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Abstract— The Recently world wireless communication systems 

are involved in every part of life. Worldwide Interoperability for 

Microwave Access (WiMAX) is OFDM-based technology that 

supports point to multi-point broadband wireless access  for the 

next generation radio access. Main application (fixed and mobile) 

of WiMAX today is for MAN/WAN base stations and link 

stations. That  WiMAX te chnology is the upcoming wireless 

system which uses IEEE standard 802.16. By using this 

technology it can overcome the limitations of the existing wireless 

communication like short coverage area, lack of security and low 

data. 

Also WiMAX technology offers a great deal of data rate with a 

great coverage area, recently the diamond on broadband is 

increase and wireless also because it is easy to install for provider 

of serves and for customer, and WiMAX offer wireless 

broadband with reasonable price. 

This paper aims to investigate  and simulate a WiMAX/IEEE 

802.16 Wireless MAN OFDM Physical Downlink system. The 

investigation  part includes a how WiMAX does it  work , 

WiMAX technology Standard, and comparison of WiMAX with 

other wireless technologies. Also include  advantages and 

disadvantages of WiMAX technology and their applications 

The  simulation results  achieved for    Varying  multipath fading  

channel with AWGN into three cases  such as   for a channel is 

no fading, frequency selective fading and  frequency flat fading. 

That results are include  include   the measured  spectrum of the 

transmitted signal, spectrum of the signal at the channel output, 

constellation diagrams  of both the signal after the modulation  

and the received signal prior to demodulation . Also measured 

SNR in each case. 

 

Keywords— WiMAX, Channel, Fading, OFDM  and wireless 

communication. 

I. INTRODUCTION 

THE WORLDWIDE INTEROPERABILITY FOR MICROWAVE 

ACCESS (WIMAX), IS A TELECOMMUNICATIONS 

TECHNOLOGY PROPOSED AT PROVIDING WIRELESS DATA 

OVER LONG DISTANCES IN A DIFFERENT WAYS, FROM 

POINT-TO-POINT LINKS TO FULL MOBILE CELLULAR TYPE 

ACCESS .  THE OVERVIEW  OF WIMAX TECHNOLOGY IS 

ILLUSTRATED IN FIGURE 1 , THAT TECHNOLOGY  IS A 

WIRELESS DIGITAL COMMUNICATIONS TECHNIQUE THAT IS 

INTENDED FOR WIRELESS .THIS TECHNOLOGY CAN PROVIDE 

BROADBAND ACCESS UP TO 50 KM (30 MILES) FOR FIXED 

STATIONS, AND  IN THE RANGE OF  5 TO 15 KM (3 - 10 MILES) 

FOR MOBILE STATIONS. 

WIMAX IS A STANDARDS-BASED TECHNOLOGY ENABLING 

THE DELIVERY OF LAST MILE WIRELESS BROADBAND 

ACCESS AS AN OPTION TO WIRED BROADBAND LIKE CABLE 

AND DIGITAL SUBSCRIBER LINE  (DSL). WIMAX  PROVIDES 

FIXED, TRAVELING, AND MOVEABLE. ALMOST 

IMMEDIATELY, MOBILE WIRELESS BROADBAND 

CONNECTIVITY WITHOUT THE REQUIRE FOR DIRECTS LINE-

OF-SIGHT (LOS) WITH A BASE STATION. FOR A TYPICAL 

CELL RADIUS OPERATION OF 3 TO 10 KILOMETERS, WIMAX 

DEBATE SPECIALIZED SYSTEMS CAN BE EXPECTED TO 

DELIVER CAPACITY OF UP TO 40 MBPS PER CHANNEL, FOR 

FIXED AND MOVEABLE ACCESS APPLICATIONS. 

ALOT OF COMPANIES ARE CLOSELY EXAMINING WIMAX 

FOR THE  LAST MILE CONNECTIVITY AT HIGH DATA RATES. 

THE RESULTING COMPETITION MAY BRING LOWER PRICING 

FOR BOTH HOME AND BUSINESS CUSTOMERS OR BRING 

BROADBAND ACCESS TO PLACES WHERE IT HAS BEEN 

INEXPENSIVELY UNAVAILABLE. PRIOR TO WIMAX, A LOT 

OF OPERATORS HAVE BEEN USING PROPRIETARY FIXED 

WIRELESS TECHNOLOGIES FOR BROADBAND SERVICES.  THE 

BANDWIDTH AND REACH OF WIMAX MAKE IT SUITABLE 

FOR SOME POTENTIAL APPLICATIONS SUCH AS  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 BROADBAND ACCESS,  

ALSO PROVIDING HIGH-SPEED DATA AND 

TELECOMMUNICATIONS SERVICES, PROVIDING A DIVERSE 

SOURCE OF INTERNET CONNECTIVITY AS PART OF A 

BUSINESS CONTINUITY PLAN AND PROVIDING NOMADIC 

CONNECTIVITY. 

 
Fig 1.  WiMAX Technology Overview 
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II HOW DOES WIMAX WORK? 

 

WiMAX utilizes radio microwave technology to provide 

wireless internet service to computers and other devices that 

are equipped with WiMAX compatible chips for example 

personal digital assistants, cell phones,  …etc.  It works more 

or less like cellular network technology, due to  WiMAX 

technology also involves the use of a base station to establish 

a wireless data communication link just as in the same way it 

is needed in cellular networks like global system for mobile 

communication (GSM) and  universal mobile 

telecommunication system (UMTS). The theoretical range of 

WiMAX is up to 50Km’s (30 miles) and obtains  data rates up 

to 75 Mbps, although at very long range that is greater than 

50Km’s the throughput is closer to the 1.5 Mbps. WiMAX 

operates same as wireless -fidelity (Wi-Fi)  but with two very 

convincing differences as compared to Wi-Fi, these are data 

rate and data range. The typical WiMAX scenario engages a 

base station normally mounted on top of the building or at 

some high placeswhere it can provide optimum coverage and 

a WiMAX receiver that can be in any form like for e.g  a chip 

installed in laptops or customer premises equipment (CPE)  or 

home personal computer’s just similar to Wi-Fi chip. 

At the present, there are two steps that make up the whole 

communication model in WiMAX. These  steps are 

summarized in the following points: 

• Data transmission from WiMAX receiver (CPE or WiMAX 

Chips) to the WiMAX base station (BS). 

• Data transmission from BS to backbone internet. 

Transmission data  between two towers can be through a 

microwave transmission media  link and WiMAX  base 

station can also be connected to the internet protocol (IP)  

backbone network using a wired connection as represented  in 

figure 2 . Communication between WiMAX BS and 

subscriber can be point to multipoint where as communication 

between two WiMAX BSs could be in form of point to point 

LOS. 

 
 

Fig 2 . WiMAX operation 

 

 

III WiMAX TECHNOLOGY STANDAES 

 

It is important to note that the IEEE 802.16 standard and 

WiMAX focus almost exclusively on the digital aspects of 

wireless communication, in particular at the transmitter side. 

The receiver implementation is unspecified; each equipment 

manufacturer is welcome to develop efficient proprietary 

receiver algorithms. Aside from agreeing on a carrier 

frequency and transmit spectrum mask, few requirements are 

placed on the RF units. The standard is interested primarily in 

the digital transmitter because the receiver must understand 

what the transmitter did in order to make sense of the received 

signal but not vice versa. 

The IEEE 802.16 standard (also known as the air interface for 

fixed broadband wireless access (FBWA  systems or IEEE 

WMAN air interface) is the first version of 802.16 family 

standards (published in April 2002). It specifies fixed 

broadband wireless systems operating in the 10–66 GHz 

licensed spectrum, which is expensive but there is less 

interference at the high-frequency band and more bandwidth 

is available. Because radio waves in this band are too short to 

penetrate buildings, the 802.16 standard is only used for line-

of-sight (LOS) connections. Compared to non-line-of-sight 

(NLOS) connections, LOS links are not so flexible but are 

stronger and more stable against transmission error. IEEE 

802.16 is interoperable with other wireless networks, such as 

cellular systems and wireless local area networks (WLANs).   

IEEE 802.16-2004 is a wireless access technology standard 

optimized for fixed and nomadic access, which was published 

in October 2004. It is a combined and improved version of 

IEEE 802.16, 802.16a, and 802.16c (these three standards are 

replaced by 802.16-2004 now) in which both the 10–66GHz 

and 2–11GHz frequency bands are specified and the 

bandwidth can be as narrow as 1.25 MHz IEEE 802.16-2004 

is designed for fixed BWA-systems to support multiple 

services. The goal of this standard is to enable global 

deployment of innovative, low-cost, and interoperable 

multivendor BWA-products; increase the capacity of 

competition of BWA-systems against their wired counterparts; 

and facilitate global commercialization of BWA products. 

IEEE 802.16-2004 does not add any new models in addition 

to those covered by IEEE 802.16 and 802.16a. Its main 

features also remain the same.   The main comparison 

between IEEE 802.16 standards are represented in table 1. 

 

IV COMPARISON OF WIMAX WITH OTHER WIRELESS 

TECHNOLOGIES 

 

WiMAX  technology is not the only solution for delivering 

broadband wireless services. Many  proprietary solutions are 

already in the market. The 3
rd

 generation cellular systems and 

IEEE 802.11-based Wi-Fi systems are also playing a very 

important role in un-tether access of Internet throughout the 

world.  
 

 

 



Table (1) The main comparison between IEEE 802.16 

standards 

 
 

V . MODELING AND SIMULATION OF 

WIMAX /1EEE 802.16 WIRELESS MAN OFDM 

PHYSICAL DOWNLINK 

In this section a model  of WiMAX/IEEE 802.16 Wireless 

MAN OFDM Physical Downlink is designed and 

implemented using Matlab with Simulink V.2012a as shown 

in figure (3). 

 

Fig.3  n Simulation Model  of WiMAX/IEEE 802.16 Wireless 

MAN OFDM Physical Downlink). 

 

 

 

 

 

Established  the number of OFDM symbols to be constant for 

all data bursts generated. As a result, for any given profile, the 

frame duration in Simulink remains the same. Within the 

downlink frame. The library file in Matlab has blocks which 

cover this functionality. Assume perfect synchronization 

between the transmitter and receiver. As a consequence, they 

only use a short preamble for every downlink burst .Estimate 

the channel at the receiver using only the inserted preambles 

and not the pilot subcarriers.  It can vary the state of the 

nonlinearity and the digital pre-distortion via the Amplifier 

nonlinearity and Digital pre-distortion parameters..  

Also in this  model  it vary multipath fading  channel with 

AWGN into three schemes no fading, frequency selective 

fading and  frequency flat fading so all of them can variance 

(in SNR  well the receiver performs with different fading 

characteristics.  After setting  the parameters of  

WiMAX/IEEE 802.16 wireless MAN OFDM physical 

downlink Model. Several  testes are carried   when multipath 

fading  channel with AWGN   varying as clarified in the 

following points: 

  

 No Fading 

After the  multipath fading  channel with AWGN  set as no  

fading then simulate WiMAX/IEEE 802.16 model, after that 

windows come up automatically to display the simulation 

results which represented the spectrum of the transmitted 

signal, spectrum of the signal at the channel output ,  

constellation diagram of the signal after the modulation  and 

constellation diagram of the received signal prior to 

demodulation using scatter plots as illustrated in figure (4). 

(a)

(c)

(b)

(d)

 
Fig. 4 Simulation results when no fading channel is used 

    (a)  Spectrum of the transmitted signal 

             (b )  Spectrum of the signal at the channel output 

              (c)   Constellation diagram of the signal after the modulation 

          (d) Constellation diagram of the received signal prior to 

demodulation 

 



 Frequency selective fading 

After the  multipath fading  channel with AWGN  set as  

frequency selective   fading then simulate WiMAX/IEEE 

802.16 model, after that windows come up automatically to 

display the simulation results as illustrated in figure (5). That 

simulation results are represented  the spectrum of the 

transmitted signal, spectrum of the signal at the channel 

output ,  constellation diagrams of the signals after  and before  

the modulation  and demodulation respectively 

 

 

 
 

Fig. 5  Simulation results when frequency selective fading 

channel is used 

              (a)  Spectrum of the transmitted signal 

                        (b)  Spectrum of the signal at the channel output 

                 (c)  Constellation diagram of the signal after the 

modulation 

                        (d) Constellation diagram of the received signal prior  

                                       to demodulation 

 

 Frequency flat fading 

After setting the  multipath fading  channel with AWGN  as  

frequency flat   fading then simulate  the model of  

WiMAX/IEEE 802.16 after that windows come up 

automatically to display the simulation results as shown  in 

figure (6). The achieved  simulation results are demonstrated  

the spectrum of the transmitted signal, spectrum of the signal 

at  the channel output ,  also constellation diagrams of the 

signals after  and before  the modulation  and demodulation 

respectively. 

 

 

 
 

 

 

 

 
 

Fig. 6 Simulation results when frequency flat   fading channel 

is used 

  (a)  Spectrum of the transmitted signal 

                 (b)  Spectrum of the signal at the channel output 

    (c)  Constellation diagram of the signal after the modulation 

    (d)  Constellation diagram of the received signal prior to 

demodulation 

 

VI CONCLUSION 

 

WiMAX consider a great deal these days, as it offer a high 

data rate and coverage large area, so it’s important to 

understand it’s technology and investigate  it’s performance, 

with good simulation  tool- like MATLAB which offer so 

mach tool  it can implement WiMAX technology. 

Referring to the achieved  simulation results which 

represented the measured  spectrum of the transmitted signal, 

spectrum of the signal at the channel output, constellation 

diagrams  of both the signal after the modulation  and the 

received signal prior to demodulation . Also measured SNR in  

three different channels . It observes  that  spectrum level  of 

the transmitted signal is less than spectrum  level of the signal 

at the channel output by -21.5dB. The constellation diagrams 

of the  received signal prior to demodulation was distorted 

compared to the  constellation diagrams  of  the signal after 

the modulation. Also the SNR was equal 21.3dB . 

Finally useful simulation results are achieved  and has good 

agreement with the expected one as well as very powerful 

scientific computer package are used which known as a 

Matlab with Simulink v.2016a. 
 

 

 

 

 

 



 

References 

 
1. Carl Eklund, et.al. :WirelessMAN: Inside the IEEE 802.16 Standard 

for Wireless politan Area Networks,  IEEE Press, 2006 

2. Andrews, J. G., Ghosh, A.  and Muhamed, R.  : Fundamentals of 

WiMAX: Understandi Broadband Wireless Networking, Prentice Hall, 

2007 

3. de Moraes, .  L. F. M.  and Valverde, A. N. L., :Waiting-Time 

Analysis of a Reservation Access-Control Scheme with messagebased 

priorities, Third IFIP TC 6/wg 7.3 Inter. Conf. on Data 

Communication Systems and Their Performance, June 1987. 

4.  IEEE 802.16, IEEE Standard for Local and Metropolitan Area 

Networks- Part 16: Air Interface for Fixed Broadband Wireless 

Access Systems,IEEE Std. 802.16, Oct. 2004. 

5. Sklar, B.  :Digital Communications: Fundamentals and 

Applications, 2nd  Edition,, 2001 

6.  Amharee, R.  A., Bouraoui, H. B. and Zerek, A. R.:Analysis and 

Evaluation of a Modified  MAC Protocol in WiMAX,  MISC'2010, 

Coondtantine., Algera  30-31 May 3010 

7.  Roberto C.  :Wireless Communications with Matlab and Simulink: 

IEEE802.16 (WiMax)   Physical Layer ,Naval Postgraduate School 

Monterey, CA 93943 August 2009, 

8. Savo G. G,  : Advanced Wireless Communications 4G 

Technologies, University of Oulu,    Finland, 2004 

9. Goldsmith, A. : Wireless Communication, Stanford University, 

2005. 

10. Blake, : wireless Communications  Technology, 2009. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




