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Abstract. For the problem of high PAPR in the Orthogonal Frequency Division Multiplexing
(OFDM) system, Partial Transmission Sequence (PTS) algorithm is an effective method. However,
the main problem of PTS algorithm is how to reduce computing complexity when searching the
optimum phase. In this case, this paper brought about the Adaptive Partial Transmission Sequence
(APTS) algorithm to reduce computing complexity. Based on the iteration in the APTS algorithm,
the algorithm has completed when the computed PAPR is smaller than the set threshold value. The
simulation results indicate that the adaptive PTS algorithm has a better performance than PTS
algorithm in terms of the computing complexity.In other words, the computing complexity is
smaller.

1.Introduction

As the high speed transmission technology of wireless channel, the OFDM, which has the
orthogonal sub-carrier spectrum, can be partly overlapped. During the demodulation, the receiving
end can recover the data from the sub-carrier, which those overlapped carriers are not orthogonal
transformation. Therefore, increasing the utilization of the frequency spectrum significantly. 4G
(The 4th Generation Mobile Communication Technology) technology is the mainstream of
communication technology, and one of its core technologies is OFDM (Orthogonal Frequency
Division Multiplexing) technology. OFDM is applied to the areas including Digital Audio
Broadcasting (DAB), Digital Video Broadcasting (DVB), Asymmetric Digital Subscriber Line
(ADSL), and Wireless Local Area Network (WLAN)™.

However, there is an obvious shortcoming of OFDM technology. It means that when the
dynamic range of signal amplitude is oversized, signal peak power become much larger than the
average and leading to a high PAPR value. The PAPR suppression technology includes: limiting
technology, coding technology, scrambling technology, adaptive pre-distortion technology, and DFT
spread spectrum technology. The PTS algorithm of scrambling technology can effectively reduce
the PAPR value of the signal'.

CDF, used to reduce PAPR, is the common index of Technologies. It has always been replaced
by CCDF in literature M? CCDF is the probability beyond certain threshold value PAPRG.
According to the central limit theorems, for the OFDM system with large sub-carrier quantity, it
generate the real part and imaginary part of the OFDM time domain values, which meet the
Gaussian distribution that the average value is 0 and variance is 0.5. The amplitude of the
multi-carrier meets Rayleigh distribution, with its power meets average value of 0, and freedom
degree of square x* of 2. Then the CDF of the signal is:

F(z) =l-exp(-z) (1)
When using Nyquist sampling rate, the CCDF of the system can be expressed as:
P(PAPR > 2) =1-P(PAPR<z)=1-F (2)" =1-[l—exp(-2)]" (2)

© 2016. The authors - Published by Atlantis Press 566



2.Partial Transmission Sequence Algorithm

The basic idea of part of transmission sequence is to enter n OFDM signal data to block X, and
then dividing the block X into V sub-blocks without intersection.
_ X=[X1X?,... X" (3)
Among the sub-blocks, X' refers to the continually subscribed sub-block in the same size. To
reduce the PAPR, multiply the divided sub-blocks and phase factors. The phase factor is expressed
as:

b' =e”, e e[0,27)
After weighted, perform the IFFT, then:
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Then the time domain signal of the smallest PAPR vector can be expressed as:
- V ~
x=2 b'x* (7
v=1
The schematic block diagram of part transmission sequence is shown in figure 15!:
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Figure 1 PTS system conceptual diagram Figure 2 PAPR before and after PTS

When sub-block V = 4, sub-carrier K = 128, and phase factor is b* e {ﬂ}, adopting the QPSK
modulation. Figure 2 shows the CCDF of comparison of the PAPR performance curves between the

PTS-OFDM system and the original OFDM system.
As is shown in figure 2, after PTS, the PAPR performance of the PTS-OFDM system is lower
than the original OFDM system. PAPR has been suppressed effectively.

3.Adaptive PTS Improvement Algorithm

To select a technology to suppress PAPR, various factors should be considered, such as the
ability to reduce PAPR, computing complexity and increasing of signal power. Specifically, the
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computing complexity is an important evaluation criterion to select an algorithm that can reduce
PAPR . For the algorithm that is good at reducing PAPR, its complexity is also higher. For example,
in traditional PTS algorithm, all phase factors need to be explored in order to solve the optimum
phase combination. When the numbers of group V increases, the computed quantity is W™,
Therefore, when selecting improved algorithm to reduce PAPR, the effect of reducing PAPR and
computing complexity should be taken into consideration to obtain a relative better algorithm.

When the quantity of sub-blocks increases, there is a problem that the complexity of searching
the optimum phase of traditional PTS algorithm is higher. The computed quantity will reach W"*,
which is difficult to implement. This paper puts forward an adaptive PTS sub-optimum algorithm to
reduce computing complexity, obtain a sub-optimum solution, and implement the simulation of the
algorithm.

The core concept of adaptive PTS improved algorithm is to set a threshold value L of the PAPR
and reduce the searching quantity by the threshold L. When the computed PAPR is smaller than the
threshold L, the iteration has completed and will not continue to the upper bound of 2"*. However,
if the value of L is too small, the algorithm will search all factor combinations, then the final
operation times will be close to PTS algorithm and not reduced. Apparently, the algorithm is unable
to improve the operation speed; if the value of L is too large, the algorithm will search a small part
of the factor combinations to obtain a sub-optimum solution that differs from the optimum solution.
Therefore, the threshold value L should be the compromise of PAPR suppression and computing
complexity.

The algorithm is as followed:

1.Select the threshold L of PAPR, the iteration quantity K in the range of 1<<K<<2"":

2.Divide the entered N sub-carriers into V sub-blocks, the initial value of phase factor:
b'=1,v=1,2,3...V;

3.Set a as the computing quantity, with initial value of 1. Compute the PAPR;
4.1f PAPR < L or a > K, the iteration ends; otherwise if PAPR > L or a < K, change the original
b= 1, and set b'= -1, and a = a + 1. The circulation ends until the M factor in the phase factor

changes. Select the phase factor corresponds to the smallest PAPR.
The flowchart of the adaptive PTS sub-optimum improved algorithm is shown in figure 3:

Setb'=1.v=1,2,...V.threshold L, iteration quantity K

Computing quantity with initial value a=1, compute the PAPR

Figure 3 APTS algorithm flowchart
The concept of threshold comes from the adaptive PTS sub-optimum improved algorithm. From
the result of simulation, if the threshold is appropriate, the computing complexity will be reduced,
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i.e. V<W"! and a sub-optimum solution will be obtained.

Figure 4 shows different PAPR suppression effects under the same conditions that sub-block
quantity V = 4, sub-carrier K = 128. When adopting QPSK modulation, OFDM, original PTS,
adaptive PTS sub-optimum improvement L=7(A-PTS1), and adaptive PTS sub-optimum
improvement L=6.5(A-PTS2) present different effects.
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Figure 4 PAPR of Original PTS and APTS Figure 5 PAPR of Original PTS and APTS with various V

As is shown in figure 4, PTS algorithm and APTS algorithm have the effect on PAPR
suppression.

Based on the simulation, the computing quantity of APTS algorithm is significantly smaller than
the traditional PTS algorithm. In the APTS algorithm, when the threshold value equals 7, the search
quantity through simulation: average k=2.9770, average time = 3; when L equals 6.5, search
quantity average_k compl1=6.5290, and average time = 7, while the search time in the traditional
PTS algorithm is 2*"=8, which means the computing quantity of the APTS algorithm is smaller
than the traditional PTS algorithm.

Different threshold values also have different effects on the computing complexity. When the
threshold L = 7, the search quantity of the improved algorithm is 62.5% less than the original search
quantity; when L = 6.5, the search quantity of the improved algorithm is 12.5% less than the
original algorithm. In other words, the computing quantity is significantly reduced, with enhanced
computing speed.

Figure 5 shows when sub-carrier K=128,and adopting QPSK modulation,the CCDF of
OFDM,and the PAPR suppression of adaptive PTS sub-optimum improvement L=7(A-PTS1), and
adaptive PTS sub-optimum improvement L=6(A-PTS2) with sub-block quantities V=4,8 and 16.

As is shown in figure 5,when the quantity of sub-block increases,the PAPR suppression effect of
APTS algorithm is continually improved.Meanwhile,the computing quantity of APTS algorithm is
constantly reduced,and the computing speed is continuously enhanced.

Table 1 shows the comparison of PTS iteration quantity and APTS (when L = 7) iteration
quantity when sub-carrier K=128, and sub-block quantity V values 4, 8, and 16 in QPSK
modulation.

Table 1 Iteration quantity of APTS algorithm and PTS algorithm

Computing C . .
uafltit PTS iteration APTS iteration Omparnsono
. 7 i : APTS and PTS
Sub-block quantity quantity . . .
iteration quantity
: S 3 62.5%
8 128 28 78.1%
16 32768 36 36 590

When the quantity of sub-block increases, the search quantity of the PTS algorithm is 2"%,

569



increased in exponent. Take the condition that V = 4, V = 8, and V = 16 for example. When V = 4,
the search times of PTS algorithm is 8 while the search times of APTS algorithm is 3. Compared to
the PTS algorithm, the search times of APTS reduced by 62.5%. When V = 8, the search times of
PTS algorithm is128 , however, it is only 28 times of APTS algorithm’s search times. Significantly,
there is a 78.1% decrease; when V =16, the search times of APTS algorithm is 36, at the meanwhile,
the search times of PTS algorithm reach 32768, The APTS algorithm is 99.8% lower than the PTS
algorithm. It is obvious that the computing complexity decreased a lot. When the quantity of
sub-block continually increases, the advantage of improved algorithm, which reduce the operation
times, will be more and more significant.

4.Summary

Currently, PTS, which reduces the high PAPR of OFDM system, has the disadvantage of high
computing complexity. It needs to search all phase factors to find the optimum solution in W'
times of computing. This paper put forward the APTS sub-optimum improved algorithm that well
solved the computing complexity issue, which eliminates the unnecessary loop in the PTS
algorithm. When V increases, the computing quantity of PTS also increases in exponent , however,
APTS only needs V times computing, and we can see that V<W"" obviously.Based on the
simulation,the obtained sub-optimum solution of APTS sub-optimum improved algorithm is close
to the optimum solution. In this way, the high PAPR and computing complexity are both
suppressed.
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