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Abstract: Perpendicular rate of recurrence splitting up a group of numeral television or radio channels that are
mixed together for broadcast Orthogonal Frequency Division Multiplexing which can be a potential diffusion method
for elevating the transmission capacity of the communication systems. In spite of the significance of OFDM, the
primary issue of the peak-to-average power ratio (PAPR) which augments communication system complications,
reduces the effectiveness of the communication system, resulting in low performance of bit-error-rate (BER), and
making OFDM perceptive toward non-linear distortion within a broadcast. Various techniques were projected for
treating PAPR issues, inclusive of partial transmit sequence (PTS) which captivated great interest. Thus, this paper
proposed a hybrid method inclusive of a boosted PTS scheme with Mu-law compressing and expanding approach.
The PTS approach was boosted through boosting its sub-block partitioning scheme, the place where the aggrandized
partitioning scheme consolidated a conventional interleaved partitioning into an adjacent partitioning scheme. The
present merger concerning Mu-Law characteristic in time domain for PAPR reduction in OFDM fundamentally boosts
PAPR diminution performance. Accordingly, though the simulated pseudorandom sub-block partition method
improved PAPR diminution supplementary further than other sub-block partition schemes appertaining to
conventional PTS, while maintaining low computational complexity. The findings show that the boosted PTS scheme
with Mu-law expanding approach, whilst upholding low computational complexity, achieves considerably superior to

the pseudorandom partitioning PTS with regard to various type of modulation format and subcarriers.
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I. INTRODUCTION

The OFDM structure has many advantages including high spectral efficiency, parrying interference, as well as
sturdiness against signal disappearance [1]. It is habitually utilized in numerical acoustic plus record dissemination,
and portable interactive media [2, 3]. Conversely, OFDM is apt large peak-to-average power ratio (PAPR), which
result in nonlinear distortion of the power amplifiers and weaken the performance of the OFDM system; this is
common in Wavelength Division Multiplexing (WDM) [4, 5] and Mode Division Multiplexing [6, 7]. Several
approaches has been taking into consideration to reduce PAPR, including cutting [8], classification [9], clipping and
refining [10], tone injection (TI) [11], dynamic constellation expansion [12], tenor preservation [13], and manifold

signal depiction schemes such as selected mapping (SLM) [14] and interlacing [15], along with partial transmit



sequence cord (PTS) [16]. Of the current schemes, PTS is considered unique most likely to improve the PAPR of an
OFDM signal because of its Longitudinal Method and zero sign deformation [17, 18]. This is important as PTS
categories of two methods that characterized as partitioning the original OFDM into a set of disjoint sub-blocks; the
other one is to render a group of aspirant signs via adding phase rotated sub-blocks to select the minimum PAPR for

broadcast [19]. All of these techniques have

advantages and disadvantages in terms of their PAPR reduction capabilities, the cost of BER performance degradation,
increased computational complexity, and loss of data rate. However [20-22], PTS is one of the most promising
techniques, attractive for its high-quality PAPR reduction.Its main drawback is the high computational cost in finding
optimum phase factors as well in finding uncorrelated partitions. In this paper, we offer a boosted PTS method with
improvements in two parts, namely, partitioning and phase rotation. For partitioning, we incorporated the AP scheme
into the IP scheme resulting in a new partition scheme performing better than either AP and IP. For phase rotation, an
optimal set of rotation vectors is derived according to the correlation properties of candidate signals based on the work
of [23]. The performance of the boosted PTS method is further improved by applying a nonlinear companding
technique, Mu-Law, to the output of the boosted PTS. The application of Mu-Law in the time domain of the OFDM

signal significantly improved the PAPR reduction performance.

This paper proceed as follows, the analytical model is presented in Section II. Section III present the boosted PTS

approach. IV presents the results and discussion. Finally, the paper is concluded in Section V.

II. ANALYTICAL MODEL
A. PAPR in OFDM System

The ODFM consists of N subcarriers with the same bandwidth. The OFDM inverse fast Fourier transforms the IFFT

and forms the transmitted signals. A block of transmitted signal, X, :[X 0s Xpsreeee ,X N_J can be represented as:
1 N-1 (j27rkn
x(n)=——=» X(k)e N ,0<n<N-1 1
P2

where the number of subcarriers is denoted as N and the domain frequency is indicated as X .
The CCDF is defined as [24, 25]
CCDF(PAPR,) = P.(PAPR > PAPR,) )

B. Partial Transmitted Sequences (PTS)
The PTS is shown in Figure 1. The sub-block of the partitioned scheme is pooled to demote the PAPR, and the

occupied subcarriers’ positions are set to zero [26], expressed as:

M
xX=>x, (€)
m=1

The IFFT is distinctly realized for every sub-block to transform the sub-block partitioning from frequency domain to

time domain given as:
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Figure 1 shows a sample schematic diagram of an ordinary PTS system with 64 subcarriers.
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Figure 1. PTS approach for PAPR reduction in OFDM systems
Figure 2 compares the performance of the three sub-blocks partition method.
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Figure 2.Comparison of PAPR reduction performance with different sub-block partitions
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C. Mu-Law Companding Technique
Mu-Law is a potent compression method which can be utilized to reduce PAPR [27]. The companding techniques for

PAPR reduction are reviewed in [28, 29]. Figure 3 shows the OFDM Mu-Law companding technique.
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Figure 3. Mu-Law compressing and expanding method in OFDM transmitter

The signal for Mu-Law compression at the transmitter can be expressed as

In {1 +u |S(t)| }

Smax (t)

iy S50 o

S, ()=

where S(¢) is instantaneous magnitude of the input, S (¢) is the peak magnitude of S(z), Sgn is a sign function,

and u is the Mu-Law compand parameter.

III. BOOSTED PTS APPROACH

This section explains the boosted PTS which merges two important steps, partitioning and phase rotation, both of
which need further improvement by incorporating a boosted PTS method with nonlinear companding. This can be
done by applying Mu-Law characteristics in the time domain for PAPR reduction in OFDM. The PAPR reduction
performance will be improved and at the same time the computational complexity will need to be reduced when

comparing the performance of these algorithms with ordinary PTS schemes.

1. Boosted Partitioning Method

The present segment reveals the planned crossbred modus operandi which merges a boosted PTS method in the
company of Muu- Rule compressing and expanding entrée like the exposed in shape 4. The improved PTS plan, that
integrates interlaced apportionment within neighboring apportionment method, has been suggested [30]. likewise, in

favor of neighboring apportionment, the boosted PTS method begins by way of an information contribution

framework partitioned into ¥ neighboring lumps. Then, lumps being split up S size secondary-Masses. Ultimately,

interleaved partitions £ are constructed by assigning the secondary-Masses into the partitions as:

P[q]b @ )



Where, P, (qj symbolizes the qth that is the secondary mass components r in 2, like the splitting up, Sb,;(q) point
r

to the qth component of the 7 secondary mass within the block 7 of the original data. The interspersed splitting up

of the lumps comprises of a number of secondary-Masses V. s being the bulk of the secondary-mass. After that every
one of the barren interspersed splitting up comprises of s.v components. Concerning the unique average of recurrence

of the rate of recurrence domain data X, , the IDFT of each of the divisions is seized autonomously. consequently,

IDFT yield for the division P, is specified via:

s—1 v=1
x,(li) — ZZR[Qjejbr(rlﬂxﬂj)n/N (8)

wherever x symbolizes n™the PTS succession model which stands for division P, the amount of supplementary
transporter is offered as N, whilel is the lump’s amount (/ = N/v). r being the indicator of the secondary mass in
the division, whileg is the secondary mass index xis the PTS successions which have stage revolution in the
company of a feature w,, exclusive of the initial succession x'” which stays steady w, =1. The stage features w,is
articulated like:

w=e?, i=0,1--- (z-1) )
wherever ¢, haphazardly chooses figures amid 0 < ¢ <27, zis interweaved division lump’s amount, ¥ =w,.x"
is the revolved successions which are employed to be united so as to produce the contender’s broadcast sign x, that

have analogous data in the stage feature.

v—1
%= %0 (10)
i=0
Accordingly, in the course of the appliance of Muu- Rule compressing and expanding entrée as set by Eq. (7) on the

broadcast sign contender %, , the fresh sign is attained in this way:

In {1 +u m}
max(x,)

In(1+u)

x, (1) = max(x, ).Sgn(x,) (11

The procedure is frequented by several periods(r), every period in the company of a a variety of number of stage
revolution standards. In each recurrence, PAPR of the contender precursor and the contender precursor in particular
are calculated and the matching number of the stage features are kept. Following r repetitions, the OFDM sign in

the company of the lowly PAPR is broadcasted.



2. Phase Rotation Method

The important issues of PTS must be solved, therefore the method proceeds to optimize the candidates to decrease the
complexity. A method of selecting the candidate rotation vector is adopted from [23] and, combined with the
partitioning approach, results in what we call the boosted PTS method. The core idea of this method is taking the

candidate with the minimum PAPR.

This method is based on analysis of the relationship among phase factors and the correlation of candidate signals. It is
used to pre-compute a set of different rotation vectors that result in a set of candidate signals with the lowest correlation.
This pre-computation drastically reduces the real-time computational complexity. The candidate phase factors
construction problem is based on combination theory. A combination is a method of selecting members from a group.
Suppose we have a collection of 7 objects. Then the number of combinations of these 72 objects taken 7 at a time
without repetition is actually the number of selections of 7' objects out of 72 where the order is not counted. It is denoted
by:

n!
b 12
< ri(n—r)! (12

We constructed a candidate phase factors table through solving the minimization problem in Eq. (14). It is basically a

combinatorial problem in a combinatorial space of “C, elements where 7 represents the total number of possible

rotation vectors and 7 is the number of candidate signals.

As already mentioned, in order to reduce the searching complexity, the selection of the phase factors has been limited

to a set of a finite number of elements. Therefore, it can be confirmed that the influence of different sub-block partitions

brought to a candidate signal’s correlation value satisfies b[vbl.v* =1,-1,i,—i whenv=1,2,3,4.

In this method, a function C is considered to estimate the average value of correlation of the candidate signals as

follows:

2

ibf"bf* (13)

v=1

1
=7 2

1<i<I<U

where C is representing the average value of the correlation, and M denotes all combinations of i and / which
satisfy 1<i<[<U,U the number of candidate signals, }" the number of data sub-blocks, and M =UU-1)/2.

h

b'b)" represents correlation between the v sub-blocks of the i and /" candidates.

The objective is to find a set of candidate signals corresponding to minimum correlation, C_ . The phase factors

which can be summarized as



min
b, =exp(j, . ).4,., € [0,27), 1<u<U

where b and b, represent phase factors.

Let us illustrate the problem of selecting lowest correlation candidate signals in the case where the number of phases
is 2 and the number of partitions is 4. Therefore, the number of possible phase vectors is 2* =16 . If the phases are -

1 and +1, the resulting 16 phase vectors are as shown in Figure 4.

If the number of candidate signals is 7 then the 7 corresponding phase vectors can be chosen in 16 C,= 11,440 different

ways. That is, there are 11,440 possible sets of phase vectors with each set containing 7 elements. Out of these 11,440
different sets, the one with the lowest correlation can be determined through solving the minimization problem (Eq.

21). The solution (7 candidate phase vectors resulting in lowest correlation signals) is shown in Table 1, where the
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phase index identifies one of 11,440 different sets of phase vectors.

Figure 4: Phase vectors for 2 phase levels and 4 partitions

Table 1: Results of the best candidate with lowest correlation signals

Phase index Phase 0 Phase 1 Phase 2 Phase 3
0 1 -1 -1 1
1 1 -1 1 -1
2 1 -1 1 1
3 1 1 -1 -1
4 1 1 -1 1
S 1 1 1 -1
6 1 1 1 1




The candidate phase vectors found by this phase rotation approach, as described in the previous partitioning approach,
are applied to the time domain signal given by Eq. (16) which was obtained through partitioning and IFFT
transformation. The procedure to obtain candidate signals is similar to the one shown in the partitioning approach,
except that in the present case phase rotation vectors computed using the phase rotation approach were used instead

of randomly chosen phase factors. Finally, the candidate signal with minimum PAPR is selected for transmission.

The phase rotation approach selects phase rotation factors from the table of candidate rotation vectors with the lowest
correlation, and this table is computed only once. Thus, in our boosted PTS scheme, it is not required to perform any
research in the space of phase vectors as in done in the ordinary PTS method. As the candidate phase vectors in this
approach are generated by the correlation minimization technique, the computational complexity is significantly

reduced compared with the ordinary PTS method.

Finally, by combining the Mu-Law companding technique in Eq. (7) with the transmit signal candidate %, the new

ln{1+u |()E")~ }
max(x,)

The PAPR transmitted signal is computed and verified with its corresponding set of phase factors then stored. Finally,

signal is expressed as:

max(%,).Sgn(x,) (15)

the lowest PAPR is transmitted after = iterations.

V. RESULTS AND DISCUSSION

The performance evaluation of the boosted PTS with the traditional PTS algorithm of three different types of sub-
blocks partition schemes (adjacent, interleaved and pseudorandom) is carried out using a numerical simulation. The
simulations were conducted to assess the performance of the PTS techniques for PAPR reduction, with input data

blocks of length 64 ( N = 64) are random partitioned into 4 sub-blocks (7" =4), the number of alternative phase factors

is W =4 are selected from {1,+ j}, candidate signals U =8, and different types of modulation format including

QPSK, 8PSK, 16QAM and 64QAM, respectively, the CCDF of the PAPR for the boosted PTS method and the
traditional PTS schemes are highlighted in CCDF threshold=10-.

The QPSK modulation format of CCDF versus PAPR is shown in Figure 5. The PAPRy of the original OFDM (signal
without PTS) was 10.2 dB, IP-PTS was 8.4 dB, AP-PTS was 8.1 dB, PRP-PTS was 6.8 dB, partitioning PTS method
(improvement only in the partitioning step) 5.8 dB and boosted method was 4.1 dB, respectively. The IP has better
performance than the original OFDM by 1.8 dB. As well as, the AP, PRP, partitioning PTS method and boosted PTS
method reduced the PAPR related to IP around 0.3 dB, 1.6 dB, 2.6 dB and 4.3 dB, respectively. The above statistical



numerical result, it is evident that boosted PTS method gives far better PAPR reduction than partitioning PTS method
and ordinary PTS schemes.
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Figure 5. Boosted PTS scheme combined with MU-Law technique compared to other PTS techniques for QPSK modulation format

Figures 6, 7 and 8 show the performance of boosted PTS compared to the partitioning PTS method and the ordinary
PTS schemes (IP AP and PRP) with the original OFDM when the modulation formats are 8PSK, 16QAM and 64QAM,
respectively. As observed in Table 2, the PAPR reduction for the boosted PTS method degrades slightly compared to
the partitioning PTS, ordinary PTS and VL-AP PTS schemes.

Table 2: Boosted PTS method and ordinary PTS

Modulation | CCDF PAPR of PAPR of PAPR of PAPR of | PAPR of PAPR of
Boosted PTS Partitioning PRP-PTS AP-PTS IP-PTS Original
method PTS method (dB) (dB) (dB) OFDM (dB)
(dB) (dB)

QPSK 103 43 58 6.8 8.1 8.5 10.9
8PSK 103 4.1 58 6.8 8.1 8.4 10.2
16QAM 103 39 5.9 6.8 7.9 8.2 10.1
64QAM 103 3.7 5.8 7 8.2 8.7 9.9

Therefore, from these figures we can deduce that the PAPR reduction performance for the boosted PTS in conjunction

with Mu-Law is better than the ordinary partitioning PTS method .
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Figure 6. Boosted PTS scheme combined with MU-Law technique compared to other PTS techniques for 8QPSK modulation
format
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Figure 7. Boosted PTS scheme combined with MU-Law technique compared to other PTS techniques for 16 QAM modulation
format
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Figure 8. Boosted PTS scheme combined with MU-Law technique compared to other PTS techniques for 64 QAM modulation
format

VI. CONCLUSION

There is a real need to design a phase factor on the average value of correlation in order to achieve better PAPR
reduction and overcome the exponential complexity that results from the use of conventional PTS which requires a
comprehensive search of all candidates to obtain the ideal phase weight and the weight vector. On the other hand,
another improvement can be realized by utilizing the augmented companding technique of Mu-Law incorporation
with PTS. This study has described boosted PTS with the enhancement in three different approaches, namely
partitioning, phase rotation, and augmentation with companding. The study shows that the PAPR performance of the
boosted PTS with the Mu-Law companding technique is better than the PRP-PTS in different modulation formats.

The boosted PTS as the advantage of achieving a significant reduction of PAPR while maintaining a low

computational complexity.

Funding:

Not Applicable

Conlflicts of Interest:

The authors declare no conflict of interest
Availablility of data and material

Not Applicable

Code availability

Not Applicable



Author Contributions:

Conceptualization, Z.T. and K. K; Formal analysis, Z.T., K.K., and Y.F.; Investigation, Y. F., M. M., and F. M.;
Methodology Z. T. and A.Q. A.; Validation, Z. T.; Writing — original draft, Z. T.; Writing — review & editing, Y.F.,
M. M., F. M. and A.Q.A.

REFERENCES

R. v. Nee and R. Prasad, OF DM for wireless multimedia communications. Artech House, Inc., 2000.

S. H. Han and J. H. Lee, "An overview of peak-to-average power ratio reduction techniques for multicarrier
transmission," /EEE wireless communications, vol. 12, no. 2, pp. 56-65, 2005.

Z. T. Ibraheem, M. M. Rahman, Y. Fazea, and K. K. Ahmed, "PAPR Reduction in OFDM Signal by
Incorporating Mu-Law Companding Approach into Enhanced PTS Scheme," Journal of Optical
Communications.

Y. Fazea, "Mode division multiplexing and dense WDM-PON for Fiber-to-the-Home," Optik, vol. 183, pp.
994-998, 2019.

Y. Fazea, M. M. Alobaedy, and Z. T. Ibraheem, "Performance of a direct-detection spot mode division
multiplexing in multimode fiber," Journal of Optical Communications, vol. 40, no. 2, pp. 161-166, 2019.
A. Amphawan, Y. Fazea, M. S. Sajat, R. Murad, and H. Alias, "MDM of hybrid modes in multimode fiber,"
Proceeding of the Electrical Engineering Computer Science and Informatics, vol. 2, no. 1, pp. 117-122,2015.
Y. Fazea, "Numerical simulation of helical structure mode-division multiplexing with nonconcentric ring
vortices," Optics Communications, vol. 437, pp. 303-311, 2019.

T. Deepa, K. Swetha, and R. Kumar, "A joint clipping and logarithmic based companding for the reduction
of peak-to-average power ratio in OFDM system," in Information Communication and Embedded Systems
(ICICES), 2013 International Conference on, 2013: IEEE, pp. 655-659.

D. Qu, L. Li, and T. Jiang, "Invertible subset LDPC code for PAPR reduction in OFDM systems with low
complexity," IEEE Transactions on Wireless Communications, vol. 13, no. 4, pp. 2204-2213, 2014.

X. Zhu, J. Xia, H. Li, and H. Hu, "Ultimate performance of clipping and filtering techniques for PAPR
reduction in OFDM systems," in Personal Indoor and Mobile Radio Communications (PIMRC), 2013 IEEE
24th International Symposium on, 2013: IEEE, pp. 782-785.

J.-C. Chen and C.-K. Wen, "PAPR reduction of OFDM signals using cross-entropy-based tone injection
schemes," Signal Processing Letters, IEEE, vol. 17, no. 8, pp. 727-730, 2010.

J. He and Z. Yan, "Improving convergence rate of active constellation extension algorithm for PAPR
reduction in OFDM," in Information and Automation (ICIA), 2013 IEEFE International Conference on,2013:
IEEE, pp. 280-284.

T. Jiang, C. Ni, C. Xu, and Q. Qi, "Curve fitting based tone reservation method with low complexity for
PAPR reduction in OFDM systems," /[EEE Communications Letters, vol. 18, no. 5, pp. 805-808, 2014.

S. Adegbite, S. McMeekin, and B. Stewart, "Low-complexity data decoding using binary phase detection in
SLM-OFDM systems," Electronics Letters, vol. 50, no. 7, pp. 560-562, 2014.

Y. Rahmatallah and S. Mohan, "Peak-to-average power ratio reduction in OFDM systems: A survey and
taxonomy," IEEE communications surveys & tutorials, vol. 15, no. 4, pp. 1567-1592, 2013.

M. Gouda and M. Hussien, "Partial transmit sequence PAPR reduction method for LTE OFDM systems,"
in Intelligent Systems Modelling & Simulation (ISMS), 2013 4th International Conference on, 2013: IEEE,
pp- 507-512.

L. Yang, K.-K. Soo, S. Li, and Y.-M. Siu, "PAPR reduction using low complexity PTS to construct of OFDM
signals without side information," /EEE transactions on broadcasting, vol. 57, no. 2, pp. 284-290, 2011.
Y.-J. Cho, J.-S. No, and D.-J. Shin, "A new low-complexity PTS scheme based on successive local search
using sequences," I[EEE Communications Letters, vol. 16, no. 9, pp. 1470-1473, 2012.

L.-X. Wang, K. Yang, and B. Xu, "Using the union algorithm of SLM and PTS to reduce PAPR in OFDM
system," in Computing, Communication, Control, and Management, 2009. CCCM 2009. ISECS International
Colloquium on, 2009, vol. 3: IEEE, pp. 475-477.

G. Tan, Z. Li, J. Su, and H. Zhang, "Superimposed training for PTS-PAPR reduction in OFDM: A side
information free data recovery scheme," in Communications and Networking in China (CHINACOM), 2013
8th International ICST Conference on, 2013: IEEE, pp. 694-698.



L. Yang, K. K. Soo, S. Li, and Y. Siu, "PAPR reduction using low complexity PTS to construct of OFDM
signals without side information," Broadcasting, IEEE Transactions on, vol. 57, no. 2, pp. 284-290, 2011.
Y.-J. Cho, J.-S. No, and D.-J. Shin, "A new low-complexity PTS scheme based on successive local search
using sequences," Communications Letters, IEEE, vol. 16, no. 9, pp. 1470-1473, 2012.

L. Xia, X. Yue, T. Youxi, and L. Shaogian, "A novel method to design phase factor for PTS based on pseudo-
random sub-block partition in OFDM system," in Vehicular Technology Conference, 2007. VTC-2007 Fall.
2007 IEEE 66th, 2007: IEEE, pp. 1269-1273.

H.-J. Chou, P.-Y. Lin, and J.-S. Lin, "PAPR Reduction Techniques with Hybrid SLM-PTS Schemes for
OFDM Systems," in Vehicular Technology Conference (VTC Spring), 2012 IEEE 75th, 2012: IEEE, pp. 1-
5.

J. Gao, J. Wang, and B. Wang, "Suboptimal partial transmit sequence algorithm to reduce the PAPR in
OFDM systems," in Computer Design and Applications (ICCDA), 2010 International Conference on, 2010,
vol. 4: IEEE, pp. V4-500-V4-503.

L. Wang and J. Liu, "PAPR reduction of OFDM signals by PTS with grouping and recursive phase weighting
methods," Broadcasting, IEEE Transactions on, vol. 57, no. 2, pp. 299-306, 2011.

C.-Y. Hsu and H.-C. Liao, "PAPR reduction using the combination of precoding and mu-law companding
techniques for OFDM systems," in Signal Processing (ICSP), 2012 IEEE 11th International Conference on,
2012, vol. 1: IEEE, pp. 1-4.

T. Jiang and G. Zhu, "Nonlinear companding transform for reducing peak-to-average power ratio of OFDM
signals," IEEE Transactions on Broadcasting, vol. 50, no. 3, pp. 342-346, 2004.

T. Jiang, Y. Yang, and Y.-H. Song, "Exponential companding technique for PAPR reduction in OFDM
systems," IEEE Transactions on broadcasting, vol. 51, no. 2, pp. 244-248, 2005.

Z. T. Ibraheem, M. M. Rahman, S. Yaakob, M. S. Razalli, F. Salman, and K. K. Ahmed, "PTS Method with

Combined Partitioning Schemes for Improved PAPR Reduction in OFDM System," TELKOMNIKA
Indonesian Journal of Electrical Engineering, vol. 12, no. 11, pp. 7845-7853, 2014.



