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ABSTRACT 

 

 

Wireless communication is the transfer of information from one place to 

another without using wires. From the earliest times, humans have felt the 

need to develop techniques of remote communication. From this need arose 

the smoke signals, communication by sun reflection in mirrors and so on. But 

today the telecommunications electronic devices such as telephone, 

television, radio or computer. Radio and television are used for one-way 

communication. Telephone and computer are used for two-way 

communication. 

In wireless networks there is almost unlimited mobility, we can access the 

network almost anywhere or anytime. In wired networks we have the 

restriction of using the services in fixed area services. The demand of the 

wireless is increasing very fast; everybody wants broadband services 

anywhere anytime.  

WiMAX (Worldwide Interoperability for Microwave Access) is a broadband 

wireless technology based on IEEE 802.16-2004 and IEEE 802.16e-2005 that 

appears to solve this demand. WIMAX is a system that allows wireless data 

transmission in areas of up to 48 km of radius. It is designed as a wireless 

alternative to ADSL and a way to connect nodes in wireless metropolitan 

areas network. Unlike wireless systems that are limited in most cases, about 

100 meter, providing greater coverage and more bandwidth.   

WIMAX promises to achieve high data transmission rates over large areas 

with a great amount of users. This alternative to the networks of broadband 

access common as DSL o Wi-Fi, can give broadband access to places quickly 

to rural areas and developing areas around the world. 

This paper is a study of WIMAX technology and market situation.  

First, the paper is responsible for explaining the technical aspects of WIMAX. 

For this gives an overview of WIMAX standards, physical layer, MAC layer and 
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WIMAX network architecture.   

Second, the paper address the issue of market in which provides an overview 

of development and deployment of WIMAX to end the future development 

trend of WIMAX is addressed. 
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1. INTRODUCTION  

 

1.1 Evolution of Mobile Communications 

 

The cellular concept appears in the forties, but was not applied until 

thirty years later. Mobile systems are operational since the late seventies, 

early eighties. However, this technology does not become popular until the 

nineties. 

Alexander Graham Bell invented the telephone and changed the 

history making it possible for remote communication. Fixed telephony has 

been characterized by a slow evolution while mobile telephony has been 

known for its rapid growth where mobile devices have become more 

sophisticated and compact and protocols have been created that give us 

more and more services like Internet, multimedia, instant messages and so 

on. 

1.1.1.  1st Generation 

 

The first Generation (1G) defined two bands of frequency: one up-link 

(mobile – base station) and other down-link (base station - mobile). During 

this generation only could be transmitted only voice.  

 

1.1.2. 2nd Generation 

 

The Second Generation (2G) promised virtually unlimited capacity 

through successive cell division. They system goes digital and this gave us 

important advances such as voice encoding shrinking rates, reduction of 

over signaling, encrypted communications and fraud protection techniques, 

channel coding and interlaced, digital modulation techniques filters, 

amplifier and so on. 
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In this generation system are found GSM, IS-54 and IS-95. Already 

in this generation is possible to send short messages (SMS), the 

introduction of SIM Cards (Subscriber Identify Module) give us the flexibility 

to switch carriers using the same mobile terminal, the push-to-talk calls 

conferencing, caller ID, voice mail and data base applications such as email 

messages and web browser, browsing speed was between 10 to 20 Kbps. 

The first evolution of the Second Generation (2G) is 2.5G where 

communication is faster. Here is developed GPRS (General Packet Radio 

Service) used for transmission of information through the packet switching 

techniques. GPRS supports internet services, transmission of information 

with considerable size, GPS and so on. 

 The second evolution of 2G is 2.75G. This evolution is known as 

EDGE (Enhanced Data Rates for GSM Evolution) which has been an 

evolution of GPRS as it can reach speeds up to 384kbps. This service can 

check emails, internet service, video (streaming), share information, VoIP 

and so on. 

 

1.1.3. 3rd Generation: 

 

Within the systems of Third Generation are known UMTS (Universal 

Mobile Telecommunication System). The speed can reach 2Mbps depending 

on the environment where communication is developed. They have 

applications for transfers, internet search, centralized voice and data such 

as television, video, streaming music.  

3.5G is an evolution of UMTS known HSDPA (High-Speed Downlink 

Packet Access) which allows even faster speeds up to 7.2Mbps to provide 

the above services. 
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1.1.4. 4th Generation 

 

The Fourth Generation (4G) is the near future. 4G is based entirely 

on IP to provide voice, data and streamed multimedia to the users at 

anywhere and anytime. 

 

The following figure shows a diagram of the most important systems 

that have developed in the different generations. 

 

 

Figure 1. Mobility vs. Speed Transmission in Wireless Systems 
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Figure 2. Overview of Wireless Network 

 

 

1.2 Overview of Broadband Wireless 

 

Broadband wireless is about offering broadband services by wireless 

solution. The term “Broadband wireless” stands for the combination of 

wireless technology and broadband access. There are two types of 

Broadband wireless. The first type is called fixed wireless broadband. 

Instead of using traditional fix-line transmission, it uses wireless 

transmission media to provide broadband services. The second type is 

called mobile broadband. It offers additional function with portability, 

nomadicity and mobility. 

In the past decades, the telecommunication industry have been 

developing fast both in technology area and business area. Wireless mobile 

services grew from 11 million subscribers worldwide in 1990 to more than 5 

billion in 2011. At the same time, the Mobil Broadband subscribers have 

spread all over the world until reach more than 1 billion. The requirement 

for high speed internet drives the broadband Internet access development. 

To replace the traditional wireline-access technology, telecommunication 
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companies search for wireless solution for providing the broadband service. 

WiMAX is the solution and the new age of broadband wireless 

communication. 

 

 

1.3 Why WiMAX is the solution? 

 

WiMAX (Worldwide Interoperability for Microwave Access) is a 

wireless networking standard that addresses the interoperability of products 

based on IEEE 802.16. WiMAX offers greater range and bandwidth than the 

family of Wi-Fi standards and offers a wireless alternative to wired backhaul 

and the last mile installations in addition to providing extensive coverage 

areas. 

 Backhaul: used point to point antennas to connect subscriber 

sites with subscriber sites and with base stations over long 

distances. 

 Last mile: used point to point antennas to connect home and 

business subscribers to the base station. 

 

  A WiMAX access point is designed to provide radios of 50 km with 

speeds of 70 Mbps. WiMAX developments is not to replace or compete with 

Wi-Fi but to be complementary. A WiMAX network can be used to provide 

wireless access to wide area where Wi-Fi networks are deployed, thus 

solving the difficulty of access to the last stretch to the user´s home. 

 WiMAX has great advantages over other WMAN as technological 

dimension and in the price because the cost of base stations is significantly 

lower for this new system. WiMAX is a technology that can transmit without 

much latency that is the problem of technologies based in satellite 

communications in which voice and video transmissions are affected.  
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 WiMAX is being developed and promoted by the WiMAX Forum Group 

is a nonprofit corporation that leads the industry whose primary mission is 

to promote and certify compatibility and interoperability of products 

supporting broadband radio fixed, nomadic and mobile metropolitan 

broadband as IEEE 802.16 specifications. As happened with the Wi-Fi brand, 

which guarantees interoperability between different computers, WiMAX 

brand is associated with the standard name. 

Can say that WIMAX is presented as an opportunity because it is a 

technology that can solve the growing problem of demand by users and 

operators of a broadband system faster and higher capacity and as a 

challenge because there is that integrated the technology 

 

1.3.1. Because is an Opportunity 

 

Service providers have been looking for a cost effective solution for 

wireless broadband access. During the last decade, many wireless systems 

have been developed without success. However, WiMAX is expected to 

become a common standard for wireless broadband.  

 

The market of broadband wireless has the need to solve the current 

demand of users who demand greater speed and flexibility in access to 

services. WiMAX is the solution that can satisfy the requirement in the 

market both in developed countries in which already have a broadband 

infrastructure; and in underdeveloped countries seeking low cost solutions 

to implement broadband technology.  

 

WiMAX Forum released the WiMAX Technology Forecast for 2007 to 

2012 as showed in Table. It is expected that the growth will be strong in all 

regions. 
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 2007 2008 2009 2010 2011 2012 

North America 2.61 4.03 6.25 9.59 14.79 22.62 

Americas 0.66 1.18 2.14 3.92 7.17 12.97 

Asia Pacific 1.39 .284 5.99 12.96 28.17 60.45 

Europe 1.35 2.34 4.07 7.08 12.23 21.01 

Africa/Middle East 0.30 0.65 1.46 3.32 7.50 16.60 

Table 1. WIMAX Users by Region (millions) 2007-2012 

 

 

At the same time, the numbers of operators and countries that start 

using WiMAX are also increasing as showed in Figure.  

 

 

Figure 3. Expected WiMAX operators and countries 2007-2012 
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1.3.2. Because is a Challenge 

 

 There are two challenges, the business challenge and the technology 

challenge. Both challenges are what make it interesting the development of 

WIMAX.  

 

1.3.2.1. Technology Challenge 

 

 The different variety of challenges in the technical area is:  

 Wireless radio channel: is an unpredictable channel which is 

affected by many other factors such as obstructions, terrain 

undulations, relative motion between the transmitter and the 

receiver, interference from other signals, noise, and so on. Those 

factors cause many problems which need to be solved, for example, 

pathloss, shadowing, multipath fading, intersymbol interference, 

Doppler spread, Additive white Gaussian noise (AWGN) and so on. 

 

 Mobility: The challenge for mobility is mainly due to handling 

roaming and handoff process. It is essential to find the right balance 

between the resource consumption and the performance. IP based 

network becomes more important in the future. Therefore, IP-based 

mobility management will be another challenge. 

 

 Spectrum: there is only limited amount of spectrum that is allocated 

for WiMAX. The need for accommodating increasing number of users 

and offering high rate applications challenges the designers to use 

the spectrum more efficiently. 

 

 Quality of service (QoS): WiMAX needs to support a variety of 

applications such as voice, data, video and multimedia. Each of the 

applications has different requirements in terms of data rate, traffic 

flow, packet loss, delay and so on. Therefore, it is a challenge to 
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balance the allocation of resource on different applications and users. 

Besides the QoS requirement across the wireless link, QoS has to be 

delivered end-to-end across the network which includes switching a 

variety of aggregation, switching, and routing elements between the 

communication end points. 

 

 

 Security: Security is essential for any communication system. From 

the user´s perspective, the privacy and data integrity are the primary 

security requirement. From service provider´s perspective, they want 

to prevent unauthorized use of the network. 

 

 Power consumption: To be portable, mobility is a prerequisite. 

Besides mobility, the power efficiency is another key issue. The 

requirement of low power consumption challenges designers to 

search for power efficient transmission schemes, power-saving 

protocols, computationally less intensive signal-processing 

algorithms, low-power circuit-design and fabrication, and battery 

technologies with long life. 

 

 Support IP in wireless: IP-based networking protocol becomes 

more and more popular in modern communication systems because 

of their advantages in cost and flexibility for supporting various 

applications. However, challenges are faced in making IP-based 

networking more bandwidth efficient, more reliable on QoS and more 

flexible in handling the changes in the network. 

 

1.3.2.2. Business Challenge 

 

Fixed WiMAX faces the rising challenges from traditional wired 

broadband solutions, such as DSL and cable modem. DSL and cable modem 

technology are also developing fast to offer higher data rate and better 

service quality. The increasing data rates supported by these wired 

broadband solutions allow providers to offer not only data, voice 
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applications but also entertainment TV and so on. WiMAX has advantage in 

terms of low cost infrastructure, but wired broadband solutions also benefit 

from the declining cost on customer premise equipment (CPE) in long term. 

For Mobile WiMAX, the biggest challenge comes from 3G technologies 

which are deployed widely by mobile operators. The mobile operators are 

more likely to use 3G which is a relatively mature technology instead of 

using WiMAX. To compete with 3G, some innovative applications and new 

attractive business models need to be developed for WiMAX. Besides the 

competition from 3G, mobile WiMAX has the challenges on device 

development. It is very important to have a wide variety of terminal devices 

to achieve the success. Intel started shipping WiMAX chipset in 2004 but it 

will take some time to convince the device producers to build WiMAX chipset 

into their devices. To be competitive against 3G, WiMAX should look for new 

possible devices which have been not deployed with wireless broadband 

features such as MP3 players, video players and so on. 

But not forget that the fourth generation (4G) is being developed.  
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2. WIMAX TECHNOLOGY 

 

WiMAX is a Broadband Wireless Access (BWA) technology. WiMAX is a 

standard based technology that provides the BWA services as an alternative 

to the cable and Digital Subscriber Line (DSL). There are some standards of 

WiMAX that are used for communication. The Fixed WiMAX (IEEE 802.16d) 

and Mobile WiMAX (IEEE 802.16e) are commonly used. 

 

2.1.   WIMAX standards 

 

The IEEE 802.16 group was established in 1998 to develop an air-

interface standard for wireless broadband. 

 

2.1.1. IEEE 802.16 

 

The IEEE 802.16-2001 was published in September 2001. It has the 

frequency range of 10-66 GHz to provide fixed broadband wireless 

connectivity. The single carrier modulation techniques are used in physical 

layer and Time Division Multiplexed (TDM) technique in MAC layer. The 

standard supports different Quality of Service (QoS) techniques to improve 

the LOS conditions. 

 

2.1.2. IEEE 802.16a  

 

This standard is the amendment of basic IEEE 802.16. The frequency 

range is 2-11 GHz, includes both licensed and license free bands. The NLOS 

communication is possible when frequency is below then 11 GHz. 

Orthogonal Frequency Division Multiplexing (OFDM) is used as modulation 

technique.  
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2.1.3. IEEE 802.16c  

 

The standard IEEE 802.16c was published in January 2003 as an 

amendment to IEEE 802.16a. It uses the frequency range of 10-66 GHz.  

 

2.1.4.  IEEE 802.16d  

 

The IEEE 802.16d-2004 is also called fixed WIMAX. The IEEE 802.16d 

has no support for mobility and used to provide fixed BWA to nomadic and 

portable users. The IEEE 802.16d-2004 was designed for fixed bandwidth 

allocation (BWA) system to support multiple services and uses frequency 

band 10-66 GHz. The bandwidth of IEEE 802.16-2004 is 1.25 MHz4. 

  

2.1.5.  IEEE 802.16e  

 

The IEEE 802.16e-2005 is also called Mobile BWA System. This 

standard is standardized for two layers, the physical layer (PHY Layer) and 

Medium Access Control (MAC) layer. The 802.16e uses Scalable Orthogonal 

Frequency Division Multiple Access (SOFDMA). It provides the higher speed 

internet access and can be used as a Voice over IP (VoIP) service. VoIP 

technologies may provide new services, such as voice chatting and 

multimedia chatting.  

The IEEE 802.16e provides support for MIMO antenna to provide 

good NLOS characteristics and Hybrid Automatic Request (HARQ) for good 

correction performance. 
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WIMAX Standard  IEEE 802.16  IEEE 802.16a  IEEE 802.16e  

Status Completed December 

2001 

Completed June 2004  Completed December 

2005 

Spectrum (GHz)  10 - 66   2 - 11  2 - 6 for Mobile 

2 - 11 for Fixed  

Conditions for 

Channel Acquiring  

Fixed LOS  Fixed NLOS  Fixed and Mobile NLOS  

Bit rate  

(Mbps) 

32 - 134 at 28 MHz  1 - 75 at 20 MHz  1 - 15 at 5 MHz  

Modulation  
QPSK, 16 QAM, 64 

QAM  

64 QAM,16 QAM, 

QPSK,BPSK  

64 QAM,16 QAM, 

QPSK,BPSK  

Multiplexing TDM/TDMA TDM/TDMA/OFDM TDM/TDMA/OFDMA 

Duplexing TDD/FDD TDD/FDD TDD/FDD 

Mobility  Fixed  Both Fixed and 

portable  

Mobility with roaming  

Channel 

bandwidth  

(MHz) 

20, 25, 28  1.25 - 20, 16 logical 

channel  

1.25 - 20, 16 logical 

channel 

Cell radius  

(Km) 

1.6 – 5  5 - 8  (Max range 50 

Km based on tower 

height)  

1.6 – 5  

Table 2. WIMAX Standards 

 

2.1.6.  IEEE 802.16 Protocol Stack  

 

The 802.16 standard covers the MAC and PHY layer of Open System 

Interconnection (OSI) reference model. The MAC layer is responsible to 

determine which Subscriber Station (SS) can access the network. The MAC 

layer is subdivided into three layers. The three layers are service specific 

convergence sub layer (CS), MAC Common Part Sub layer5 (CPS), and 

security sub layer. The CS transforms the incoming data into MAC data 

packets and maps the external network information into IEEE 802.16 MAC 

information.  
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The CPS provides support for access control functionality, bandwidth 

allocation and connection establishment. The PHY Layer control, data and 

management information are exchanged between MAC CPS and PHY layer. 

The security sub layer control authentication, key exchange and encryption. 

The PHY Layer is responsible for data transmission and reception by using 

10-66 GHz frequency.  

 

 

Figure 4. WiMAX MAC Layer 

 

2.1.7.  Certification Profiles 

 

After standards were completed, the WiMAX forum designed the 

certification profiles for fixed WiMAX and mobile WiMAX. They are showed in 

the next table. Those profiles specified the frequency band, channel 

bandwidth and duplexing mode.  
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 Band 

Index 

Frecuency 

Band 

(GHz) 

Channel 

Bandwidth 

(MHz) 

OFDM 

FFT 

Size 

Duplexing Notes 

 

Fixed 

 

WIMAX 

 

Profile 

 

 

 

 

1 

 

 

 

 

3.5 

3.5 256 FDD Products 

already 

certificated 

3.5 256 TDD 

 

7 

 

256 

 

FDD 

Both 

bandwidths 

must be 

supported 

by mobile 

station (MS)  

 

 

7 

 

256 

 

TDD 

2 5.8 10 256 TDD  

 

 

 

 

Mobile 

 

WIMAX 

 

Profile 

 

1 

 

2.3 - 2.4 

5 512 TDD 

10 1,024 TDD 

8.75 1,024 TDD 

 

2 

2.305-2.320 

2.345-2.360 

3.5 512 TDD 

5 512 TDD 

10 1,024 TDD 

 

 

3 

 

 

2.496-2.69 

 

5 

 

512 

 

TDD 

Both 

bandwidths 

must be 

supported 

by mobile 

station (MS)  

 

 

10 

 

1,024 

 

TDD 

 

4 

 

3.3 - 3.4 

5 512 TDD  

7 1,024 TDD 

10 1,024 TDD 

 

5 

3.4 - 3.8 

3.4 - 3.6 

3.6 - 3.8 

5 512 TDD 

7 1,024 TDD 

10 1,024 TDD 

Table 3. Fixed and Mobile WIMAX Initial Certification Profile 
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2.1.8.  How WIMAX standard works 

 

 The WiMAX technology operates similar to Wi-Fi but the main 

difference is the highest speed, long distance and the more number of users 

that WiMAX support.  

 As can be seen in the next figure, WiMAX consists of two parts: tower 

and receiver.  

 

 

Figure 5. WIMAX Infrastructure 

Using fixed antenna on the top roof of residence, offices or Wi-Fi 

hotspot building subscribe station exchange and high speed data (2Mbps to 

155Mbps) over the wireless channel with base station (BS).  

The base station (BS) then receive high speed data information from 

many antennas and exchange data information with switching centre using 

802.16 protocol over wired or wireless channel.  

Finally the switching centre establishes a connection with the core 

network (ISP, public switched telephone network).  
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2.2.   WIMAX Network Architecture  

 

The WiMAX infrastructure supports two modes, Point to Point and 

Point to Multi point.  

Point to point network is the simplest model of wireless network that 

consist of two radios and two high gain antennas in communication directly 

between them. In this type is used links dedicated connection for high yield 

or high interconnection links capacity. This type of links is easy to install but 

difficult to create a large network with them. It is common use point to 

point network on end client or to make backhaul networks. 

Point to multipoint sharing a determinate node (in the uplink) that is 

characterized by an omnidirectional antenna (or with several sectors) and 

points of termination (or repeaters) with directional antennas with high 

gain. This type of network is easier to implement than point to point 

networks because the fact of adding a subscriber only requires incorporate 

equipment on the client side, no having to change anything in the base 

station. Although each remote site must be within coverage radius of the 

signal that in the case of WiMAX is not required to place with direct vision. 

 

2.2.1.  Network Basics Elements  

 

 Base Station: WiMAX base stations are equipment generally are 

located in huts protected of the weather and with the necessary 

energy. A base station can theoretically cover until 50 km but in 

practice is reduced to about 10 km when is considered that there are 

partners users (in the case of point-to-multipoint). WiMAX base 

station can offer: 

 Point to point connection (backhauls or radio) 

 Point to multipoint connection (last mile, etc.) 
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 Antenna: 

 

 

 

 Repeater: is a bidirectional transceiver designed to extend WiMAX 

services to shadow areas not covered by the main base station, 

extending the coverage or dodging obstacles in line of sight between 

base station and user terminals. 

Even though, WiMAX provides NLOS (Non Lines of Sight) and NNLOS 

(Near Non Line of Sight) in some case (networks in high frequency) 

that is not enough to pass great obstacles as mountains or abrupt 

depressions, or to extend the WiMAX services inside buildings. 

WiMAX repeater is also a low cost solution to extend the coverage of 

any WiMAX base station beyond its primary footprint because not 

present infrastructure requirements as high as a complete base 

station (Booth, Backhaul, …) 

 

 

 Terminal Equipment (outdoor and indoor): CPE (Customer 

Premise Equipment) is an outdoor unit called ODU and an internal 

modem. This means that a technician is required to achieve a 

commercial or residential subscriber is connected to the network. In 

some case, can use an indoor unit (IDU) self-installable, especially 

Omnidirectional, used if the users are located in all 

directions 

Sectorial, coverage only provides narrow sectors. 

The main ones are: 60, 90 and 120 degrees 

 

Panel, used for point-to-point backhaul where want 

great distances and high throughput 
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when the subscriber is relatively close to the transmitter base station 

which would avoid the installation of outdoor units. 

 

 

Figure 6. Terminal Equipment WiMAX 

 

 Outdoor CPE: is an outdoor unit (seen in the picture the 

antenna) and an internal modem thus requiring a technician to 

install it. 

 Indoor CPE: is self-installable modems which no requires a 

technician to install it.  

 

 

2.3.   802.16 Physical Layer  

 

In the physical layer the data stream consists of a sequence of bursts 

of equal length. The operating modes FDD and TDD are consider both uplink 

(UL) and downlink (DL). 

In FDD (Frequency Division Duplex) the UL and DL sub bursts are 

transmitted simultaneously and without interference because these are 

transmitted consecutively. Can use 0.5, 1 or 2 milliseconds burst time. In 

this mode the DL and UL positions may vary. The following charts show the 

sequence of bursts. 
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Figure 7. Burst Sequence 

 

See the following table a comparison of both modes. 

 

 TDD FDD 

Description Duplexing technique used 

in solutions with license-

exempt that using a single 

channel for UL and DL. 

Duplexing technique used in 

solutions with license that 

using a pair of channel one 

for UL and one for DL. 

Advantages Flexibility improved 

because spectrum is 

required in pairs. 

 

Asymmetrical. 

Tested technology for voice. 

 

Designed for symmetrical 

traffic. 

 

No guard time. 

Disadvantages Can´t transmit and receive 

at the same time. 

Higher cost in relation to 

the acquisition of spectrum.  

use Environments with 

variables traffic diagram. 

 

RF efficiency is more 

important than cost. 

Environments with 

predictable traffic diagram. 

 

The cost of equipment is 

more important to RF 

efficiency. 

Table 4. TDD and FDD Comparison 
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The following figures represent the hardware required to implement 

TDD or FDD. 

 

 

Figure 8. Hardware TDD 

 

Figure 9. Hardware FDD 

 

2.3.1.  Physical Layer Specifications 

 

WiMAX has different specifications for the physical layer that can be 

used together with the MAC layer to provide a reliable end to end 

connection. 

 Wireless MAN-SC 

 

 Designed to work at frequencies between 10 and 66 GHz with 

conditions of sight (LOS).  
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 A carrier modulated QPSK, 16-QAM or 64-QAM with techniques 

of frequency error correction (FEC).  

 Channel 20, 25 or 28 MHz (TDD or FDD). 

 

 Wireless MAN-SCA 

 

 Designed to work in conditions of NLOS at frequencies below 

11 GHz. 

 Single carrier modulation BPSK, QPSK, 16-QAM and 256-QAM. 

 Concatenated FEC based on RS block codes (Reed Solomon) 

and convolutional codes. Possibility using turbo codes. Adaptive 

modulation and FEC. 

 Support for:  

o Adaptation of AAS techniques (Adaptive Antenna 

Systems). 

o ARQ retransmission techniques. 

o Implementation of diversity retransmission STC (Space 

Time Code). 

 Channels: 

o 3.5 and 7 MHz in the bands of 2.5 and 3.5 GHz (TDD 

and FDD). 

o 10 and 20 MHz in the unlicensed band of 5 GHz (TDD). 

 

 Wireless MAN-OFDM 

 

 Designed to work in conditions of NLOS at frequencies below 

11 GHz. 

 OFDM modulation of 256 point. Modulation BPSK, QPSK, 16-

QAM and 64-QAM by carrier. 

 FEC coding concatenated with RS and convolutional codes. The 

use of turbo codes is optional. 

 Support for: 

o MESH mode. 

o STC, AAS. 
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 Sub-channel. 

 Channels: 

o 1.75, 3, 3.5, 5, 5.5 and 7 MHz in licensed bands (2.5 

and 3.5 GHz). 

o 10 MHz unlicensed band (5 GHz). 

 

2.3.2.  Physical Layer Features 

 

Now are studied some features of physical layer of WiMAX. 

 

2.3.2.1. NLOS vs. LOS 

 

The radio channel of wireless communication system is often 

described as LOS or NLOS. In LOS link a signal travels through a direct path 

and unhindered from the transmitter to receiver. The LOS link requires most 

of the first Fresnel zone is free of any obstruction (see next figure). If this 

not true, then there is a significant reduction at the level of received signal 

strength. 

 

Figure 10. LOS Fresnel Zone 
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In NLOS link a signal reaches the receiver through reflections, 

diffractions and dispersions. The signal that arrives at receptor is formed by 

a compositions of signals come through the previous forms of propagations 

(through reflections, diffractions and dispersions). These signals have 

different delays, attenuations, polarizations and relative stability front to the 

signal being transmitted along the direct path. The phenomenon of 

multipath can also cause that the polarization of the signal changes. So the 

reuse of frequencies, which is usually done in LOS deployments, can be 

problematic in the case of NLOS. However, there are several advantages 

that make NLOS deployments desirable 

For example, stringent planning requirements and restrictions on the 

height of the antenna often do not allow the antenna to be positioned for 

LOS. To deployment cell adjacent to a large scale where the reuse of 

frequency is critical, lower height of the antenna is an advantage for reduce 

co-channel interference between adjacent cells. This often forces the base 

station to operate in NLOS conditions because LOS systems can not reduce 

the height of the antennas because they would lose sight in the receiver. 

NLOS technology and improved features in WiMAX makes possible 

the use of indoor equipment (CPE). This has two main challenges, first to 

overcome the loss of penetration; and second cover reasonable distances 

with low transmitter potency. WiMAX makes this possible and NLOS 

coverage can be improved by some optional capabilities of WiMAX how will 

see below. 

WiMAX technology solves or minimizes the problems result of NLOS 

conditions using: 

 Adaptive modulation. 

 Error correction techniques. 

 Diversity in the transmission and reception. 

 Adaptive antenna system. 

 Sub-channel. 

 Power control. 

 OFDM technology. 
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2.3.2.2. Adaptive Modulation and Coding  

 

The IEEE 802.16d has seven combinations modulation and coding 

ranges can be used to achieve various levels of data rate and the 

robustness of the transmission depending on conditions channel and 

interference. When the link is of high quality use higher modulation 

providing greater capacity and if the link is to use low quality minor 

modulation providing greater capacity and if the link is of low quality use 

minor modulation. Use a block of code concatenated Reed-Salomon (RS) 

outer code with inner convolutional. The outer RS code is determined by 

through a systematic RS (N=255, K=239, T=8) using GF (28). The inner 

convolutional code has a length of 7 and a range between ½ and ¾. This 

interpolation also used to reduce the effect of burst error. 

 

ID kind Modulation 

kind 

Coding Bit/symbol Bit/symbol 

OFDM 

Peak rate 

data at 5 

MHz 

(Mbps) 

0 BPSK 1/2 0.5 88 1.89 

1 QPSK 1/2 1 184 3.95 

2 QPSK 3/4 1.5 280 6.00 

3 16QAM 1/2 2 376 8.06 

4 16QAM 3/4 3 568 12.18 

5 64QAM 2/3 4 760 16.30 

6 64QAM 3/4 4.5 856 18.36 

Table 5. Modulation and Coding OFDM 
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Figure 11. BER vs. SNR a Function of Modulation 

 

An optional feature is the Turbo coding systems which increase 

coverage at a cost of increasing decoding latency and complexity. 

Modulation types allowed for uplink and downlink are BPSK, QPSK, 

16QAM, 64QAM. 

Also known preambles used by the protocol IEEE 802.16d, so it helps 

the receiver in the channel estimation and synchronization. The Downlink 

has a long preamble of two OFDM symbols these are sent to the start of 

each frame. The Uplink has a short preamble OFDM symbol is sent by the 

SS (Station Subscriber) at the beginning of each frame.  

 

2.3.2.3. Space Time Block Code 

 

STBC (Space Time Block Code) is an optional feature that is 

implemented in the downlink thus increase diversity. The application of 

Alamounti STBC 2x1 or 2x2 not affected the bandwidth. So provide diversity 

in both time and especially in space. As the receiver have two antennas. It 

makes a signal enhancement transmitted on the basis of the received 

signal. Whit this and with Alamounti code the performance of this optional 

feature will be improved. Also considers multiple receiving antennas which 
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do not required additional support. In general, the diversity of the receptor 

is preferable to communicate because additional power is not required to 

transmitter for several receivers. 

   

2.3.2.4. Adaptive Antenna System 

 

 Adaptive Antenna Array systems are an optional part of IEEE 802.16 

standards. These systems represent the advanced smart antenna 

technology today. These have “beamforming” properties for conducting the 

mean beam of the antenna to a specific location. This means that while 

being transmitted the signal can be limited to direction required by the 

receiver. These systems also have properties of suppressing co-channel 

interference from other locations thus also get improve to the signal noise 

ratio (SNR). 

 The use of antennas is usually linked to employment MIMO 

technology (Multiple Input/Multiple Output). This technology presents a 

number of advantages in the processing of different spatial signals. The 

main reason is the diversity of antennas and spatial multiplexing. By using 

multiples antennas MIMO offers the ability to receive data consistently from 

several paths (multipath) through antenna spatially separated receiving. 

This information is processed through the use of DSP´s (Digital Signal 

Processing) with processing capabilities. 

 In the downlink when multiples signal are radiated from the array of 

antennas the amplitude and phase of the signal of each antennas is 

adjusted so as to combine coherently in CPE. This adaptive technology 

beamforming improve the SNR. 

 In the uplink, the CPE send the signal to the BS. There is space time 

processing where the BS adjust the gain and phase of each antennas when 

the signal from CPE is received. Thus the combination and removal of the 

interference are performed because the desired signal combines coherently 

and the noise is combined coherently. This produces an improved SNR. 
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 Another advantage of adding this type of system is that by not 

requiring site relatively high to achieve adequate coverage avoid the 

“bomb” to the adjacent systems so improves frequency reuse factor 

achieving increase network capacity. 

 

2.3.2.5. Sub-Canalization 

 

The sub-channelization in the uplink is optional on WiMAX. Without 

sub-channelization, regulatory restrictions and the need for a cost effective 

CPE cause the link is asymmetric. This at the same time cause the system 

range is limited in the uplink. The sub-channelization enables that the link is 

balanced so the gain of the system is similar in both links (UL and DL). The 

sub-channelization concentrates the power transmission in a few OFDM 

carriers. This is the way to increase the gain of the system that can be used 

to extend the scope of the system overcome penetration losses or reduce 

CPE power consumption. 

 

 

Figure 12. Sub-Channelization 
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As can be seen in the figure, without sub-channelization the power 

emitted by the CPE is less than emitted by the BS and thus will limit the 

coverage link. 

 

2.4.   802.16 MAC Layer  

 

This layer was designed for access to application PMP (Point to Multi 

Point) of broadband with high data rate and a variety of different 

requirements for quality of service (QoS). Therefore is oriented to 

connection. 

The MAC layer allows the same terminal is shared by multiple users. 

What makes this system is flexible to handle algorithms that hundreds of 

end users can have different bandwidth and latency requirements. This 

layer is also responsible for managing need for very high bit rate for both 

link (UL and DL). The system has been designed to include Time Division 

Multiplexing (TDM) for voice and data, Internet Protocol (IP) and Voice over 

IP (VoIP). 

The IEEE 802.16 protocol must support the varied requirements of 

the backhaul such as Asynchronous Transfer Mode (ATM) and protocols 

based on packet. 

The MAC layer is subdivided into three sub-layers: 

 Convergence: is responsible for adapting the data units of the 

higher level protocols to MAC SDU format and vice versa. Is also 

responsible for classifying the incoming MAC SDU of the connections 

to which they belong. 

 

 Common Part: is the principal sub-layer and it is here where using 

the bandwidth, the connection is established and established the 

Protocol Data Unit (PDU). Is also responsible for make the exchange 
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of the data service unit of the MAC (SDU) with the convergence layer. 

This sub-layer is strongly linked to the security layer. 

 

 Security: is responsible for authentication, establishment of keys 

and encryption. In this sub-layer is exchanged of PDUs of the MAC 

with the physical layer.    

 

 

Figure 13. WiMAX OSI Scheme 

 

2.4.1.  MAC Features 

 

 TDM/TDMA:  

 

 Frames programmed for both links (UL and DL). 

 Efficient use of bandwidth. 

 

 Connection-Oriented: 

 

 QoS for connection. 

 Fast sending and routing packages. 
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 QoS: 

 

 Low latency for delay-sensitive service (TDM, Voice, VoIP). 

 Optimal transport for VBR traffic with priority information 

support. 

 

 Automatic Repeat reQuest (ARQ): 

 

 Improved yield end to end hiding induced errors in the RF layer 

of upper protocols. 

 Security: 

 

 Protect user privacy. 

 Uses triple DES encryption. 

 

 Automatic Power Control: 

 

 Minimize interference between cells. 

 

 Error Correction: 

 

 These techniques reduce the SNR requirements. 

 

 

2.4.2.  Format PDU of the MAC 

 

The PDU of the MAC is an unit of data exchanged MAC layer of the BS 

(Base Station) and of the SS (Subscriber Station). It consists of a Control 

Redundant Cycle (CRC). Two header formats are differentiated by the HT 

shield, a generic header and a header bandwidth requirement. 
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Uses three types of subheadings of the MAC: 

 Sub-heading grants management: is used by the SS to 

transport management bandwidth required for their BS. 

 

 Sub-heading fragmentation: contain information indicating 

the presence and guidance in the payload of any piece of SDU. 

 

 Sub-heading packaging: used to indicate the packing of 

multiple SDUs into a single PDU. 

 

The headers of grant management and fragmentation can be inserted 

into the PDU of the MAC immediately after the generic header indicating the 

type of shield. The packing sub-header can be inserted after each of SDU of 

the MAC and is indicated by the type of shield. 

 

 

2.4.3.  Transmission of PDUs of the MAC 

 

The Mac layer of IEEE 802.16 standard, support multiple high level 

layer protocols as ATM or IP. To maximize the process making flexible and 

efficient, the MAC layer incorporated the processes of fragmentation and 

packing. The fragmentation process is where a SDU of the MAC is divided 

into fragments. And the packing process is in which several of SDUs of the 

MAC are packaged into a single payload of PDU of the MAC. Both processes 

can be used for both link (UL and DL). The IEEE 802.16 standard allows the 

use of both processes simultaneously for efficient use of bandwidth and was 

designed to support both FDD and TDD. 

The MAC of the BS is responsible for creating a Downlink table (Sub-

table TDD) starting with a preamble that is used for synchronization and 

channel estimation. A control table header (FHC) is transmitted after the 

preamble for the rest of the picture.  This is required because the burst is 
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transmitted with different schemes of modulation and coding. The FCH is 

followed by one or multiple downlinks burst and consist of an integer 

number of OFDM symbol. The location of the profile of first downlink burst is 

specified in downlink table prefix (DLFP) that is part of FDH. 

The data burst is transmitted in order of decreasing robustness to 

allow the SS receives reliable data before risking burst error that could 

cause loss of synchronization. In the downlink a portion of the TDM followed 

FCH is used for UGS (Unsolicited Grand Service) useful for constants 

applications binary type with strict delay restriction as VoIP. 

  

 

Figure 14. Transmission of PDUs 

 

2.4.4.  Media Access 

 

TDMA (Time Division Multiple Access) allows that multiple users share 

the frequency channel by dividing the signal into different time slots. The 

users transmit in rapid succession, one after another, each using its own 

time slot. This allows that multiple stations share the same transmission 

medium (channel RF) while using only the portion of bandwidth that need. 

 



WiMAX, Technology and Market 

 

Beijing University of Post and Telecommunications                                                                           46  
 

 

Figure 15. TDMA Scheme 

 

 

2.5.   OFDM  

 

The OFDM is deriving from FDM (Frequency division Multiplexing) and 

MCM (Multi Carrier Modulation). It seems to be the optimal form of a 

multicarrier modulation scheme. It employs digital modulation technique 

FFT (Fast Fourier Transform), which inherently avoids bank of oscillators, 

demodulators and filters. The OFDM is good against interferences and multi 

path fading. The number of sub channels inversely related to data rate for 

each individual subcarrier, in return increases the time laps of symbol. This 

solves the problem of delayed version of signals in multipath environment. 

Each sub channel is orthogonal to each other and faces flat fading. 

Orthogonally depends on carrier spacing. Carrier space is to choose that it 

must be reciprocal of symbol period. Ultimately, this is helpful in reducing 

ISI and symbol detection at receiver by correlation technique.  

 

 
∫  ( ) ( )                                                     
 

  

Where x (t) and y (t) are two different independent signals. OFDM is 

a striking transmission scheme. Its wide support to high data rate and 

compatibility with multi path environment makes it useful in high-speed 

Data flow divided into frames. 

Frames divided into time slots. Each user is 

destined to one slot. 

The time slot has data with a guard period. 

If need to the synchronization.  
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modems, Digital Audio Broadcasting, Wireless Local Area Networks, 

Wireless Metropolitan Area Networks, WiMAX, etc. 

In simple narrow band scheme the data transmitted sequentially in 

serial form and each symbol occupies the whole bandwidth. While in parallel 

data transmission many symbols transmitted simultaneously on each sub 

channel. Consequently the complete bandwidth filled by many symbols. 

In OFDM technique the whole bandwidth is divided into many 

overlapping narrow strips (sub carrier) as shown in figure XXX, which are 

orthogonal to each other. The lower data rate provided to each narrow strip 

(total bit rate still high) which is useful to reduce the ISI and in result the 

accurate data information can be extracted from each sub carrier. 

 

Figure 16. MCM. 

 

The spectrum of OFDM contains many subcarriers. Where the wireless 

channel possess different frequency responses to each subcarrier at 

different time, when the data information distributed to each subcarrier. In 

case of deep fading or selective fading cause, some part of information 

received with error and other without error. By adding extra bits to 

transmitted information as error correcting code, there is high probability of 

correcting information, because the code related to corrupted information 

might transmitted in different sub carrier which might not suffer fade. In 

OFDM transmission, as each subcarrier contain part of information so only 

particular part of information destroys. While adjacent subcarrier suffer 

nearly flat fading because it occupies little space in bandwidth, which makes 
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equalization at receiver more simpler or by introducing coding equalization 

and its complexities can be complete removed from OFDM receiver. 

Encoded OFDM is called COFDM. 

 

2.5.1. OFDM Advantages 

 

 As OFDM is a parallel transmission system which converts the 

problem of frequency selective fading to flat fading by distributing 

data to sub channels, It is seems to be better candidate to combat 

multipath fading and randomizing the errors in burst.  

 In OFDM systems equalization is made very simpler and reduces 

the complexity at receiver, equalization is only applied to effected 

sub channel to reduce the error rate.  

 Delay profile of channel is nicely handled by insertion of 

appropriate size guard band.  

 OFDM provides a higher spectral efficiency due to orthogonally 

amongst the sub carriers.  

 It is attractive for broadcast applications by using single 

frequency.  

 OFDM is major role playing in development of standards of a 

broadband access and compatible with existence infrastructure.  

 Subcarrier spacing could be adjustable according to requirements 

of an applications and data rate; it supports different modulation 

schemes for different sub channels.  
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2.5.2. OFDM Disadvantages 

 

 There exists high peak to average power ratio which could drift 

the system into the region of non-linearity and saturation, which 

reduces the power efficiency of systems.  

 The insertion of guard band reduces the spectral efficiency and 

thus total channel capacity is decrease.  

 In mobile environment the Doppler shift, carrier off set in case of 

higher number of carriers and spreading of OFDM symbol out of 

band spectrum are practical problems of OFDM systems.  

 Synchronization at the receiver end it is possible difficulty to find 

starting point of FFT symbol. 

 

2.5.3.  OFDM Bases: Physical Layer  

 

OFDM (Orthogonal Frequency Division Multiplexing) is part of the 

Multicarrier Modulation, which is based on the idea of divided a sequence 

with high transmission rate on several parallel sequences with low bits rate 

and modulate every sequence in different carriers. 

This scheme allow reduce o eliminated the intersymbol interference 

because make the symbol time large enough for the delays induced in the 

channel are an insignificant fraction of the symbol duration.   

OFDM is an efficient version talking of the multicarrier modulation 

spectrum where the subcarriers are selected so that one is orthogonal to 

the other during the symbol duration. Thus avoiding the need of subcarriers 

channels for eliminates interference between carriers.  

The firs subcarrier is chosen whit a frequency to have an integer 

number of cycles in one symbol period and establishing the space between 

adjacent subcarriers is BSC = B/L, where B is the nominal bandwidth equal 
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to the data rate; and L is the number of subcarriers. This ensures all tones 

are orthogonal to each other in one symbol period. 

Can be seen that the OFDM signal is equivalent to the transform 

inverse discrete Fourier (IFDT) of the data sequence block taken L at a 

time. This makes it easy to implement OFDM transmitters and receivers in 

discrete time by using the inverse fast Fourier transform (IFFT) and FFT 

respectively. 

 

2.5.4.  OFDM Parameters in WiMAX 

 

WiMAX use a base of 256-FFT OFDM in the physical layer, use 192 

subcarriers to transport information of which 8 are used as pilot subcarriers 

for the estimation of the channel and for the purpose of synchronization. As 

the FFT size is fixed, the space between subcarriers varies whit the 

bandwidth of the channel.  

When using large bandwidth, the space between subcarriers 

increases and the symbol time decreases. That this time decreases means 

that a bigger fraction needs a bigger guard time to surpass the extension of 

the delay. As can be seen in the table, WiMAX allows a great range of guard 

time and this allow to the engineers make the interchange necessaries 

between spectral efficiency and the robustness of the delay extension. 
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Parameters Fixed WiMAX, OFDM PHY 

FFT size 256 

Number of data subcarriers used 192 

Number of pilot subcarriers 8 

Number of guard/null subcarriers 56 

Cyclic prefix or guard time (tg/tb) 1/32 

Oversampling rate (Fs/BW) 7/6 

Bandwidth channel (MHz) 3.5 

Period in frequency of the subcarriers (kHz) 15.625 

Symbol utilization time (µs) 64 

Guard time suppose 12.5% (µs) 8 

Symbol duration (µs) 72 

Number of OFDM symbol in one frame of 5ms 69 

Table 6. OFDM Parameter used in Fixed WiMAX 
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3. WIMAX MARKET 

3.1.    WIMAX Deployment Analysis 

 

One of the critical things for WiMAX deployments is that the spectrum 

worldwide is not the same. The uniform allocation of spectrum worldwide 

can lower the costs for deployment which can accelerate the WiMAX 

development speed. Yet, the allocation of the spectrum varies from country 

to country by the government with different spectrum policies. Generally, 

there are three main frequency bands available for WiMAX in the world, 

though few countries have all three bands. The most common is 3.5GHz 

band, which covers frequencies from 3.3GHz to 3.8GHz that is used for 

example by European countries among others. United States, South Korea, 

Australia, Mexico, and Brazil and other countries is not covered by this 

band. They are used 2.5GHz band that covers frequencies from 2.3GHz to 

2.7GHz. Another band is 5GHz which is from 5.0GHz to 6.0GHz. Only a 

minority of countries require a license to use this band for commercial 

applications and others have requirements referred to as “light licensing” to 

coordinate use with legacy applications. This band is used in areas with low 

population such as rural area. 
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Figure 17. Global Distribution of the Spectrum allocation for WiMAX 
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3.2.   WiMAX Deployment Trends 

 

WiMAX has been developing relatively fast since IEEE 802.16-2004 

was released only 7-8 years ago. Major operators in many countries have 

deployed the WiMAX solution and there are hundreds of suppliers for 

equipment, components and handset who are designing and producing 

products for WiMAX.  

On 2011, the WiMAX Forum celebrated 10 years as an industry body 

with nearly 600 WiMAX networks across 150 countries according to 

Jonathan Singer, marketing communications and research manager for the 

organization. At the beginning of 2011, over 823 million people were 

covered by WiMAX networks, and by the end of 2011 the WiMAX Forum 

estimates that number to increase to more than one billion. 

 The total number of global WiMAX subscriptions passed the 20 million 

at the end of June 2011. WiMAX subscriber growth will continue to be 

strong in 2011, and forecasts the world total to reach 25 million by the year 

end. Subscriber growth continues in all regions as WiMAX operators build 

their customer bases. With the levels of operator activity and device 

ecosystem growing, we forecast WiMAX subscribers to surpass 100 million 

by the end of 2015.  

 

 

3.2.1.  WiMAX in Economic World Crisis 

 

 The global economic crisis continues and during this period the 

world’s communications infrastructure is becoming increasingly important. 

Wireless broadband in particular is helping businesses and people in 

emerging markets cope with the crisis.  

 The growing requirement for broadband connectivity in countries that 

lack a developed wired infrastructure is fueling demand for wireless 

alternatives that enable emerging markets to bridge the digital divide. 
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Broadband wireless solutions empower these countries and enable them to 

achieve their economic development. 

 The global economy has been significantly affected by the financial 

crisis starting in the third quarter of 2008. However, the development of 

WiMAX continued to go strong in various countries in 2009. The 

development of WiMAX has not only been part of the national telecom 

infrastructure for many countries but also been pushed by various 

governments as a means to stimulate economic growth. Therefore, the 

global WiMAX subscriber base almost doubled in 2009 compared with 2008.  

 The main reason for WiMAX business growing is because respect 

three important elements in the emerging market. 

 Low Cost: WiMAX is wire-free operators  don’t have to pay 

expensive leasing fees which in turn lower their initial cost of 

providing service. 

 

 Fast Deployment: installation is quick because all-outdoor WiMAX 

network elements and CPE devices are easy-to-install and self-

provisioning, which also lowers service costs. 

 

 High Quality and High Performance: these proven WiMAX 

networks offer service providers and their subscribers the highest 

quality, capacity and coverage available.  
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3.3.   WiMAX Future-Present 

 

 The next step in WiMAX is IEEE 802.16m standard also known as 

WiMAX 2 based on IEEE 802.16e standard by adding new capabilities while 

maintaining backwards compatibility. WiMAX 2 offers higher system 

capacity with peak rates of over 300 Mbps, lower latency and higher 

capacity or VoIP and the requirements for 4G or “IMT-Advanced” 

established by international Telecommunication Union (ITU). 

 WiMAX 2 was passing 2011 by ITU. This means that WiMAX 2 is not 

only the future if not also is the present of WiMAX technology. Even though 

is not predicted its deployment along this year. 

 To get an overview of the IEEE 802.16m standard can be seen its 

characteristics. 

 Legacy: IEEE 802.16m provide the support and interoperability for 

the legacy Wireless MAN-OFDMA equipment, including MSs and BSs 

and it shall have the ability to disable legacy support. 

 

 Complexity: IEEE 802.16m minimizes complexity of the 

architecture and protocols and enabled interoperability of access 

networks. 

 

 Services: IEEE 802.16m support legacy services and be more 

flexible to support services for next generation mobile networks. 

IMT-Advanced QoS requirements should be supported including end-

to-end latency, throughput and error performance. 

 

 Operating frequencies: IEEE802.16m operates in lower than 6GHz 

frequencies and be deployable in licensed spectrum allocated to the 

mobile and fixed broadband services. It is able to operate in IMT-

Advanced identified frequencies. 
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 Operating bandwidths: IEEE802.16m support scalable bandwidths 

from 5 to 40MHz which can be supported by single or multiple 

carriers. 

 

 Duplex schemes: Both TDD and FDD are supported by IEEE 

802.16m. Full duplex and half duplex MS operation are supported in 

FDD mode. 

 

 Advanced antenna techniques: for the BS, IEEE 802.16m 

supported a minimum of two transmit and two receive antennas. For 

the MS, it support a minimum of one transmit and two received 

antennas. 

 

 Latency: Latency should be reduces as compared to the Wireless 

MAN-OFDMA Reference System for all aspects. 

 

 QoS: IEEE 802.16m supports all QoS classes which enable new 

applications. And it provided support for preserving QoS during 

handover with other Radio Access Technology (RATs). 

 

 Radio resource management: Measurement/reporting, 

interference management are used to utilize the radio resource 

management. 

 

 Security: IEEE 802.16m provides security functions to achieve 

integrity protection, user traffic and user data protection and secure 

access. 

 

 Handover: IEEE802.16m provides handover within and between all 

cell types in the system. And it supports handover with other RATs. 

 

 Multicast broadcast service: IEEE 802.16m supports enhanced 

multicast service and switching between broadcast and unicast 

services. 
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 Location based services: IEEE 802.16m supports location based 

services. 

 

 Reduction of user overhead and system overhead: Compare to 

the Wireless MAN-OFDMA Reference System, IEEE 802.16m improve 

the reduction of user overhead and system overhead. 

 

 Power saving: IEEE 802.16m provides enhanced power saving 

functionality. 

 

 Multi-RAT operation: IEEE 802.16m support efficient handover to 

other radio access technologies, such as IEEE 802.11, 3GPP GSM, 

and UTRA CDMA2000. 

 

 

3.3.1.  WiMAX Collaboration Initiative 

 

 The WCI (WiMAX Collaboration Initiative) is an initiative led by major 

WiMAX silicon suppliers, equipment manufacturers and research 

organizations to accelerate the interoperability of WiMAX 2 based on IEEE 

802.16m standard. The group is working closely with the WiMAX Forum for 

the IEEE 802.16m standard get to market faster, attention the demands of 

the growing network of service they provide. 

 

 

3.3.2.  WiMAX Collaboration Initiative Objectives 

 

 The WCI understood that as 4G industry takes shape it is essential to 

evolve the industry model to create a better value chain for service 

providers. Working closely with the WiMAX Forum the group planned to 

carry out technology collaboration and joint performance benchmarking 
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802.16m product so they could do the first test. Joint development of 

migration paths for existing 802.16e systems involved the 4G application 

testing through WiMAX 2 systems. 

 

3.4.   WiMAX vs. LTE, the Future of Mobile Communications 

 

 The battle between WiMAX and LTE has an origin of the attempt to 

establish one of the two as the most suitable technology for 4G market by 

the telecommunication industry not by the fact that one of this technologies 

are better than the other from the technical view point. 

  In fact, the existing battle should not be because both technologies 

play and will play an important role in the field of wireless networks because 

each technology has its strong point. LTE provides better access, while 

WiMAX provides backhaul for 4G networks. Both technologies are viable as 

access technology for 4G networks although it is true that WiMAX maintains 

its position as an ideal backhaul.  

 More and more operators supporting LTE (among other things 

because the deployment of WiMAX involves creating a new network, while 

to implement LTE just need to make the necessary updates to the existing 

UMTS networks using the 80% of the mobile user), but this does not mean 

that WiMAX is finished. Is true that the support of the telecommunication 

operators is almost the most important for a technology succeed over other. 

But there are implemented WiMAX networks and these networks are being 

used successfully. Moreover, IEEE 802.16m, called WiMAX 2, ensure the 

future of WiMAX technology.  

 Is true that in most parts of the world users will can access to 4G 

through WiMAX or LTE network and only in a few places the user will can 

choose the network that he want to use. But this election does not 

important for the user because he only want that the network contented his 

necessities indifferently of the technology that this use. And from the 

technical point of view there is not many differences between both 

technologies.   
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  WiMAX WiMAX 2 LTE 

Network 

equipment 

available 

 

2007 

 

2010 

 

2009 

Handset 

available 

 

2008 

 

2011 

 

2010 

Organization IEEE & WiMAX Forum IEEE & WiMAX Forum 3GGP 

Radio technology SOFDMA SOFDMA SOFDMA 

Antenna 

technology 

 

MIMO & AAS 

 

MIMO & AAS 

 

MIMO & AAS 

Duplexing TDD TDD & FDD FDD 

Frequency bands 

(GHz) 

2.3, 2.5, 3.5, 5 Under 6 0.7, 0.85, 0.9, 1.8, 

1.9, 2.1, 2.5 

 

Channel bands 

 

1.75, 3.5, 7, 14, 

1.25, 5, 10, 15, 8.75 

 

5-40 

 

1.4, 1.6, 3.5, 10, 15, 

20 

User plane 

latency 

 

< 20 

 

<5 

 

<5 

Control plane 

latency 

 

<100 

 

<100 

 

<100 

Table 7. WiMAX vs. LTE 

 

 In short, WiMAX maybe will not become the majority wireless access 

technology but will have a significant role to play as a backhaul technology 

around the world because was originally designed as a wireless backhaul 

technology. In addition, the telecommunications industry has to realize that 

there are market opportunities for both technologies allowing coexistence 

and working together.   
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