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Abstract: NOMA techniques have attracted much attention due to their ability to support massive connectivity, heterogeneous

data traffic, and ultra-low latency requirements, making them ideal for next-generation wireless communication networks. In this
paper proposed a novel Hexa CNN for NOMA Rician channel estimator using Hexagonal Quadrature Amplitude Modulation for signal
detection and channel estimation (Hexa-QAM). Conventional OFDM-NOMA with HQAM is utilized at the transmitter (tx) side as pilot
symbols which inserted to OFDM-NOMA signals to employs the channel estimation (CE) and signal detection advantages of OFDM.
Three pilot insertion types Comp, Block, and Hexa were used in the proposed model. The proposed Hexa-QAM can detect the symbols
for all users without additional operations based on pilot responses and data signals. However, Hexa CNN is used at the receiver to
accomplish a joint flexible signal detection. The Hexagonal Quadrature Amplitude Modulation (Hexa CNN) achieves much better error
performance than similar detectors. The Energy Efficiency of the proposed Hexa-QAM technique is 17%, 18%, 23.2%, 23% and 28%
better than existing techniques. The accuracy of the proposed technique can be as high as 99.95%, while that of traditional models like
the OMA-NOMA, MRC, PD-NOMA and UR-NOMA is 84.9%, 87.58%, and 93.91%, respectively.

Keywords: Orthogonal Frequency Division Multiplexing; Convolutional neural network; Hexagonal Quadrature Amplitude Modulation;
Non-Orthogonal Multiple Access

Sestkotno konvolucijsko nevronsko omreZje za
ocenjevanje kanala Noma Rician z uporabo
Sestkotne kvadraturne amplitudne modulacije

Izvlecek: Tehnike NOMA so pritegnile veliko pozornosti zaradi svoje zmoznosti podpiranja mnoZi¢ne povezljivosti, heterogenega
podatkovnega prometa in zahtev po izjemno nizki zakasnitvi, zaradi Cesar so idealne za brezzi¢na komunikacijska omrezja naslednje
generacije.V tem ¢lanku je predlagana nova Hexa CNN za ocenjevanje kanala NOMA Rician z uporabo heksagonalne kvadraturne
amplitudne modulacije za zaznavanje signalov in ocenjevanje kanala (Hexa-QAM). Konvencionalni OFDM-NOMA s HQAM se uporablja
na strani oddajnika (tx) kot pilotni simboli, ki se vstavijo v signale OFDM-NOMA, da se uporabijo prednosti OFDM za ocenjevanje kanala
(CE) in zaznavanije signalov. V predlaganem modelu so bili uporabljeni trije tipi vstavljanja pilotnih simbolov: Comp, Block in Hexa.
Predlagani Hexa-QAM lahko zazna simbole za vse uporabnike brez dodatnih operacij na podlagi pilotnih odzivov in podatkovnih
signalov. Vendar se Hexa CNN uporablja pri sprejemniku, da se doseZe skupno prozno zaznavanje signalov. Sestkotna kvadraturna
amplitudna modulacija (Hexa CNN) dosega veliko bolj$o ucinkovitost napak kot podobni detektorji. Energetska ucinkovitost
predlagane tehnike Hexa-QAM je za 17%, 18%, 23,2%, 23% in 28% boljsa od obstojecih tehnik. Natancnost predlagane tehnike je
lahko kar 99,95%, medtem ko je natancnost tradicionalnih modeloy, kot so OMA-NOMA, MRC, PD-NOMA in UR-NOMA, 84,9%, 87,58%
oziroma 93,91%.

Kljuéne besede: multipleksiranje ortogonalnih frekvenc; konvolucijska nevronska mreza; Sestkotna kvadraturna modulacija amplitude;
neortogonalen dostop
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1 Introduction

OFDM (Orthogonal Frequency Division Multiplexing)
is a wireless communication modulation technology
used to transmit multiple messages over the same
band [1]. Multiple orthogonal subcarrier signals with
overlapping spectra are delivered in close proximity,
with each carrier modulated with bits from the incom-
ing stream to allow multiple bits to be transmitted in
parallel [2]. Signal is modulated at a low symbol rate
utilizing a standard modulation approach. This retains
total data rates comparable to standard single-carrier
modulation approaches in the same bandwidth [3].

A multiple access technique called NOMA enables sev-
eral users to share the same time-frequency resources
without interfering with one another’s broadcasts [4].
This enables more users to be served with the same
amount of bandwidth, making it a viable solution for
future wireless communication systems [5]. The ability
of NOMA to serve a high number of users while sharing
the same time and frequency resources is the primary
reason for its implementation in 5G [6]. It provides ex-
cellent device performance, efficiency, expanded cov-
erage, low latency, and massive networking [7,8].

CE techniques for OFDM frames based on pilot action
plans are under investigation [9,10]. The pilot insertion
action plan affects the CE, which is considered in sev-
eral calculations for both channel evaluation at pilot
frequency and channel insertion [11,12]. At the pilot
frequency, the channel is estimated using LS and LMS,
and the channel is inserted using direct interleaving,
which includes a second request, low-pass representa-
tion, cubic spline interleaving, and additional spatial
timing. [13,14]. Proposed a novel Hexa CNN for NOMA

Rician channel estimator using Hexagonal Quadrature

Amplitude Modulation for signal detection and CE. The

major contribution of the work has been followed by:

- Conventional OFDM-NOMA with HQAM is used
on the tx side as pilot symbols that are incorpo-
rated into OFDM-NOMA signals to take use of
OFDM’s CE and signal detection capabilities.

- Three pilot insertion types Comp, Block, and Hexa
were used in the proposed model. The proposed
Hexa-QAM can detect the symbols for all users
without additional operations based on pilot re-
sponses and data signals.

- However, Hexa CNN is used at the receiver to ac-
complish a joint flexible signal detection. The
Hexagonal Quadrature Amplitude Modulation
(Hexa CNN) achieves much better error perfor-
mance than similar detectors.

The remaining portion of the work has been followed
by Section 2 denotes the literature survey Section 3
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denotes the proposed Hexa-QAM methodology 4 de-
notes the Result and Discussion and the closing re-
marks are illustrated in section 5

2 Literature review

Recently, a lot of research has been done to address CE
in OFDM-NOMA. This section explains the most recent
techniques used in this domain.

In 2021 Hadi, M. and Ghazizadeh, R., [15] Created an
OMA-NOMA-based approach where the whole band-
width is split between OMA- and NOMA-based sub-
carriers to minimize cross-level interference. Simula-
tion results show that in terms of global information
throughput performance, the suggested version out-
performs the other strategies indexed. In order to opti-
mize the overall cost of an OMA-NOMA-based system,
a non-convex optimization problem is developed in
which the channel state information (CSI) is not fully
understood.

In 2021 Rahdari, F,, et al., [16] presented a method that
is both easy to use and almost ideal for classifying users
in an OFDM-NOMA system. Simulated data indicates
that when the variance rises, energy consumption in-
creases more when the distance varies than when the
power demand does. One of the most important as-
pects of such integration, particularly for multimedia
communications, is ensuring quality of experience for
all connected users.

In 2021 Belmekki, B.E.Y., et al., [17] suggested a maxi-
mum ratio combining (MRC) in cooperative VCs trans-
mission systems at road crossings with NOMA. Based
on our findings, we determined that using MRC and
NOMA is always helpful, even if it means adding com-
plexity to the implementation. Furthermore, 50 per-
cent of all collisions occur at road intersections, making
them essential places.

In 2021 Anh, L.T. and Kong, H.Y,, et al., [18] developed
a power-area (PD-NOMA) system for several users via
Nakagami-m fading channels in a multiple energy har-
vesting (EH) relay networks with hazardous backhaul
lines. According to these results, the suggested PD-
NOMA machine performs better in terms of customer
fairness than the standard orthogonal more than one-
get right of entry (OMA) machine. Current concerns
include the need for enhanced a high data rate, low
latency, network capacity, coverage, and QoS services,
which have not been adequately handled.

In 2021 Cogen, F. and Aydin, E., et al., [19] created
HQAMQSM, an HQAM assisted QSM approach. In com-
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parison to QSM using the QAM scheme, the suggested
HQAM-QSM system utilizes less transmission power
while offering equal error performance at high SNR.
Based on what computer models have shown. Regret-
tably, battery technology has not advanced as quickly
as modern communication technologies. With respect
to next-generation communication systems, energy
efficiency has become a critical consideration for the
reasons mentioned above.

In 2021 Tian, Y., et al,, [20] developed for cooperative
uplink networks, the opportunistic NOMA (UR-ONO-
MA) method based on user relay (AF) amplification and
propagation aims to appropriately increase the cover-
age of high-quality services. Numerical results dem-
onstrate that when remote users have weak channels,
the developed UR-ONOMA cooperation outperforms
NOMA in terms of error probability and throughput
when user relays are not used. Peripheral users located
distant from the receiver may encounter peripheral in-
terference and may not be supplied if the transmission
channels are really weak, which is one of the drawbacks
of ordinary NOMA in the electrical domain.

In 2021 Kazemian, M., et al., [21] proposed an E-NOMA
to improve the performance of standard FFT-NOMA
in 5G networks. According to simulation findings, the
proposed E-NOMA approaches outperform FFT-NOMA
in terms of PAPR and BER by around 4.3 dB and 9.5 dB.
Furthermore, computational complexity is reduced by
at least 56% as compared to a NOMA technique based
on SLM NOMA has been identified as a promising
method for meeting the rising traffic needs of hetero-
geneous wireless networks.

In 2021 Ghous, M., et al., [22] Created a MIMO-NOMA
cooperative transmission strategy with SWIPT support,
which included beam-forming and self-interference.
Since data rate fairness and outage performance of
cell-edge users are critical challenges in MIMO-NOMA
systems, we focus on how to resolve these difficulties.
To ensure the correctness of our study, we evaluate the
analytical expressions using simulations. We demon-
strate how employing antenna diversity at the MIMO-
NOMA model near and far end terminals improve the
outage performance of cell-edge users.

In 2023 Wang, Z,, et al., [23] provide an OFDM system
built using carrier frequency offset (CFO) models based
on DL. Peer evaluations show that DL-based models
can work well for large classes of channels without fur-
ther training if they are trained with the worst (heavi-
est) multi-pass channel model. However, the carrier fre-
quency offset between the transmitter and the receiver
must be correctly estimated due to the OFDM system'’s
sensitivity to carrier frequency offset.
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In 2020 Lemayian, J. P, & Hamamreh, J. M et al., [24] sug-
gested an advanced revolutionary small-scale NOMA
communication strategy based on physical layer se-
curity (PLS) to improve security and reliability for two
users. The results show that the proposed model offers
less complicated, secure, and efficient communication,
making it ideal for applications with low power con-
sumption and restricted computation. Furthermore,
according to, the NOMA Energy Domain is no longer
a development item in the 3rd Generation Partnership
Project (3GPP) and has been deleted from Release 17
due to certain performance degradation problems.

However various literature surveys had been proposed,
yet they face challenges like high bit error rate, low
energy efficiency, and spectrum efficiency in the sys-
tem. To overcome these challenges, proposed a novel
HEXA-QAM for NOMA Rician channel estimator using
Hexagonal Quadrature Amplitude Modulation for sig-
nal detection and CE.

3 Proposed RICH-NOMA methodology

In this paper proposed a novel Hexa CNN for NOMA
Rician channel estimator using Hexagonal Quadrature
Amplitude Modulation for signal detection and chan-
nel estimation (Hexa-QAM). OFDM-NOMA signals with
inserted pilot symbols are sent to all users via the Rician
fading channel. In this research, we employed comb-
type, block-type, and Hexa-type pilot insertionsT,
which are three of the most used forms of pilot designs
for CE. Based on pilot answers and data signals, the pro-
posed Hexa-QAM can recognize symbols for all users
with no further processes. The Hexagonal Quadrature
Amplitude Modulation (Hexa CNN) achieves much bet-
ter error performance than similar detectors.

3.1 Conventional OFDM-NOMA

Traditional OFDM model use an inverse discrete Fou-
rier transform (IDFT) to transform SC symbols indepen-
dently of pilot insertion after they are serialized and
parallelized. Therefore, the symbols for OFDM-NOMA
are provided as follows:

Mc i(2xPm/IM,
a(m):IDFT{a(P)} :Za(P)W( !
P=1

M=12... M (1)

Here, the SC symbol stream a(m) is before the IDFT. Ns
is the frequency domain subcarrier number. In other
words, it is the symbol a(p) of the k-th OFDM subcar-
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rier. To prevent intercarrier interference (ICl) between
OFDM subcarriers, According to CP, an OFDM symbol
is represented as:

a(M +m),m=-M_,-M_+1,...,-1

a(m),mzl,...ML,, @

ool

Here, the length of CP is represented by Mcp.The CP-
added OFDM signal is serialized and transmitted on a
Rician fading channel. As a result, the user received the
following signal:

ber, (m):\/TACP (m)®g, (m)+v,(m)
j=12,...M,

3)

Initially, the received signal is transformed from serial
to parallel at the receiver in eqn (3), and CP is elimi-
nated.

b(m)=bep (m+M,), m=12,....M,

1

(4)

After removing the CP, the received signal undergoes a
discrete Fourier transform (DFT), followed by (4) to con-
vert the signal to serial format.

M,
A_/(P)ZDFT{B]. (m)} :ﬁZB(m)Wi(Zan/MC)’
P=1,2,...M, -

The signals in (5) are equalized according to the CSIR
(eg, complete channel estimate and/or estimated
channel).

Aj(P)=m,P=l,2,...,MC 6)
G, (P)

In which G, represents G, s DFT. The UEN sign makes
use of a most probability detector, or MLD, to expect
its very own alerts due to the fact it's miles given extra
power. Prior to predicting their very own alerts, differ-
ent UEs execute iterative SIC(s). All UEs’ detection esti-
mates and diagnosed symbols are indexed as [5].

4, = arg¥nin‘A§.M_j+l) -JTa;g,4;,1

2

1=1,2,... N, (7)
~ | (M-i) 2

A, —arg?nn‘Aj —JTa,g;4;,1

I=1,2,... N, (8)
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where A, illustrates estimated symbol of UEi and flj
is illustrated in the constellation map. Proposed Hexa-
QAM shown in Figure 1.

Users ep(n)
v L o HEXA
Tserl Tser2  Userd TRANSMITTER
HQAM Pilt Adding
o o = "'"""-“ = -m’ B
Uierd  Users
Usern RICIANFADING
CHANNEL
Users ep(u) Users apl(n) ||

[a

Users epl (n)

Figure 1: Proposed Hexa-QAM

3.2 Hexa transmitter & recetver

The cyclic prefix (CP) is eliminated from the received
signal at the receiver following its conversion to paral-
lel form. DFT is used to restructure the residual signal,
which is subsequently transferred to serial format. Con-
sequently, in order to retrieve two successive OFDM
signals plus a data symbol (User(i,D)) at the receiver,
a buffer must be utilized. Consequently, a comb inter-
polation approach may be employed to get a priori
knowledge of the channel response of the subcarriers
carrying the data symbols, allowing for the acquisition
of the whole channel frequency response at each sub-
carrier location. One interpolation block (INTP) shapes
Users(i,P). The rebuilt users (i, P) and users (i, D) are fed
into his Hexa-CNN network after the INTP block.

3.2.1 Rician fading channel

Another statistical version that makes the idea that the
sign includes components a robust LOS element and a
random element is the Rician fading version. The linear
course with regular amplitude and segment that runs
from the Tx to the Rx is called the LOS element.
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u2
P= -
power contributions from line-of-sight paths to other
multipaths. The second one, which serves as a scaling
factor for the distribution, Q is the total power from

both paths:

Q=u’+20"

described as the scale parameter and Ratio of

(10)

Q=u’+20" described as the total power obtained
across all routes. The function of probability density is

uzzi (11)
1+ P
02_—9
T2(1+P) 12
2 2
f(a|u,(7)=?exp % [0(?) (13)

This leads to the following probability density function:
2(P+1)a P+1)d’ P(P+1
f(a):—( 3 ) exp[—P—%J%[z %aj (14)

In this case, lis the first-kind modified Bessel function
of order zero at Oth order.

3.3 Hexa pilot insertion

The pilot pattern is the location where the pilot is in-
serted in the OFDM symbol'’s frequency and time do-
mains. A suitable pilot pattern can improve communi-
cation quality and significantly lower CE error. Figure 2

depicts the pilot insertion signals, with occupied circles
representing pilot signals and empty circles represent-
ing data symbols. Figure 2 (a) represents the Block type,
Figure 2 (b) represents the Comb type, Figure 2 (c) rep-
resents the Hexa type.

3.3.1 Block type

According to the first model, pilots are placed into
each subcarrier of a single OFDM symbol within a spe-
cific time frame. Block-type channels can be used when
they fade slowly; that is, when the channel remains sta-
tionary for a predetermined amount of OFDM symbols.
In case the channel noise W is uncorrelated and the
time domain channel vector is Gaussian, the frequency
domain MMSE estimate may be obtained as follows:

HMMSE = HGVXR;QI(X (14)

Where G, and Ry, are the cross-covariance matrix
between r and X and the auto-covariance matrix of X

respectively. R, is the auto-covariance matrix of hand
02 represents the noise variance E{|W(k)|2}. The LS esti-
mate, which minimizes (X — YHr)" (X - YHr) is represent-
ed by:

H, =YX (15)
When the channel is slowly fading, the channel estima-

tion inside the block can be updated using the decision
feedback equalizer at each sub-carrier.

3.3.2 Comb type

In the hybrid-type MIMO-OFDM driver model, the driv-
ers are fed into a set of subcarriers in OFDM notation,
with interpolation determining the remaining subcar-
rier channels. When the channel is fast falling, this form

- OFDM Symbol - OFDM Symbol OFDM Symbol
L Mol Wel Wl o000 oo0! t
©000e0O0 ! 000000 ! !
©000 @O0 ; 00000 VAT 1 7 I LI
| 000 @O0 !} j oooooo;;E.:-EE:}.%':E;:EE‘;?:?.:..‘::-,'E%
Y| ®e0@0@0 ;3 %oooooo;g%i_.:-.:;‘.;:,}-':-g;‘;:;g
‘| ®ceceo0 i? "fooo00O0O i%" *'}:.g.?g';“:ﬁ
©e00®0@O0 ; 00000 shsfeseetes
©e000@O0 i O0000O0 i i
Time " Time " Time "

(a)

Figure 2: Hexa Pilot Insertion
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of pilot placement is beneficial. In comb pilot channel
estimation, the pilot signals Np are uniformly injected
into Y(k) using the following equation:
Y(k)=Y(mL-1) (16)
Where L= number of subcarriers Npand m is the pilot

carrier value. The estimate of the channel at pilot sub-
carriers based on LS estimation is given by:

(17)

e

Xp
R =— k=01, ... N -1
Yp

Where X, (k) and Y, (k) are the output and input at the
kth pilot sub-carrier respectively.

3.3.3 Hexagonal quadrature amplitude modulation type
(Hexa)

Existing deep learning frameworks, such as TensorFlow,
PyTorch, and Caffe, are efficient and are often updat-
ed by open-source developers to improve efficiency.
Rather than developing Hexa CNN from the ground
up, we built it using the Tensor Flow framework, using
its core libraries and external Eigen library to preserve
Hexa CNN’s broad applicability. In this sense, construct-
ing Hexa CNN models of various neural network archi-
tectures on Hexa CNN is analogous to implementing
rectangle CNN models of various structures on Tensor-
Flow. As a result, Hexa CNN serves as a foundation for
developing Hexa CNN models, which are CNN models
that accept hexagonal inputs directly. The tensor in
TensorFlow is rectangle-shaped, hence all tensor-relat-
ed procedures must be recast for hexagonal process-
ing. TensorFlow’s input is rectangular. In compared to
other hexagon-imitation models, Hexa CNN saves stor-
age space for input and filters.

Figure 3 displays the illustration of hexagonal constel-
lations for various values of N = 8, 16, 32, 64, 128 and
256. This image illustrates how HQAM constellations
might reduce transmitted power when symbol sepa-
ration is present and perhaps address the energy-effi-
ciency issue.

Typically, two integers, i and j, are used to parameterize
hexagonal constellation points.

(xl’yp) :\/; (x()’yo)"']'p (1,0)+ip %,ﬁ

(18)
2

In this case, (d,,,, =+/p ), the smallest distance between

min

neighboring constellation points, can be used to de-

note 4/ 0. The phrase (X, ¥,) is chosen with the goal of
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reducing the highest energy. Note that there is no
change at all in the properties of hexagonal coordi-
nates when they are rotated orthogonally. Additionally,
the maximum energy E__ and the average energy Ep

according to the aforementioned formulas can be ob-
tained as follows.

(19)

S (TR |
Eavg :%Z[{x‘ﬁjp +§J,(yo +lp7
p=l

2
max_pml?'x x0+Jp+5 ) y0+lp7 (20)

Where p=1,2, ..., N, Additionally, by utilizing these ex-
pressions, a comparison between different HQAM con-
stellation approach and traditional QAM constellations
will provide a clearer understanding of the energy-
efficiency of HQAM. As is commonly understood from
communication theory, this point’s power is expressed

2
as |Xp| = x” + . Given the assumption of equal prob-
ability for each symbol in the constellation.

1 & 2

T;zvg = WZ|XT| (21)
p=1

CFM is a metric for evaluating constellation quality.

Each constellation that performs better than the other
constellations is the one with the larger CFM formula is:

— min
°=7 (22)
avg
Phaze N=5§ * Phase N=16
- - 2 . - -
1 =1 - L] -
i L} - - - - i L} - - L] -
E-I -1 L] . -
2 - L] 1 L] . -
-3
: 1 @ 1 3 3 4 4
Scatter plat
3
% Phase N=32
: . - -
. . N
£ 1 . .. - :
.
.E (] . ® .e . e % o
L
. LI ] . .e Sa
. ® .
- - -3
' -3
L] 1 & 1 3 3 4 3 10 1 i
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Figure 3: Hexa constellations for M =8, 16,64 128 and 256
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3.4 Deep learning based Hexa CNN

The Hexa CNN approach improves outcomes while
maintaining the same power assumption. Hexa CNN is
a sort of regularized feed-forward neural network that
learns feature engineering by improving filters. The
adoption of regularized weights across fewer connec-
tions eliminates vanishing and expanding gradients
found in previous neural networks during back propa-
gation.

" Convelutions

Figure 4: Architecture of Hexa CNN

As represent in Fig 4, the convolutional layer (CL) of the
Hexa CNN. The data components in CV reflect chan-
nel communication, which is a two-dimensional array
whereas the kernel filter. As seen in (23), the convolu-
tion filter in our proposed CNN model is effectively a
1-D mean filter:

_ 1 <m
a= m Zx:]ax

where xi represents the ith time sample and n is the
total number of samples used to determine the mean.

vfucm. )

sip
The window size (WS) is expressed (in samples). WS
is set to 128 samples in this article. One second is the
equivalent of this window with a sampling rate of 128.

(23)

(24)

Strails x 14 channels x129 averaged time samples  (25)
The RMS value of each row’s elements is extracted by
the second layer, Pooling layer_1, inside a window size
of WP = 64, as per equation (26):

(26)

where n represent the chosen window size, which is 64,
and xci is the ith element in the convolution layer’s out-
put. Sample sizes are shrunk by a factor of 64, and the
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Pooling layer’s output size may be expressed as follows:

Nx(M,-W,)+1 (27)
where Wp is the pooling layer window size and N2 is
the convolutional layer’s column size. Each class’s final
feature matrix is 5 by 14 and is translated into a 1-D vec-
tor with 70 samples.

4 Result and discussion

In this result section evaluates and compares the per-
formance of the proposed Hexa-QAM. The proposed
HEXA-QAM was evaluated with different performance
measures based on CE. For implementation, the Net-
work Simulator (NS2) was used, which had 4-GB RAM
and an Intel Core processor. Regarding, Accuracy, Re-
call, sensitivity, Precision and Specificity.

Table 1; Simulation parameters

Parameters Specifications

Carrier Frequency 4 GHz

Number of active carriers | 256

Pilot Ratio 64 pilots or 8 pilots
Number of subcarriers 64

Guard type Cyclic extension
Bandwidth 17.5 kHz

Signal constellation 16QAM, BPSK

Channel Model
power allocation factor

Rician Fading Channel
PAF are chosen as

(PAF) 31=0.15=15% for the
user of a strong channel.

Number of subcarriers 50

cp length 16,8

learning rate 0.01

Training sample 320000

We simulate the performance of the new strategy and
compare it to traditional schemes. The OFDM system
parameters employed in our simulation are listed in
Table 1.

4.1 Performance Metrics

The following statistical characteristics are used to ana-
lyze the classification strategy’s effectiveness: accuracy,
precision, specificity, sensitivity, and recall.

Figure 5 demonstrates the performance of the pro-
posed model better than the other methods. The ac-
curacy of the proposed technique can be as high as
99.95%, while that of traditional models like the OMA-
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NOMA, MRC, PD-NOMA and UR-NOMA is 85.32, 84.9%,
87.58%, and 93.91%, respectively. The accuracy of the
proposed approach improved by 14.63, 16.09%, 13.8%,
and 3.75% when compared to the existing methods,
respectively.

» T R I» ‘ | LI

Specificity Precizion Fl Score Recall
Metrics
S OMA-NOMA MRC (PD-NOMA «UR-NOMA - Proposed Hexa-QAM

Performance
& 8 2

Accarsey

Figure 5: Performance metrics via Existing
4.2 Computational time

Table 2 compares the computation time recommend-
ed with the currently used conventional approach.

Table 2: Comparison of Computational Time

Methods Computational Time (CT)
ANN 0.952
RNN 0.84
DNN 0.621
Proposed HEXA-QAM 0.38

The time required by the suggested approach is 0.38
seconds, whereas the computational complexity
reached by the current methods is 0.952 seconds, 0.84
seconds, 0.621 seconds for ANN, RNN, and DNN, re-
spectively. The computational time comparison reveals
that the suggested Hexa CNN has less complexity than
the current approaches.
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Figure 6: Channel Frequency Response
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Figure 6 depicts the channel frequency response of
subcarriers in an OFDM symbol at multipath numbers
2 and 6, respectively, at cellular speeds of 0 and 350
km/h. The graphic shows how multipath can produce
fading in the frequency domain. Fading grows as the
number of multipath pathways increases.
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Figure 7: Sub carrier in an OFDM symbol

The suggested HEXA-QAM regression is depicted in Fig-
ure 7. Pilots are inserted in the frequency and temporal
domains with insertion intervals f=2, t=2, SNR=10 dB,
multipath number L=5, and travel speed v=350 km/h in
this simulation experiment.
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Figure 8: Rician Fading Distribution Outage Probability

The suggested HEXA-QAM can forecast the channel
frequency response accurately, and its robustness is
proved by its ability to overlook outliers, i.e., pilot sam-
ples with high noise. The solid line represents the sug-
gested RICH-NOMA method interpolation, the dotted
line represents the entire estimation result unaffected
by simulation noise, and the asterisk represents the
projected channel response at the pilot point using the
LS approach.

The outage probability variation over the Rician fading
distribution is seen in Fig. 8. For HEXA-QAM, the out-
age probability is computed based on the quantity of
interfering signals. One may compute the outage prob-
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ability by ranging between 1 and 10. In this case, the
likelihood of an outage decreases for both users as it
increases.
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Figure 9: (a) Transmitter Signal(b) Received Signal

The two-frequency signal used to deliver the Rician
Fading signal is seen in Figures 9 (a) and (b). An inves-
tigation of a simulation model for the Rician Fading
channel is performed. In this scenario, the multipath
signal comes at a distinct time and frequency.
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Figure 10: Block Type

This causes Rician Fading on the output side of the
envelope detector. The BER performances of four-con-
sumer HEXA-QAM with excellent pilot insertion meth-
ods are shown in Fig. 9 to underline the importance of
the pilot insertion strategies. In terms of BER perfor-
mance, Fig. 10 shows that the RICH-NOMA with block
type insertion outperforms the existing.
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Although it is a mixed CE and detection strategy that
may outperforms the existing, the encouraged RICH-
NOMA with comb-like pilot insertion outperforms it
significantly Figure 11 and 12.
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Figure 13: Sum data rate vs. number of users.

Figure 13 illustrates the potential aggregate data rate
for different network systems vs the total number of
users at each base station. More users at each base sta-
tion result in increased intra-cell interference because
of the channel’s considerable route loss. However, in
terms of OMA-NOMA, MRC, PD-NOMA, and UR-NOMA,
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the suggested RICH-NOMA outperforms existing sys-
tems.
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Figure 14: Energy Efficiency

As can be seen in Fig. 14, all approaches exhibit an
increase in energy efficiency as SNR increases. The
proposed Hexa-QAM scheme outperformed the ex-
isting OMA-NOMA, MRC, PD-NOMA, and UR-NOMA,
approach in terms of EE. The EE of the proposed Hexa-
QAM method is17%, 18%, 23.2%,23% and 28 % better
than existing techniques.

5 Conclusions

In this paper proposed a novel Hexa CNN for NOMA
Rician channel estimator using Hexagonal Quadrature
Amplitude Modulation for signal detection and chan-
nel estimation (Hexa-QAM). In this proposed model
contains three pilot insertion types Comp, Block, and
Hexa were used in the proposed model. The proposed
Hexa-QAM can detect the symbols for all users without
additional operations based on pilot responses and
data signals. However, Hexa CNN is used at the receiver
to accomplish a joint flexible signal detection. The Hex-
agonal Quadrature Amplitude Modulation (Hexa CNN)
achieves much better error performance than similar
detectors. The proposed Hexa-QAM scheme outper-
formed the existing OMA-NOMA, MRC, PD-NOMA,
and UR-NOMA, approach in terms of energy efficiency.
The EE of the proposed Hexa-QAM technique is 17%,
18%, 23.2%, 23% and 28% better than existing tech-
niques. The accuracy of the proposed technique can
be as high as 99.95%, while that of traditional models
like the OMA-NOMA, MRC, PD-NOMA and UR-NOMA
is 85.32%, 84.9%, 87.58%, and 93.91%, respectively.
The accuracy of the proposed approach improved by
14.63%, 16.09%, 13.8%, and 3.75% when compared
to the existing methods, respectively. The proposed
Hexa-QAM model has a shortcoming in that it does not
account for multi-ownership. This constraint will be re-
garded as a future task to expand our proposed system.
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The limitation of the proposed Hexa-QAM model does
not handle the multi-owner nature. This limitation will
be considered as a future work for extending our pro-
posed system. In the future, we will consider employ-
ing artificial intelligence approaches to optimize each
user’s power allotment and improve the performance
of the NOMA method.
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