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Abstract— Peak-to-average power ratio (PAPR) constrained
power allocation for multicarrier transmission in multiuser
single-input  multiple-output (SIMO) communications is
considered in this paper. Reducing the PAPR in any
transmission system is beneficial because it allowthke use of
inexpensive, energy-efficient power amplifiers. Her, we
formulate a power allocation problem for single-carier (SC)
frequency division multiple access (FDMA) and orthgonal
FDMA (OFDMA) transmission with instantaneous PAPR
constraints. Moreover, a statistical approach is ausidered in
which the power variance of the transmitted wavefam is
controlled. Orthogonal Frequency-Division Multiple Access
(OFDMA) has been currently under intense research dr
wireless transmission due to its robustness againstultipath
fading. However, it has some limitations such as ¢h
Peak-to-average power ratio (PAPR), which restrictsts use. It
reduces the efficiency of the system. The aim of ghpaper is to
analyze the performance of system over clipping teaique.
Wavelet based system is also suggested. Resultbath systems
are compared.

Index Terms— Single-input multiple-output, Single-Carrier,
FDMA, OFDMA, PAPR.

I. INTRODUCTION

the most potential candidate to mitigate ISI and IMU
However, to exploit the full merit of iterative mger, the
convergence properties of an iterative receivedsde be
taken into account at a transmitter side. Thiseidsas been
thoroughly investigated.

In order to transition from today's 3rd generatiBG)
communications systems to meet the needs of 4tbrggon
(4G) systems, the 3rd Generation Partnership Rr(3&PP)
has released the Long Term Evolution (LTE) speaiftm.
Among the numerous differences between these ganesa
are changes in the physical layer (PHY), speclfical the
modulation and multiple access schemes. While atent
generation relied on variations of Code Division Ififle
Access (CDMA), LTE implements Orthogonal Frequency
Division Multiplexing (OFDM) for its downlink and
Single-Carrier  Frequency-Division ~ Multiple  Access
(SC-FDMA) for its uplink. The purpose of this profas to
investigate the reasoning for this discord betwgaimk and
downlink modulation schemes; specifically, why @gbnal
Frequency Division Multiple-Access (OFDMA) was nsed

as the uplink.

OFDMA and SC-FDMA are the multiple-access versions
OFDM and a similar modulation scheme, Single-Carrie
Frequency-Domain Equalization (SC-FDE). In order to
compare the differences between the multiple-access

Reducing peak to average power ratio (PAPR) iy arnethods, itis important to first cover the diffieces between

transmission system is always desirable as it allage of
more efficient and cheaper amplifiers at the tratism

their underlying modulation schemes.
The bases used for comparison will be capacityagrit

Recent work on minimizing the PAPR in single carrieProbability and peak-to-average power ratio (PARRhile

frequency division multiple access (FDMA) transrigascan
be found.Where they propose different precodindou for
PAP R reduction. However, these methods do not itatke
account the transmit power allocation, the chamuel the
receiver Due to the problems related
inter-symbol-interference (ISI) and multi-user iféeence
(MUI) in single carrier FDMA, efficient low-compléty
channel equalization techniques are required. titera
frequency domain equalization (FDE) technique aaneve
a significant performance gain as compared to HiR€E in
frequency selective channels. Therefore, it is iclemed as
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the first two bases have always been traditionafigd in
analyses, PAPR is especially important for the nkplof
mobile devices. Amplifiers used in circuits todayva a linear
region in which they must operate so as not te¢hice signal

tglistortion, and it is ideal to run with maximum difipation.

However, if there is a high PAPR, the device iséalto run
with lower amplification so the peak power doesli®in the
non-linear gain region. The farther these amphfiare
operated from the peak, the less power efficieatdbvices
become, leading to increased power consumptiornanie
this might not be very important for a base statibrwill
reduce drain batteries on mobile devices more duick
Therefore it is important to keep a low PAPR onupénk.
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. RELATEDWORK

Transmission  power allocation in  single-carrier

multiple-input  multiple-output  (MIMO) systems with Ill. SYSTEMANALYSES

iterative frequency-domain (FD) soft cancellatioBC) In existing system, we formulate a power allocafwoblem

minimum mean-squared error (MMSE) equalization i$or single-carrier (SC) frequency division multipbecess
considered. A novel framework for transmission powe(FDMA) and orthogonal FDMA (OFDMA) transmission tvit
minimization subject to equalizer convergence gaitss, instantaneous PAPR constraints. Moreover, a statist
referred as convergence constrained power allatatiapproach is considered in which the power variavfcthe

(CCPA) method, is proposed in [1] based on extinsitransmitted waveform is controlled. The constrafioisthe

information transfer (EXIT) chart analysis. The posed optimization problems are derived as a functiorrahsmit

method decouples the spatial interference betwden tpower allocation and two successive convex appratdms

streams using singular value decomposition (SVD) a (SCAs) are derived for each of the constraints dase a

Moreover, it has a low computational complexity.

minimizes the transmission power while achieving tirget
mutual information for each stream after iteratiaisthe
receiver. We show that the transmission power dpéition
can be formulated as a convex optimization probl€hmee
CCPA methods, one approximately optimal, and otter
heuristic methods inspired by the Lagrange duadite
derived. The numerical results demonstrate thaptbposed
scheme outperforms the existing linear precodireses.

Moreover, the proposed heuristic schemes can azhiev

performance close with that of the approximatelyirogl
method in terms of the equalizer convergence ptigseas
well as transmission power.

In [2] the authors propose a method for the reductf
peak-to-average transmit power
modulation systems, called selected mapping, isemted,
which is appropriate for a wide range of applicasio
Significant gains can be achieved by selected nmnappi
whereas complexity remains quite moderate.

The authors in [3] propose a very effective andiffile peak
power reduction scheme for orthogonal frequencysitix
multiplexing (OFDM) with almost vanishing redundsnc
This new method works with arbitrary numbers ofcarbiers
and unconstrained signal sets. The core of thegsalps to
combine partial transmit sequences (PTS) to mirmintie
peak-to-average power ratio distortion.

Partial transmit sequence (PTS) is a promisingriiecie for
peak-to-average-power ratio (PAPR) reduction ihagbnal
frequency division multiplexing (OFDM) systems.
Computation of optimal PTS weight factors via extae
search requires exponential complexity in the numie
subblocks; consequently, many suboptimal stratehsse
been developed to date. In [4], the authors inttedan
efficient algorithm for computing the optimal PTSights
that has lower complexity than exhaustive search.

In [5], the problem of reducing the peak-to-averpgever
ratio (PAPR) in an orthogonal

constellation, called the Hadamard constellatiohose
boundary is along the bases defined by the Hadamatdx
in the transform domain. Then, we further reduee RAPR
by applying the selective-mapping technique. Theoding
method, following the method introduced in the wark
Kwok, is derived from a decomposition known as 8mith
normal form. This new technique offers a PAPR tisat
significantly lower than those of the best-knownhigiques
without any loss in terms of energy and/or speéffadiency,
and without any side
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ratio of multicarrie

frequency-division
multiplexing system is considered. We design a cubf "€4Uency-

change of variables (COV) and geometric programr(g).

In this section, the system model of uplink trarssian in a
single-cell system with U single-antenna users anoase
station with NR antennas is presented. The chastaé
information (CSI), including an instantaneous cla&nn
impulse response and the second moment of addigrenal
noise, is assumed to be perfectly known both afftkeand
RX.

A. Multiple Access Methods

In order to support more than one simultaneousinéssion,
multiple access techniques are employed. Both &f th
techniques that will be analysed in this projedtiewe are
forms of Frequency Division Multiple Access (FDMAJhe
basic premise of converting modulation schemes sagh
OFDM and SC-FDE to their FDMA counterparts, OFDMA
and SC-FDMA is assigning each user a subset afthgable
subcarriers and having the users transmit only tothese
frequencies. In this section capacity and PAPR Wil
investigated.
Orthogonal
(OFDMA)
Orthogonal Frequency-Division Multiple Access (OFBM
is a multi-user version of the popular orthogonal
frequency-division multiplexing (OFDM) digital motition
scheme. Multiple access is achieved in OFDMA bygagsg
subsets of subcarriers to individual users as shiowthe
illustration below. This allows simultaneous lowtalaate
transmission from several users. Based on feedback
information about the channel conditions, adaptive
user-to-subcarrier assignment can be achieved. héf t
assignment is done sufficiently fast, this furtheproves the
OFDM robustness to fast fading and narrow-band aocél
interference, and makes it possible to achieve daiter
system spectral efficiency.
SC-FDMA is the multiple access version of Single+iea
Domain Equalization (SC-FDE), which igikir
to OFDM, in that they both perform channel estimatand
equalization in the frequency domain. The systerdehéor
this access method can be seen in Figure 7 [9]tiphul
accesses is achieved in frequency domain in SC-FD\AAS
to transition from SC-FDE to SC-FDMA requires diuis
frequency amongst frequencies. This is achievethéyfirst
performing an N-point FFT on the output of the spmb
mapper, and mapping the output of the FFT to N of M
subcarriers, with M = QN where Q is an integer exhlthe

Frequency Division  Multiple-Access

information being transmittegP@ndwidth - expansion factor of the symbol, which is

effectively the number of simultaneous users thatgystem
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supports [9]. Afterwards the M-point IFFT convetie signal
back into time domain. Likewise in the demodulatorly N
of the M frequencies of the output of the FFT cepand to
this user, so those N values are equalized andoimd IFFT
is performed to get the original signal back.

Modulator

Subcarner
Demapping/
Equahizer

jem
S Symbol § N-powt M-point Remove s Ll .
Demodulaor

Fig. 1: Discrete-time system model for SC-FDMA

An important consideration to be made is how thzobits of
the signal are mapped to the M subcarriers ofyem. Two
main strategies exist: use N adjacent subcarrieaied
localized FDMA (LFDMA) or distribute the N valuesrass

st =jsjkej,tyj .k + kaj , koj,k(t)
At the output of the filter discrete version of DWOFDM
symbol is obtained, with impulse response of fitow-pass
and high-pass) decided by the wavelet mother.

IV. SIMULATION RESULTS

Matlab can have several "toolboxes" added to itsfuecific
applications. The list of the toolboxes installedncbhe
obtained by typing the "help" command. If the DagiBignal
Processing toolbox is installed, the user will exfollowing
three lines in the list:

signal\signal - Signal Processing Toolbox.

signal\siggui - Signal Processing Toolbox GUI

signal\sigdemos-Signal Processing
Demonstrations

Toolbox

the M subcarriers using every Qth subcarrier dalleT 0 obtain the list of functions available undertgabe user

interleaved FDMA (IFDMA). The LTE specification foivs

can type "help signal", "help siggui" and "help dggios",

LFDMA as it assigns each users a set of 12 adjacdi@SPectively.

subcarriers. As explained in [9], a disadvantagg-DIMA is
that it is very sensitive to frequency offset IREDMA since
different users take adjacent subcarriers. LFDMéwéwver,
is much less affected by this because it only hascst two
adjacent users.

PSK

ip b sp s i Ll s
stream = | Modulator |* B DWI o
Channel
T
op | PSK 4 pis A pwr ] sp
stream ~—{Demodulator| 7| ] =

Fig. 2: Proposed block diagram

B. Wavelet Based OFDMA System (DWT-OFDMA)

This section discusses the alternative way to empht
OFDM using DWT. In DWT-OFDM, the time-windowed
complex exponentials are replaced by wavelet “eestj at
different scales (j) and positions on the time dkjs These
functions are generated by the translation andialileof a
unique function, called "wavelets mother" and deddiyy.
The wavelet carriers exhibit better
localization than complex exponentials while DWT N
implementation complexity is comparable to thatFéfT-

OFDM. The key point orthogonality is achieved by

generating members of a wavelet family, accordmghie
below Eq.

Yj,=252(2+5t-k)

To obtain finite number of scales, scaling funett) is used.

time-frequency

A. Result analysis
Coding screenshot
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DWT-OFDM symbol is considered as the weighted sim o g gyRVSBER

wavelet and scale carriers, as expressed in Eowbelhich is
close to the Inverse Wavelet Transform (IDWT).
ifj= =
DRCUMNG LY Il o i
0, otherwise

The data symbols are seen by IDWT modulator asesemgu
of wavelet and approximation coefficients. Accorlito

previous Eq. J is the scale with poorest time rg&oi and

best frequency localization of the carriers. Fompating

IDWT, Mallat's algorithm based on filter bank isagsinstead
of Eq. is expressed below.
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Complementary cumulative distribution function

(CCDF)
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V. CONCLUSION

In this paper, we have formulated PAPR constrajmader
allocation problem for multicarrier transmissiortlwiterative
MMSE multiuser multiantenna RX. We derived an atiedy
expression of PAPR as a function of transmit power
allocation for SC-FDMA and OFDMA. The derived PAPR
constraints are applicable for any normalized daidulation
format. In addition, a statistical approach congidg the
transmission power variance constrained power atiog
was derived. Power efficiency is an important cidte to
consider when selecting a modulation scheme in lmobi
uplinks because battery usage is an important conbrethis
project it became clear that SC-FDMA is better chan this
regard. Their PAPRs achieve lower values on averagimly
due to the fact that they map their input bitsiteetsymbols,
as opposed to OFDMA which map them directly to Giextpy
symbols.. OFDMA is also sensitive to frequency eiffs
causing it to achieve lower capacities for high SNR
Although there are many variations of OFDMA and
SC-FDMA, comparing the basic models of each type,@n
conclude that SC-FDMA is the better option for dutar
uplink in LTE, because of its higher efficiency digelow
PAPR, its lower sensitivity to frequency offset aase it has
at most only two adjacent users, and its capasiabbut the
same as OFDMA.
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