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Abstract 

OFDM is a most popular method that used for high data rate in wireless communication. In OFDM combined with antenna 

arrays at transmitter and receiver side is called MIMO-OFDM and other word MIMO-OFDM system is a consist or combination 

of the MIMO technique and OFDM technique that use due to increase the diversity gain, time-variant, frequency-selective 

channels, enhance the system capacity and improve the link reliability high data rate transmission that used for future broadband 

wireless communication and that are mostly use for avoid Inter-Symbol Interference (ISI) and Inter-Carrier-Interference (ICI). 

This paper explores physical layer research with IEEE 802.11n standard challenges with different modulation techniques and 

finds the BER (bit error rate) modulation techniques (BPSK, QPSK, and 712-qam). IEEE 802.11n is a communication standard 

that provides higher significant throughput and higher date rate. 

Keywords: Binary Phase Shift Keying (BPSK), multiple-input- multiple-output (MIMO), orthogonal frequency division 

multiplexing (OFDM), Bit error rate (BER), Additive White Gaussian Noise (AWGN), QAM (Quadrature amplitude 

modulation)  

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

OFDM is a multicarrier transmission technique in which data is transmitted on a set of orthogonal and independent sub-carriers 

so the wastage of bandwidth due to guard bands is eliminated in OFDM systems so that way an improvement in performance in 

multi-path environment. In OFDM high data rate signal is split into several parallel and lower data rate streams then transmitted 

over several narrow band sub-carriers. In OFDM system increases the symbol duration in the parallels and sub channel and the 

effects of ISI reduce by cyclic prefix and the mostly cyclic prefix help or reduce the effect of ISI and ISI caused by induced a 

delay spread. In OFDM the insertion of a guard interval or guard period is called cyclic prefix (CP), in CP copy of the last part of 

the OFDM symbol. When in OFDM use a CP turns then action of the channel mean transmitted signal from a linear convolution 

into a cyclic convolution, so that way the resulting of overall OFDM system in transfer function can be diagonalized through, 

these CP results is used by IFFT in the transmitter and an FFT at the receiver. However, as the CP carries redundant information 

then it incurs a loss in spectral efficiency and CP is usually kept at a maximum of 25 percent. MIMO uses multiple antennas both 

a transmitter and receiver side and MIMO advantages include like an enhanced the capacity with the same transmitter power, 

increase the diversity gain, reduced the bit error rate and MIMO improve the communication performance in transmitter and 

receiver [1]. It is one of the several forms of smart the antenna technology. It achieves the goal by spreading the same total 

transmit power over the array gain achieve by antenna  that improves the spectral efficiency mean more bit per second per hertz 

of bandwidth and/or also achieve diversity gain that improves the reliability meaning is that reduced fading [2]. The OFDM has a 

several standards like that digital broadcasting, digital video broadcasting, IEEE 802.11a LAN standard, and IEEE 802.11a&g 

this also include in WLAN standards, IEEE 802.16 is a WMAN and this standard operates at 2-11 GHz that is a band of 

frequency, IEEE 802.16a standard is also known as WiMAX and the IEEE 802.11n standard that is used for in this paper. Multi-

input Multi-output (MIMO) [3], wireless technology overlay for the IEEE 802.11n standard for WLANs. MIMO is the Iospan’s 

product and its combination with orthogonal frequency division multiplexing (OFDM) and MIMO [4]. In this paper compared 

the performance of different modulations techniques (BPSK, QPSK, 712-QAM) with the help of bit error rate (BER). 
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II. MIMO-OFDM BASED IEEE 802.11N  

 MIMO System Model:  

First, IEEE 802.11n has been applied in a system with many transmitter antenna and receiver antenna and combined with 

multicarrier modulation techniques known as MIMO-OFDM and IEEE 802.11n is an increase throughput that my aimed to 

improve a performance in physical layer so IEEE 802.11n standard used that are development of IEEE 802.11(a /g) standards[5]. 

IEEE 802.11n is a WLAN IEEE 802.11n is capable of support the user and through provide a good quality video streaming for 

multiple users (For example: WLAN network that used for video conference) and OFDM is provide a high throughput (gigabyte) 

as well as to stable or good the quality of service (QoS) network better than other WLAN standards[5]. IEEE 802.11n WLAN 

standard used in then MIMO-OFDM system is able to provide higher data rate and then the original data rate which can reach 

from 54 Mb/s to 600 Mb/s[6]. This is the first wireless LAN standard based on MIMO-OFDM, techniques to give a significant 

performance increase in range and rate relative to conventional wireless LAN. When performances of the OFDM system net user 

throughputs over 100 Mbps are achievable, in which when to applying an IEEE 802.11n standard four times larger throughputs 

is achieved and these achieved throughput are maximum as compared achievable throughput using IEEE 802.11a/g standard [7]. 

For the same throughput, MIMO-OFDM achieves a range that is three times larger than as compared to non-MIMO systems. In 

this significant more improve performance MIMO-OFDM with the help of increased the data rate and with the help of IEEE 

802.11n standard. The MIMO-OFDM not only used for wireless LAN but also used for home entertainment networks and 4G 

networks or system. MIMO is a wireless technology that is used for transmissions over wireless links but the signal is taken with 

the help of multiple antennas equipped at both the transmitter as well as receiver. MIMO systems may be consist of a number is 

different ways and these are obtaining a diversity gain to combat signal fading and good capacity or gain that mean improve the 

performance of the system.  

 
Fig. 1: MIMO antennas system model [8] 

The OFDM is an achieving higher data rate and providing a more reliable reception performance as compared to single-

antenna system for wireless communications that is not more reliable reception. Now just taken as an example of MIMO 

applications, the IEEE 802.11n standard is a still discussed, but in which one prototype can offer up to 250 Mbps and that is 

more than five times the speed of the existing IEEE 802.11g. In wideband channels, OFDM has used MIMO techniques and that 

used is most important and benefit like ISI reduction and capacity improvement. 

In Fig:1. Output user system is a y = Hs + η. Where S= [S1 S2…SM]t is the transmitted data vector, y = [y1 y2………yM]t is 

the received data vector, and η =[ η1 η2……. ηM]t is an additive white Gaussian noise and assumes that in MIMO system MT is 

a transmitted antenna and MR is a receiving antennas. The MIMO channel can be represented MT × MR in case of matrix format 

H is represented by [9] 
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 Modulation Techniques: 

In this paper discussed a basic and popular digital modulation scheme like:- 

1) Binary Phase Shift Keying (BPSK) 

2) QAM(Quadrature amplitude modulation) 

3) QPSK (Quadrature phase shift key) 

BPSK is a phase shift keying (PSK) and a digital modulation scheme in BPSK phase of the carrier is changed and modulated 

according to the modulating waveform which is called digitally modulated the signal. In BPSK the transmitted signal is a sine 

wave of fixed amplitude. It has one fixed phase when the data is at one level and the data is at the other level in BPSK, the phase 

is different by 180 degrees. In QPSK is also known as quadric-phase PSK, 4-PSK, or 4-QAM With four phases, QPSK is a 

encode two bits per symbol, when QPSK applied a Gray coding to Minimize the bit error rate (BER) [10]. QPSK can be used for 

or either to double the data rate compared with a BPSK system and also maintaining the same bandwidth of the signal or to 

maintain the data rate of BPSK but halving the bandwidth needed. QAM is analog and digital modulation scheme. It conveys 

two analog message signals or two digital bit streams, by changing the amplitudes of two carrier waves with the help when 

applied an amplitude-shift keying (ASK) in digital modulation scheme or as well as applied  amplitude modulation (AM) in 

analog modulation scheme. The two carrier waves are usually sinusoids and these are out of phase with each other by 90° then is 

called quadrature carriers or quadrature components [11].The modulated waves are summed, and the resulting waveform is a 

combination of both phase shift keying (PSK) and amplitude-shift keying (ASK), in the case of the analog or phase modulation 

(PM) and amplitude modulation. In the digital QAM has a finite number but in which least two phases and at least two 

amplitudes are used.  

 Additive White Gaussian Noise: 

AWGN channel is a channel when signal pass through channel and it adds a white Gaussian noise and in AWGN channel 

amplitude frequency response is flat and in which unlimited or infinite bandwidth and phase of frequency response is linear for 

all frequencies that mean modulated signals pass through it without any amplitude loss (amplitude distortion) and without phase 

distortion of frequency components and so fading does not exist or occur. The only distortion is introduced by the AWGN.  

The received signal is simplified by:- 

r(t) = x(t)+n(t) 

In this equation n(t) is  a the additive white Gaussian noise. The whiteness of n(t) implies that it is a random process and a flat 

power spectral density (PSD) for all frequencies[12]. 

III. RESULTS AND DISCUSSIONS 

We have to develop the structure for simulating MIMO-OFDM system with IEEE 802.11n standard. The performance evaluation 

has been carried out with the modulation technique of BPSK, QPSK, 512-QAM over AWGN channel. The table No. 1 and 2 

show the simulation parameter like table no.1 show the parameter of BPSK, QPSK and the table No.2 show the parameter of 

512-QAM.  In this paper simulates the problem occurred in wireless communication when the signal propagates on multi-paths 

or MIMO. Modulation is the technique by which the signal wave is transformed in order to send it over the communication 

channel in order to minimize the effect of noise. This is done in order to ensure that the received data can be demodulated to give 

back the original data. In an OFDM system, the high data rate information is divided into small packets of data which are placed 

orthogonal to each other. This is achieved by modulating the data by a desirable modulation technique like Quadrature 

Amplitude Modulation. Demodulation is the technique by which the original data is recovered from the modulated signal which 

is received at the receiver end. In this show the transmitted original massage and show received the message after demodulation 

at the receiver side see in figure No. 3, 5, and 7. In this paper figure No. 2, 4 and 6 show the comparison between bit error rate 

(BER) and SNR at modulation techniques (like  BPSK, QPSK, 512-QAM) and which one modulation technique performed good 

as compared to other show with help of comparison table (3). 
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 In BPSK and QPSK: 

Table – 1 

Simulation parameter Simulation parameter value 

No. of transmitted bit 1280 

Cyclic prefix 256 

Channel AWGN 

Modulation techniques BPSK, QPSK 

Band Width 20MHz-40MHz 

MC (machine cycles) 50 

nFFT 1024 

No. of transmitter and receiver nTx = nRx = 2 

The Figure 2 & 3 presents a BPSK simulation results that show in table No. 1 in which figure No. 2 show the comparison 

between BER VS SNR at different time and the figure No.3 show transmitted data pass through after modulator at the transmitter 

side and received data after demodulation at receiver side.  

 
Fig. 2: shows performance analysis of BPSK. 

 
Fig. 3: Shows the Transmitted and received messages in BPSK 

The Figure 4 & 5 presents a QPSK simulation results that show in table No. 1 in which figure No. 4 show the comparison 

between BER VS SNR at different time and the figure No.5 show transmitted data pass through after modulator at the transmitter 

side and received data after demodulation at receiver side  
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Fig. 4: Shows performance analysis of QPSK. 

 
Fig. 5: Shows the Transmitted and received messages in QPSK 

 In 512-QAM: 

Table – 2 

Simulation parameter Simulation parameter value 

No. of transmitted bit 640 

Cyclic prefix 128 

Channel AWGN 

Modulation technique 512-QAM 

Band Width 20MHz-40MHz 

MC (machine cycles) 50 

M 9 

No. of transmitter and receiver nTx = nRx = 2 

The Figure 6 & 7 presents a QAM-512 simulation results that show in table No. 2 in which figure No. 2 show the comparison 

between BER VS SNR at different time and the figure No.7 show transmitted data pass through after modulator at the transmitter 

side and received data after demodulation at receiver side  
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Fig. 6: Shows performance analysis of 512-QAM. 

 
Fig. 7: Shows the Transmitted and received messages in 512-QAM 

Table – 3 

Comparison Table of Snr Vs Ber Different Modulation Techniques of AWGN Channel Applied IEEE 802.11n 

TIME(sec) SNR BER BPSK BER QPSK BER 512-QAM 

0.00 0 0.0808 0.0792 0.0772 

 2 0.0391 0.0401 0.0362 

 4 0.0121 0.0134 0.0121 

 6 0.0024 0.0034 0.0029 

 8 2.3438e04 8.9844e04 1.9663e-04 

 10 0 2.9297e04 0 

0.05 0 0.0936 0.0969 0.0968 

 2 0.0482 0.0516 0.0518 

 4 0.0210 0.0239 0.0211 

 6 0.0079 0.0101 0.0063 

 8 0.0032 0.0069 0.0013 

 10 0.0023 0.0075 5.0562e04 

0.10 0 0.1409 0.1420 0.1553 

 2 0.0894 0.0878 0.1046 

 4 0.0511 0.0467 0.0624 

 6 0.0236 0.0237 0.0335 

 8 0.0135 0.0119 0.0220 

 10 0.0103 0.0096 0.0194 

0.15 0 0.2201 0.2205 0.2274 

 2 0.1661 0.1642 0.1799 

 4 0.1189 0.1134 0.1397 

 6 0.0754 0.0689 0.0986 

 8 0.0437 0.0395 0.0618 
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 10 0.0279 0.0248 0.0499 

0.20 0 0.3404 0.3399 0.3419 

 2 0.3029 0.3007 0.2997 

 4 0.2577 0.2584 0.2560 

 6 0.2045 0.2054 0.2044 

 8 0.1527 0.1526 0.1559 

 10 01005 0.1025 0.1115 

IV. CONCLUSION 

In this paper, we have evaluated the performance of MIMO-OFDM with the help of MATLAB tool. The main aim of the paper 

is to implement of different modulation techniques using MIMO-OFDM IEEE 802.11n and show the comparison analysis BER 

Vs SNR using AWGN channel. The Additive White Gaussian Noise (AWGN) corrupted the transmitted signal and this resulted 

in a different received 712-QAM, QPSK, and BPSK signal than the original signal show. The SNR for each modulation takes 

into account the number of bits error rate in each symbol at a different time (0.00sec, 0.05sec, 0.10sec, 0.15sec, 0.20sec) with the 

help of counter (machine cycle) and all result shows in comparisons table or figures. In which, SNR is increased then BER has 

decreased it mean SNR inversely proportional to BER. BPSK and 512-QAM both modulation techniques almost similar 

performed as compared to QPSK. All over simulation results show the BPSK modulation technique is better performed as 

compared to 512-QAM, QPSK, when MIMO-OFDM system include a IEEE 802.11n standard. 
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