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1. INTRODUCTION

Day by day, OFDM become more popular in many wired and wireless applications. The idea of
OFDM system is concentrated on the division of the bandwidth into narrow orthogonal sub channel.
The high PAPR is one of the disadvantages in OFDM system. The high PAPR causes in band and out band
distortion which lead to nonlinear distortion. Many approaches have been proposed to reduce PAPR.
The simplest one is the clipping technique which is considered as distortion because it have some loss in
power and degradation in Bit Error Rate (BER) [1], selected mapping (SLM) technique [2]. Error correcting
codes are also used to improve the performance of OFDM system like Low Density Parity Check code
(LDPC) in [3], Hamming code and convolutional code in [4] and Turbo code in [5]. In [6], the authors used
p-law companding transform to examine its effect on the PAPR reduction. In reference [7], DCT is used
before the IFFT to minimize the autocorrelation of the input data and hence to reduce the PAPR. The authors
in [8, 9] examined the effect of concatenation of the DCT and companding transform on the PAPR of
OFDM system. This paper proposes an efficient system based on a joint LDPC, DCT and p-law companding
technique for reducing the PAPR in OFDM system.

2. PAPR

One of the major disadvantages of the OFDM system is the high PAPR. This high value of PAPR is
due to the large number of subcarrier in OFDM system. For this reason, the peak value will be high as
compared with the average value and this causes high PAPR [10]. This high value causes degradation in the
performance of power amplifier because it causes high back off at power amplifier in order to ensure that the
last operates at a linear region so the high PAPR will make the power amplifier to operate inefficiently.
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The PAPR can be defined as the ratio between the maximum power and average power in one
OFDM symbol as shown below:

_ max(x (k))*

PAPR =
E(X (K))’

M

where E () is the expectation operator of random signal [11].
To analyze the PAPR in OFDM system, the complementary cumulative distribution function
(CCDF) is used. CCDF describe the probability where PAPR exceeds certain threshold values [12].

CCDF = Probability(PAPR > P,), where Py is the threshold value.
CCDF =1-1—exp(—P, )", where N is the number of carrier.

3. LDPC CODES

Since the 1949 when Shannon presented the theoretical limit of error correcting codes, many of
codes were proposed, but did not reach to the ideal limit until the turbo coding system. In 1962, a new class
of error correcting code was proposed by Gallager to have performance near of Shannon limit. This code is
known as Gallager code which is now known as LDPC code. The LDPC code was capable of achieving a
good performance by designing a parity check matrix H with a few 'l's spread among many '0's and by
presenting an iterative decoding technique. There are two types of LDPC codes depending on the number of
'I's in rows and columns. If the number of '1's is to be constant in row and column then this type is known as
regular LDPC codes. However, if the number of '1's is varied then this is said to be irregular LDPC codes.
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Although the BER performance of the turbo code is close to Shannon limit, but the LDPC achieves
performance better than this code. As previously mentioned, the LDPC code can be implemented as irregular
code which is operating in GF(q), where g = 4,8 and 16 gives better performances and it is preferred in many
current applications [13].

4. DCT

The DCT is similar to Discrete Fourier Transform (DFT), but it uses real numbers only and the
length of DCT is twice the length of DFT. DCT was proposed by Ahmed et al. (1974). Using this transform
reduces the autocorrelation of the input sequence and this reduces the PAPR [14].

x (k) =ak)>" “x(n) cos(%), For k=0,1,.......N-1 3)
where,
e if k=0 4
ak)=y[5 )
2 .
JORNES ifk=12.....N-1 ©)

The inverse DCT at the receiver is obtained according to the following equation:

x(n)=ak)> " x (k) cos(%), For k=0,1,......,N-1 (6)
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5. COMPANDING TRANSFORM

Companding transform technique is considered as amplitude limiting technique. The idea of this
technique is by amplifing the lower peak signal while period of higher peak signal will be attenuated, so the
average power will increase and hence the PAPR decreases. In reference [15], the authors presented system
uses linear companding transform where two inflexion points are used to increase the flexibility of the
companding design. The authors in [16] examined the effect of a nonlinear companding transform to reduce
PAPR in OFDM system using error function to increase the average power and hence reducing PAPR.

In this paper, p—low companding technique is used which is considered as nonlinear mechanism to
reduce PAPR. The mathematical formula of the output signal for companding and decompanding techniques
are D(x) and D (x), respectively as shown below:

v H 7
D (x) Iog(1+lu)log(1+v|x|)sgn(x) (7
B v |r]log(1+ 1)
Dx)=—( v -1 (8)
7

where v is the maximum value of the signal, x is the baseband OFDM signal, W is the companding parameter
and r is the received signal at the receiver [17].

6. INTERLEAVED OFDM TECHNIQUE

This technique is also used to reduce PAPR in OFDM system. Interleaver is a device that reorders
the symbols in a specific manner; i.e. the symbol sequence X=(X,, X;,...., Xy_,) becomes after interleaving
X" = (X)) Xn(1) - - Xnv—1))- In this technique (M-1) interleavers are used in front of the block of IFFT.
Each interleaver produces a different output frame for the same information input and then at the output of
IFFT block, the one with lowest PAPR will be chosen. Both transmitter and receiver should store the
permutation indices in their memory to retrieve the original data [18]. The block diagram of this technique is
shown in Figure 1.

In this paper, a random interleaver is used with for PAPR reduction. The random interleaver is a
block interleaver with length N which permute the symbols in pseudo random order and the system is
evaluated by the comparison with the other proposed system.

N-point | X0
*  IFFT N
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Data | | Symbol l,| Parallel | | Interleaver N-point |x SEIEI’.‘-‘
Source Mapper | |Conversion | |—» (1) * TFFT [—*|one with—»
least =
PAPR
Interleaver N-peint ML 'l
—™ (M-1) IFFT

L,

Side information

Figure 1. Interleaved OFDM technique

7. THE PROPOSED SYSTEM

The proposed system combined LDPC code, DCT and p-law companding transform to the PAPR
reduction. In this system, the standard DVBS?2 is used. The rate of LDPC = 1/4, p-law companding transform
is used to enhanced the performance of beside of LDPC code. DCT is added to reduce the autocorrelation of
the input stream. The steps of the proposed system are shown in Figure 2 and described as below:
Step 1: the input bits are encoded using LDPC code.
Step 2: the coded stream is modulated by Binary phase shift keying (BPSK).
Step 3: the coded modulated data is transformed using DCT. i.e,y= DCT (X)
Step 4: the previous output from DCT is applied to IFFT. i.e, y= [y(1), y(2), y(3),....... y(N)JV.
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Step 5: p-law companding transform is used (compression in transmitter and expanding in receiver). i. e., S
(n) = C(y (n)).

Step 6: adding cyclic prefix then transmit the signal through the channel.

Step 7: removing cyclic prefix from received signal.

Step 8: expanding the previous signal r(n) as a process of inverse companding transform.

y(n)=C {r(n)}

Step 9: FFT transform is applied to the signal. i.e., y* = FFT[y"(n)].

where: y* = [y*(1), y*(2), Y*(3)s.......y "(N)]"

Step 11: the signal X" is decoded using LDPC decoder using sum product algorithm.
Step 12: the decoded signal is demodulated to obtain the output bit stream.

Input
i LDPC Add cycli
signdl | oder BPSK |—» DCT » IFFT [ ®| Compression  |—» preﬂ;} 1
Y
Channel
Output ¢
signal | 1DPC BPSK
Decoder Demod [ IDCT FFT < Expanding Ren:llm-'all
cyclic prefix

Figure 2. Block diagram of the proposed system

8. CCDF PERFORMANCE OF THE PROPOSED SYSTEM
Figure 3 shows the results of PAPR of the simulated OFDM system with the theoretical case
with N =64.
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Figure 3. Comparison of the CCDF calculation for simulated OFDM system and theoretical case

Figure 4 describes the CCDF performance of different PAPR reduction schemes in frequency
selective channel of DVBS2 systems. The comparison is done between the original OFDM system,
the scheme that used DCT as a reduction technique for PAPR, p-law companding transform technique with
companding parameter =5 and joint scheme of DCT with companding transform.

Figure 5 shows the improvement in PAPR for the proposed system with three cases: if only LDPC
code is used to reduce the PAPR, if LDPC code and DCT are used and if the p-law companding transform
after IFFT is added to the previous two methods. As shown from this figure, the reduction in PAPR is about
6.5dbB for the proposed system with companding parameter =5.
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Figure 4. Comparisons of different PAPR reduction systems and proposed system
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Figure 5. Comparisons of different PAPR reduction systems and proposed system

Figure 6 presents the effect of companding parameter on the PAPR improvement for the proposed
scheme. It can be seen that as companding parameter increases, the reduction of PAPR will be increase.
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Figure 6. Comparisons of CCDF in different compounding parameter
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Figure 7 present the simulation results for the original OFDM system and the interleaved OFDM
technique for three random interleavers. As shown from this figure, the interleaved system achieves PAPR
reduction about 1.5dB compared with the original system. Figure 8 shows the comparison between the
proposed systems and the conventional PTS (C-PTC) in reference [19] to verify the performance of the
proposed systems.
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Figure 7. Comparisons of CCDF for Figure 8. CCDF's Comparison of the proposed systems
interleaved and original systems and C-PTC method

Comparison results have shown that the proposed systems achieve about 4.2dB PAPR reduction for
joint LDPC,DCT and p-law companding scheme and about 2dB for LDPC with DCT scheme.

9. CONCLUSIONS

In this paper, we proposed a joint LDPC and DCT with p-law companding system to reduce the
PAPR of OFDM signals. In the first step, the PAPR reduction is achieved by DCT and companding
techniques then the proposed system with LDPC code is examined. Another scheme has been tested also by
using interleaved technique. To evaluate the improvement of the proposed system, an interleaved system
have been tested. This scheme gave about 1.5 dB PAPR reduction which is considered modest value
comparing with the results of the proposed system. Simulation results show that the PAPR reduction is
improved for the proposed joint DCT, LDPC and companding techniques when compared with DCT,
companding and interleaved technique. Furthermore, comparison results have show that the proposed
systems give PAPR reduction higher than that of the C-PTC system in reference [19].
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