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Abstract: This paper investigates the multiple input multiple output (MIMO) space-time coded wireless systems. MIMO-OFDM system to improve the 
reliability of the WiMAX (IEEE 802.16) system. This paper discusses the model building of MIMO-OFDM using MATLAB R2012b version. This 
model is a using tool for BER (Bit Error Rate), PAPR (Peak Average Peak Ratio) and transmits spectrum performance evaluation for signal & multiple 
input output port by the WiMAX (IEEE 802.16) system. In this paper, transmitter and receiver model are analysis according to the parameters 
established by the standards, to evaluate the performance parameter.  
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I. INTRODUCTION 

 
Wireless communications is a rapidly growing part of the communications field, with the believable to provide high-speed and high-
quality information swap between portable devices located anywhere in the world. It has been the topic of study since last two decades 
the terrific development of wireless communication technology is due to several factors. The demand of wireless connectivity is 
exponentially increased. Second, the dramatic progress of VISL technology has enabled small-area and low-power implementation of 
sophisticated signal processing algorithm and coding algorism. Third, wireless communication standards, like CDMA, GSM, TDMA, 
make it possible to transmit voice and low volume digital data. Further, third generation of wireless communications can offer users 
more advanced service that achieves greater capacity through improved spectral efficiency [1].  Potential applications enabled by this 
technology include multimedia cell phones, smart homes and appliances, automated systems, video teleconferencing and distance 
learning, and autonomous sensor networks. However, there are two significant technical challenges in supporting these applications 
first is the phenomenon of fading the time variation of the channel due to small-scale effect of multi-path fading, as well as large-scale 
effect like pass loss by distance attenuation and shadowing by obstacles. Second,since wireless transmitter and receiver need 
communicate over air, there is significant interference between them [2]. Overall the challenges are mostly because of limited 
availability of radio frequency spectrum and a complex time-varying wireless environment (fading and multipath). The OFDM system 
of the WiMAX adopts abruptly deliver mode, reliability, good efficiency and High data rate is achieved between the transmitter and 
the receiver if they are ideally synchronized [3-4].  
However, there usually exists a small timing and frequency offset whose exists will dramatically degrade the performance of the whole 
OFDM systems. Hence, before signals can be demodulated, OFDM symbols have to be time-synchronized and carrier frequency offset 
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compensated. This puts forward very high request to the mode piece of the synchronization system. In order to realize the 
synchronization, it must adopt synchronization algorithm of smaller calculation quantity. In the meantime, it should have higher 
examination of the first moment [5]. In nowadays, the key goal in wireless communication is to increase data rate and improve 
transmission reliability. In other words, because of the increasing demand for higher data rates, better quality of service, fewer 
dropped calls, and higher network capacity that improve spectral efficiency and link reliability, more technologies in wireless 
communication are introduced, like OFDM, MIMO and MIMO-OFDM [6]. This paper is organized as follows: In section II, the 
orthogonal frequency division multiplexing (OFDM) system and multiple input multiple output OFDM (OFDM-MIMO) system is 
formulated. Space time block code is introduced in section III. In section IV discussed about previous and proposed model and 
simulation result. Finally, the conclusions are given in section V. 

 
 II. OVERVIEW OF OFDM AND MIMO SYSTEM  
o OFDM  
Orthogonal frequency-division multiplexing (OFDM) is a method of digital modulation in which the data stream is split into N parallel 
streams of reduced data rate with each of them transmitted on separate subcarriers. In short, it is a kind of multicarrier digital 
communication method. OFDM has been around for about 40 years and it was first conceived in the 1960s and 1970s during research 
into minimizing interference among channels near each other in frequency [2] .OFDM has shown up in such disparate places as 
asymmetric DSL (ADSL) broadband and digital audio and video broadcasts. OFDM is also successfully applied to a wide variety of 
wireless communication due to its high data rate transmission capability with high bandwidth efficiency and its robustness to multi-path 
delay [7-8]. The basic principle of OFDM is to split a high data rate streams into a number of lower data rate streams and then 
transmitted these streams in parallel using several orthogonal sub-carriers (parallel transmission). Due to this parallel transmission, the 
symbol duration increases thus decreases the relative amount of dispersion in time caused by multipath delay spread. OFDM can be 
seen as either a modulation technique or a multiplexing technique. 
 

 
 
o MIMO  
MIMO has been developed for many years for wireless systems. One of the earliest MIMO to wireless communications applications 
came in mid-1980 with the breakthrough developments by Jack Winters and Jack Saltz of Bell Laboratories [9]. They tried to send data 
from multiple users on the same frequency/time channel using multiple antennas both at the transmitter and receiver. Since then, 
several academics and engineers have made significant contributions in the field of MIMO. Now MIMO technology has aroused 
interest because of its possible applications in digital television, wireless local area networks, metropolitan area networks and mobile 
communication. Comparing to the Single-input-single-output (SISO) system MIMO provides enhanced system performance under the 
same transmission conditions. First, MIMO system greatly increases the channel capacity, which is in proportional to the total number 
of transmitter and receiver arrays. Second, MIMO system provides the advantage of spatial variety: each one transmitting signal is 
detected by the whole detector array, which not only improved system robustness and reliability, but also reduces the impact of ISI 
(inter symbol interference) and the channel fading since each signal determination is based on N detected results. In other words, 
spatial diversity offers N independent replicas of transmitted signal. Third, the Array gain is also increased, which means SNR gain 
achieved by focusing energy in desired direction is increased. 
 
 



      International Conference on Information Engineering, Management and Security [ICIEMS]              106 
 

 
Cite this article as: Jitendra Jain, Lawkush Dwivedi. “BER and PAPR Performance Analysis of MIMO 

System for WIMAX (IEEE 802.16) Systems.” International Conference on Information Engineering, 

Management and Security (2015): 104-109. Print. 

 

 
o MIMO-OFDM  
OFDM reduces BER performance and ISI with using multiplexing and modulation techniques to get higher data rate over wireless 
channels, the use of multiple antennas at both ends of the wireless link provide better performance. The MIMO technique does not 
require any extra transmission power and bandwidth. Therefore, the promising way to increase the spectral efficiency of a system, the 
combination of MIMO and OFDM is used over fading channels [10-11].  
 
III. SPACE TIME BLOCK CODE  
Multiple-Input Multiple-Output uses multiple antennas at both sides which provides transmit diversity and receiver diversity. It’s 
applicable in every kind of networks like PAN, LAN, WLAN, WAN, MAN. MIMO system can be applied in different ways to receive 
either a diversity gain, capacity gain or to overcome signal fading.  
Space-frequency coding basically extends the theory of space-time coding for narrowband flat fading channels to broadband time-
variant and frequency-selective channels. The application of classical space-time coding techniques for narrowband flat fading channels 
to OFDM seems straightforward, since the individual subcarriers can be seen as independently flat fading channels. However, it was 
shown that the design criteria for space-frequency codes operating in the space-time and frequency domain are different from those for 
classical space-time codes for narrowband fading channels as introduced in. When operating in frequency selective fading channels, the 
application of conventional decoding algorithms results in a significant performance decrease [12]. This is due to the fact that the 
equivalent channel matrix is no longer orthogonal. Consequently, independent decoding of the two transmitted symbols, as in 
conventional decoding algorithms, is no longer appropriate.  
 
IV. SIMULATION RESULT  
Simulation experiments are conducted to evaluated the transmit spectrum, BER, PAPR reduction performance of the proposed 
scheme and the OFDM scheme. In addition, it is assumed that the data are QPSK, BPSK, 16-QAM modulated and are transmitted 
using N=256 sub-carrier.  
The following subsection presents the simulation results using the OFDM and MIMO-OFDM model in figure 2, 3, 4, 5, 6 and 7 for 
WiMAX IEEE 802.16.  
Figure 2 & 3, shows the transmit spectrum WiMAX OFDM with QPSK, QAM-16 and BPSK and transmit spectrum WiMAX MIMO-
OFDM 2*2 respectively.  
In our simulation binary phase-shift keying (BPSK) modulation, quadrature phase-shift keying (QPSK) modulation and quadrature 
amplitude modulation (QAM) will be used; the impairments of the channel include Rayleigh fading. 
 

 
Figure 2: Simulation result of QPSK, QAM-16 and BPSK modulation in transmit spectrum WiMAX OFDM 

 
In figure 4 the CCDF plot for SISO OFDM system of WiMAX (IEEE 802.16e) is shown. This research performs a series of simulations 
to evaluate PAPR performances of the OFDM system. The simulations assume the data were QPSK, QAM-16 and BPSK modulated 
and the system contained N-256 sub-carriers. The BPSK modulation technique is better than other technique, because the error 
performance of BPSK is better than other technique as we can see in figure 4. 
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Figure 3: Simulation result of QPSK and QAM-16 modulation in transmit spectrum WiMAX MIMO-OFDM 2*2. 

The CCDF is generally used to evaluate the performance of PAPR reduction on MIMO-OFDM system (IEEE 802.16e) signals for a 
statistical pair of view. The CCDF is defined as the probability that the PAPR as in equation (1) and PAPR0 as shown in the following:  

 

 

 
Figure 3: Simulation result of QPSK and QAM-16 modulation in transmit spectrum WiMAX MIMO-OFDM 2*2. 

Where , represents the time-domain transmitted signal of the k-th antenna 

 
Figure 5 presents the CCDF graph of PAPR for the MIMO-OFDM 2×1& MIMO-OFDM 2*2 system of WiMAX (IEEE 8002.16e). 

Figure 5 present the CCDF of PAPR for STBC algorithm in the condition described above. 
The green line curve corresponds to the MIMO-OFDM 2*1 BPSK signal and blue line curve corresponding to the MIMO-OFDM 2*2 

BPSK signal. MIMO-OFDM 2×1 system is better result compare to the MIMO-OFDM 2×2 system. 
 

 
Figure 5: Simulation result of QPSK, QAM-16 and BPSK modulation in PAPR Performance  

of WiMAX MIMO-OFDM 2*1 and 2*2 systems. 
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Figure 6: Simulation result of QPSK, QAM-16 and BPSK modulation in BER Performance of WiMAX OFDM 

 

 
 

Figure 7: Simulation result of QPSK and QAM-16 modulation in BER Performance of WiMAX MIMO-OFDM 2*1 and 2*2 systems. 
 

 
V. CONCLUSION  
We know that a tradeoff between peak power peak ratio (PAPR) and bit error rate for WiMAX IEEE 802.16. In this paper presented 
low-complexity transmitter architecture for STBC MIMO-OFDM system. The proposed SBTC MIMO-OFDM 2*1 and MIMO-
OFDM 2*2 scheme could offer good PAPR reduction, which is almost the same as that of OFDM system. The previous scheme used 
only single input single output. However, the proposed scheme designs for multiple inputs and multiple outputs. Therefore, the 
proposed SBTC MIMO-OFDM scheme has better bandwidth efficiency and BER performance compared with the previous scheme.  
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