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A. The Internet Industry

1. The Internet Industry Overview

During the cold war in 1969, in the government’s desire to develop a communications network sturdy and reliable enough to survive a nuclear attack, the U.S. Department of Defense (DOD), in conjunction with a number of military contractors and universities, developed a system called ARPANET (named after its Pentagon sponsor--Advanced Research Projects Agency Network). Even after the cold war, the ARPANET project was continued simply because the DOD, its contractors, and the universities found that this system provided a very convenient way to communicate.

For the first 10 years that the ARPANET was in existence, it was primarily use for electronic mail, computing, support for online discussion groups or simply to chitchat. It allows access to distant databases and transfer files between government agencies, companies and universities.

In 1973, the U.S. Defense Advanced Research Projects Agency (DARPA) initiated a research program to develop a faster, more efficient means of information exchange using ARPANET’s existing communications network. This is known as  “Internetting” and the system of networks that emerged from the research was known as the "Internet” (short for Internetworking).  But Internet use did not really take off until the early 1990s when a program called the World Wide Web (www) was invented at CERN, a Switzerland-based institute for particle physics, which made it easier for the common Internet surfer to find, read, browse, exchange and view online information from the Internet. With the growing popularity of the Internet and the World Wide Web, high-tech computers have been introduce to the consumers to keep pace with the ever-changing demands in technology. This is when the Internet evolution began. 

From the Internet’s pioneer four network stations, to 327 million Internet surfers all over the world. Half of the world’s population is clicking away on the great Information Superhighway and the numbers are expanding rapidly and significantly. Let us face it, the Internet is the gateway to the future; the next best thing since man’s discovery of fire! The Internet’s growth is spectacular and almost ferocious. Why do millions of people want to be part of the Internet? Three words: freedom, bargain and positive utter curiosity. It is cheaper than calling long distance. It is a powerful and effective way for people to communicate and market their products and services. It is readily available to learn and enjoy and in principle, any computer user can talk to any computer user around the globe and exchange information by simply following the TCP/IP protocols or the “computer format” which is very technical and not socially, politically or culturally restraining. 

The problem with the Internet technology is access overloading. Internet traffic surges and the Internet technology become more elaborate (3D, high-definition, real-time video, graphics and audio streaming are in demand) thereby requiring more data capacity. Access overloading congests and slows down Internet access. The need for High Speed Internet Access has prompted the government to continuously upgrade the Internet backbone to be fifty times faster than the fastest network available today. The U.S. National Science Foundation’s NSFNET, developed in 1986, is one of the major existing backbone communication service for the Internet. With its 45 megabit per second capacity, the NSFNET carries greater than 11 billion information packets per month between the networks it links. The National Aeronautics and Space Administration (NASA) and the U.S. Department of Energy contributed additional backbone facilities in the form of the NSINET and ESNET. Various consortium networks, research and educational institutions, and the federal and state governments of the United States and of different countries provide additional Internet backbone support. However, the most significant source of Internet connection is none other than the booming industry of Internet Service Providers (ISP).

 
There are currently 1.8 million high-speed Internet subscribers all over the United States and this should grow to 3.6 million by the end of 2000. 
 More than 25 million US households will have high-speed access by 2004.The 2004 projected market distribution of high-speed access providers are as follows:

Cable Modem- 






46%

DSL (Digital Subscriber Line)-




40%
 

Wireless Broadband / Other ISP-




14%


Analysts say Internet traffic could be ten times the current level in a few years’ time as the number of Internet subscribers continue to grow possibly at a rate of 25% per year.  Sophisticated new applications will come online which will require larger bandwidth and the demand for bandwidth could be up to 200 times today’s demand by 2005. Internet users will suffer bottleneck problems when accessing the Internet and in 2003, due to unreliability of Wired Internet access. Cable Modem subscribers will drop down to 7.7% while DSL connection subscribers will decrease to 4.4%.

2. Cable Modem Technology

The most common and probably the cheapest source of Internet connectivity is Cable Modem. Cable Modems are devices that are attached to the cable TV network in a home.  This broadband technology is being driven by cable companies to provide services beyond the traditional broadcast cable TV such as Internet access, which is one of the disadvantages of Cable Modem since there are no ISPs to choose from. Cable networks are broadcast-oriented, with each subscriber sharing bandwidths with the rest of the subscribers. One big problem with shared bandwidths is security. There are still some cable modem systems in existence that do not encrypt /filter traffic within the local cable loop, which cause congestion problems. Cable networks are hierarchical in nature and thus require two paths for an upstream and downstream process. A 3- 7 cable-mile connectivity allows Internet access of up to 3 to 10 Megabits per second maximum downstream direction (from the network to the computer) and 10 Megabits per second for upstream connection (from computer to the network).  There are three types of Cable Modems:

· 1-way Cable Modem uses TV cable for downstream (receive) and a telephone modem for upstream (transmit).

· 2-way Cable Modem uses the TV cable for both upstream and downstream.

· 3-way Cable Modem has an automatic switch feature that uses either the TV cable or telephone modem to transmit data, and is more expensive than the 1-way and 2-way Cable Modem.

Typically, a cable modem sends and receives data in two different ways. In the downstream direction, Internet data is modulated and transmitted with bandwidths somewhere between 42 Megahertz to 750 Megahertz at realistic speeds between 3-10  Megabits per second. The upstream data is transmitted between 5 and 40 Megahertz, which would allow for speeds up to 10 Megabits per second. Realistically, upstream optimum speed is between 200 Kilobytes to 2 Megabits per second only. Both upstream and downstream signals are place on a 6 Megahertz channel adjacent to the TV signals so the cable video signals would not be disturbed. The problem with Cable Modems is that it tends to be a noisy environment, with lots of interference from HAM radio, CB radios, impulse noise from home appliances, and more interference brought about by loose connectors or poor cabling. Since cable technology is made up of tree and branch networks, all this noise gets added together as signals travel upstream, combining and increasing interference, which would slow down data transfers. Installation wise, the burden of installing and activating a subscriber’s Internet connectivity is placed on the cable company technician, which will most likely bring the modem to the subscriber’s home, install the modem and the necessary software.

3. Analog Modem Technology

Analog Modem makes use of the Plain Ordinary Telephone Service (POTS) networks available by allowing Internet digital data to flow over the telephone company’s already analog network by simply converting the signals from analog-to-digital at the source, and digital-to-analog at the destination exchange. It is probably the cheapest Internet connectivity available, however, analog modems are limited to the voice bandwidth that the telephone company lines provide which is at 56 Kilobytes per second and is limited to that bandwidth thus limiting data amount that maybe encoded and send reliably through this network. 

4. ISDN Technology

Integrated Services Digital Network (ISDN) is an all-digital telecommunications network that integrates systems like telephone network, Internet systems and cable television into one standard set of user interfaces.  ISDN transmits and receives data at speeds of 64 to 128 Kilobytes per second. There are three types of ISDN:

· B.R.I (Basic Rate Interface) line can transfer data at speed of up to 128 Kilobytes per second.

· P.R.I (Primary Rate Interface) line can transfer data at speeds up to 1.5 Megabits per second.

· Broadband ISDN (the next generation of ISDN) offers speeds from 150 to 600 Megabits per second.

ISDN technology requires the phone company to install services within their phone switches to support this digitally switched connection service. Roll out of this service initially got off to a slow start and stalled by astronomic telephone company service costs and lack of standards. ISDN is still susceptible to line noise, interference, and poor connections. Although ISDN technology is available in most areas, Internet connectivity would not be able to keep up with image files and audio-video streaming media and other data that are very bandwidth intensive since the speed the technology offers is a minimal 1.5 Megabits per second sans the 10% increase in error. The installation of an ISDN data connection for a residential subscriber is a very complicated process. ISDN installation requires careful integration of the telephone company service, the terminal adapter, the computer system, and the software. 

5. Digital Subscriber Line (DSL) Technology

This technology uses the copper pair wiring or existing telephone cabling infrastructure that exists in every office and home. DSL utilizes more of the bandwidth on copper phone lines than what is currently use for plain old telephone service (POTS). Special DSL hardware is attached to both the user and switch ends of the copper wire to allow data transmission at far greater speed than the standard phone wiring and almost equivalent to T1 connection at less cost. DSL provides data transmission speeds of up to 1.5 Megabits per second. It has an “always on” connection so you have Internet access 24/7 and there is no need to dial up to your ISP every time you want to go on-line. DSL technologies will use greater range of frequencies over the cable than traditional telephone services, which in turn allow for greater bandwidth with which to send and receive information. Residential DSL rates range from $7 to $360 per month while Business DSL rates run from $19.95 to $1,399 per month. Infrastructure wise, it would cost a subscriber around $5,000 dollars to set up a DSL backbone. No wonder Internet infrastructure spending is expected to quadruple to USD 1.5 trillion by 2003 and the technology is still limited to the copper wire capacity.

There are several forms of DSL, which are best categorized within the modulation methods used to encode transmitted data. Below is a brief list of some of the known types of DSL available:

· ADSL
Asymmetric Digital Subscriber Line (ADSL) is the most popular form of DSL technology. The current Internet applications are asymmetric in nature, meaning the downstream channel has a much higher bandwidth allocation than the upstream channel. Image files, audio-video streaming media, graphics and programs are very bandwidth intensive in the downstream direction, which ADSL will provide with higher speed path the upstream speeds. Downstream speed ranges from 1.5 to 9 Megabits per second and upstream speeds range from 64 Kilobytes per second to 1.5 Megabits per second. Top ADSL speeds are a lot faster than T1.

· ADSL Lite
It uses the same ADSL modulation scheme, but eliminates the POTS splitter at the customer premises. The result is a lower available bandwidth due to greater noise interference because instead of using the POTS, ADSL signal is carried over all of the house wiring. 

· Ether Loop
It is a proprietary technology known as Ethernet Local Loop. It combines DSL techniques with an Ethernet technology. EtherLoop modems will only generate high frequency signals when something is being send. The rest of the time, the technology will be using low frequency management signals with speeds ranging between 1.5 megabits per second to 10 Megabits per second depending on line quality and distance limitations.

· HDSL

High Bit-Rate Digital Subscriber Line (HDSL) is used as a substitute for a T1 line. It uses a pulse amplitude modulation on a 4-wire loop that allows data transmission over distances up to 12,000 feet without the need of transmitters. Data communications rates of up to 1.544 Megabits per second is provided.

· IDSL

It is a combination of ISDN and DSL technology using a 2B1Q line coding and typically provides data transfer rates of 128 Kilobytes per second.

· RADSL

Rate Adaptive Digital Subscriber Line (RADSL) is a proprietary modulation standard that uses carrier-less amplitude and phase modulation. Line conditions and signal to noise ratio (SNR) determine the downlink rate with which the uplink rate is dependent on.

· SDSL

Symmetric Digital Subscriber Line (SDSL) is a 2-wire implementation of HDSL. It supports a T1 line on a single pair to a distance of 11,000 feet. SDLS speed is the same as a T1 connection.

· VDSL

Very High Bit-Rate Digital Subscriber Line (VDSL) is proposed for shorter local loops to 3,000 feet at data rates exceeding 10 Megabits per second.

DSL technology is not available in many areas because of distance from a Central Office or because the local telephone companies have not yet introduced this product. Since DSL speeds vary, some subscribers would prefer the fix speed of an ISDN or a T1 connection.

6. T1 Technology

T1 technology is a high-speed digital network developed by AT&T in 1957 that uses long-haul pulse-code modulation (PCM). It revolutionized the digitized voice and data technology, both inter-office and intra-office, and serves as an alternative to cable modems for data transport. The T1 hierarchies based on network speeds are as follows:

· T-1 provides a network speed of 1.544 megabits per second and is designed for 24-channel voice circuits.

· T1-C operates at 3.152 Megabits per second

· T-2 carries 96 voice channels or one Picturephone channel and provides speeds of up to 6.213 Megabits per second.

· T-3 operates at 44.736 Megabits per second

· T-4 operates at 274.176 Megabits per second.

From a single T-1 cable, several applications and specific equipments can be applied to such as DACS (a device that splits one T-1 line to two trunks. One for an active channel and one for a reserved channel); D4 Channel Bank (allows T-1 lines to be used as 24 separate and distinct voice channels); PBX (T-1 line is used to bring in as many phone lines as possible through a digitized technique and tie lines between PBXs account for many private T-1 network applications);  CSU (Channel Service Unit gives phone lines the proper termination, line protection and message handling capability); T1 Muxes (these allow transmission of data, image and voice for many different sources of a single network link); T-Extenders (which are actually repeaters); and T-Driver (converts data to a T1 data stream).

Like any other wired technology, T-1 lines require complex and costly cabling and connectors to maximize the technology.

7. Fiber Optics Technology 

Fiber Optics forms the backbone of the global communications systems. These remarkable strands of glass, each thinner than the human hair yet stronger than steel, carry vast amounts of data transmitted via laser beam technology at speeds ranging from 45 Megabits per second to 5 Gigabits per second. This technology is a strategic partner of all existing ISPs. Fiber Optic terminal equipments are just too costly to be installed for residential home use. 

8. Wireless Technology

Wireless access technology is based either from a satellite TV service provider or via a cellular phone network. Wireless systems can service a relatively large amount of subscribers on a broad geographical location. Bandwidths can be either asymmetrical or symmetrical and bandwidth frequencies can range from a few kilobytes to three-digit megabits per second. 

9. Wireless Local Area Network

A wireless local area network (LAN) is a flexible data communications network that is an alternative, or perhaps a substitute to the wired LAN. Using radio frequency technology, wireless LANs receive and transmit data over the air, thus, eliminating the need for wired connections. Wireless LAN combines high-speed data connectivity and user mobility at the same time. 
Wireless portal sites have just arrived on the Internet but user numbers are set to skyrocket to nearly 25-milllion by 2006. The Strategis Group predicts there will be 300,000 wireless portal users by the end of this year, 5.7 million by 2002 and 14.5 million by 2004. Today, there are 7.4 million wireless Internet subscribers all over the United States, according to a new report from IDC Research. 

B. The Product – Wireless Internet

The heart of the Wireless Internet System consists of a Spread Spectrum Radio Transceiver. To be more precise, it is a Direct Sequence Spread Spectrum Radio Transceiver. The following address the merits and theory of Wireless Data Transmission technology. 

1. Background

Spread Spectrum Communication Technology was cloaked in secrecy for many years as a result of being the primary form of high-security communications used by the U.S. Military. However, in the past several years this unique technology was made available for commercial use.

Spread Spectrum was slow to develop in the commercial arena due to its complexity and cost. However, the recent availability of the integrated circuit chip sets that greatly reduces the cost and the required design time brought this technology into the consumer market.

The Federal Communications Commission (FCC) has allocated several frequency bands that can be used without the need of obtaining a radio station license if certain equipment specifications are meant. Transmitters are limited to very low Radio Frequency (RF) power output which yields an effective communication range of only a few hundred feet for use as garage door openers, car door locks etc. However, the FCC had the wisdom to realize the merits of Spread Spectrum Technology and Authorized Stations using this form of communications to operate at higher RF power levels in the 902-928 MHz, 2400-2483.5 MHz and 5725-5850 MHz bands. The combination of higher RF power output coupled with new antenna developments can yield communication systems with ranges up to several miles.

2. Advantages

The following are the advantages of the Spread Spectrum System Technology over conventional radio communications systems: 

· Provides secure voice and data communication due to the basic nature of the technology.

· Resistant to interference from other radio signals or man-made noise.

· Greater operational range compared to communications systems using conventional technologies.

· Provides efficient use of radio spectrum. Several radio systems can inhabit the same band of frequencies without causing serious interference to each other.

·Very high data rates can be utilized in excess of 10Mbs/sec making it suitable for LANs, WLANs, Ethernet and Token Ring Applications.

Spread Spectrum is a mature technology and is widely accepted by the communications industry as a means to effectively provide secure communication links for commercial and consumer applications.

3. How it works

Spread Spectrum is a modulation technique whereby signal transmissions are made over an extremely wide band of frequencies. There are two common methods used to generate Spread Spectrum signals. One is called Frequency Hop Spread Spectrum (FHSS) and the other is called Direct Sequence Spread Spectrum (DSSS). These are the only two spreading technologies approved by the FCC for operation in the license-free frequency bands often referred to as the Industrial, Scientific and Medical (ISM) bands.

4. Frequency Hop Spread Spectrum (FHSS)

The FHSS system is easier to understand of the two FCC-approved spreading methods but the most costly to manufacture. The radio is very similar to the conventional Frequency Modulated (FM) radio except it has the capability to change radio frequency channels at a high rate of speed in a pseudo-random manner. High speed digital synthesizers and stable reference oscillators combined with very accurate synchronization schemes are required which typically increases the material cost of a FHSS radio as compared to a DSSS radio.


Figure 1.0 FHSS TX

The transmitter modulator takes the information or data to be transmitted and transforms it into a format acceptable for radio transmission. This format could consist of amplitude, phase or frequency shift or a combination of any two formats.

The transmitter carrier frequency changes (hops) in accordance with the pseudo-random code sequence. The order that the transmitter carrier changes frequency is controlled by a pre-determined code installed in the pseudo-random code generator. Unlike a conventional radio system that concentrates all of its RF power in a very narrow bandwidth, the FHSS transmitter spreads its RF power over a wide frequency range so the power density in any narrow band segment is very low which makes the signal very difficult to intercept or locate unless the receiver can track the transmitter carrier frequency changes.

As shown in Figure 1.0, the data or information to be transmitted is combined with a carrier signal in the modulator. The combined carrier signal and information side bands are fed into a mixer. A signal from the Frequency Synthesizer is also applied to the mixer and the sum of the two signals is extracted from the mixer output. The output of the mixer is filtered, amplified and applied to the transmitter antenna. The pseudo-random code generator controls the frequency of the synthesizer and as a result of the mixing process, controls the frequency of the transmitter signal radiated from the antenna.

[image: image1.png]Figure 2.0 shows a block diagram of a FHSS receiver.
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Figure 2.0 FHSS RX

All signals in the frequency band of interest are received by the FHSS receiver, amplified and applied to the input of a down-converter mixer. A signal from the output of the frequency synthesizer is also fed to the mixer and a difference signal is extracted from the mixer output. The difference signal is low in frequency compared to the antenna input signals and is referred to as the receiver IF frequency. The narrow band IF filter will only pass signals that, when mixed down, align themselves on the IF frequency.

In order to make the FHSS system work, the receiver frequency synthesizer must track the frequency synthesizer in the transmitter sending the desired signal. Therefore, an algorithm must be installed in the receiver pseudo-random code generator to provide tracking and synchronization. 

When the receiver is tracking the transmitter, a constant IF signal is produced which is demodulated and the information or data is recovered. Other unwanted signals present at the receiver antenna are not tracked, therefore they fall outside of the bandwidth of the IF filter. There are millions of code combinations available and considering the RF power is spread over a wide bandwidth, many systems can co-exist in the same band of frequencies. Occasionally an interfering signal falls within the receivers IF bandwidth, but only a small amount of information is lost and there are no significant impairments with the radio link results.

 5. FCC Rules Regarding FHSS

Spread Spectrum ISM Band systems are regulated by the FCC under Rule Part 15.247 (1) that specify minimum system parameters such as channel bandwidth, number of hops and hopping rate.

6. Direct Sequence Spread Spectrum (DSSS)

By combining a high rate binary sequence signal (PN code) with the information or data to be transmitted in some form of a balanced modulator, the phase of the transmitter RF carrier in the DSSS transmitter is shifted or modulated with a pseudo-random signal that varies at a sufficiently rapid rate to cause spectrum expansion. 

[image: image2.png]Figure 3.0 shows a block diagram of a DSSS transmitter.
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Figure 3.0 DSSS TX

The base band modulator combines the data or information with the carrier signal in a suitable transmittable form and is then fed to the balanced modulator. The pseudo-random code generator (PN), which takes on the appearance of random noise (but is not random), is combined with the composite modulated carrier in the balanced modulator. The PN signal operated at a much higher rate than the information signal rate is referred to as the "chip" rate. The digital information signal is in effect multiplied by the PN signal in the balanced modulator. This causes the DSSS signal to be spread over a bandwidth much wider than the bandwidth of the information or data signal.

Base band modulation and PN code spreading takes place at lower RF frequencies so the composite DSSS signal is converted to the 900 MHz, 2500 MHz or 5800 MHz bands. It is filtered and amplified before being fed to the transmitter antenna. The resulting signal transmitted takes on the random noise characteristics and can only be decoded by a receiver having an identical PN code generator.

[image: image3.png]Figure 4.0 is a block diagram of a typical DSSS receiver.
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Figure 4.0 DSSS RX

There are several ways to receive and demodulate a DSSS signal. The method shown in Figure 4.0 receives the DSSS signal, converts it to a lower IF frequency, provides some wide band filtering at the First IF frequency and then is mixed down again to an even  lower IF frequency. However, the second oscillator is modulated with the PN code that matches the PN code of the transmitter, which automatically de-spreads the incoming signal, which is filtered in a narrow band filter. The signal components presented to the signal demodulator are those that correspond to the PN code.

Another way to receive and process the DSSS signal is to use modern Digital Signal Processing (DSP) Technology as shown in Figure 5.0.
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Figure 5.0 DSSS RX Using DSP 

The DSP accepts the signal at the First IF frequency; does an analog to digital conversion correlating the signal to the PN code; de-spreads the signal; provides narrow band filtering and demodulates the signal.  Unwanted signals are ignored as noise because there is no PN code correlation.  In all cases, there is a close correlation between the transmitter and receiver PN codes.   

7. FCC Rules

FCC Rules for DSSS systems are found under 15.247 (2) that specify the minimum system bandwidth, average power density and minimum processing gain. 
8. Frequency Bands of Operation 
As stated earlier, there are 3 frequency bands where Spread Spectrum usage is allowed.  The 900 MHz band provides 26 MHz of bandwidth; the 2400 MHz band provides 83.5 MHz of bandwidth; and the 5800 MHz band provides 125 MHz of bandwidth. 

The faster the data rate of the information signal to be transmitted, the greater the RF bandwidth required.  The higher frequency bands provide greater bandwidth.  Connecting modern high-speed computers and networks via wireless radio links will require data rates of 10Mbs or greater.  This makes the higher frequency bands more reliable because of their greater bandwidth.  The 2400 MHz ISM band is a good compromise because its propagation losses are less than the high band and its bandwidth is greater than the low band, which allows for data rate excess of 10 Megabits per second.  In addition, mechanically, small high gain antennas can be fabricated for operation in this band of frequencies.
9. Looking Ahead

As cost-effective RF Integrated circuits become available, the 5,725 to 5,850 Megahertz bandwidth looks attractive as a means to add another 125 Megahertz of license free radio spectrum for Wireless Internet use. This band is often called the U-N 11 HyperLAN. Certain companies will provide a Spread Spectrum radio for operation in this band and is looking at technology to further increase data rates. 

C. Wireless Internet – Sample System Specifications

Radio:

Frequency:

2.400 – 2.497GHz

Modulation:

Direct Sequence Spread Spectrum

Antenna:

Diversity




Optional antennas available

Power Output:

100mW, depending on regulatory domain.

Compliance:
Operates license-free under FCC Part 15 and complies as a Class B computing Device.



Complies with ETS 300.328 and MKK standards

Ethernet:

Thin Ethernet:

IEEE 802.3
10Base2
BNC connector

Thick Ethernet
:
IEEE 802.3
DB-15 AUI connector (external Transceiver required)

Twisted Pair Ethernet:IEEE 802.3
RJ-45 connector

Physical:
Console Port:

DCE with DB9 female connector

Power Requirements:
90-264VAC/47-63Hz to/or 12-18VDC

Operating Enviroment:-20(C to 50(C (-4(F to 122(F)

C. Sample - Prices & Offerings
SOHO Package
$133 / month

· 128 Kbps – Burs table to 384 Kbps bi-directional bandwidth

· 3 Megs Website hosting

· Free e-mail accounts
Standard Package
$379 / month

· 1.0 Mbps - Burs table to 1.5 Mbps bi-directional bandwidth

· 5 Megs Website hosting

· Free e-mail accounts
Business Package I
$679 / month

· 1.5 Mbps - Burs table to 2.0 Mbps bi-directional bandwidth

· 10 Megs Website hosting

· Free e-mail accounts
Business Package II
$1,279 / month

· 2.5 Mbps - Burs table to 3.0 Mbps bi-directional bandwidth

· 10 Megs Website hosting

· Free e-mail accounts

Further upgrade to Business Packages is available and sold on the basis of $600 per 1 Mbps with a maximum of 6 Mbps. 

� Cahners In-Stat Group survey quoted from the Nua Internet Surveys’ 19 January 2000 article entitled: “Cahners In-Stat Group: Broadband Users to Grow Fivefold by 2002.”


� Strategis Group survey quoted from the Nua Internet Surveys’ 18 February 2000 article entitled: “Strategis Group: US Households Eager for High-Speed Access.”


� � HYPERLINK "mailto:Inter@ctive" ��Inter@ctive� Week Online survey quoted from the Nua Internet Surveys’ 22 February 2000 article entitled: “Inter@ctive Week Online: Bandwidth Glut Unlikely to Happen.” 


























� Strategis Group Survey quoted from Nua Internet Surveys’ 29 February 2000 article entitled: “Strategis Group: Huge Competition for Wireless Portal Market.”
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