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Abstract: Orthogonal frequency-division multiplexing (OFDM) is an orthogonal waveform technique for encoding digital
data on multiple carrier frequencies. OFDM has developed into a popular scheme for wide band digital communication, used in
applications such as wireless networks and 4G mobile communications such as LTE, WIMAX and Wifi. It still exists with some
of the drawbacks, out of which, high peak to average power ratio (PAPR) gives rise to non-linear distortion, inter-symbol
interference and out-of-band radiation. There has been various ways developed and implemented to reduce PAPR. we will
describe all of these techniques to reduce PAPR, then focus on technique called Partial Transmit Sequence technique(PTS) which
comes under Signal scrambling techniques. In this technique, the symbol in the frequency domain is partitioned into smaller
disjoint sub-blocks. The objective is to design an optimal phase for the sub-block set that minimizes the PAPR. In this paper, an
efficient Universal Software Radio Peripheral (USRP) implementation of PTS scheme for PAPR reduction OFDM signals using
LABVIEW has been carried out.
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1. Introduction

Orthogonal Frequency Division Multiplexing (OFDM) is
an orthogonal multicarrier —communication  system.
Bandwidth efficiency, high data rate and immune to fading
makes the OFDM systems preferred choice for modern
communication system and are being implemented in many
modern communication systems [2] like Digital Audio
Broadcasting (DAB), Digital Video Broadcasting (DVB),
Wireless Local Area Network (WLAN) and Long Term
Evolution (LTE) [3]. Although OFDM gives many
advantages, it suffers from many technical difficulties. Few
of these difficulties include tight frequency synchronization,
time offset, peak to average power ratio (PAPR) and channel
estimation. In a multicarrier communication system, like
OFDM, independent phases of subcarriers may have
constructive or destructive effect. When all subcarriers have
same phase then the constructive effect gives high peak

amplitude and produces high peak to average power ratio
(PAPR). The high PAPR drives the power amplifier to
operate in non-linear region which causes inter-modulation
distortions and out-of-band radiations. So, it is highly
essential to reduce PAPR. For the same, various techniques
have been employed such as coding, companding, amplitude
clipping and filtering, active constellation extension (ACE),
tone reservation (TR), tone injection (TI), selected mapping
(SLM), partial transmit sequence (PTS). These schemes can
mainly be categorized into signal scrambling techniques,
such as PTS, and signal distortion techniques such as
clipping, companding techniques. Among these methods,
PTS scheme is the most efficient approach and a
distortionless scheme for PAPR reduction by optimally
combining signal subblocks [6].

In PTS technique, the input data block is broken up into
disjoint sub-blocks. The sub-blocks are multiplied by phase
weighting factors and then added together to produce
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alternative transmit containing the same information. The
phase weighting factors, whose amplitude is usually set to 1,
are selected such that the resulting PAPR is minimized. The
number of allowed phase factors should not be excessively
high, to keep the number of required side information bits
and the search complexity within a reasonable limit.
However, the exhaustive search complexity of the PTS
technique increases exponentially with number of sub-blocks,
so it is practically not realizable for a large number of
sub-blocks. To find out a best weighting factor is a complex
and difficult problem [4]. In this paper, PTS implements on
USRP using LABVIEW.

The paper is organized as follows. Section II briefly shows
the OFDM signal model. In Section III the PAPR problem of
the OFDM system is presented. In Section V The analysis of
the PTS technique are described. In Section VI Simulation
results using LABVIEW are provided. In Section VII
Implementation results using USRP are provided. Finally
conclusions are drawn in Section VIIL.

2. OFDM System Model

In an OFDM system, the serial data stream to be transmitted
is divided into parallel data stream constituting series of
frames. All bits/symbols in a frame is modulated
by, Nsubcarriers, X = [X(0),X(1),...,X(N — 1)]T

Which are orthogonal. This is achieved by considering,

USRP Implementation of PTS Technique for PAPR Reduction in OFDM Using LABVIEW

Where, T denotes the duration of OFDM symbol, Af'is the
subcarrier spacing and, Nis number of subcarriers. After
modulation, the frequency domain symbol is converted to
time domain symbol with an, N-point IFFT operation. The
transmitted symbol is given by,

x(t):% YN-1x (k) exp(j2ntAfk),0< t < NT (1)

Where NT is the data block period.

The basic building blocks of OFDM transceiver are the FFT
and IFFT blocks. At the transmitter side IFFT is implemented
whereas at the receiver side FFT is implemented. At OFDM
Transmitter: The incoming serial data stream is converted to
parallel blocks of data, with the number of elements in one
parallel block being equal to the number of sub-carriers, say N.
The parallel block of data is then passed through an N-point
IFFT block to obtain the OFDM symbol. Thus the OFDM
symbol is in digital time domain. At OFDM Receiver: OFDM
signal is passed through a channel to the receiver which is then
converted from serial to parallel stream. This parallel stream
of OFDM signal data is de-mapped or demodulated by any of
the demodulation technique BPSK or QPSK. This
demodulated data is transformed from time domain to
frequency domain with the operation of Fast Fourier
Transform (FFT). Finally, the frequency domain signal is
converted from parallel to serial and is received at the receiver
[6].

The Block diagram of OFDM System is illustrated in the

A following Figure 1.
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Figure 1. Block diagram of OFDM System.

3. Peak to Average Power Ratio

High Peak-to-Average Power Ratio (PAPR) has been
recognized as one of the major practical problem involving
OFDM modulation. High PAPR results from the nature of the
modulation itself where multiple subcarriers/sinusoids are
added together to form the signal to be transmitted. When N
sinusoids add, the peak magnitude would have a value of N,
where the (rms) average might be quitelow due to destructive
interference between the sinusoids. High signals are usually
undesirable for it usually strains the analog circuitry. High
PAPR signals would require a large range of dynamic linearity
from the analog circuits, which usually results in expensive
devices, and higher power consumption/lower efficiency (for
example, power amplifier has to operate with larger backoff to

maintain linearity) [8]. It’s quite straightforward to observe
that in OFDM systems, some input sequences would result in
higher PAPR than others. Theoretically, large peaks in OFDM
system can be expressed as PAPR. It is defined as:

max[|Xp|]

_ Ppeak _
PAPR= =101logyo X

Paverag e

@

Where Ppeq  represents peak output power, Ppyerage
represents means average output power and X,, represents the
transmitted OFDM signals.

Mathematically X, is expressed as:

1 @N—
Xy== TN X W (3)
Where Xy represents the K, input symbol.
PAPR is generally represented by a complementary
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cumulative distribution function (CCDF) where x-axis
denotes the preset threshold and y-axis denotes the probability
that the PAPR exceeds this threshold.

The CCDF is defined by,

P(PAPR>PAPR,)=1-(1 — e_PAPRth)N (4)
Where, PAPRyy, is the threshold [6] [7].

One of the major disadvantages of OFDM systems is that
the OFDM signal has high (PAPR), and to deal with this
problem many typical techniques have been proposed. Each
technique is different from the other in its complexity and
performance. The PAPR reduction techniques are listed in
Table 1.

Table 1. Classification of PAPR Reduction Techniques.

Reduction Techniques [1]

Signal Scrambling Techniques

Signal Distortion Techniques

With Explicit Side Information

Without Explicit Side Information

Signal Clipping

Coding based

Probabilistic Schemes Hadamard Transform Method

Peak Windowing

Block Coding Schemes

Selective Level Mapping Dummy Sequence Insertion

Envelope Scaling

Sub Block Coding Schemes
Block Coding With Error Correction

Partial Transmit Sequence
Interleaving

Tone reservation

Tone injection

Active Constellation Extension
Linear Block Coding

Random Phase Updating
Peak Reduction Carrier
Companding

4. Partial Transmit Sequence (PTS)

In PTS, the original data block is divided into multiple
non-overlapping sub-blocks. Then these sub-blocks are
rotated with rotation factors which are statistically
independent. After that, the signal with the lowest PAPR is
chosen for transmission. There are several ways for the
partition of the data sequence into multiple sub-blocks,
including adjacent partition, interleaved partition and
pseudorandom partition. The major drawback of PTS is also
the computational complexity (search complexity for optimal
phase factor, and more than one IFFT blocks) and low data
rate (required side information). Several techniques have been
proposed in the literature to reduce the search complexity and

overhead (by reducing/avoiding the usage of side information).

In PTS method, the original frequency-domain data sequence
is divided into multiple disjoint sub-blocks, which are then
weighted by a set of phase sequences to create a set of
candidates finally, the candidate with the lowest PAPR is

chosen for transmission [1]. A block diagram of PTS
techniques is shown in Figure 2 The input data block in X is
divided in to V disjoint sub-blocks, which are represented by
the vectors , {X®, =0,1,...,/-1} The input data block X can
be written in terms of {X™} as

X=YV_, XMforv=0,1,...,V-1

Where, X@=x¥ xV,...X%_, with X/=Xj or0

After that, the sub-blocks X are transformed into V,
time-domain partial transmit sequences by taking the IFFT of
length N. These partial transit sequences can be written as
x@=xy x¥ .. x¥_=IFFTIX™)] for V=0,1,..., V- 1

These partial sequences x™ are then independently
rotated by phase factors={BVej9”}, for V=0,1,..., V-1 The
rotated partial sequences are then optimally combined to
obtain the OFDM signals with lowest PAPR. The time domain
signal after combining is given by [7] [1]:

X=Yy=0 B,Y " )

Parallel

s \" N-poimt |
IFF1
Serial
to -
X parallel Xz N-point
Dara and IFFT
Source
partiiion
mio : :
Blocks .
Xy >l N-point
IFFT

(8]
serial
converter

Phase factor optimization

Figure 2. TheBlock diagram of Partial Transmit Sequence (PTS) technique.

PTS Technique is distortion less due to which the BER
performance is not affected in OFDM, can be implemented for

large number of subcarriers In turn the complexity is not
affected, provides flexibility to work with any number of
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subcarriers, is flexible for any type of modulation. It functions
equally well with BPSK, QPSK, etc, is flexible for any type of
modulation and any number of sub-blocks and the best
method for peak to average power ratio reduction as compared
to other techniques. But it also suffers from High
computational complexity: Due to IFFT operation and the
phase factor optimization this technique undergoes very high
computational complexity [6]. Suppose that there are phase
angles to be allowed, thus b, can has the possibility of
different values. Therefore, BY alternative representations
for an OFDM symbol. The search complexity increases
exponentially with the number of sub-blocks V.

This is the major disadvantage of PTS technique but this
technique is preferred only due to good PAPR reduction.
Another disadvantage is the Loss in data rates: The side
information is the main reason behind data rate loss. This
takes place as because the phase factor rotation values needs to
be send at receiver [1].

5. Simulation Results Using LabVIEW

LabVIEW is a graphical programming language developed
by National Instruments. LabVIEW provides a simple
inter-face for configuring and operating various external 1/O,
in-cluding the NI USRP hardware. Simulations were
performed to compare the performance of PAPR reduction in
OFDM symbols among OFDM without PTS and with PTS
[9-11]. the parameter used for calculation of PAPR are
illustrated in Table 2.

Table 2. The System Parameters Used for Simulation.

Parameter Valued used
Number of sub-carriers (N) 64
Oversampling factor (OF) 4

Modulation scheme 4,16,64-QAM
Number of sub-blocks used in PTS methods (V) 4,16,32,64
Number of generated OFDM signal 10000
Number of phase factors (b) 4

Fig. 3 shows the CCDF of PAPR for a 4-QAM/OFDM
system without PTS and with PTS technique as the number of
subblock varies.
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Figure 3. CCDF of OFDM signals without PTS and with PTS of V=4, 16, 32,
and 64 for4-QAM (using LABVIEW SIMULATION).
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Fig. 4 shows the CCDF of PAPR for a 16-QAM/OFDM
system without PTS and with PTS technique as the number of
subblock varies.
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Figure 4. CCDF of OFDM signals without PTS and with PTS of V =4, 16, 32,
and 64 for 16-QAM (using LABVIEW SIMULATION).

Fig. 5 shows the CCDF of PAPR for a 64-QAM/OFDM
system without PTS and with PTS technique as the number of
subblock varies.
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Figure 5. CCDF of OFDM signals without PTS and with PTS of V =4, 16, 32,
and 64 for 64-QAM (using LABVIEW SIMULATION).

As shown in figure 3,4,5: It is seen that the PAPR
performance improves as the number of sub blocks increases
with V=4, 16, 32, and 64. The Basic OFDM curve has PAPR
equals to 10.5 dB. After applying PTS technique, the value
was significantly reduced to 2.5 dB using V=64 for 4-QAM, 3
dB using V=64 for 16 QAM and 3.5 dB using V=64 for
64-QAM. This proves that PTS gives better results which is
superior performance in PAPR reduction. It is seen that the
PAPR performance improves as the number of sub blocks
increases with V =4, 16, 32, and 64. The CCDF results for
simulation are illustrated in Table 3.
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Table 3. The CCDF Results for Simulation.

Modulation scheme Sub Block-partition- PAPR (dB)
V=4 7dB
V=16 6 dB
4-QAM V=32 3.5dB
V=64 2.5dB
V=4 6 dB
V=16 5dB
16-QAM V=32 3.5dB
V=64 3dB
V=4 7dB
V=16 4.5dB
64-QAM V=32 3.5dB
V=64 3.5dB

6. Implementation Using USRP
A\

/ N\
¢ BasebandlQ

RF Software

Processing

Transceiver

LabVIEW.

Figure 6. Simplified Overview of a SDR Setup Built Around an NI USRP.

SDR refers to the technology wherein software modules
running on a generic hardware platform are used to implement
radio functions. Combine the NI USRP hardware with
LabVIEW software for the flexibility and functionality to

10ata
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deliver a platform for rapid prototyping involving physical
layer design, wireless signal record & playback, signal
intelligence, algorithm validation, Implementation was
performed to test simulations result through a real wireless
communication link using two Universal Software Radio
Peripheral (USRP 29-20) one as transmitter and the other as a
receiver [9-12]. Figure 6 shows Simplified Overview of a
SDR Setup Built around an NI USRP.

The parameters used for calculation of PAPR are illustrated
in Table 4.

Table 4. The System Parameters Used for Implementation.

Parameter Valued used
Data Random bits
Symbol rate 5 Msps
Modulation schemes 4,16,64 QAM
Number of subcarrier 64
Oversampling factor 4

Length of cyclic prefix 8 bit

Number of sub-blocks used in PTS

methods (V) 4,16,32,64

Packet header/tail (8bit)
Channel encoding
Pulse shaping filter

TX average power level
RX reference level

IEEE 802.11a Short Training
(3,1) repetition code

Raised cosine, a=0.5

0 dBm

-20 dBm

6.1. Implementation Results Using 4-QAM

Fig. 7 shows The PAPR characteristics of the PTS-OFDM
signals which includes the distributions of the imaginary and
real parts using various V for N=64 and 4-QAM.

40.000m~ 30.000m~
€ 20000m~ II l I | S 200m- I
i R im-
-20.000m - -10.000m~ I
T wniou e woow web @i aio  ioi modn ebow anbos @95
Time (sec) Time (se<)
QData QDete
0.000m~ 40.000m~
€ 200m- (2 o]
0.000-
-S|
WO i mon Wi wcon @t ok obn 20 X0M a0in eI
Time (se<) Time (sec)
v=4 v=16
10sts — 100ts _—
g 20.000m =~ g 20000m~
-20.000m ~20.000en D

. Time (sec)
”ta
20000~
s 10.000m~
0.000 WA YA NN e
=2
+30.000m~
~40.000en -, "

Tieme (sec)

v=32

Figure 7. Received signal for various V=4,16,32,64 using 4-QAM.
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Fig. 8. Shows the PTS-OFDM signals at time domain using 4-QAM modulated subcarrier for N=64.

Eye Diagram !y‘ﬁnwn

v=32 | v=64

Figure 8. Received signal in time domain for various V=4,16,32,64 using 4-QAM.

Fig. 9. shows the CCDF of PAPR for a 4-QAM/OFDM system without PTS and with PTS technique as the number of subblock
varies.

m CCDF FOR4-QAM

Figure 9. CCDF of OFDM signals without PTS and with PTS of V = 4,16,32,and 64 for 4-QAM (using USRPs).

6.2. Implementation Results Using 16-QAM

Fig. 10 shows The PAPR characteristics of the PTS-OFDM signals which includes the distributions of the imaginary and real
parts using various V for N=64 and 16-QAM.
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v=4 v=16

v=32 v=64
Figure 10. Received signal for various V=4,16,32,64 using 16-QAM.

Fig. 11. shows the PTS-OFDM signals at time domain using 16-QAM modulated subcarrier for N=64.

v=32 v=64
Figure 11. Received signal in time domain for various V=4,16,32,64 using 16-QAM.
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Fig. 12. shows the CCDF of PAPR for a 16-QAM/OFDM system without PTS and with PTS technique as the number of
subblock varies.

CCDF for16-QAM
Figure 12. CCDF of OFDM signals without PTS and with PTS of V = 4,16,32,and 64 for 16-QAM (using USRPs).
6.3. Implementation Results Using 64-QAM

Fig. 13 shows The PAPR characteristics of the PTS-OFDM signals which includes the distributions of the imaginary and real
parts using various V for N=64 and 64-QAM.

1Data

v=4 v=16

v=32 | v=64

Figure 13. Received signal for various V=4,16,32,64 using 64-QAM.

Fig. 14. shows the PTS-OFDM signals at time domain using 64-QAM modulated subcarrier for N=64.
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Figure 14. Received signal in time domain for various V=4,16,32,64 using 64-QAM.

Fig. 15. shows the CCDF of PAPR for a 64-QAM/OFDM

system without PTS and with PTS technique as the number of Table 5. The CCDF Results for Implementation.

subblock varies. Modulation scheme Sub Block-partition- PAPR (dB)
V=4 7.5dB
V=16 5.5dB
4-QAM V=32 44dB
V=64 3.5dB
V=4 6dB
V=16 5.5dB
16-QaM V=32 4.5 dB
V=64 4dB
V=4 6.5dB
V=16 5dB
64-QAM V=32 45dB
V=64 4 dB
Implementation results show that there is 0.5 - 1.5 dB offset
CCDF for 64-QAM in CCDF curves among simulation and implementation due to

. ) . ) USRP performance.
Figure 15. CCDF of OFDM signals without PTS and with PTS of V =

4,16,32,and 64 _for64-QAM (using USRPs). .
7. Conclusion
The CCDF results for implementation are illustrated in
Table 5. This paper provides an overview of
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Orthogonal-Frequency-Division-Multiplexing (OFDM). The
purpose of this paper was to reduce the High (PAPR) of
OFDM signals. The comprehensive research and comparison
are put forward for a variety of currently promising PAPR

reduction methods quoted in the literature in this research area.

This paper presented a Partial transmit sequence method that
was used to reduce the PAPR of OFDM signals and this was
successfully achieved. Simulations and Implementations
using LABVIEW and USRP were conducted and show that
the performance of PTS method provides a good PAPR
reduction.
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