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ABSTRACT 
In today‟s world of telecommunication, lots of multiplexing techniques have been evolved and 
challenged. The transmission mode “multicarrier (MC) modulation” has gained immense popularity 

in recent years. MC modulation involves a multitude of parallel subcarriers to transmit symbols of the 

same data-stream. The idea of OFDM is to split the total transmission bandwidth into a number of 

orthogonal subcarriers in order to transmit the symbols using these subcarriers in parallel. The paper 
includes the basics of OFDM, issues and advantages related to it with applications. 
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ORGANIZATION OF THE PAPER 

The paper discusses the principle of orthogonality of frequency division and then compares 

with the classical frequency division multiplexing techniques and later illustrates the 

advantages, disadvantages and the applications of the OFDM system 

 

1 INTRODUCTION 

High data rate is always a topic of interest in telecommunication. But the symbol duration 

reduces with the increase of the data rate, and dispersive fading of the wireless channels will 

cause more severe inter-symbol interference (ISI) if single-carrier modulation, such as in 

time-division multiple access (TDMA) or Global System for Mobile Communications 

(GSM), is still used. For reduction of the ISI effect, the symbol duration must be much larger 

than the delay spread of wireless channels. Orthogonal Frequency Division Multiplexing is 

the answer to this problem. 

 

1.1 OFDM: A Better Alternative to Conventional MC Transmission 

Suppose one wants to transmit a source bit stream using some conventional (non-spread-

spectrum) modulation mode (BPSK, QPSK etc.). With M-ary modulation and necessary data 

transmission rate R, the duration of the data symbol pulse is Tp = ( log2M)/R. Suppose that 

the channel coherence bandwidth Bc  is significantly narrower than the bandwidth of data 

symbols (Bc <<W =1/Tp =  R/ log2M). Then under the „direct‟ transmission (see Figure 

below), a deep ISI will be present, distorting the data symbols following the current one. To 

counter it the receiver will have to involve a rather complex equalizer with a long memory, 

typically realized as an adaptive FIR filter, i.e. tapped delay-line with adjustable tap weights. 
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Figure 1: (a) Single carrier (b) Multicarrier data transmission 

 

The problem further has an alternative avoiding complex equalization if multicarrier 

transmission technique is used.  Let us again demultiplex the „fast‟ source bit stream of rate R 

to Mc >=W/Bc parallel „slow‟ bit streams having rate R/Mc each. Certainly, the overall rate 

provided by all slow bit streams is equal to the original one, i.e. R. Now let us take Mc 

subcarriers f1, f2, . . . , fMc spaced uniformly with interval F = W‟= W/Mc and use each of 

them to transmit one of Mc slow bit streams in the same modulation mode as before. 

Every individual subcarrier forms a separate subchannel operating regardless of the others 

and transmitting a slow bit stream by longer pulses (symbols) of duration T‟p = McTp, i.e. 

occupying Mc times narrower bandwidth W‟= W/Mc than before. This means that within a 

subchannel the fading is no longer frequency-selective, since W‟= W/Mc =< Bc. For a flat 

fading the delay spread does not go far beyond a single pulse, and ISI is less dramatic than it 

was initially and may be countered by comparatively simple equalizers. The total bandwidth 

occupied by the MC system is around W ≡ Mc/T‟p = 1/Tp= R/ log2M, i.e. equalling that of the 

single-carrier transmission. In fact, spectral efficiency of the MC system appears to be even 

better, since the shape of its real spectrum is closer to a rectangle. If we suppose that the 

symbol pulse is rectangular and by agreement its bandwidth is measured as W‟= 1/T‟ p. Then 

frequency spacing between adjacent subcarriers F = W‟= 1/T‟ p guarantees the orthogonality 

of sub-channel signals, i.e. complete elimination of mutual interference between the MC sub-

channels. This version of MC technique has been assigned the name Orthogonal Frequency 

Division Multiplexing (OFDM). 

 

1.2 BASIC OFDM BLOCK DIAGRAM 

The schematic block diagram of OFDM system is given below in the figure. The typical 

structure of an OFDM transmitter (figure below) includes demultiplexer, and an IDFT unit 

outputting the IDFT vector, which is then converted from parallel to serial form of sequential 

samples and interpolated to produce a continuous OFDM symbol. 
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Figure 2 : OFDM Transmitter 

 

Figure 3:  OFDM Receiver 

 

 

The OFDM receiver structure is represented in the form of Figure3. The sampler provides 

samples from which the prefix ones are then discarded. The sample sequence is then 

transformed into a parallel form. The DDFT unit outputs DFT spectral components which are 

data symbols bi distorted by noise and channel effects. Therefore they after may serve to 

elaborate data symbol estimates in the same manner as for BPSK, QPSK, QAM or other 

modulation mode. 

The major difference of OFDM with traditional FDM systems is that in the later overlapping 

of carriers are not possible, rather a guard band is provided between each carrier to avoid 

inter-carrier interference. 

 
Figure 4: Single carrier OFDM 
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Figure 5: Multi carriers of OFDM signal 

 

 

2. ADVANTAGES OF OFDM SYSTEM 

The various advantages of OFDM systems can be dealt in the points given below: 

 

1) Multipath delay spread tolerance: 

The problems of multipath delay spread causing ISI in channels is not an issue in OFDM 

System as the symbol duration is made larger and thus the effect of delay spread is reduced 

by the same factor. Guard band and cyclic extension can remove the problems completely. 

 

2) Immunity to frequency selective fading channels: 

If the channel undergoes frequency selective fading, then complex equalization techniques 

are required at the receiver for single carrier modulation techniques. But in the case of OFDM 

the available bandwidth is split among many orthogonal narrowly spaced sub-carriers. Thus 

the available channel bandwidth is converted into many narrow flat- fading sub-channels. 

Hence it can be assumed that the subcarriers experience flat fading only, though the channel 

gain/phase associated with the sub-carriers may vary. In the receiver, each sub-carrier just 

needs to be weighted according to the channel gain/phase encountered by it. Even if some 

sub-carriers are completely lost due to fading, proper coding and interleaving at the 

transmitter can recover the user data. 

 

3) Efficient modulation and demodulation: 

Modulation and Demodulation of the sub-carriers is done using IFFT and FFT methods 

respectively, which are computationally efficient. By performing the modulation and 

demodulation in the digital domain, the need for highly frequency stable oscillators is 

avoided. OFDM makes efficient use of the spectrum by allowing overlap. 

The other advantages are listed below: 

 For low data rate users there is possibility of low power transmission 

 Provides different channel quality to different users depending on the requirement 

and condition of the channel  

 In fading environment , BER performance is good 

 High transmission bitrates 

 Chance to cancel any cannel if is affected by fading 

 Flexibility: each transceiver has access to all subcarriers within a cell layer. 
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 Need only a little modification to deploy in different frequency bands 

 Easy equalization: OFDM symbols are longer than the maximum delay spread 

resulting in flat fading channel which can be easily equalized. 

 High spectral efficiency, 

 Resiliency to RF interference. 

 Lower multi-path distortion 

 

 

3. DISADVANTAGES:  

The concept is quiet remarkable but we can‟t neglect some of the issues related to it. Some of 

them are listed below: 

 Peak to average power ratio (PAPR) is high. 

 Inefficient power consumption as FFT algorithm and FEC is constantly active. 

 High power transmitter amplifiers need linearization. 

 Low noise receiver amplifiers need large dynamic range. 

 Capacity and power loss due to guard interval. 

 Bandwidth and power loss due to the guard interval can be significant. 

 High synchronism accuracy. 

 Multipath propagation must be avoided in other orthogonality not be affected 

 Large peak-to-mean power ratio due to the superposition of all subcarrier signals, 

this can become a distortion problem. 

 More complex than single-carrier Modulation. 

 Requires a more linear power amplifier. 

 Very much sensitive to phase noise and frequency offset. 

 

 

3. APPLICATIONS OF OFDM SYSTEM: 

MC technique in the digital telecommunication is presently spreading like tornado. Among 

examples of its practical application are the standards of digital audio and video broadcasting 

DAB, DVB-T etc. The positive experience accumulated to date Spread spectrum systems 

development 325 promises a remarkable attractiveness of MC-based versions of CDMA. In 

particular, MC-CDMA is currently considered as one of the most plausible platforms for 4G 

air interfaces. 

 

4. CONCLUSION: 

OFDM is the answer to high data rate need, the elimination of associated complexities in 

implementation and interferences and provides high spectral efficiency. The paper tried to 

explore all possible mathematical background of OFDM analysis, its significance, advantages 

and disadvantages with the applications. The disadvantages are to be minimized in future and 

there is further scope of research in this field. 
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