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Abstract: A MATLAB program has been written to investigate Orthogonal Frequency Division Multiplexing (OFDM) 

communication systems. This program is valuable for future researchers simulating systems that are too theoretically complex 

to analyze. Single-carrier QAM and multicarrier OFDM are compared to demonstrate the strength of OFDM in multipath 

channels. Two graphical user interface demonstrations show some of the basic concepts of OFDM. Orthogonal frequency-

division multiplexing (OFDM) communication is a promising technique for use in fourth-generation (4G) mobile 

communications. Meanwhile, the carrier aggregation technique becomes crucial for raising the transmission rate. The 

achievable data rate of an OFDM system is generally limited by spectral efficiency and the available bandwidth; the former 

strongly depends on the adopted modulation techniques, and the latter strongly depends on the spectrum policy. A carrier 

aggregation method is a feasible and flexible bandwidth utilization technique that facilitates upgrades to transmission 

throughput by aggregating several contiguous or non-contiguous carriers. This transformation can reduce the implementation 

overhead needed by independently building several parallel ordinary inner receivers. This transformation can also save the 

header length prefixed on the MAC layer for conducting carrier aggregations. 

 

I.INTRODUCTION:   

Initial proposals for OFDM were made in the 60s and the 

70s. It has taken more than a quarter of a century for this 

technology to move from the research domain to the 

industry. The concept of OFDM is quite simple but the 

practicality of implementing it has many complexities. So, 

it is a fully software project. OFDM depends on 

Orthogonality principle. Orthogonality means, it allows the 

sub carriers, which are orthogonal to each other, meaning 

that cross talk between co-channels is eliminated and inter-

carrier guard bands are not required. This greatly simplifies 

the design of both the transmitter and receiver, unlike 

conventional FDM; a separate filter for each sub channel is 

not required. Orthogonal Frequency Division Multiplexing 

(OFDM) is a digital multi carrier modulation scheme, 

which uses a large number of closely spaced orthogonal 

sub-carriers.      Each sub-carrier is modulated with a 

conventional modulation scheme (such as quadrature 

amplitude modulation) at a low symbol rate, maintaining 

data rates similar to conventional single carrier modulation 

schemes in the same bandwidth. Thus the high bit rates 

seen before on a single carrier is reduced to lower bit rates 

on the subcarrier. In OFDM, subcarriers overlap. They are 

orthogonal because the peak of one subcarrier occurs when 

other subcarriers are at zero. This is achieved by realizing 

all the subcarriers together using Inverse Fast Fourier 

Transform (IFFT). The demodulator at the receiver parallel 

channels from an FFT block. Note that each subcarrier can 

still be modulated independently. Since orthogonality is 

important for OFDM systems, synchronization in frequency 

and time must be extremely good. Once orthogonality is 

lost we experience inter-carrier interference (ICI). This is 

the interference from one subcarrier to another. A delayed 

version of one subcarrier can interfere with another 

subcarrier in the next symbol period. This is avoided by 

extending the symbol into the guard period that precedes it. 

This is known as a cyclic prefix. It ensures that delayed 

symbols will have integer number of cycles within the FFT 

integration interval. This removes ICI so long as the delay 

spread is less than the guard period. 

OBJECTIVE:                                                              

 The aim of this project is to investigate the OFDM 

scheme, and realize a fully functional system in software 

and analyzing how it is reducing the inter-symbol 

interference caused by the multipath fading channels and 

different effects and estimating, evaluating the performance 

of it. 

II. LITERATURE REVIEW: 

 Most first generations systems were introduced in 

the mid 1980’s, and can be characterized by the use of 

analog Transmission techniques and the use of simple 

multiple access techniques such as Frequency Division 

Multiple Access (FDMA). First generation 

telecommunications systems such as Advanced Mobile 

Phone Service (AMPS) They also suffered from a low user 

capacity, Second generation systems were introduced in the 

early 1990’s, and all use digital technology.  The evolution 

of current services and networks to the aim of combining 

them into a unified third generation network. Many 

currently separate systems and services such as radio, 

paging, cordless, telephone. Currently Global System for 

Mobile telecommunications (GSM) technology is being 

applied to fixed wireless phone systems in rural areas. 

However, GSM uses time division multiple access 

(TDMA),.OFDM is currently being used in several new 

radio broadcast systems including the proposal for high 

definition digital television (HDTV) and digital audio 
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broadcasting (DAB). However, little research has been 

done into the use of OFDM as a transmission method for 

mobile telecommunications systems. In CDMA Both the 

base station and the mobile station know these codes, which 

are used to modulate the data sent. OFDM/COFDM allows 

many users to transmit in an allocated band, by 

subdividing.The transmission is generated in such a way 

that the carriers used are orthogonal to one another, thus 

allowing them to be packed together much closer than 

standard frequency division multiplexing (FDM). This 

leads to OFDM/COFDM providing a high spectral 

efficiency. 

III. PROPAGATION OF CHANNEL 

CHARACTERISTICS 

In an ideal radio channel, the received signal 

would consist of only a single direct path signal, which 

would be a perfect reconstruction of the transmitted signal. 

However in a real channel, the signal is modified during 

transmission in the channel. 

1. ATTENUATION:Attenuation is the “drop in the signal 

power when transmitting from one point to another. It can 

be caused by the transmission path length, obstructions in 

the signal path, and multipath effects”. Fig.1 shows some of 

the radio propagation effects that cause attenuation. Any 

objects, which obstruct the line of sight signal from the 

transmitter to the receiver, can cause attenuation. 

 

Fig. 1.  Some channel characteristics 

 

                          

2. RAYLEIGH FADING: 

This gives rise to multiple transmission paths at 

the receiver. Fig. 2 show some of the possible ways in 

which multipath signals can occur. 

 

             Fig.2 Multipath Signals 

 

 

Fig. 3 Typical Rayleigh fading while the mobile unit is 

moving.                                         

3. FREQUENCY SELECTIVE FADING: 

In any radio transmission, the channel spectral 

response is not flat. It has dips or fades in the response due 

to reflections causing cancellation of certain frequencies at 

the receiver. Reflections off near-by objects (e.g. ground, 

buildings, trees, etc) can lead to multipath signals of similar 

signal power as the direct signal. 

4. DELAY SPREAD: 

The received radio signal from a transmitter consists of 

typically a direct signal, plus reflections of object such as 

buildings, mountings, and other structures. The reflected 

signals signals arrive at a later time than the direct signal 

because of the extra path length,  
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Table. 1 Typical Delay Spread 

 

  5. FADING CHANNELS 

    Fading channels represent a mathematical model for 

wireless data exchange in a physical environment which 

changes over time. These changes arise for two reasons:  

      The environment is changing even though the 

transmitter and receiver are fixed; examples are 

changes in the ionosphere,  

 The next figure shows a  multipath fading 

environment. The fading is modeled by the fact 

that the environment is changing. 

 

 
 

 

 

 

 

 

 

IV. IMPLEMENTATION OF OFDM SYSTEM: 

 

Fig. 4  OFDM Model used for simulations 

 SERIAL TO PARALLEL CONVERSION:The 

input serial data stream is formatted into the word size 

required for transmission, e.g. 2bit/word for QPSK, and 

shifted into a parallel format.  

 MODULATION OF DATA:     The data to be 

transmitted on each carrier is then differential encoded with 

previous symbols, then mapped into a phase shift-keying 

format. purpose.the QPSK the phase angles used are 0, 90, 

180, and 270 degrees. The use of phase shift keying 

produces a constant amplitude signal.                                                     
 INVERSE FOURIER TRANSFORM:After the 

required spectrum is worked out, an inverse Fourier 

transform is used to find the corresponding time waveform 

(IFFT – Convert frequency domain signal to time domain 

signal).  

 GUARD PERIOD:       The guard period used was 

made up of two sections. Half of the guard period time is a 

zero amplitude transmission. The other half of the guard 

period is a cyclic extension of the symbol to be transmitted. 

This was to allow for symbol timing to be easily recovered 

by envelope detection. 

 CHANNEL: A channel model is then applied to the 

transmitted signal. The model allows for the signal to noise 

ratio, multipath, and peak power clipping to be controlled. 

The signal to noise ratio is set by adding a known amount 

of white noise to the transmitted signal.  

 RECEIVER:The receiver basically does the reverse 

operation to the transmitter. The guard period is removed. 

The FFT of each symbol is then taken to find the original 

transmitted spectrum.  
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FLOWCHART: 

 
 
 

V. RESULTS: 

 

Let’s first take a look at the signal along path A at the 

receiver. 

 

Fig. 5. Signal along path A at receiver                                    

 

Fig. 6.  Signal along path B at receiver 

 

Fig. 7 Signal along path C at receiver     

 

Fig. 8.  Signal D, the sum of signal A, B, and C, at the 

receiver 

 

VI. CONCLUSION: 

The purpose of this document was to give some insight into 

the power of the OFDM transmission scheme. It has 

discussed not only the transmission scheme itself, but also 

some of the problems that are presented in mobile 

communications as well as the techniques to correct them. 

Digital Communications is a rapidly growing industry and 

Orthogonal Frequency Division Multiplexing is on the 

forefront of this technology. OFDM will prove to 

revolutionize mobile communications by allowing it to be 

more reliable and robust while maintaining the high data 

rate that digital communications demands. 
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