent that the growth of the industry will continue to rise and predictions that telecommunications is heading towards a fully wireless environment [12] are not surprising. In keeping with the connectivity trends, it seems imperative that companies start looking at redefining their operations to adapt to a mobile ecosystem where data and voice are ubiquitously accessible. 
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Figure 5: A cellular grid








� For more information about the Radio Spectrum see � HYPERLINK "http://electronics.howstuffworks.com/radio-spectrum.htm" ��http://electronics.howstuffworks.com/radio-spectrum.htm� and � HYPERLINK "http://www.fcc.gov/oet/spectrum/" ��http://www.fcc.gov/oet/spectrum/�


� A carrier wave is a high frequency waveform which is modified, or modulated, to represent information to be transmitted. Higher frequency waves travel further, and hence a carrier wave is used to transmit information through radio signals. � HYPERLINK "http://en.wikipedia.org/wiki/Carrier_wave" ��http://en.wikipedia.org/wiki/Carrier_wave� provides more information on carrier waves. 


� Wireless technologies can also be classified based on their applications as Voice vs. Data connectivity technologies. 


� The FCC has allocated three large radio frequency bands, known as the ISM bands, for use without a license. The bands include 902-928 MHz, 2400-2483.5 MHz and 5725-5850 MHz. Devices operating in these bands are required to be low-powered to reduce interference. All short-range domestic use devices, WPANs, and WWANs typically operate in the ISM bands. 





� For more information on issues concerning unlicensed wireless transfer see � HYPERLINK "http://www.wi-fiplanet.com/columns/article.php/877001" ��http://www.wi-fiplanet.com/columns/article.php/877001�


� These are also referred to as Metropolitan Area Networks, or  MANs.


� For more information on the history of cellular telephony see � HYPERLINK "http://www.affordablephones.net/HistoryMobile.htm" ��http://www.affordablephones.net/HistoryMobile.htm�





� Digital transfer uses exactly the same principle of radio transmission. It differs from analog transfer in that it can compress and manipulate the signal to fit more channels within a given bandwidth. More processing power is needed to convert analog voice to a digital signal, compress it by clever encoding and modulation schemes and then convert it back to analog at the receiver. Today, processing power is easy to harness even in small gadgets like cell phones.





� For more information on dual, tri and quad band cell phones see � HYPERLINK "http://www.thetravelinsider.info/roadwarriorcontent/quadbandphones.htm" ��http://www.thetravelinsider.info/roadwarriorcontent/quadbandphones.htm�


� In conventional telephony, network resources are held for the entire duration of the call, or session. 


� IEEE needed to develop new specifications for the physical and access layers in order to ensure robustness and quality of service for non line-of-sight (NLOS) high-speed internet [22]. 


� Estimates by research firm In-Stat/MDR (� HYPERLINK "http://www.instat.com/" ��http://www.instat.com/�  ) indicate that Wi-Fi hardware revenue went up from $700 million to $1.7 billion between 2002 and 2003.


� Wireless Philadelphia Executive Committee website: � HYPERLINK "http://www.phila.gov/wireless/index.html" ��http://www.phila.gov/wireless/index.html�


� Press release: � HYPERLINK "http://www.itweb.co.za/office/intel/0406180854.htm" ��http://www.itweb.co.za/office/intel/0406180854.htm�


� For more information about the FCC’s E911 mandate visit � HYPERLINK "http://www.fcc.gov/cgb/consumerfacts/wireless911srvc.html" ��http://www.fcc.gov/cgb/consumerfacts/wireless911srvc.html�











