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Abstract— Orthogonal frequency division multiplexing (OFDM) in broadband wireless system is a special case of multicarrier transmission in 
which a single data stream bit is transmitted over large number of low speed subcarrier system. Here transmission occurs in different frequencies 
in parallel. For better transmission quality and high throughput the concept of parallel transmission is used in wireless communication systems.  
In wireless communication objects in the environment reflect and scatter the signal energy. The signals being received at the receiver are spread 
out over a time more than the desired time. A challenging task is providing a high performance reliable data link which can operate with the 
restricted power levels of the receiver, severe channel fading due to multipath reflections and energies interfering from other nearby devices. 
The idea of OFDM is division of total transmission bandwidth into a large number of orthogonal subcarriers for transmitting the symbol using 
these subcarriers in parallel. Here we will be discussing various OFDM techniques and the role of OFDM, its advantages, disadvantages and its 
applications.
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I. Introduction

OFDM is an advanced and attractive modulation scheme having efficient bandwidth usage, and is resistant to multipath 
fading environment, reduced Inter channel interference and Inter symbol interference, improved spectral and power efficiency [2]. 
As there is an increase in communication technology, the demand for increased data rate services such as multimedia, voice and 
information over both wired and wireless links has also increased. New and advanced modulation schemes are needed for transfer 
of large amount of data that is not supported by the existing techniques. These new techniques must be capable of providing high 
data rates, with reduced Bit-Error-Rate (BER), and maximum delay. One of the new modulation schemes among them is 
Orthogonal Frequency Division Multiplexing (OFDM). OFDM is a technique that is used for Digital Audio Broadcasting (DAB) 
and Digital Video Broadcasting (DVB) in Europe and as IEEE 802.11a, IEEE 802.11g standard in the US, which gives data rates 
between 6 and 54 Mbps [1]. 

1.1 Meaning Of OFDM: OFDM is a technology used for getting high data rates. Here fast moving serial channels are 
divided into various low speed sub-channels where transmission occurs at different frequencies in parallel. In OFDM 
channel length plays a major role. Channel length describes the channels impulse response’s length as discrete sequence. 
Subcarrier signals are being detected using time-domain or frequency domain. Otherwise frequency selective fading’s 
effect won’t be eliminated and this will lead to Inter channel interference (ICI) and Inter-symbol interference (ISI) at the 
receiver side [7]. OFDM is a modulation technique which is used widely and has become the basis in the field of 
telecommunication standards including wireless local area network (WLAN), digital terrestrial television (DTT) and 
digital radio broadcasting. The carrier which is being transmitted over a large number of subcarriers are made orthogonal 
to each other by selecting the approximate frequency spacing between them. A multicarrier system such as Frequency 
Division Multiplexing divides the complete bandwidth available in the spectrum into sub-bands for numerous carriers to 
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transmit in parallel. For constructing a composite high data rate communication system, combination of a large number 
of low data rate carriers is made [1]. 

1.2 Basic OFDM System: An OFDM signal is a collection of all independent subcarriers, which are being modulated onto 
the sub-channel which are of equal bandwidth [2]. Block diagram of OFDM system is shown in Fig. 1.

Figure 1 OFDM BLOCK DIAGRAM

In OFDM modulation block diagram, a block of N data symbols are being carried in parallel on N sub-carriers. 
The time duration of an OFDM system is N times greater than that of a single-carrier system. An OFDM is a modulation 
technique which can be implemented as an Inverse Discrete Fourier Transform (IDFT) on a block consisting of N 
information symbols which is followed by an analog-to-digital converter (ADC). Each block of N IDFT coefficients is 
preceded by a cyclic prefix (CP) or a guard interval consisting of G samples, to mitigate the effect of inter symbol 
interference (ISI) which is caused by channel time spread. In OFDM system the length of the cyclic prefix must be at 
least equal to the channel length. In such case, the conversion of the channel to circular convolution and a linear 
convolution of the transmitted sequence takes place. This results in easy and complete elimination of the effect of ISI. 
Also as a result of that for implementation of OFDM, the approach enables the receiver to make use of Fast Fourier 
Transform (FFT). Similar techniques can be used in single-carrier systems also, by preceding each transmitted data block 
having length N by a Cyclic prefix having length G, while using frequency-domain equalization at the receiver side [5]. 

The OFDM signal which is being generated by the system in Fig. 2 and Fig. 3 is at baseband; filtering and 
mixing is required for generating a radio frequency (RF) signal at the desired transmit frequency. In OFDM system high 
spectral efficiency is allowed because the carrier power and modulation scheme is individually controlled for individual 
carrier. But in broadcast systems, these are fixed because of one-way communication [1]. The block diagram 
representing a simplified configuration for an  OFDM transmitter and receiver is given in Fig. 2 & Fig. 3.
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1.3 Why OFDM: In comparison with conventional Frequency Division Multiplexing, in an OFDM system the spectral 
overlapping of various sub-carriers are allowed because the orthogonality will be responsible for ensuring the separation 
between subcarriers at the receiver, which results in improved spectral efficiency and the need for steep band pass was 
eliminated. In the transmission system of OFDM, we get an opportunity to remove various problems encountered with 
single carrier systems. It has an advantage which spreads out a frequency selective fade over various symbols. This 
randomizes burst errors caused due to fading or impulse interference so that rather than various adjacent symbols being 
completely effected and destroyed, some of the selected symbols out of all are only slightly distorted. As a result of this 
without any forward error correction there is successful reconstruction of majority of them. Because of division of 
complete bandwidth of the signal into a large number of narrow sub-bands, the frequency response over individual sub-
bands is relatively flat due to sub-bands which are smaller than the coherent bandwidth of the channel. Thus in case of 
OFDM potentially simpler equalization is obtained in a single carrier system and on implementation of differential 
encoding even equalization may be avoided [1].

1.4 OFDM PRINCIPLE: In this paper introduction to basic OFDM principle is shown in which explanation on the concept 
of OFDM system where a serial data stream is split into N parallel low speed data streams which are being modulated on 
different subcarriers. IDFT operation is being used for this modulation scheme for practical implementation of OFDM 
system. Due to this concept of parallel splitting of data streams which reduces the impact of inter symbol interference, it 
can be completely removed by means of a cyclic prefix. Though the implementation of OFDM scheme was complex, its 
practical interest appeared in the 90’s because of the progress in digital signal processing and microelectronics [4]. A 
multicarrier technique dividing the bandwidth into numerous carriers each modulated by a low rate data stream is OFDM 
[3]. 

In digital communication, data is expressed in terms of bits. The terms symbol refers to collection of bits, whose 
sizes may vary. OFDM data being generated by making use of symbols on the spectral space with the use of M-PSK, 
QAM etc. and then the conversion of spectra into time domain by making using of Inverse Discrete Fourier Transform 
(IDFT) [1]. IFFT is used in place of IDFT because it is more cost effective to implement. Important feature of OFDM 
systems are as follows:
· Processing on the source data is done, such as coding for error correction, interleaving and mapping of bits onto 

symbols. QAM is an example of mapping being used. 
· Using IFFT symbols are modulated onto orthogonal sub-carriers. 

· During channel transmission the concept of orthogonality is maintained and this can better be achieved by adding a 
cyclic prefix to the OFDM frame which is to be sent. The channel prefix must consist of L last samples of the frame, 
which are copied and are being placed at the beginning of the frame. The length of the cyclic prefix must be longer 
than the channel impulse response. 

· For detecting the starting of each frame, cyclic prefix can be used for synchronization purpose.  This is achieved by 
making use of the concept that L first and last samples are same and therefore correlated.

· Received signal is demodulated using FFT.
· Channel equalization is the achieved by estimating the channels either by using a training sequence or sending pilot 

symbols at predefined subcarriers.
· Then the decoding and lastly de-interleaving is done.
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OFDM is related or similar to FDMA due to the reasons that allocation of multiple carriers to multiple users is 
achieved by subdivision of available bandwidth into multiple channels. The only difference being that OFDM uses the 
spectrum rather much more efficiently than FDMA by spacing the channels closely. This is obtained by bringing all the 
carriers orthogonal to each other. The result of this is that it prevents interference among the closely spaced carriers. The 
figure below gives a comparison of conventional non-overlapping multicarrier technique and overlapping multicarrier 
modulation technique. As seen in the figure below with the use of overlapping multicarrier there is a saving of 50% of 
bandwidth. For actual realization of this overlapping multicarrier technique, there is a need for reduction of crosstalk 
between sub-carriers, that means there is a need of orthogonality between the different modulated carriers [3]. 

The orthogonality of carriers indicates that each carrier has an integer number of cycles over a symbol period. The 
consequence of this is that the spectrum of each carrier consists of a null at the middle frequency of each of the other 
carriers in the system. The result of this is removal of interference between the carriers which then theoretically allows 
them to be spaced as close as possible overcoming the problem of overhead carrier spacing which is required in FDMA 
[8]. In an OFDM system each carrier is consisting of a very narrow bandwidth (1kHz), which results in low symbol rate.

Figure 4 OFDM Signal Concept: Orthogonal Multicarrier Technique versus Conventional Multicarrier Technique.

2.4 The result of this is a high tolerance signal to multipath delay spread, as the delay spread must be very long to result in 
significant inter-symbol interference  (e.g. > 500μsec). When the integral of the product of two signals results in a zero 
over a time period, then these signals are orthogonal to each other. The criterion of orthogonality is achieved since the 
carrier waves are sine/cosine waves. If a sine wave of frequency m is multiplied by a sinusoid (sine or cosine) of a 
frequency n, then its product is given by

f(t)=sin(mωt)*(sinnωt) ….(1)

Here both m and n are integers. 
By trigonometric relationship, this is equal to sum of two sinusoids of frequencies (n-m) and (n+m). now, because each of these 
two components are a sinusoid, there integral is equal to zero over one period. The integral under this product is given as
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f(t)=∫½(cos(m-n)–½(cos(m+n)ωt) ….(2)

Limits vary from 0 to 2π

This shows that when a sinusoidal of frequency m is multiplied by a sinusoidal of frequency n, the area obtained by this 
product is zero. In general, for every integer m and n, sin mx, cos mx, cos nx, sin nx are all orthogonal to each other. 
These frequencies are known as harmonics [3]. 

1.5 OFDM Parameters and Characteristics: In an OFDM system, the number of carriers are limited by IFFT size (the 
relationship is understood by: the number of carriers ≤ ((IFFT – size)/2 – 2) along with the availability of spectral 
bandwidth, that is determined by the complexity of the system. The more complex the system is , the more will be the 
cost of the system and hence higher IFFT size it has. Thus by using a higher number of carriers, high data transmission 
rate can be achieved. The choice of M-PSK modulation scheme leads to variation in the date rate and also the Bit-Error-
Rate. Larger symbol size occurs with the higher order of PSK. Due to this better data rate is achieved and thus 
transmission of less number of symbols will be required. But as a result of this, a higher BER is obtained because a range 
of 0-360 degrees of phases will be divided into more number of sub-regions, but are requirement is smaller number of 
sub-regions. As a result of this, received phases have higher chances of incorrect decoding. In OFDM signals due to high 
peak-to-average ratio, we obtain a relatively high tolerance of peak power clipping due to transmission limitations. 

II. Advantages Of OFDM

OFDM have various advantages over single carrier modulation systems. These are as follows:
· Immune to multipath delay spread which results in inter-symbol interference.
· Immune to frequency selective fading channels, hence easy recovery of correct user data.
· Efficient sub-carriers modulation and demodulation using IFFT & FFT methods.
· High transmission bit rates.
· Easy equalization and high spectral efficiency.
· Low multipath distortion.

III. Disadvantages Of OFDM

The disadvantages of OFDM are listed below:

· Complex in comparison to single multicarrier modulation technique.
· High peak-to-average power (PAPR).
· Linearization required for low noise receiver amplifiers.
· Due to the presence of guard interval high capacity and power loss.
· Inter-channel interference (ICI) between subcarriers.
· Carrier frequency offset.

IV. Applications of OFDM

OFDM is in demand and is the most prominent technique of the era. Few of its applications are listed below:

· In Digital audio broadcasting and Digital video broadcasting.

· High Definition Television.

· Wireless LAN networks.

· IEEE 802.11a/g.

· Wireless ATM transmission systems.
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V. Conclusion

Wireless communication has been drastically increasing with the increasing demand of high data rates over the last decades. 
Usually single carrier system technique or multi-carrier system techniques can be used for high data rates. In conventional single 
carrier systems, the transmission bandwidth is much greater than the coherence bandwidth of the channel, for accurately 
recovering the information that has been transmitted highly complex equalizers are required at the receiver. Thus multi-carrier 
techniques can be used for solving this problem. In this paper we are discussing about the basic idea of OFDM, which is the most 
emerging technology of this era. We are having a review on its properties, concepts in terms of its advantages and disadvantages. 
We are also discussing its applications in various fields and its role in wireless communication system. Also the comparison and 
advantages of OFDM system over conventional single carrier transmission is discussed in this paper.  
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