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ABSTRACT

Orthogonal Frequency Division Multiplexing (OFDM) is a multicarrier technique used for high
data rate and robust against 1S, frequency selective fading. OFDM is used by DAB, DVB, Wi-
max, LTE, and OFDMA etc. But besides all these advantage OFDM has problem of high PAPR
(peak to average power ratio) which degrade system performance. Due to high PAPR, amplifier
starts operating in non linear region finally leads to distortion in our data therefore cause inter
carrier interference (ICl). There are so many techniques proposed in literature like distortion less
technique i.e. SLM (selective mapping) and PTS (partial transmitted sequence), these are also
caled as scrambling sequence techniques. Clipping and filtering is aso there, athough this
technique reduces PAPR but it generally creates in-band and out-band distortion as well. Coding
technique is also among all these technique which uses some sort of scrambling codes which
added to existing data and finally help in reducing PAPR. Among all these various techniques we
have selected most important techniques known as PTS and SLM. PTS technique was given by
Muller and Huber and after that continuously work is going on the same technique. This
technique was chosen because it is distortion less and also a scrambling technique. In context of
complexity this scheme suffers sometimes. This is the main reason why this technique is chosen
among many techniques. In this technique data block is partitioned into many small sub-blocks
and each sub-block are scrambled by different phase and finally the sequence which generated
minimum PAPR is selected from many sequence. Another technique which is also chosen in this
report is SLM (selective mapping). This technique is also called as distortion less and scrambles
technique. In SLM al sub carriers are multiplied by same length vector known as phase vector.
Then transform by IFFT block, generally this transformation, we called as time domain
transformation. So after the sequence which generate minimum PAPR is selected for
transmission. This dissertation report present two techniques mainly SLM and PTS. In this
dissertation we will study existing technique SLM and PTS and analyze it ussing MATLAB
software. We try to learn the behavior of both scheme and try to derive knowledge from it. Then

in future work we will improve the work.
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CHAPTER-1
INTRODUCTION

1.1 History

Now, a days we are switching from wired to wirelessmmunication system. In wired
communication system is always complex and limidde in wireless communication system
complexity has been reduced therefore, it has lm#ad by all. Wireless communication
systems are easy to install, very easy to main®it.in case if wired if in any case cable
becomes damaged then we have to replace it therefmt will automatically be increased and
also cost and maintenance of wired is tough toMiceless communication stand for sending of
information from one point to another when they aoé connected by any conductor. The most
common technologies which we are using i.e. radiidh the help of radio distance found to be
very less like some meters for the television aitlams of kilometer for space communication.
Some examples of radio wireless technology keylmdrdadsets, garage door opener, satellite
television. Multiplexing is the technique by whiare generally combined multiple signal they
can be analog or digital in nature to form one aigover the sharing mediums. In 1870 this
technique came into picture in telegraphy and nodags deployed in communication. This
multiplex signal sends over channel like cable Bevice which we generally use for this is
known as multiplexers or we called as MUX, on thieeo hand for recovering back our signal
we use reverse of it which we called as demultigieor DEMUX. Types of Multiplexing we are
available such as FDM, TDM etc. Frequency divigiautiplexing combines several signals into
single medium only where different signal have etéit frequency ranges. Application of this
technique is old radio, television broadcastindpleaelevision etc. Justification for FDM can be
clearly understood after understanding this examplservice provider always send multiple
signal through same cable but those subscribeabesss to see all then they can see all but
those who have paid for only two or three they sae only two or three. Time Division
Multiplexing is a technology by which we can trantsand receive signals over common path
with the help of switches such that every signaiclwhs present on line only in some fraction of
time in some pattern. Another multiplexing which generally called as OFDM was proposed
by R.W Chang in 1966, which is the basis for upcanwireless technologies like WiMax, LTE
etc. R.W Chang received patent of OFDM in 1970.



1.2 Single Carrier System

A single carrier system consisting of symbols gbéfiod seconds having data rate which is the
reciprocal of T, is passed through filter for pusdmping at transmitter side then through channel
where generally additive white Gaussian noise (AWW@&Nadded then at the receiver side we
have filter, equalizer along with detector for teeovery of information signal back. Equalizer is
there in order the settle the effect of channewegn noise. So after performing analysis we have
found that inter-symbol interference is dominatingase of single carrier system. The effect of
this ISI is that it generally, diminishes the penfiance of system.

Problem associated with single carrier system

When considering for higher data rate it simply neeae send symbols, where symbols are the
combination of bits hence, for higher data rate neleesymbol contain 4 bits, 5 bits, 6 bits, 7bits
so we are increasing bandwidth also therefore redqubandwidth is found greater then
coherence bandwidth. This leads to generation &f d&tort our data and simultaneously
creating problem in recovering our data back.

Solution for this problem

Generally we use adaptive equalizer in order to pmweate for ISI. So when data rate are
increasing then complexity of equalizer are alswaasing i.e. number of taps which are required
in equalizer will also increase. Therefore we canctude that for high data rate single carrier
system is not feasible at all. So in the next ugognsection we will study about multi- carrier
system. How multi-carrier use different carriersl dace flat fading because of bandwidth which
it require is less then coherence bandwidth. Hois guitable for higher data rate and further
modification leads for the generation of orthogofrafjuency division multiplexing (OFDM)

system.
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Figure 1.1 Block diagram of single carrier system



1.3 Multi-Carrier System

In order to surmount the frequency selectiveneswidé channel faced by single-carrier (SC),
multi-carriers are considered for the high data.r&m multi-carrier system (MCS) wideband
signal is divided into several narrow band sigmailh the help of many narrow band filters at
the transmitter side and using multiple filterstla¢ receiver to cover-back our information
signal. Since band-width of each sub-carrier isntbuo be less than coherence bandwidth,
therefore ISl is found to be less hence, this tegleis found to be more reliable than the
previous single carrier technique. Due to smalldvadth possess by each sub carrier this
drastically reduce complexity of equalizer. Sinab-sarriers are orthogonal to each other in this
multi- carrier technique so this orthogonality iscaretain in this case.

Problems Associated with technique

This multi-carrier technique is complex as compawedgingle carrier system. Although we are
getting advantages like reduction in inter symindéiference (ISl), distortion less transmission
of information signal, diminish inter carrier interence (ICI). Complexity with depend on
encoders which we are using at the transmitter, sisigllators which we are using.

Complexity depend on

Complexity of this system will depend on oscilla&toencoders and decoders at the transmitter
and receiver side respectively.

Solution to this Problem

The solution was proposed by EBERT AND WEINSTEINsaachers. They told above
complexity will be reduced by just by using IDFTdADFT at the receiver side respectively.
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Figure 1.2 Block diagram of multi-carrier system



1.4 Orthogonal Frequency Division Multiplexing

Orthogonal Frequency Division Multiplexing (OFDM)s ialso called as multi-carrier
transmission scheme because it uses multiple suiersafor the transmission of data from
transmitter side to receiver. It do not require cefer, decoder and oscillator both at the
transmitter and receiver side rather it uses IDR@ BFT. In more precise way we can say that it
uses IFFT (Inverse fast Fourier transform) and K#&s$t Fourier transform). If we observe it's
spectra then it look as if they are overlapping actually they are orthogonal to each other
therefore, it leads to saving in bandwidth hencecalked it highly spectrally efficient technique.
This technique came into picture after implemeatatf multi-carrier technique where we were
using many encoders, decoders and oscillatorsamsritter and receiver side because we want
to get rid of ISI. In order to reduce complexityrabilti-carrier system EBERT and WEINSTEIN
did their job in this field. They told that from wowe will use IDFT and DFT on transmitter and
receiver side respectively. Orthogonal frequeneysdin multiplexing (OFDM) is the technique
which uses data on different sub-carriers frequencdFDM is used in digital communication it
can be wired or wireless. It is the basis for LA technology. It is also called as multi-carrier
modulation. All sub-carriers carry data on it. Bveub-carrier is digitally modulated in nature
such as PSK (phase shift keying) and QAM (Quadeatsmplitude Modulation). Main task
which we achieve after doing this, to reduce IShaly reduce the complexity of equalizer.
Actually here in this modulation technique we de&i large bandwidth into several small
frequency band. Finally small bandwidth found tolégs then coherence bandwidth therefore
reduce ISI. Cyclic Prefix is also used to removeerirsymbol interference (I1SI). Guard band
which we called as Virtual carriers are used tacedout of band radiation. In OFDM we follow
these steps.

1. Generate random binary data.

2. Modulated the above generated data with the bElmodulator. Here we generally used
technique like M-PSK or M-QAM.

3. Now convert data from serial to parallel. Afserial to parallel conversion, transformation of
data from frequency domain to time domain througRT at transmitter.

4. Then we add cyclic prefix for the removal of.ISI



Mathematically we can represent all the sub-carighich are orthogonal to each other by
IDFT.

j27kn

Nide N
n]=— X X[kl.e 0OsnsN-1
r k=0
where
X[k] = modulateddata
x[n] =timedomainsignal
k = frequencyindex
n = timeindex

1.4.1 Advantages of OFDM system

1. Orthogonality among Sub-carriers- Orthogonal Frequency Division multiplexing is hig
spectrally efficient in nature. Due to this orthagbty guard band has been removed therefore
leads in saving of bandwidth. It's spectrum shosve aub-carriers are overlapping but actually
they are orthogonal to each other. Hence in thig wa can show that how it is spectrally
efficient technique.

2. Robust against 1S1- In single carrier system when we increase ddtaatthat time we found
that bandwidth is more than that of coherence battwhence leads to ISI. But in case of
OFDM system we use several sub-carriers of narr@mdWidth therefore, sub-carriers
bandwidth found to be less as compared to coheigaedwidth hence ISI reduced.

3. Channd Estimation Easier: In case of Single carrier system this is quitsplex to do this.
But in OFDM since orthogonality is present among-sarriers hence process for doing the

above calculation is easy.

4. Complexity of equalizer reduced: Since in the case of Multi-carrier system we osny
oscillators in transmitter and receiver side thenef we have to increase number of tabs in
equalizer so complexity increase. But here to ID#AO DFT operation this problem has been

reduced.



5. IFFT and FFT used: In order to reduce number of multiplication andliidn on both side
i.e. transmitter and receiver side we require IFIF0 FFT respectively. These are very fast

algorithms, therefore, reduced complexity drastycal

1.4.2 Disadvantages of OFDM system

Peak to Average Power ratio problem- Papr is defined as the ratio of max power to the
average of power which is generally representedt lmperator; here E is called as expectation
operator. Due to high papr in transmitter side dfieplstart working in non-linear region,
therefore, leads to distortion in our informatigmbols so it necessary to control this problem.
In this Report we are working to reduce to thishbea using different algorithms like PTS,
SLM etc. Above mentioned technique are also knowsn destortion less as scrambling

techniques.

PAPRIX[n]] = mX(nf)

E[Ix[n]F]
x[n] — discrete time domain signal; E — Expectatbperator means mean value of signal

Inter carrier interference- When even loss in orthogonality take place thes inter carrier
interference take place. Due to this problem oua deecome distorted which finally leads to

failure in recovery of information.

Phase offset- Whenever there is problem in tuning of frequeatthe receiver side then during

recovery of our data there exist a problem of plasseell as frequency offset.
OFDM Transmitter

Before orthogonal division multiplexing we were tiooously following single carrier system
but due to the existence of ISI problem in singleier system, researcher try there level best in
designing something new which new which they caledVulti-carrier System. In Multi-carrier
system we were using encoders, several oscillafatgferent frequencies after that we send our
data through channel. Since we were dividing cotapthannel into many small frequency
channels



So this mechanism somehow reduces the problem IofB& simultaneously increase the
complexity of system. So in order to get rid ofstlproblem we used IFFT and FFT on
transmitter and receiver side respectively. In @FDe generally have sub-carriers in power of
2 for example; 64, 128, 256, 512, 1024, 2048 étwel want to increase the data rate then we
have to use more number of sub-carriers. More aock raub-carriers lead to enhancement in

speed.
1.4.3 Applications of OFDM system

For wideband communication now days, we are ugirggnulticarrier modulation technique it is
the basis for wireless communication systems.nigén application are as follows digital TV,
Digital Audio Broadcasting. OFDM is also opted bireless LAN along with protocol 802.11a,
802.11g and also used by 802.11n.
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Figure 1.3 Block diagram of OFDM SYSTEM
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1.4.4 Objective of Study

Our main task behind all this study is to do sonadatory changes in the conventional PTS
and SLM scheme. This PTS and SLM scheme is vegcifk in reduction PAPR problem of
OFDM system. But due to the use of higher ordetitpared in PTS and higher number of
phases in SLM algorithm leads to the incrementoimglexity of PTS and SLM scheme. Due to
this complexity execution time, power utilized ®source has been increased and also hardware
resource wills also going to be increased. So ask tis to minimize this complexity and
simultaneously increase the performance of thisirtiegie. We will study the existing PTS
technique and try to understand its behavior cotalyleHere we will understand actually how
this algorithm work and also computation complex#jter understanding we will try to reduce
the existing complexity and try to improve the peniance of this technique. Finally we will
understand the behavior of newly proposed technigtiethe help of CCDF curve. In this thesis
we proposed two novel method one uses BCH coddbldareduction PAPR and another method
is based on exploration of PTS algorithm so weedadls upper order partitioned PAPR reduction

method.

10



CHAPTER-2
LITERATURE REVIEW

[3] Dhungana, H. et.al there paper tell us that, day by day there iseiasing in demands for
higher speed in data. It is found that contamimatsofound to be more in wired then wireless
systems. That's why there is problem in retaininglity of service (QOS). A promising
technique is proposed which is known as multi eamnnodulation technique which we called as
orthogonal frequency division multiplexing (OFDMAIthough it help us in achieving high data
rates but there exit a problem which we callecbaak to average power ratio (PAPR). So many
technigues have been proposed by researchers tw gétproblem. In order to understand this
problem we have to use a curve known as complemewtanulative distribution function
(CCDF). So this paper proposed symbol scramblentqak i.e. selected mapping (SLM) and
partial transmitted sequence (PTS). Therefore,opmdnce analysis has been done for two
different technique mentioned above. Due to cowtisuadvancement in wireless technology
from last decades, it is found that it is the tegha for future products. Tremendous new
challenges are being faced by researchers for \ahient of spectrum resources. From many
existing technique, it is found that OFDM gainirtteation from so many researchers. OFDM
transform frequency selective channel into sevieegluency flat channels. It uses the concept of
sub carriers actually these are used to carry ata. &pacing between sub carriers must be in
such that so that orthogonality must be maintai@ectrum due to this orthogonality looks as if
it is overlapping but it is orthogonal in naturéhal's why this technique is highly spectrally
efficient. Due to addition of several sub carriersime domain after IFFT operation high PAPR
is found. Due to this problem complexity in A/D aBdA along with RF amplifier have been
increased.There are two techniques which are pegpios. SLM and PTS.

a) In selective mapping method we select that semierhich generates minimum papr among
many signals. SLM technique is very easy technighieh does not put any restriction in data
whenever modulation is applied. This techniqueest#tiat initially we will have data, which will
be multiplied by phase vector sequence, and therll ibe transformed by IFFT block. Since we
had several phase vectors for incoming data thdtis we will have many papr. Out of many
papr we will chose that sequence which generatémaim papr. We will store that phase which

generates minimum papr because we have to rechaeséquence at the receiver side. Partial

11



Transmit Sequencecheme firstly partitioned incoming modulatedadaequence into sub
sequences, then transformation from frequency domneaiime domain takes place with the help
of IFFT. After transformation through IFFT in tind®main we multiply with different phases
sequences. This is done by algorithm which we dalke phase optimization algorithm. Finally,
we select that sequence which generates minimumagrapng several sequences. The author of
this paper state that as we are increasing pamiticchrough this scheme search complexity
increases with number of sub sequence or sub blddtes studying the paper some remarkable
conclusion can be drown. For getting improvemernAPR reduction by increasing signals of
OFDM, phase complexity also increases. SLM is fouodbe good technique for PAPR
reduction. In PTS improvement is found to be aroBmB. As we are increasing number of sub
blocks performance have been increasing. Finall\y method provides better papr reduction as
compared to SLM technique and conventional OFDMesys

[4] Pyla, S. et.al, Every day number of users are increasing demandsdorices are also
increasing. In order to full fill the requiremengh speed is desirable. So in order to meet the
demand OFDM came into existence. For high datathedes the best technique. But besides, all
these it has a problem of high papr. This PAPR lprableads to in band distortion due to
clipping and out band distortion due to spectrumadening. Number of technique is there to
reduce this problem of PAPR but each one has sdme & draw back associated with it.
Significantly reduction is there by distortion lgsghnique like PTS. Improvement in PAPR is
observed after applying different modulation teguei. Here in this paper author uses PTS
algorithm to reduce PAPR and try to find out whitlodulation actually suits or meet the
requirement. Orthogonal Frequency Division Multipiey generally considered for high data
rate in radio condition. This technique is alsdezhbs multi carrier technique. In this technique
big data stream divided into small data streamss #thnique use many sub carriers, these sub
carriers are orthogonal to each other. Bandwidficiehcy comes from this orthogonality
principle. This multiplexing technique is used nmder to reduce ISI effect. IFFT block is used in
this technique to provide orthogonality among sufxriers. Due to this IFFT block
implementation is very easy. Application areaslo$ technique are as follows Digital audio
broadcasting (DAB), terrestrial video broadcastifBEE 802.16 etc. Besides all these
application areas which proves its requirementdwaatages it has some draw backs like Inter-

12



carrier interference. There is also a problem ghHPAPR. Due to this amplifier produces in
band as well as out band distortion. As we willrease the size of IFFT, inter carrier
interference will also increase. Hence from herd@uconclude that size of inverse fast Fourier
should be selected very carefulll in OFDM system uses a concept of CP calledyaticc
prefix. This CP is added in time domain and shailchaximum Delay Spread. Due to the usage
of CP in this multiplexing technique reduction ianaplexity of receiver is achievedin this
paper author used PTS technique along with LDPCe.colinportant component in
communication system now a days are forward emwmection codes. Since there is a presence
of noisy channel through which digital data we pssshat's why there is a very high probability
that our data become corrupted or in more precigg tvbecome distorted Author showed
through his paper that partial transmitted techaiceduces PAPR very effectively as compared
to other technique. Author showed that peak toayepower improvement increases with the
order of PSK and QAM. In term of error probabil®AM is much better than PSK. More and
more number of candidates can be used with thedfdlpis technique. Finally, we can say that

proposed algorithm.

[5] Kyeongcheol Yang; et.al, This paper shows a technique to decrease the PABRhogonal
frequency division multiplexing using linear blo€odes. This technique can considered as an
enhanced version of traditional papr reduction népre which we called as selective mapping
or SLM. This method is basically scrambling teclugiqo decrease PAPR by choosing a signal
of minimum peak to average power ratio. The segeemtich generate minimum PAPR among
several sequence is transmitted. Advantage proyedithor is that, no side information will be
transmitted so saving in power is there. On themlland, at receiver side we will use syndrome
decoding. Author's simulation results are foundb® better than traditional techniquEhis
multiplexing technique is very efficient technigder fast data sending in communication
system. Many advantages associated with theseitgare as follows, spectrum efficiency,
strong against fading, immune against interfereBeg.if we see another part we will find that
there is a problem of high PAPR due to which arglimoves out Author shows that several
techniques are there to diminish the effect of PAIRRR Clipping, Clipping and filtering, SLM

which we called as selective mapping techniqueppitig leads to inserting distortion in our data

13



therefore leads to decrease in performance of myskeveral coding techniques are there like
golay complementary sequence, linear block codeshdk depict that around 3 dB gain have
been achieved but transmission rate is slow foryrgub carriers. Two important scrambling

techniques like SLM, PTS. Among these two PTS neklsdfound to be much better. In these
two techniques different combination of phase fectare being used. So from many phase
factors many sequence generated. Out of severaleseg, the sequence which generate
minimum papr is selected for transmission purposkuthors showed that there proposed
reduction method using Standard Arrays of LineawscBICodes can be very easily used and
applied. During the usage of this algorithm no dwfermation is supposed to be send from
transmitted side to receiver side. Very little impement in results can be observed but from

side information point of view this technique istguappropriate.

[6] Xin-chun Wu ; et.al, This OFDM is a very pleasing technique for wirelessnmunication
systems. But it generally has the problem of Higprdor transmitted signal that's why it comes
under its disadvantages. Author of this paper pitssa new technique for the reduction of this
problem papr. Author said that, PTS is able towaygaish the task of reducing papr. Complexity
and cost is drastically reduced by some percentageshown in paper. Author depict in his
paper that 75.6% memories cost reduced, 44% maltipbst has been reduced etc. Running
time of FFT and IFFT has been reduced up to 75%didates have been reduced to 16 from 64
with the help of phase factors. OFDM technique ey effective technique in term of spectrum
efficiency. This technique is also called as Maérrier modulation technique. Due to saving in
bandwidth this technique has been opted in manglegs standard or application. Time domain
occurrence of papr leads to creation of papr wh&cmost dominating problem of OFDM
system. Reduction of this problem is very necessdingrwise it will generate problem like
signal distortion. Due to this distortion perforrsarof OFDM varies. There are some which we
categorized as distortion based technique likectlichipping, clipping and filtering and also
companding method. Very easy method for reducimg psst by compressing the information
signal in which when power is found to be more tisame specified threshold. But there is
problem with this like out of band energy is noticome important technique which we termed
as redundancy technique like PTS, SLM. Another ndoresuch type of technique like
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Scrambling techniques, distortion less. In the psal method author considered number of sub-
carriers as 128, number of sub blocks are founketd, phases used are +1,-1,+j,-j. Different
module have been proposed related to differentkbloic PTS block diagram. There is
optimization block in algorithm so author used opptation module for that. Shift register
module has been proposed in two formats left sagister and another one is right register. Max
module is also there which has comparator in otdldnd out maximum valueThere is table
which comes out as result. This table has fourrpater like memory size, Complex multiplier,
Adders and rom. So with the help of table it carclearly understood that complexity has been

reduced drastically.

[7] Chackochan et.al- For high speed data transmission multi carrier uhattbn technique is
favorable. This multi carrier technique we gengralhlled as OFDM. It has many advantages
like high spectral efficiency or spectrum efficign8ut besides all these advantages this OFDM
system has a problem of papr which effect the fiteaf amplifier therefore leads to distortion
in data. This paper propose SLM technique undegrséwnodulation technique and several sub
carriers. Simulation results are there using MATLA&tware. For Analysis CCDF curve has
been considered. This curve always tell us thattwie probability that papr is found to be
greater than certain threshold. The orthogonaluieeqy division multiplexing is used for high
data rates under variable radio condition. This tmcéhrrier technique provides us many
advantages due which it become the part of mobihencunication system. Advantages like high
spectrum efficiency, ISI reduction. Applicationeas like IEEE 802.11 a etc. Due to the
addition after IFFT operation, a large papr gerestatl his large papr increase the complexity of
A/D and D/A converter along with power amplifieru®to all these it has become necessary that
papr must be reduced. For the reduction of paperaé technique have been proposed like
distortion technique i.e. clipping or clipping afilering. Proceeding further there are some
coding technique such as forward error correctioding technique. Last but not the least
Scrambling technique like SLM, PTS. In both of #néschnique we have to consider different
phase sequence which we have to multiply, withhtekp of phase optimization algorithm we
have to select that sequence which show minimum qaipof several sequence. Block diagram

of SLM technique have been proposed which haveormngkquence, for modulation purpose we
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are considering QPSK digital modulation technigiier performing this we have convert the
data from serial to parallel. After this we haveamaltiply with different phase vectors. Then we
pass through IFFT block, this block will then corivdata from frequency to time domain.
Finally, we select that sequence which generatenmim papr out of several sequence and that
sequence will be transmitted. In this paper papditferent sub carriers have been plotted. That
figure depict that as soon as we are increasingoeurf sub carriers from 64 to 1024 or more
this problem will also increase. Another comparigpaph is also there which compare four
variable namely clipped signals, Original OFDM systpapr, Riemann Matrix.

[8] Mathew, B. et.al- this paper uses two different transform technidikesIFFT with FFT and
IDCT and DCT at transmitter and receiver respebtivBased on these two techniques BER
which we called as bit error rate. It states thedrebit divided by total number of bits. Channel
used by author are Rayleigh and awgn. Ultimatieé/gurpose of this paper is to reduce BER
and simultaneously increasing the efficiency ofteslys Two modulation techniques have been
proposed which are as follows BPSK, QPSK. Authoalfy concludes that the DCT based
OFDM system found to be good as compared to FFTlech@FDM system. — Radio
communication is now a day's found to be dependerthis multi carrier technique which we
are calling here as OFDM technique. Author show th#&s a combination multiplexing and
modulation both. This technique is famous due ghtdata rate and spectrum efficiency. Main
principle of this technique is orthogonality on whiit is based on. It comprises of many sub
carriers. Its block diagram consists of first tid€T and another time FFT and vice-versa on
receiver and transmitter side respectively. Autsieps are as follows, first incoming random
data sequence passed through modulator and it leequanallel from serial after that
transformation takes place by IDCT or IFFT one aire. All these are performed on transmitter
side and just opposite operation is performed oaiver side. Two modulation techniques have
been proposed which are as follows BPSK, QPSK. éwiihally concludes that the DCT based
OFDM system found to be good as compared to FF&d@d-DM system. In author's proposal
have constellation diagram of both BPSK and QPSgpeetively. Number of sub carriers
considered are 52, Number of OFDM symbols used @@®, IFFT points are 64, Channel used
Awgn, Rayleigh.Author has shown that for a partcud dB of SNR the bit error rate of IFFT
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and IDCT based OFDM system are found to be .083@I2 respectively. Another modulation
technique like QPSK shows .084 and .083 respegtiv& conclusion which can be drawn is
that DCT based OFDM is better than FFT based OFkpdies.

[9] Prashant Pandey et.al -this paper says that how the performance of ofdstesy can be
increased. For this we have to use some technighieh are used in this paper. This paper also
tell us that once we find the condition by which ean decrease PAPR and then we can easily
enhance the performance of ofdm system and alsmirapthe performance of system in which
this ofdm is generally used. Techniques used is plaper are as follows, Clipping and Filtering
This technique clips the signal which is found alésts range. If signal amplitude if less then
predefined value then author takes same signakwite it considers the predefined level. In
partial transmitted sequence In this techniquenmng sequence of data is firstly become parallel
from serial then divided in different sub blockg.e2,4,8..... .Here all the sub blocks of data is
multiplied with different phases. For one phase aaéculate PAPR then for other phase we
calculate PAPR so if PAPR found to be less thercaresider that PAPR value. This is how we
find PAPR less. Complementary Cumulative distriaitifunction is used by author for the
simulation purpose. With the help of Complement@F be try to find the Probability that
given PAPR is found to be greater than given tholesFOFDM is the technique which is used in
multi carrier transmission. It help us in providihgh data rates. But besides all these advantage
it has one serious problem i.e., high PAPR. So phjger proposed some techniques so that we

can reduce this effect.

[10] Jen-Ming Wu et.al- this Paper says that 3 bit to 4 bit coding tégphe has been proposed to

solve the problem of papr means to reduce thetadfgzapr up to some extent. Here author tell us
that they will do encoding of data in time domaimyobecause according to them this problem
occur in time domain so why not correct this thingime domain only. The author tells us that
they will use CCDF to show simulation result. Th&eonly one technique which used in the
paper. The author called this technique as 3bibibencoding technique. Actually author in this

paper is using a code word for each incoming messdtlgy Here they are replacing 3 most
significant bits with 4 bit hence they called tlais 3B to 4B encoding technique. According to

writer of this paper this technique reduces PAPRmsh. There is no problem when we are
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going to number of sub carriers. Due to this tegheiBER is also going to be decreased so
much. In this paper author is using encoder aREilIblock since after IFFT block signal will be

in time domain only. For e.g., 000 be replaced 8910which means adding redundancy to our
information. According to writer since there is s@ipresent in the channel so due to this our data
become corrupted. Therefore writer is using codedvgo that in receiver correct information will
be obtained easily. With the help of this paper RA®reduced. Correction of data is also done.
Detection of Error of data is also there.

[11] Emad Alsusas et.al- In this paper multiple users are there for segdieir own data form
transmitter side to receiver side. So in this papgpose data coming from userl one then it
generally converted into parallel then it will gaultiplied with specific code then pass with
IFFT block to be converted form single carrier taltiple carrier. The results which are shown
are based on 256 subcarriers,16 Qam modulatioansghand separate code for each user.
Walsh Hadamard matrix has been used to convertieaoming message from userl,user2,upto
user n into unique code. At the receiver side ideorto get back our own information it is
necessary that we must have the same spreadiegsodthat we can easily recover our data. The
author tell us that lagk) of side information required. Receiver musbknhow many operations
have been performed. Different user in this way s&md their data easily from transmitter side to
receiver side it is important to know that theraascorrelation between any of the data which has

been encoded. Because separate spreading coeeggdheach user.

[12] D.Meenakshi et.al- There are so many multiplexing techniques whioh available but
among all of them we focusing on OFDM which in whall different sub-carriers are orthogonal
to each other. Saving in bandwidth is obtained.r&liea problem of ISl in this system which can
be reduced by guard band. Main problem in this Higlak to Avg. Power ratio. This paper
mainly put comparison among there techniques likt1S PTS, Amplitude clipping. Input
sequence-Incoming stream of data then Convertiatgdita from serial to parallel Then Applying
digital modulation schemes on that data Then Mdoiuwiascheme like QPSK,BPSK,QAM,PSK
etc After that Taking IIFT operation on that mapp#ata Again converting parallel data into
serial then Inserting guard interval then pasdmgugh channel then channel may be AWGN and

vis-versa blocks in receiver. In amplitude clippiagd filtering A predefined level is already

18



defined in this case so if value of amplitude cessthat mark then automatically clip or cut that
portion of amplitude. In this way it reduce papt buband and out band radiation is also there.
Selected mapping technique In this technique inogndata is being multiplied by different
phases then pass with IFFT block where it get cdadento time domain signal here actually we
calculate PAPR for the data. Select the data wigigle minimum papr and also find phase
associated with so that this information will bansmitted into receiver side with the help of this
we can recover our data badk. Partial Transmitted Sequence we convert data famnalsto
parallel then convert it into different sub-blockere each sub-blocks is multiplied by different
phases they can be plus and minus 1 by which wergky multiply our data .Multiplication by
different phases is only after taking IIFT operatimeans in time domain we are doing this
operation.

[13] Dr. Himanshu Soni et.al - This paper tell us that PARP defined as ratio ok pewer to
Avg. power and discuss about SLM technique . Autkbis us that in SLM transmitter produces
same data in such a way that each will be shifieddme phase in comparison to original data.
All blocks of data multiplied by different phasesdanew blocks will be generated. Finally we
calculate papr of the data. We will choose mininpapr among all. FFT/IFFT size-64, Sampling
Frequency-20 Mhz, Subcarrier spacing -312.5 Khzli€yPrefix duration- .8us, Data symbol-
3.2us, Total symbol duration- 4us, Modulation -44QAIn CCDF graph we generally has two
axis one is for probability and another for PAPRs thraph tell us that it is the probability
(papr>threshold papr)

[14] Chahavi Sharma et.al- This paper focus on clipping method i.e., amplitatigping. In this
paper author tell us how he will fix a threshold famplitude if in any circumstances value
increases from that level then it will cut thattpar clip that part. Clipping Ratio-20*log10 (A/P)
db. Where A=clipping ratio; P=root mean square() pmwer level of ofdm signal. The author
has shown us a block diagram which has s/p convalteg with IFFT block followed by P/S
converter. Input sequence, QAM mapping has beed, Ud€l operation, Clipping, FFT, Out of
band removal , PAPR<A, IFFT , O/P. Shows betteulteas compared to previously used

techniques.
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[15] Slimane Ben Slima et.al - This paper tell us thdtigher speed in data sending can easily be
achieved with the help this modulation techniqee ©OFDM , But there is a problem in ofdm
which of papr. input stream of data, Baseband naidul Precoder, S/P (serial to parallel),
Different oscillators then summation for all tHeose steps finally CCDF curve has been used it
tell us that the 107-3is the probability precodivas 4db and 1db respectively.
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CHAPTER-3
RESEARCH METHODOLOGY

3.1 Partial Transmitted Sequence

Dy do
——»  IFFT @—>
. r\“ phy
Input ] Y Part1t10n
data +»| Modulation —| into Sub- )
blocks D, IFFT X
and Serial A phy
to Parallel :
Conversion
DU_1 dus
B SN IFFT X
phy.
A 4

Phase Factor Optimization
Algorithm

Figure 3.1 Block Diagram PTS Algorithm
3.1.1 PTS Scheme Consist Of Following Steps As,

a) First modulated incoming data sequence is paréit into U number of sub-blocks, which

can be written as;

b) In order to generate OFDM signal, by applyingTRransformation on each sub-blocks,
multiplied with different phase factors and finadlgd them together as described in below

expression,
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IS phy Dyl
= IFFT .D
Y u=0 Phy-Duy
Uil D,] Uil g
= AFFT[D,] = .
= ul = 2o Py
Phase factoph, used in above expression can be written as:

ph, =e/® whereu=0,1,2,3.....4 1,0 [0,2

c) Finally to achieve minimum PAPR from generatigghal, we find set of optimized phase

factor, which is given as;

A Uu-1
. phy,...... h = argmin( max h, .
[Phg. PRy - Ply_g = argminC_amax 12, Py -8

d) At last, a sequence which has minimum valueARR is selected and represented as given in

below expression

N Uil /\d
Y _u=0phu' u
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Figure 3.2 Flow Chart of PTS Algorithm
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3.2 Selective Mapping Technique

-
=

Y
] T< !
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SELECT
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DATA  ——® CONVERSIO -
N_OF_DATA
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Figure 3.3 Block Diagram SLM Algorithm
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IFFT " CE_wHI
CH_GEN >
ERATE_
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Y

v

Y

TFFT

Mathematically we can represent this technique as

Y =[Y0,Y1,...YN- 1T
Ph" = [Ph" O,Ph" 1,....Ph N 1,]TOm<U -
Sn=[YO.Ph" 0,YLPA" 1,...YN 1.Ph N 1]

Yg = argmin (PAPR({/n )
Osm=U -1

Selective Mapping (SLM) in this algorithm initiallye have binary random data sequence, this
random sequence in then modulated using differesdutation scheme, after performing this
serial to parallel conversion of data take placereHPR etc are defined as phased factors which
will be multiplied by this data sequence. Frequetyime domain transformation take place
using IFFT after that the sequence which generatsemmam PAPR is selected for transmission
along with the corresponding phase factors. Heres Mumber of sub carriers used by this
algorithm. So vector Y is representing serial toaflal conversion of data sequence. Here we
will have number of phase which is equal to lengthdata sequence. Sm is defined as
multiplication of phase and data sequence both. Bi@min represent sequence which generate
minimum PAPR out of several sequence.
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Chapter-4
PROPOSED WORK METHODOLOGY

4.1 Peak to Average Power Ratio Reduction in OFDM Using Higher Order
Partitioned PTS Sequence and Bose Chaudhuri Hocquenghem Codes

4.1.1 About Algorithm

Orthogonal frequency division multiplexing (OFDMjlso known as multi-carrier modulation
scheme, is an attractive technology for upcomingroanication system, to enhance data rate,
higher spectral efficiency and better quality afveee (QOS). In OFDM, first higher data stream
has been divided into lower data streams and aftafulation these data streams are together
transmitted by orthogonal subcarriers. Due to agytimal nature of sub-carriers proper utilization
of bandwidth is achieved along with reduced cosO&DM communication system. A major
challenge in OFDM system is its higher Peak to AgerPower ratio (PAPR), which degrades
system efficiency. Due to larger PAPR, High powspéfier (HPA) starts to operate in non
linear region hence distortion introduced in traitsed data. In this work, combination of higher
order partitioned partial transmitted sequence jRaI&hg with Bose Chaudhuri Hocquenghem
Code (BCH), have been proposed to diminish the PABRificantly. This proposed scheme is
used to minimize PAPR by choosing the signal wischaving less PAPR among many signals.
At transmitter side, scrambling process uses Clesater of Bose Chaudhuri Hocquenghem
Codes (BCH) and syndrome decoding method to redbeetiransmitted sequence are being used
at receiver side. This particular section of Bode@lhuri Hocquenghem Codes is powerful
class of linear block codes (LBC). Generally, fanahn error correction we opt for such types of
codes. These Codes provides us very ease in degigmcoder which generally perform
encoding operation as well as decoder which perfdeooding operation. Till now, we generally
construct codes after that we find minimum distasoethat we can estimate error correction
capability. Our desire to correct the errors letmgeneration of these Bose Codes. Here, we

start to make generator polynomial for these codssspecified above, these BCH codes come
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in the category of Cyclic Codes. So decoding metivbich we were using in cyclic codes
remains same here as well. That's why we can cdachat, BCH codes can be easily decoded.
We start with sufficient mathematical analysishe upcoming section. We shall see then at the

method for creating generator polynomial, encoghiragess and decoding strategy.

4.1.2 Why this Algorithm

Orthogonal frequency division multiplexing is thesttable technique to achieve higher speed in
data rates and better spectrum efficiency. In OHD#84 higher data stream has been divided into
lower streams of data and after modulation theda daeams are together transmitted by
orthogonal subcarriers. One of the major challengeSFDM system is high Peak to average
power Ratio PAPR), which produced non linear distortion and degsaglestem performance. As
a consequence of increased valuePAPR, HPA starts operating in non linear region, hence
transmitted data became distorted. To overcomésthe of highPAPR and improve the system
performance, number of techniques has been proposeatious literatures. One of the simple
approaches is clipping technique, in whitAPR has been diminished by clipping the higher
peaks of the signal. This technique sometimes earieass with in-band and out- band
interference. Some of the other techniques, whish ase same kind of mechanism, are clipping
and filtering, peak windowing, peak cancellatioo. ét another approach i.e. coding techniques,
where selection of the appropriate codeword to ce@®APR significantly, has been proposed .
There are two other probabilistic schemes also knasvscramble techniques as follows; partial
transmitted sequenc®TS and selective mappind(M) .In SLM, input data with specified
length is multiplied by phase vector of same lendtfter that these generated data sequence
have been passed through IFFT blocks. At the erdselect signal which is having minimum
PAPR among different transmitted signals. On the ottgrdh INPTS modulated incoming data
is partitioned into differenSB then theseSB are passed individually through IFFT blocks.
Finally, phase optimized sequence which generatesmum PAPR will be selected among
various signals.

4.1.3 Mathematical Analysisfor the BCH Codes

We will make use of GF(q) where q is 8 using polyial p(x)=X+x+1. Suppose primitive

element is found to be. So here we can show all different elements ofqpBy different
powers of a modulus p(x) .
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Tabular form representation of all elements of 8F (

Power of a ElementsinGF (8) function
a z X
o’ Z fAX)

a z =z+1 £(X)
a z%=7"+1 . (x)

5 2

a z tz+l B(X)
a z +1 fs(X)
a 1 f7(x)

x -1= (x— 1)(x3+ X+ 1)(x3+ X+ 1)
Defining generator matrix
g(x):_x3 +x+1

110100
01 1 010
G =

0O 01 101
000110

Generator of systematic form

(1 000110
c -|0100011
S 0010111
000110 Y

Gsysis the combination of Identity matrix and P matrix.

P Matrix defined by the below matrix

1 1 O
0 1 1
P =

1 1 1
1 0 1
1011
P =[1 110
011 1
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4.2.1.1 Steps of Proposed Scheme are asfollows:

1) First incoming data sequence is segregatedymataps ofk length information bits and

encoded into a valid codeword c throu8@H encoder.

2) U=2(n-k) different vectors of are generated as,

C'r_:r;_+(f'1£i£[f

Where, rl1,r2,..ru are chosen as coset leaderseaifigd code in term dPAPR and also known

as scrambling vectors .

3) Generated sequences in S2dpave been passed through BPSK modulator, whictsgive

vectorsV1 to VU. Then send/1 to VU vectors sequentially.

4) Now V1 is partitioned intd no. of SB, as follows

T

X, .X_ . ] 1<i<U

=y X 3, 7Bl

X

1, 2

As we know that sum of all SB comprise originalnsibwhich can be shown as,

=0

5) Partitioned data sequence is transformed intodBignal bylFFT as,

B-1
v. = IFFT[ 2 p
b=0

b_Xb] l=1=U

Where, symbop represents phase sequence. Now apply linear pyopiefeFT to get

partitioned data sequence in time domain as follows
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7) Select the sequence having minimum PAPR, reptegdygl. (As shown in our proposed

block diagram as given in Fig.1)

8) Similar process, given in step @dao 7 have to be repeated in remainig.e.V2 to VU and

results of minimunPAPR will be stored ing2 to guU respectively.

9) Finally, select the signal with lowest PAPR (anggl to gU ) as transmitted signal.

10) At receiver end, received signal translated reteived vectodr by FFT and demodulator.
Then syndrome is calculated frainto get the same coset leaders selected at transmitter side.
At the end, the valid codeword can be obtainec=ais dr.

4.3 Parameters Considered For Simulation Results

In our proposed technique, we consider result€@BF of PAPR in OFDM signals. During
scrambling process, we consid®CH as[n,k], wheren andk are representing block length and
message length having values @rand4 respectively. The coset leaders for standard aray
randomly chosen fdd=2(n-k) under the condition as they have different syndrome

TABLE 1. SIMULATION PARAMETERS USED IN PERFORMANCE ANALYSIS
AND COMPARISONS

Sr. Name of the parameters Value

No.

1 Number of Sub Carriers (N) | 64.128. 256

2 Number of SB 2

3 Over sampling Factor (L) 4

4 Modulation BPSK

5 Size Of IFFT L*N

6 Phase factors [+1:-1:+17:-1j]
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TABLE 1lI. PERFORMANCE ANALYSIS AND COMPARISON OF PAPR IN
CONVENTIONAL OFDM, EXISTING PTS AND MODIFIED PTS TECHNIQUES AT
GIVEN CCDF =0.1%

Sr. | Name of technique | N=64 | N=128 | N=256

No.

1 Conventional 10.55 | 10.58 10.82
OFDM

2 PTS 2-SB 8.61 8.7 9.02

3 Modified PTS 2-| 695 | 7.13 7.72
SB

As given in Table Il, performance of proposed miedif PTS technique with2-SB are
significantly improving as sub carriers are inciegsFor example in case bE64 at CCDF of
0.1% PAPR (dB) of conventionalOFDM, PTS 2-SB and modifiedPTS 2- SB techniques are
10.55, 8.61 and 6.95Db respectively. Now it is clearly observed that meed scheme achieve
morePAPR reduction.

TABLE I11. GAIN ACHIEVED BY MODIFIED PTSUSING 2-SUB BLOCKS

Sr. | Name of | Achieved gain in dB for
No. | technique various no. of sub carriers
N=64 | N=128 | N=256
1 Conventional 3.60 3.45 3.10
OFDM
2 PTS 2-SB 1.66 1.65 1.30

Table Ill shows that, remarkable gain achieved by mroposed modifiedPTS technique. For

example in case df=64 at sameCCDF; the PAPR gain (dB) obtained, when we compare with

conventionalOFDM andPTS 2-SB are 3.60 and 1.66dB respectively.
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45 An Improved and Efficient PAPR Reduction M ethod in OFDM System
using M odified Partial Transmitted Sequence

4.5.1 About Algorithm

Orthogonal frequency division multiplexing (OFDMg|so known as multicarrier modulation
method, is preferred for high speed data transams€FDM system has a unique property that
all the sub-carriers are orthogonal to each otBere to uncorrelated subcarriers, saving of
bandwidth and cost is obtained, but on the othedhmoblem of PAPR (Peak to Average Power
Ratio) also occurs. As a consequence of PAPR, ritinsg amplifier starts working in non-
linear region; hence distortion takes place inaata. In this paper, we propose an improved and
efficient PAPR reduction method in OFDM system gsmodified partial transmitted sequence
(MPTS). To achieve the same, we consider higheerodata split-up scheme of PTS using
different sub carriers. This chapter presents #texa as well as mathematical analysis along
with simulation results given in result and disd¢osschapter using MATLAB (Matrix
Laboratory) software. In our simulation resultsiseence of PAPR problem and its solution have
been focused. Orthogonal frequency division mudtipig is a modulation scheme which is
currently used in communication system such astéligiudio Broadcasting (DAB), Digital
Video Broadcasting (DVB), and WiMax etc. OFDM tréorsn frequency selective channel into
many parallel frequency flat channel which are camiy known as sub-carriers. These sub-
carriers are orthogonal to each other. Hence télsisnique is highly spectral efficient. The main
benefit of OFDM is high spectrum efficiency, lugtgs against inter symbol interference (ISI)
and it also breaks a radio channel into many malbrand sub-carriers, hence many symbols can
be transferred in parallel, but it has a seriousbil@m of high peak to average power ratio
(PAPR). Due to high PAPR power amplifier starts rafiag in non-linear region therefore,
introduce distortion in data at the same time gates problem to A/D (analog to digital
converter) and D/A (digital to analog convertereTRAPR of continuous time signal of OFDM
system can't be explained by the use of N sampley esignal period. In order to remove this
problem, we have to do oversampling (L) i.e. L=4ei®ugh to estimate PAPR of continuous
time OFDM signal. In this paper, An Improved andid#nt PAPR Reduction Method in OFDM
System using Modified Partial Transmitted Sequetioe problem PAPR studied and technique

has been proposed to diminish the PAPR. Variousiqoes are there in literature like SLM and
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PTS which are also distortion-less technique tagaiie the effect of high PAPR. In SLM input
data is multiplied by phase vector of same lengtbn these new data sequence transformed
through IFFT block. Finally, signal which possess@aimum PAPR will be selected for the
transmission while in PTS technique modulated d#taded into sub-blocks transformed
through IFFT block, multiplied by many phase. A¢ tend, sequence which generates minimum

PAPR will be selected for transmission.
4.5.1 Mathematical Analysis For PAPR In Ofdm System

A time domain sequence x(n) is obtained by perfogmFFT on frequency domain sequence
X(k)

1 N-1 | 27rmk
— > X(k).exp N EnsN-!

JN K=0

Where, n and k are time and frequency index resbgt

x(n)=

PAPR can be defined as the ratio of maximum pealepto average power, denoted by E as,

PAPR(x(n)) = m:[TiI();()%ﬁ] )

Complementary cumulative distribution function (ClEDran be defined as the probability that
the PAPR of time domain sequence x(n) is foundet@teater than certain threshold and can be

expressed as,

CCDF (PAPR(x(n))) = Pr(PAPR(x(n) > P )
Where, Py,=PAPR,
4.5.2 StepsFor Modified Pts Scheme

Our MPTS scheme consist of following steps as,
a) As shown in fig.1, first modulated incoming datxuence is partitioned intd number of

sub-blocks, which can be written as;
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b) In order to generate OFDM signal, by applyingTRransformation on each sub-blocksXD
multiplied with different phase factors (phand finally add them together as described he t

following expression,

= IFFT Uz_l D
y= [u=0 ph,.Dyl

UZ_l [Dyl UZ_l d

= AFFTID|,] = .

Y b=0 Py Y p=o Phu-du

Phase factogph, used in above expression can be written as:

oh, = ' ® whereu=0,1,2,3.....4 1,0 [0,
c¢) Finally to achieve minimum PAPR from generatigghal, we find set of optimized phase
factor, which is given as;
u-1
phn, phy ... argmin( _max
[Pho Phy.--PRy—g) Fargmint_max, BoPu o

&» [FFT do—»@—»

Parti ol
In ut ' artiton
deli)ta — Modulation Y > into Sub- d
L blocks D] S X—— s s

and Serial K ph,

to Parallel
Do) e fu @a

Conversion

Phase Factor Optimization
Algorithm

Fig.4.2 Block diagram of modified PTS scheme
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At last, a sequence which has minimum value of PAPSelected and represented as given in

~ ,\m

453 ANALYSISFOR CONSIDERING PARAMETERS

This section presents the simulation parameteridered for the modified PTS scheme which
offer significant reduction in PAPR given in Simiiten and Result Chapter. PAPR is reduced to
5.2, 6, 6.55, 7.2 dB as compared with traditioneD® system where PAPR is found to be 9.1,
9.85, 9.92, and 10.22 respectively presented inptéhaof Simulation. Our simulation results
have been carried out in MATLAB. We consider tliaion where number of subcarrier
N=64, 128, 256 and 512, number of sub blocks U=a&rsampling factor L=4, modulation
techniques used as QPSK and phase factor is stkesfe-1 -1 + -j].We obtained the results for
comparison of PAPR in traditional OFDM system anodified PTS scheme while considering
number of sub block U=6.
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CHAPTER 5
RESULTSAND DISCUSSION

Comparision between Conwentional-ofdm,PTS-2-SB,MODIFIED-PTS-2-SB
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Fig.5.1 CCDF of PAPR in conventional OFDM, PTSwith two sub-blocks (PTS- 2-SB) and modified PTS with
two sub-blocks (PTS- 2-SB). [N=64 sub carriers, over sampling factor of L=4, modulation= BPSK]

Analysis: Above graph state the comparison between ConvealticOFDM system,
Conventional PTS(Partial transmitted Sequence ) anddified PTS(modified Partial
Transmitted Sequence). Here we can easily seetiyat1% probability that papr is found to be
6.95 dB where at the same .1% probability paprGonventional PTS is 8.61 dB and for the
Conventional OFDM system it is found to be 10.55 diere we have considered phase factors
which is the combination of [+1, £1j]. Number aflscarriers which we have considered are 64
represented by N=64. In order to estimate for ¢betinuous time papr we have used the
consideration of up sampling factor L=4. We amedulating our data by the modulation
technique we called as Binary Phase Shift Key (BP&nventional as well as modified PTS
scheme both have same number of partitioned i.e2SBue to Oversampling for the estimation
of papr of continuous domain from discrete domaeusing the size of FFT defined by the
product of oversampling factor and Number of saitsiers L*N.
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Comparision between Conwentional-ofdm,PTS-2-SB,MODIFIED-PTS-2-SB
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Fig.5.2 CCDF of PAPR in conventional OFDM, PTSwith two-sub blocks (PTS- 2-SB) and modified PTS with
two-sub blocks (PTS- 2-SB). [N=128 sub carriers, oversampling factor L= 4, modulation scheme= BPSK]

Analysis. Here we are using all algorithms in case when ramolb sub carriers is more. Here
number of sub carriers are 128 which are defined\byAbove graph state the comparison
between Conventional OFDM system, Conventional PH&tial transmitted Sequence ) and
modified PTS(modified Partial Transmitted Sequenttgre we can easily see that only .1%
probability that papr is found to be 7.13 dB whetethe same .1% probability papr for
Conventional PTS is 8.7 dB and for the Conventi@®@&DM system it is found to be 10.58 dB.

We can easily notify that as soon the number of caviers are going on increasing, this
problem of PAPR is also increasing but one thingctvlis important that; our newly modified
approach is working very efficiently in this scenaas well. This show that the proposed is good
because it suits very well in different environmemte have considered phase factors which is
the combination of same which are defined aboveumbér of sub carriers which we have

considered are 64 represented by N=128.
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Comparision between Conwentional-ofdm,PTS-2-SB,MODIFIED-PTS-2-SB
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Fig5.3 CCDF of PAPR in conventional OFDM, PTS with two sub-blocks (PTS- 2-SB) and modified PTS with
two sub-blocks (PTS- 2-SB). [N=256 sub carriers, oversampling factor of L=4, modulation= BPSK]

Analysis. Considering modified PTS, Conventional PTS andvweational OFDM system again
in different platform that is increased number o €arriers. We are increasing number of sub
carriers in order to check the efficiency of algfom. Here we are considering number of sub
carriers as 256. Here we can easily see that @dtbyprobability that papr is found to be 7.72 dB
where at the same .1% probability papr for Coneerai PTS is 9.02 dB and for the
Conventional OFDM system it is found to be 10.82 dB
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Traditional-ofdm,PTS-6-sub-blocks
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Fig 5.4, Comparisons of PAPR in traditional OFDM system and modified PTS scheme using 6 sub block (No.
of subcarriers N=64; QPSK modulation)

Analysis: By considering modified PTS and Conventional OFBydtem number of sub carriers
are 32. We will increase number of sub carriersnter to check the efficiency of algorithm.
Here we are considering number of sub carriersx&g four and modulation scheme is found to
be QPSK where we will take symbols i.e. 1 symbaisist of 2 bits. Here we can easily see that
only 1% probability that papr is found to be 4.5 @B modified PTS where at the same 1%
probability papr for the Conventional OFDM systenisifound to be 9.0 dB. Here we can see
the gain achieved by our proposed algorithm is @B5 This gives the justification that our
algorithm is best in these circumstances. Herederoto estimate the problem papr for OFDM
system in continuous domain we will have to ovengle it by a factor of 4. Phases which we

have considered here are +1,-1,+1j,-1j. Partitigmihich is used here is of U=6.
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Fig 5.5, Comparisons of PAPR in traditional OFDM system and modified PTS scheme using 6 sub block (No.

Analysis: By considering modified PTS and Conventional OFBydtem number of sub carriers
are 64. We will increase number of sub carriersnter to check the efficiency of algorithm.
Here we are considering number of sub carriersx&g four and modulation scheme is found to
be QPSK where we will take symbols i.e. 1 symbaisist of 2 bits. Here we can easily see that
only 1% probability that papr is found to be 5.2 @B modified PTS where at the same 1%
probability papr for the Conventional OFDM systenisifound to be 9.1 dB. Here we can see
the gain achieved by our proposed algorithm is dB9 This gives the justification that our
algorithm is best in these circumstances. Herederoto estimate the problem papr for OFDM
system in continuous domain we will have to ovengle it by a factor of 4. Phases which we

have considered here are +1,-1,+1j,-1j. Partitigmihich is used here is of U=6.
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of subcarriers N=128; QPSK modulation)
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Fig 5.6 Comparisons of PAPR in traditional OFDM system and modified PT S scheme using 6 sub block (No.

Analysis: By considering modified PTS and Conventional OFBydtem number of sub carriers
are 128. We will increase number of sub carriersroter to check the efficiency of algorithm.
Here we are considering number of sub carriersxég four and modulation scheme is found to
be QPSK where we will take symbols i.e. 1 symbaisist of 2 bits. Here we can easily see that
only 1% probability that papr is found to be 6.0® fr modified PTS where at the same 1%
probability papr for the Conventional OFDM systdnsifound to be 9.85 dB. Here we can see
the gain achieved by our proposed algorithm is 2IB5 This gives the justification that our
algorithm is best in these circumstances. Herederoto estimate the problem papr for OFDM
system in continuous domain we will have to ovengle it by a factor of 4. Phases which we

have considered here are +1,-1,+1j,-1j. Partitigmihich is used here is of U=6.
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Fig 5.7 Comparisons of PAPR in traditional OFDM system and modified PTS scheme using 6 sub block (No.
of subcarriers N=256; QPSK modulation)

Analysis: By considering modified PTS and Conventional OFBydtem number of sub carriers
are 256. We will increase number of sub carriersroter to check the efficiency of algorithm.
Here we are considering number of sub carriersx&g four and modulation scheme is found to
be QPSK where we will take symbols i.e. 1 symbaisist of 2 bits. Here we can easily see that
only 1% probability that papr is found to be 6.95 fr modified PTS where at the same 1%
probability papr for the Conventional OFDM systdnsifound to be 9.92 dB. Here we can see
the gain achieved by our proposed algorithm is 2IB7 This gives the justification that our
algorithm is best in these circumstances. Herederoto estimate the problem papr for OFDM
system in continuous domain we will have to ovengie it by a factor of 4. Phases which we

have considered here are +1,-1,+1j,-1j. Partitignuhich is used here is of U=6.
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Fig.5.8 Comparisons of PAPR in traditional OFDM system and modified PT S scheme using 6 sub block (No.
of subcarriers N=512)

Analysis: By considering modified PTS and Conventional OFBydtem number of sub carriers
are 512. We will increase number of sub carriersroter to check the efficiency of algorithm.
Here we are considering number of sub carriersx&g four and modulation scheme is found to
be QPSK where we will take symbols i.e. 1 symbaisist of 2 bits. Here we can easily see that
only 1% probability that papr is found to be 7.2 @B modified PTS where at the same 1%
probability papr for the Conventional OFDM systdnsifound to be 10.22 dB. Here we can see
the gain achieved by our proposed algorithm is 2IB2 This gives the justification that our
algorithm is best in these circumstances. Herederoto estimate the problem papr for OFDM
system in continuous domain we will have to ovengie it by a factor of 4. Phases which we

have considered here are +1,-1,+1j,-1j. Partitigruhich is used here is of U=6.
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Fig.5.9 Comparisons of PAPR in traditional OFDM system and modified PTS scheme using 6 sub block (No.
of subcarriers N=1024)

Analysis: By considering modified PTS and Conventional OFBydtem number of sub carriers
are 1024. We will increase number of sub carriersrder to check the efficiency of algorithm.
Here we are considering number of sub carriersx&g four and modulation scheme is found to
be QPSK where we will take symbols i.e. 1 symbaistst of 2 bits. Here we can easily see that
only 1% probability that papr is found to be 7.7 fr modified PTS where at the same 1%
probability papr for the Conventional OFDM systdnsifound to be 10.60 dB. Here we can see
the gain achieved by our proposed algorithm is 2iBO This gives the justification that our
algorithm is best in these circumstances. Herederoto estimate the problem papr for OFDM
system in continuous domain we will have to ovengi@ it by a factor of 4. Phases which we
have considered here are +1,-1,+1j,-1j. Partitigmihich is used here is of U=6.
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Fig.5.10 Comparisons of PAPR in traditional OFDM system and modified PTS scheme using 6 sub block (No.
of subcarriers N=2048)

Analysis: By considering modified PTS and Conventional OFBydtem number of sub carriers
are 2048. We will increase number of sub carriersrder to check the efficiency of algorithm.
Here we are considering number of sub carriersx&g four and modulation scheme is found to
be QPSK where we will take symbols i.e. 1 symbalstst of 2 bits. Here we can easily see that
only 1% probability that papr is found to be 8.1 B modified PTS where at the same 1%
probability papr for the Conventional OFDM systdansifound to be 10.90dB. Here we can see
the gain achieved by our proposed algorithm is dB8 This gives the justification that our
algorithm is best in these circumstances. Herederoto estimate the problem papr for OFDM
system in continuous domain we will have to ovengle it by a factor of 4. Phases which we

have considered here are +1,-1,+1j,-1j. Partitigmihich is used here is of U=6.

48
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Fig.5.11 Comparisons of PAPR of Different Sub-Carriers (32,64,128,256,512)

Analysis: By considering Conventional OFDM system numbeswb carriers from 32 to 512.
We will increase number of sub carriers in ordercteck the behavior of OFDM system.
modulation scheme is found to be QPSK where wetakie symbols i.e. 1 symbol consist of 2
bits. Here we can easily see that only 1% prolighitiat papr is found to be 9.5 dB for sub-
carriers 32 where at the same 1% probability pap6# sub-carriers it is found to be 9.6dB, at
the same 1% probability papr for 128 sub-carriers found to be 10.1 dB also at the same 1%
probability papr for 256 sub-carriers it is fourndoe 10.5 dB and for 512 it is 10.7dB.

This gives the behavior analysis of OFDM system RARere in order to estimate the problem

papr for OFDM system in continuous domain we wal/a to over sample it by a factor of 4.
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Fig 5.12 Comparison between Original OFDM System with SLM and PTS. It isfound that Perfor mance of
PTSisbest among all.

Analysis: By considering Conventional PTS, Traditional SLMI&Conventional OFDM system.

Here we can easily see that only 1% probability gagor is found to be 7.1 dB for PTS where at
the same .1% probability papr for the Conventi@®lall system it is found to be 8.45 dB and for
conventional OFDM system it is 10.5 dB. Here we the gain achieved by our PTS
algorithm is 3.4 dB while comparing SLM with OFDMi$ found to be 2.05 dB. This gives the
justification that PTS algorithm is best in theseuwumstances as compare with SLM. Here in
order to estimate the problem papr for OFDM systecontinuous domain we will have to over

sample it by a factor of 4. Phases which we hawsidered here are +1,-1,+1j,-1j.
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Original, SLM-2,SLM-4,SLM-8,SLM-16

0
10 P e ——— I —— Ip——
—— Original-OFDM-PAPR [
—#— SLM-2 i
‘ —— SLM-4 i
: ——<*—'SLM-8 L
l % l SLM-16
10-1::::::::::::::::,7,::: — = :::::: :::;::::::::;::::::::;::::
E :::::::::::::::::E:: _ :::::: :::::::::::::::::::::::::
,,,,,,,, [ & [, VR e
L [ A= —Ma- \ - - X (R [ [
< | I \ I | |
% ”””” [ [ N S R U [ i
5 e R G N o .
o | | | |
< [T - [ I » % K N [ i
Q; | | | | | |
= | | | | |
e 102::::::::&:::::::&:::?i:OE: :::*:E:::: ::E::::::i::::
e D e e
| | | | |
******** [l el Sl Wit Wil - wlili il ot
77777777 L WD L N QS Ny
| | | | | |
******** [ T i Vi Wit ek Gl el
| | | | | |
77777777 N T U . 0. /Y N 2 N
| | | | | |
| | Ay | |
10'3 : : : | |
5 6 7 8 9 10 11
PAPRO[dB]

Fig 5.13 considered different number of phases of SLM from 2 to 16. It can be seen that asnumber of phase
areincreasing then performanceisincreasing.

Analysis: By considering SLM and Conventional OFDM systererédwe can easily see that at
.1% probability that papr is found to be 9.5 dB &IrM-2 where at the same .1% probability
papr for the SLM-4 system it is found to be 9.1,dBr the SLM-8 system it is found to be 8.65
dB, for SLM-16 system it is found to be 8.3 dB tmmventional OFDM system it is 10.5 dB.
Here we can see the gain achieved by our SLM-2ritthgo is 1 dB while comparing SLM-4
with OFDM it is found to be 1.4 dB, with SLM-8 i5i1.85 dB and for SLM-16 it achieves
remarkable gain of 2.2 dB. This gives the justifima that SLM algorithm is best in these
circumstances as compare with OFDM system as spameaare going to increase number of
phases. Here in order to estimate the problem foag®FDM system in continuous domain we
will have to over sample it by a factor of 4. Pleséhich we have considered here are +1,-
1,+1j,-1j. Important thing to note down here tretdth of SLM phase vector is same as length of

data so elementary multiplication is required rerd also desirable through out.
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Fig 5.14 this graph showsthat aswe areincreasing number of sub carriersin SLM with total phase =8;
performance of PAPR isdecreasing.

Analysis: By considering SLM and Conventional OFDM systererédwe can easily see that at
.1% probability that papr is found to be 8.2 dB 8tM-64 where at the same .1% probability
papr for the SLM-128 system it is found to be 881,dor the SLM-256 system it is found to be
8.8 dB and for conventional OFDM system it is 10BB Here we can see the gain achieved by
our SLM-64 algorithm is 2.6 dB while comparing SLIM8 with OFDM it is found to be 2.4 dB,
with SLM-256 it is 2.00 dB and This gives the jtisation that SLM algorithm is best in these
circumstances as compare with OFDM system but aarevéncreasing number of sub carriers
problem of papr is also increasing. Here in ordegdtimate the problem papr for OFDM system
in continuous domain we will have to over sampléyita factor of 4. Phases which we have
considered here are +1,-1,+1j,-1j. Important thimgiote down here that length of SLM phase
vector is same as length of data so elementaryiphcgition is required here and also desirable
throughout.
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Fig 5.15, considered different number of partitioned of PTSi.e. 2, 3, 4. It can be seen that as number of
partitioned areincreasing then performanceis also increasing.

Analysis: By considering PTS with different length of phasdsch we generally categorized as
a partitioned PTS algorithm and Conventional OFBfgtem. Here we can easily see that at .1%
probability that papr is found to be 9.00 dB for?Z where at the same .1% probability papr
for the PTS-3 system it is found to be 8 dB , fer PTS-4 system it is found to be 7.6 dB and for
conventional OFDM system it is 10.8 dB. Here we sae the gain achieved by our PTS-2
algorithm is 1.8 dB while comparing PTS-3 with OFDiMs found to be 2.80 dB, with PTS-4 it
is 3.2 dB and This gives the justification that Pal§orithm is best in these circumstances as
compare with OFDM system with increasing numbeiplbéses Here in order to estimate the
problem papr for OFDM system in continuous domaenwill have to over sample it by a factor
of 4. Phases which we have considered here ar#&,+1j-1j. Important thing to note down here
that length of PTS phase vector length depend ygaotitioning of data. Here Partitioning is

compared which is totally depend upon length ofspglsarector.
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Fig 5.16, considered different number of phases of PTSfrom 2to 4 It can be seen that as number of phaseare
increasing then performanceisincreasing.

Analysis: By considering PTS with different number of phaaed these are 2 and 4 along with
Conventional OFDM system. Here we can easily saeah.1% probability that papr is found to
be 7.9 dB for W-2 PTS where at the same .1% prdibapiapr for the W-4 PTS system it is
found to be 7.75 dB and for conventional OFDM eysit is 11.2 dB. Here we can see the gain
achieved by our W-2 PTS algorithm is 3.3 dB whibenparing W-3 PTS with OFDM it is found

to be 3.45 dB and This gives the justification tRaSS algorithm is best in these circumstances as
compare with OFDM system with increasing numbeiplbdses Here in order to estimate the
problem papr for OFDM system in continuous domaéwil have to over sample it by a factor
of 4. Phases which we have considered here arg,+1j-1j.
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CONCLUSION

This thesis proposed two novel methods for the ceoin of PAPR in OFDM system. First
method has title, "Peak to Average Power Ratio R&olu in OFDM Using Higher Order
Partitioned PTS Sequence and Bose Chaudhuri Hogheen Codes" This modified PTS
scheme has been proposed to overcome the issughefr iPAPR in the OFDM system. To get
the better outcome from our proposed scheme, wsid@nstandard array of BCH code along
with PTS algorithm. Simulation results show thédthh@gh reduction in PAPR is there with the
existing techniques but significant reduction aeaee through our proposed scheme. Futuristic
goal may be in the field of complexity reductionveall as BPSK modulation scheme can also be
carried into M-PSK, M-QAM with OFDMsystem. Second novel method has title "An Improved
and Efficient PAPR Reduction Method in OFDM Systelsing Modified Partial Transmitted
Sequence”, This is also a modified PTS schemeHerréduction of PAPR significantly as
compared to traditional OFDM system. Simulationsute inferred that performance of our
MPTS scheme remain efficient in all the cases; eifethe numbers of sub-carriers are
increasing. Although the MPTS scheme gives bettd?RR reduction but future research can be
carried on to reduce its complexity In the begignof the thesis, theory along with the main
principle of OFDM system has been explained wittaidked description. Later we identified the
factors responsible for high PAPR i.e. high pealksdue to IFFT operation. Simulation results
clearly depict that how this high PAPR is not gdodthe OFDM system and how these high
peaks are controlled by two novel techniques. Safdyiterature is also done which come under
literature review chapter which generally inclu@eling technique, Partial transmitted Sequence,
Selective mapping etc. Coding technique which weegaly used for the reduction of high
PAPR introduce redundancy and become very compleerg high number of sub carrier i.e.
1024, 2048 etc. On the basis of graphical anak@mse decision can be drawn i.e. to get a very
little improvement in SLM, this algorithm have tadergo very high complexity. On the other
hand performance of PTS is remarkably well as coatpavith SLM technique. In PTS at .01
probability of error with four number of sub bloalong with some specified phases, significant
gain have been achieved. Therefore, it can be udadl that as we are increasing number of
phases then performance of this algorithm is ailsceasing. Finally, we can conclude that PTS

technique is found to be very effective as compavrighd SLM technique.
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FUTURE SCOPE OF THE STUDY

In this work we generally focused on the most preidant problem of OFDM system which we describe
as PAPR problem in which due to appearance of pégtk leads to non-linearity in amplifier. Sincésit
crystal clear that this every research work net@psson one point rather it goes on increasingnéw

start always in a waiting list. So this work caitize: in described direction as follows:

[1] Various modulation schemes can be applied enwvtlork which is proposed in this thesis in order to
read out the complete behavior and also to fincciwmodulation scheme work really very well in tefn o

performance.

[2]Complexity Analysis study can be done on theppsed work so that only required or even less than

require information can be transmitted.

[3]The proposed work can also be done for Multipfeut and multiple output system.
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