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Abstract: This input provides background information on WiMAX (Worldwide Interoperability for Microwave Access), which is 

a wireless communication system that provides broadband wireless access over long distances. It discusses the IEEE 802.16 

standard that defines the features of WiMAX and the WiMAX Forum that tests and promotes the technology. The input also 

explains the basics of Orthogonal Frequency Division Multiplexing (OFDM), which is a modulation technique used in WiMAX to 

achieve efficient data transmission over multiple subcarriers. Additionally, it discusses Rayleigh fading, which is a model for the 

effect of a scattered environment on a radio wave, and how it can be generated using Jake's model. The input concludes by 

mentioning a Simulink model used to evaluate the performance of the WiMAX PHY layer in different communication channels. 

Overall, the input provides a comprehensive overview of the background and technical aspects of WiMAX. 

 

Keywords : WiMAX, OFDM, Raylish fading channel, Simulink model  

 

I. INTRODUCTION 

Remote interchanges are an arising field that has encountered 

a huge improvement throughout the most recent quite a while 

[1]. The accessibility of broadband organizations offers elite 

availability to over a billion of web clients all throughout the 

planet. Advancement of new remote broadband principles and 

advances is vital for increment remote inclusion quickly. The 

interest for versatile information administrations and 

broadband organization availability keeps on expanding. 

Regular rapid broadband administrations depend on wired-

access advances, for example, computerized supporter line 

(DSL). Anyway, this assistance is hard to convey in distant 

rustic regions and it needs support for terminal versatility. 

Versatile Broadband Wireless Access can be utilized as an 

option in such risky circumstances to acquire an adaptable and 

savvy arrangement [2]. 

The IEEE WiMAX/802.16 norm for broadband remote 

metropolitan region organizations (WMANs) can convey high 

throughput over significant distances, support various 

characteristics of administrations, offers a remote backhaul 

network that empowers rapid web admittance to private, little 

furthermore, medium business clients. This promising and 

practical innovation can likewise uphold web access for WiFi 

problem areas and cell base stations through their separate 

passages [3]. Various broadband advances can exist in a 

similar remote portion and contend each other to get last mile 

infra structures. In situations where it is extremely hard to get 

such constructions with different advances, WiMAX will turn 

into a brilliant arrangement [4]. The first WiMAX standard 

just provided for fixed and Nomadic administrations. It is 
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investigated to address full versatility applications in portable 

WiMAX standards under the IEEE 802.16e determination. 

Portable WiMAX is a quickly developing novel innovation for 

full portability remote access and supports travelling and fixed 

admittance just as both the highlight point and highlight 

multipoint associations [5, 6].  

The exhibition of WiMAX actual layer is regularly dictated by 

BER. Commotion in the transmission medium upsets the data 

sign and causes information defilements. All in all, SNR is 

contrarily relative with BER which implies the nature of a 

correspondence framework turns out to be better at lower BER 

and at higher SNR esteems. To improve the BER execution of 

a remote correspondence framework it is important to 

diminish blasted mistakes however much as could reasonably 

be expected. Forward blunder revision methods use mistake-

adjusting codes like RS, CC, and CRC, etc for managing burst 

blunders. By linking two distinct codes the impact of 

improving the complete BER of WiMAX framework can be 

figured it out.   

The goal of this investigation is to foster a test system for the 

WiMAX actual layer utilizing Matlab R2009a and to assess 

the exhibition of WiMAX actual layer using distinctive linked 

channel encoding and computerized adjustment conspires over 

AWGN, Rayleigh and Rician blurring channels. 

II. Background of WiMAX 

WiMAX, Worldwide Interoperability for Microwave Access 

may be a distant progressed trades system that is normal for 

far off "a metropolitan area associations" (WMAN), 

furthermore implied as IEEE 802.16. It can give broadband far 

off access (BWA) up to 30 miles (50 km) for fixed stations 

and 3-10 miles (5-15 km) for flexible stations. Alternately, the 

Wi-Fi/802.11 distant neighborhood standard is bound overall 

to only 100-300 feet (30-100m). WiFi-like data rates are 

helpfully maintained in WiMAX, yet the difficulty of block is 

a more unobtrusive entirety. Chipping away at both approved 

and non-approved frequencies, it gives a coordinated 

environment and a possible money related model for distant 

carriers. WiMAX are often used for distant frameworks 

organization in much a similar way because the WiFi show. 

WiMAX may be a second-age show that licenses for more 

viable exchange speed use, impedance avoidance, and is 

proposed to permit higher data rates over longer distances. 

The IEEE 802.16 standard describes the particular features of 

the correspondence shows. The WiMAX Forum offers a 

technique for testing maker's stuff for closeness in like manner 

as an industry pack focused on empowering the event 

additionally, commercialization of the development. WiMAX 

is as of now a really particularly saw term to explain distant 

Internet access any place the planet . The IEEE 802.16 get-

together was outlined in 1998 to encourage an air-interface 

standard for far off broadband. The social affair's hidden focus 

was the event of a LOS-based feature multipoint distant 

broadband structure for movement inside the 10-66GHz 

millimeter wave band. The ensuing standard-the main 802.16 

standard, completed in December 2001-was maintained a lone 

carrier physical (PHY) layer with a burst time division 

multiplexed (TDM) MAC layer. Enormous quantities of the 

thoughts related with the MAC layer were adapted to distant 

from the upheld connect modem DOCSIS (data over connect 

organization interface specific) standard. 

 
Figure 1: WiMAX Speed and Mobility: Best of Both Worlds 

[7] 

 

III. OFDM Basics 

The chance of OFDM comes from Multicarrier Modulation 

(MCM) transmission technique. The rule of MCM depicts the 

division of data bit stream into a couple of equivalent piece 

streams by then they're wont to control a couple of sub carriers 

as shown in Figure 3.1. Each subcarrier is secluded by a guard 

band to guarantee that they are doing not cover with one 

another. Inside the recipient side, bandpass channels are wont 

to segregate the scope of individual subcarriers. OFDM may 

be an extraordinary sort of horribly useful MCM method, 

which uses thickly scattered even subcarriers and covering 

ranges. The vocations of bandpass diverts aren't required in 

OFDM due to the evenness thought of the subcarriers. 

Subsequently, the available bandwidth is used capably without 

causing the Inter Carrier Interference (ICI). In Figure 3.1, the 

effect of this is often seen because the essential bandwidth is 

immensely diminished by dispensing with watch band and 

allowing subcarrier to cover. it's at this point possible to 

recover the individual subcarrier paying little heed to their 

covering range as long as the evenness is kept up. The 

Orthogonality is refined by performing Fast Fourier Transform 

(FFT) on the data stream. due to the mix of various low rate 

subcarriers, OFDM outfits a composite high rate with long 

picture length. depending on the channel adequacy time, this 

diminishes or thoroughly kills the danger of Inter Symbol 

Interference (ISI), which may be a commonplace wonder in 

multipath channel environment with short picture length. the 

utilization of Cyclic Prefix (CP) in OFDM picture can 

diminish the effect of ISI considerably more [8], anyway it 

moreover presents a disaster in SNR and rate. 
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In an old style equivalent information structure, the entire sign 

waveband is separated into N nonoverlapping repeat 

subchannels. Each subchannel is changed with an alternate 

picture then the N subchannels are repeat multiplexed. It 

seems incredible to avoid apparition front of channels to clear 

out interchannel impedance. Regardless, this results in 

inefficient use of the open reach. To deal with the inadequacy, 

the considerations proposed from the mid-1960s were to use 

equivalent data and FDM with covering subchannels, in 

which, each passing on a hailing rate b is isolated b isolated in 

repeat to avoid the utilization of high speed evening out and to 

fight rash uproar and multipath mutilation, similarly on totally 

use the available bandwidth. 

 

 
Figure 2: Concept of OFDM signal: orthogonal multicarrier 

technique versus conventional multicarrier technique 

 

Figure 2 addresses the difference between the regular non 

covering multicarrier technique and in this manner the 

covering multicarrier guideline system. By using the covering 

multicarrier change methodology, we save essentially 50% of 

move speed. To understand the covering multicarrier strategy, 

at any rate we'd like to diminish crosstalk between subcarriers, 

which suggests that we may need balance between the 

distinctive adjusted carriers. 

OFDM are consistently seen as either an equilibrium system or 

a multiplexing methodology. One among the most inspirations 

to use OFDM is to grow the strength against repeat specific 

obscuring or narrowband block. during a lone carrier system, 

one haze or interferer can make the whole association misfire, 

anyway during a multicarrier structure, slightly level of the 

subcarriers will be impacted. Error amendment coding would 

then have the option to be wont to address for a few inaccurate 

subcarriers. Using equivalent data transmission and repeat 

division multiplexing was conveyed inside the mid-1960s [3, 

4]. Some early headway is followed back to the 1950s [3]. A 

U.S. patent was recorded and given in January 1970 [4]. 

 

IV. Rayleigh Fading Channel 

Rayleigh obscuring may be a genuine model for the effect of a 

spread environment on a radio wave, like that used by distant 

contraptions. Rayleigh obscuring models expect that the 

degree of a sign that has capable such a transmission medium 

(in like manner called a trades channel) will move 

subjectively, or obscure, solid with a Rayleigh transport - the 

twisting piece of the measure of two uncorrelated Gaussian 

self-assertive elements. Rayleigh obscuring is viewed as an 

unassuming model for tropospheric and ionospheric signal 

multiplication in like manner in light of the fact that the effect 

of vivaciously created metropolitan conditions on radio signs. 

Rayleigh obscuring is most important when there's no 

common inciting along a view between the transmitter and 

authority. If there's a dominating perspective, Rician obscuring 

could moreover be more fitting. 

Applicability : The essential that there be various scatterers 

present strategies Rayleigh obscuring are consistently an 

accommodating model in energetically grew downtown 

regions where there's no view between the transmitter and 

beneficiary and loads of constructions and various articles 

debilitate, reflect, refract and diffract the sign. Exploratory add 

Manhattan has discovered close Rayleigh obscuring there.  

 
Figure 3: One second of Rayleigh fading with a Maximum 

Doppler shift of 10Hz. 

SI In tropospheric and ionospheric signal spread the various 

particles in the climatic layers go about as scatterers and this 

kind of environment may in like manner harsh Rayleigh 

obscuring. If the environment is with the ultimate objective 

that, despite the scattering, there is a vehemently common sign 

seen at the recipient, generally achieved by a view, by then the 

mean of the sporadic connection will as of now don't be zero, 

changing rather around the power level of the dominating way. 

Such a situation may be better shown as Rician obscuring. 

 

Figure 4: One second of Rayleigh fading with a Maximum 

Doppler shift of 100Hz. 

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 11 Issue: 10 

Article Received: 25 July 2023 Revised: 12 September 2023 Accepted: 30 September 2023 

__________________________________________________________________________________________________________________ 

 

    1048 

IJRITCC | October 2023, Available @ http://www.ijritcc.org 

Rayleigh obscuring may be a restricted scale sway. there'll be 

mass properties of the environment like way disaster and 

shadowing whereupon the obscuring is superimposed. How 

rapidly the channel foggy spots will encounter how 

enthusiastically the recipient or possibly transmitter are 

moving. Development causes Doppler sway inside the got 

signal fragments. The figures show the workplace assortment 

over 1 second of a procedure with signal in the wake of using 

a lone way Rayleigh obscuring procedure with a biggest 

Doppler effect of 10 Hz and 100 Hz. These Doppler shifts 

identify with velocities of around 6 km/h (4 mph) and 60 km/h 

(40 mph) independently at 1800 MHz, one among the 

functioning frequencies for GSM cells. This is habitually the 

praiseworthy province of Rayleigh obscuring. Note especially 

the 'significant foggy spots' where signal strength can drop in a 

part of a couple thousand, or 30-40 dB. 

 

 

Generating Rayleigh Fading Using Jake’s Model: For As 

described above, a Rayleigh fading channel itself can be 

modelled by generating the real and imaginary parts of a 

complex number according to independent normal Gaussian 

variables. However, it is sometimes the case that it is simply 

the amplitude fluctuations that are of interest (such as in the 

figure shown above). There are two main approaches to this. 

In both cases, the aim is to produce a signal that has the 

Doppler power spectrum given above and the equivalent 

autocorrelation properties.[13] 

Jakes popularized a model for Rayleigh fading based on 

summing sinusoids.  Let the scatterers be uniformly distributed 

around a circle at angles αn with k rays emerging from each 

scatterer.[13] The Doppler shift on ray n is: 

 

and, with M such scatterers, the Rayleigh fading of the kth 

waveform over time t can be modelled as: 

 

Here, the βn, θn,k  and α are model parameters α with usually 

set to zero, βn chosen so that there is no cross-correlation 

between the real and imaginary parts of R(t) 

 
and θn,k used to generate multiple waveforms. If a single-path 

channel is being modeled, so that there is only one waveform 

then θn can be zero [9]. If a multipath, frequency-selective 

channel is being modelled so that multiple waveforms are 

needed, Jakes suggests that uncorrelated waveforms are given 

by: 

 

Actually, it has been demonstrated that the waveforms' 

patterns are associated with each other and they have a non-

zero correlation coefficient - except in specific instances. [7] 

The model is also fixed (it lacks randomness in its 

composition once the parameters are known). A different 

Jakes' model employs different spacings for the scatterers and 

alters the way they are waveform-scaled using sequences of 

Walsh-Hadamard to ensure that they have no cross-

correlation.[13] The setting procedure results in the following 

description, which is typically called the improved Jake's 

model: 

 

and 

 
The weighting functions Ak(n) are the kth Walsh-Hadamard 

sequence in n.  Since these have no cross correlation by 

design, this model produces non-corelated waveforms. The 

phases of θn can be chosen at randomly and do not have any 

disturbance on the linked properties. The rapid Walsh 

Transform can be employed to facilitate the efficient 

generation of samples using this methodology. The Jakes' 

model also popularized the associated  Doppler spectrum of 

Rayleigh fading channel, and as a outcome of the Doppler 

spectrum is  termed as the Jakes' spectrum. [10,13]. 

 

V. SIMULINK MODEL AND PERFORMANCE RESULT 

The Simulink Model used here for the entertainment of 

WiMAX IEEE 802.16 PHY Layer is worked from the 

standard records [11, 12] by considering the going with limits:  

• Scenario: 16-Channel Full Bandwidth  

• Modulation: (QPSK is same as 4-QAM)  

• RS Code Rate: 3/4  

• CC Code Rate: 5/6  

The exhibiting course of action fuses MATLAB R2007b, 

Simulink7 and Communications Blockset 3 running on 

Windows XP SP2. MATLAB Simulink fuses all the obligatory 

limit blocks as dictated by the standard records. The genuine 

Model contains three major parts specifically transmitter, 

authority and channel. Transmitter and authority sections 

include channel coding and equilibrium sub-fragments while 

the channel is shown as AWGN, Rayleigh Fading and Rician 

Fading as well.  

To survey the introduction of the made correspondence 

structure, an exact depiction of the far-off channel is expected 

to address its inducing environment. The radio design of a 

correspondence system expects very tremendous part in the 

showing of a channel. The Simulink models for different sorts 

of channel using particular guideline plans are presented in 

Figures: (5-12). Detailed depiction of individual squares used 
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in the Simulink models are given in the accompanying 

subsections. 

 

 
Figure 5: QPSK Model For Rayleigh Fading Channel 

 

 
Figure 6: 16-QAM Model For Rayleigh Fading Channel 

 

Rayleigh Fading Channel Simulation by using 

16QAM Model: 

 
Figure 7: Doppler Spectrum for Maximum Doppler 

Shift=5Hz 

 

 

Figure 8: Doppler Spectrum for Maximum Doppler 

Shift=10Hz 

 
Figure 9: Doppler Spectrum for Maximum Doppler 

Shift=15Hz 

 

 
Figure 10: Doppler Spectrum for Maximum Doppler 

Shift=20Hz 

 
Figure 11: Doppler Spectrum for Maximum Diffuse Doppler 

Shift=25Hz 

 

 
Figure 12: Doppler Spectrum for Maximum Diffuse Doppler 

Shift=30Hz 
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Table 1: Adaptive modulation under Rayleigh, 

comparison between SNR and Bit/Symbol 

Modulation SNR 
Bits / 

Symbol 
Variance 

Standard 

Deviation 

BPSK 24 1 0.0364 0.0074 

QPSK 24 2 0.0364 0.0074 

16-QAM 27 4 0.0227 0.0111 

64-QAM 30.5 6 0.0463 0.0159 

Table 2: Performance between Signal-to-Noise Ratio and 

Bandwidth utilization under Rayleigh Fading 

Modul

ation 
Signal-to-Noise (%) 

Bandwidth 

Utilization (%) 

  
BP

SK 

QP

SK 

16-

QA

M 

64-

QA

M 

BPS

K 

QP

SK 

16-

QA

M 

64-

QA

M 

BPSK - - 
112

.5 

127.

08 
- 200 400 600 

QPSK - - 
112

.5 

127.

08 
- - 200 300 

16-

QAM 
- - - 

112.

96 
- - - 150 

64-

QAM 
- - - - - - - - 

 

VI. CONCLUSION 

By utilizing two PHY layer model, tests were managed and 

hence the overall execution was assessed by differing SNR 

(dB) for AWGN channel and Maximum Doppler impact (Hz) 

for Rayleigh blurring channel. For Rayleigh blurring channel 

the exhibition was given as far as Maximum Doppler impact 

(Hz) versus Packet Loss and Bit Loss plots for five , 10, 15, 

20, 25 and 30Hz. 

In this postulation work, we've thought about QPSK and 16-

QAM tweak plans for the presentation assessment of different 

correspondence channels. In execution was assessed by 

considering just QPSK tweak plot in AWGN channel. In our 

current work, we broadened AWGN channel for both QPSK 

and 16QAM balance conspires in PHY layer model and that 

we saw from the recreation results that the bundle and touch 

misfortunes are decreased generously (practically half) for 

16QAM balance plot contrasting and QPSK-an improvement.                                            
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