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Abstract
The emergence of Wi-MAX has engrossed important interest 
from all fields of wireless communications. The Wi-MAX can 
also be considered as a core technology in the implementation of 
other networks such as Wireless Sensor Network. Developing an 
understanding of the Wi-MAX system can be best achieved by 
looking at a model of the Wi-MAX system. This paper presents 
model building of the Wi-MAX Physical layer using computer 
Matlab R2011a version. This model is a useful tool for BER 
performance evaluation for the real data communication by 
the Wi-MAX Physical layer under different channel encoding 
rates, digital modulation schemes and channel conditions. With 
the performance investigation of the system, the modulation 
schemes BPSK, QPSK and 16QAM are introduced beside ½ 
rated convolutional encoder under AWGN. The model presented 
in this paper built with the Physical Layer using convolutional 
encoding rate of ½ and transmitted with 256 carrier OFDM 
symbols. Computer simulation results on BER over an Additive 
White Gaussian Noise (AWGN) channel demonstrate that the 
proposed system outperforms with BPSK modulation technique 
as compared to other digital modulation schemes and the system 
is highly effective to combat inherent interferences under. It has 
been anticipated from the simulation study with real data that 
the performance of the communication system degrades with the 
increasing of noise power.
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I. Introduction
The air interference standard, IEEE 802.16, is commonly 
referred to World-wide interoperability for Microwave Access 
(Wi-MAX) that is one of the most popular Broadband Wireless 
Access (BWA) technologies. It has a huge hot-spot that provides 
interoperable broadband wireless connectivity for nomadic user, 
fixed and portable. It allows the wireless communications, which 
has no direct visibility. Presently, the Wi-MAX is represented a 
competitor to 3G (Third Generation) cellular system as it has high 
speed data applications with the specification of mobile Wi-MAX 
(IEEE 802.16e). The frequency band of IEEE 802.16 standard 
is 10-66 GHz. The Non-Line-of-Sight (NLOS) transmission is 
difficult due to the presence of high frequency.
In wireless radio channels, the transmitted signal is corrupted by 
additive Gaussian noise. The signal scattering causes by short 
term fluctuation of objects in the propagation environment, which 
leads to a phenomenon known as multipath propagation. In the 
multipath propagation, time dispersion of the signal undergoes 
either frequency selective fading or flat fading. 
In this paper we focus on the performance of Wi-MAX with respect 
to BER for different modulation schemes.

The rest of the paper is organized as follows. Section II provides a 
short literature review of Wi-MAX. Section III describes the model 
of Wi-MAX physical layer. Section IV provides the experimental 
results and discussions. Section V concludes the paper.

II. Physical Layer of  Wi-MAX
The physical (PHY) layer of Wi-MAX is based on the IEEE 802.16-
2004 and IEEE 802.16e-2005 standards, which was designed with 
much influence from Wi-Fi, especially IEEE 802.11a. Although 
many aspects of the two technologies are different due to the 
inherent difference in their purposes and applications, some basic 
constructs are very similar such as Wi-Fi, Wi-MAX is based on 
the principles of Orthogonal Frequency Division Multiplexing 
(OFDM) [2]. Previously, OFDM was introduced as a suitable 
modulation/access technique for non-Line-Of-Sight (nLOS) 
condition with high data rates. However, various parameters 
pertaining to the physical layer of Wi-MAX, such as number of 
sub-carriers, pilots, guard band, etc. The IEEE 802.16 suite of 
standards (IEEE 802.16- 2004/IEEE 802-16e-2005) [3, 4, 11]
defines within its scope for PHY layers, which can be used with 
the Media Access Control (MAC) layer to develop a broadband 
wireless system. In different countries, the Wi-MAX system has 
a scalable bandwidth, which facilitates the deployment conditions 
in different scheduling schemes such as maximum throughput, and 
round robin. The IEEE 802.16e air interface standard is known 
as the mobile Wi-MAX system, which provides high data rate 
broadband services with high Quality-of-service (QoS) to the 
mobile subscribers [1]. The scenarios of Wi-MAX vary for different 
parameters such as cell radius, and indoor penetration loss; which 
significantly affect the performance of Wi-MAX network [3]. In 
Wi-MAX system, there are several options for using multiple 
inputs multiple outputs (MIMO) antenna technologies such as 
open loop MIMO, and closed loop MIMO [4]. The open loop 
MIMO includes Space Time Block Coding (STBC) and Spatial 
Multiplexing Data Stream (SM-MIMO) technologies. In addition, 
a transmitter forms antenna beams adaptively based on channel 
side information in closed loop MIMO. The improvements using 
multiple antennas depend on several factors including reuse 
pattern, traffic model, etc. [4]. The Wi-MAX standards involve 
numerous innovative features such as enabling high traffic rates, 
bounded delays, flexible and scalable system architecture, which 
make it commercially attractive [5]. The Wi-MAX system has 
to operate in both indoor and outdoor radio environments that 
are characterized as multipath fading channels. The transmitted 
signals undergo different types of fading depending on the relation 
between the channel parameters (rms delay spread, and Doppler 
spread) and the signal parameters (bandwidth, symbol period, 
etc.) [5].
The Broadband Wireless Access (BWA) system (e.g. IEEE 802.16-
2004 standard) complements the wired networks such as cable 
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modems, or Digital Subscriber Line (xDSL). Wi-MAX technology 
supports two types of communication modes- PMP (Point to 
Multipoint), and Mesh. The PMP represents a classical cellular 
model when a Subscriber Station (SS) is connected directly to the 
Base Station (BS) [6]. To prevent Inter Symbol Interference (ISI) 
caused by delay spread, part of the OFDM symbol is appended at the 
beginning of the symbol, and the repeated symbol fraction Cyclic 
Prefix (CP) and its size depends on type of environment, where 
the system infrastructure is deployed [6]. Thehigher modulation 
constellations offer a larger throughput in per frequency time 
slot, but all users do not receive adequate signal levels to reliably 
decode all modulation types [7]. The OFDM technology is adopted 
as the transmission scheme for Wi-MAX [8].

III. Model of WiMAX PHY-LAYER
Signal to Noise Ratio (SNR) and BER (Bit Error Rate) are the 
key important parameters in a communication system. There is 
a need for proper analysis of these two key parameters before 
deploying any communication system. In this paper, we analysis 
the SNR versus BER behavior in order to decide a modulation 
scheme. Probably the BPSK ½ gives the low BER and less data 
rate; on the other hand, other higher order modulation schemes 
such as QPSK ½, and 16-QAM ½ give high data rate and higher 
BER as well.Table 1 demonstrates the standards of IEEE 802.16, 
IEEE 802.16-2004, and IEEE 802.16e.

Table 1: IEEE 802.16, IEEE 802.16-2004, and IEEE 802.16e Standards
Parameters 802.16 802.16-2004 802.16e
Spectrum 10-66 GHz < 11GHz < 6 GHz
Maximum data rate 32-134 Mbps (28MHz 

channel)
Uo to 70 Mbps (20MHz channel) Up to 15 Mbps 

(5 MHz channel)
Alignment LoS LoS and NLoS LoS and NLoS
Coverage range 2–5 Km approx 5-10 Km approx. (maximum of 50 Km) 2-5 Km approx

Channel bandwidth 20, 25 and 28 MHz Flexible, from 1.25 up to 20 MHz Equal to 802.16-2004
Modulation 2-PAM, 4-QAM, 16-QAM, 

and 64-QAM
OFDM with 256 subcarriers 2-PAM, 
4-QAM, 16-QAM, and 64-QAM

OFDMA with 2048 subcarrier 
2-PAM, 4-QAM, 16-QAM, 
and 64-QAM

Mobility Fixed Fixed and pedestrian Vehicular (20-100 Km/h)

A. Modeling
Similar to the other communication system Wi-MAX has three basic elements such as transmitter, receiver, and channel. In the 
transmitter, the data is randomized, afterwards coded, and mapped into BPSK ½, QPSK ½, and 16-QAM ½ symbols. In the Wi-
MAX, physical layer uses OFDM the 256 subcarriers. Each OFDM symbol is composed by 192 datasubcarriers (1 Zero subcarrier, 
8 pilot subcarriers, and 55 guard carrier).
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Figure1: A block diagram of a Wi-MAX system.
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In the wireless radio channel, the transmitted signal corrupted 
by adding Gaussian noise. The time dispersion of the signal in a 
multipath environment causes the signal to undergo either flat or 
frequency-selective fading. 
To avoid the ISI in OFDM communication system the cyclic prefix 
time has to be chosen larger than the maximum delay spread of the 
channel.In the receiver end, the Cyclic Prefix (CP) is removed, and 
the received signal is converted to the frequency domain in this 
case the FFT algorithm. To mitigate the effects of ISI caused by 
channel time spread, each block of IDFT coefficients is typically 
preceded by a cyclic prefix [9, 10].A complete block diagram of 
a Wi-MAX system is presented in fig. 1.
The IEEE 802.16 standard defines the Single Carrier (SC) air 
interference, 256-point FFT OFDM multiplexing scheme, and 
2048-point FFT OFDMA scheme. The SC is used for LoS 
transmission. The fixed Wi-MAX standard defines the 256-point 
FFT OFDM physical layer. The encoding process consists of 
Read Solomon encoder and inner Convolutional Code (CC) as a 
forward error correction (FEC) scheme. To perform the frequency 
offset compensation at the receiver the pilot symbols was used. 
After assembler Inverse Fast Fourier Transform (IFFT) used for 
considered the amplitudes in a certain range of sinusoids. For the 
robustness of OFDM transmission against multipath delay the 
guard interval was used for a copy of the last portion of the data 
symbol, is known as Cyclic Prefix (CP).
The wireless channel can be characterized by the complex valued 
of Gaussian random varibles. The LoS and NLoS are used for 
Rayleigh and Rician distribution. At the receiver first removing 
the all subcarriers then disassembler do the separate the received 
signal and decoded by read Solomon decoder.

A. Implementation and Verification
Assume that, the pass-band input signal to a multipath fading 
channel is S(t), impulse response h(t,τ) and ignoring the effects 
of AWGN the pass-band output signal
is given by,

   (1)
Where, hb (t,τ) is the baseband equivalent impulse response of 
the channel.
fc is the carrier frequency of the pass-band input signal.

 (2) 
L is the discrete multipath components exist in the multipath 
fading channel.
The MIMO radio channel describing the connection between 
transmitter and receiver can be expanded as,

 (3)
Where, αmn is the complex transmission co-efficient and m is the 
transmitter and n is the receiver.
The relation between the vector S(t) and Y(t) can be expressed 
as,
Y(t)=H(t)*S(t)     (4)
Where, S(t) is the transmitter antenna array vector and Y(t) is the 
receiver antenna array vector.

IV. Experimental Results and Analysis
The simulation resultin Figure 2 shows the BER as a function of the 
bit energy to noise rate(Eb/N0), which is a measure of the energy 
efficiency of a modulation scheme.If a higher Eb/N0 is needed to 
transfer data for a given modulation scheme,it means that more 
energy is required for each bit transfer. Low spectralefficiency 
modulation schemes, such as BPSK and QPSK require a lower Eb/
N0, and hence, are more energy efficient and less vulnerable to bit 
errors. Conversely, 16-QAM ½ gives the high SNR. Furthermore, 
the BER versus the SNR can be calculated from Eb/N0. TheSNR 
for each modulation takes into account the number of bits per 
symbolandsothe signal power corresponds to the energy per bit 
times the numberof bits per symbol.
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Fig. 2: Simulated Result of Different Modulation Schemes BER 
in WiMAX Protocol

V. Conclusion
Wi-MAX appears to fulfill the requirements for high data rate, 
high service rate and vehicular mobility. It is difficult for complete 
mobile broadband access in wireless local area networks (WLANs) 
and third generation (3G). In this context Wi-MAX fulfill these 
requirements including high service areas, vehicular mobility and 
high data rates. A range of system performance highlights the 
impact of digital modulations under Convolutional coding under 
AWGN. In the context of system performance, it can be concluded 
that the implementation of BPSK modulation with half (½) rated 
channel coding technique provides satisfactory result among the 
digital modulation schemes with limited SNR. Future work can 
be done by changing the modulation scheme in the Wi-MAX 
physical layer considering different channel.
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