2016 ٌٔانعذد انثايٍ ٔانعشش

ت انًأيٌٕ انجايعةٛيجهت كه

Efficient PAPR Reduction Technique for MCDiscrete -CDMA System Based OFDM
Sampling Transform using Multiwavelet Critical
Hill Climbing Method
Dr. Mohammed Aboud Kadhim
Middle Technical University, Institute of Technology

Abstract
“Orthogonal Frequency Division Multiplexing (OFDM)” is widely
made use of in various digital communication systems primarily
aligned for its benefits of “Multi-Carrier Code Division Multiple
Access (MC-CDMA)”. It is also compounded due its robustness in
the presence of multipath and selective fading, widely mitigated
scheme complexity. This is as a result of equalization in the
frequency domain. As a further result, it produced losses such as a
“Peak-to-Average Power Ratio (PAPR)” at the show signal. With no
thought at present for sign corruption, it is super huge to equipment
with PAPR a diminishing in OFDM system. This work proposes a
new theory that elaborates a new method which is mathematically
analyzed, for MC-CDMA system based OFDM-“Discrete
Multiwavelet Critical-Sampling Transform (DMWCS( ”for reduced
PAPR this uses “hill climbing technique” and comparison has been
done with conventional techniques as well. Simulated results
approved that the suggested method is more efficient for PAPR
Reduction than another conventional technique .
Index Terms— MC-CDMA, OFDM system, DMWCST, PAPR
reduction.
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يجهت كهٛت انًأيٌٕ انجايعة

حمُٛت فعانت نخمهٛم َسبت انمذسة انعظيٗ انٗ انمذسة انًعذنت فَ ٙظاو
حمسٛى انشيٕص نعذة حٕايم بخعذد انذخٕل انًبُ ٙعهٗ يمسى انخشدد
انعايٕد٘-انخحٕٚم انًُفصم نًخعذد انًٕٚجاث انعُٛت انحشجت باسخخذاو
طشٚمت حسهك انخم
د .يحًذ عبٕد كاظى
الجامعة التقنية الىسطى /معهد التكنولىجيا

انًسخخهص
يضاعفت حمسٛى انخشدد يخعايذ )ٚ (OFDMسخخذو عهٗ َطاق ٔاسع ف ٙيخخهف أَظًت
االحصاالث انشلًٛت نًا اثبخخّ ف ٙانًماو األٔل يٍ فٕائذْا فَ ٙظاو َظاو حمسٛى انشيٕص نعذة
حٕايم بخعذد انذخٕل )ٚ (MC-CDMAضاف إنٗ رنك أٚضا بسبب يخاَُخٓا فٔ ٙجٕد لُٕاث
انخالشٗ انًخعذدة االَخمائٛت ،فْ ٙزِ انمُٕاث انخخفٛف عهٗ َطاق ٔاسع ٚكٌٕ يعمذ ْ .زا ْٕ
َخٛجت يعادنت ف ٙيجال انخشددَ .خٛجت أخشٖ ،فإَّ ٚحذد خسائش يثم طالت يخٕسظ َسبت يعذل
انزسٔة )(PAPRف ٙاإلشاسة انحاصهت  .عُذ عذو االخز بُظش االعخباس حهك انًسأٖ فخكٌٕ
انُخٛجت حمهٛم انكفاءة نُظاو يضاعفت حمسٛى انخشدد يخعايذ .فْ ٙزا انعًم َظشٚت جذٚذة يمخشحت
حى ششحٓا ٔححهٛهٓا سٚاضٛا ،نُظاو  MC-CDMAليضاعفت حمسٛى انخشدد يخعايذ  -انخحٕٚم
انًُفصم نًخعذد انًٕٚجاث انعُٛت انحشجت ) (DMWCSTباسخخذاو حمُٛت حسهك انخم ( Hill
 )Climbingنخمهٛم طالت يخٕسظ َسبت يعذل انزسٔة )ٔ (PAPRيماسَخٓا يع انطش ق
انخمهٛذٚت َ.خائج انًحاكاة اثبخج اٌ انطشٚمت انًمخشحت فعانت جذا نخمهٛم طالت يخٕسظ َسبت يعذل
انزسٔة ) (PAPRيٍ انطشق انخمهٛذٚت االخشٖ.

1. Introduction
Keeping in mind the end goal to high-speed transmission
rate, future wireless mobile communication plans will be a
crucial parameter alongside awesome information rate
requiring broad recurrence groups. Unfortunately in broadband
wireless channel, the unforgiving recurrence selectivity came
about by the further number of numerous ways blurring
mitigates the “Bit Error Rate (BER)” execution. What's more,
MC-CDMA, in light of the gathering of OFDM with CDMA,
is unmistakable chosena one technique for future wireless
communication plan [1-3]. Utilizing Multiwavelets OFDM can
relieve the level of obstruction and improve unearthly
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effectiveness. Disclosure proposed Multiwavelet plan obtains
altogether bring down piece mistake rates, improves signal to
“noise power ratio (SNR)”, and have the capacity to be utilized
as comparable to the conventional OFDM [4]. Yet, MC
CDMA plans have the inborn issue of a high PAPR, which
brings about poor force capability or genuine execution
decrease in the transmitted sign. Provisos gets set forward with
comparable multifaceted nature of Analog to “Digital
Converter (ADC)” and Digital to “Analog Converters (DAC)”,
decreased force proficiency, and raised BER, fatigue of further
power. High power intensifiers are crucial which gives a result
of upgraded cost segment. In that capacity, on the off chance
that we moderate PAPR, we will get diminished
unpredictability of ADC and DAC, expanded sign to
commotion proportion and “Bit Error Rate (BER)” [5]. To
alleviate the PAPR, different options are proposed [6]. Their
falsehoods critical arrangements are recommended to battle the
PAPR issue in MC-CDMA plans, the contortion less headings
are barely sought, since the data in transmitted signs is
undestroyed [7].The “Partial Transmit Sequences (PTS)” [8]
and the “Selective Mapping (SLM)” [7-9] are two of the
exemplary twisting less means. A superior organized SLM
strategy is advanced [10] by coordinating specific mapping
with blunder control in the OFDM plans to get over the
necessities for the transmission of one of a kind side data.
Albiet, the result of mistake control SLM (EC-SLM) for MCCDMA plans have not been illustrated. Slope climbing is a
numerical change strategy going under the array of group of
neighborhood
pursuit.
Slope
climbing
determines
combinatorial issues that have noteworthy arrangements, some
of which are more upgraded than others. A nearby inquiry
system, for example, slope climbing starts from a candidate
arrangement. At a later stage, neighboring arrangements are
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checked consistently. This technique is a conceivable
alternative just if an area connection can be firm on the hunt
space. At the point when the systems don't see any light
further, it segregates in itself. Precisely, by then the present
arrangement is near ideal. Also, it is not guaranteed that slope
climbing will dependably approach the best determination
[11]. Additional data of the slope climbing calculation have
the capacity to be found in [12-14]. In this paper we expand
how to utilize the slope climbing look calculation to diminish
the PAPR impacts for MC-CDMA framework based OFDM
discrete multiwavelet basic testing change “discrete
multiwavelet critical-sampling transform (DMWCST)”
2. Proposed Modified MC- CDMA Based PAPR
Reduction
The simple transmitter configuration of MC-CDMA is like to OFDM
based PAPR mitigation for DMWCST signals is shown in Figure (1).

Figure 1: Block diagram of the Proposed Transmitter MC-CDMA Based
OFDM Discrete
Multiwavelet Critical-Sampling Transform with Hill
Climbing for PAPR Reduction.
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Input data are mapped on “Binary phase shift keying (BPSK)” values
within the transmitter.
Let 𝑑 𝑡 be the binary input data. The BPSK signal a (k) is given by,

𝑎 𝑘 =1
= −1

𝑖𝑓
𝑖𝑓

𝑑 𝑘 =1
𝑑 𝑘 =0

1

The MC-CDMA framework looks for orthogonal codes for channel
choice. Since MC-CDMA plans utilize the same recurrence groups for all
transmissions, just as a not coordinating code can be formed towards a
channel. Walsh codes are orthogonal codes. The adjusted succession a(k)
is spreader in recurrence space by duplicating with “Walsh Hadamard
spreading code” of length L to spread the images. The spreading code for
kth client, 𝑐 𝑘 is expected by,

𝑐

𝑘

𝑘

𝑘

𝑘

= 𝑐0 , 𝑐1 , … 𝑐𝐿−1

𝑇

2

The chip rate 1=𝑇𝑐 of the serial spreading code 𝑐 𝑘 before serial-toparallel conversion is,

1
1
=
𝑇𝑐 𝑇𝑑

3

and times is L greater in comparison to the data symbol rate 1=𝑇𝑑 .The
sequence coming as an outcome after spreading is given in vector
representations by,

𝑧

𝑘

=𝑐

𝑘

𝑎

𝑘

𝑘

𝑘

𝑘

= 𝑧0 , 𝑧1 , … 𝑧𝐿−1

𝑇

4

MC-CDMA downlink signal is sought for once the processing of the
sequence 𝑧 𝑘 in the OFDM block where IDMWCST is routed to expect
an outcome to synthesize the transmission sequence using the low pass
and high pass filters the computation of IDMWCST transform is found in
[1] . The data symbols are enhanced to augment onto the subcarriers by
applying the IDMWCST. The convolution between the symbols and the
filters can be factuallyed portray as:

𝑦𝑙𝑜𝑤 𝑏 = 𝑦 𝑏 ∗ 𝐻 𝑏
5
𝑦𝑖𝑔 𝑏 = 𝑦 𝑏 ∗ 𝐺 𝑏
6
Where 𝐻 𝑏 and 𝐺 𝑏 are coefficients of low and high pass filter
respectively. Here cyclic prefixes don’t need to be inserted since the
subcarriers are orthogonal in DMWCST. This synthesized signal then
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sails via Hill Climbing optimizer technique, the search space is the Mdimensional phase vector where phases can be inbetween 0 and2𝜋. The
initial applicant solution is firmed as an outcome randomly. Further in a
specific manner, a vector, Ѳ of randomly chosen phases is produced
where 0 ≤ Ѳ𝑖 ≤ 2𝜋 , 𝑖 = 1, 2 … 𝑀 and M is the number of DMWCST
carriers. Frame elements are multiplied carrier-wise with the M-length
phase sequence. The IDMWCST transform for the obtained frame
sequence is produced and the PAPR per frame of the signal is calculated.
The PAPR is used as the objective Ѳ of the betterment difficult; as such;

𝑚𝑎𝑥𝑛 𝑦 𝑛
𝑃𝐴𝑃𝑅Ѳ =
𝐸 𝑦𝑛2

2

,

7

Where y[n] depends on the inferable stage moved sign the enhancement
issue which we are attempting to settle is to altogether lessen the PAPR
as appears in:

𝑚𝑎𝑥𝑛 𝑦 𝑛
𝑚𝑖𝑛Ѳ𝑖 𝑃𝐴𝑃𝑅
𝐸 𝑦𝑛2

2

,

8

The basic idea of Hill climbing optimizer technique, on one after
another basis, the phase is enhanced to a new value that gives results to a
lower PAPR value. In an ideal situation, the PAPR value is close
proximity to its optimal value during that moment. The phases Ѳ𝑖 is
modified by Ѳ𝑖 𝑡+1 = Ѳ𝑖 𝑡 + 𝑥𝑖 the new phase shift is applied to frame,
the IDMWCST transform for the achieved frame sequence is created and
the PAPR per frame of the signal is improved as demonstrated in:

𝑦 𝑛 = IDMWCST 𝑆𝐼 exp 𝑗Ѳ𝑖

9

Where i = 1, 2, . . . ,M, supposing there are M subcarriers. 𝑆𝐼 are the
complex symbols after constellation mapping on the 𝑖𝑡 subcarrier after
that the signals is transmitted to receiver through the channel.

3. Simulations Results
For these abstract demonstrated results of the simulations
“MATLAB R2015” are used to test the procedure. The parameters used
in the work are computed in Table -1. When we compare the hill
climbing based selected mapping method, phase-shifted copies of the
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original signal is dispatched over the channel along with the other
methods, decision gets ascertained that the optimization method achieves
improved results in comparison to the other methods as illustrated in
Figure 2. While the PAPR of the frame is critically mitigated with this
method, the loophole is the widely acclaimed condition. For each frame,
the number of phase-shifted replicas of the original frame is N = 4, M
diverse phases that are employed to shift the original signal have to be
conveyed to the receiver to decode the signal appropriately.
Table 1: The parameter values used in the simulations
Parameter
Value
N
4
M
128
sj
0.1
Maximum number of epochs
100
0

10

Orignal
SLM
Optimized SLM

-1

10

-2

CCDF

10

-3

10

-4

10

-5

10

-6

10

0

1

2

3

4

5

6

7

8

PAPR dB

Figure 2: CCDF of the PAPR of MC-CDMA based DMWCST signal and
numerous reduction methods.

As illustrated in Figure 2, chosen methods in this thesis are compared
against each other. Hill climbing based optimization stands out on
superiority in comparison to other methods such as SLM or scrambling
based methods. When “Complementary Cumulative Distribution
Function (CCDF)” value is around10−3 , the PAPR of the original frame
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is around 6dB. Alternatively; optimized phase-shifted frame produces a
PAPR value around 3dB. Various alternative methods, relying on
randomization such as randomly phase-shifting or random scrambling,
does not mitigate the PAPR below 4dB where the DMWCST system is
realized using a filter bank construction and QPSK modulation system.
For the SLM method. The methods that rely on some random frame
amendment allow the receiver to decode the message with a side
information. Numerous scramble is an exceptional case where no side
information is essential. Albeit, the bit errors are spread into other bits
when there are errors in the frame because of the implicit features of the
multiple scrambling. When additive scrambling or secure PAPR
reduction methods are working, further side information is essential and
the PAPR reduction performance compared to multiple scrambling is
almost the same. The essential information is the selected phase values
between zero and 2π for each of the M subcarriers. These three methods
manage to mitigate the PAPR in a logical manner; albiet, they are still
not able to merge towards a minima in the obtainable PAPR space. Hill
climbing based optimization method that is obtainable in this part is
capable of converging a minimal.
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Figure 3: CCDF of the PAPR of DMWCST and different wavelet families using
Hill Climbing based optimization method

As demonstrated in Figure 3, the end outcome of MC-CDMA
dependent DMWCST signal and the selected wavelet family on the
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performance of the PAPR mitigation can be achieved. “Daubechies,
Coiflet, Symlet, Meyer and Haar wavelet families” are pitched against
each other. The PAPR of the frame can be meaningfully mitigated with
the hill climbing based method nearly independent of the family
employed in the transceiver construction. When CCDF value is
around 10−3 , the PAPR is around 3.5 dB compared to 10 dB value of the
reference implementation where no optimization method is working.
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Figure 4: Impact of the originally selected step size, 𝐬𝐣 on the PAPR reduction.

The impact of the step size on the PAPR mitigation is showcased in
Figure 4. As can be concluded in this figure, a large step size; e.g., 1,
produces a smaller PAPR.

4. Conclusion
In this work, we have illustrated how to engage viably picked
mapping method by showcasing Hill Climbing to lessen the PAPR of the
developmental MC-CDMA based DMWCST signal. In this paper, we
amplify the selected mapping technique by illustrating a new
optimization system using the phase shifts of the selected mapping
method. The hill climbing dependent optimization outperforms when
compared to other methods such as SLM or scrambling based methods. It
can be affirmed that the optimization method get across enhanced
performance, when we compare the hill climbing based deployed
mapping method where phase-shifted copies of the original signal is sent
over the channel with the signal scrambling methods.
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