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ABSTRACT

The main objective of this paper is to implement a post-
Inverse Fast Fourier Transform (IFFT)} Peak to Average
Power Ratio (PAPR) reduction method based on time
domnain linear symbol combining to minimize the PAPR
at the transmitter. High PAPR is a particular disadvantage
of Orthogonal Frequency Division Multiplexing (OFDM)
systems and can significantly degrade the power
efficiency at the transmitter, The Adjacent Symbol
Combining (ASC) method has a relatively low complexity
with very less side information bits per symbol and does
not require external randomization sequences. This paper
will also investigate the impact of the ASC method on
the Wireless Local Area Network (WLAN) system Bit
Error Rate (BER) performance. It is shown that the BER
degradation is relatively small with the forward error
correction coding technique. In this paper, the PAPR
reduction, complexity and system performance of the
ASC technique is cornparcd with the well known Partial
Transmit Sequence (PTS), due to the similarities shared

between these PTS and the ASC. The ASC technique is
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similar in principle to PTS techniques in producing
multiple time-domain signal representations per OFDM

symbol.
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1. INTRODUCTION

Multicarrier transmission, also known as Orthogonal
Frequency-Division Multiplexing {OFDM) or Discrete
MultiTone (DMT), is a technique that has seen rising
popularity in wireless and wireline applications mainly
due to the recent advances in digital signal processing
technology [1,2,7]. For wireless applications, an OFDM-
based system is of interest because it provides greater
immunity to multipath fading and impulse noise, and
eliminates the need for equalizers, while efficient
hardware implementation is realized using Fast Fourier
Trangform (FFT) techniques. However, such a
tra;lsmission technique has a major drawback related to
its high Peak to Average Power Ratio (PAPR) and is
caused by the large envelope fluctuations of the time-
domain signal[10]. High PAPR values lead to serious
problems such as severe power penalty at the transmitter,
which is not affordable in portable wireless systers where

terrinals are powered by battery.

Several PAPR reduction techniques have been discussed

in the literature[9] including Amplitude Clipping (AC),
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Sequence Coding: (SC) Tone Reservanon (THE[ and
Multrple Srgnal Representatron (MSR) techmques such
as the SeLective Mapprng (SLM)[S -5] and Partial
Transmit Sequence (PTS) techniques{8,11]: The simplest
of PAPR reductron is, the AC technrque and Is found to

cause both m—band and outwof band drstortlon On the

other hand, the SC techn1que could offer excellent
performance on, PAPR reductron the cost in cornplexrty
and data rate loss makes 1t unpopular The TR techmque

is popular in. wrred systems due to 1ts low computanonal

complexity, but the increase i th transmit signal power
and assoeiated degradation-:in(banduridth e\f"f.iclency;
makes 1t undesrrable in wrreless systems In the case. of :
the SLM techmque it can, achreve excellent PAPR

reductron wrth a, hlgh 51gna1 processmg complexrty due

to the use of mult1ple’lnverse Fast Founer‘
(IFFT) operanonsperd M bl k Similar M
techmque the PTS technlque o il it
operatro S=-9 la‘

PAPR performance to the SLM techmque it also h

fer.m._

higher complexity requirement and TeqUIres more 51de

1nfonnatron brts Both the SLM and PTS techmques rs

of intense mterest 0 rnany researchers who have proposed‘
modrﬁcatrons wrth the alrn to reduce tlle complexrty and

unprovebthe performance of these techmques [6 14 15]

To optimize both complexity and PAPR reductron ability
with less side information bits per symbol a PAPR
reductiontitechnique is 1rnplen1ented that operates on;
multiple time-domain QFDM symbols. Srrnrlar tothe PTS
“technique, the principal idea of lthe Adjacent Symbol
Combining (ASC) technique i rs to create several different
trme-domam representations for each OFDM symbol and
nansrmt the one with the lowest PAPR However unhke
the PTS technique in whrch the’ OFDM symbol is

partitioned into several subsets and then each subset is

individually IFFT-processed before performing the

combinations in the time domain to form multiple time-;
domam representatrons, the ASC technrque creates
vanous representanons by formmg hnear comblnatrons .
among adjacent trme domam OFDM symbols Thus the _3
ASC technrdue does not reqr.ure more than one IFFT{
process per OFDM symbol whlle the PTS techmque“
requrres U IFFT operatlous per OFDM symbol Where U'

i the nurnber of subsets used per OFDM bIock

I-.I., SysTEM DESCRIP-TIQN i i

Ini this section; & brief deseription of the OFDM sclieie”
as'well a8 4 definition of tié PAPR problem is préscrfed”

Atrﬁeforinr eaasaﬁaa-‘ the in'roﬁmﬁaaea fsraaans-

of Maty Quidratite Atnplitude Modulation' (M:QAM);:
to Creaté aaeétefafeaasréa:&naéd syiibols reprederited’
as X =X, X,

Xy l} ‘Bach’ complex symbol then
modilatés omié orthogonal subcatrier atd an OFDM ¢i al
is formied by Siititming all the Nomodulated mdependént’
siibcarriéfs that aré '6f équal bandwidth and have s fiked
frequency Separatithi of < F='1/NT', Whete NT dénoles
the“0séfal ‘data ‘block petiod” The mathetnaticsl’
réprésentation’of an OFDM trme-domam sugnal assurmng '

a rectangular t1me ‘domiain wmdow is grven PO

x(f) = ZX eﬂ“"ﬁf’ OLLENT - (1)

n= 0

Theaa-_._life?&si%-:eempetsd Aor the time-domajn signal

samples [12] as,

Y e el
LEIEs

PaPR(x(z)j o ’ '(2)
: ‘ ﬁ—E {f,x(t)| di|.

where x(t) represents the OFDM symbol in t1me domam
and T is the symbol du.ratron T
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THE Asc TECHNIQUE

Similar to the SLM and PTS techniques, the ASC
technique is also based on a probabilistic approach, and
generates different représeh’éations for each OFDM
symbol and transmits the one with the least PAPR. Unlike
the PTS and SLM techniques, the ASC technique only
requires one IFFT operation per OFDM block. To
generate different representations for each OFDM
symbol, the ASC technique exploits the variations
between different time-domain OFDM symbols. This is
achigved by linearly combining two different time-
domain symbols together using various mathematical
operations, which include addition, subtraction, and
complex-conjugate operations. The ASC mode works on
two adjacent time-domain OFDM symbols and their
complex conjugates. To clarify the operation of this
approach, for two time-domain OFDM symbols, each
parent set has four members (symbols or combination of
symbols) as shown in Table I. Any two members, the ones
which have the lowest PAPR, and are separable at the
receiver, are selected for transmission. The parent sets
consisting of [x(1)" x(2)T and {x(1)" x(2)] are not taken
into congideration because their members have the same
PAPR as those in [x(1) x(2)] and [x(1) x(2)‘] respectively.
Simitarly, not all possible members need to be included
in the parent sets when they have the same PAPR as other

members already present in the parent set{131.

TABLE I : PARENT SETS AND MEMBER

_ COMBINATIONS
P(1)=x(1) x(2)] P2)=[x(1) x(2)]
x(1) x(1)
x(2) x(2)’
VU2DxA+2) | 12)E0)+x(2))
=) | N2
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PAPR{x(8)} = {2
1 T nim . 4
= BLy |x(2)|2d1)

Transmitter Structure

Fig.1 shows the block diagram for the ASC based OFDM
system [13]. The members of each parent set are viewed
as simultaneous equations that are resolved at the receiver
using the substitution or elimination methods. However,
a more common technique is to use a matrix
representation for the combining process. In this case,
the combinations are produced using a matrix
multiplication between each parent set and a set of
combining matrices. Such a way of producing the linear
combinations is to make it easier to both encode the side
information bits associated with the combinations, which
are necessary at the receiver to recover the original
symbols, and perform the reverse combining process at
the receiver. The members x(1) + x(2) and x(1) are
selected, the generation of these members are represented

using (3)

[\g(x(l)+x(z))x(1)J=[x(l) x2}(1) (3)

where the combining matrix h(1) can be either as in (4)
or (5).

un—y

1) = 4

o

=5 -

;;(1) (%)

S5l
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Similarly, each possible set of combinations is repésented
in the form of a matrix multiplication. Each matrix is
associated with a unique combination that is represented
by the side information bits. It is essential to ensure that
only combinations having an invertible combining matrix
are considered in the search for the best PAPR signal
representations to enable the receiver to reverse the

combining process.
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Fig.1. Transmitter Block Diagram with the ASC
technique

Receiver Structure

A simpliied block diagram for the receiver of the ASC
approach [13] is shown in Fig. 2. In the case when the
selected members belong to parent-sets which contain
complex-conjugated OFDM symbols it is necessary to
perform the reverse-combining process in the time-
domain, but after channel equalization which is usually
implemented in the frequency dorﬁain. Therefore, after
eqﬁallizing thé ‘received symbols, these symbolé afe
transformed back into time domain in order to recover
the original OFDM symbols using the inverse of the same
combining matrix applied at the transmitter as identitied
by the Side Infonmation bits.. The resolved signals are
then transformed back to the frequency domain to

coniplete the detection.
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Fig.2. Receiver Block Diagram with the ASC

technique

CONVOLUTIONAL ENCODER

Tngts Bte
Fir s |

.

Fig.3, Convolutional Encoder with rate 1/2

Convolutional encoder of rate % shown in Fig.3 is used
as the channel encoder to encode the generated random
bits and a viterbi algorithm is used in the receiver side to

decode the received bits.

III. SIMULATION RESULTS AND DiSCUSSIONS
Simulation Parameters.

WLAN Specifications

64 Subcarriers

BPSK Modulation

Convolutional Encoder of rate 4,

AWGN Channel




Performance Comparison of ASC and PTS to Reduce PAPR in OFDM WLAN Systems

CCDF PLOT

The Complementary Cumulative Distn'butioﬁ Function
(CCDF) of the PAPR is one of the most frequently used
performance measures for PAPR reduction techniques.
The CCDF of the PAPR denotes the probability that the
PAPR of a data block exceeds a given threshold. where
x(k) is the time domain OFDM symbol and x’ represents
the threshold value of PAPR.The CCDF plot is plotted
using histogram function. The formula for calculating the
CCDF is given by (6),

CCDF (PAPR{x(k}) = P((PAPR(x(k)) > PAPR,) (6)

Fig.4, CCDF plot for BPSK-OFDM with different

number of subcarriers
The simulated result in Fig.4 shows the CCDF plot for
BPSK-OFDM with different number of subcarriers N=64,
128, 256 and 1024, Here the curve shifts towards the
right as the number of subcarriers increases. The number
of subcarriers varies depending on the application. Hence
the PAPR reduction is necessary for any kind of OFDM

based application.

—8— without ASC tachnique
————with AS( techniqua

Probability

PAFR ndB

Fig. 5. CCDF plot for OFDM using BPSK
Modulation with and without ASC ~ .

/
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The simulated result in Fig.5 shows that nearly 2.5 dB
reduction in PAPR value is achieved using the ASC
technique with much reduced complexity and 3 bits of
side information for two adjacent symbols.

The simulated result in Fig.6 shows the reduction in PAPR
using the Partiai Transmit Sequence technique.

and without PTS techniguy
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Figure 6 : CCDF plots for OFDM using BPSK
Modulation with and without PTS
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Figure 7 : CCDF Comparison between PTS and
ASC technique '

From the simulated results in Fig.7, it is concluded that
almost same amount of reduction in PAPR value is
achieved in both the techniques. But the number of side
information bits and complexity is more in the case of

PTS technique due to more number of IFFT operations.
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Ber Plot For Asc Of_dm Bpsksystem Vﬁ/ﬂmut

Convolutional Encoder

The theoretical BER is calculated using the
complementary error function. The simulation results are
having 2 wide variation from the theoretical values for
ASC OFDM BPSK modulated signal without

convolutional encoder as shown in Fig.8.

& BER plet for CFDM using BPSK Modlation withaut comvelution Ensoder
10 =
: & theory

= simulation

Bit Error Rata

Eb/MNo, dB

Figure 8 : BER plot for ASC OFDM using BPSK

Modulation without Cenvelutional Encoder

Ber Plot For Asc Ofdm Bpsk System With

Convolutional Encoder

The Bit Error Rate of is plotted with the convolution
encoder of rate %, After including the channel encoder,
the BER of ASC OFDM BPSK modulated signal with
Convolutional encoder is more or less approaching the

theoretical value as simulated in Fig,9.

5
Ewiin, 98

Fig. 9. BER plot for ASC OFDM BPSK Moadulation
with Convelutional encoder -

The power spectral density of the OFDM signal is
estimated using the Welch’s averaged modified

periodogram method of spectral estimation,

The simulated results in Fig.10 shows that the spectrum
does not have any inband or out of band radiation in ASC
OFDM BPSK systerm,

Transmit spactrorn OFDM with and without ASC {echniqua

~——without ASC
~———with ASC

pavrer spaciral density
. & .

: L : L 2 . L : .
=14 8 L] -4 -2 o 2 4 & 8 106
faquency, MHz

Figure 10 : Transmit spectrum of OFDM with and
without ASC technigue.

IV. ConcLusion

The time-domain symbol combining PAPR. reduction
technique for Wireless LAN environment implemented
in this paper is shown to provide excellent PAPR
reductions and at lower complexities, especially in terms
of the mumber of multiplications, when compared to the
powerful PTS technigue. Similar to the conventional SLM
and PTS techniques, the correct detection of the received
data blocks is dependent on correctly estimating the side
information bits necessary for reversing the
randomization process. This drawback is overcome by
protecting the side inforrnatioh.'bits through the use of
FEC coding such that the BER of these bits is extremely
small. But in this technique only three bits of side
information is required for two adjacent symbols. Also,
similar to the SLM ancf“PTS techniques, the ASC

technique requires processing at the receiver side, While
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the SLM and P". § techniques require to reverse ﬂé 6.

randomization pr cess take place at the transmitter and
itrequires an extra /FFT process to reverse the combining
process. Finally, unlike the SLM, PTS, and TR
techniques, the ASC technique entails some latency at
the receiver due to requiring the availability of all symbols
invelved to reverse the combining process. Such latency
is ot a problem for communication systems, which use
inferleaving, The results provided by the PSDF, BER,
and PAPR CCDF figures are used collectively as a guide
to provide the best operational parameters for ASC

depending on the application under consideration.
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