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Abstract—

This paper proposes belief propagation based combined decoding scheme for low-density parity-check (LDPC)-coded
orthogonal frequency-division multiplexing (OFDM) system with a peak-to-average power ratio (PAPR) reduction
using the partial transmit sequence (PTS), which does not transmit PTS side information about the phase factors.
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I. INTRODUCTION
It is well known that orthogonal frequency-division multiplexing (OFDM) suffers from a high peak-to-average
power ratio (PAPR). Among the techniques that have been proposed to reduce the PAPR, the partial transmit sequence
(PTS), has attracted a lot of attention [2] because it introduces no distortion in the transmitted signal and achieves
significant PAPR reduction. However, one of the critical challenges of PTS schemes is that the phase factor information
is required to be transmitted to the receiver as side information, which decreases transmission efficiency and increases
system complexity. Recently, some works [5]–[9] have been presented for phase factor recovery with the help of errorcorrecting codes, which do not require the transmission of phase factor information.
This paper proposes a scheme that does not have to perform phase factor estimation before decoding. We
propose combined decoding of the LDPC code and phase factors, which simply uses belief propagation (BP) algorithms
[10] and could enable a simple system design. In this paper, We investigate an LDPC-coded OFDM system with the PTS
PAPR reduction, which does not transmit PTS side information about the phase factors. We view the PTS processing as a
stage of coding and call the resulted code of LDPC coding and PTS processing a concatenated LDPC-PTS code. Then,
We derive the parity-check matrix of the concatenated LDPC-PTS code. With the parity-check matrix, the LDPC code
and phase factors can be combinedly decoded using Belief Propagation algorithm.
II. LITERATURE REVIEW
A. Basic OFDM System
Orthogonal Frequency-Division Multiplexing (OFDM) is a technique to nullify the effects of ISI [2]. The idea is to
divide the signal bandwidth into a number of subcarriers where the bandwidth of each of these subchannels is simply the
ratio of the total bandwidth to the number of subcarriers. This is done by using an Inverse Fourier Transform (IDFT/IFFT)
block at the transmitter and a corresponding DFT/FFT block at the receiver. To make the channel perform circular
convolution, a cyclic prefix (CP) of length greater than or equal to the channel length can be added before the symbols
are sent at the transmitter side. Thus after estimating the channel coefficients (in the frequency domain) at the receiver,
the symbols can be decoded without any ISI. OFDM works quite well with channel codes and together they are called
coded OFDM (COFDM). Channel codes increase the error detecting and correcting capability and thus higher order
constellations like 16 QAM and 64 QAM could also be used to achieve higher spectral efficiency. Some of the common
coding techniques for COFDM include concatenating inner convolution code with an outer Reed-Solomon code, turbo
codes and LDPC codes. However the implementation of COFDM with LDPC codes is more complex than some of the
other codes.

Fig. 1 Basic OFDM System block diagram
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B. LDPC Codes
Low-density parity-check (LDPC) codes are a class of linear block codes. The name comes from the characteristic of
their parity-check matrix which contains only a few 1’s in comparison to the amount of 0’s. Their main advantage is
that they provide a performance which is very close to the capacity for a lot of different channels and linear time
complex algorithms for decoding. Furthermore they are suited for implementations that make heavy use of
parallelism. They were first invented by Gallager in the 1963 but it was a forgotten code until this past decade due to
its implementation complexity [3].
C. Partial Transmit Sequence (PTS)
To overcome the problem of high Peak to Average Power Ratio(PAPR), the partial transmit sequences (PTS) method
for PAPR reduction in single antenna systems as well as for multiantenna OFDM systems is used. The PTS approach
is a distortion less technique based on combining signal subblocks which are phase-shifted by constant phase factors.
The technique significantly reduces the PAPR. The functional block diagram of partial transmit sequence based
PAPR reduction algorithm is shown in Fig. 2. It is based on dividing the original OFDM sequence into several subsequences; and for each sub-sequence, multiplying by different weights until an optimum value is achieved.

Fig. 2 The functional block diagram of partial transmit sequence based PAPR reduction algorithm
III. PROPOSED SYSTEM
A. Block Diagram
In the LDPC-coded OFDM system shown in Fig. 3, an LDPC [9] codeword is mapped onto OFDM subcarriers with
phase-shift keying (PSK) modulation/quadrature-amplitude modulation (QAM). The LDPC codeword, which is denoted
by row vector A, is mapped onto one OFDM data block of N c subcarriers after a random interleaver to obtain data block
vector X= [X(1), . . . , X(Nc)], where X(k) represents the PSK/QAM symbol on the kth subcarrier.
With the PTS PAPR reduction, X is partitioned into W blocks, i.e., X (1), . . . ,X(W), where X(w) = [X(w)(1), . . . , X(w)(Nc)],
for w = 1, 2, . . . , W . The partition satisfies that X(w)(k) = 0 or X(k) for k = 1, 2, . . . , N c and w = 1, 2, . . . , W, and ∑X(w)
= X.
Then, the candidate data block of PTS, which is denoted by X PTS, can be obtained by independently rotating X(w) with
the phase factor pw (w = 1, 2, . . . , W ), i.e.,

In this paper, we assume that pw ∈ {1, −1} for all w. We also assume that the PSK modulation/QAM scheme employed
in the system satisfies the following:
Multiplying the PSK/QAM symbols by a phase factor of −1 flips several bits of the symbols and does not change the
other bits, and the indexes of bits that are flipped when the symbols are multiplied by −1 are common to all symbols and
known to the receiver.
Obviously, the widely adopted PSK modulation/QAM with Gray mapping satisfies this assumption.
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Fig. 3 The functional block diagram of proposed system
Let Aw (w = 1, 2, . . . , W ) denote the row vector of the bits that are flipped when p w is turned from 1 to −1, and let A0
denote the row vector of all other bits that are never affected by the PTS processing. This way, the original LDPC
codeword A is divided into W + 1 vectors, i.e., A0,A1, . . . ,AW. Denote the length of vector Aw by Nw for w = 0, 1, . . . ,
W.
The corresponding vectors after the PTS processing are denoted by (APTS)0, (APTS)1, . . . , (APTS)W, respectively.
Apparently, (APTS)0 = A0. Due to the PTS processing and the aforementioned assumptions, we have

where ⊕ represents modulo-2 addition, and b w represents the phase factor bit of the wth block, i.e.,

We call APTS as the equivalent transmitted codeword in this project. In this project, the concatenated LDPC-PTS
codeword is defined as the codeword consisting of the equivalent transmitted codeword and phase factor bits, although
the phase factor bits are not transmitted by the system.
The concatenated LDPC-PTS code for the previously described OFDM system is a block code with the following
codeword, which is represented by a vector of bits:
ACLP = [A0, (ACLP)1, . . . , (ACLP)W]
where (ACLP)w = [(APTS)w, bw], for w = 1, 2, . . . , W .
Apparently, the equivalent transmitted codeword APTS is a punctured version of the concatenated LDPC-PTS codeword
ACLP. In the rest of this section, we define the extended Tanner graph for the OFDM system and discuss its relationship
with the concatenated LDPC-PTS code.
B. Belief Propagation Algorithm
In this paper we propose use of belief propagation (BP) algorithm for decoding the transmitted concatenated LDPC-PTS
codeword ACLP.
While decoding LDPC codeword BP algorithm uses Tanner Graph model to derive logical conclusions about the value of
bits which were transmitted. A tanner graph is a graphical representation of LDPC code consisting of variable nodes V,
check nodes C and E the set of edges, where E ⊆ V × C..
In this paper we extend the tanner graph (VEX,C,EEX) for the previously described OFDM system from (V,C,E) with the
following rule: the extended variable-node set VEX consists of subsets V0, (VEX)1, . . . , (VEX)W, where (VEX)w is the
extension of the subset Vw by including phase factor node bw, i.e., (VEX)w = Vw ∪ {bw}, for w = 1, 2, . . . , W . In addition,
the extended edge set EEX consists of E and new edges that are connected to phase factor nodes b 1, b2, . . . , bW. The new
edges are generated with the following rule: For any check node c ∈ C and phase factor node b w, w = 1, 2, . . . , W , an
edge is added between c and phase factor node b w if the total number of edges connecting c to all variable nodes in V w is
odd. (Without sacrificing clarity, we abuse the notation bw for the phase factor node and phase factor bit in this project.)
An example of the extended Tanner graph is presented in Fig. 4, in which phase factor nodes b 1 and b2 are inserted into
the Tanner graph for variable-node subsets V1 and V2, respectively. In addition, four edges (between c3 and b1, c5 and b1,
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c4 and b2, and c5 and b2) are added in the extended Tanner graph so that the total number of edges connecting each check
node to all variable nodes in (VEX)w (w = 1, 2) is even.
As a Tanner graph defines a parity-check matrix, we can obtain the extended parity-check matrix HEX of dimension M ×
(N +W) from (VEX,C,EEX). HEX consists of W + 1 sub matrices as
HEX = [H0, (HEX)1, . . . , (HEX)W]
where (HEX)W (1 ≤ w ≤ W) is the submatrix of HEX, whose columns correspond to the extended variable-node subset
(VEX)W, and H0 is the submatrix corresponding to V0.

Figure 4: Example of the extended Tanner graph.
C. Parity-Check Matrix and Decoding of the Concatenated LDPC-PTS Code
The concatenated LDPC-PTS code for the previously defined OFDM system is a linear block code with parity-check
matrix HEX and Tanner graph (VEX,C,EEX).
It can be written over GF(2) for 1 ≤ w ≤ W
(HEX)w [(ACLP)w]T
= (HEX)w [(APTS)w, bw]T
= (HEX)w [aw(1) ⊕ bw, . . . , aw (Nw) ⊕ bw, bw]T
= (HEX)w [aw (1), . . . , aw (Nw), 0]T + (HEX)w [bw, ..., bw , bw]T
Nw
= Hw[Aw]T + (HEX)w [bw, . . . , bw, bw]T
where Hw is the submatrix of H, whose columns correspond to the variable-node subset Vw, and aw(k) is the kth element of
Aw. Since the total number of edges connecting each check node to all variable nodes in (V EX)w is even, each row of the
associated submatrix (HEX)w has even Hamming weight (even number of 1s) (1 ≤ w ≤ W). Therefore
(HEX)w [bw, .. , bw, bw]T = 0, for 1 ≤ w ≤ W.
Nw
Then, we have
(HEX)w [(ACLP)w]T = Hw[Aw]T , for 1 ≤ w ≤ W.
Finally, we have

Therefore, the concatenated LDPC-PTS codeword ACLP is a valid codeword of the linear block code with parity-check
matrix HEX and Tanner graph (VEX,C,EEX).
Fig. 3 also shows the receiver diagram of the proposed combined decoding scheme. Since A PTS is the puncture version of
the concatenated LDPC-PTS codeword ACLP, ACLP can be decoded with HEX and the received APTS. Note that the
decoded ACLP consists of the decoded APTS and phase factor bits. Assuming correct decoding, phase factor bits are
extracted, and then, the original LDPC codeword A can be found by phase compensation as the following:
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The complexity of the proposed combined decoding is higher, but not very significant, compared with that of decoding
of the original LDPC code, since the dimension of the parity-check matrix of the concatenated LDPC-PTS code (HEX) is
only greater than that of the original LDPC code (H) for W columns, and W<< N.
IV. SIMULATION RESULTS

Fig. 5 BER Performance curve for proposed system (MATLAB Result)

Fig. 6 PAPR performance curve for proposed system(MATLAB Result)
The bit-error-rate (BER) and PAPR performance curves of the proposed combined decoding with QPSK modulation over
an AWGN channel are plotted in Fig 6.
The PAPR performance of the simulated system is exactly the same as that of the well-known PTS technique and
provides significant reduction in PAPR compared to OFDM system without PTS scheme.
As Eb/No increases, the BER of proposed system decreases at larger rate compared to a system without PTS processing as
seen from fig.5.
V. CONCLUSIONS
These results obtained via MATLAB simulations show that the proposed scheme can provide a significant PAPR
reduction, as well as nearly perfect phase factor recovery and LDPC decoding as seen from BER performance curve,
with small W.
ACKNOWLEDGMENT
I would like to thank Prof. Deeplaxmi Niture, assistant professor & my post graduation project guide at EXTC
department, COEP Pune and Miss. Divya Sharma, my fellow PG colleague, for their valuable inputs in the preparation of
this paper.
Joshi et al.

Page 150

International Journal of
Emerging Research in Management &Technology
ISSN: 2278-9359 (Volume-3, Issue-5)

Research Article

May
2014

REFERENCES
[1] Li Li and Daiming Qu,” Joint Decoding of LDPC Code and Phase Factors for OFDM Systems with PTS PAPR
Reduction”, IEEE Transactions on Vehicular Technology, vol. 62, no. 1, January 2013
[2] L. J. Cimini Jr., “Analysis and simulation of a digital mobile channel using orthogonal frequency division
multiplexing,” IEEE Trans. Commun.,vol. COM-33, pp. 665-675, July 1985
[3] R. G. Gallager, Low-Density Parity-Check Codes. Cambridge, MA: M.I.T. Press, 1963
[4] S. Y. Chung, G. D. Forney, T.J. Richardson, and R. Urbanke, “On the design of low-density parity-check codes
within 0.0045 dB of Shannon limit,” IEEE Commun. Lett., vol. 5, pp. 58-60, Feb 2001
[5] H. Futaki and T. Ohtsuki, “Performance of low-density parity–check (LDPC) coded OFDM systems,” IEEE
International Conference on Communications, vol. 3, pp. 1696-1700, Aug 2002
[6] M. Yang, W. E. Ryan, and Y. Li, "Design of Efficiently Encodable Moderate-Length High-Rate Irregular LDPC
Codes," IEEE Transactions on Communications, vol. 52, no. 4, April 2004
[7] T. J. Richardson and R. L. Urbanke, "Efficient Encoding of Low-Density Parity-Check Codes," IEEE Transactions
on Information Theory, vol. 47, no. 2, Feb 2001
[8] Y. C. Tsai and Y. L. Ueng, “Multiple-candidate separation for PTS-based OFDM ystems by Turbo decoding,” in
Proc. IEEE Veh. Technol. Conf., May 2010, pp. 1–5.
[9] C. Tellambura and A. D. S. Jayalath, ”PAR reduction of an OFDM signal using partial transmit sequences”. IEEE
VTS 54th Vehicular Technology Conference, 2001 (VTC 2001 Fall). 2, pages pp. 465-469
[10] R. G. Gallager, “Low density parity check codes,” IRE Trans. Inf. Theory,vol. IT-8, no. 1, pp. 21–28, Jan. 1962.
[11] M. Luby, M. Mitzenmacher, A. Shokrollahi, and D. Spielman, “Improved low-density parity-check codes using
irregular graphs,” IEEE Trans. Inf. Theory, vol. 47, no. 2, pp. 585–598, Feb. 2001.
[12] X. Y. Hu, E. Eleftheriou, and D. M. Arnold, “Regular and irregular progressive edge-growth Tanner graphs,” IEEE
Trans. Inf. Theory, vol. 51, no. 1, pp. 386–398, Jan. 2005.
[13] Richard Van Lee, Ramji Prasad, “OFDM for wireless multimedia communications”, Artech House, Boston, pp 8081, 2000.
[14] bernh.net/media/download/papers/ldpc.pdf

Joshi et al.

Page 151

