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Abstract--Multicarrier broadcast is a totally attractive
technique for excessive-velocity broadcast over a dispersive
communique channel. The PAPR hassle is one of the
significant troubles to be addressed in mounting multicarrier
transmission systems. In this text we describe a few PAPR
reduction strategies for multicarrier transmission. Many
promising techniques to reduce PAPR had been proposed, all
of which have the potential to offer extensive reduction in
PAPR at the price of loss in information price, transmit sign
energy increase, BER increase, computational complexity
increase, and so forth. No specific PAPR discount approach is
the pleasant answer for all multicarrier transmission systems.
Rather, the PAPR reduction approach ought to be cautiously
selected in keeping with diverse device necessities.

1. Introduction:

Some decades ago, each the assets and transmission gadget
had been on analog layout but the advancement of era made it
viable to transmit statistics in digital form. The facts payload
capability and transmission charge expanded from kilobit to
gigabit due to growth in pace of computer systems [3]. From
twine to wi-fi concept emerged and researchers get
achievement to invent wireless transmitter to transmit data.
Applications like voice, net access, instantaneous messaging,
SMS, paging, document shifting, video conferencing, gaming
and amusement and many others, have become a part of
lifestyles. Wireless era supplied higher throughput, substantial
mobility, longer variety, strong backbone to thereat. The
vision extended a piece greater to offer easy transmission of
multimedia anywhere with range at low price and versatility
even in extraordinary environment.

Wireless Broadband Access (WBA) thru DSL, T1-line or
cable infrastructure is not available in rural areas. The DSL
can covers only up to near approximately 18,000 toes (3
miles), this is why many city, suburban, and rural areas can't
be served by WBA. The Wi-Fi trendy broadband connection
may additionally clear up this trouble a chunk but it has
insurance limitations. But the Metropolitan-Area Wireless
fashionable that's known as WiMAX can resolve these barriers
[4]. There are certain differences among Fixed WiMAX and
Mobile WiMAX. 802.16d (Rev 2004) is known as Fixed
WiIMAX and 802.16e popular is fondly referred as Mobile-
WiIMAX. The 802.16d popular helps fixed and nomadic
programs whereas 802.16e Performance Evaluation of IEEE
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802.16e (Mobile WIMAX) in OFDM Physical Layer
widespread helps fixed, nomadic, cell and transportable
programs. The 802.16e includes all of the capabilities of
802.16d standard at the side of new specs that enables
complete mobility at wvehicular speed, higher QasS,
Performance and power control however 802.16e devices are
not well suited with 802.16d base stations as 802.16e
primarily based on TDD whereas 802.16d is on FDD. Due to
other compatibility issues with current networks, 802.16e
followed S-OFDMA and 2048-FFT length. The predominant
intention of mobile WiMAX is to support roaming capability
and handover between Mobile Station (MS) and Base Station
(BS) [3]. Several countries have already planned Mobile
WiMAX for commercial offerings. The development covered
a few new capabilities at the hyperlink layer. Such capabilities
are, extraordinary forms of handover techniques, strong
strength saving device and a couple of broadcast helps and
many others.

2. Related Work:

Marie Strom et. Al. (2011) [15], they worked on waveform
synthesis given a preferred strength spectrum. The residences
of the designed waveforms are such that the general gadget
performance is increased. The metric used to evaluate the
optimality of the synthesized time area indicators is the height-
to-common power ratio (PAPR). We discuss a way to
synthesize waveforms the use of the method of partial transmit
series (PTS). The key factor is that the gradient can explicitly
be derived from the objective characteristic. Furthermore, the
end result is prolonged by allowing the energy spectrum to
deviate from its authentic form, yielding a further reduction
within the PAPR. The method is applied to derived power
spectra for wideband multiple-enter-multiple-output (MIMO)
radar. It is proven that the proposed technique can gain top of
the line or near greatest overall performance with PAPR under
0.Five dB.

Christoph Studer et.Al. (2012) [16], they look into an
orthogonal frequency-division multiplexing (OFDM)-based
totally downlink transmission scheme for large-scale multi-
consumer (MU) multiple-enter a couple of-output (MIMO)
wireless structures. The use of OFDM causes a excessive
height to average (power) ratio (PAPR), which necessitates
expensive and power-inefficient radio-frequency (RF)
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components at the bottom station. In this work, we gift a novel
downlink transmission scheme, which exploits the huge tiers-
of-freedom to be had in large-scale MU-MIMO-OFDM
systems to gain low PAR. Specifically, we suggest to jointly
carry out MU precoding, OFDM modulation and PAPR
reduction through fixing a convex optimization hassle. They
broaden a corresponding rapid iterative truncation algorithm
(FITRA) and display numerical outcomes to illustrate superb
PAPR-reduction capabilities. The considerably reduced
linearity requirements finally allow the usage of low-cost RF
additives for the large-scale MU-MIMO-OFDM downlink.

This work investigated by Neil Jacklin, and Zhi Ding (2012)
[17] the development of strength amplifier performance
through the discount of peak-to-average strength ratio (PAPR)
of linearly precoded QAM statistics indicators. In specific, we
awareness on the unique cases of linear precoded modulation
together with the practical OFDM, OFDMA, and SC-FDMA
signals that have been extensively adopted in W-LAN and W-
MAN. We apply the method of tone injection optimization for
PAPR discount. To reduce numerical complexity, we endorse
a linear programming algorithm which intently approximates
the original tone injection optimization hassle. Our
comprehensive numerical consequences display significant
PAPR reduction and advanced BER overall performance using
numerous practical examples.

Hemraj Kumawatet. Al. (2015), [18] consistent with them
MIMO OFDM has received significance with the increase in
demand of high velocity information conversation. MIMO
OFDM additionally qualifies 4G preferred due to excessive
bandwidth frequency. Despite of many deserves MIMO
OFDM suffers from excessive top to average power ratio
hassle. This paintings proposes a new technique primarily
based on continuous modulus algorithm to take away the
hassle of inter-carrier interference (ICI), excessive out-of-band
radiation, and degradation of bit mistakes price performance.
Proposed algorithms are simulated in matlab and parameters
like bandwidth requirement and error is calculated. These
parameters are in comparison with contemporary strategies to
validate the proposed algorithm.

3. Methodology:

OFDM is referred to as one of the most favorable modulation
techniques for communique over frequency selective wi-fi
channels, and is widely utilized in telecommunication
requirements. A famous downside of OFDM is that the
amplitude of the time domain sign varies strongly with the
transmitted symbols modulated at the subcarriers in the
frequency domain, resulting in a ‘peaky’ signal. If the
maximum amplitude of the time domain sign is too big, it
pushes the transmit amplifier right into a non-linear area
which distorts the sign resulting in a sizeable increase in the
errors fee at the receiver. Over the past decade, an in depth
quantity of literature has been committed to Peak to Average
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Power Ratio (PAPR) reduction techniques. These strategies
are related to fees in phrases of bandwidth or/and transmit
electricity. Also, most of them require adjustments to both the
transmitter and the receiver which makes them non-compliant
to existing requirements. Multiple sign illustration strategies,
such as PTS and selected mapping (SLM) are many of the
maximum referred to strategies. Extension of those algorithms
to a couple of antenna (MIMO) systems isn't always
trustworthy. Another combined precoding and PAPR
reduction approach has been proposed for multiuser MIMO
systems with sorted Tomlinson - Harashima precoding (STHP)
An extension of PTS to MIMO-OFDM systems is brought in
[6]. In both cases, a sequential quadratic programming (SQP)
algorithm is used to resolve the section optimization trouble.

The computational complexity of this algorithm may be
prohibitive for excessive facts rate and/or low latency
communication links. The PAPR weights need to be decided
once more for every OFDM information block, consequently
the underlying algorithm have to be sufficiently efficient to
enable a actual-time processing. In this paintings, an set of
rules just like PTS is used but solving a non-convex
optimization trouble isn't involved to reduce complexity, a
distinctive technique of trouble solution is applied in proposal
which is purely associated with a goal function relevant in a
method known as as regular modulus algorithms (CMAs). We
have applied a block-iterative set of rules for determining the
precoding PAPR weights such that the resultant computational
complexity has become linear with appreciate to the variety of
subcarriers. The BER response performance of the
transmission gadget is kept unaffected inside the PAPR
precoding by thinking about it as an extra constraint inside the
CMA goal characteristic. Similar to PTS, the proposed
technique is also found to be transparent to the receiver
therefore it best impacts the base station (BS) for signal
processing however not the cell station (MS).

We have advanced a MIMO-OFDM/A downlink medium with
one base station (BS) the use of Mt antennas. An OFDM block
has N subcarriers which can be transmitted from each antenna.
The N subcarriers has statistics subcarriers with guard bands.
The facts subcarriers are grouped into useful resource blocks
(RBs) every. Data of 1 or greater customers is positioned in
these RBs and mapped into the distance-time domain using an
inverse Fourier remodel (IFFT) and space-time block coding
(STBC). For the motive of channel estimation at the receivers
of cell stations each RB also contains numerous pilot
subcarriers that help in working because the education
symbols. The transmit sign model is evolved such that it
shows compatibility with the WiMAX widespread. We have
currently taken into consideration a unmarried time block for
explaining the proposed paintings. Suppose that facts inside
the g-th RB is a matrix, D(q) it's miles improved with a beam
forming weight matrix W(q), q = 1,....., M resulting in transmit
sequences X(q) = W(q)HD(q) . Together with defend
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durations, they may be accrued in a matrix X in which the Mt
rows of this matrix constitute the N symbols to be transmitted
from the Mt antennas. The X may be written as:

X=WHD 1

Where W = [WWH . wODH]"

And D € CMMexN is a block-diagonal matrix includes
guard intervals as well. Matrix X represents the spatial data in
the frequency domain. The time-domain MIMO-OFDM
transmit data can be obtained by the IDFT of the beamformed
data matrix X, resulting in

Y = XFH = WHDFH 2

Where FHe VN

denotes the IDFT matrix, andY € CM*N  contains the
resulting transmit OFDM sequences for each of the M;
antennas. If the time-domain data matrix B=DF". Then the
beamformed OFDM block is:

Y= WHB 3

N is the total number of subcarriers to be sent by M, antennas,
and o is defined as the average transmit power per sample .If
we consider the beam forming matrix W as orthonormal
matrices W@, then applying beam forming and the IDFT does
not change the total transmit power. PAPR is a metric for
measure of the distortion caused by peak of the OFDM signal
defined as:

aNllvec(V)IIZ
PAPR = ~vec(n) I i
The bottom PAPR is performed for a consistent modulus(CM)
sign, for which the infinity norm is equal to the average
energy. We have generated a precoding matrix to transform
the OFDM symbols in Y to a good signal S with lower PAPR

(ideally a CM signal).

To fulfill the transparency and low bit blunders constraint, we
pre multiply every RB, D(q) , with a diagonal scaling matrix
Q(q) . For the receiver stop this appears as a fading channel
impact. For reducing the BER, the scaling is stored for section
simplest. The resulting MIMO-OFDM transmit matrix
(changing Y) is

S = WHQDFH 5

If we define o = vecdiag(Q2) , then the PAPR reduction
problem is to design o as
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min|lvec(Y)||2 s.t |[vec(V)I|3 =P 6

Where P =oN, is a fixed total transmit power. The
optimization approach is applied was to solve a series of
quadratic convex sub problems iteratively.

A. Formulation as a Constant Modulus Problem:

Using properties of Kronecker products, we can rewrite S in 5
as

s = vec(S) = (Bow)! vecdiag(Q) =:A o, 7

Where, A € CVe*MMe and DFH = B € CMMe*N B denotes the
complex conjugate of B, and o denotes the Khatri-Rao product
(column-wise Kronecker product). The Vecdiag (D) creates a
column vector whose elements are the main diagonal of the
matrix D. The optimization problem (5) becomes

min[Aoll2 st [lAoll? =oN, 6
[O)

We now suggest an alternative components of this problem,
by changing the infinity norm by means of the average
deviation of the OFDM block from a steady modulus sign.
Ideally, the resulting Swill be near a CM signal, and for this
reason have close-to most advantageous PAPR. The
corresponding value function is

J(©)=|[A0O0Ae - ath”z

N¢
= Z(mHananHm D
n=1

Here, the vector a,® , n=1,... N; Represents the nth row of
matrix A, the column vector N, is a vector with all entries
identical to one and measurement Nt, and denotes the Schur
Hadamard product (factor clever multiplication).This
components is similar to the famous “CMA (2,2)"value
feature for adaptive blind equalization or blind beam forming,
and may be solved efficiently the use of to be had iterative
algorithms. The matrix A plays the role of the information
matrix in the regular CMA context, whereas ® plays the
function of the beam forming vector. The original CMA value
characteristic is expressed in phrases of an expectation
operator; the existing “deterministic” method is similar to the
Steepest Descent CMA (SDCMA).

B Steepest-Descent CMA (SDCMA):

The SDCMA is a block-iterative set of rules in which we act
on the whole information matrix A and update o till it
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converges. The derivation of the block SDCMA is clear-cut
whilst the statistical expectation in original method is changed
by an average over a block. For the ith iteration, we start from
the modern-day estimate oi and compute:

§'=Aw' 8
el = (3'08") — aly, 9
$, = 806’ 10

w*t = o' —puVj(o?) = w' —pATs,. 11

Here, p is a appropriate step size, and Se is the replace errors.
The maximal step length p might be defined as a scale
independent parameter in terms of the signal energy in A. To
preserve the answer unchanged as A scales p, desires to be
divided by way of thing a,, p = p'/a2. For convergence, the set
of rules is initialized with mg = 1 (despite the fact that different
selections are possible). The algorithm ought to be run till the
price feature converges j(®); in exercise convergence is fast
and the set of rules is run for a set small range of iterations.

To fulfill the energy constraint in (6), we will virtually scale
the resulting @ after convergence. If S= Aw® is indeed a
constant modulus signal, then [|s||3 = aN,, And the electricity
constraint is inherently already satisfied. Thus, the scaling is
expected to be near 1 and will be neglected in exercise (it has
no effect on the value characteristic PAPR(S)).

A distinction with the usual CMA is that, right here, a very
good answer does now not necessarily exist. The traditional
software of CMA is for a linear combination of regular
modulus resources for which, with out noise, a super beam
former exists. The present scenario could be said to
correspond to a very noisy supply separation situation. Note
that, also for different techniques, there are no life outcomes
for PAPR reduction.

In WiMAX, one RB spans N,=14 sub-carriers over two
OFDM symbols in time, containing 4 pilots and 24 data
symbols. For a 10 MHz system, there are a total of M=60RBs.
In agreement with this WiIMAX setting, the proposed PAPR
reduction technique is simulated for an OFDM block of size
N=1024 including MN, = 840 data subcarriers with QPSK
modulation and 92 guard subcarriers at each end of the band.
The number of MIMO transmit antennas is either M; = 1, 2or
4, as will be indicated.

4. Result and Discussion:

we will discuss about the performance results of the constant
modulus algorithm based precoding of MIMO OFDM
symbols for reducing the PAPR prior to data transmission.
The details of applied methodology is given in
Methodology.The PAPR reduction algorithm is developed by
using MATLAB 2010 software using Matlab programming
scripts commands. The developed simulation is applied
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several times for different combinations of number of
transmitting antennas and modulation techniques.
The data is developed in binary format which is further
modulated block by block in a loop of ten iterations using
QPSK, 16QAM and 64 QAM modulation techniques. For
each modulation the number of transmitting antenna are
changed from M; =1, 2 and 3.Where M; represents no. of
antennas. When M, =1 then the algorithm generates results for
SISO otherwise for M, = 2 and 3 the results belong to MIMO
OFDM.
In this manner for three types of modulation and three
different number of antennas following cases are generated:
e CASE 1: QPSK Modulation-
(a) Mtzl
(b) M{=2and
(C) Mt =3
e CASE 2: 16QAM Modulation-

(a) Mt =1
(b) My =2 and
(C) Mt =3
e CASE 3: 64QAM Modulation-

(a) Mt =1

(b) M{=2and

(C) Mt =3
For all the above described cases the PAPR value without and
with applying the constant modulus algorithm based precoding
of MIMO OFDM symbols are generated and the results are
plotted in upcoming sections.

CASE 1- PAPR reduction performance analysis in MIMO
OFDM using QPSK Modulation:

CMA convergence of OFDM symbols for QPSK
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Fig 1: Collective plots for symbol error convergence using
CMA algorithm for PAPR reduction for QPSK MIMO
OFDM data transmission.
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. CCDF of PAPR for OFDM symbol of size= 1024 at QPSK
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Fig 2: Collective plots for CCDF vs PAPR using CMA
algorithm for PAPR reduction for QPSK MIMO OFDM
data transmission.

CASE 2- PAPR reduction performance analysis in MIMO
OFDM using 16QAM Modulation:

CMA convergence of OFDM symbols for 16QAM

0 CCDF of PAPR for OFDM symbol of size= 1024 at 16QAM
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Fig 4: Collective plots for CCDF vs. PAPR using CMA
algorithm for PAPR reduction for 16QAM MIMO OFDM
data transmission.

CASE 3- PAPR reduction performance analysis in MIMO

OFDM using 64QAM Modulation:

CMA convergence of OFDM symbols for 64QAM
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Fig 3: Collective plots for symbol error convergence using

CMA algorithm for PAPR reduction for 16QAM MIMO
OFDM data transmission.
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Fig 5: Collective plots for symbol error convergence using
CMA algorithm for PAPR reduction for 64QAM MIMO
OFDM data transmission.
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CCDF of PAPR for OFDM symbol of size= 1024 at 64QAM
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Fig 6: Collective plots for CCDF vs. PAPR using CMA
algorithm for PAPR reduction for 16QAM MIMO OFDM
data transmission.

Table 1: Summarize Result Output for Proposed PAPR
Reduction Technique

Modulation No. of PAPR Max Symbolic
Transmitte Error
r (Mt)
1 5.094 27.42
QPSK 2 5.392 38.75
3 5.476 47.43
1 5.172 17.18
16 QAM 2 5.644 24.27
3 5.644 29.66
1 5.022 11.72
64 QAM 2 5.48 16.64
3 5.758 20.53
5. Conclusion:

OFDM based data communication is most commonly
applicable and very favorable modulation method for
transmission purpose over frequency division multiplexed
wireless medium that is why it is widely accepted in all the
standard telecommunication. In this thesis we are focusing on
the drawback of OFDM which arises due to the variation in
the amplitude of the time domain signal during the course of
transmitting the symbols after modulation as the subcarriers in
the frequency domain space generating a signal having very
high abrupt peaks. The peak amplitude of such time domain
signal due to their excessively high value drives the response
of the transmitting amplifier in a non-linear operation zone
which causes signal distortion in the data which results in a
substantial rise in the error in received symbols. We have
performed a vast literature survey during the development of
algorithm for evaluating PAPR .This literature survey has
demonstrated that the Peak to Average Power Ratio (PAPR)
reduction techniques are normally associated with losses
related to reduction in bandwidth and increase in requirement
transmitting end power. It has been also observed that most of
PAPR reduction techniques require upgrade in mechanism of
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both the ends at transmitter and as well as at the receiver
which makes them incompatible with the existing OFDM
telecommunication standards. In the case of MIMO OFDM
multiple signal representation methods PTS and selected
mapping (SLM) are found to be the most commonly
investigated and proposed techniques but there extension the
multiple antenna (MIMO) systems is very complicated.
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