=
Journal of

Marine Science and Technology

e
Z
&
&
S
5

Volume 20 | Issue 5 Article 8

A PARTITION DUMMY SEQUENCE INSERTION PAPR REDUCTION METHOD
OF THE OFDM SYSTEM

Chi-Min Li
Department of Communications, Navigation and Control Engineering, National Taiwan Ocean University, Keelung,
Taiwan, R.0O.C., cmli@ntou.edu.tw

Jia-Chyi Wu
Department of Communications, Navigation and Control Engineering, National Taiwan Ocean University, Keelung,
Taiwan, R.O.C.

Chao-Chin Tseng
Department of Communications, Navigation and Control Engineering, National Taiwan Ocean University, Keelung,
Taiwan, R.O.C.

Follow this and additional works at: https://jmstt.ntou.edu.tw/journal

b Part of the Computer Engineering Commons

Recommended Citation

Li, Chi-Min; Wu, Jia-Chyi; and Tseng, Chao-Chin (2012) "A PARTITION DUMMY SEQUENCE INSERTION PAPR
REDUCTION METHOD OF THE OFDM SYSTEM," Journal of Marine Science and Technology: Vol. 20: Iss. 5, Article 8.
DOI: 10.6119/JMST-011-0506-4

Available at: https://jmstt.ntou.edu.tw/journal/vol20/iss5/8

This Research Article is brought to you for free and open access by Journal of Marine Science and Technology. It has been
accepted for inclusion in Journal of Marine Science and Technology by an authorized editor of Journal of Marine Science and
Technology.


https://jmstt.ntou.edu.tw/journal/
https://jmstt.ntou.edu.tw/journal/
https://jmstt.ntou.edu.tw/journal/vol20
https://jmstt.ntou.edu.tw/journal/vol20/iss5
https://jmstt.ntou.edu.tw/journal/vol20/iss5/8
https://jmstt.ntou.edu.tw/journal?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol20%2Fiss5%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol20%2Fiss5%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://jmstt.ntou.edu.tw/journal/vol20/iss5/8?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol20%2Fiss5%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages

Journal of Marine Science and Technology, Vol. 20, No. 5, pp. 541-546 (2012) 541

DOI: 10.6119/JMST-011-0506-4

A PARTITION DUMMY SEQUENCE
INSERTION PAPR REDUCTION METHOD
OF THE OFDM SYSTEM

Chi-Min Li, Ja-Chyi Wu, and Chao-Chin Tseng

Key words. OFDM, PAPR, power amplifier.

ABSTRACT

OFDM (Orthogonal Frequency Division Multiplexing)
technique has been widely adopted in many wireless com-
munication systems due to its high data-rate transmission
ability and robustness to the multipath fading channel. One
major drawback of the OFDM signal is the high peak-to-
average power ratio (PAPR) problem. The high PAPR results
in the in-band distortion and out-of-band radiation when the
OFDM signal isfed into anonlinear power amplifier (PA). In
this paper, we propose a partition dummy sequence insertion
(PDSI) method to reduce the PAPR problem. Simulation
results of the PAPR reduction and bit error rate (BER) per-
formance for the proposed method are evaluated to demon-
strate its capabilities.

. INTRODUCTION

OFDM technique has been adopted in many wireless
communication systems due to its high data-rate transmission
ability and robustness to the multipath fading, such as digital
audio broadcasting (DAB), digita video broadcasting-
terrestrial (DVB-T), very-high-rate digital subscriber lines
(VDSL), and the IEEEB02.11a wireless local area network
(WLAN). However, aserious drawback of the OFDM system
is the high peak-to-average power ratio (PAPR) of the trans-
mitted signal. The high PAPR results in the nonlinear effects
of the in-band distortion and out-of-band radiation when the
OFDM signal isfed into anonlinear power amplifier (PA). In
literatures, many methods have been proposed to solve the
high PAPR problem [1-7]. Two categories of the PAPR re-
duction methods can be classified: the first kind is distor-
tionless and the second one is distorted. For example, the
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selected mapping (SLM) [2, 6], partial transmit sequence (PTS)
[7] and the coding scheme [11] are the distortionless PAPR
reduction methods. And the distorted PAPR reduction meth-
odsinclude the clipping method [1, 3], companding transform
(CT) [4, 5, 1Q] ..etc. The distortionless methods will not dis-
tort the original OFDM waveform. However, these methods
have to transmit the additional side information (Sl) along
with the OFDM signal. Hence, the distortionless methods
have the disadvantage of reducing the system throughput. On
the contrary, the distorted methods will not reduce the
throughput. However, they are nonlinear and suffers the hit
error rate (BER) degradation of the system.

In this paper, we propose a partition dummy sequence in-
sertion (PDSI) method to ease the PAPR problem of the
OFDM signal. The proposed method is distortionless and can
effectively reduce the PAPR problem. Besides, the BER
performance is very robust regardless of the nonlinearity of
different kinds of PAs. This paper is organized as follows:
Section |1 describes the proposed method in detail and illus-
trates a Dummy Sequence Insertion (DSI) method [8] for
comparison. Simulations of the PAPR reduction and the BER
performance of the proposed method are evaluated under the
Rayleigh fading channel in Section Ill. Finally, some con-
clusions of this paper are givenin Section IV.

II.METHOD DESCRIPTION

In this section, we first review several PAPR reduction
methods including the Selective Mapping (SLM), Partia
Transmit Sequence (PTS) and the Dummy Sequence Insertion
method (DSI). Then, we propose a Partition Dummy Se-
guence Insertion (PDSI) method to reduce PAPR.

1. Selective Mapping (SLM) [6]

Fig. 1 depicts the operation of the SLM method for the
OFDM system. After the serial to parallel conversion (S/P),
the modulated data sequence x,, Eq. (1), is multiplied by U
different phase vectors to have U different output signals X,

Eq. (2).
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The transmitter (Ty) transmits the output signal with the
lowest PAPR. Inapractical implementation, the number q of
the available phase shift ¢ is countable. Fig. 2 is a PAPR
reduction results for different number of q; q = 2:{0,73,

gq=4: O,7r,£,—Z , q=6: O,zr,f,—f,z,—E . Results
2 2 2 24 4

reveal that g = 2 is good enough to scramble the phase of the

OFDM signal.

In addition, system can achieve a better PAPR result as
the number of U increases (Fig. 3). However, the increase of
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Fig. 3. PAPR reduction for different number of U.
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Fig. 4. The PTS PAPR reduction method.

U will reduce the system throughput because more side in-
formation bits (log; ) are needed to be transmitted for the
phase recovery at the receiver (Ry).

2. Partial Transmit Sequence (PTS) [2]

Similar as the SLM method, the PTS method achieves
the PAPR reduction by scrambling the phase of the signal
with different phase vectors. In Fig. 4, let the original input
sequence be X =[X, X, ... X,], &fter the S/P, partition and

zero padding, input sequence can be divided into V inde-
pendent sub-block X, =[X¥ XY . XY, v =1 2 .. V.
Each sub-block contains part of the input sequences. By
multiplying each sub-block with different phase vector and
summing up, Tx transmits the output signal with the lowest
PAPR. As the number of phase vector increases, the system
can achieve better PAPR improvement (Fig. 5). However,
more side information bits are needed to be transmitted.

3. Dummy Sequence Insertion (DSl) Method [8]

In [8], the authors present a Dummy Sequence Insertion
(DSI) method depicted in Fig. 6. The modulated data se-
quence x, of length L (L = N —M) is duplicated into 2" copies
and inserted the M-bits dummy sequences to have the data
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format in Fig. 7. After the N points IFFT, the OFDM data
signal with the lowest PAPR in time-domain is transmitted.

Basicaly, the DSI method is a modification of the SLM
method. Rather than the phase multiplication of the SLM
method, the DSI method reduces the PAPR via the M-bits
dummy sequences. Each dummy sequence can be either O or
1. Unlike the conventional PTS and SLM, it is needless to
transmit the side information and conducts the phase recovery
at the Rx.

4. A Proposed Partition Dummy Sequence I nsertion
(PDSI) Method

The proposed Partition Dummy Sequence Insertion (PDSI)
method isacombination of the DS| and the PTS methods. The
procedures of the PDSI method are as follows:

Theinserted dummy sequence can beeither Oor 1. Fig. 8is
an example if we perform the origina data into 4 digoint
subblocks. Other than the data sequence and the dummy
sequence, the rest of the signals are set to zero to have the
length of N for each subblock.

After the IFFT of each subblock, Tx sums up the time do-
main waveform, calculates the PAPR and informs the partition
device to test different dummy sequence combinations. The
estimated PAPRs of different sequence are recorded. The
sequence with the lowest PAPR is selected to be transmitted
(Fig. 9).

The effect of the dummy sequence insertion at the fre-
guency domain is to rotate a phase shift for the corresponding
time domain waveform. With the phase shift, the OFDM wave-
form can avoid the coherent summation for different fre-
guency components and thus reduce the PAPR.

The main difference between the DSI and the PDSI is
that the PDSI method divides the information data into sub-
blocks firstly and inserted the dummy sequence in each sub-
block. For the DSI method, the dummy sequences are inserted
consecutively at the end of the data block. That is, PDS
method rotates the phase in each subblock rather than the
whole data sequence. Therefore, it is more flexible than the
compared DS| method. Resides, results in Section 111 dem-
onstrates that the proposed method has a better and robust
BER behavior than the DSI. The PDSI method will also re-
duce the system throughput because of the dummy sequence
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insertion. However, this disadvantage can be eased if we in-
sert the dummy at the unused subcarriers of a OFDM system.

1. SIMULATION RESULTS

In this section, we evaluate both the PAPR reduction and
the BER performance of the DSI and the PDS| methods under
the Rayleigh fading channel. The nonlinear effect of the PA
is modeled by using a conventional Solid Stated PA (SSPA).
The AM/AM and AM/PM conversions of the SSPA can be
described in Eq. (3) and Eq. (4) respectively. The parameter p
relates to the AM/AM nonlinearity, Ay denotes the saturation
point and r(t) is the amplitude of the input signal. Fig. 10 and
Fig. 11 show the nonlinear effects for different p and A,.
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1. PAPR Reduction Performance

In the PAPR simulation, we divide the 64 subcarriersinto 4
subblocks, i.e., V = 4 for the PDSI. Each subblock has one
subcarrier to insert the dummy sequence. To have a fair
comparison, the DSI method aso has 4 subcarriers to insert
the dummy sequence. Fig. 12 isthe PAPR simulation results
for the original OFDM signal, the DSI method and the pro-
posed PDS| method if all the symbols are QPSK modul ated.
Fig. 13 isanother case if all symbols are 16 QAM modul ated.
Resultsrevea that both the PDSI method and the DSI method
have very similar PAPR reduction capability.

2. BER Performance Evaluation
In addition to the PAPR comparison, we further compare
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Table 1. Simulation parameters (IEEE 802.11a WL AN).

Modulation QPSK, 16 QAM
Method PDSI (V =4), DSl (B =4)
Number of data subcarrier 48
Number of FFT point 64
Number of sub-block 4
HPA model SSPA (Ag=1,06,p=1)
Channel model Rayleigh fading channel

BER Performance
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Fig. 14. BER under rayleigh fading channel (QPSK, Ao = 1).
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Fig. 15. Rayleigh fading channel (QPSK, Aq = 0.6).

the BER of the PDS| method with the DSI method under the
Rayleigh fading channel. Ry adopts a zero forcing (ZF)
equalizer to compensate the channel fading. Table 1 lists the
parametersin thissimulation. All the parameters are based on
the wireless local area network (WLAN) 802.11a.
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Fig. 16. Rayleigh fading channel (16 QAM, Ao = 1).
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Fig. 17. Rayleigh fading channel (16 QAM, Ao = 0.6).

Figs. 14 and 15 are the BER results for the case if we con-
sider different saturation points for the QPSK modulated
symbols. While Figs. 16 and 17 are the BER results if the
symbols are 16QAM modulated. Theideal curve denotes the
case when the OFDM signals do not suffer the nonlinear dis-
tortion of the PA. The origina curve is the case when con-
sidering the nonlinear distortion to the ideal case. Results
show that the proposed PDSI method outperforms than the
DSl method. Besides, we can note that the BER performance
of the proposed PDSI method is not sensitive for different
saturation point A,. However, the BER performance of the
DSl method will be degraded severely when Ay are small for
the adopted PA.

IV.CONCLUSION

In this paper, a PDSI PAPR reduction method is proposed.
The BER performance of the proposed method outperforms
the DSI method according to the simulation results. Fur-
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thermore, the proposed method can avoid the BER degrada-
tion for different saturation point A,. That is, the issue of
choosing an appropriate PA will not affect the PAPR and BER
performance significantly for the proposed method.

REFERENCES

. Armstrong, J., “ Peak-to-average power reduction for OFDM by repeated

clipping and frequency domain filtering,” Electronics Letters, Vol. 38,
No. 5, pp. 246-247 (2002).

. Bauml, R. W.,, Fischer, R. F. H., and Huber, J. B., “Reducing the peak-to-

average power ratio of multicarrier modulation by selected mapping,”
Electronic Letters, Vol. 32, No. 22, pp. 2056-2057 (1996).

. Deumal, M., Vilella, C., Pijoan, J. L., and Bergada, P, “Partialy clipping

(PC) method for the peak-to-average power ratio (PAPR) reduction in
OFDM,” 15th |EEE International Symposium on Personal, Indoor and
Mobile Radio Communications, 2004, PIMRC 2004, Vol. 1, pp. 464-468
(2004).

. Gong, H., Ye, W,, Feng, S., and Ke, F,, “A threshold companding scheme

for reducing peak-to-average power ratio of OFDM signals,” 2005 In-
ternational Conference on Wireless Communications, Networking and
Mobile Computing, Vol. 1, pp. 573-576 (2005).

. Huang, X., Lu, J, Zheng, J.,, Letaief, K. B., and Gu, J., “Companding

10.

11

transform for reduction in peak-to-average power ratio of OFDM sig-
nals,” IEEE Transactions on Wreless Communications, Vol. 3, No. 6,
pp. 2030-2039 (2004).

. Jayalath, A. D. S. and Athaudage, C. R. N., “On the PAR reduction of

OFDM signals using multiple signal representation,” Communications
Letters, IEEE, Vol. 8, No. 7, pp. 425-427 (2004).

. Muller, S. H. and Huber, J. B., “OFDM with reduced peak-to-average

power ratio by optimum combination of partial transmit sequences,”
Electronics Letters, Vol. 33, No. 5, pp. 368-369 (1997).

. Ryu, H. G, Lee, J. E., Park, J. S., “Dummy sequence insertion (DSI) for

PAPR reduction in the OFDM communication system,” |EEE Transac-
tions on Consumer Electronics, Vol. 50, No. 1, pp. 89-94 (2004).

. Ryu, H. G, Park, J. S, and Park, J. S, “Threshold IBO of HPA in the

predistorted OFDM communication system,” |EEE Transactions on
Broadcasting, Vol. 50, No. 4, pp. 425-428 (2004).

Wang, C. L. and Ku, S. J,, “A low-complexity companding transform for
peak-to-average power ratio reduction in OFDM systems,” Proceedings
of the 2006 |EEE International Conference on Acoustics, Soeech and
Sgnal Processing, Vol. 4, p. 1V (2006).

Wilkinson, T. A. and Jones, A. E., “Minimisation of the peak to mean
envelope power ratio of multicarrier transmission schemes by block
coding,” 1995 IEEE 45th Vehicular Technology Conference, Vol. 2, pp.
825-829 (1995).



	A PARTITION DUMMY SEQUENCE INSERTION PAPR REDUCTION METHOD OF THE OFDM SYSTEM
	Recommended Citation

	tmp.1628032683.pdf.ffZtX

