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Abstract
The communication in the past decades has made the revolution 
in the ICT techniques. It is only due to the recent advancement 
communication techniques, OFDM have opened the developed 
area for further Research. Many advantages of OFDM over single 
carrier scheme is ,its ability to cope with severe channel conditions 
such as attenuation of high frequency in a long copper wire .OFDM 
is a multi-carrier modulation technique with densely spaced sub-
carriers that has gained a lot of popularity among the broadband 
community in the last few years. OFDM has been shown to be 
an effective technique to combat multipath fading in wireless 
communications. OFDM has chosen as the standard for digital 
audio broadcasting and high-speed wireless local areas networks. 
Present Paper, explore the OFDM Modulation its advantages and 
demerits, and some applications of OFDM. OFDM Techniques for 
peak-to-average power ratio reduction (PAPR), time and frequency 
synchronization, and channel estimation will be discussed. We 
conclude with a brief overview of current application areas. 
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Organization of Paper
Present paper OFDM has been organized in to 8 topics,   starting 
from Introduction. Topic 2 tells about the purpose of the study 
followed by topic 3 is literature Review and topic 4 narrates about 
the Different types of Diversity Techniques. Topic 5 is all about 
OFDM and Power peak Problem; Topic 6 is merits and demerits 
of the OFDM followed by Topic 7 i.e. conclusion of the Study, 
Topic 8 is all about references and at last about the authors of 
the Paper.

I. Introduction
The Basic idea of OFDM is to divide the available spectrum to 
several orthogonal sub channels so that each narrow band channels 
experience s almost flat tadins. In past years, Technology and 
system requirements in the telecommunications field are changing 
very fast. Over the previous years, since the transition from analog 
to digital communications, and from wired to wireless, different 
standards and solutions have been adopted and implemented. 

Wireless communications is a rapidly growing piece of the 
communications manufacturing, with the potential to provide 
high-speed high-quality information exchange between the 
portable devices located anywhere in the world [1][2]. Potential 
applications enabled by this technology include multimedia 
Internet-enabled, Global System for Mobile (GSM), smart homes, 

automated highway systems, video teleconferencing and distance 
learning, and autonomous sensor networks, just to name a few.

However, supporting these applications using wireless techniques 
creates a significant technical Challenge [3].The motion in space 
of a wireless receiver operating in a multipath channel results in 
a Communications link that experiences small-scale fading. The 
rapid fluctuations of the received power level due to 2 | P age 
small sub-wavelength changes in receiver position are described 
as small-scale fading [4]. Basically, mobile radio communication 
channels are time varying, multipath fading channels [3], [4]. In 
a radio communication system, there are many paths for a signal 
to pass through from a transmitter to a receiver. Sometimes there 
is a direct path where the signal travels without being obstructed, 
which is known as a Line Of Sight (LOS) path. In most cases, 
components of the signal are refracted by different atmospheric 
layers or reflected by the ground and objects between the transmitter 
and the receiver such as vehicles, buildings, and hills, which is 
known as Non Line Of Sight (NLOS) paths. These components 
travel in different paths of different length and combine at the 
receiver. Thus, signals on each path suffer different transmission 
delays and attenuation due to the finite propagation velocity.

The combination of these signals at the receiver results in a 
destructive or constructive interference, depending on the relative 
delays involved. In fact, the environment changes with time which 
leads to signal variation. This is called time variant environment. 
Also, the motion of the object influences signals. A short distance 
movement can cause an obvious change in the propagation paths 
and vary the strength of the received signals. OFDM has been 
shown to be an effective technique to combat multipath fading 
in wireless communications. OFDM is a modulation scheme that 
allows digital data to be efficiently and reliably transmitted over 
a radio channel, even in multipath environments.

II. Purpose of the Study
It is well known fact that to obtain a sufficient transmission power 
the transmitter is employed with High Power Amplifier (HPA). 
So to obtain a maximum output power efficiency the HPA is 
usually operated at or near the saturation region. Due to non 
linear characteristics of HPA ,it is very sensitive to variation in 
signal amplitudes. Present study is pertaining the different types 
of diversity techniques in order to improve the performance and 
reliability of mobile wireless communication system on one way 
and also to list the merits and demerits of the OFDM. 

III. Literature Review and Study
OFDM transmits data by using a large number of narrow bandwidth 
carriers. These carriers are regularly spaced in frequency, forming 
a block of spectrum. The separation of the subcarriers is such 
that there is a very compact spectral utilization. With OFDM, it 
is possible to have overlapping sub channels in the Frequency 
domain, thus increasing the transmission rate. The attraction of 
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OFDM is mainly because of its way of handling the multipath 
interference at the receiver. Multipath phenomenon generates 
two effects (a) Frequency selective fading and (b) Inter symbol 
interference (ISI).The “flatness” perceived by a narrowband 
channel overcomes the frequency selective fading. On the other 
hand, modulating symbols at a very low rate makes the symbols 
much longer than channel impulse response and hence reduces 
the ISI. Use of suitable error correcting codes provides more 
robustness against frequency selective fading. The insertion of 
an extra guard interval between consecutive OFDM symbols can 
reduce the effects of ISI even more. The frequency spacing and 
time synchronization of the carriers is chosen in such a way that the 
carriers are orthogonal, meaning that they do not cause interference 
to each other [5]. Serial to Parallel Conversion of OFDM System: 
As wireless communication evolves towards broadband systems 
to support high data rate applications, we need a technology that 
can efficiently handle frequency selective fading. The key idea 
of OFDM is to divide the whole transmission band into a number 
of parallel sub channels (also called subcarriers) so that each sub 
channel is a flat fading channel [11]-[13]. In this case, channel 
equalization can be performed in all sub channels in parallel using 
simple one-tap equalizers, which have very small computational 
complexity. In this case, channel equalization can be performed in 
all sub channels in parallel using simple one-tap equalizers, which 
have very small computational complexity. It is important feature 
of OFDM is the orthogonal relationship between the subcarrier 
signals. Orthogonality allows the OFDM subcarriers to overlap 
each other without interference. OFDM uses FH to create a spread 
spectrum system. 
FH has several advantages over DSSS, for example, near-far 
problem, easier synchronization, less complex receivers. Serial-
to  parallel conversion and Modulation. Figure (1) Block  diagram 
of an OFDM system. 

Fig. 1: Block Diagram of a basic OFDM System

A block diagram of an OFDM system is depicted in fig.1 Here, for 
simplicity and clearness of Illustration, channel coding block is left 
out. The incoming digital data are first passed to a serial to parallel 
converter (S/P) and converted to blocks of N data symbols. Each 
block is called a frequency domain OFDM symbol and N is the 
number of sub channels. OFDM the input information sequence 
is first coded data send to symbol mapping than converted into 
serial to parallel conversion and modulation data sequences and 
output is multiplied with spreading code. Data from all subcarriers 
is Modulated in baseband by inverse fast Fourier transform (IFFT) 
and converted back into parallel to serial conversion data. The 

guard interval is inserted between symbols to avoid ISI caused 
by multipath fading and finally the signal is transmitted after 
RF up-conversion. At the receiver, after down- conversion, the 
m-subcarrier component corresponding to the received data is 
first coherently detected with FFT and then multiplied with gain 
to combine the energy of the received signal scattered in the 
frequency domain. The subcarriers are combined using an IFFT 
and transmitted. At the receiver, the carrier is converted back to 
a multicarrier lower data rate from using FFT. The lower data 
subcarriers are combined to form a high rate data unit. 

A. Different types of Diversity Techniques
Diversity techniques have been developed in order to improve the 
performance and reliability ‘of mobile wireless communication 
systems. Basic diversity techniques can be divided into three 
schemes.These schemes shown below in figure2.

Fig. 2: Different type of Diversity

B. Time Diversity
When the same data are sent over the channel at different time slots, 
the received signals can be uncorrelated if the time separations 
are large. The required time separation is at least as great as the 
reciprocal of the fading and width, which is two times the speed 
of the mobile station divided by the wavelength. Hence, the time 
separation is inversely proportional to the speed of the mobile 
station. When the mobile station is time diversity (temporal 
diversity) in terms of multiple transmissions of the same symbol 
is not as useful. This is in contrast to all of the other diversity 
types listed above, because they are independent of the speed of 
the mobile station.

C. Frequency Diversity
When Signals with different carrier frequencies far apart with each 
other are possibly independent. The Carrier frequencies must be 
separated enough so that the fading associated with the different 
frequencies are uncorrelated. For frequency separations of more 
than several times the coherence bandwidth, the signal fading 
would be essentially uncorrelated.

D. Space Diversity
When the receiver or transmitter has multiple antennas, then 
distance between the antennas is made large. so which type of 
fading is independent fading. Then independent fading is called 
space diversity. Space separation of half of the wavelength is 
sufficient to obtain two uncorrelated signals. 

IV. OFDM in Peak Power Problem
One of the most serious problems with OFDM transmission is 
that, it exhibits a high peak-to average ratio. In other words, there 
is a problem of extreme amplitude excursions of the transmitted 
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signal. The OFDM signal is basically a sum of N complex random 
variables, each of which can be considered as a complex modulated 
signal at different frequencies. In some cases, all the signal 
components can add up in phase and produce a large output and 
in some cases, they may cancel each other producing zero output. 
Thus the peak-to average ratio (PAR) of the OFDM system is very 
large. The problem of Peak-To-Average Ratio is more serious 
in the transmitter. In order to avoid clipping of the transmitted 
waveform, the power-amplifier at the transmitter frontend must 
have a wide linear range to include the peaks in the transmitted 
waveform. Building power amplifiers with such wide linear 
ranges is a costly affair. Further, this also results in high power 
consumption. The DAC’s and the ADC’s must also have a wide 
range to avoid clipping. There has been a lot of research put into 
the study of overcoming the PAR problem in OFDM [7,8,9]. The 
following sections discuss some of  common  important of those 
techniques as well as other issues. 

A. Power Amplifier Linearity
Practical Power Amplifiers have an input power range over which 
they have a linear transfer curve. Usually the linearity of non-
ideal power amplifiers is measured using a term called the 1 dB 
Compression point. It is defined as the input power at which the 
output power of the amplifier is 1 dB less than the output power 
obtained with an ideal amplifier. The figure (power) shows a 
typical Response curve of a non-ideal power amplifier.

Fig. 3: Power Amplifier Linearity

B. Clipping
One important feature of the peak-to-average ratio in the OFDM 
is the fact that the percentage of symbols have a very large peak-
power is less (and the percentage decreases with an increase in the 
number of sub-carriers). Thus in this case, the simplest possible 
solution to the peak-power problem would be Clipping, i.e., 
limiting the peak amplitude to some maximum level. Although 
simple, this method has a few disadvantages. Clipping produces a 
kind of self-interference that causes some degradation in the BER 
performance. The non-linear distortion caused due to clipping 
increases the amount of out-of-band radiation. The increase in 
the out-of-band radiation is basically because of the fact that the 
clipping operation is a multiplication of the OFDM symbol with a 
rectangular function that is 1 if the amplitude is below a threshold 
and a smaller value if the amplitude is above the threshold. This 
rectangular waveform increases the out-of-band radiation, and as 
a result, the spectrum has a roll-off that is inversely proportional 
to the frequency.(Figure-4)

Fig. 4: BER vs Peak Power Clipping

The problem of slow spectrum roll-off can be overcome to some 
extent, by windowing the rectangular clipping waveform. Several 
windows are proposed in literature. Some of the most common 
ones are Gaussian, Cosine, Hamming, Kaiser etc. Simulation 
results show a slight degradation in BER with clipping. When 
windowing is applied the BER performance is still worse, since 
a large portion of the signal is affected by windowing than by 
clipping alone. The required back-off for the power amplifier can 
be determined by specifying the amount of attenuation for the 
out-of-band spectral components, relative to the in-band spectral 
components. It has been shown that windowing offers a 3-dB gain 
in the required back-off when compared to clipping alone.

C. Error-Control Coding
One of the problems with clipping is the degradation in BER. 
Specifically, the symbols that have a large PAR ratio are vulnerable 
to errors. To reduce this effect, forward error correction (FEC) can 
be applied across several OFDM symbols. When FEC is applied, 
the errors caused due to large PAR in particular symbols can be 
corrected by the surrounding symbols. 

D. Peak Cancellation
Another method of removing the peaks in a OFDM signal is to 
subtract a time-shifted and scaled reference function such that each 
subtracted reference function reduces the peak power of at least one 
signal sample. It is desirable to choose a signal with approximately 
the same bandwidth as the transmitted signal. The most commonly 
used peak-canceling function is the sinc function because of its 
desirable frequency-domain properties. The sinc function can be 
time-limited by multiplying by a raised-cosine window. It can 
be shown that the peak cancellation technique will result in a 
lesser out of-band interference than the clipping and windowing 
techniques. A further advantage of the peak cancellation technique 
is the fact that it can be digitally implemented, following the IFFT 
in the transmitter. 

E. PAR Reduction Codes
A more elegant solution to the PAR problem is the use of coding 
techniques. The PAR can be reduced by using a code that only 
produces OFDM symbols for which the PAR is below some 
desired level. The more the reduction in the PAR, the smaller is the 
coding rate. It is possible to construct codes with a code rate of ¾ 
that provides a maximum PAR of 3 dB. Another interesting result 
in this direction is the correlation properties of complementary 
sequence can translate into a relatively small PAP ratio of 3-dB 
when these codes are used to modulate an OFDM Symbol. All 
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these results have lead to the usage of Golay Complementary 
sequences for generating these codes. Golay complementary 
sequences are sequence pairs for which the sum of autocorrelation 
function is zero for all delay shifts that are not equal to zero. A lot of 
research papers have been published on the usage of Golay Codes 
for OFDM transmission, that deal with the efficient generation of 
these code and the optimal and suboptimal decoding and other 
interesting properties.

Fig. 5: C D F plots of PAPR

F. Symbol Scrambling Techniques
The basic idea of these techniques is that, for each OFDM symbol, 
the input sequence is scrambled by a certain number of scrambling 
sequences. The output signal with the smallest PAR is transmitted. 
If the PAR for one OFDM symbol has a probability p of exceeding 
a certain level without scrambling, the probability that it will 
exceed with scrambling (given a set of k scrambling codes) is pk. 
Thus scrambling hopes to reduce the probability of occurrence of 
high PARs, rather than reducing the levels of these PARs. 

V. Merits and Demerits of OFDM
Though the merits of OFDM has been the backbone of the wireless 
communication systems. On the basis of the above study , Merits 
and Demerits are annexed as under: 

The OFDM is a promising transmission scheme, which has been 1. 
considered extensively for broad band communication.
OFDM makes efficient use of the spectrum. 2. 
OFDM becomes more resistant to frequency selective fading 3. 
than single carrier systems by converting the frequency 
selective fading channel into narrowband flat fading sub 
channels.
OFDM eliminates Inter Symbol Interference (ISI) and Inter 4. 
Frame Interference (IFI) through use of a Cyclic Prefix 
(CP). OFDM recovers the symbols lost due to the frequency 
selectivity of the channel by using adequate channel coding 
and interleaving.
OFDM makes channel equalization simpler than single carrier 5. 
systems by using adaptive equalization techniques.
OFDM seems to be less sensitive to sample timing offsets in 6. 
comparison with single carrier systems. 
OFDM provides good protection against co -channel 7. 
interference and impulsive parasitic noise. OFDM makes it 
possible to use Maximum Likelihood (ML) decoding with 
reasonable complexity
OFDM is computationally efficient with FFT techniques. The 8. 

several advantages of the OFDM systems could only appear 
if the main three drawbacks were treated carefully. OFDM 
has the following negative aspect: 
OFDM signal has a noise like amplitude with a very large 9. 
dynamic range; therefore, it requires RF power amplifiers 
with a high peak to average power ratio, which may require 
a large amplifier power back off and a large number of bits 
in the Analog to Digital (A/D) and Digital to Analog (D/A) 
designs. OFDM is very sensitive to Carrier Frequency Offset 
(CFO) caused by Doppler Effect. Hence, CFO should be 
estimated and cancelled completely. 
OFDM receiver suffers from the difficulty to make a decision 10. 
about the starting time of In this case, channel equalization 
can be performed in all sub channels in parallel using simple 
one-tap equalizers, which have very small computational 
complexity. 
OFDM may be utilized in Broadband Communication over 11. 
Power line (PLC).

VI. Conclusion
In this paper we analyzed several interesting properties that use 
Wireless channels its also used OFDM for modulation and multiple 
access. There are various methods of generation and demodulation 
of OFDM and synchronization were analyzed. 

We can under -stand merits and demerits of OFDM and different 
types of diversity techniques. In totality it is concluded that 
OFDM Techniques has prove a boon and backbone to wireless 
communication System. 
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