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Abstract

Orthogonal frequency division multiplexing (OFDM) is an attractive technique for
modern wireless communication. One major drawback of orthogonal frequency division
multiplexing schemes is the high peak to average power ratio (PAPR) of the output signal.
Selecting mapping (SLM) and partial transmit sequences (PTS) are two important techniques
for reducing PAPR, but they need to transmit side information to indicate how the transmitter
generates the signals. In this paper, we proposed an efficient technique to reduce PAPR in
OFDM system. For this technique, circular shifter used to produce K cyclic sequences from
the same information sequence. These sequences XOR with K randomly generated keys, the
same keys used in receiver side to detect data. The sequence with the lowest PAPR among K
sequences is chosen for transmission. Side Information (SI) is coded using Hamming code
and embedded into the information sequence. Computer simulation tests have been applied on
BPSK and N= 64 subcarriers OFDM system with the proposed method. Moreover, this
system will be evaluated under the effect of AWGN channel. The results exhibit the ability of
such technique to reduce the PAPR without major effect on the system performance as
compared with the conventional OFDM technique. The PAPR of OFDM signal is further
reduced by 4-5 dB by this technique.

Keywords. Orthogonal Frequency Division Multiplexing OFDM, Pesk to Average power
ratio (PAPR), AWGN channel.

aldlinl)
Jave ) Al s pldi ) | 3 shaiall AL CVLaDRlLS 236 OFDM - debiall 23 1 apdity 2aeiall ayenl
pal o iini PTS Jaaill ¢ jaall Jus)) 5 SLM sl Blasl) ial | OFDM aldai 8 e 1 JSLEAN) (4 32a) 5 3 8l
18 8 0 Hhll o BeliS QWS ) (5055 Lae Al il shen Jlu ) ) s 3okl 228 Jie (S15 PAPR Jaliil (3l
zon el aadid 4l 028 4 OFDM  aldai & PAPR 3 L3y 5,08 Jaee ) A Lo Jilil e € 4085 Caa 538) sl
oo milidl e K g gand Talail) oda, il (uiil (g il IS das 3all Lla) e K 28530 circular shifter sl

41


mailto:Algenaby1975@yahoo.com

Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

e sleall, Minimum PAPR 5_uiY! 308 Jare ) oasl G J8) llin 53 58 Jus 0 3 Jaadll « XOR il 52 (31 ,k
) Uail) $\Slae Caad Al yall ULl Lasd g zeXis Hamming code sladiuly i da)3y) laid S ddlay)
Binary Phase Shift Keying (BPSK) ez s N=64 <llall axe el Cua G gulall pladiuly OFDM 4a shaid
4 )lially PAPR il & il alaill 5 508 < jedal i) | AWGN channel Uall du Sl el g 58l cns plaill il

Jaa 5-4 3 535 Conventional OFDM sl allaill as

1. Introduction

Orthogonal frequency division multiplexing (OFDM) is a promising technique for high
speed data rate transmission [1].Moreover, OFDM has also been widely applied to wideband
communications over mobile radio channels, high-bit-rate digital subscriber lines (HDSL),
and digital audio broadcasting (DAB), etc. However, one of the implementation drawbacks of
OFDM s that the transmitted signal has a high peak to-average power ratio (PAPR). A
communication system with high PAPR not only decreases the efficiency of a linear high
power amplifier but also increases the complexity of an analog-to-digital converter.
Therefore, the subject of finding a computationally efficient algorithm to decrease the PAPR
in OFDM systems has become an active research.

Recently, many methods have been proposed to reduce the PAPR of the transmitted
signal. Clipping is a simple effective technique for PAPR reduction by clipping the peak
amplitude of amplification [2]. Since clipping is a nonlinear process, it may cause significant
in-band distortion and out-of-band radiation. Several coding schemes that use a special
forward error correcting code set that excludes OFDM signals with a large PAPR, thus they
significantly reduce the rate of transmission for large values of N [3]. Selective mapping
(SLM) [4] and partial transmit sequence (PTS) [5-6] are based on scrambling each OFDM
signal with different scrambling sequences to obtain lower PAPR, and the sequence with the
lowest PAPR is transmitted, both of which need to transmit side information (SI) to the
receiver to recover the original sequence. In this paper, we proposed an efficient technique to
reduce PAPR in OFDM system .The proposed technique depend on generating K pattern of
same information sequence by using K circular shifters and K Keys scrambling by XOR gates
.The identity of shifting circular registers sent as side information and embedded in data
information. The performance of the proposed technique for reducing the PAPR is presented.
This paper is organized as follow. Section 2 presents the definition of an OFDM system and
the PAPR. Section 3 introduces the proposed system model. Results are presented in Section
4, and finally the paper concluded in Section 5.
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2. OFDM system and paper definition

OFDM is a block modulation scheme where a block of information symbols is
transmitted in parallel on sub-carriers. The time duration of an OFDM symbol is times larger
than that of a single-carrier system. An OFDM modulator can be implemented as an inverse
Fast Fourier transform (IFFT) on a block of information symbols followed by an analog-to
digital converter (ADC).Consider an OFDM system with N sub-carriers. Each OFDM
block(OFDM symbol), x(t), 0<t < T, consistsof N complex baseband data Xo , X3,....., Xm1
carried on the N subcarriers respectively for a symbol period of T. The OFDM symbol x(t) is:

1 onN-1 i2mnAftOst<T
75 2m=0 Xne’ " 4 &)

X(1))=

0 elsawhere

Where Df | 1/Tisthe sub-carrier spacing and n denotes the index in frequency domain and

Xn is the complex symbol in frequency domain. Furthermore, equation (1) can be expressed
using the IFFT [7].

Figure (1) shows atypical block diagram of a Basic OFDM system. The serial input data
stream is converted to N paralel sub channels and mapped with a selected modulation

scheme, resulting in N subchannels containing the information in complex number form.

These complex values are then sent to the N channel IFFT. The parallel signals are
converted back to a serial sequence by using a P/S converter. A guard interval is inserted to
reduce the effect of ISl caused by multipath propagation. Finally, the signal is converted to
analogue signal and converted back up to a suitable form for transmission. At the receiver, a
reverse procedure is used to demodulate the OFDM signal.
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Figure (1). Block diagram of the basic OFDM system.
According to eg. (1), the peak instantaneous power is.
Proc= Max ax [x(t) | )
An OFDM symbol sequence can be represented by X(t) , X(t+T1),...... X(t+mT),...
The average power of OFDM symbol sequence is:
N-1
Pav(x,, X, Ya¥aY4.,X,,) = @ Elx|] ?3)
k=0

Where E[|xk|2] is the expected value of |xk|2 .The pesk average power ratio (PAPR) of the

OFDM symbol X(t) is:

max |x(t)|
PAPR = e =00 )
Py (X X seerees X 1) ) E[|Xk|2]
k=0

If the power of the input signal is standard, the E[|xk|2] equal to 1.Then:
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As aresult, the PAPR value is not larger than the number N of sub carriers, e.g. the peak
power value of OFDM signals is N times larger than its average power. So, the maximum
PAPR equals to N. With the increase in the number N of sub channels, the maximum PAPR

increases linearly. This makes high demands on the linear range of the front-end amplifier in
sending side.
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Although the probability of the largest PAPR is low, in order to transfer these high PAPR
of OFDM signal without distortion, all the linearity of the High Power Amplifier (HPA) in
sending side, the front-end amplifier and A/D converter should meet the high requirement.
But these equipments meeting the high requirement are expensive. Therefore, it is necessary
and important to reduce PAPR in OFDM system.

For an OFDM signal with N subcarriers, the PAPR can be defined as| 8]:

max|X(t)| 2

PAPR = 5
E|x(®)|

(6)
In particular, a base band OFDM signal with N sub channels has maximum PAPR equal to :
PAPRmax=10l0g10(N) @)

For M-PSK modulation, there are only M? sequences having maximum PAPR equal to 10log
(N) as described in [9].This means, the number of sequences that gives very high PAPR is
small. If the number of sub channels increases, the ratio of the sequence ( R ) that gives so
much PAPR and all distinct sequences decreases rapidly. The overall number of distinct
sequences for the N subcarriers OFDM system with M-PSK is MN. Thus the ratio can be
obtained by:

R= :MZ'N (8)

From the central limit theorem, it follows that for large values of N (N>64), the real and
imaginary values of x(t) become Gaussian distributed. Therefore the amplitude of the OFDM
signal has Rayleigh distribution, with a cumulative distribution given by F(z)= 1- €*. The
probability that the PAPR is below some threshold level can be written as:

P(PAPR<Zz) = (1-¢&*)N (9)
In fact, the Complementary Cumulative Distribution Function (CCDF) of PAPR of an OFDM
is usually used, and can be expressed as:

P(PAPR >PAPRo ) =1- (1 - e PN (10)

This theoretical derivation is plotted against simulated values in Figure (2) for different
values of sub carriers N.
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Figure (2). CCDF for different valuesof Sub carriers.

3. The proposed OFDM system model

The main idea in this research is to generate multiple and different patterns of the same
information. Generation of these patterns leads to increasing the likelihood that the pattern
which will have the least PAPR among the various patterns will be sent. A number of circular
shift registers is used to generate different patterns so that each pattern is different from the
other in the amount of offset in circular shift registers as shown Figure (3). Additional
information that describes the amount of offset in the shift register is mixed with data
Therefore; the proposed method will not need to send the side information separately from
data as in the case of SLM method. The error in the amount of shifting in the receiver side
leads to an error that occursin all the collected data, leading to increasing the BER. Hamming
code method has been adopted to encrypt the amount of the offset to reduce the BER.

Data 60 bit I dentity of data shifted 4 bit

Figure(3). Generation of the different patternsby using circular shifters.

46



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

Figure (4) depicts the block diagram of the proposed transmitter TX-OFDM system,
circular shifters are used to produce K cyclic sequences from the same information sequence
where the n™ circular shifter shifts the sequence data by n bits (n=0 to K-1). These sequences
XOR with randomly generated keys (K=16). Identity of Shifted Data is embedded as side
information. The information (Data & ldentity of Shifted Data) are modulated by using
BPSK. An inverse Fourier transform converts the frequency domain information (Data &
Identity of Shifted Data) set into samples of the corresponding time domain representation of
this information. The sequence with the lowest PAPR, among K sequences, is chosen for the
transmission. At the receiver RX-OFDM, a reverse procedure is used to demodulate the
OFDM signal.
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Figure (4).Block diagram of TX-OFDM proposed system.
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4. Results and discussion

The proposed model of transmitter and receiver OFDM was realized in MATLAB 7.6
(R2008a) octave codes, BPSK modulated and N=64 sub-carriers are considered. Figure (5)
shows the normalized output power of the OFDM system with and without proposed
technigue. From the Figure (5-@), wide variation in the instantaneous power of the
conventional OFDM system which leads to large PAPR can be easily observed. Comparing
with Figure (5-b), we can observe that the instantaneous power variation is reduced when we
used the proposed technique.

Figure (6) depicts the (CCDF) of PAPR for the proposed OFDM system for different No.
of circular shifters. The PAPR statistics improved with increasing No. of circular shifters.
When No. of circular shifters are equal to 16, the PAPR can be reduced by 4-5dB as compare
with the conventional OFDM system.
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Figure (5).Normalized power of proposed OFDM system in time domain.
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Figure (6). CCDF of papr for the proposed system.
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The used Keys and XOR gates in the proposed OFDM system description in Figure (4)

played a key role in obtaining a wide variation patterns for the same information and thus

become to get the lowest PAPR possible.

The proposed system has been tested in the presence of noise in channel (AWGN) so as

to measure the Bit Error Rate (BER). Results showed that the proposed system with K=16

circular shifters gave Bit Error Rate higher than the conventional system .The error occursin

one of the bits of Identity of Data shifted (ID) lead to crash whole the data frame which leads

to increased Bit Error Rate. Error correction method is used for ID in order to reduce the error

in the data frame in receiver side. Hamming code (7,4) method is used to detect the error of

ID in receiver side. Results showed that the proposed coded OFDM system showed quite

similar performance to the convention system, as in Figure (7).
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Figure (7).BER performance of the propose OFDM system.

5.Conclusions

A new Technique is proposed for the PAPR reduction in OFDM system, based on K
circular shifters to shift data symbol by n™ bit and XOR each with K keys. Then the sequence
with minimum PAPR is chosen for transmission. The proposed technique minimizes the
variation in the instantaneous power of the conventional OFDM system as well as reduces
PAPR. The PAPR reduction is forward proportionally to the number of circular shifter. PAPR
is reduced by 4-5 dB when compared with conventional OFDM. The proposed technique
offers a higher BER performance compared with conventional OFDM. The BER performance
for the proposed scheme can be improved by using appropriate coding technique for 1D such
as Hamming code (7,4). The use of Hamming code makes the BER for the proposed OFDM
system very close to that of conventional OFDM system. However, one of the difficulties in
the new technique is the large number of IFFT. The proposed method is similar to SLM
method, but the proposed technique doesn’t require any side information as in SLM method.
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