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Abstract
A new method of signal decomposition based on the baseband to reduce the PAPR which
Decompose the OFDM signal into two signals, The new method and its degree of PAPR improvement are
introduced in detail . Two thresholds are introduced, compare threshold Tc and decompose threshold Td
.Simulation the results in different thresholds .The results show that the method can reduce the PAPR
greatly.
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1. Introduction

OFDM (Orthogonal Frequency Division Multiplexing) is a kind of multicarrier modulation
technology, It distribute the data flow to orthogonal spectrum transmission channel, It can use
spectrum resource effectively, at the same time it can resistant multipath fading effectively. It is
the main technology of LTE. More than one carrier added together to output the time domain
signal. But if too much user data in the same phase, the ratio of the OFDM instantaneous power
and the average power is high, which lead to the high PAPR value. High signal peak can lead to
clamping in D/A converter, and make the power amplifier saturation which cause signal
crosstalk and spectral distortion. It produce interference in the sender, worsen the performance
of the system. At present there are 3 classes method to reduce PAPR [1]: predistortion
technique. coding technique/ probability technique.

2. OFDM System and Definition of PAPR
OFDM modulation process finished in baseband. Binary bit steam changed into
complex data after a modulation processing such as QPSK., 16QAM. 64QAM, subcarrier

frequency data is X, , after IFFT it transformed to the time domain data X”, calculation formula
is [2-8]:

X,=—) X.eN
" NKZ; X k,nc{0,1,2,..N -1} (2-1)

PAPR is the ratio of OFDM symbol peak power with the symbol average power, The
time domain signal is Xa in the baseband signal.

mex { x [/

PAPR(dB)=10log,, &M~ 0<n<N-1
" OE0x [} (2-2)
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For the worst case of PAPR, When N points of time domain signal is 1,after IFFT the
frequency signal will be the impact signal, the peak power of signal is N, the average power is 1

the maximum PAPR of baseband signal is 10log,, N [9-16].
OFDM symbol is complex numerical, according to the central limit theorem, as long as

. . . . X:
the subcarrier number N is large enough, the real part X and the imaginary part ! of

Xo =X+ )% are subordinated to Gaussian distribution. The mean value is 0,and the variance
is 0.5[8].

_(X_mx)
e 2652

p(x) =
275 2-3)

According to the probability theory, the amplitude value of OFDM symbol is

2 2
r= w/ X+ X
r ', I' is the Rayleigh distribution, the probability density function of the I' [18]is

P(r)=2re™" (2-4)

—rl? 2
The power of OFDM symbol is P=r] ,the power distribution is the center £ , the
center distribution has two degrees of freedom, the mean value is 0, the variance is 1, the
probability density function of the power is[18]

I:)DOW(-}I' (Z) = e_ (2_5)

Assume the sampling signal are not related to each other, Defined the cumulative
distribution function (CDF) to statistic the characteristics of PAPR, It is the probability distribution
of the PAPR value less than a threshold value, the formula is

P(PAPR<z)=(1-¢7)" (2:6)

In the project we use probability of the PAPR value more than a threshold. It is
complementary cumulative distribution probability (CCDF), the formula is

P(PAPR >7) =1-P(PAPR< 7) =1 (1-€ )" o

3. Sighal Decomposition Method to Reduce PAPR

ALT Alternative Time Decomposition algorithm is proposed in this paper, In the
baseband the OFDM symbol are decomposed into two sub-signals, after the decomposition the
PAPR can be reduced greatly, send the two sub-signals out, In the receiver the two sub-signals
are added together.

Setting two thresholds in this algorithm: compare threshold To and decompose

— io
threshoIde. OFDM baseband time domain signal is Xa = %y e

X

, Peak signal is defined as

Peak, decomposed into anand n2 the number of original signal’s subcarriers is N, The

T.*| Peak|

amplitude of first N/2 subcarriers compared with , If it larger than this threshold, Xon

and Xn2 are equal to the half of original signal, but if smaller than the threshold,
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= Peak*T, |*e! x ,=x —X

*
n “nl_ The left N/2 subcarriers compared with T | Peak |

If it

larger than this threshold, X and Xn2 are equal to the half of original signal, but if smaller than
* *a i€ — v _
the threshold, Xr2 = PEaK™ T [*6 X, =X, =X,

The funct|on is
n=0...N/2-1

o == D |27, Peak|

X, o Peak *T, [*e", x,, = X, — X, X, | <T.*| Peak |

(3-1)
n=N/2...N-1
=%, =20 1% |>T*| Peak
X=X =" %, [2T.%] Peak|
X,, 9 Peak /2%e", x, =X, =X, [x, | <T.*| Peak|
(3-2)

In this algorithm threshold will affect the power differences of two decomposed sub-

signal. We will analysis the Te threshold’s influence to signal decomposition.
(1) Tc =1/2, Td=1/2

|Pe—z‘rj‘k|<|x|<|Peak| ,x1=x2=§ IPeakl<|x1| =[x,| < |Peak|
o<p <Pkl 1P| ocil< |Peak|
2 2 (3-3)
(2) Tc = 1/3, Td=1/2
Peak Peak
|—3|<I><I<|Peakl,x1=xz > LPER <=, |<| |
Peck| _|Peak Peak Peak
0<|>4<| <! 5 L =xx,, 1P |<|><l|—|><2| [
(3-4)
(3) Tc = 1/4, Td=1/2
Peak Peak Peak
e e e
o< <IPE] 1P| |Peak|<|xi|_|xz| |Peak|
4 2 (3-5)
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(4) Tc = 1/6, Td=1/2

flicas X [Pk | Pesk|

6 #)14%4’)9_)(2_2’ 12 <|)SJ:|X2|< 2
Rek| . |Rek Peek Peek
0L Iy 1P i P

(3-6)

From the formula when the Tc is 1/3, no matter what range the amplitude of x signal in,

amplitude of anand Xn2 are in the same range. When the Tc is 1/2, the amplitude of x in
different range, There is a obvious difference between two sub-signals, which need different
power in the sender.

In order to ensure the similar power , we will choose Tc=1/3.

4. Simulation and Analysis of Results

In the simulation, we use OPSK and 16QAM, the total subcarriers are N=2048, user

subcarriers are 1024, Total 10000 OFDM symbols Two stage sampling. The first stage sampling
is 1, the second stage sampling is 8, after the decomposition, filtering the frequency. compare
threshold is 1/3,decompose threshold is 1/2.

In the signal processing, time domain and frequency domain in Figure 1:
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Figure 1. Signal decomposition method time and frequency domain sampling 1:8
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In the figure, sampling is 1 after ALT, there is no high peak in time domain signal,there
are not large the signal amplitude difference, in the spectrum, there are spectrum leakage. In
the protection interval of frequency after filtering, there is a slight change in time domain. In
order to approximate to analog signal do eight times oversampling.

The CCDF curve of OFDM signal after signal decomposition method is shown in
Figure 2 and Figure 3.

Symbolwise PAPR under QPSK
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Figure 2. CCDF of PAPR of QPSK under signal decomposition method

Symbolwise PAPR under 16QAM with ALT
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Figure 3. CCDF of PAPR of 16QAM under signal decomposition method
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From the simulation results, under QPSK modulation, after the first stage sampling the
PAPR can be reduced nearly 9dB, after filtering, time domain signal changed, PAPR will
increase greatly. after the 8 sampling the PAPR of new signal and original signal is nearly 3dB.

From the simulation results, under 16QAM modulation, after the second sampling,
PAPR total reduced by 3dB, the average power of the original signal is nearly the same as the
decomposed signals.

In difference sampling method, the PAPR result will be influenced. We will show the
influence in Figure 4, In the simulation, we use OPSK, the total subcarriers are N=2048, user
subcarriers are1024,Total 10000 OFDM symbols Two stage sampling. The first stage sampling
is 2, the second stage sampling is 4, after the decomposition, filtering the frequency. compare
threshold is 1/3,decompose threshold is 1/2.
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Figure 4. Signal decomposition method time and frequency domain sampling 2:4

After the first stage sampling 2, decompose the signal with the ALT, the frequency
leakage is different from the last frequency Figure 1.

The CCDF curve of OFDM signal after signal decomposition method is shown in
Figure 5. After the first stage ,the PAPR are reduced nearly 8 dB, after the second stage the
PAPR are reduced nearly 2.5dB.
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Symbolwise PAPR under QPSK

---- L=4OFDM Time Signal
L = 8 OFDM Time Signal ]
---- L=4Decomposed Time Signal 1 ||

10" | ‘ L = 4 Decomposed Time Signal 2

ffffff L=====2====5 —— L = 4 Filtered Time Signal 1
- L = 4 Filtered Time Signal 2
L = 8 Filtered Time Signal 1
L = 8 Filtered Time Signal 2

Probability: PrPAPR > Threshold

PAPR Threshold in dB
Figure 5. CCDF of PAPR of QPSK under signal decomposition method

5. Conclusion

A new signal decomposition method is proposed in this paper. the computational
complexity is small in baseband, can reduce PAPR greatly. The influence of Compare threshold
to signal power is deduced. This is a method decompose the original signal to two sub-signals
in low PAPR then transmited and synthesized in the receiver. The different sampling stage
value will influence the PAPR value.

Acknowledgment
This work is supported by the National Science Foundation for Scientists of China
(grant No. 6126104, and the Qinghai Normal University Innovation Project (grant No. 2012-7).

References

[1] H Ochiai and H Imai. On the Distribution of the Peak-to-average power ratio in OFDM signals. IEEE
Trans. Commun. 2001; 49(2): 282-289.

[2] Tao Jiang, Yiyan Wu. An overview. Peak-to-average power ratio reduction techniques for OFDM
signals. IEEE transactions on broadcasting. 2008; 54(2): 1-5.

[3] Dae-Woon lim, Seok-Joong Heo, Jong-Seon No. An overview of Peak-to-average power ratio
reduction schemes for OFDM Signals. Journal of communicaitons and networks. 2009; 11(3): 257.

[4] Seung Hee Han, Jae Hong Lee. An overview of Peak-to-average power ratio reduction techniques for
multicarrier transmission. IEEE wireless communication. April 2005: 56-65.

[5] C Tellambure. Upper bound on peak factor of N-mutiple carriers. Electronics letters. 1997: 167-172.

[6] Luging wang and Chintha tellambura. A Simplified clipping and filtering technique for PAR reduction in
OFDM systems. |IEEE signal processing letters. 2005; 12(6): 453-456.

[7] Brian Scott Krongold and Douglas L. Jones. PARP Reduction in OFDM via Active constellation
extension. IEEE Transactions on broadcasting. 2003; 49(3): 258-268.

[8] Brains S Krongold, Douglas L Jones. A new tone reservation method for complex-baseband
PARreduction in OFDM systems. IEEE. 2005: 27-30.

[9] RR Bauml, RFH Fischer and JB Huber. Reducing the peak-to-average power ratio of mulicarrier
modulation by selected mapping. IEEE Electronics letters. 1996; 32(22): 2056-2057.

[10] SH Muller and JB Huber. OFDM with reduced peak-to-average power ratio by optimum combination of
partial transmit sequences. Electronics letters. 1997; 33(5): 368-369.

[11] Taimour Aldalgamouni, Amer Magableh, Salsabeel Al-Theiabat. Performance of Downlink CDMA-
SFBC Over Weibull Fading Channels. Journal of Communications. 2012; 7(4): 321-328.

The Method of Signal Decomposition to Reduce the PAPR (Yinghua Tong)



5651 W ISSN: 2302-4046

[12] Bin Sheng. A Novel Pilot Cancellation Scheme for OFDM Systems in Time-Varying Channels. Journal
of Networks. 2012; 7: 1155-1159.

[13] Tongliang Fan, Haowei Wu, Hongcheng Huang. Channel Estimation and Interference Cancellation for
OFDM Systems Based on Total Least Squares Solution. Journal of Communications. 2011; 6(8): 640-
647.

[14] Ping Wang, Jing Han, Fugiang Liu, Yang Liu, Jing Xu.A Power Allocation Algorithm Based on
Cooperative Game Theory in Multi-cell OFDM Systems. Journal of Networks. 2011; 6(11): 1610-1617.

[15] MM Kamruzzaman, Hao Li. Performance of Turbo coded OFDM wireless link for SISO, SIMO, MISO
and MIMO system. Journal of Communications. 2011: 185-190.

[16] Luging Wang, Chintha Tellambura, Edmonton. An overview of Peak-to-average power ratio reduction
techniques for OFDM Systems. IEEE International Symposium on Signal Processing and Information
Technology. 2006: 229-239.

[17] 3G Proakis, Zhang Lijun, Digital. communications. Four Edition. Beijing: Publishing house of
electronics industry. 2006: 30-32.

[18] Yang Gang. A Systematic Approach of the PAPR Reduction in OFDM Wireless Communication
Systems. PhD Thesis. Xi Dian University; 2005.

[19] Yuelin Du, Jingxian Zhang. The Performance of Synchronization Algorithm in Real-time OFDM—PON
System. TELKOMNIKA Indonesian Journal of Electrical Engineering. 2012; 10(7): 1576-1578.

[20] Liu Jinhu, Mei Feihu. An improved Channel Estimation Algorithm for Ultra-Wideband Wireless
Communication Systems. TELKOMNIKA Indonesian Journal of Electrical Engineering. 2013: 11(7):
145-147.

TELKOMNIKA Vol. 11, No. 10, October 2013 : 5644 — 5651



