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Abstract— In this paper presents an IEEE 802.11n standard 

of OFDM, we investigate the bit error rate (BER) Vs Signal 

to noise ratio (SNR) performance of orthogonal frequency 

division multiplexing in IEEE 802.11n in using different 

modulation techniques but in this paper operated on 

Quadrature phase shift keying (QPSK), Binary phase shift 

keying (BPSK), Quadrature amplitude modulation (512-

QAM) over AWGN channel. The performance of 

transmission modes is evaluated by calculating the BER 

versus signal to noise ratio (SNR) the additive white Gaussian 

noise (AWGN), channel. This objective is met by developing 

an MATLAB program simulate a basic OFDM IEEE 802.11n 

system and show results. 
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I. INTRODUCTION 

In OFDM consider a wireless system underused LAN 

standard IEEE 802.11n. It, s provides higher data rates and 

wide (large) bandwidth of channels. In this paper show a 

performance of data transmission with the help of wireless 

channel (AWGN) using IEEE 802.11n standard and it’s well 

captured by observing their BER, which is a function of SNR. 

Multicarrier modulation techniques, including IEEE 802.11n 

OFDM modulation, considered as a most promising 

technique to combat this problem. In IEEE 820.11n OFDM, 

the technique is a multi-carrier transmission which is being 

recognized as an excellent method, high speed, and bi-

directional wireless data communication. The aim of our 

paper is to give an idea of best modulation tech. perform in 

which standard IEEE 802.11n using OFDM. An additional 

involves 802.11n due to increasing the channel bandwidth 

20MHz up to 40 MHz and IEEE 802.11n standard operates 

or work at on 2.4 GHz band and the 5 GHz band, but better 

performance is achieved by 5 GHz band. The system in IEEE 

802.11n standard, with main structure and the analysis of the 

obtained results of simulations testing in MATLAB. The 

OFDM System is able to support different modulation 

schemes but in this paper work on 512-QAM, BPSK, QPSK 

modulation techniques. Also, this paper aims to show the 

effect of IEEE 820.11n OFDM signal during data transmitted 

in AWGN channel with different modulation technique and 

also shows the result of compared BER Vs SNR and also 

show by transmitted and received signal different modulation 

techniques[1]. 

II. WHY OFDM? 

In Frequency Division Multiplexing the spectral overlapping 

each other subcarriers but OFDM spectral sub-carrier is not 

overlapping means orthogonality and the subcarrier 

separation at the receiver with the help of orthogonality and 

orthogonality providing better spectral efficiency and its 

apply of the steep band-pass filter were eliminated. OFDM 

transmission system offers possibilities for alleviating the 

problems that problem coming with a single carrier or single 

carrier systems. OFDM has the main advantage of spreading 

out a frequency selective fade over many symbols and that 

also effect or due to a region the randomizer burst errors 

caused by impulse interference and fading so that instead of 

several adjacent symbols being totally destroyed or damaged 

and others symbols are only slightly or slowly distorted. The 

OFDM allows to successful remanufacturing or 

reconstruction of a majority of them even without present 

forward error correction. The OFDM main effects that are a 

dividing an entire signal bandwidth into narrow or small sub-

bands or small bandwidth and the frequency response over 

individual and single sub-bands is relatively flat due to sub-

band are smaller than a coherence bandwidth of the channel 

[2]. 

III. ORTHOGONALITY 

OFDM is maintaining orthogonality of the carriers during 

transmission data. In OFDM if the integral of the product of 

any two signals is zero over a time period, then these two 

signals are called orthogonal to each other and two sinusoids 

with frequencies that are integer multiples of a common 

frequency can satisfy this criterion or condition. The 

orthogonality is defined as:  

∫𝐶𝑂𝑆(2𝜋𝑛𝑓𝑡)𝐶𝑂𝑆(2𝜋𝑚𝑓0𝑡)𝑑𝑡 = 0   (𝑛 ≠ 𝑚)

𝑇

0

 

Where, n and m are two unequal integers.  

f = is a fundamental frequency  

T = is a period over which the integration is taken and T is 

also taken as one symbol period and f set to 1/T f or optimal 

effectiveness [3and 4]. 

IV. OFDM SYSTEM MODEL AND WORKING: 

A. OFDM (Orthogonal Frequency Division Multiplexing) 

OFDM is a multiple carrier modulation schemes in which, a 

single high-data-rate stream is divided into a number of lower 

data a rate stream that is transmitted simultaneously over 

some narrower sub channel which is orthogonal to each other. 

In case, the conventional transmission uses a single carrier, 

which is modulated then all the data to send the single carrier. 

The merits of this technique that make it the best method over 

other modulation techniques are its high spectral efficiency, 

easy implementation of FFT, less complexity in receiver, 

high-data-rate transmission, very high flexibility for link 

adaptation, these are few advantages to list[5] 
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B. OFDM Transmitter 

In OFDM transmitter basically, five components have used 

the show in figure 1. The firstly, modulation is used a 

randomizer bit and modulate the data. Then data fed to serial 

to parallel converter that is used to converts the serial bit 

convert to parallel bit from. The Inverse Fast Fourier 

Transform (IFFT) that convert frequency domain into a time 

domain. Cyclic Prefix (CP)  create a guard interval that 

prevents ISI and Cyclic Prefix (CP) is also taking a copy of 

the last N samples from the IFFT, in which CP placed an 

OFDM frame at the beginning due to CP is using overcome 

the ISI problem. In which most important are CP choosing a 

minimum or necessary to maximize the efficiency of the 

system. CP generally, the overall length of the cyclic 

extension is chosen to exceed the maximum required delay 

spread on the channel.  Parallel to serial converter again 

convert data bit from parallel to serial. 

 
Fig. 1: Block diagram of OFDM [6] 

C. OFDM AWGN Channel [7]: 

In AWGN channel is limited by noise and high data rate 

communication. The received signal interval as 0≤ t ≤ T. 

AWGN channel expressed as:   

r (t) = Sm (t) + n (t) 

Where n (t) = the sample function of AWGN process 

with power-spectral density.   

AWGN is a noise that AWGN noise affects the 

transmitted signal when it passes through the AWGN 

channel. It contains continuous uniform frequency spectrum 

over a particular band frequency.       

 
Fig. 2: AWGN Channel [8] 

D. OFDM Receiver: 

The received signal coming from AWGN channel and goes 

through the serial to parallel converter is used to convert the 

serial bit convert to parallel bit from. Then cyclic prefix is 

removed and after that Fast Fourier Transform (FFT) is 

applied to convert the signal back, which means time domain 

into signal frequency domain. Now parallel to serial converter 

that converts the parallel bit into serial bit form. 

V. MODULATION TECHNIQUES [9] 

A. Binary Phase Shift Keying (Bpsk): 

BPSK is a form of PSK and it two phases which are separated 

by 180 degrees. BPSK is heavily needed of bandwidth. BPSK 

preformed batter as compared to QPSK. In figure 3 they are 

shown on the real axis, at 0° and 180°. The BPSK is 

functionally equal to 2-QAM modulation. BPSK principle 

equation is (1): 

S ( t)   =   

{
 

 

  

𝐴𝑐𝑜𝑠(2𝜋𝑓𝑐 𝑡)             𝑓𝑜𝑟 𝑏𝑖𝑛𝑎𝑟𝑦 1

𝐴𝑐𝑜𝑠(2𝜋𝑓𝑐 𝑡)             𝑓𝑜𝑟 𝑏𝑖𝑛𝑎𝑟𝑦 1

𝐴𝑐𝑜𝑠(2𝜋𝑓𝑐 𝑡)             𝑓𝑜𝑟 𝑏𝑖𝑛𝑎𝑟𝑦 1

−𝐴𝑐𝑜𝑠(2𝜋𝑓𝑐 𝑡)        𝑓𝑜𝑟 𝑏𝑖𝑛𝑎𝑟𝑦 0… . (1)

 

B. Quadrature Phase Shift Keying (Qpsk): 

QPSK show constellation diagram shows four points that are 

placed equal-spaced around a circle. QPSK can encode two 

bits per symbol in another word QPSK can be used either 

double data rate compared with BPSK system. QPSK 

modulation technique is maintaining the same bandwidth of 

the signal, or also maintained the data rate. The principle 

equation (2) is: 

          S(t) =  

{
 
 
 

 
 
 Acos (2πfc t

π

4
         for binary11

 Acos (2πfc t
3π

4
     for binary 01

Acos(2πfc t
3π

4
        for binary 00

−Acos  (2πfc t
π

4
        for binary10… (2)  
                   

 

C. Quadrature Amplitude Modulation (QAM): 

QAM is the encoding of the information into carrier wave and 

variation of the amplitude of both carrier wave and a 

quadrature carrier that is 90 degree out of the phase then the 

main carrier in accordance with two input signals and the 

amplitude and the phase and their carrier wave are 

simultaneously changed according required to the 

information you want to transmit. In the case of 16-QAM has 

16-state. The principle equation (3) is: 

𝑆(𝑡) = 𝑑1cos2πfͨͨͨͨͨͨͨͨ
ͨͨͨͨͨͨͨͨc t + 𝑑2Sin2πfͨͨͨͨͨͨͨͨ

ͨͨͨͨͨͨͨͨc t ………… . (3) 

 
Fig. 3:   Constellations for QPSK, BPSK, 16-QAM 
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D. Bit Error Rate (BER) 

In a communication system, the receiver side BER affected 

by transmission channel noise, distortion, bit synchronization 

problems, attenuation, interference etc. BER is calculated the 

number bits received in error divided by a number of bits 

transmitted. 

BER = (Bits in Error)/ (Total bits received) 

During a particular time interval, the BER is the 

number of bit errors and number of bit errors divided by the 

total number of transferred bits. In IEEE 8002.11n standard 

has the ability to sense the bit error rate and its BER used as 

a low error rate for data applications and also its link, 

implemented modulation data rate and exchange to Forward 

Error Correction. BER is an inversely proposal to SNR when 

BER is high then SNR is low. High BER causes lowest data; 

increase in delay, decreases throughput, system performance 

is decreased. 

E. Signal to Noise Ratio (SNR): 

SNR is a difference between the signal strength a system 

reproduces and compared to the signal strength or amplitude 

of its background noise. SNR includes the noise the noise in 

the environment and unwanted signal.  

SNR = 10log10 (Signal Power/ Noise Power) db 

VI. RESULTS AND DISCUSSIONS: 

Develop a structure for simulating OFDM system with IEEE 

802.11n standard. The performance evaluation has been 

carried out with different modulation techniques namely 

BPSK, QPSK, and 512-QAM over AWGN channel. The 

table No. 1 shows the simulation parameter of BPSK, QPSK, 

and 512-QAM.  In this paper simulates the problem occurred 

in wireless communication when the signal propagates in a 

channel with IEEE 802.11n standard. Modulation is the 

technique by which the signal wave is transmitted in order 

and the signal send it over the communication channel 

(AWGN) in order to minimize or reduced the effect of noise. 

This all over is done in order to ensure that the received data 

can be demodulated and come back in original data. In 

OFDM system high data rate information is divided into 

small data rate in which all are data placed orthogonal to each 

other. All data achieved by modulation at a receiver side and 

with the help of desirable modulation technique like BPSK, 

QPSK, and 512-QAM and demodulation is recovered a 

modulated signal at the receiver end. In this show, the 

transmitted original message and show received the message 

after demodulation at the receiver side see in figure No. 5, 7 

and 9. In this paper figure No. 4, 6 and 8 show the comparison 

analysis between bit error rate (BER) and SNR at modulation 

techniques (like BPSK, QPSK, 512-QAM) and which one 

modulation technique performed better as compared to other 

modulation techniques show with the help of comparison 

table (2). 

A. Steps of Simulation: 

 Designed base models and simulate IEEE 802.11n 

system using Matlab R2013a tool.  

 To BER performance analysis with (BPSK, QPSK, and 

512-QAM) different modulation techniques in the 

system using.  

 To analysis, the performance of the system using 

different modulation techniques with different time so 

generates a loop (loop generate at a different time like 

0.00sec, 0.10sec, 0.15sec,0.20sec, 0.25sec). 

 To compare all modulation techniques in AWGN 

channel environment and evaluated the performance 

with BER Vs SNR and also shows the transmitted a 

messages during after modulation and received messages 

after demodulation at the receiver side for different 

modulation techniques and compared all results. 

Simulation parameter Simulation parameter value 

No. of transmitted bit 1280 

Cyclic prefix 256 

nFFT 1024 

Channel AWGN 

Modulation technique QPSK, BPSK, 512-QAM 

Band Width 20MHz-40MHz 

MC (machine cycles) 50 

M 9 

Table 1: The Simulation Parameter in Bpsk, Qpsk and 512-

Qam Modulation Techniques with Ofdm 

The Figure 4 & 5 presents a QPSK simulation 

results. The figure No. 4 show the comparison between BER 

Vs SNR at a different time and the figure No.5 show 

transmitted a message that passes through modulator during 

transmission and received data after demodulation at a 

receiver side. 

 
Fig. 4: Shows performance analysis of QPSK 

 
Fig. 5: Shows the Transmitted and received messages in 

QPSK 

The Figure 6 & 7 presents a BPSK simulation 

results. The figure No. 6 show the comparison between BER 

Vs SNR at a different time and the figure No.7 show 
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transmitted a message that passes through modulator during 

transmission and received data after demodulation at a 

receiver side 

 
Fig. 6: Shows performance analysis of BPSK                  

 
Fig. 7: Shows the Transmitted and received messages in 

BPSK 

The Figure 8 & 9 presents a 512-QAM simulation 

results. The figure No. 8 show the comparison between BER 

Vs SNR at a different time and the figure No.9  show 

transmitted a message that passes through modulator during 

transmission  and received data after demodulation at a 

receiver side. 

 
Fig. 8: Shows performance analysis of 512-QAM                          

 

 

 
Fig. 9: Shows the Transmitted and received messages in 

512-QAM 

TIME 

(sce) 
SNR 

BER IN 

QPSK 

BER IN 

BPSK 

BER   IN  

512-QAM 

0.00 

0 0.0879 0.0779 0.0741 

2 0.0474 0.0365 0.0360 

4 0.0210 0.0127 0.0112 

6 0.0081 0.0029 0.0023 

8 0.0036 
1.3672 𝑒 -

04 
8.4270 𝑒 -05 

10 0.0017 0 0 

0.05 

0 0.0926 0.0846 0.0801 

2 0.0482 0.0438 0.0389 

4 0.0221 0.0159 0.0168 

6 0.0095 0.0039 0.0043 

8 0.0045 
6.2500 𝑒 -

04 
0.0010 

10 0.0026 
1.9531 𝑒 -

05 

8.4270𝑒
− 05 

0.10 

0 0.0981 0.1132 0.0944 

2 0.0537 0.0665 0.0540 

4 0.0281 0.0309 0.0260 

6 0.0147 0.0122 0.0106 

8 0.0096 0.0035 0.0045 

10 0.0061 
7.2266 𝑒 -

04 
0.0022 

0.15 

0 0.1076 0.1594 0.1094 

2 0.0653 0.1117 0.0734 

4 0.0372 0.0646 0.0385 

6 0.0250 0.0362 0.0221 

8 0.0202 0.0169 0.0123 

10 0.0188 0.0067 0.0084 

0.20 

0 0.1185 0.2245 0.1310 

2 0.0785 0.1793 0.0892 

4 0.0513 0.1322 0.0504 

6 0.0379 0.0914 0.0307 

8 0.0358 0.0577 0.0171 

10 0.0364 0.0353 0.0123 

Table 2: Comparison of Snr Vs Ber Different Modulation 

Techniques   of Awgn Channel Applied Ieee 802.11n 
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VII. Conclusion 

In this paper evaluated the BER performance of OFDM with 

the help of MATLAB (R2013a) tool. The main aim of the 

paper is to implement of different modulation techniques 

using OFDM with 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 these simulation results are different received 

(512-QAM, QPSK and BPSK) than the original signal means 

theoretical results and simulation results that show in figures. 

The SNR for each modulation takes into account the number 

of bits error rate (BER) in each symbol at a different time 

(0.00sec, 0.05sec, 0.10sec, 0.15sec, 0.20sec) means generate 

counter (machine cycle) and all results BER difference shows 

with the help of comparisons table. In which, SNR is 

increased then BER has decreased mean SNR inversely 

proportional to BER. Observing simulation results and we 

can conclude that 512-QAM has got better performance as 

compared than QPSK and BPSK when OFDM system 

includes an IEEE 802.11n standard means 512-QAM better 

as compared to all other modulation techniques. 
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