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What Is WiMAX?WiMAX is defined as Worldwide Interoperability for Microwave Access by the WiMAX Forum, formed in June 2001 to promote conformance and interoperability of the IEEE 802.16 standard, officially known as WirelessMAN. The Forum describes WiMAX as "a standards-based technology enabling the delivery of last mile wireless broadband access as an alternative to cable and DSL".
 "WiMAX is not a technology, but rather a certification mark, or 'stamp of approval' given to equipment that meets certain conformity and interoperability tests for the IEEE 802.16 family of standards. A similar confusion surrounds the term Wi-Fi, which like WiMAX, is a certification mark for equipment based on a different set of IEEE standards from the 802.11 working group for wireless local area networks (WLAN). Neither WiMAX, nor Wi-Fi is a technology but their names have been adopted in popular usage to denote the technologies behind them. This is likely due to the difficulty of using terms like 'IEEE 802.16' in common speech and writing."
 The bandwidth and reach of WiMAX make it suitable for the following potential applications:
 Connecting Wi-Fi hotspots with each other and to other parts of the Internet. Providing a wireless alternative to cable and DSL for last mile (last km) broadband access. Providing high-speed mobile data and telecommunications services (4G). Providing a diverse source of Internet connectivity as part of a business continuity plan. That is, if
 a business has a fixed and a wireless internet connection they are unlikely to be affected by the same service outage.
 Providing Nomadic connectivity.
 WiMAX is an IP based, wireless broadband access technology that provides performance similar to 802.11/Wi-Fi networks with the coverage and QOS (quality of service) of cellular networks. WiMAX is also an acronym meaning "Worldwide Interoperability for Microwave Access (WiMAX).
 WiMAX is a wireless digital communications system, also known as IEEE 802.16, that is intended for wireless "metropolitan area networks". WiMAX can provide broadband wireless access (BWA) up to 30 miles (50 km) for fixed stations, and 3 - 10 miles (5 - 15 km) for mobile stations. In contrast, the WiFi/802.11 wireless local area network standard is limited in most cases to only 100 - 300 feet (30 - 100m).
 With WiMAX, WiFi-like data rates are easily supported, but the issue of interference is lessened. WiMAX operates on both licensed and non-licensed frequencies, providing a regulated environment and viable economic model for wireless carriers.
 At its heart, however, WiMAX is a standards initiative. Its purpose is to ensure that the broadband wireless radios manufactured for customer use interoperate from vendor to vendor. The primary advantages of the WiMAX standard are to enable the adoption of advanced radio features in a uniform fashion and reduce costs for all of the radios made by companies, who are part of the WiMAX Forum™ -
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a standards body formed to ensure interoperability via testing. The more recent Long Term Evolution (LTE) standard is a similar term describing a parallel technology to WiMAX that is being developed by vendors and carriers as a counterpoint to WiMAX.
 What is the Range of WiMAX?
 The answer to this question probably generates more confusion than any other single aspect of WiMAX. In the early days of WiMAX it was common to see statements in the media describing WiMAX multipoint coverage extending 30 miles. In a strict technical sense (in some spectrum ranges) this is correct, with even greater ranges being possible in point to point links. In practice (and especially in the license-free bands) this is wildly overstated especially where non line of sight (NLOS) reception is concerned.
 Due to a variety of factors explained in more detail in other FAQ answers, the average cell ranges for most WiMAX networks will likely boast 4-5 mile range (in NLOS capable frequencies) even through tree cover and building walls. Service ranges up to 10 miles (16 Kilometers) are very likely in line of sight (LOS) applications (once again depending upon frequency). Ranges beyond 10 miles are certainly possible, but for scalability purposes may not be desirable for heavily loaded networks. In most cases, additional cells are indicated to sustain high quality of service (QOS) capability. For the carrier class approach, especially in regards to mobility, cells larger than this seem unlikely in the near future. The primary WiMAX focused US carrier Clearwire has stated that its cell sites are planned at about 1.5 miles apart for mobile purposes. This choice is clearly one intended to meet NLOS requirements. In licensed frequencies, expect similar performance or better for WiMAX than in traditional cellular systems.
 What RF Frequencies does WiMAX work in?
 The most recent versions of both WiMAX standards in 802.16 cover spectrum ranges from at least the 2 GHz range through the 66 GHz range. This is an enormous spectrum range. However, the practical market considerations of the Forum members dictated that the first product profiles focus on spectrum ranges that offered Forum vendors the most utility and sales potential.
 The International standard of 3.5 GHz spectrum was the first to enjoy WiMAX products. The US license free spectrum at 5.8 GHz has a few WiMAX vendors building products. Licensed spectrum at 2.5 GHz used both domestically in the US and fairly widely abroad is the largest block in the US. Also, in the US and in Korea products are shipping for the 2.3 GHz spectrum range. Also in the US the 3.65 GHz band of frequencies now has WiMAX gear shipping to carriers.
 The technology appears easily extensible to lower frequencies including the valuable 700 MHz spectrum range at which the nation's largest auction (in terms of money spent) concluded in 2008. More likely near term frequencies likely to be supported include the new 4.9 GHz public safety band (sometimes described as a Homeland security band).
 The second largest block of frequencies ever auctioned (in terms of money spent) occurred in the summer of 2006 with the AWS auction from the FCC. This spectrum was split with the bulk being at 1.7 GHz and the rest at 2.1 GHz. At this point, the Forum is not expected to develop a product profile for
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this range as most licensees have announced support for LTE systems or plan to use it for existing GSM/UMTS networks.
 The physics of radio signals typically place two primary constrictions on spectrum. To generalize, the higher the spectrum frequency the greater the amount of bandwidth that can be transported---lower frequencies transport less bandwidth. Secondly, the lower the frequency the greater the carry range and penetration of a signal. For example: A 900 MHz license free radio will travel farther and penetrate some tree cover fairly easily at ranges up to one to two miles. But it can carry much less bandwidth than a 2.4 GHz signal which cannot penetrate any tree cover whatsoever, but can deliver a lot more data. The caveat that can somewhat alter this equation is power. Licensed band spectrum such as 2.5 GHz by virtue of being dedicated to one user is allotted significantly higher power levels which aids in tree and building wall penetration.
 Where did the idea of WiMAX come from?
 Much of the credit for the formation of the WiMAX Forum™ and to the founding members of the WiMAX Forum, which committed themselves early to the process of creating a collaborative standards body. As a founding member of the WiMAX Forum, Intel recognized that a well developed ecosystem was necessary to drive adoption and thereby drive lower hardware costs. Intel was also instrumental in getting other silicon chip manufacturers involved whose products would form the core of WiMAX technology.
 What factors will most greatly affect range for WiMAX products?
 Many factors affect range for any broadband wireless product. Some factors include the terrain and density/height of tree cover. Hills and valleys can block or partially reflect signals. Bodies of water such as rivers and lakes are highly reflective of RF transmissions. Fortunately OFDM can often turn this to an advantage---but not always. The RF shadow of large buildings can create dead spots directly behind them, particularly if license-free spectrums are being used (with their attendant lower power allotments). How busy the RF environment of a city or town is can greatly degrade signals---meaning that properly designed and well thought out networks are always desired.
 The physics of radio transmission dictate that the greater the range between the base station and customer radio, the lower the amount of bandwidth that can be delivered, even in an extremely well-designed network. The climate can affect radio performance---despite this there are ubiquitous wireless networks deployed today with great success in frozen Alaskan oil fields as well as lush South American and Asian climates. And increasingly WiMAX radio antenna technology coupled with the inherent advantages of OFDM/OFDMA based radios can be a major factor in range and bandwidth capability. The new multiple input multiple output (MIMO) and adaptive antenna systems (AAS) based antenna systems promise to maintain and even link connection and link budgets with much higher bandwidth than older technology.
 No two cities are exactly alike in terms of the challenges and opportunities presented. In many respects, broadband wireless remains very much an art form. However, this is also true for the cellular carriers
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most of us use daily. It can be done quite well. Mobile broadband wireless will be more difficult. Achieving high quality of service (QOS) will be easier with fixed broadband wireless. Despite all of these challenges, current broadband wireless is very effectively serving customers even in the most challenging environments.
 What is licensed Spectrum?
 All spectrum in the US and generally internationally is controlled by each country's equivalent of the FCC. In some cases and some countries portions of the spectrum are set aside for general use such as license-free networks. Part of the spectrum in most countries is controlled for military use, public safety and commercial services. Only the entities so entitled may use the frequency bands they have rights to. Considering the wide variety of International differences in other areas of public policy, radio spectrum is remarkably homogenous.
 In each country, there are portions of the spectrum set aside for commercial purposes. Some examples of this are broadcast TV spectrum in the 700 MHz range in the US recently auctioned for broadband wireless use, or PCS cellular spectrum widely licensed across the US at 1.9 GHz. In Europe and much of Asia, the 3.5 GHz spectrum range is used for broadband wireless, but not in the US. This particular spectrum range could be described as the worldwide de-facto broadband wireless spectrum due to its commonality in so many countries. In virtually all cases only the spectrum licensee can build infrastructure and offer services across its spectrum range. This allows much higher power output without interference across the band, facilitating improved QOS. In the US, the most readily usable licensed broadband wireless spectrum is at 2.5 GHz. There is also licensed spectrum at 2.3 GHz and 1.9 GHz that could be used for broadband wireless commercial service delivery.
 Among the most sought after spectrum currently available in the US (and widely available internationally also) is the 2.5 GHz range. This is very effective for the delivery of point to multi point signal to many users. The spectrum range supports robust bandwidth capability and with licensed power allotments and WiMAX technology it supports NLOS capability and far reduced or eliminated truck roll installations. Users can often self-install. There are two types of 2.5 GHz licenses. One is broadband radio service (BRS), the commercial version of the license. These licenses can be owned by commercial companies and bought and sold basically at will.
 The second is educational broadband service (EBS) which can only be owned by educational or religious type organizations with a scholastic mission. In the US, the Catholic Church is a major holder of this spectrum. These licenses can be leased for use by commercial entities. In the US, Sprint/Nextel control about seventy percent of the BRS/EBS licenses . Clearwire controls approximately another fifteen percent---with the balance held by several smaller block holders. In fact, Clearwire and Sprint concluded a deal shifting some of Clearwire's licenses in metropolitan areas to Sprint in exchange for a larger number of rural or smaller tier city licenses prior to the two companies agreeing to merge their combined 2.5 GHz assets; a deal which should close late in 2008.
 There are special rules for a type of licensed spectrum for certain point to point links whereby multiple spectrum holders can co-exist in the same area and use licensed spectrum. This type of PTP link is
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typically used for robust interference free backhaul. It features highly focused, high gain antennas that deliver very tight beam signals. In almost all cases, many users can be accommodated without interference. There is spectrum in the US for this purpose at 900 MHz, 2.0 GHz, 6 GHz, 11 GHz, 18 GHz, 23 GHz and 39 GHz. Any company that can pass the frequency coordination process (to ensure minimum or no interference) can purchase a PTP license in these bands. It should be noted that the FCC for various reasons rarely approves PTP licenses in the 900 MHz or 2.0 GHz range. The sweet spot for industry due to cost and capability factors seems to be the 18 GHz range, particularly when used with Ethernet radios versus packet switched technologies.
 For many years prior to the advent of fiber optic cable the nation's Telcos used 6 GHz and 11 GHz links primarily to backhaul phone service across the US.
 Broadband Access
 Many companies are closely examining WiMAX for "last mile" connectivity at high data rates. This could result in lower pricing for both home and business customers as competition lowers prices.
 In areas without pre-existing physical cable or telephone networks, WiMAX will, it appears, be a viable alternative for broadband access that has been economically unavailable. Prior to WiMax, many operators have been using proprietary fixed wireless technologies for broadband services.
 WiMAX subscriber units are available in both indoor and outdoor versions from several manufacturers. Self install indoor units are convenient, but the subscriber must be significantly closer to the WiMAX base station than with professionally installed units. As such, indoor installed units require a much higher infrastructure investment as well as operational cost (site lease, backhaul, maintenance) due to the high number of base stations required to cover a given area. Indoor units are comparable in size to a cable modem or DSL modem. Outdoor units allow for the subscriber to be much further away from the WiMAX base station, but usually require professional installation. Outdoor units are roughly the size of a textbook, and their installation is comparable to a residential satellite dish.
 Limitations
 A commonly held misconception is that WiMAX will deliver 70 Mbit/s, over 70 miles (112.6 kilometers). Each of these is true individually, given ideal circumstances, but they are not simultaneously true. In practice this means that in Line of sight environments you could deliver symmetrical speeds of 10Mbps at 10Km but in Urban Environments it is more likely that 30% of installtions may be Non Line of sight and therefore Users may only receive 10Mbps over 2Km. WiMAX has some similarities to DSL in this respect, where one can either have high bandwidth or long reach, but not both simultaneously. The other feature to consider with WiMAX is that available bandwidth is shared between users in a given radio sector, so if there are many active users in a single sector, each will get reduced bandwidth. However, unlike SDSL where contention is very noticeable at a 5:1 ratio if you are sharing your connection with a large media firm for example WiMax does not have this problem. Typically each cell has a 100Mbps
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backhaul so there is is no contention here. On the radio side in practice many users will have a range of 2,4,6,8 or 10Mbps services and the bandwidth can be shared. If the network becomes busy the business model is more like GSM or UMTS than DSL in that it is easy to predict the capacity requirements as you sign more customers and additional radio cards can be added on the same sector to increase the capacity.
 Mobile applications
 Some cellular companies are evaluating WiMAX as a means of increasing bandwidth for a variety of data-intensive applications; indeed, Sprint Nextel has announced in mid-2006 that it will be investing about US$ 3 billion in a WiMAX technology buildout over the next few years.
 In line with these possible applications is the technology's ability to serve as a high bandwidth "backhaul" for Internet or cellular phone traffic from remote areas back to an internet backbone. Although the cost-effectiveness of WiMAX in a remote application will be higher, it is not limited to such applications, and may be an answer to reducing the cost of T1/E1 backhaul as well. Given the limited wired infrastructure in some developing countries, the costs to install a WiMAX station in conjunction with an existing cellular tower or even as a solitary hub are likely to be small in comparison to developing a wired solution. Areas of low population density and flat terrain are particularly suited to WiMAX and its range. For countries that have skipped wired infrastructure as a result of inhibitive costs and unsympathetic geography, WiMAX can enhance wireless infrastructure in an inexpensive, decentralized, deployment-friendly and effective manner.
 Technical info
 WiMAX is a term coined to describe standard, interoperable implementations of IEEE 802.16 wireless networks, in a rather similar way to Wi-Fi being interoperable implementations of the IEEE 802.11 Wireless LAN standard. However, WiMAX is very different from Wi-Fi in the way it works.
 MAC layer
 In Wi-Fi the media access controller (MAC) uses contention access — all subscriber stations that wish to pass data through a wireless access point (AP) are competing for the AP's attention on a random interrupt basis. This can cause subscriber stations distant from the AP to be repeatedly interrupted by closer stations, greatly reducing their throughput. This makes services such as Voice over IP (VoIP) or IPTV, which depend on an essentially constant Quality of Service (QoS) depending on data rate and interruptibility, difficult to maintain for more than a few simultaneous users.
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In contrast, the 802.16 MAC uses a scheduling algorithm for which the subscriber station need compete once (for initial entry into the network). After that it is allocated an access slot by the base station. The time slot can enlarge and contract, but remains assigned to the subscriber station which means that other subscribers cannot use it. The 802.16 scheduling algorithm is stable under overload and over-subscription (unlike 802.11). It can also be more bandwidth efficient. The scheduling algorithm also allows the base station to control QoS parameters by balancing the time-slot assignments among the application needs of the subscriber stations.
 Physical layer
 The original WiMAX standard (IEEE 802.16) specified WiMAX for the 10 to 66 GHz range. 802.16a, updated in 2004 to 802.16-2004 (also known as 802.16d), added specification for the 2 to 11 GHz range. 802.16d (also known as "fixed WiMAX") was updated to 802.16e in 2005 (known as "mobile WiMAX"). and uses scalable orthogonal frequency-division multiplexing (OFDM) as opposed to the OFDM version with 256 sub-carriers used in 802.16d. This brings potential benefits in terms of coverage, self installation, power consumption, frequency re-use and bandwidth efficiency. 802.16e also adds a capability for full mobility support. The WiMAX certification allows vendors with 802.16d products to sell their equipment as WiMAX certified, thus ensuring a level of interoperability with other certified products, as long as they fit the same profile.
 Most interest will probably be in the 802.16d and .16e standards, since the lower frequencies suffer less from inherent signal attenuation and therefore give improved range and in-building penetration. Already today, a number of networks throughout the World are in commercial operation using certified WiMAX equipment compliant with the 802.16d standard.
 Spectrum Allocations issues
 The 802.16 specification applies across a wide swath of the RF spectrum. However, specification is not the same as permission to use. There is no uniform global licensed spectrum for WiMAX. In the US, the biggest segment available is around 2.5 GHz, and is already assigned, primarily to Sprint Nextel and Clearwire. Elsewhere in the world, the most likely bands used will be around 3.5 GHz, 2.3/2.5 GHz, or 5 GHz, with 2.3/2.5 GHz probably being most important in Asia. In addition, several companies have announced plans to utilize the WiMAX standard in the 1.7/2.1 GHz spectrum band recently auctioned by the FCC, for deployment of "Advanced Wireless Services" (AWS).
 There is some prospect in the U. S. that some of a 700 MHz band might be made available for WiMAX use, but it is currently assigned to analog TV and awaits the complete rollout of digital TV before it can become available, likely by 2009. In any case, there will be other uses suggested for that spectrum if and when it actually becomes open.
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It seems likely that there will be several variants of 802.16, depending on local regulatory conditions and thus on which spectrum is used, even if everything but the underlying radio frequencies is the same. WiMAX equipment will not, therefore, be as portable as it might have been - perhaps even less so than WiFi, whose assigned channels in unlicensed spectrum vary little from jurisdiction to jurisdiction.
 The actual radio bandwidth of spectrum allocations is also likely to vary. Typical allocations are likely to provide channels of 5 MHz or 7 MHz. In principle the larger the bandwidth allocation of the spectrum, the higher the bandwidth that WiMAX can support for user traffic.
 Standards
 The 802.16 standard IEEE Std 802.16e-2005, approved in December 2005 follows on from IEEE Std 802.16-2004, which replaced IEEE Standards 802.16-2001, 802.16c-2002, and 802.16a-2003.
 IEEE Std 802.16-2004 (802.16d) addresses only fixed systems. 802.16e adds mobility components to the standard.
 IEEE 802.16e
 IEEE 802.16e-2005 (formerly named, but still best known as, 802.16e or Mobile WiMAX) provides an improvement on the modulation schemes stipulated in the original (fixed) WiMAX standard. It allows for fixed wireless and mobile Non Line of Sight (NLOS) applications primarily by enhancing the OFDMA (Orthogonal Frequency Division Multiple Access).
 SOFDMA (Scalable OFDMA) improves upon OFDM256 for NLOS applications by
 Improving NLOS coverage by utilizing advanced antenna diversity schemes, and hybrid-Automatic Retransmission Request (hARQ)
 Increasing system gain by use of denser sub-channelization, thereby improving indoor penetration
 Introducing high-performance coding techniques such as Turbo Coding and Low-Density Parity Check (LDPC), enhancing security and NLOS performance
 Introducing downlink sub-channelization, allowing administrators to trade coverage for capacity or vice versa
 Improving coverage by introducing Adaptive Antenna Systems (AAS) and Multiple Input Multiple Output (MIMO) technology
 Eliminating channel bandwidth dependencies on sub-carrier spacing, allowing for equal performance under any RF channel spacing (1.25-14 MHz)
 Enhanced Fast Fourier transform (FFT) algorithm can tolerate larger delay spreads, increasing resistance to multipath interference
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On the other hand, 802.16-2004 (fixed WiMAX) offers the benefit of available commercial products and implementations optimized for fixed access. Fixed WiMAX is a popular standard among alternative service providers and operators in developing areas due to its low cost of deployment and advanced performance in a fixed environment. Fixed WiMax is also seen as a potential standard for backhaul of wireless base stations such as cellular, WiFi or even mobile WiMAX.
 SOFDMA and OFDMA256 are not compatible so most equipment will have to be replaced. However, some manufacturers are planning to provide a migration path for older equipment to SOFDMA compatibility which would ease the transition for those networks which have already made the OFDMA256 investment. This effects a relatively small number users and operators.
 Competing technologies
 ComparisonComparison of Mobile Internet Access methods
 Standard Family Primary Use
 Radio Tech Downlink (Mbps)
 Uplink (Mbps)
 Notes
 802.16e WiMAX Mobile Internet
 SOFDMA 70 70
 Quoted speeds only achievable at short range more practically 10Mbps at 10Km.
 HIPERMAN HIPERMAN Mobile Internet
 OFDM 56.9 56.9
 WiBro WiBro Mobile Internet
 OFDM 50 50 Short range (<5km)
 UMTS W-CDMAHSDPA+HSUPA
 UMTS/3GSM Mobile phone
 CDMA/FDD .3843.6
 .3845.76
 HSDPA downlink widely deployed. Roadmap
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shows HSDPA up to 28.8Mbps from the basestation . Users can expect downloads of 400 to 600Kbps but around 100Kbps uplink speeds.
 UMTS-TDD UMTS/3GSM Mobile Internet
 CDMA/TDD 16 16 Reported speeds according to IPWireless
 LTE UTMS UMTS/4GSM General 4G OFDM/MIMO (HSOPA)
 >100 >50 Still in development
 1xRTT CDMA2000 Mobile phone
 CDMA 0.144 0.144 Obsoleted by EV-DO
 EV-DO 1x Rev. 0Rev. A CDMA2000
 Mobile phone CDMA/FDD
 2.453.1
 0.151.8
 Proposed Rev. B improves downlink to nearly 5Mbps.
 Notes: All speeds are theoretical maximums and will vary by a number of factors, including the distance from the tower and the ground speed (ie communications on a train may be slower than when standing still.) Usually the bandwidth is shared between several terminals.
 WiMAX stands for Worldwide Interoperability for Microwave Access. It is a telecommunications technology providing wireless data over long distances in a variety of ways, from point-to-point links to full mobile cellular type access. It is based on the WirelessMAN (IEEE 802.16) standard.
 WiMAX is a highly scalable, long-range system, covering many kilometers using licensed spectrum to deliver a point-to-point connection to the Internet from an ISP to an end user. WiMAX can be used to provide a wireless alternative to cable and DSL for broadband access, and to provide high-speed data and telecommunications services. WiMAX can also be used to Connect many Wi-Fi hotspots with each other and also to other parts of the Internet.
 When using WiMAX device with directional antennas, speeds of 10 Mbit/s at 10 km distance is possible, while for WiMAX devices with omni-directional antennas only 10 Mbit/s over 2 km is possible. There is no uniform global licensed spectrum for WiMAX, although three licensed spectrum profiles are being used generally – 2.3 GHz, 2.5 GHz and 3.5 GHz.
 With WiMAX enabled handsets and laptops coming into the market, people could connect to the fast broadband internet from anywhere, without having to depend on the slow rate mobile network data transfer. You can work on broadband, call friends and colleagues and watch real-time TV from the top of a forest hill station many kilometers away from the access point – without compromising on quality, speed or screen size!
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WiMAX could connect remote Indian villages to the Internet using broadband. This would avoid hassles in cabling through the forests and other difficult terrain only to reach a few people in remote places. Maintaining such system would also be easy. WiMAX could provide Internet access, voice and IPTV to those areas.
 Comparison with Wi-Fi
 Simply put, if WiMAX provides services analogous to a cellphone, Wi-Fi is more analogous to a cordless phone.
 Wi-Fi is a shorter range system, typically hundreds of meters, typically used by an end user to access their own network. Wi-Fi is low cost and is generally used to provide Internet access within a single room or building. For example, many coffee shops, hotels, railway stations and bus stations contain Wi-Fi access points providing access to the Internet for customers.
 Wireless Routers which incorporate a DSL-modem or a cable-modem and a Wi-Fi access point, often set up in homes to provide Internet-access and inter-networking to all devices connected (wirelessly or by cable) to them. One can also connect Wi-Fi devices in ad-hoc mode for client-to-client connections without a router. Wi-Fi allows LANs to be deployed without cabling for client devices, typically reducing the costs of network deployment and expansion. Wireless network adapters are also built into most modern laptops.
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WiMAX is an IP based, wireless broadband access technology that provides performance similar to 802.11/Wi-Fi networks with the coverage and QOS (quality of service) of cellular networks. WiMAX is also an acronym meaning "Worldwide Interoperability for Microwave Access (WiMAX).
 WiMAX is a wireless digital communications system, also known as IEEE 802.16, that is intended for wireless "metropolitan area networks". WiMAX can provide broadband wireless access (BWA) up to 30 miles (50 km) for fixed stations, and 3 - 10 miles (5 - 15 km) for mobile stations. In contrast, the WiFi/802.11 wireless local area network standard is limited in most cases to only 100 - 300 feet (30 - 100m).
 With WiMAX, WiFi-like data rates are easily supported, but the issue of interference is lessened. WiMAX operates on both licensed and non-licensed frequencies, providing a regulated environment and viable economic model for wireless carriers.
 At its heart, however, WiMAX is a standards initiative. Its purpose is to ensure that the broadband wireless radios manufactured for customer use interoperate from vendor to vendor. The primary advantages of the WiMAX standard are to enable the adoption of advanced radio features in a uniform fashion and reduce costs for all of the radios made by companies, who are part of the WiMAX Forum™ - a standards body formed to ensure interoperability via testing. The more recent Long Term Evolution (LTE) standard is a similar term describing a parallel technology to WiMAX that is being developed by vendors and carriers as a counterpoint to WiMAX.
 What is the Range of WiMAX?
 The answer to this question probably generates more confusion than any other single aspect of WiMAX. In the early days of WiMAX it was common to see statements in the media describing WiMAX multipoint coverage extending 30 miles. In a strict technical sense (in some spectrum ranges) this is correct, with even greater ranges being possible in point to point links. In practice (and especially in the license-free bands) this is wildly overstated especially where non line of sight (NLOS) reception is concerned.
 Due to a variety of factors explained in more detail in other FAQ answers, the average cell ranges for most WiMAX networks will likely boast 4-5 mile range (in NLOS capable frequencies) even through tree cover and building walls. Service ranges up to 10 miles (16 Kilometers) are very likely in line of sight (LOS) applications (once again depending upon frequency). Ranges beyond 10 miles are certainly possible, but for scalability purposes may not be desirable for heavily loaded networks. In most cases, additional cells are indicated to sustain high quality of service (QOS) capability. For the carrier class approach, especially in regards to mobility, cells larger than this seem unlikely in the near future. The primary WiMAX focused US carrier Clearwire has stated that its cell sites are planned at about 1.5 miles apart for mobile purposes. This choice is clearly one intended to meet NLOS requirements. In licensed frequencies, expect similar performance or better for WiMAX than in traditional cellular systems.
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What RF Frequencies does WiMAX work in?
 The most recent versions of both WiMAX standards in 802.16 cover spectrum ranges from at least the 2 GHz range through the 66 GHz range. This is an enormous spectrum range. However, the practical market considerations of the Forum members dictated that the first product profiles focus on spectrum ranges that offered Forum vendors the most utility and sales potential.
 The International standard of 3.5 GHz spectrum was the first to enjoy WiMAX products. The US license free spectrum at 5.8 GHz has a few WiMAX vendors building products. Licensed spectrum at 2.5 GHz used both domestically in the US and fairly widely abroad is the largest block in the US. Also, in the US and in Korea products are shipping for the 2.3 GHz spectrum range. Also in the US the 3.65 GHz band of frequencies now has WiMAX gear shipping to carriers.
 The technology appears easily extensible to lower frequencies including the valuable 700 MHz spectrum range at which the nation's largest auction (in terms of money spent) concluded in 2008. More likely near term frequencies likely to be supported include the new 4.9 GHz public safety band (sometimes described as a Homeland security band).
 The second largest block of frequencies ever auctioned (in terms of money spent) occurred in the summer of 2006 with the AWS auction from the FCC. This spectrum was split with the bulk being at 1.7 GHz and the rest at 2.1 GHz. At this point, the Forum is not expected to develop a product profile for this range as most licensees have announced support for LTE systems or plan to use it for existing GSM/UMTS networks.
 The physics of radio signals typically place two primary constrictions on spectrum. To generalize, the higher the spectrum frequency the greater the amount of bandwidth that can be transported---lower frequencies transport less bandwidth. Secondly, the lower the frequency the greater the carry range and penetration of a signal. For example: A 900 MHz license free radio will travel farther and penetrate some tree cover fairly easily at ranges up to one to two miles. But it can carry much less bandwidth than a 2.4 GHz signal which cannot penetrate any tree cover whatsoever, but can deliver a lot more data. The caveat that can somewhat alter this equation is power. Licensed band spectrum such as 2.5 GHz by virtue of being dedicated to one user is allotted significantly higher power levels which aids in tree and building wall penetration.
 Where did the idea of WiMAX come from?
 Much of the credit for the formation of the WiMAX Forum™ and to the founding members of the WiMAX Forum, which committed themselves early to the process of creating a collaborative standards body. As a founding member of the WiMAX Forum, Intel recognized that a well developed ecosystem was necessary to drive adoption and thereby drive lower hardware costs. Intel was also instrumental in getting other silicon chip manufacturers involved whose products would form the core of WiMAX technology.
 http://www.wimaxforum.org/
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What factors will most greatly affect range for WiMAX products?
 Many factors affect range for any broadband wireless product. Some factors include the terrain and density/height of tree cover. Hills and valleys can block or partially reflect signals. Bodies of water such as rivers and lakes are highly reflective of RF transmissions. Fortunately OFDM can often turn this to an advantage---but not always. The RF shadow of large buildings can create dead spots directly behind them, particularly if license-free spectrums are being used (with their attendant lower power allotments). How busy the RF environment of a city or town is can greatly degrade signals---meaning that properly designed and well thought out networks are always desired.
 The physics of radio transmission dictate that the greater the range between the base station and customer radio, the lower the amount of bandwidth that can be delivered, even in an extremely well-designed network. The climate can affect radio performance---despite this there are ubiquitous wireless networks deployed today with great success in frozen Alaskan oil fields as well as lush South American and Asian climates. And increasingly WiMAX radio antenna technology coupled with the inherent advantages of OFDM/OFDMA based radios can be a major factor in range and bandwidth capability. The new multiple input multiple output (MIMO) and adaptive antenna systems (AAS) based antenna systems promise to maintain and even link connection and link budgets with much higher bandwidth than older technology.
 No two cities are exactly alike in terms of the challenges and opportunities presented. In many respects, broadband wireless remains very much an art form. However, this is also true for the cellular carriers most of us use daily. It can be done quite well. Mobile broadband wireless will be more difficult. Achieving high quality of service (QOS) will be easier with fixed broadband wireless. Despite all of these challenges, current broadband wireless is very effectively serving customers even in the most challenging environments.
 What is licensed Spectrum?
 All spectrum in the US and generally internationally is controlled by each country's equivalent of the FCC. In some cases and some countries portions of the spectrum are set aside for general use such as license-free networks. Part of the spectrum in most countries is controlled for military use, public safety and commercial services. Only the entities so entitled may use the frequency bands they have rights to. Considering the wide variety of International differences in other areas of public policy, radio spectrum is remarkably homogenous.
 In each country, there are portions of the spectrum set aside for commercial purposes. Some examples of this are broadcast TV spectrum in the 700 MHz range in the US recently auctioned for broadband wireless use, or PCS cellular spectrum widely licensed across the US at 1.9 GHz. In Europe and much of Asia, the 3.5 GHz spectrum range is used for broadband wireless, but not in the US. This particular spectrum range could be described as the worldwide de-facto broadband wireless spectrum due to its commonality in so many countries. In virtually all cases only the spectrum licensee can build infrastructure and offer services across its spectrum range. This allows much higher power output without interference across the band, facilitating improved QOS. In the US, the most readily usable
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licensed broadband wireless spectrum is at 2.5 GHz. There is also licensed spectrum at 2.3 GHz and 1.9 GHz that could be used for broadband wireless commercial service delivery.
 Among the most sought after spectrum currently available in the US (and widely available internationally also) is the 2.5 GHz range. This is very effective for the delivery of point to multi point signal to many users. The spectrum range supports robust bandwidth capability and with licensed power allotments and WiMAX technology it supports NLOS capability and far reduced or eliminated truck roll installations. Users can often self-install. There are two types of 2.5 GHz licenses. One is broadband radio service (BRS), the commercial version of the license. These licenses can be owned by commercial companies and bought and sold basically at will.
 The second is educational broadband service (EBS) which can only be owned by educational or religious type organizations with a scholastic mission. In the US, the Catholic Church is a major holder of this spectrum. These licenses can be leased for use by commercial entities. In the US, Sprint/Nextel control about seventy percent of the BRS/EBS licenses . Clearwire controls approximately another fifteen percent---with the balance held by several smaller block holders. In fact, Clearwire and Sprint concluded a deal shifting some of Clearwire's licenses in metropolitan areas to Sprint in exchange for a larger number of rural or smaller tier city licenses prior to the two companies agreeing to merge their combined 2.5 GHz assets; a deal which should close late in 2008.
 There are special rules for a type of licensed spectrum for certain point to point links whereby multiple spectrum holders can co-exist in the same area and use licensed spectrum. This type of PTP link is typically used for robust interference free backhaul. It features highly focused, high gain antennas that deliver very tight beam signals. In almost all cases, many users can be accommodated without interference. There is spectrum in the US for this purpose at 900 MHz, 2.0 GHz, 6 GHz, 11 GHz, 18 GHz, 23 GHz and 39 GHz. Any company that can pass the frequency coordination process (to ensure minimum or no interference) can purchase a PTP license in these bands. It should be noted that the FCC for various reasons rarely approves PTP licenses in the 900 MHz or 2.0 GHz range. The sweet spot for industry due to cost and capability factors seems to be the 18 GHz range, particularly when used with Ethernet radios versus packet switched technologies.
 For many years prior to the advent of fiber optic cable the nation's Telcos used 6 GHz and 11 GHz links primarily to backhaul phone service across the US.
 What is IEEE 802.16?
 The IEEE developed the 802.16 in its first version to address line of sight (LOS) access at spectrum ranges from 10 GHz to 66 GHz. The technology has evolved through several updates to the standard such as 802.16a, 802.16c, the Fixed WiMAX 802.16d (802.16-2004) specification and lastly the mobile 802.16e set that are currently commercially available. The upcoming 802.16m standard is due to be ratified in 2010. The first update added support for 2 GHz through 11 GHz spectrum with NLOS capability. Each update added additional functionality or expanded the reach of the standard.
 For example, the 802.16c revision added support for spectrum ranges both licensed and unlicensed from
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2 GHz to 10 GHz. It also improved quality of service (QOS) and certain improvements in the media access control (MAC) layer along with adding support for the HiperMAN European standard. The number of supported physical (PHY) layers was increased. Transport mediums such as IP, Ethernet and asynchronous transfer mode (ATM) were added.
 At its core, the technology is intended to take a number of best of breed proprietary enhancements that had been made by vendors using the 802.11 standard and combine them together in a very marketable and standardized WiMAX product.
 For example, older broadband wireless technology such as the Wi-Fi or 802.11b system utilized carrier sense multiple access with collision detection (CSMA/CD) crosstalk methods for base stations and customer premise equipment (CPE) to talk to one another. Basically, this meant that each radio was constantly talking and creating inefficient overhead. It also resulted, especially at times of high traffic, in increased packet collisions and retransmissions, further exacerbating the problem.
 Some of the proprietary MAC systems built later utilized the base station to define when the CPE would be polled in order to eliminate this problem. In the way of a permanent cure the 802.16 protocol supports multiple methods of polling that a vendor can choose to use. Some of these include piggybacking polling requests within overhead traffic, group polling or dynamic co-opting of bandwidth from another unit by the CPE. The key is that the radios will be interchangeable based on the Forum's initial product profile as well as more efficient.
 What is IEEE 802.16d?
 Fixed WiMAX is the 802.16d standard or as it is sometimes called 802.16-2004. Its product profile utilizes the OFDM 256-FFT (Fast Fourier Transform) system profile, which is just different enough from its sister standard of Mobile WiMAX (802.16e) that the two are incompatible. Interestingly, both standards support both protocols within the technology protocol as well as the one chosen for Mobile WiMAX and the Korean WiBro/Mobile WiMAX standard. If the Forum had elected to use an OFDMA version in Fixed WiMAX, it would have been far easier to provide an upgrade path.
 This particular disconnect likely points to the emerging understanding of the marketplace power of WiMAX. More importantly, it indicates the power of the Korean WiBro/Mobile WiMAX persuasion, which heavily influenced the use of OFDMA® in the Mobile Standard.
 The Fixed WiMAX 802.16-2004 standard supports both time division duplex (TDD) and frequency division duplex (FDD) services---the latter of which is far more popular with mobile wireless providers than the newer TDD approach.
 At this point, Fixed WiMAX 802.16d systems are widely deployed in both Europe and Asia, but it is clear that for many vendors the adoption of the Mobile WiMAX 802.16e is the option of choice.
 Having said this, the opening of the US 3.65 GHz spectrum range has opened up a 802.16d opportunity
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in the US as vendors adapt existing 3.5 GHz systems (and mostly Fixed WiMAX based built for International use) radio systems to use in this band.
 What is IEEE 802.16e?
 The true Mobile WiMAX standard of 802.16e is divergent from Fixed WiMAX. It attracted a significant number of Forum members towards an opportunity to substantively challenge existing 3G technology purveyors. While clearly based on the same OFDM base technology adopted in 802.16-2004, the 802.16e version is designed to deliver service across many more sub-channels than the OFDM 256-FFT. It is important to note that both standards support single carrier, OFDM 256-FFT and at least OFDMA 1K-FFT.
 The 802.16e standard adds OFDMA 2K-FFT, 512-FFT and 128-FFT capability. Sub-channelization facilitates access at varying distance by providing operators the capability to dynamically reduce the number of channels while increasing the gain of signal to each channel in order to reach customers farther away. The reverse is also possible. For example, when a user gets closer to a cell site, the number of channels will increase and the modulation can also change to increase bandwidth. At longer ranges, modulations like QPSK (which offer robust links but lower bandwidth) can give way at shorter ranges to 64 QAM (which are more sensitive links, but offer much higher bandwidth) for example. Each subscriber is linked to a number of subchannels that obviate multi-path interference. The upshot is that cells should be much less sensitive to overload and cell size shrinkage during the load than before. Ideally, customers at any range should receive solid QOS without drops that 3G technology may experience. Here is an in-depth Q&A on OFDMA®.
 The 802.16e version of WiMAX also incorporates support for multiple-input-multiple-output (MIMO) antenna technology as well as Beamforming and Advanced Antenna Systems (AAS), which are all "smart" antenna technologies that significantly improve gain of WiMAX systems as well as throughput.
 The 802.16e standard is being utilized primarily in licensed spectrum for pure mobile applications. Many firms have elected to develop the 802.16e standard exclusively for both fixed and mobile versions. The 802.16e version of WiMAX is the closest comparable technology to the emerging LTE mobile wireless standard. Or rather, it is more proper to say that LTE is the most comparable to Mobile WiMAX in terms of capabilities as well as technology. The two competing technologies are really very much alike technically.
 What is IEEE 802.16m?
 The 802.16m mobile WiMAX standard is a follow-on to 802.16e standard and is a candidate to the International Telecom Union's (ITU) consideration as an IMT advanced (4G) technology - specifically, providing downlink speeds of at least 100 Mbps in a wide area with high-mobility.
 The new 802.16m standard will provide increased performance advantages over 802.16e. From a technological perspective, 802.16m is capable of providing up to 120 Mbps down and 60 Mbps up in an urban setting, using 4x2 MIMO antennas on a single 20MHz-wide channel. Even higher data rates can
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be achieved with additional spectrum resources or more complex antenna schemes. Actual commercial performance will be considerably less based on spectrum used and other factors.
 While 802.16m will provide increased performance for users, the main, driving factor for operators adopting the technology will be increased network capacity to accommodate the massive bandwidth increases driven by smartphones, tablets and other wireless devices.
 In addition to capacity and performance advantages, 802.16m will be backward compatible with existing WiMAX networks, providing ease-of-mind for operators deploying networks today. Most mobile WiMAX operators can easily convert from 802.16e to 802.16m by updating some circuit plate units and software in their bases stations.
 How is WiMAX different from IEEE 802.16?
 The WiMAX Forum™ is a non profit trade association industry group with a different mission from the IEEE 802.16, ETSI HiperMAN or WiBro/Mobile WiMAX standards working groups. The imperative of the IEEE and ETSI groups is to formulate the technology specifications. The forum shoulders the task of incorporating the variations in the three specifications groups to ensure interoperability amongst them and to promote and market the technology and its adherents.
 Additionally, the forum regulates and defines the testing parameters for true WiMAX Certification™ of interoperable products. The ultimate result is that both bodies are very collaborative, but with clearly delineated responsibilities.
 WiMAX vs WiFiWimax technology is a standard based wireless technology which is used to provide internet access and multimedia services at very high speed to the end user. The Wifi technology is still using local area network (LAN) for the predictable future. Wimax and wifi differences are very simple as below.
 The basic difference between Wimax technology and Wifi technology are cost, speed, distance and so on. Wimax coverage is about 30 miles and Wifi coverage is very limited to some small area.
 Wimax network just as an ISP without any cable because Wimax singnal used to get access to internet to your home or business, while Wifi will be used inside in your local area network (LAN) for access to the internet.
 The Wimax architecture is design to make possible metropolitan area networking (MAN). The base station of Wimax capable to provide access to business and hundred of homes, While Wifi is providing only local area networking (LAN).
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The deployments of Wimax and Wifi network are same both ISP would have their T3 access. The line of sight antennas used to connect tower in Wimax technology. The tower shared out the non line of sight to MAN.
 The line of sight antennas for Wimax network operate at 60 MHz frequency while the tower having non - line of sight operate on a range just like the WiFi.
 The base or tower station of Wimax will beam a signal to receiver of Wimax. Similarly Wifi access point transport signal to the receiving device.
 Wimax network providing QoS (Quality of Service) therefore a large number of people get access to tower at the same time. The built in algorithm automatically transfer the user to other tower or cell of Wimax station. Unlike Wifi user have to sort of fight to stay on connected with a specified access point.
 The most significant issue of Wimax and WiFi difference is pricing because Wimax is a high cost network, while Wifi is a low cost network therefore mostly people adopt WiFi network due to less expenditure and avoid Wimax due to expensive installations.
 WiMax will not put out of place WiFi in the home because WiFi is much better in speed and technology. With the passage of time new improvement brings a new variant in 802.11.Wimax offering high speed but if a client exists away from tower or base station speed could decreases.
 Wimax offer high speed internet as a broadband access which transfer data, voice, video at very high speed. While WiFi offer short range of data transfer because WiFi can connect only in specified areas so only file sharing may possible.
 Wimax design for long range distance in licensed spectrum or unlicensed spectrum. Wimax support point to point or point to multipoint connection. Multiple standard of wimax such as 802.16e, 802.16b for mobile connectivity from fixed location. While WiFi offer quality services to fixed Ethernet where packets are precedence on their tag. Hotspots of WiFi are usually backhauled over ADSL in small business, café etc therefore to get access is normally highly challenging. The uploading speed of wifi as compared to Wimax also very low rate among internet and router.
 Wimax network execute a connection oriented MAC while Wifi runs on the CSMA/CA protocol, which is wireless and strife based.
 On the whole Wimax technology becoming popular day by day but WiFi technology has there own useful features. Wimax technology can be predictable to be one of the most extensively used wireless internet access technology in the future.
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Will WiMAX compete with Wi-Fi?
 Clearly, WiMAX and Wi-Fi are complementary technologies and will remain so for the foreseeable future. The widely available Wi-Fi technology used in hotspots in hotels, restaurants, airports and even larger Wi-Fi zones in some cities will continue to grow for many years. The recent flurry of municipal Wi-Fi mesh networks has only served to cement the technology into the wireless equation. Wi-Fi is not going away any time soon.
 As the WiMAX standard grows into its first highs scale deployment with Clearwire in 2009 and continues to gain acceptance and drive cost reductions, new chipsets that incorporate the ability to function across multiple platforms will become more common in general with the MAN portion of this network technology slowly being converted to the more robust WiMAX systems, as the business cases for hotspot venues merit. Basically, this means that WiMAX users in a few years will be able to not only access Wi-Fi hotspots at a café, but could also have mobile citywide WiMAX access as well, along with access to other existing cellular technologies.
 Multiple network capability in a single device is gaining traction and should be the norm in only a few years. Once again, this points towards a complementary aspect to the two technologies. True mobile access users in many cases will not require the level of bandwidth that they may need when in a fixed location. The two technologies will fulfill differing needs for consumers.
 However, other LAN technology standards such as Bluetooth, UHF Whitespace frequencies, Ultrawideband and the 802.11n specification that offer value in shorter range hotspot networks will all grow and necessitate chipsets and laptop radios that will eventually be able to seamlessly cross these shorter range data networks as well as cellular networks and WiMAX citywide networks. The WiMAX standard is a major part of the very bright vision of the broadband wireless future that flexibility like this promises.
 Though leaders in the industry often cite the potential for true software defined radio systems, wherein a users's handset, laptop or other devices essentially scan for the best connection for the location and spectrum available. The industry is slowly moving in this direction, however, expect the full development of this type of seamless technology to be a few years away. Even moderate incremental improvements in this direction could afford consumers benefits that are essentially impossible with wireline technologies.
 Disadvantages of WiMAX technology
 I will tell you something about disadvantages of WiMAX technology. The most common misconception is that WiMAX can offer 70 Mbps in range of 70 miles (113 kilometers) with moving stations. In practice the situation is a quite different. It is valid only in ideal circumstances with only one recipient.
 Within line-of-site (optical visibility), you could have the speed of 10 Mbps at 10 kilometers. In the urban environment (without the optical visibility) users can have 10 Mbps at 2 kilometers. If users are moving, the speed can drop significantly.
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Bandwidth is shared among users in a given radio sector. If there are many users in one sector, they will have lower speed. Users could have 2, 4, 6, 8, or 10 Mbps of the shared bandwidth.
 More expensive installation and operational cost is still the most significant disadvantage of WiMAX.
 So let’s put together on a paper all known WiMAX advantages and disadvantages:
 Advantages :
 1) Single station can serve hundreds of users.
 2) Much faster deployment of new users comparing to wired networks.
 3) Speed of 10 Mbps at 10 kilometers within line-of-site.
 4) It is standardized, and the same frequency equipment should work together.
 Disadvantages :
 1) Line of sight is needed for more distant connections.
 2) Bad weather conditions such as rain could interrupt the signal.
 3) Other wireless equipment could cause interference.
 4) Multiplied frequencies are used.
 5) WiMAX is a very power-consuming technology and requires significant electrical support.
 6) High installation and operational cost.
 WiMAX vs. WiFi
 In fact WiFi (technically standard 802.11) and WiMAX (802.16) don't compete for broadband users or applications today. That's partly because WiFi is widely deployed and WiMAX is still largely an unfulfilled promise and partly because the two protocols were designed for very different situations. However, if WiMAX is eventually widely deployed, there will be competition between them as last mile technologies.
 Some people describe the difference between WiFi and WiMAX as analogous to the difference between a cordless phone and a mobile phone. Wifi, like a cordless phone, is primarily used to provide a connection within a limited area like a home or an office. WiMAX is used (or planned to be used) to provide broadband connectivity from some central location to most locations inside or outside within its
 http://en.wikipedia.org/wiki/wimax
 http://en.wikipedia.org/wiki/wifi
 http://www.circleid.com/posts/92208_wimax_vs_wifi/
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service radius as well as to people passing through in cars. Just like mobile phone service, there are likely to be WiMAX dead spots within buildings.
 From a techie POV, the analogy is apt at another level: WiFi, like cordless phones, operates in unlicensed spectrum (in fact cordless phones and WiFi can interfere with each other in the pitiful swatch of spectrum that's been allocated to them). There are some implementations of WiMAX for unlicensed spectrum but most WiMAX development has been done on radios which operate on frequencies whose use requires a license.
 Some more subversive types (they're subversive so I can't link to them) say that WiMAX is what you get when bellheads (not a nice term) try to reinvent WiFi the way they'd like it to be. It's true that WiMAX is much more a command and control protocol than WiFi. Oversimplified, in a WiFi environment every device within reach of an access point shouts for attention whenever it's got something to transmit. In that chaos, some signals tromp on other signals; the more powerful devices and those closer to the access point tend to get more than their share of airtime like the obnoxious kid who always has his hand up in the front of the class. In WiMAX devices contend for initial attention but then are assigned times when they may ask to speak. The protocol allows the operator more control over the quality of service provided — bellheads like control.
 But it's not clear that more control means better service than contentious chaos (I'm talking about technology but the same may apply to economies or bodies politic). The Internet and its routing algorithms are chaotic; the routers just throw away packets if they get to busy to handle them. Bellheads (and even smart people like Bob Metcalfe) were sure that design or lack thereof wouldn't scale. They were wrong.
 Same people said that voice would never work over the Internet — there's no guarantee of quality, you see. They were wrong although it's taken awhile to prove it. Now HD voice is available on the Internet but NOT on the traditional phone network (although it could be).
 Lovers of an orderly environment and those who like to keep order were absolutely sure that WiFi couldn't work once it became popular. Not only is it chaotic; it also operates in the uncontrolled environment of unlicensed frequencies along with cordless phones, bluetooth headsets, walkie-talkies and the occasional leaky microwave oven. But somehow it's become near indispensable even in places where a city block full of access points contend for the scarce frequencies.
 Net: I'm not convinced that WiMAX won't suffer from its own orderliness. Did you ever fume leaving an event when an amateur cop (or a professional one) managed traffic into an endless snarl? Fact is cars at low speed usually merge better without help than otherwise. Turns out that control comes at the expense of wasted capacity. The reason that the Internet or WiFi radios can work is that the computing power necessary to deal with chaos from the edge of the network is far cheaper and less subject to disruption or misallocation than the computing power (and communication) for central command and control.
 http://en.wikipedia.org/wiki/Robert_Metcalfe
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WiMAX may be too well-controlled for its own good. Moreover, if it is used only in regulated spectrum where most frequencies are idle most of the time AND licenses for the frequencies have to be purchased, it will be even less efficient than if it could contend for unlicensed spectrum.
 By the way, WiFi CAN operate at distances as great as WiMAX but there are two reasons why it doesn't. One reason is that radios operating in the unlicensed frequencies are not allowed to be as powerful as those operated with licenses; less power means less distance. These regulations are based on the dated assumption that devices can't regulate themselves — but the assumption MAY be correct over great enough distances. The second reason why WiFi access points don't serve as wide an area as WiMAX access points are planned to do is the engineering belief that the problem of everybody shouting at once, even if it's surmountable in a classroom, would be catastrophic in a larger arena. Maybe.
 New licensed spectrum is being made available for WiMAX and other technologies NOT including WiFi — for example, the valuable 700MHz frequencies currently used by analog over the air TV. WiMAX could have a good run because it is allowed to operate in that efficient spectrum while WiFi will eventually run out of the pitifully little spectrum that's been allocated to it. That's policy and politics and not engineering but could still be a reason for WiMAX success.
 WiMAX vs. WiFi
 It is important here to note the differences between WiMAX technology and the more familiar Wi-Fi technology. The basic difference between WiMAX, 802.16 and Wi-Fi, 802.11 (and related standards) is that Wi-Fi is a local area network (LAN) technology; and WiMAX (whether fixed, nomadic, or mobile) is a wide-area network (WAN) technology.
 Wi-Fi remains the best way to deploy a network over an office or home or any small area that needs a cloud of service. Wi-Fi is primarily a local distribution tool to connect nearby users. Currently, many solution providers deploy multiple Wi-Fi base stations to achieve seamless coverage on a college
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campus, City Park, or corporate campus. While Wi-Fi is currently being used for large-scale deployment, this is not the ideal solution since Wi-Fi was not designed for this purpose. It is being adapted for metro-scale service as a matter of convenience, because:
 Everyone already has a Wi-Fi adapter The technology works in unlicensed spectrum avoiding that issue It is highly commoditized - making parts cheap across the supply chain for consumers, vendors,
 and network builders
 While Wi-Fi will still be used in LAN environments for the foreseeable future, WiMAX was developed specifically to provide wide area network (WAN) connectivity to homes and businesses.
 WiMAX vs. Wi-Fi Comparison Feature WiMAX Wi-FiTime to deploy (client)
 1-2 days N/A
 Installation $0 N/AMonthly Cost $190 From $50Use Fixed services Local Area Network
 Range ~1mile NLOS; ~4 miles LOS
 ~300 feet
 Coverage Metropolitan Area Only where a hotspot is installed
 Bandwidth
 1-10MBps symmetric including allocations for specific services
 Depends on backhaul circuit; usually ADSL/SDSL 2Mb
 Latency / JitterConfigurable for specific application needs
 Depends on backhaul, sharing and usage
 Quality of Service
 Committed / Peak / Minimum Information Rate; bursting; jitter and delay control; prioritization
 No
 ContentionConfigurable for specific application needs
 Set by the backhaul circuit and number of users sharing
 Service Level Yes No
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Agreement / GuaranteePortability Yes YesMobility Yes No
 Security 3DES; AES3WEP/WPA; not used on Wi-Fi hotspots
 Usage
 UPLOAD Application support; LAN bridging; Voice services; video services; emails, FTP, VPN and web browsing
 Emails and web browsing
 Network Considerations
 WiMAX technology provides a non-line of sight (NLOS) broadband wireless Internet access system that is flexible enough to support the varying requirements throughout the coverage area - both now and in the future - and does so in the most cost-effective manner. WiMAX networks deliver a price/performance advantage ten times better than competing conventional wireline or cellular broadband network services. Service can be initiated in weeks instead of months or years, using mounting assets such as lampposts and traffic lights (no expensive, time-consuming trenching required). The lead-time to deploy a wired solution is much longer than the lead-time to deploy a WiMAX solution, without offering any accompanying benefits.
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The WiMAX linear service range is specified at 31 mi. (50 km). Real world application tests show that 3 to 5 mi. (5 to 8 km) is a more practical figure. Real world connectivity tests achieve data rates between 500kbit/s and 2 Mbit/s, per user (depending on conditions at a given connection point). This is enough bandwidth to support simultaneous Internet Access, VoIP and IP video (surveillance, IPTV) services. WiMAX technology is evolving rapidly thus ensuring significant performance improvements and expanded service opportunities on an ongoing basis.
 Wireless network links typically use antennas with a highly focused beam. The antenna can be mounted on masts, which are then mounted on sleds. This is typically done to minimize damage from wind and weather. Antennas can also be mounted directly to the outside of a building. Most antenna mounting systems are constructed and installed to withstand force 3, or 5 hurricanes, which is the same code standard most buildings are held to. Special weather proofing is also provided. In most cases when installing antennas, there are no special building code requirements and it usually does not require a building permit.
 In areas with high population densities the range will generally be capacity limited rather than range limited due to limitation in the amount of available spectrum. The base stations are typically backhauled to the core network by means of fiber or point-to-point microwave links or via leased lines from an incumbent wire-line operator. The range and NLOS capability makes the technology equally attractive and cost-effective in a wide variety of environments.
 Currently, Wireless Internet Service Providers (WISPs) are the main users of WiMAX technology. A typical WiMAX base station provides service to approximately 60 businesses with T1 access and hundreds of homes with DSL/Cable speed access.
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