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ABSTRACT 
In this paper, we design & implement a model of WiMax network for simulation to analyze performance of Uncoded & Coded 
OFDM System with the help of Matlab 2013, where IEEE 802.16 d/e physical layer is adapted by WiMax forum which includes 
multiple specifications, which make the WiMax standard flexible and adaptable to different frequency ranges. The WiMax 
physical layer specifies several mandatory features and some optional features which are implemented to provide a reliable end-
to-end linkage. In this paper, the performance of WiMax Physical layer with turbo coding OFDM mechanisms is investigated and 
compared with the existing uncoded mechanisms. The results obtained show that turbo coding offers lower Bit Error Rate and 
boost the performance of the WiMax Physical layer data transmission in mobile environments. 
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1. INTRODUCTION 
The Worldwide Interoperability for Microwave Access (WiMAX) is a rising global wireless system based on IEEE 802.16 
standard. WiMAX is an Orthogonal Frequency Division Multiplexing (OFDM) based technology and this promises high 
data rate services with wide area coverage with large user densities having a variety of Quality of Service (QoS) 
requirements [1]. WiMAX is able provide broadband wireless access (BWA) up to 30 miles (50 km) for fixed station and 
3 to 10 miles (5-15 km) for mobile stations with high data rates about 1.5 and 75 Mbps per channel. The WiMAX 
standard air interface comprises the characterization of both the medium access control (MAC) and the physical (PHY) 
layers for the user and the base station while the access network operability is defined by the WiMAX Forum [3]. 
One of the important mechanisms is to combine modulation scheme with forward error correcting codes (FEC). Where, a 
high data transmission speed is provided by a high order modulation scheme but it causes more susceptibility to 
interference. FEC makes redundancy into the data transmission by repetition of some of the data bits, so bits which are 
missing or in error are corrected at the receiver end. This helps to reduce latency by cutting down the retransmissions. 
Without FEC technique we need whole frames to be retransmitted, which results in latency and lower QoS. There are 
three basic types of FEC codes as the block codes, the convolutional codes and the turbo codes [2]. 
In this paper the performance of PHY layer of WiMax system is analyzed with and without Turbo codes.  
After this introduction a brief description of PHY model and OFDM and also the turbo coding used in our analysis is 
given in Section II. The Modeling and Simulation is explained in section III. Explanation of the results obtained via 
simulation is also there in Section IV. Lastly the work is concluded in Section V. 

2. WIMAX PHYSICAL LAYER 
The function of WiMax physical layer is the actual physical transfer of data from sender end to receiver end. To gain 
maximum performance for high data transmission rate (both in fixed as well as mobile environments) and high spectral 
efficiency with varied QoS requirements, this supports some PHY mechanisms with different features including: 

2.1 Time Division Duplex (TDD) and Frequency Division Duplex (FDD)  

This provides bandwidth  allocation  flexibility. 

2.2 OFDM/OFDMA  
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An Orthogonal frequency division multiplexing (OFDM) technique is a multicarrier technique which is bandwidth 
efficient, it splits the bandwidth of a system into orthogonal sub channels, each sub channel occupies a narrow bandwidth 
and a separate sub- carrier is assigned to every sub channel. With the help of guard interval and cyclic prefix, an OFDM 
system is able to achieve better resistance against multipath fading. OFDM technology offers an efficient means to 
overcome the challenges of NLOS propagation.  

2.3 Reconciling PHY outline  

It provides an ability to change the Radio Link Control to much robust as well as efficient PHY technology like Uplink 
and Down Link [2], also the Modulation type, Forward Error Correction (FEC), antenna system and advanced OFDM 
system.  

2.3.1 Adaptive Modulation and coding  

WiMax supports link adaptation techniques known as adaptive modulation and coding which allows the WiMAX system 
to adjust the signal modulation scheme depending on the signal to noise ratio (SNR) condition of the radio link. Now 
when radio frequency link quality is high, the highest modulation scheme is selected for use, it gives the system more 
capacity. Now if a signal is fade, the WiMax system turns to a lower modulation scheme to preserve the quality of 
connection and link stability. Because of this feature the system is able to overcome time-selective fading [4]. 

2.3.2 Error Correction Mechanism   

Error correction Mechanism has been incorporated into WiMax mainly to reduce the signal to noise ratio requirements of 
system. FEC, convolutional encoding, turbo coding and interleaving algorithms are adapted to identify and correct all 
errors to improve the throughput of system. These error correction techniques are helpful in recovery of frames which has 
errors. This considerably helps to improve the bit error rate (BER) performance at related threshold level [4]. 
 
 

 
Figure 2.1 Relative cell radii for adaptive modulation 

 
2.4 Turbo Coding in IEEE 802.16 e WiMax 

Turbo codes are provided in IEEE 802.16 standard as an optional channel coding scheme. These Turbo codes are 
fundamentally convolutional codes which are concatenated in series or in parallel manner. These codes are also known as 
convolutional turbo codes (CTC). The WiMax uses duo binary turbo codes in which a pair of bits is get used in both the 
regular and interleaved coding iterations for encoding, with a basic recursive encoder of limit length 4 bits. 

3.  MODELING AND SIMULATION 
The WiMax PHY layer model is developed with the help of standard documents in MATLABTM R2013. The fundamental 
WiMax system model is developed and analyzed in [5] is investigated also an introduction of Turbo Coder is studied, 
from which we have drawn following figure 3. 
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Figure 3.1 Simulation model of TC OFDM for WiMax PHY Layer Model Developed in Matlab 2013. 

To simulate the effective OFDM transmission scheme, the whole design of system is further divided into three sections –
1) Transmitter 2) Receiver and 3) Channel. 

3.1Proposed Algorithm 
We have measured the performance of the turbo coded OFDM through the MATLAB simulation model. This simulation 
follows the procedure as listed below: 

1. Generate the information bits randomly. 

2. Encode the information bits using a turbo encoder with the specified generator matrix. 

3. Use QPSK or different QAM modulation to convert the binary bits, 0 and 1, into complex signals (before these 
modulation use zero padding) 

4. Performed serial to parallel conversion. 

5. Use IFFT to generate OFDM signals, zero padding is being done before IFFT. 

6. Use parallel to serial convertor to transmit signal serially. 

7. Introduce noise to simulate channel errors.  

We assume that the signals are transmitted over an AWGN channel. The noise is modeled as a Gaussian random variable 
with zero mean and variance σ2. A built-in MATLAB function random is used to generate a sequence of normally 
distributed random numbers, where randn has zero mean and 1 variance. Thus the received signal at the decoder is: X’ = 
noisy (X) Where noisy (X) is the signal corrupted by noise. 

8. At the receiver side, perform reverse operations to decode the received sequence. 

9. Count the number of erroneous bits by comparing the decoded bit sequence with the original one. 

10. Calculate the BER and plot it. 

During these simulations, in order to compare the results, the same random messages were generated. For that radiant 
function which is in MATLAB. 
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A comparison of the performance of hard and soft-decision turbo coded Orthogonal Frequency Division Multiplexing 
systems with 16-Quadrature Amplitude Modulation (16-QAM) and 64 QAM is considered [5]. The various parameters 
that are used for schematic evaluation are summarized in Table 3.1  

Table 3.1 Parameters for Simulation 

PARAMETER VALUE 
Digital Modulation 16 QAM 64 QAM. 
Turbo Code Rates 1/2 

Channel Model AWGN channel 
CP Length 1/8 

Channel Bandwidth 5 MHz 
FFT Size 256 

No. Of Users 1 
 

4. RESULTS AND ANALYSIS 
A Performance of PHY layer of WiMax system with Turbo coding against different modulation techniques and different 
channel conditions is measured, and the Bit Error Rate (BER) is calculated which forms some curves. In Figure, it 
compares the performance of WiMax PHY layer having turbo coded above AWGN channel for 16 QAM and 64 QAM 
systems. The result we got is in accordance with that, the higher modulation scheme offers better performance at the high 
values of Signal to Noise Ratio while lower order schemes performs much better at lower SNRs. 
However, the gain should be observed at the expense of longer delays in processing of the signals which results from the 
increased complexity of the system and can be overcome with improved turbo encoder design. 

 
Figure 4.1 Performance analysis of 16- QAM Uncoded and turbo coded over AWGN Channel. 

 

 
Figure 4.2 Performance analysis of 64- QAM Uncoded and turbo coded over AWGN Channel. 
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5. CONCLUSIONS 
The performance of IEEE 802.16d/e based WiMax Physical layer is studied by simulating its different key aspects. The 
study is further carried with the simulation of the optional feature of turbo coding in the physical layer of the WiMax 
system. The results we got shows that performance of WiMax system can be optimized to a lower bit error. This paper 
basically focuses on improvement of WiMax Physical layer performance basically for a single mobile user with the 
introduction of turbo coder in the PHY layer of the system. The enhanced inter-leaver design and memory efficient 
decoding algorithms can further be implied to overcome these delays. 
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