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ABSTRACT

The Orthogonal Frequency Division Multiplexing (OFDM), the most well-known PHY technique can be seen in almost all types
of networks right from a short distance Personal Area Network (PAN) to a Wide Area Network or Metropolitan Area Network
(WAN or MAN). Despite tens of advantages, it has one severe disadvantage, the High Peak to Average Power Ratio, which
simply means a wide gap in between average power and peaks of a time-domain OFDM signal. Selective Mapping (SLM) is a
one of the identified prominent technique in PAPR reduction of OFDM. The major shortcoming of the SLM technique is high
complexity in computation. To reduce further PAPR and to optimize the computational complexity, the present work, called
Symbol Scrambling and Limiting, is presented. Here these issues are addressed by applying a reduced number of multiplications
of input symbol and phase rotation vectors and applying amplitude limiting after that. With this approach, fewer multiplications
have given reduced complexity of computation, and amplitude limiting has given more improved PAPR results. The OFDM
signal is designed by following the PHY specifications of the IEEE WLAN 802.11anetwork standard using one of the state-of-
the-art tools called LabVIEW.
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1. INTRODUCTION 10 jwry O0<r<N-1
Sr.q=\/_NZXp,qe " o<psN-1 (1)
1.1 OFDM p=0

OFDM is a manner of modulation used for more traditional
forms of digital data transmission. It utilizes many carriers
called subcarriers, together to provide many advantages over
plain modulation formats. OFDM can transmit the bulk of data
over Radio waves, and it is one of the most known prominent
multicarrier multiplexing accesses Technique. OFDM utilizes
a frequency spectrum of almost 40-50% more than
conventional FDM and has an excellent performance in the
multipath fading channel. Figure 1 shows the basic principle

of OFDM symbol formation is split of a frequency domain \

high-rate digitally modulation mapped data stream into several T / N
\Dusation, {0

Frequency Domain
OFDM Symbol 0
OFDM S$ymbol 1

OFDM Symbol 2

lower rate streams and transmitting them simultaneously on OFpA Sl
many these low-rate subcarriers by integrating them over a
symbol period. These subcarriers are mutually orthogonal,
which indicates a precise mathematical relationship amongst
them, making them zero upon the cross product. If a replica

Cyclic Prefix

Figure-1: Basic principle of OFDM symbol formation

image part of the symbol time-domain waveform is put at the
start of the Symbol as the guard period, it effectively extends
the length of the Symbol, while maintaining the orthogonality
of the waveform. The guard period is then referred to as a
cyclic prefix (CP). This concept is represented in Figure 1.
Cyclic prefix helps the OFDM signal to deal with multipath
effects in the channel [1-2].

Consider q OFDM symbol number each having N
constellation point symbols,X,, ; = [Xo 4, X1 ,4--., Xy—-1,4] these
are complex number symbols from a set of signal constellation
points, {¥}, the OFDM signal can be represented with
equation 1.

ITEE, 9 (4) pp. 26-32, AUG 2020

The s, = [Soq Sig>---»Sn-14] are carrier amplitudes
associated with the OFDM symbol, which is a formal
expression for IFFT, §~*{X,, ,}. Equation 2 depicts an infinite
sequence of OFDM symbols to be transmitted.
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1.2. PAPR

In an OFDM signal, several subcarriers get aligned together in
the time domain; this may cause significant peaks or faded
samples; this phenomenon is measured in terms of the
difference between peak power and average power of the
signal. Peak to Average Power Ratio (PAPR) or only Peak-to-
Average Power (PAP) is used for measuring this effect in
OFDM. PAPR can be defined with the ratio of Peak power to
the average power of the signal. The PAPR is in general
measure in dB with equation PAPR ;5 = 10 log,,(PAPR) [1-
2]. Mathematically it is defined as given in equation 3

2
£ = v T3%,_lsra @]

E{lsr.q |’}

@)

2. RELATED WORK

Reducing PAPR in OFDM signal gives many advantages in
developing transmitter-receiver of the communication systems.
The advantages include the consumption of the least power
and the least complexity in both hardware and software. For
many decades there is continuous improvement in PAPR
reduction technique [3]. From the recent studies, the CSLM is
observed a prominent technique of PAPR reduction. This
technique, too, had limitations of High Computational
Complexity [4-6]. A simulation model developed in the
LabVIEW development environment, following is the
implementation details [7]. The CSLM requires a database of
random phase rotation vectors BU, here 2D array-constant is
used to store these vectors. The size of the input symbol is 64;
hence the size of each BU is also 64. For pointwise
multiplexing array indexing is used in the for-loop structure,
so each value from both input symbol and 'uth 'B is multiplied
with each other point by point [8-9]. The resultant Symbol is
transformed with IFFT, and its PAPR is evaluated. The
Symbol that is giving minimum PAPR will be nominated, and
it is sent along with the index number 'u.' A specialized
receiver is designed to decode the CSLM treated signal at the
receiver side; it increases the complexity of the receiver [10].
The receiver must have precisely the same set of random phase
vectors as that of the transmitter. At the receiver, the received
signal has two parts first is the data symbol, and the second is
the side information [11]. With side information first, the
random phase vector is extracted from all its U copies. Then
this random phase vectors are used to perform division
operation with data symbol; the result of this division
operation will be the original data symbol [12].

The authors of [3] have claimed the reduction of PAPR around
6.1 dB for 0.1% of P, [PAPR>PAPR] by applying filtering
post-SLM, the BER was very poor. The clipping ratio had
derived from equation 4.

C

avg

[3] has used the IFFT multiple times, which has increased the
computation. [4] has used the Hadamard Matrix to create
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phase rotation vectors and applied this technique in an optical
fiber-based trans-receiver. [4] has claimed a reduction of
PAPR around 7-9 dB for 0.1% of P, [PAPR>PAPRg]. For the
generating of phase rotation vectors [5] utilizes Reed-Muller
codes with a predefined order in two forms viz. natural and
random with this [5] has claimed the reduction of PAPR more
than 7 dB for 0.1% of P, [PAPR>PAPR]. [6] proposed a
phase optimization algorithm where the reduction of PAPR
around 3 -6 dB for 0.1% of P, [PAPR>PAPRg] has been
demonstrated. However, at the receiver side, what is the
impact of these techniques on BER has not been demonstrated.
[c] applied cyclic shift over scrambling and tested the results
with max PAPR 7-8 dB for 0.1% of P, [PAPR>PAPR]

3. PROPOSED DESIGN

The input frequency  symbols x = [x,, X1, X3, ... Xy_1]
pointwise multiplied with M different unique phase rotation
factors b,, = [b3, bL, b2, ... b)~1], these are designed least
complex than CSLM techniques to address the computational
complexity issue of the CSLM technique. This point
multiplication is done along with IFFT, as shown in equation
4.

N-1
.2nnt

Xn = Z X, blel W
n=0 (4)

After this multiplication, the symbol set of minimum PAPR

chosen with equation 5, the index number of phase rotation

vector for which minimum PAPR is achieved, is referred to as

side information as depicted with equation 6.

Xoiy = ar min ( max  |X% )
S m=0,1,2%M—1 X n=0,1,2,..N—1| m|
(®)
X = ar min ( max Xn)
m=0,1,2%M—1 m n=0,1,2,..1v—1| ml
(6)
P {xSLM [xsim| < A
SSL = 14e70® |xg | > A 0

Now, from this time-domain signal, the peaks are controlled
with amplitude limiting, as depicted in equation 7. According
to [10], the unity amplitude complex phase rotation factors
(b,,) can be used to avoid the complex multiplication
operations, thus values of b,,are modified and used in the SSL
technique. The overall process is as shown in Figure 2. Here
the modified phase rotation vectors are referred to as unique
phase vectors, and the resultant matrix of point multiplication
is referred to as a scrambled symbol set. From this set, one
original Symbol which has got scrambled samples due to
unique-vector multiplication is selected based on the least
PAPR. Moreover, the index no of unique-phase vector that
gives the least PAPR is treated as side information.
Additionally, the peak amplitude is limited to a threshold
value. The threshold amplitude limiting will clip very few
symbols as improved SLM will reduce the number of
occurrences of peaks; this will give the benefit of clipping as
well as scrambling.
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A Brief of precise PAPR measurement tool:
The reason for measuring the highest value of a peak is not the
right way of PAPR measurement is as described in the
following section with the justification of the right tool [13-
14].
The PAPR equation in terms of the number of active
subcarriers N, and variance o2 can be expressed as in
equation 8
max|X|?
5 = Nused % (8)

X
When all the subcarriers have the same phase, the equality in
equation 8 will achieve.

arg{xo,} = arg{xo,} ;Vvp=01..,N-1. (9)
From equation 8 and 9,

SI = Nusedf‘ll (10)

Where &y is the PAPR of input signal constellation ¥
Let us say W are M-QAM constellations

\/E(\/M— 1) n is even
M+ 2

max|X| = { (11)

xe¥ nis odd

Where, M = 2™, n being several bits per subcarrier.

The variance of M-QAM is
62=2(M-1)/3 (12)

After analyzing equation 10,11 and 12, the PAPR of M-QAM-
OFDM can be written as

J3N M-1 (13)
used — — nhlseven 1
e

Ll-SNused m nis odd

With WLAN standard IEEE 802.11a of Wi-Fi following test
cases can be applied to equation 13.

Case 1:

For the Modulation Scheme BPSK, the equation 13 leads &«
with Nyseq=48 as follows

= 3X48X =247
émax \/z + 1

Now,

PAPR;z = 10 loglo(fmax)

= 10.log 24.7
Thus,

PAPRdB(BPSK) = 13.93dB (14)
Case 2:
Similar to BPSK, Modulation Scheme =4-QAM,
Emax = 96

PAPR ;5 = 10.log,,(96)

Thus,
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Case 3:
Modulation Scheme =16-QAM,
$max = 86.4
PAPR,z = 10.10g 86.4
Thus,
PAPRdB(16—QAM) == 19.37dB (16)
Case 4:
Modulation Scheme =64-QAM,
$max = 140
PAPR45 = 10.log,, 140
Thus,
PAPRdB(64—QAM) = 21.45dB (17)

The equation 14, 15, 16, and 17 shows maximum PAPR for
modulation BPSK, 4-QAM, 16-QAM, and 64-QAM,
respectively. The probability of occurrence of theoretical
maximum PAPR for M = 4, which leads a maximum 16
patterns is 16/4N,..,. That is, the probability of the
occurrence of theoretical PAPR is significantly less. Hence the
upper bound cannot be said to be a useful tool for analysis of
the PAPR of a given OFDM signals and its statistical
distribution.

The transmitted signal becomes intimately involved in
Gaussian distribution, according to the central limit theorem
(CLT). Also, the amplitude of the OFDM signal has a
Rayleigh distribution. Consider &, PAPR threshold and
Pr{ &,} Probability of exceedance. e %0 The probability that a
single sample per unit time that exceeds the threshold &,. In a
time-domain OFDM signal the probability that the magnitude
of a single signal sample not to exceed a certain amplitude
threshold s, > 0, illustrated in equation 18.

S5
Pr{|sr’q| < SO} =1-—exp 52
N

With the consideration that the samples are statistically
independent, the probability of exceedance of at least one
magnitude of the entire OFDM symbol to a given threshold
given with equation 19.

]|Sr,q| = So}

2\ N
=1- (1 — exp (— %)) (19)

Thus the equation 19 yields the useful tool of analyzing the
PAPR

(18)

Pry max
qe[o,N—1

Pr{i¢>¢&}=1-(1- e'f")N (20)
Equation 20 depicts the Complementary Cumulative
Distribution Function that is (CCDF), which is a recognized
tool for performance measure for PAPR in OFDM signal. It
signifies the probability of exceeding PAPR of a data block to
an absolute threshold value. For a vast number of subcarriers
with the uncorrelated input data. The effect of frame structure
on signal deterioration due to channel, here AWGN, can be
analyzed with Bit Error Ratio Vs. The ratio of Energy/Bit (Eb)
to the Spectral Noise Density (No) in short BER vs. Ex/Np [13-
14]. Figure 3 shows the LabVIEW Module-specific to SSL,
which is one of the parts of the trans-receiver simulation
module developed for present work.
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Figure-2: Block representation of SSL Technique
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Figure-3: LabVIEW module of SSL technique

Other than this module, the simulation model has decoder
of SSL, modules of PN sequence generator, symbol
mapping and de mapper of BPSK, 4-QAM, 16-QAM, and
64-QAM, OFDM framework including CP insertion
removal, zero-padding insertion, and removal. Along with
this measurement tools CCDF and BER vs. Eb/NO module.
All these modules integratively from a simulation model of
OFDM Transceiver. Figure 4 shows the flow chart of both
transmitter and receiver of the SSL Technique.

Flow Chart

The figure 4 (a) shows the step by step signal construction
illustrated in the form of a flow chart, where the pointwise
multiplication of unique phase rotation vectors with input
symbol, and shortlisting the symbol copy having least
PAPR from all copies of input scrambled Symbol is
illustrated. This illustration has a more simplified
description given in the algorithm of the transmitter, as in
the following section.

Figure 4 (b) is the flow chart to be deployed at the receiver
to decode the transmitted signal by dividing the same set of
phase rotation vectors, which is extracted from the database
followed by received side information.

Algorithm
Transmitter

i Start

ii. Take U random phase vectors set B, each of size N

iii. Take a Symbol of N size
ITEE, 9 (4) pp. 26-32, AUG 2020

Perform pointwise multiplication of each u*" value
of B, and input symbol

V. Perform IFFT on each of the Resultant Symbol
and Measure the PAPR

Vi. Choose one Symbol out of resultant symbols based
on minimum PAPR
vil. Perform Fine Amplitude Clipping on Selected
Symbol
viii. Send the selected Symbol with its index number
iX. Stop
Receiver:
i Start
ii. Separate side-information and data symbol from
the received information
iii. Perform FFT on data symbol
iv. Use the side-information index number, to extract

the corresponding row from phase rotation vector
matrix
V. Use this row and divide the data symbol with it

vi. Collect the resultant Symbol which is the original
Symbol
vil. stop

Int. j. inf. technol. electr. eng.



Volume 9, Issue 4
August 2020

ITEE Journal ISSN: - 2306-708X

Information Technology & Electrical Engineering

OFDiI

©2012-20 International Journal of Information Technology and Electrical Engineering

start
Y

M Input Freq domain symbol Set (1xN) Random Phase Vectors (UxN)

Y
u=0

>

Y
Phase Rotated N OFDM Symbols
for Uth Random Phase Vector Set

Y
IFFT

Y
Append to U Set of OFDM Symbols

Y

Evaluate PAPR of N sets OFDM Symbols

No

Y Y
Index of U | Selected OFDM Symbol
(sn (Data)

[ step |

Start

Y
Received OFDM
Phase Shifted Symbol
Y
FFT

Y
Decoding of OFDM Symbol

Y
Stop

Choose one Set with Least PAPR

No Yes

1/P Symbol> Hard Threshold
Amplitude?

Y ) 4
Hard Threshold

Input Symbol Amplitude

> Append in OFDM Symbol =<

Y
i+

(@)

Received index of U
(sh

Random Phase Vectors UXN
(Same copy of Tx)

Y
| Extracted Phase Vectors1XN =

(b)

Figure-4: Flow chart (a) Tx (b) Rx of SSL Technique
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4. RESULTS AND DISCUSSIONS

SSL is evaluated with CSLM, and original OFDM signal
without any scheme applied. The evaluation is made in terms
of CCDF and BER vs. Ey/No.

Figure 5 (a) depicts CCDF for BPSK Modulation; here, SSL
covers the region up to 5.2 dB, which shows a perfect
improvement in PAPR. In figure 5 (b), the BER vs. Ex/Ng of
SSL is even better than CSLM showing the least region
belongs to error symbols.

Figure 6 depicts (a) CCDF (b) BER vs. En/Ng for 4-QAM
Modulation here; also, the improvement in CCDF is observed.
BER performance is similar to CSLM and better than the
actual OFDM signal with no PAPR reduction scheme applied.

Figure 7 depicts (a) CCDF (b) BER vs. Ex/Np for 16-QAM
Modulation. Here the CCDF is approx the same as that of
CSLM, but the BER performance is improved.

Figure 8 depicts (a) CCDF (b) BER vs. Ex/No for 64-QAM
Modulation. CCDF of SSL is improved over CSLM and signal
with no scheme, and the BER performance is similar to CSLM
with no degradation.

CCDF: BPSK
100 ¥ I
; SSL —.
% SLM —’
10 i \ o . g
:
5 \\ \
0.1 § S8 * ==
0.01
0 1 2 3 4 5 6 7 8
PAPR, (dB)
(a)
. BER vs. Eb/NO : BPSK
]
Sl —ilp
SIM —’
o '—'—-_.____\ No scheme—{f) =
; 0.01 \\
0.001
0.0001
0 2 4 6 8 10 1
Eb/NO (dB)
(b)

Figure-5: (a) CCDF (b) BER vs. Eb/NO for BPSK
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(b)
Figure-7: (a) CCDF (b) BER vs. Eb/NO for 16-QAM
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Figure-8: (a) CCDF (b) BER vs. Eb/NO for 64-QAM

5. CONCLUSION

In the present manuscript, we have demonstrated the detailed
description of the PAPR reduction technique of the OFDM
signal; we named it Symbol Scrambling and Limiting
technique. The SSL technique is the improvement over the
Conventional Selective Mapping Technique concerning its
CCDF performance, BER performance, and Computational
complexity. Various experimentations performed for getting
the phase rotation vector set that takes least multiplications
and work upon more improvement in PAPR along with this
amplitude limiting is added at the end of signal design to
control higher peaks. This way assures zero peaks above
threshold also sustains the BER performance with the least
data loss.

The signal design and testing followed the 802.11a frame
structure. LabVIEW development platform is used for overall
signal designed; thoroughly both transmitter and receiver are
designed. In the present manuscript, the module of the PAPR
reduction module is illustrated and explained thoroughly in
support of the flow chart and algorithm. The present technique
has given an excellent improvement in both CCDF and BER
performances, and thus it may be followed in other OFDM
standards as well. Thus the problem of HPA going in
saturation region can be fully addressed with this technique
with controlled computational complexity and data loss.
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