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ARTICLE INFO ABSTRACT

More efficient radio access approaches are needed for a full-scale deployment of sixth
Received 5 February 2025 generation.(GG) wireles.s systems because of the hug(.e interconnej:tedn.ess and risi.ng
Received in revised form 21 July 2025 needs of different services and data-hungry applications. Regarding this, academics
Accepted 10 September 2025 and industry have recently been paying more and more attention to non-orthogonal
Available online 18 June 2026 multiple access, or NOMA. Because NOMA has a higher spectrum efficiency than
orthogonal multiple access (OMA) approaches, it is suitable for 6G and beyond. Since
OMA plan is unable to adequately enable huge connectivity such as loT, NOMA has
been regarded as a vital scheme. In this paper, QAM and APSK digital modulation

Article history:

Keyw.ords: . techniques have been examined, utilizing 256 and 512 orders, respectively. As a result,
HUffr.'th algorithm, Non-Orthogonal APSK improves power efficiency rather than negatively impacting it. Huffrith is a new
Multiple Access (NOMA), Quadrature formulation of algorithm approach that can reduce PAPR more effectively than the

Amplitud.e Mod.ulation (QAM), Amplitude  conyentional scheme. Simulation results show that the NOMA system with the 512-
Phase Shift I.(eylng (APSK), Peak-to-peak APSK modulation scheme achieves a 9.45 dB PAPR reduction and a 3.57%
Average Ratio (PAPR) improvement over the OMA system.

1. Introduction

Beyond-6G network solutions must be very agile and resilient, as well as capable of providing
ubiquitous coverage. This infrastructure's capabilities for flexible deployment and rapid service
recovery are a valuable addition [1]. The 6G wireless communication standard has undergone two
revisions, Rel-15 and Rel-16, with specifications yet to be released by the end of 2019. Rel-15 specifies
basic functionalities such as initial access, channel structure, multi-antennas, and channel coding,
which can meet some of IMT-2020's performance requirements. Several new technologies and
scenarios are introduced to expand the use cases of 6G networks and fully meet all major
performance requirements of IMT-2020, such as non-orthogonal multiple access (NOMA), ultra-
dependable and low-latency connection, vehicle-to-everything (VX2) communication, unlicensed
band operation, integrated access and backhaul, terminal power savings, and positioning. The
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fundamental characteristics of a 6G network are low latency, massive connectivity for Internet-of
Things (1oT), and higher data rates [2]. The key obstacles include limited coverage and application
situations, as well as a large disparity between available bandwidth and requests. Furthermore, 6G
can serve a diverse range of applications to satisfy the needs of the information society during the
next decade (2020-2030). There are three major use cases: microsecond delay 99.999% level of ultra-
reliable low-latency communications (uRLLC), million connections of massive machine type
communications (mMTC), and Gbps speed of enhanced mobile broadband (eMBB) [3]. It is expected
that the commercial deployment of 6G networks around the world, whether in stand-alone or non-
stand-alone mode, with the 4G system serving as the anchor network, will have a significant impact
on culture, the global economy, and human daily life. Like its predecessors, the 6G standard will
continue to develop after 2020 to expand the deployment scenarios and further optimize the
features, such as unmanned aerial vehicles, satellite communications, and non-terrestrial networks
[4].

One of the essential components of wireless communication systems, multiple access, has a big
influence on latency, system throughput, and spectrum utilization. Multiple access, as used in cellular
radio, is a method that allows several users to share a single radio resource to create communication
linkages with a base station (BS) [5]. Nonorthogonal multiple access (NOMA) has recently emerged
as a promising multiple access strategy for significantly enhancing communication network spectral
efficiency. NOMA techniques have recently been deployed in small-cell networks, allowing users to
access channels non-orthogonally via power-domain multiplexing or code-domain multiplexing.
Unlike traditional OMA systems, which allot one subcarrier to only one user, NOMA allows numerous
users to share the same subcarriers, introducing co-user interference [6], [7] and [8]. NOMA's better
spectrum efficiency emerges from its smart reuse of network resources, which involves multiplexing
several users' messages in the same subchannel at the transmitter while generating effective signal
identification algorithms at the receivers. As a result, NOMA necessitates a new set of physical-layer
transmission, MAC, and network resource allocation algorithms. Recent scientific developments in
this area clearly highlight this tremendous possibility. A low-complexity power control using a tree
search algorithm and a sequential interference cancellation (SIC) receiver. Though there are some
initial studies on resource management in NOMA systems, they have mainly focused on power
allocation for power-domain NOMA. Other types of network resources in both frequency and code
dimensions can be further explored in NOMA networks to increase access network capacity [9].

In contrast, some scholars present various analyses and research gaps. So, in this paper more
focusing the various types of digital modulation and compare them using the contribution approach.
The simulation findings help to explain the significance of the research.

2. Methodology

The NOMA system blocks diagram contribution mechanism, as shown in Figure 1. The 512-APSK
digital modulation can support high-speed data transmission in wireless communications, and
encoded the Huffrith algorithm portion, generated the input data during random transmission from
sender to receiver. Essentially, the approach involved a block coding sender-to-receiver technique to
technology improvement for maintaining the signal being sent. As technology improves, word block
coding refers to a technique that converts a signal into a trustworthy signal for transmission. After
then, the user's signal is transmitted via a NOMA encoder and further combined using a cyclic prefix
and a Fourier transform.
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Fig. 1. NOMA system block diagram with contributions method [10]

More specifically, this study used the NOMA system to solve problems, such as high-power
efficiency and high side lobes in the frequency. Furthermore, NOMA has been proposed to meet the
requirements for 6G networks, which can enable vast connectivity for wireless access. NOMA
increases the numerous users number that can support system [11]. The proposed NOMA strategy
for the system is primarily intended to support many users while lowering PAPR as compared to the
NOMA system. Occasionally, the NOMA system produces significant PAPR, reducing the efficiency
of the transmitter's power amplifier. Following that, the user's signal is transferred via a NOMA
encoder and then concatenated with a cyclic prefix and a Fourier transform. Cyclic prefixes have the
capacity to eliminate Inter-Symbol Interference (ISl) in a broadcast signal multipath channel. As a
result, power efficiency measures how well this component operates while it travels through the
receiver and Rayleigh channel. The signal enforces a channel size to prevent overlapping. Thus, the
signal is in the frequency domain during its transmission.

Superposition coding, with Quasi Cyclic Low Density Parity Check (QC-LDPC) as the error
correction code and SIC as the process reverse, will be used. The performance completes the multi-
user connection to eliminate increased signal interference. The system has the ability to reduce
computational complexity [12]. The last steps will involve discussing all the graph results and
determining whether the strategy contributed to this research reduced PAPR.

2.1 Non-Orthogonal Multiple Access (NOMA)

NOMA emerged as the top competitor for 6G due to its high spectrum efficiency. This system has
been regarded as an essential scheme for supporting large connections, such as loT because of this
advantage in NOMA, that cannot be supported well by the OMA or OFDM schemes. In NOMA, two
or more users are coupled together and assigned varied power within the same resource, such as the
time, frequency, or spreading code [13], [14] and [6]. Users of the input signal is represented as [15]

Vi = hiy/QrugfrienXi (1)
where the complex channel coefficient between base stations and users is indicated by h;. x;

indicates the inter-cell interference-added Gaussian noise in the receiver. The peak-to-peak average
ratio, or PAPR, is stated as follows in dB: [16]
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Maximum[lyi(t)lz]

PAPR4z = 1010
a5 810 21y Iyi©)2)at

(2)

where T is the period of the NOMA symbol. The reduction method's effectiveness is indicated by an
important indicator called the complementary cumulated distribution function (CCDF). The CCDF
random variable X as expressed by the following equation, is estimated by the CCDF measurement:
[17]

X = (3)

where p is the instantaneous power of the signal in Watts. Meanwhile, E(p) measure the mean
power of the signal in Watts. The CCDF shows the probability of a signal's instantaneous power being
a set level higher than its average power.

2.2 Huffrith Algorithms

Arithmetic and Huffman equations are combined to create the Huffrith algorithm. This is an
addition to earlier study [10] , which found that combining the two would enhance it. This is how the
Huffrith algorithm is expressed.

__255[a—P;(a)]
Anuffrith = — 5,

(4)

Assume that a is both the total number of bits per symbol and the number of symbols in the
NOMA system. The probability of a codeword is P; and P,. One method of modulation that is used
to encode strings is the Huffrith algorithm. As a result, Huffrith also encoded the data, which is a
conversion procedure used for data transmission, compression, and storage.

2.3 Quasi-cyclic low density parity check (QC-LDPC)

The quasi-cyclic parity check matrix or QC-LDPC, can be replaced in the LDPC code structure with
a simple linear shift. The focus of coding research has switched to register encoding since it requires
less hardware complexity and storage space to accomplish. A binary QC-LDPC code is defined as the
null space of an array of sparse circulants of the same size. A QC-LDPC's parity check matrix H is
defined by the base graph and considering the method of shift coefficients (Pi,j). A dimension of
zero matrix and circulant permutation matrix is z x z are used as substitutes for each number bits 1s
and Os in a basis graph [18], [19] and [20]. Furthermore, considering both positive integers m; and
ny, as well as my, < n,, the QC-LDPC is represented as an array of z x z circulants in the form of
myx ny, as indicated by formula (5).

I(a11) 1(asz) I(a1,)

H = 1(5%2,1) I(a?,z) - I(az.,TLb) (5)

I(ambll) I(amb,z) I(amb'nb)
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Meanwhile, there is the unit matrix that shifts to the corresponding location. Written as a matrix
E(H), the cycle permutation matrix is additionally known as a quasi-cyclic basis matrix [20], [12], as
explained in the following method:

a1 Q12 a1n,

a a g
E(H) = .2,1 2:2 . Z:nb (6)

amb,l amb,Z amb’nb

As a result, each item in matrix E is known as a shift value. Noted that the parity check matrix H
can be created by expanding the myxn, exponent matrix E(H). This called the process of
photography construction [21] and [22].

3. Results and Analysis

The simulation section discusses the system's capacity with the parameters evaluated and listed
in Table I. Simulation generated using the MATLAB 2021Rb programmed. The NOMA simulation
parameters for generating random input data with 1024 subcarriers per resource block and FFT size
via the Rayleigh fading channel. The existing multiple access approaches can be classified as NOMA
techniques based on whether the same time or frequency resource can be used by more than one
user. NOMA supports a maximum FFT size of 2048. The Huffrith Algorithm was used in the simulation
to compare different modulation strategies and access methods. The Huffman Algorithm is an
addition to the NOMA system for evaluating PAPR performance. Modulation order for various types
of modulation techniques, including 256-QAM, 512-QAM, 256-APSK, and 512-APSK.

Table 1
Simulation parameter of NOMA system [10]
Parameter Value
Subcarrier per resource block 1024
Channel Rayleigh fading
Sampling factor, n 1.12
FFT size 2048
Cyclic prefix 256
Modulation technique 256-QAM, 512-QAM, 256-APSK, 512-APSK

3.1 Different Modulation Technique Simulation

Figure 2 portrays the proposed method for differentiating modulation techniques in the NOMA
system between QAM and APSK. Non-Orthogonal Multiple Access (NOMA) and Orthogonal Multiple
Access (OMA) distinguish themselves as well as one another to determine which network system is
preferable by using the contribution approach [23]. The simulation results were used to analyse the
PAPR effect in relation to the complementary cumulative density function (CCDF). The modulation
order numbers, which are 256 and 512, differ for both signalling. The accurate signals were validated
and verified using the simulated system with different coding methods. The NOMA systems with QC-
LDPC as the error correction mode was enhanced by the signal with the lowest PAPR value. According
to the figure below, 512-APSK with pink line has the lowest PAPR compared to 256-QAM, 512-QAM,
and 256-APSK.

324



Journal of Advanced Research Design
Volume 141 Issue 1 (2026) 320-328
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Fig. 2. The PAPR of NOMA system by differentiate modulation technique between QAM versus APSK

The measurements for both systems using the coding schemes were listed in Table Il
Nevertheless, as that is the most typical range to observe the PAPR values, they were simulated at
1000 symbols. However, the modulation technique differs between QAM and APSK in the NOMA.
Refer to the PAPR readings, it appears that 512-APSK has the lowest PAPR of 3.08% improvement at
9.45dB than 512-QAM at 9.75dB. Following that, 256-QAM is 1.02% at 9.7dB compared with 256-
APSK is 9.8dB. APSK has been found to produce less PAPR than other modulation technique, which
more applicable reducing the PAPR in NOMA system. The identical methodology, nevertheless, is
also described in [10] as being APSK modulation more dependable and appropriate for NOMA.

Table 2
Differentiate modulation techniques in NOMA
. . NOMA system
Modulation Tech
oaulation Technique Modulation Order PAPR Values (dB)  Improvement (%)
QAM 256 9.7 1.02
512 9.75 -
APSK 256 9.8 -
512 9.45 3.08

3.2 Different Multiple Access Using Huffrith Algorithm
Figure 3 compares the type of multiple access of PAPR performance in a NOMA system using the

Huffrith algorithm. Three primary types of multiple access are taken into consideration in the PAPR
analysis: OFDM, OMA, and NOMA. The simulations significant contribution is its greater emphasis on
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the NOMA network system. Compare the data, it appears that the NOMA system leads with 10.8 dB.
Meanwhile, OMA has outpaced OFDM, yielding 11.4dB and 12.2dB. The NOMA graph below shows
black line, indicates lower PAPR performance.
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Fig. 3. The Huffrith Algorithm is implemented to differentiate the Multiple Access subtype in the NOMA
systems PAPR

Table 3 demonstrates that at 10.8 dB, the NOMA system outperforms the PAPR reduction of the
OMA and OFDM modulation techniques by 18.18%. Meanwhile, OMA gains 13.64% at 11.4 dB, while
OFDM gains 6.06% at 12.4 dB respectively. According to the findings, NOMA improves PAPR
performance and is now employed as input signal digital modulation for the Huffrith method across
the system. The PAPR problem in NOMA waveforms was reduced by using an effective method.

Table 3
Differentiate modulation access in NOMA system
. NOMA system
Algorithm Multiple Access PAPR Values (dB)  Improvement (%)
NOMA 10.8 18.18
Huffrith OMA 114 13.64

OFDM 12.4 6.06
Original 13.2 -
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4. Conclusions

The simulation ran and tested the Huffrith Algorithm with several digital modulations to address
the high PAPR issue in NOMA systems. This section evaluates the effectiveness of APSK modulation
and compares it to the QAM modulation method. Following examining the NOMA and OMA schemes,
the current study produced the following conclusions: the suggested methodology has the potential
to significantly increase the PAPR performance. Simulation findings demonstrated that the suggested
approach achieves a 9.45dB PAPR reduction and a 3.57% improvement over 256-QAM and 512-QAM,
exceeding conventional evolutionary computation techniques with 512-APSK scheme
implementation. This approach, NOMA system improves the PAPR measurement with 18.18% to 10.8
dB. Meanwhile, the optimal modulation technique for NOMA is 512-APSK, stated the NOMA is a
better multiple access technique than OMA, precisely by using APSK technique as it improved the
reasonable data rate and the PAPR is reduced.
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