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 Abstract -WiMAX is introduced by the Institute of Electrical and 

Electronic Engineers (IEEE) which is standard designated 

802.16d-2004 (implemented in fixed wireless applications) and 

802.16e in 2005 (mobile wireless comm.) to provide a worldwide 

interoperability for microwave access. Presently, 

telecommunication industries are highly concerned with the 

wireless transmission of data which can use various transmission 

methods, from point- to-multipoint links. Here it contains full 

mobile internet access. Many applications have already been 

applied so far using WiMAX, as option to 3G mobile systems in 

developing countries, Wireless Digital Subscriber Line (WDSL), 

Wireless Local Loop (WLL). IEEE 802.16e-2005 has been 

developed for mobile wireless communication. In this paper, we 

studied a simulation model based on 802.16e and demonstrated in 

different simulation scenarios with different modulation 

techniques such as BPSK, QPSK and QAM to find the 

performance of physical layer for WiMAX Mobile. The noise 

channel AWGN, Rayleigh fading. The review study has been 

concluded based on BER, SNR through MATLAB Simulation. 

Keywords: Worldwide Interoperability for Microwaves Access 

(WiMAX), Physical Layer (PHY), Additive White Gaussian Noise 

(AWGN), Bit Error Rate (BER)   

I. INTRODUCTION 

WiMAX is called the next generation broadband wireless 

technology which offers high speed, sophisticate and last 

mile broadband services along with a cellular back haul and 

Wi-Fi hotspots. The development of WiMAX began a few 

years ago when scientists and engineers felt the need of 

having a wireless Internet access and other broadband 

services which works well everywhere especially the rural 

areas or in those areas where it is hard to establish wired 

infrastructure and economically not feasible. IEEE 802.16, 

also recognized as IEEE Wireless-MAN, explored equally 

licensed and unlicensed band of 2-66 GHz which is standard 

of fixed wireless broadband and included mobile broadband 

applications. The WiMAX forum, a private organization was 

formed in June 2001 to coordinate the components and 

develop the equipment those will be compatible and inter 

operable. After a number of years, in 2007, Mobile WiMAX 

system equipment developed with the standard IEEE 

802.16e get the official recognition and they announced to 

release the product in the 2008, providing mobility and 

nomadic access. IEEE 802.16e air interface based on 

Orthogonal Frequency Division Multiple Access (OFDMA) 

which main aim is to give better performance in non-line-of-

sight environments. The IEEE 802.16e introduced scalable 

channel bandwidth up to 20 MHz, Multiple Input Multiple 

Output (MIMO) and AMC enabled 802.16e technology to 

support peak Downlink (DL) data rates up to 63 Mbps in a 

20 MHz channel through Scalable OFDMA (S-OFDMA) 

system [2]. IEEE 802.16e has strong security architecture as 

it uses Extensible Authentication Protocol (EAP) for mutual 

authentication, a sequence of strong encryption methods, 

CMAC or HMAC based message protection and reduced 

key lifetime [4].  

The IEEE standard committee introduced standards for 

networking essentials, for an instance, IEEE 802.16 in the 

1999. The 802.16 family standard is known as Wireless 

Metropolitan Area Network (MAN) commercially known as 

WiMAX (Worldwide interoperability for Microwave 

Access) which is an industry-led, nonprofit organization and 

accountable for testing, certificating and promoting the 

compatible interoperable wireless products based on IEEE 

802.16 working assembly and ETSI's HiperMAN standard. 

The novel IEEE standard addressed 10 to 66 GHz in licensed 

bands and 2 to 11 GHz in unlicensed frequency range. Time 

to time, they give certification different versions of WiMAX 

based on different criteria such as carrier based wireless 

(single and multi carrier), permanent and portable wireless 

systems. 

II. SYSTEM MODEL 

WiMAX architecture comprises of several components but 

the basic two components are BS and SS. Additional 

components are MS, ASN, CSN and CSN-GW. The 

WiMAX Forum's Network Working assembly (NWG) has 

developed a network reference model according to the IEEE 

802.16e in 2005 air interface to make sure the objectives of 

WiMAX are achieved. The fixed, nomadic and mobile 

WiMAX network, the network reference model may be 

logically divided into three parts [6] Mobile Station (MS) It 

is for the end user to access the mobile network. It is a 

convenient station able to move to wide areas and perform 
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data and voice communication. It has the entire necessary 

user equipments such as an antenna, amplifier, the 

transmitter, receiver and software needed to perform the 

wireless communication. GSM, FDMA, TDMA and W-

CDMA devices etc are the examples of Mobile station. 

Access Service Network (ASN) It is owned by NAP, created 

with one or several base stations and ASN gateways (ASN-

GW) which creates radio access network. It can provide all 

the access services with full mobility and proficient 

scalability. Its ASN-GW controls the access into the network 

and coordinates between data and networking elements. 

Connectivity Service Network (CSN): Provides IP 

connectivity to the Internet or other public or corporate 

networks. It as well applies per user policy management, 

location management, addresses management, between 

ASN, and ensures QoS, roaming and security. 

Fig. 2.1: WiMAX Network Architecture based on IP [6] 

IEEE 802.16 Protocol layers: 

IEEE 802.16 standard WiMAX gives freedom in several 

things compared to other technologies. The focus is not only 

on the transmitting tens of megabits of data to many miles 

distances but also maintaining effective Quality of Services 

and security. WiMAX 802.16 is mainly based on the 

physical and data link layer in OSI reference model. The 

Physical layer can be single-carrier or multi-carrier (PHY) 

based and its data link layer is subdivided into two layers  

- Logical Link Control 

- Medium Access Control (MAC) 

- MAC is divided into three sub-layers: 

- Convergence Sub-layer (CS) 

- Common Part Sub-layer (CPS) and 

- Security Sub-layer (SS). 

Physical Layer (PHY): Physical layer set up the connection 

between the communicating devices and is responsible for 

transmitting the bit sequences. It also describes the type of 

modulation and demodulation as well as transmission power. 

WiMAX 802.16 physical layer which considers two types of 

transmission techniques OFDM and OFDMA. Both of these 

methods have frequency band below 11 GHz and use TDD 

and FDD as its duplexing technology. Following 

implementing OFDM in IEEE 802.16d, OFDMA is included 

in IEEE 802.16e to provide sustain in NLOS conditions and 

mobility. The former version uses 10 to 66 GHz but the later 

version is expanded to use up the lower bandwidth from 2 to 

11 GHz which also supports the 10 to 66 GHz frequency 

bands. There are some compulsory and some optional 

features included with the physical layer specification. 

III. FEATURES OF WIMAX

There are certain features of WiMAX those are making it 

popular day by day. Some significant features of WiMAX 

are described below:  

Interoperability: In this the user have freedom to choose 

their product from different certified vendors and use it in 

different fixed, portable or mobile networks. 

Long Range: Theoretically, it covers up to 30 miles but 

actually, it covers only 6 miles.  

Mobility: WiMAX offers immense mobility especially IEEE 

802.16e-2005 as it adopted SOFDMA (Scalable Orthogonal 

Frequency Division Multiple Access) as a modulation 

technique and MIMO (Multiple Input Multiple Output) in its 

physical layer.  

Roaming: To perform this operation, there are numerous 

networking entities involved such as NSS (Network 

Switching Subsystem), HLR (Home Location Register) and 

VLR (Visitor Location Register) etc.  

Handoff: With the 802.16e-2005, the mobile users will be 

connected through Wi-Fi when they are within a hotspot and 

then will be connected to 802.16 if they go away the hotspot 

but will stay in the WiMAX coverage area. 

Quality of Service: This refers to the collective effect of 

service perceived by the users [5]. 
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Interfacing: Each base station broadcasts radio signals to its 

subscribers to stay with connection. Connecting multiple 

base stations is not a big deal and it takes only a few hours.  

 Accessibility: To get high speed network connectivity, only 

essential thing is to become a subscriber of WiMAX service 

providers.  

Scalability: 802.16 standard supports flexible channel 

bandwidths for summarize cell planning in both licensed and 

unlicensed spectrum.  

Portability: It is not only offers mobility applications but 

also offers nomadic access applications.  

Last Mile Connectivity: Wireless network accesses through 

DSL, T1-line or cable infrastructure are not available 

especially in rural areas.  

Robust Security: WiMAX have a robust privacy and key 

management protocol as it uses Advanced Encryption 

Standard (AES) which provides robust encryption policy.  

IV. LITERATURE REVIEW

Reddy, B.S.K.; Lakshmi, B in have done research work in 

Sept. 2013. This paper analyzes the Rayleigh fade 

distribution with various modulating frequencies (fm) by 

varying number of frequency samples. Least square (LS) and 

Linear Minimum Mean Square Error (LMMSE) channel 

estimators are compared in terms of BER, SNR and MSE 

(Mean Square Error) by varying channel length. Blind 

Channel equalization has been analyzed with CMA 

(Constant Modulus Algorithm) and LMS (Least Minimum 

Square) algorithms in terms of convergence rate by varying 

the smoothening length of the channel. The results show that 

without channel estimation BER is almost constant for all 

modulation schemes.  

Patidar, M.; Dubey, R.; Jain, N.K.; Kulpariya Described in 

Sept. 2012, In this research paper the useful tool for BER 

performance evaluation for the real time audio data 

communication by the WiMAX physical layer, under special 

channel encoding rate, and digital modulation techniques 

and channel conditions, as well serving as a helpful resource 

for the students and the researchers who want to base their 

studies and research in the field of WiMAX. In this paper, 

transmitter section and receiver model are simulated 

according to the parameters established by the standards, to 

estimate the performance.  

Mountassir, J.; Balta, H.; Oltean in May 2011 described that 

the architecture of the WiMAX physical layer simulator is 

presented. The major blocks are implemented with the aid of 

the Matlab programming language and the bit error rate 

(BER) curves are presented in Rayleigh fading channel. 

Lu Feng; Bin Li; Weixia Zou in Oct. 2010, Described In this 

work The coexistence issues between UWB and WiMAX 

systems at 3.5GHz frequency band is recently attached much 

attention. Two realistic UWB channel models in indoor 

environment were adopted for numerical performance 

derivations. According to the condition of bit error rate 

(BER) and the receiver sensibility of WiMAX, a standard 

value of UWB emission power limit was obtained at the 

3.5GHz operating band of WiMAX. 

Da Fan; Qing Wang; Yonghua Lin; Zhenbo Zhu worked in 

April 2008 and involved that the solution focus on baseband 

processing, and self-loop mode can reduce the complexity of 

BS simulation. Algorithm for channel estimation is 

demonstrated based on the uplink symbol structure. Space-

frequency block code (SFBC) is used for transmit diversity 

and clipping with frequency domain filtering is selected for 

the peak-to-average power ratio (PAPR) reduction. Their 

results show that the proposed solution can fulfill the bit-

error- rate (BER) requirements of WiMAX. 

V. PROPOSED METHODOLOGY 

 Our proposed methodology can ensure the overall system 

efficiency which can be done with reducing the Bit Error     

Fig 5. 1: Mobile WiMAX Performance Simulation Block Diagram 
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Rate while adopting the filtration phenomena for the 

physical layer as in the existing system the BER is not well 

enough improved so for reducing it we propose the Moving 

average filter in this we would consider the AWGN channel. 

The mathematical model of OFDM symbol defined by IFFT 

which would be transmitted during our simulation as given 

bellow: 

𝑥𝑛 =
1

𝑁
𝑋𝑘

𝑁−1
𝑘=0 𝑒2𝜋 .𝑗𝑛𝑘 /𝑁;𝑁 = 0,1,2,…… ,𝑁 − 1

Subcarriers 

In OFDM system, the carriers are sinusoidal. Two periodic 

sinusoidal signals are called orthogonal when their integral 

product is equal to zero over a single period. Each 

orthogonal subcarrier has an integer number of cycles in a 

single period of OFDM system. To avoid inter channel 

interference these zero carriers are used as a guard band in 

this system. 

Additive White Gaussian Noise (AWGN) 

This is a noise channel. This channel effects on the 

transmitted signals when signals passes through the channel. 

This noise channel model is good for satellite and deep space 

communication but not in terrestrial communication because 

of multipath, terrain blocking and interference. AWGN is 

used to simulate background noise of channel. The 

mathematical expression as in received signal r(t) = s(t) + 

n(t) is shown in figure 5.1 which passed through the AWGN 

channel where s(t) is transmitted signal and n(t) is 

background noise. 

Rayleigh Fading is one kind of statistical model which 

propagates the environment of radio signal. According to 

Rayleigh distribution magnitude of a signal which has 

passed though the communication channel and varies 

randomly. Rayleigh Fading works as a reasonable model 

when many objects in environment which scatter radio 

signal before arriving of receiver. When there is no 

propagation dominant during line of sight between 

transmitter and receiver on that time Rayleigh Fading is most 

applicable. Alternatively Rician Fading is more applicable 

than Rayleigh Fading when there is dominant line of sight. 

During our simulation we used Rayleigh Fading when we 

simulate the performance of Bit Error Rate Vs Signal to 

Noise Ratio. 

In receiver section Omni directional Antenna is the most 

popular antenna in WiMAX, which can be used for point-to-

multipoint configuration. The most important feature of 

Omni Directional antenna is that, it can be deployed broad-

casting in 360o angle. This is the limitation of its range and 

ultimately it shows its signed strength. Omni directional 

antennas are mostly user friendly when lots of subscribers 

stay very close to the base station.  

CP Removal: In transmitting module, to deal the frequency 

orthogonality and reduce the delay, cyclic prefix added in 

each OFDM signals. That's why, before transmitting the 

signal, the CP added at the beginning of the signal. After 

performing Inverse Fast Fourier Transform (IFFT) the CP 

will be add with each OFDM symbol. In receiver module, 

after synchronization the received data contains the Cyclic 

Prefix of each OFDM signal which is ignored.  

FFT: By using number of samples FFT converts time 

domain signal into frequency domain signal. The FFT 

frequency domain signal defined as 1/ (where is total number 

of samples). In transmitter module, IFFT converts the 

OFDM signals from frequency domain to time domain 

which is exactly reverse work of FFT. To perform of OFDM 

256 points, the zeros are padded beginning and ending of the 

OFDM signal. These zero pads will be removed from the 

corresponding places at the receiving module.  

Channel Equalizer 

In our simulation we used Zero-Force Bock Equalizer (ZFE) 

and Minimum Mean Square Equalizer (MMSE) which are 

described below.  

Zero-Force Block Equalizer (ZFE) 

Zero force channel equalizer removes the output of equalizer 

Inter symbol interference (ISI) from the channel. This 

equalizer works as a noise remover but if the channel has no 

noise then it remain ideal condition. 
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Fig 5. 7: Block Diagram of a Simple Transmission in Zero-Force Equalizer 

VI. CONCLUSION

In this paper we have reviewed about the WiMAX many 

challenges are still affect the overall system efficiency we 

can conclude our work as follows, as we studied WiMAX 

physical layer, mobile systems, modulation techniques and 

features of WiMAX networks properly, with the help of 

necessary methodologies. The channel model can be 

implemented it through Matlab simulation to evaluate the 

performance of Mobile WiMAX whereas the adaptive 

modulation techniques like, BPSK, QPSK, 16-QAM and 64 

QAM according to IEEE 802.16e standard. We studied that 

fading is one of the main parts of wireless communication. 

For simulation, we can use multipath fading and then got 

some results using Rayleigh fading and AWGN. In all 

aspects of adaptive modulation technique, we can conclude 

the performance of Mobile WiMAX as, BPSK is more 

power efficient and needs less bandwidth. Alternatively 64-

Qadrature Amplitude Modulation (64-QAM) has higher 

bandwidth with very good output. In some cases, QPSK and 

16-QAM modulation methods are obtained and they require 

higher bandwidth. QPSK and 16-QAM are a smaller amount 

power efficient than BPSK.  
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