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ABSTRACT

ANOVLE ALGORITHM TO EFFICIENT SELECTIVE MAPPING PAPR
REDUCTION TECHNIGUE

ALSONOUSI SAEID, ADEL ALlI,

M.Sc., Electrical and Computer Engineering, Altinbas University,
Supervisor: Prof. Dr. Oguz BAYAT
Date: Feb /2021

Pages: 59

According to the requirement of improvement communication field there would be great sum
rate base on evaluate both of high performance of power efficiency and lower bit error rate. The
demand for high-data rate and bit error rate, improve the efficiency of compromising between
the trade-off can be performed with a carrier frequency. Frequency selective fading
environment, it is a little more with a bit error rate performance for the truck speed is very
difficult to achieve a high data rate. Multi-carrier systems with a variety of methods to reduce
peak to average power ratio (PAPR) in carrying out the research in addition to reducing the
PAPR and salaries. There are a few methods are recommended for effective power management.
As described as such, clipping and filtration methods, the code is a Partial Transmit Sequence
(PTS), Selected Mapping (SLM) and interweave literature. This project used the SLM technique
Modulation schemes and a set of other studies and analysis of a number of subcarriers. As well
as by other means, SLM scheme metrics are analyzed and can be compared. In addition, we are
cut off or DCT (discrete code transform), PAPR results. The code, or compression scheme, the
output of the Invers fast Fourier transfer (IFFT) SLM scheme has already been cut or the code

signal is used. Arlberg scheme tends to miss the information, and we, along with the code for the

vii



DCT multicarrier systems may contain useful information for the proposed use of the SLM, and
will lead to higher and higher. This is measured using the same MATLAB PAPR reduction

schemes.

Keywords: Efficient Selective, PTS, DCT, SLM, Peak To Average Power Ratio, MATLAB
PAPR
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1. INTRODUCTION

1.1 INTRODUCTION

In telecommunication, The requirement and demand for achieve the high data rate facilities have
been growing very quickly and there is no slowdown in vision. We know that this includes both
the wired and wireless data transfer mediums. In many cases, this is a very harsh environment
requires a very reliable data transfer. Most of the transmission systems, such as a corrupted,
attenuation, noise, multipath, interference contrast, time limit, nonlinearities, and electricity is
subject to limitations such as cost and limited. In dealing with this poor, has grown in popularity
until a physical layer method is a method of multi-carrier Modulation. multi-carrier frequency,
the most frequently used method is the Orthogonal Frequency division multiplexing (OFDM);
Recently, wireless communication has become very popular. Unfortunately, the lack of
transmission, OFDM main average power ratio (PAPR) for the top as a number of indicators of
change in a large envelope. which will operate on a linear power amplifier, a perfect area, since a

transmitter is used in existing low power this is to reduce PAPR lot.

All methods have advantages and disadvantages of any [1]. Allberg and distortion Filtering is

one of the main methods of portions of the transmitted signal. Coding

scheme also reduces the data is undesirable. The Tone Reservation, (TR) method is also likely to
increase the power and the data rate can be harmful. Other methods, such as  Tone Injection
(T1) and Active Constellation Extension (ACE) with increasing power of one criterion can
adversely interfere with the electrical environment. Part of Mars (PTS) and transferred to the
selected method (SLM) technique to use a Partial Transmit Sequence (PTS) if you are traveling

more than SLM technology complexity.

This selected Mapping technique signal is provided for the implementation introduces no
distortion, and is one of the simplest methods. This is the first [2] is known as the classic method
of SLM Yes. This approach provided additional information Side (SI) with OFDM signal with
one of the disadvantages of sending the index. This can avoid using a technique known as [3].
This thesis is the concentration of the selected mapping method. This method of analysis is being

done. Side Information (SI) Index of them in order to avoid periodic OFDM signal, along with



additional information on how is one to avoid. This technique is more important is to reduce the
calculation of the analysis of the complex. As well as a critical analysis of this technique are used

in different stages of the route should be about the interaction between independence.

At any given time, as well as the classic method of reducing the complex calculation of the SLM
is proposed that priority is given to reducing PAPR. In addition, the proposed method also avoids
sending an additional Sl index. a step forward towards multi-carrier Modulation scheme, taking
into account the margin of error without degrading the performance of the channel fading and
multipath can get a loan with a high data rate. Using multi-carrier Modulation in order to achieve
a good result, we subcarriers Orthogonal Frequency division multiplexing (OFDM) method,
which is called to one another, ie. In order to be orthogonal OFDM technology, however, many
defects Average Power Ratio (PAPR) is the highest summit. We linear power line due to the
operating point of the amplifier in the high PAPR-robbers, leads a group of distortion and was
used to fill the area with light. This base station is high, high cost, and power consumption by
increasing the dynamic range of the fees can be avoided. This report presents an efficient way to
reduce PAPR Selected Mapping ie. Also, this method of analysis for the bit error rate
performance and computational complexity are discussed

here. Along with the analysis using this method, and the other between OFDM signals, as well as
analysis of the importance of the independence of the proposed well. reducing the complex
calculation and reduce the PAPR, which satisfies the criteria of this proposed scheme. In
addition, this new scheme and the OFDM signal is transmitted along with additional forehead

advantage. This scheme may be used, as well as a number of transmitting antenna.

Orthogonal Frequency Division multiplexing (OFDM) used in many of the latest wireless
standards multicarrier Modulation is a type of technology. An OFDM standard for digital
broadcasting (DAB), Digital Video Broadcasting (DVB) standard, such as [1] has been accepted
for many of the standards. According to the high peaks of the transmitter reduces the efficiency
of the RF power amplifier power. This base station is high, high cost, and power consumption by
increasing the dynamic range of the fees can be avoided. The highest rate in the demand for
services is growing rapidly in the wireless environment. The wireless communications, for
example, the speed, simplicity, mobility and flexibility, there are many advantages, but, at the

same time, the banks suffer from inter-symbol interference (ISI) and the multipath propagation
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(fading frequency selective). In dealing with this poor, has grown in popularity until a physical
layer method is a method of multi-carrier Modulation. Multi-carrier frequency, the most
frequently used method is the OFDM. Recently, wireless communication has become very
popular. On the other hand, an OFDM Power quantitative indicator as the ratio of peak to
average daily suffers from a large envelope (PAPR). Power amplifier of the transmitter is used,
therefore, for a lot of these PAPR reduction algorithms have been developed. All methods have
advantages and disadvantages of some [1-4]. The tops of the high-PAPR signal causes distortion
of the RF signal derived moved to a non-linear region. PAPR similar to digital and digital-to-
analog converters increases the complexity and reduces the efficiency of the RF wages.
Researchers have recently found ways to reduce PAPR in many cases, the code is expected from
there, and the selected Renaissance (SLM) [5].

An OFDM is a large number of closely-spaced orthogonal carriers. is spread over the sources of
information should be provided, and a little bit of each helicopter carrier

is modulated at the rate of [2]. The advantage of the majority of the OFDM carriers, the
overlapping of the intervention was not the cause of the high frequency spectrum efficiency
between a minimum of interference in the sources of Orthogonality. This separation between the

carriers will be realized.
1.2 PROBLEM STATEMENT

Mitigated the interference in the OFDM high spectral efficiency and immunity to multicarrier
Modulation is a type of technology. OFDM system is one of the main disadvantages of electric
power ratio (PAPR) with a practical power amplifiers used in the distribution of electricity is the
highest mountain in inefficiency and leads to distortion of the signal. Selective Mapping (SLM)
electricity demand caused by the increase in the rate of loss is the method can effectively reduce
the PAPR without damage. Coach shows the results of the proposed method of SLM has good

PAPR reduction performance.

The OFDM system is one drawback, wages undermines the effectiveness of the peak of a high-

average power ratio (PAPR). Therefore, PAPR reduction is very important for OFDM systems

[6-8]. An OFDM signal is sinusoidal private carriers. This merger of sinusoids IFFT input stage

and consistent, OFDM IFFT output signal with a high PAPR may be a result of large amplitude.
3



OFDM signal is the largest high-amplitude associated with a number of subcarriers, and it is the
way of the number of single-carrier system. PAPR in a large high peaks of the sender and / or
recipient of a power amplifier used in an area full of overflow, OFDM signals to manipulate a
group of OFDM subcarriers, as well as the Inter-Modulation interference and suffer from

nonlinear distortion [7-12].

In OFDM-year, due to the chains of radio frequency (RF) power amplifier efficiency cannot be

run for the high PAPR. This amplifier linear region, the military group,

distortion, noise, and should be used for the violation. In addition, the high PAPR high-resolution
digital-to-analog converter (DAC) and is similar to analog todigital converter (ADC). Low
PAPR power amplifier efficiency, and reduces the complexity as well as the DAC and Analog to
digital converter [10].

1.3 OBJECTIVES
The objectives of this thesis can be represented as :

e To achieve better performance using multi carrier modulation based on used Selected
Mapping (SLM) technique for reducing the PAPR of OFDM.

e To propose scheme based on partitioning the frequency domain symbol sequence into several
sub-blocks when the length is shorter than that the conventional SLM scheme to achieve the

lowest computational complexity.

e To perform a data block of an OFDM based on used the lowest PAPR signal using an
independent phase sequences for CPM.

1.4 PROJECT SCOPE
The thesis scope will be concentrating on three main factors which are embodied as follows:

e To achieve better performance based on used selected mapping technique that is used to

resolve ISl and ICI.



e To propose effective PAPR reduction scheme for OFDM system based on partitioning the

frequency domain for probability of error.

e To achieve the power saving through selected mapping with lowest PAPR.
1.5 THESIS OUTLINE

Chapter 1 Provides information on project design. this input PAPR with SLM, and impact of

transmit power, problem statement, in addition to, study the objective of this project and scopes.

Chapter 2 Describe the fundamental of transmission signal during communication system used
the OFDM through described many of techniques that used to enhance transmission signal such
as inter symbol interference, inter carrier interference, cyclic prefix, Peak to average power ratio,

clipping, interleaving.

Chapter 3 Propose the SLM performance for a high computational complexity which used to
reduce the peak to average power ratio based on mitigated inter symbol interference and inter

carrier interference.

Chapter 4 Simulated the OFDM system with different number of subcarriers and with sub blocks
in addition used the new techniques for continuous phase modulation (CPM) and BPSK for

selective mapping using MATLAB simulation.

Chapter 5 Summaries the conclusion and the suggestions of interesting topics of this project for

future works.



2. LITERATURE REVIEW

2.1 OVERVIEW

In this chapter, This chapter describes and explains the general idea about the important of used
the OFDM and study how can to minimize the peak to average power ratio during the
transmitted signal in communication system. This chapter it will be explain the principle of
communication system in OFDM, multipath channel, multi-Carrie transmission scheme, OFDM
transmission scheme, advantages and disadvantage of OFDM. In addition to, explain Inter
Symbol Interference, inter carrier interference, cyclic prefix, Peak to average power ratio,
clipping, interleaving, Tone Reservation, Tone Injection and coding techniques.

2.2 COMMUNICATION SYSTEM IN OFDM

The conventional In a typical carrier systems for remote channel was forced to include the effect
of multipath nature can accomplish the same addiction rates. At the end of the high-data rate
video and audio applications [1], is favorable. But as the war of information, build a base,
correspondence, and reduced time to stop him. After that, the regulation of the transporter to use
the experience of the outside base along these lines, which requires a complex equilibrium
system, the Inter-symbol interference (ISI) in the dispersive channel disk led to significant
positive impact. Orthogonal Frequency Division multiplexing (OFDM) multicarrier is an
extraordinary type balance, beautiful blurring plan of sub-channels, many orthogonal group
distinguishes the degree of repetition, especially opacity channel. In OFDM base, a high bit-rate
data traffic delivered over a variety of series rate, not a sign of subcarriers and a long duration of
ISI [2]. OFDM interests of the significant points for the sub-carriers in high volumes, is an
almost vertical frequency range of spectral information. Recognition of the use of the FFT
operation and simple computerized. The cyclic prefix used to decreases the less complex,

consisting of quite a lot of pages with reduced Inter Symbol interference .

Various noises plans can be used with regard to the individual sub-carriers, the conditions of
each sub-carrier. What OFDM endless studies, the peak of a high-average power ratio (PAPR)
directly with the need to strengthen the OFDM signals. You can do one more thing, corruption

and the power of the group's modulation.



The OFDM symbol envelope variance of OFDM is one of the serious drawbacks. These range
from the outside of the base is restricted on the grounds that the highest authority in difficulty.
The tops of these lines, the envelope quickly sign a sign of power, average power and low power
efficiency, or the power amplifier (PA) that require sophistication to suit a lot of ground to
oblige. with significant changes to the envelope for the OFDM signal for a specific purpose, with
the greatest range Pas it is too rich, it is mandatory. If the PA spectrum of radiation of the group
is not directly mode and injured in the military operation is limited. It is also important for the
D/A and A/D converters with

A simple mark and other discrete time change sign OFDM multi-item scale. Peak-a-average
power ratio (PAPR) OFDM mark envelope is used to describe the change is for the most part,
and the average power is defined as the ratio of the provisional government. In spite of this,
OFDM base requires a strong interaction within the framework of the transporter, frequency
synchronization, OFDM, subcarriers on the grounds there is a narrow band. May he transmitted
and are sensitive to the balance between low frequency signal. frequency, Doppler effects, or a
mix between the transmitter and collector regional vibrational frequency can arise. The
frequency of the carrier (PM) on a subcarrier between subcarriers orthogonality, and this
designation is angry can freely move the remaining subcarriers. To accommodate this enormous
blunder free demodulation and OFDM symbols, is a very big challenge, known as inter-carrier

interference (ICI).

Figure 2.1 illustrates the overall digital communication system blocks. A/D converter digital
binary sequences, ie the form is used to convert analog source. a source coding can be adopted
with no loss of compression, for example, the digital information is delivered to a certain extent
in order to succeed. Some coding techniques such as the main source of Hoffman coding and

Shannon-Fano code is available.
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Figure 2.1: Block diagram for digital communication system

The purpose of the encoding source, the source is not superfluous. Also referred to as the source
of his information from the encoder and double-digit number of the channel encoder. The signal
received by the encoder for a reliable communication channel information does not lead to
excessive forehead. the channel encoder, called a code-bit sequence information into maps on its
forehead. The ratio of n-channel encoder and the measures introduced by a mutual reduction of

the ratio is called the code rate. The volume of the channel encoder is a digital modulator.

The modulator signal digital signals into binary data sequence maps. Modulation may be binary
or m-east. With the frequency of the binary signals, two-eastern Modulation is used to represent
the binary digits 0 and 1, where N = 2% a clear signal in bits used to represent a binary word.
Modulated waveform channel is transferred to the transmitter through the receiver. In addition to
a noisy channel, the transmitted signal is corrupted. The source of the noise and the random
nature and often unexpected noise, thermal noise, air, noise, man-made and others. As of the end
of the digital demodulator in the form of a discount to filter the type of detector or correlated
type signals from the detector signal is applied to the binary sequence. A list of information to

the demodulator of the Code will be transferred to the channel decoder it recovers.

The average probabilities of a bit-error depend on the decoder according to the results of a bit-
error probability of the average combined demodulator Decoder is a measure of performance.

However, the probability of error is characteristic of the channel, code, frequency, demodulation



and decoding methods. Eventually, the source will produce Decoder transmitted source. The
average output signal source encoders and decoders have introduced errors and signal distortion.
The difference is the solution to the distortion introduced by the digital communication system.
This conventional signal through an analog to digital converter and will be adopted by the end

user.
2.3 MULTIPATH CHANNELS

The transmitted signal faces at different times to reach the source of the received signals as a
result of various obstacles and displaying pages. This will affect other signals from the echoes.
Ceramics constants, conductivity, and influenced by the width of the system is the main reason.
Multipath channel closed area augmentation system echoes the procedure and minimize the
effect of this invention. Measures to avoid the ISI (Inter Symbol interference) should be adopted
in order to reduce the Echo. Multi-path Figure 2.1 shows that the reason for the increase.

2.4 MUTI-CARRIER TRANSMISSION SCHEMES

In a single carrier system, cut-off, known as the fading frequency selective distortion, ie, is the
reason for the transition into the entire data stream. The beginning of a single-carrier wideband
channel several times to select the speed of elimination, can be used to carry the high rate data.
In a multi-carrier [4], the flow of information in a number of subcarriers. Figure 2.2, a

multicarrier system, the basic structure and concept of the show.

This multicarrier frequency-selective wideband channel using multiple frequency is
representative of the narrow band channels. N is divided into sub-channels in the narrow band
and wideband frequency of the subcarrierf, k =0,1,.,.,.,.,.,.N — 1. Sub-channel interference
suppression Orthogonality distortionless ICI (Inter Carrier) the transfer must be supported. This
scheme, therefore, any signs transmitted in orthogonal sub-channel Racing. oscillators, each sub-
channel is used for the development of the subcarriers, it can be hard for the implementation of
these schemes. This is an important scheme for Orthogonal Frequency division multiplexing to

consider, in order avoiding complexity.



Reflection
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Figure 2.2: Multipath propagation in communication system
2.5 OFDM TRANSMISSION SCHEME

Orthogonal frequency division multiplexing scheme [5], [6], for each sub-channel is limited,
oscillators and filters network is a type of channel system. OFDM technology for the first time in
the 1960s, and in 1970, was conceptualized. The main idea of OFDM low price Barnett
multipath are less sensitive than the best way to send a high-rate waveform is to send a number
of streams of a number of lower cost. This channel effects of a sub-group is stable enough (flat),
so small sub-group of the frequency spectrum allocated. In the classic 1Q (in-phase and
Quadrature phase), speed (BPSK, QPSK, M-coma, etc.) will be sent in a sub-group. If designed
correctly, all the fast changing effects of the channel appeared to signal that they are now, and so
on as the fading disappear.

One of the closely-spaced orthogonal subcarriers used in a large number of tons. information
from multiple parallel data streams or channels, one for each subcarrier is divided. The speed of
each subcarrier to normal Modulation scheme Quadrature Amplitude (coma), or Phase Shift by
keying (PSK), with the lowest rate is modulated. The total data rate as with a conventional
carrier Modulation scheme which is similar to retention. Orthogonal Frequency Division
multiplexing (OFDM) to achieve the highest data rates and wireless fading multipath control

method. Orthogonal Frequency Division multiplexing of a dispersive channel, especially suited

10



for multicarrier is a special type of Modulation. At this point, every one of the carriers, and other
helicopters, they are completely independent of each other. This is clearly to each other, which is

modulated by a carrier in the range of nulls occur.

Each truck means there are cycles in the whole carrier orthogonality. The range of the carrier in
connection with the conversion, the number of integers, each of them as much as possible close
to the international road carriers, without any interference between the results of this system,
operators at each center frequency is zero. Frequency division multiplexing (among young
people) and students can restore the carrier spacing issues. Therefore, the effectiveness of this

scheme, multicarrier capabilities [7], in order to retry the spectra of subcarriers [7].
2.5.1 Advantages of OFDM

The Orthogonal Frequency Division multiplexing (OFDM) scheme has the following advantages

1. OFDM frequency and demodulation functions for the implementation of the FFT calculation

using the method is effective.

2. Sub-channels with channel fading into a flat narrow band division, OFDM carrier system

according to the fading frequency selectivity to be more stable.

3. By using the channel with coding and interweave, and 3 to select the speed of the channel

because of the missing signs, can be recovered.

4. OFDM of a post-effective channels Modulation scheme and, in the fading frequency selective

advantage to reduce the ISI.
5. Channel equalization and leveling systems and the flexible use of a truck and not be simpler.
6. Along with a variety of speed, and a channel for the implementation of any kind is needed.
7. Co-channel interference and provides protection against parasitic noise, the emotion.
8. OFDM complex time-domain correction may be difficult to adapt to the channel conditions.
9. Consisting of 9 prefix through the use of the Inter Symbol interference (1SI).

10. OFDM system according to the model of a truck while less dependent on Offsets.
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11. The OFDM multipath fading and provides greater noise immunity.
12. Eat OFDM, by allowing more efficient use of spectrum.

13. There is no need to use of OFDM equalizers.
2.5.2 Disadvantages of OFDM

The OFDM scheme attractive technology, but there are disadvantages:

1. OFDM, Discrete-sided transformation (DFT), a carrier system according to the appearance

depends on the carrier density and penetration.
2. OFDM is difficult to occurrence management problems.
3. It is complex to Doppler Shift.

4. OFDM signal with a very large dynamic range, such as amplitude noise; therefore, it is the

high peak-to-average power ratio (PAPR) and the required RF power amplifiers.

5. The great PAPR growths the convolution of the Analog-to-Digital (A/D) and Digital-to-
Analog converter (D/A).

6. The great PAPR also drops the productivity of reduction power amplifiers.
2.6 INTER SYMBOL INTERFERENCE

Increase Inter symbol interference (ISI), the following signs and a sign of a magma, which is a
form of distortion of the signal. This marks the previous unconfirmed, some have a similar effect
as the noise of the connection as well as is to be expected. Typically, multipath, propagation, or
the next, along with signs of profit due to the linear frequency response of the channel. The ISl in
the system make a decision on the output device error. Therefore, the goal of the design of the
transmitter and receiver filters, and the effects of 1SI may be a small error rate and the destination

is to reduce the digital data delivery.
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(aymbol peod)

Figure 2.3: Inter symbol interference for OFDM

Pulse is not only the condition of the filters and frequency domain can be used to eliminate
interference to adjacent channels, but at the same time on the same channel, following the signs
can be used to overcome obstacles. Inter-symbol interference (I1SI) signals to be transmitted over
long distances and various environmental circumstances may also be caused in many ways. In
particular, the physical environment of this feature is to distribute them within the given time,

some signs will appear. As a result, they can interfere with the previously issued notes.
2.7 INTER CARRIER INTERFERENCE

The presence of Doppler shifts and frequency and phase offsets in an OFDM system causes loss
in orthogonality of the sub-carriers. As a result, interference is observed between sub-carriers.

This phenomenon is known as inter - carrier interference (ICl).
2.8 CYCLIC PREFIX

The cyclic prefix or guardians of the period up to the front range of the transmitter and the
OFDM symbol in the last part of the extension from time to time and taken to the demodulation.
According to Figure 2.4, the Cyclic Prefix (CP), with a serial number after the change takes
place, and Discrete-sided earlier, was not with her. Taking into account the period cyclic prefix

for OFDM symbol shown in Figure 2.4.

The wireless communication systems consisting of a multi-channel sensitive for cyclic Prefix

and is added in order to minimize Inter Symbol interference. Prefix symbol, which is attached to
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the end of the characters is a return to the first division. In addition, they are the next to be

hindered by little more than the original signal and sends is important.

Cyclic Prefix Insertion

Time

Guard At Fade
Intarval {symbol peviod) Interval

Figure 2.4: Cyclic prefix in communication system
2.9 PEAK TO AVERAGE POWER RATIO

The OFDM and PAPR high unpredictability of performance, productivity, and low, ghostly
echoes and Contortion less vulnerable to many non-linear multicarrier Modulation procedures, is
one. For this part of the OFDM used as a part of the other part of the outside and is deplorable,
the real question is part of the base of this depends on the normal force, but may be saying.
PAPR, simple comprehensive quality and computerized switch opens and reduces the efficiency
of radio frequency (RF) power increased. Application management and reduction of the size of

the carrier, such as those needed to reduce the transmitted power can be put to death.

This is nothing to be directly related to increased development and ghostly need to work to avoid
transmitting electrical demand. Battery life is a bad influence. So, from the outside, relying on a
high PAPR of multicarrier all possible advantages that maybe out-weighed. PAPR for the
management of the various strategies. Some of them, having fun - cut, cut, and code is partially
an inherited partial transmit succession (PTS) sample selecting mapping (SLM) and interweave.
These systems PAPR minus sign in structural damage to the delivery of performance
information, bit error rate (BER) expansion rate calculation Accident, multi-quality growth. A
free part of the OFDM sub-carriers in the incredible number of regulated within the framework

of the evaluation may be in conflict with a normal, high. The proportion of normal power quality
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crest this is called peak-to-average power ratio. At the same stage N are rational expansion of N

times normal is a sign of its crest. High PAPR disservices are as follows
1. Expanded in the simple multi-faceted nature enhanced computerized and simple switch.
2. Deterioration is competence of radio frequency speakers.

The (IFFT) and fast-sided negative change within the OFDM vyield a truck comes to serious
instability and conflict within the mountain tops. This, for example, the base of gadgets,
speakers, digital converter (A/D), an analog and a digital to analog converter (D/A) converters,
there is a direct element ranges. Theoretically, OFDM system, large peaks in the peak-to-average

power ratio, or PAPR is true. This is defined as:

peak power

= 101log, M] 2.1)

averag power E|xt(t)|?

Where E represent the signifies the expectancy or the poor; X, represents the transmitted data

signal in OFDM which are gets based on estimated the IFFT.

The reduction of PAPR systems according to the needs of change and are governed by different
variables. PAPR year growth decreased, while the maximum signal strength, data rate Accident
prevention processing, the receiving end of the bit error rate and growth in the framework of a
PAPR is to be considered in the order of minus arms of different components. We are working
on the PAPR reduction techniques, and our next step is the day came to a close, with the

following:
2.9.1 Clipping

Clipping power back-off is insufficient, clipping always be in the transmitter. Trim motivate a
group of clipping noise and light create due to the different of the cutting cost and
unpredictability associated with the drop of the regrowth of the crest. According to the buyer
clipping noise ratio is offered on a number of methods. One of them makes use of any sign of

oversampled samples pattern.
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2.9.2 Interleaving

The same data block is interleaved by K different interleaves. K IDFTSs of the original data block
and modified data blocks are calculated. PAPR of K blocks is calculated. The block with lowest
PAPR is transmitted.

2.9.3 Tone Reservation (TR)

In order to reduce the high reservation tone, with the sub-carriers reserved. Reducing the
meaning of the signals from highly suitable for the introduction of sub-carriers is calculated by
linear programming algorithm. According to this method, the transmitter is optimized to reduce
PAPR is to send information about the subcarriers small groups. This is an objective that would
reduce PAPR In this original time domain signal can be found in the time domain signal. This is

likely to increase more than the loss of power. is more.
2.9.4 Tone Injection (TI)

Tone injection initial constellation of cards (such as the idea Quadratic phase shift key (QPSK)
increased the star (for example 16 quadratic amplitude modulations (QAM).) is reduced to a few
constellation points. PAPR reduction spread through the constellation point selection the degree
will be realized. The main idea of this technique is used is equal to the size of the data block in
each note a few degrees of freedom is one of the points on the map, so that excessive purchases

are to be without degrees in order to reduce the PAPR this increases the power transmitted.
2.10 CODING TECHNIQUE

Coding also can be used to reduce the PAPR. We are using this code based on used the
convolutional encoding method. Some using the convolution encoder, a variety of levels as low
PAPR and OFDM will choose to publish the pictures in conventional information resources. This
convolution encoder, and slipped into a coma, coma, BPSK and 64-128, using various noises,
such as noises, etc; is converted to the values of the IFFT and PAPR. Of course, the coveted
PAPR level Littler, is to achieve a code of Littler. For 8-subcarrier OFDM (3dB) PAPR in as
little as ¥ code will be part of the code. This is where the 3-bit data is 4-bit card is a temporary

card.
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In that case, the time range, with a much smaller PAPR is a reasonable measure of code words.
Decreasing the code used to reduce the size of the PAPR of ideas quickly. To get back to the
forehead and the same is done by using convolution decoder side. The coding method [10] to
reduce or minimize the PAPR is used to select the code word. It has no distortion in addition no
group has been a source of radiation, but the efficiency of the code to reduce the rate of
transmission damage. As well as the best codes, and especially for the large number of

subcarriers, Encoding and Decoding is difficult to store a large lookup sub carriers.
2.11 PREVIOUS STUDIES

The OFDM system undermines the effectiveness of the fees to feel the peak of a high-average
power ratio (PAPR). Therefore, PAPR OFDM systems to reduce peak to average power ratio
(PAPR) is very important to obtain the highest performance. The code writers in the author [29]
on the basis of information OFDM packet inspection data block is used to reduce the PAPR
proposed to embed phase sequence. The another authors [30] proposed the OFDM system
undermines the effectiveness of the fees to feel the peak of a high-average power ratio (PAPR).
Therefore, PAPR OFDM systems to reduce peak to average power ratio (PAPR) is very

important to obtain the highest performance.

While the authors [31] proposed the factors affecting SLM performance and high computing
complexity. To address the impact of this, in this [31], the opposite of the available time domain
signals clearly sided blocks real, real fast, even sided with the use of the invention, the effects of
a clear and coherent divided by changing the properties of the revolution. Filled with high PAPR
area and thus signal with the point cut off the tops of the C-frame and creates a distortion of the
group and the group takes place. Thus, in the linear C-point of salaries in order to preserve the
dynamic range and reduces its efficiency and increases the cost should be increased. Thus, the

trade-off there is a similarity between the nonlinearity and efficiency [32].
2.12 SUMMARY

In chapter 2, we discussed the important an peak to average power ratio is The OFDM and PAPR
high unpredictability of performance, productivity, and low, ghostly echoes and Contortion less

vulnerable to many non-linear multicarrier Modulation. In addition, this chapter study the
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important of used selecting mapping and a variety of levels as low PAPR and OFDM will choose

to publish the pictures in conventional information resources.
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3. METHODOLOGY

3.1 INTRODUCTION

Chapter three it will describe the experiments in the Orthogonal Collection of orthogonal
frequency division (OFDM) system is proposed as a standard for the next generation of mobile
radio communications system. OFDM signals fading frequency selective mapping channels in a
carrier Modulation better than the effective spectral power and the operation of the OFDM
system. OFDM system, the major drawback of OFDM signal can have a maximum average
power ratio (PAPR). high PAPR leads to linear distortion of the signal with the highest salaries
(mbar), and the signal distortion induces bit error rate (poses). The algorithm of the selected card
(SLM), the peak of a high-average power ratio (PAPR) orthogonal frequency division
multiplexing (OFDM) has been used to reduce the signal. One of the reasons for SLM impact is

difficult to calculate.

To eliminate the impact of this section, the opposite of the available time domain signals, a fast-
sided transform (IFFT) blocks, real, real, even sided with the use of the invention is divided by
changing the effects of a clear and coherent properties. Another candidate, in order to create
different-domain signals exchanged for the appropriate consequences as SLM (M) antenna array
IFFT linked to the use of M candidates SLM.

3.1.1 Effect of High PAPR

The linear power amplifiers should be reported to the transmitter. For filled with high PAPR
point cut in the region so the signal peaks Q-point moved from within the military and creates a
distortion of the group takes place. Thus, in the linear Q-point of salaries in order to preserve the
dynamic range and reduces its efficiency and increases the cost should be increased. Thus, the
trade-off is non-linear, and there are between the efficiency [1]. As well as the dynamics of the
cost increases with the power amplifier. As a communications engineer, our objective is to
reduce the PAPR.
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3.1.2 PAPR Reduction Techniques

Orthogonal frequency division multiplexing is one of the strongest contender OFDM times, and
the ability to reject interference, high spectral efficiency of 4G systems, and other wireless
technology [1] is one of the strongest candidates. According to the SLM to reduce the calculation
of complex, time-domain OFDM signal to provide accurate, real, real, imaginary and replaced,
such as SLM, even stunning consequences, and under the strange, mythical and even further, for
example, the consequences of any change in method of use Time will be developed with a
regular, continuous movements and shifts in time. Therefore, the proposed method M from the
opposite candidates quickly sided with the improved performance of PAPR reduction is
transformed (IFFT) blocks. However, the high PAPR of OFDM signals, in turn, is related to the
total value of the highest salaries at the end [2] is used, affects the electrical efficiency. The
decisions to reduce the impact of high PAPR, several lines of additional codes, shearing, such as
literature, namely, filters and compression [3], [4] commanding and change [5], error control

coding techniques are available [6] Reed Muller codes, [7] and a number of

signal patterns, namely, the selected card (SLM) [8], partial sequence (PTS) [9], etc. SLM
scheme to reduce PAPR, but he did not introduce distortion, is popular among all the other
methods as well as easier to implement. The candidates, however, M IFFT to create a plan of
action CSLM another, suffer from the complexity of the calculation. In order to reduce the
calculation of the complex, and a flawless sequence of equal magnitude less complex SLM

structure [10] and the proposed map and additives sequences SLM used.

This presents techniques for reducing PAPR [1]. Some, like cutting and filtering methods to
reduce, Coding, and partly on the number, and a map of the selected Tone Reservation and Tone
Injection, Constellation is a summary of the type described here.

3.1.3 Amplitude Clipping and Filtering

A threshold value of the IFFT signal is set in this process IFFT fast in the grip of this process and
one-sided, negative signal of a sub-carrier (IFFT) amplitude established threshold values are
obtained from the sub-carrier and is filtered out of the maximum average power ratio (PAPR)

value. The grip of this, we chose to subcarriers digital converter (ADCs) for the power amplifier
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and an analog-dependent. Amplitude for the compression part of the OFDM PAPR reduction can
be carried out, at least, is a complex system. This is a technique used to reduce PAPR is simple.
Clipping [8] limits the maximum value of the input signal amplitude in prison. Evaluation of
maximum amplitude of a signal in this situation, and to destroy the PIN-based. This pre-cutting

the value of the high qualities features allowed by the angry and the rest of the un-irritated

x |x|<U
elPu x| >U

P(x) = { (3.1)

Where, P(x) represent the amplitude value for clipping, x represent the transmit data signal

during channel, ¢=[0 2x] and U represent the clipping the signal for users.

Various methods [1] - [5] PAPR reduction is recommended simple and commonly used method

of finite lower PAPR is cut to limit the signal, but it can also cause

distortion of the robbers, and the group advertisement. The code of the block according [2] with
a low PAPR by encoding information into code-word to reduce the PAPR increase, but not
excessive [4]. The selected mapping (SLM) and partial transmit sequence in excess of the (PTS)
with a relatively small increase proposed for PAPR reduction, but there is no signal distortion.
SLM-year period to mark the introduction of additional sequences, sequences, and a pre-
determined sequence, that can be formed by multiplying. After that, the Group PAPR OFDM
signal with a fast-sided transform (IFFT), and was selected to the opposite.

> N-K )
% stage > % a —>
A Select the
pt a' OFDM g
Input S/ K stage ( ) 5 N-K Z az => signal
data P IFFT stage with
/I\ /l\ minimum
PZ Ainge, PAPR
N-K ’
9@% stage > Z a’ =>
Ainde.
PU

Figure 3.1: SLM for OFDM block diagram
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In partial transmit sequence (PTS), The sequence of the introduction of a number of disjoint sub-
blocks. IFFT is used for each sub-block and sub-blocks, coupled with a sequence of signals, they
are distinct reasons after the sitting. Then, PAPR is rotating, and each package. This is more
useful than the SLM partial sequence is limited to the amount in excess of the (passport), but the

SLM on the complexity of the calculation of

The partial sequence (PTS) is a lot more than it has been revealed. The complexity of the
calculation of the SLM stage is increased depending on the number of sequences. Carriers
generally, and the OFDM system is the increase in complexity of the calculation, limiting the

implementation of the SLM.
3.2 COVENANTAL SLM FOR OFDM

In Figure 3.1 show as well as traditional favorite alternative method (SLM), and Orthogonal
Frequency Division multiplexing (OFDM) symbol sequences are successively carried out by
multiplication. The main idea of this technique is an alternative to the original data block the
development of a number of OFDM signals and OFDM signal with the minimum PAPR for the
first time. However, the transmitter of the data rate of loss, and there are two main disadvantages
of this method is its complexity. Under this method, the N data and statistical experts,
information, data sequences, and each sequence of N by N to create a variety of images in the
time domain OFDM complex IFFT N-way in the direction of change. is chosen to provide an

image with a low PAPR.

In OFDM is used to reduce the PAPR is low distortion and effective method. This method name,
a number will be selected from among a number of sequences shows that there is. According to
the concept of discrete-time OFDM block of information, we must take into account the N
number of symbols Ranking station features a number. The number of N subcarriers to be used
in the case. After that, an independent candidate directions, block U is formed by increasing the
number of independent stage directions. Various time-domain OFDM symbols to create a main

objective of the strategy of SLM false time-domain OFDM
x = [x(0),x(1),..x(n — D]* (3.2)
Where n is the sub-carrier for every factors at transmit signal from base station to users,
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PY represent the transmit power allocation, where PU = [P, P?,....,PY"1], 0<u<U-1.

At the receiver, in case the buyer effectively dab in order to demodulate the signal, the
performance of M among the candidates for a variety of series connected Littlest PAPR. In this
regard, receiver and transmitter to be found in this series of effective guarantees

The stage to find out information about the selected row in the direction required. The
methodology of instinct is delivered to at least the end of the side branch, the number of
members will select the entire list. In practice, however, this disease can be acknowledged by
sending a sequence of course. Before the end of this precious little look: sitting at the table, or
any other means of access to a list of the basic steps for a way to restore it is only when there is a

change or whatever other means.
The established of OFDM for transmit signal sequences can be written as
x* =T, X, ® PY (3.3)

where @ means the module wise development of two paths. The phase sequence, PAU represent
produced by consuming a convoluted number scale importance, PV = e/%« where ¢=[0 2xu].
These unusual enter successions, x"are then experienced Inverse fast Fourier Transform (IFFT)
procedure to produce OFDM signal in the time domain. The transmit signal based on

convolution SLM in PAPR is written as
1 _ .
x“(t) = \/—Nz’i\’zolxu. e/?mkt 0<t<Nt (3.4)

where e/?™k represent the achieved for OFDM signal rendering the inverse fast Fourier
transform

. max(x%(t))?
a* =arg min u—(l]
o<u<U-1l Elx*(®)]

(3.5)

It should be noted, with signals transmitted along with the buyer side, a*u index to interpret the
relevant entry. [8] Reported that increased after the increased y, PAPR reduction. At the same
time, the change-sided blocks, opposite the large number of U and computational complexity
increases are too high. [8] [14] the large u and the computational complexity become too high.
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3.3 MODIFIED SELECTING MAPPING

A modified Selective Mapping is the proposed and conventional SLM is a much more high-
Average Power Ratio (PAPR) indicated for the reduction of variation. The change in the
proposed method IFF) block offers a great reduction in reverse. according to (3.3), Orthogonal
Frequency Division multiplexing (OFDM) signals generated by increasing the X, and
orthogonal sinusoids IFFT, e/2™/k, These two modules, x,, and= e/2™ & are significant functions

to control of the PAPR, the power symbols are calculated by

x® = |X:I2 (3.6)

Data symbol sequences x_n are the complex form of data modulated by the digital modulation
QAM to the codeword bits. To increase the probability of constellation points. This technique is
limited to the M-ary modulation scheme as the circulate shift will need two or more bits in a
code-word to shift the bits.

a® M-ary
xa
|anut ﬁ@ Digital
ata S
_ S/P Modulatio

n

Figure 3.2: Conventional SLM for block diagram

In the discrete time domain (DTD), an the transmitted signal in OFDM signal x =
[x(0), x(1), ...x(n — 1)]* of N carriers, Every signal of the phase orders would have component
greatness to domain the high transmit power and assemblage of the enter symbol arrangement.

The original phase sequence PV represent the typically wholly one sequencel.

For the comfort of employment, PU is frequently chosen between [£1]. The OFDM transmit
signal a* = IFFT with the smallest peak to average power ratio is chosen for communication,

where U is written as
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U= arg min a“ (3.7)

o<u<U-1

3.4 NEW SELECTING MAPPING FOR OFDM

Unlike the conventional of the sequence of each stage of the sequence of the proposed scheme,
unlike conventional SLM scheme, "a so-called" intermediate signal, partly IFFT-ed sequence.
The new SLM OFDM scheme is a block diagram in Fig. 3.1. In this scheme, N = 2%, The
inverse situation is fast decimation-in-time driver change (IFFT) on the basis of the algorithm is
divided into two parts. The first part of the first stages of the IFFT and the second part is an IFFT
of the remaining n-k stages. Collection of orthogonal frequency division (OFDM) signals
produced by multiplying the various stages of a group of sequencesPV, 0 <u < Uto the
transitional data signal a* subsequent to k-th period of IFFT. In comparison with conventional
selective card scheme and the new scheme to be exempted from the calculation of the burden of
the international signal are used in common a%. Stage series used in the transmitter of
information should be the recipient of SLM scheme. Conditional random card scheme, this index
as a sign of the queue signal signal A;,qex IS €xtra to the information symbol series Ag4:q tO
procedure the enter symbol series A = Agara + Aindex- Frequently the directory is encrypted for

error uncovering and improvement.
3.4.1 Partial Transmit Sequence (PTS)

In PTS the passport of the frequency-domain input data, x(K) Thus, the N non-overlapping sub-
block in the same direction, and each sub-block Kabyldin with each other, there is a sub-part
(N/M ) -zero elements; with the remaining part of the zero-soft. In the sequence of partial
transfer (passport), [11] features, a method of N input data sets are disjoint sub-blocks. Each sub-
block sub-carriers are weighted by the impact to the sub-block stage. Stage circumstances, the
combined signals are selected PAPR environmental, however, using this method, the rate of data

loss.

The time-domain is partially orthogonal frequency division (OFDM) symbols accumulation of
N-point complex formed by the IFFTs; With each of the (N/M) is not zero, resources, and
[N(1—-1/M)] zero-bakborta. Mathematically, therefore, an OFDM symbol may be expressed

as:
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xU(t) = Viﬁzgv;ol X¥. eJ2%fk ¢ [IFFTx(t)] (3.8)
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Figure 3.3: Block diagram Conventional PTS

Time domain IFFT product is growing in all directions by rotating stage, then gradually rotation,
and M-OFDM symbols "weighted" according to the general introduction of the information

system includes a full OFDM symbol carrying capacity.

The main issue of the passport has chosen to be very low PAPR OFDM turn directions to each of
the images in the road to make an image of M is a suitable stage of the action. This is ideal to
reach an agreement with the trials considered in the calculation of each company in order to find

the PAPR is required. PTS-based PAPR reduction scheme is part of the procedure.
3.5 SELECTED MAPPING (SLM) COMBINED WITH CLIPPING

This is where we first IFFT signal compression method and the SLM used. The following is the
procedure. First, the bit-source mapping of serial bits, such as coma, for example, can be resilient
to some degree (orthogonal amplitude map of the formulation) or PSK (phase shift), etc.

After a map compression technology, which are made to turn off the signal exceeds the threshold
value. Thus, the loss of data this data compression, then the user bit-stream serial-to-parallel and

parallel streams are converted.
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This equivalent data signal sequences is increased with the phase signals (P (1), P (2), ... ... ..
P (U) ). A sub-carrier path is grown due to multipath transmission for subcarrier aware with
every single of the U paths P (U) , then subsequent to section section a* = Ay PY, a* = IDFT
= IDFT x(t) }. Nonetheless totally U different sub-carrier directions are distorted keen on time
province to grow a = a.n and lastly that communicate structure with the smallest PAPR is

selected.
3.6 SELECTED MAPPING (SLM) COMBINED WITH CODING

The SLM calculation of highly complex disorders. Thus, the demand for high-speed operation of

complex hardware, which in turn increases the cost of implementation at

The transmitter system and electricity consumption. In order to overcome these restrictions, we
have proposed to the complexity of SLM page below. However, SLM-PAPR reduction
performance of every element on the rotating stage of the cycle, and is determined by the total
number of candidates. Therefore, PAPR reduction stage with the following list of auto property,

namely, Riemann, page Rima and chaotic sequences of our proposed method is used.

Similarly, here, we are the first encoding method, and then applies the selected mapping
technique. Here, we use a method of encoding is convolutional encoding. Whereas the
convolutional encoder and encodes it using modulated signal modulated bit. And bits are
converted to forgive a serial-parallel and parallel flow. This has increased the flow of
information about the phase sequence (P (1), P (2), ... ... .. P (U)). A sub transferor course A
is increased subcarrier informed with every one of the U routes P (U), then ensuing to module A
n (u) = An. Pn (u), a (w) = IDFT{A (U) }. Afterward every U substitute sub-carrier directions
are converted into time domain to grow = a n and Finally, the Group selected list of PAPR.

convolutional Decoder in order to decode the information and initial data are used.
3.7 POWER SAVINGS THROUGH SELECTED MAPPING

The average input signals peak electricity must be taken into account to reduce the influence of
the distortion of the OFDM system needs to do, and should be used to introduce a re-cap (IBO).
Can achieve the desired output power IBO is a measure to reduce the introduction of electricity.
IBO average amount of electricity used in connection with peak efficiency and PAPR 1, great
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PAPR consequence in growing IBO and reducing 7. IBO with a probability equal to the PAPR.

OFDM system may be used in the earnings performance [13],

= (3.9)

Pgc

The Class amplifiers are inefficient amplifiers, for example, range between 10 to 25%, the
highest efficiency of up to 50%, and increase their effectiveness. Thus, the ideal linear power
amplifier should be used to maintain saturation. This is an ideal power amplifier.

= (3.10)

" PAR

Energy saving in electricity consumption can be defined as P, to the efficiency 1,

Pou
Pac =2 (3.11)

Now, by replace with (3.9) into (3.10), it able to reason out this score,

P, = —out (3.12)

2:PAR
P;. =2*PAR % P, (3.13)
Therefore, the other is written to the effectiveness of the protective power,
Psaving = 2 * Poyt(PARy — PAR3) (3.14)

To compute power savings gain g, occupancy us signify that are able to improve the power

saving gain g, as the percentage of savings power the production influence,

Psavin
gs = —& (3.15)

Pout

Based on the Eq.(3.13) and Eq.(3.14), that can streamlined the gain

_ 2%Pyyut(PAR{—PAR3)

(3.16)

9s Pout

Therefore, the investments gain g, as the consequence of Peak to Average Power Ratio can be

writting as
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gs = 2 * Py, (PAR; — PAR,) (3.17)

3.8 SUMMARY

In this chapter, The SLM calculation of highly complex disorders. Thus, the demand for high-
speed operation of complex hardware, which in turn increases the cost of implementation at the
transmitter system and electricity consumption. In OFDM is used to reduce the PAPR is low
distortion and effective method. The average input signals peak electricity must be taken into
account to reduce the influence of the distortion of the OFDM system needs to do, and should be
used to achieve the desired output power IBO is a measure to reduce the introduction of
electricity.
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4. SIMULATIONS RESULTS
4.1 OVERVIEW

In chapter 4, we simulated the orthogonal frequency division multiplexing system with several
numbers of subcarriers and with sub blocks based on SLM using MATLAB simulation. Analysis
was done for bit error rate performance of the simulated OFDM, the complementary cumulative
distribution function (CCDF) schemes for several PAPR decrease procedures are plotted. This
chapter proposes a novel peak to average power ratio (PAPR) reduction with used the SLM
system that involves no margin knowledge in orthogonal frequency division multiplexing
(OFDM) systems.

4.2 IFFT SIGNAL FOR CLIPPING

Figure 4.1 demonstrations the invers fast Fourier transform (IFFT) productivity of transmit
signal, it be able to be realized that it includes great PAPR as the peak power is greatly huger
than the average transmit power. Therefore, currently after we concern clipping system to this
transmit signal, a segment of the signal exceeding the entrance is clipped off providing decreased
peak to average power ratio (PAPR), we repaired the beginning to be 0.3 and the calculation

following clipping.

035

Amplitude IFFT

Figure 4.1: Related of Amplitude IFFT with time after clipping
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First the orthogonal frequency division multiplexing (OFDM) system with the systems in the top
of one of the average electricity is examining (PAPR)

OFDM using binary phase-shift keying in (BPSK) with a continuous phase frequency OFDM
(CPM) by convolution. Figure 4.2 shows OFDM BPSK, OFDM in the world with a brand
PAPR. PAPR values of average power ratio of the peak of the BPSK scheme (PAPR), optimized
codes with the PAPR can be decreased, and further, and further demonstrates that it can be
reduced. This project is implemented with the continuous phase frequency in OFDM and use
BPSK. For BPSK technique SLM PAPR reduction based on the method used, is shown in Figure
4.2. We chose to use card (SLM) PAPR is reduced too much, should be noted. The complexity
of the system, increased use of the SLM and the analog to digital converter or digital to analog

converter (ADC / DAC), and provides a good sign for the power amplifiers.
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Figure 4.3 shows the number of subcarriers other SLM method together with an additional
portion of the distribution function for the PAPR. Subcarrier for 128 at the plot of the show, the
64 and 32-subcarriers for the cumulative distribution function (CCDF) bent complement each
other, and that the number of PAPR subcarriers a little bit of

OFDM is the general trend. SLM and is known to reduce the PAPR. The power reduction was
small at used SLM while at used continuous phase modulation (CPM) the peak to average power
ratio it will be increases more than OFDM BPSK with used selective mapping. The probability

of error increases with used continuous phase modulation.
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Figure 4.4: Related of PAPR with and without SLM
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Figure 4.4 PAPR cumulative distribution function (CCDF) shows the proposed team for the
PAPR techniques. We cut and SLM method, combined with the code and its behavior analysis.
The code of the above plot CCDF and looked more likely SLM curve (PAPR> Z) axis, and at
least could see the PAPR. We cut alone or together with the code, instead of using SLM
conclude, therefore, a good combination, can provide better PAPR performance SLM Plus code

will be also it is greatest when the combination is SLM coding.

10 e

221] —+— OFDMPSK
1 —4— OFDMPM

| —+— OFDM-BPSK without SLM ||
OFDM-BPSK-SLM

Prob (PAPR>PAPRD), codf plot

Figure 4.5: Related of PAPR for CCDF with and without SLM

From Figure 4.5 show the related between probability of (PAPR> z) versus PAPRO. The
techniques of OFDM with BPSK for SLM provide the performance power more than at used the
OFDM without BPSK for SLM. According to the PAPR complementary cumulative distribution
function (CCDF) in this Figure provide the high quality of power (minimize the PAPR), at used
OFDM BPSK with SLM based on used clipping that enhance the channel at transmit power
based on used the OFDM BPSK with SLM.

4.3 PERFORMANCE ANALYSIS AT INCREASES NUMBER OF SUBCARRIER

From Figure 4.6, the techniques of SLM provide the good values of peak to average power ratio
due to more number of transmitted antennas N= 256. The new techniques of SLM was able to
improve the transmission performance by eliminate the inter- symbol interference, interleaving,
and inter carrier interference. The probability of PAPR> PAPRO provide the high power based
on used the SLM with coding.
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Figure 4.6: Related of PAPR for CCDF when N=256

The OFDM signals orthogonal Modulation signal amplitude and the frequency spectrum of the
radio frequency spectrum shown in figures 4.6 and 4.7, respectively. Figure 4.9 shows 256
subcarriers and M-modulated OFDM signals in time domain, and consistent with the scale of 16
to add to subcarriers of the OFDM signal is a peak height of the average power can be seen in the
picture, and the same stage. RF and wages, as well as to reduce the effectiveness of the inter-
carrier interference, because this is a high PAPR is a very important point. Thus, SLM scheme
PAPR is a way to reduce the impact of this technology are discussed in the next chapter. This
section will reduce the PAPR and this is a great map of the selected PAPR reduction scheme is
that it can be discussed. Figures 4.6, 4.7, 4.8, 4.9, and U, respectively, phase sequences and
subcarriers N. Using the equation of different values (3.13) and reducing the maximum electric
power ratio (PAPR) of the selected mapping (SLM) scheme that shows the efficiency of the
highest figures U good PAPR reduction can be cleaned by increasing the number of step-by-step
sequences. (3.11) OFDM symbol in the picture, for example, a portion of a PAPR reduction
curve for N = 62. From the picture, the better the performance of the PAPR reduction is the
threshold necessary for U = 4, but assuming there is no SLM, U = 32, 16, 8, is necessary for the

performance of PAPR reduction, but that it can be seen that 10.5 performance.
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Figure 4.7 show the related between the Prob(PAPR >PAPRO) verses PAPRO according of the
SLM with subcarrier. We noted from the Figure 4.7 at increases the number of subcarrier from
U=4, the PAPRO equal to (6.3dB), while at increased the number of subcarrier from (8, 16, 32,
64) the PAPRO it will be increases directly from (7.2, 8.1, 9.3, 11.2) when the number of
antennas = 64, due to more hardware and radio frequency chain it will be consume more of
power in addition to the channel it will be critical at increases transmitted signal depend on the

number of transmitted antennas.
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Figure 4.8: Related of PAPR for CCDF when N=128

From Figure 4.8, when the number of antenna arrays increased to N=128, in the case we can
noted the PAPRO it will be increases directly compare when the number of antenna arrays N=64.
Therefore, the related of complementary cumulative distribution function (CCDF) for proposed
PAPR technique at increases the number of subcarrier it will be increases at increase number of
transmitted antennas N=128, where when the number of subcarrier from U= 4, the PAPRO equal
to (7 dB), while at increased the number of subcarrier fro(8, 16, 32, 64) the PAPRO it will be
increases directly from (7.7, 8.4, 9.7, 11.4) when the number of antennas = 128, due to more

hardware and error correction in the system that will be make difficult at used the SLM.
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Figure 4.9: Related of PAPR for CCDF when N=512

The same set of OFDM subcarriers U= 64 and M-512 east of the multiple number of antennas
transmitted modulated OFDM signal, Figure 4.9 shows the time domain, as Figure 4.9 OFDM
signal consists of a high peak to average power, consistent with the same stage of the subcarriers
expense. From Figure 4.7, 4.8 and 4.9, we have three of them due to a system error subcarrier
granted an average increase of electricity increases. In addition, the data block sizes for each sign

of the degree and the light from the group of clipping noise.
4.4 CHAPTER SUMMARY

In this section, for chapter summary the simulation results, approaching the capacity of the
simulation results of the SLM for the code on the basis of speed compared to other metrics
depend on the results obtained. Based on SLM using MATLAB simulation. Analysis was done
for bit error rate performance of the simulated OFDM, the complementary cumulative
distribution function (CCDF) schemes for several PAPR decrease procedures are plotted. This
chapter proposes a novel peak to average power ratio (PAPR) reduction with used the SLM
system that involves no margin knowledge in OFDM. there would be great sum rate base on

evaluate both of high performance of power efficiency and lower bit error rate. The demand for
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high-data rate and bit error rate, improve the efficiency of compromising between the trade-off
can be performed with a carrier frequency. Frequency selective fading environment, it is a little
more with a bit error rate performance for the truck speed is very difficult to achieve a high data
rate. multi-carrier systems with a variety of methods to reduce peak to average power ratio
(PAPR) in carrying out the research. In addition to reducing the PAPR and salaries
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5. CONCLUSIONS

5.1 CONCLUSIONS

From OFDM system with selective mapping has been explained in this thesis. This is due to the
OFDM system, there are advantages that supports a nationwide communications system. For
example, a flat-fading channels, the ability of a system for selecting the fading frequency
channels. Also, the international sign of inters carrier interference into adulthood. In addition, the
channel conditions, system flexibility, and design to satisfy these. The average ratio of the
electrical problem and discussed, as well as influence on the transmitted signal. Methods such as
the ratio of average power and signal distortion, Coding Schemes and Marker-fighting
techniques, there are many proposals to solve the maximum reduction methods. A map of the
selected method (SLM) was the main topic of the project. Explained SLM and SLM showed that
a majority of the reduction method. As well as for energy saving is achieved through the selected
card. No part of this project and the SLM OFDM symbol shows the results of the coach. The
results of the coach is only possible with the cards selected PAPR reduction scheme, stated that,
while U, which can be obtained by increasing the number of PAPR reduction step sequences. In

addition, Multicarrier, a noise variance for the

provision of high-speed communication channels is a very attractive strategy. PAPR issue must
be tended in order to create a framework for multicarrier is one of the most important issues. In
this case, we have to multicarrier several PAPR reduction procedures. PAPR reduction strategy
proposed in the literature, all of them, perhaps, with the complexity of the calculation system for
transmitting data rate, and can PAPR due to the danger of diminishing. We have explored some
of the ways to reduce the high PAPR system. We are cutting the proposed joint programs, such
as SLM and the SLM, along with good PAPR results in code, this approach was successful.
Amplitude loss of data, plus the results of the SLM technique, while cutting the selected
mapping (SLM), the code will not affect the data. SLM combined smoking and comparing SLM
line of code methods From United SLM hybrid coding, we can conclude to be effective in
reducing the PAPR.

We noted from the Figure 4.7 at increases the number of subcarrier from U=4, the PAPRO equal
to (6.3dB), while at increased the number of subcarrier from (8, 16, 32, 64) the PAPRO it will be
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increases directly from (7.2, 8.1, 9.3, 11.2) when the number of antennas =64, due to more
hardware and radio frequency chain it will be consume more of power in addition to the channel

it will be critical at increases transmitted signal depend on the number of transmitted antennas.

5.2 FUTURE WORK

The following are recommendations of exciting topics that can be followed as additions of this

thesis
e Enhancing high transmitted power efficiency base n used the technique selected mapping.

e Used phase sequences for CPM to reduce the clipping and inter-symbol interference for

selected mapping detection.
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APPENDIX A

MATLAB CODE FOR BER FOR EB/NO MODULATION

clear all

close all

clear all;close all

zdb= [0:1:12] ;

z= 10.7(zdb/10) ;

U= 1[1, 2, 4, 8, 16]; N=64;

p=ones (length (z), 12);

for j=l:length(U);

p(:,3)= (1-(l-exp(-(z)))."(2.8*N))."U(J);

semilogy (zdb, p); grid on ;legend('SLM with subcarrier U=4','SLM with
subcarrier U=8','SLM with subcarrier U=16','SLM with subcarrier U=32','SLM
with subcarrier U=64")

axis ([4 12 107-4 11]);

hold on

ylabel ('Prob. (PAPR>PAPRO), ccdf plot ')

xlabel ('PAPRO (dB) ")

end
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APPENDIX B

MATLAB CODE BER FOR BIT/ RECEIVE ANTENNA ARRAY

clear all %Clear all variables
%close all %Close all figures
EbNodB=10; $EbNo on dB scale

EbNo=10" (EbNodB/10) ; $EbNo on linear scale

N vector=2:2:18; $Rx array length range
M=16; $Tx array length (or users)

for j=1l:length (N _vector)%Varying the length of the receive array

N=N_vector (j); %Selecting a value of N
R MS=eye (M, M) ; $Initializing R_MS
R BS=eye (N, N) ; %Initializing R _BS
for p=1:M
for g=1:M
R MS (p, q)=exp (-abs (p-q)) ; %Correlation coefficient
end
end
for p=1:N
for g=1:N
R BS (p,q)=exp(-abs(p-q)/10);%Correlation coefficient
end
end
for k=1:1000 %$This number may be increased
[ber]=Massive MIMO (M,N,R MS,R BS,EbNo); %Main function
BER array (k) =ber; %$Storing the BER in the array
end

BER total (j)=mean(BER array); %Calculating the mean BER for each N
end

semilogy (N _vector, BER total, 'ko-'"') %Plot on log scale
xlabel ('Receive Array Size(N) ') $X-label
ylabel ('BER'") $Y-label
hold on %$Hold on
grid on %Grid on
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APPENDIX C

MATLAB CODE BER FOR MINIMUM SHIFT KEYING

o
= o
H o
Z o
H o
= o
G o
= o

o

n o

o o

H o

o

H o

o

N o

= o
=
—
Z
(]
o° oo

GENERALTZED MATRIX BASED
% BER OF MSK IN RAYLEIGH FADING %

% WWW . raymaps.com %
S5 5555555555555 5%5%55%5%55%5%5%5%5%%%%
clear all

close all

Ns=4;

Nbits=1leb6;

Nstat=100;

Eb=Ns;

EbNodB=10;

% MODULATION

bits in=round(rand(1l,Nbits))

differential bits=abs(diff ([0, bits in]));

bipolar symbols=differential bits*2-1;

symbols oversampled=(ones (Ns, 1)) *bipolar symbols;
symbols_oversampled=(l/Ns)*transpose(symbols_oversampled(:));
cumulative phase=(pi/2) *cumsum(symbols oversampled) ;

tx signal=exp (i* (cumulative phase)) ;

% CHANNEL (NOISE AND FADING)

EbNo=10" (EbNodB/10) ;

sigma=sqrt (Eb/ (2*EbNo)) ;

AWGN noise=randn(1l,Ns*Nbits)+i*randn (1,Ns*Nbits)

ray chan=(1/sqrt(2))* (randn(l,Nbits/Nstat)+i*randn(1l,Nbits/Nstat));
ray chan mat=ones (Nstat*Ns, 1) *ray chan;

ray chan vec=transpose(ray chan mat(:));
rx_signal=ray chan vec.*tx signal+sigma*AWGN noise;

% DEMODULATION (EQUALIZATION, CORRELATION, DECISION)
rx_signal=rx signal.*conj (ray chan vec);

sin waveform=sin (pi/ (2*Ns) :pi/ (2*Ns) :pi);

rx _real=[real (rx_signal (Ns+l:end)), zeros(l,Ns)];
rx_imag=[imag(rx signal(l:end))];

rx I metric=sin waveform*reshape (rx real, 2*Ns, Nbits/2);
rx Q metric=sin waveform*reshape (rx imag, 2*Ns, Nbits/2);

n=1:Nbits/2;

rx I metric=(-1).%(n+l).*rx I metric;
rx_Q metric=(-1).%(n+l).*rx Q metric;
rx_combined=[rx Q metric; rx I metric];
rx combined=transpose (rx_combined(:));
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demodulated symbols=sign(rx_combined) ;
bits out=demodulated symbols*0.5+0.5;

$BER CALCULATION

ber theoretical=0.5* (1-sqrt (EbNo/ (EbNo+1)))
ber simulated=sum(bits out==bits in) /Nbits
plot (ber theoretical);hold on

plot (ber simulated, 'r');hold off

semilogy (ber theoretical,' r-', ber simulated, 'k--"') %Plot on log scale
xlabel ('Receive Array Size(N)') $X-label

ylabel ('BER'") $Y-label

hold on $Hold on

grid on

%6%6%0%0%0%0%0%0%%%%6%6%6%0%0%0%0%0 %% %% %6%6%06%0 %% %% %%

nos=32;%No. of subcarrierrs

nob=10"5;%No. of blocks

PAPRdb BPSK SIM=zeros (length(nos),nob);% initializingthe PAPRdb matrix
for i=l:length (nos)

%source bit generation

c=2.*(randi([0,1],nob,nos))-1;

% phase factor matrix [B] generation
[1 -1 1i -1i]; % phase factor possible wvalues
=randsrc(nos,16,p); % generate nos-point phasefactors

PAPR=zeros (16,nob);swe calculate PAPR for everyOFDM symbols with 16 sets of
phase factores

for j=1:16

% in every cycle of loop we calculate the PAPRfor one of the phase

% factors set

OFDM SLM symbols=c.* (B(:,J)*ones(1l,nob));% multiplying phase factors to all
the blocks of OFDMsymbols

Q=ifft (OFDM SLM symbols);%ifft transform

clear CPM SILM symbols

Q abs=abs (Q);%the complex modulus (magnitude)

clear s

Ex2=sum (power (Q abs,2))/nos;% the avrage of
PAPR(j,:)=max(power(Q_abs,2))./Ex2;%calculatethe PAPR
clear Ex2 s abs

end

clear c

clear Q

PAPRdb BPSK SIM(i, :)=10*1ogl0 (min (PAPR));%calculatethe PAPR in db% chose

minimum PAPR and store it in a matrix for ploting them at the end
clear PAPR

49



[x, y]=ccdf (PAPRdb BPSK SLM(1l,:),0.9);%see the ccdffunction

legend ('OFDM SILM + CLIPPING', 'OFDM SLM +CODING', 'OFDM SLM ONLY ') ;
semilogy (x,y, 'Marker', 'k', 'color','g');

hold on;

[

% gridon %plot command, y axis will be logarithmic

axis ([0 13 107-2 1]);%limit the x and y axis ([xmin xmax ymin ymax]),see help

xlabel ("PAPRO (dB) ") ; $label x axis
ylabel ('Prob. (PAPR>PAPRO), ccdf plot');%label y axis

20%6%0%%0%%6% %% %% %% %6 %% %% %% %% %% %%

clc
$clear command window

[

% clear all % clear all variables and matlab figure and

o)

% close all

tic

% Constant value

h=0.3;% COnstant for frequency of phases30

nos=32; $number of subscarrier

nob=10"5; $number of sub blocks
PAPR=zeros (1, nob) ;%initialize the PAPR matrix to zero
Ex2=zeros (1, nob) ;

PAPRdb CPM=zeros(l,nob);% initializing the PAPRdbmatrix
a=randsrc (nob, nos) ;

nos=16;%No. of subcarrierrs

nob=10"5;%No. of blocks

PAPRdb BPSK SIM=zeros (length(nos),nob);% initializingthe PAPRdb matrix
for i=l:length (nos)

%source bit generation

c=2.*(randi([0,1],nob,nos))-1;

% phase factor matrix [B] generation
[1 -1 1i -1i]; % phase factor possible values
=randsrc(nos,16,p); % generate nos-point phasefactors
PAPR=zeros (16,nob);%we calculate PAPR for everyOFDM symbols with 16 sets
phase factores
for j=1l:16
% in every cycle of loop we calculate the PAPRfor one of the phase
% factors set
OFDM_SLM symbols=c.* (B(:,J)*ones(1l,nob));%multiplying phase factors to
the blocks of OFDM symbols
Q=ifft (OFDM_SLM symbols);%ifft transform
clear CPM SLM symbols
Q abs=abs (Q);%the complex modulus (magnitude) 31
clear s
Ex2=sum (power (Q abs,2))/nos;% the avrage of
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PAPR (], :)=max (power (Q abs,2))./Ex2;%calculate the PAPR
clear Ex2 s abs

end
clear c
clear Q
PAPRdb BPSK SIM(i, :)=10*1ogl0 (min (PAPR));%calculate the PAPR 1in db% chose
minimum PAPR and store it in amatrix for ploting them at the end
clear PAPR
end
[x, y]l=ccdf (PAPRdb BPSK SLM(1l,:),0.9);%see the ccdffunction
semilogy(x,y, "Marker','s', 'color','r'");
hold on;
% gridon %plot command, y axis will be logarithmic
axis ([0 13 107-3 1]);%limit the x and y axis ([xminxmax ymin ymax]),see help

xlabel ('PAPRO (dB) ') ;%label x axis

ylabel ('Prob. (PAPR>PAPRO), ccdf plot');%label y axis

legend ('OFDM BPSK', 'OFDM CPM', 'OFDM-BPSK without SLM', 'OFDM-BPSK-SLM') ;
hold on;
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