Journal of Applied Research and Technology

www.jart.icat.unam.mx

Journal of Applied Research and Technology 24 (2026) 169-178

Original

Lens Assisted Massive Antenna for mm-Wave
Communication Systems

Ismail Sharhan Hburi! * Basim Khalaf Jarullah?
Haider Thiab Salim ALRikabi! * Abdul Amer Y. Gouda?
Hasan Fahad Khazaal!

1Electrical Engineering Department, College of Engineering,
Wasit University, Wasit, Iraq
20il Products Distribution Company, Wasit, Iraq’s Oil Ministry

Received: 30 10 2024; Accepted: 20 05 2025
Available: 30 04 2026

Abstract: It is believed that the massive multiple-input multiple-outputs (mMIMO) paradigms are
a considerably favorable approach for the upcoming generation of communication systems (with
high spectral efficiency) that have aided through the mm-wave (millimeter-wave) technique.
However, due to the large number of components (i.e., chains of radio-frequency, a.k.a. RF for
short), such paradigm schemes (i.e., mmWave mMIMO) face challenges in terms of energy and
hardware implementation costs. In this context, the Lens Antenna technique can help reduce the
number of radio-frequency components needed while maintaining considerable performance.
In addition, increasing the number of uses that can be served within the same beam and fre-
quency/time resource element can be achieved through the idea of non-orthogonal multiple
access (NOMA for short) to overcome the number of radio frequency components employed in
the system, such that the entire number of supported users will be more than the available radio
frequency components. This research considers enhancing the throughput metric for a Lens-As-
sisted Massive Antenna NOMA system. In particular, the work introduces an uncomplicated
iterative approach with sub-optimal spectral performance via a simple Block Diagonalization and

*Corresponding author.
E-mail address: hdhiyab@uowasit.edu.iq (H. TH. Salim ALRikabi).
Peer Review under the responsibility of Universidad Nacional Auténoma de México.

J20
[ ()
Yol
ICAT

Instituto de Ciencias
Aplicadas y Tecnologia




Hburi et al. / Journal of Applied Research and Technology 169-178

a mid-point optimization method. The bandwidth efficiency gains for the suggested approach, if
compared to the classical orthogonal multiple access technique and interference nulling beam-

forming, are about 13.5 % enhancement.

Keywords: Non-Orthogonal Multiple Access (NOMA); Orthogonal Frequency-
Division Multiple Access (OFDMA); Millimeter Wave (mmWave); Lens
Antenna; Massive MIMO (Massive Multiple-Input Multiple-Output)

1. Introduction

The next generation of wireless communication sys-
tems requires a large number of hardware elements to
achieve the desired performance. Mm-wave communica-
tion (30GHz through 300 GHz) qualifies a more significant
dimensional compact antenna array, which in turn leads
to the introduction of what is known as a massive multi-
ple-input multiple-output scheme or mMIMO for short,
and also increases the number of the multiplexed users
within the same resource element of the Time/Frequen-
cy grid (Busari et al., 2017; Maljevi¢ et al., 2024; Wang
et al.,, 2017a). Nevertheless, due to the complexity of the
transceiver hardware and the total number of elements
(radio-frequency elements, or RF-chains for short; each
chain requires about 250 mW of power), implementing
massive multiple-input multiple-output-based mmWave
techniques in real-time systems is impractical. Thus, to
implement the massive multiple-input multiple-output
principle, a large number of radio-frequency elements is
required, leading to the aforementioned challenge. These
RF elements account for almost 70.0% of the transceiver
component’s total energy cost. Consequently, to address
this issue, various approaches have been proposed to re-
duce the number of employed RF elements (Al-Rubaye
et al., 2023; Amadori & Masouros, 2015; Gao et al., 2023;
Sanayei & Nosratinia, 2007). Recently, a new paradigm
emerged: the Lens-antenna mMIMO system, which makes
the implementation of massive MIMO more practical in
real systems (Wang et al., 2017a). In such systems, the
typical multiple-input multiple-output channels can be
forced into beam-space channels, thereby effectively
capturing the sparsity of the mmWave channel and re-
sulting in a notable reduction in hardware complexity
and energy consumption. The beam-space channel is the
straightforward result of selecting the prevailing beams
and thereby limiting the number of RF elements. It is note-
worthy that employing both Lenses with massive antenna

elements will result in a high-resolution beam and, con-
sequently, an effective beamforming technique, which
can also help in mitigating inter-beam interference and
lead to a more reliable communication system. Hence,
the emerged Lens-aided MIMO approach is proposed to
achieve very tight-to-ideal performance compared to
traditional multiple-input multiple-output systems, with
some additional design efforts. On the other hand, the
noteworthy drawback of this approach is that only a sin-
gle user is supported within the same resource element
of the Time/Frequency grid, and consequently, the entire
number of clients cannot surpass the number of available
radio frequency elements (Al Ammar & Hburi, 2024; Gao
et al., 2016a; Viji et al., 2024). To conquer this restriction,
a lot of work has been done recently to combine the tech-
nology of Non-orthogonal multiple access (NOMA) into
the Lens-based antenna arrays, which can also help in
enhancing the connection latency performance and oth-
er metrics of customer quality of service (ALRikabi et al.,
2025; Liu et al., 2019; Van Damme et al., 2024; Wang et al.,
2017b). The basic concept of NOMA technology is the us-
er-multiplexing in the power domain. On the transmitter
side, NOMA implements superposition coding and SIC-
based decoding (successive interference cancellation) at
the receiver (Choi, 2017).

In this context, the authors of (Liu et al., 2019) address
the issue of power allocation in Lens-aided NOMA sys-
tems, which is a non-convex optimization problem, using
sequential convex approximation. The authors of (Ma-
jeed & Hburi, 2022) designed a straightforward iterative
method (which converges in approximately 10 iterations)
based on the Mean Squared Error (MSE) and achieved
an improved power cost of roughly 85.0% compared to
the classical orthogonal multiple access technique. The
authors in (Nimmagadda, 2021) achieve the spectral and
energy-efficiency multi-objective metrics in Lens-aided
NOMA systems by merging the Beetle Swarm and Gray
Wolf optimization techniques. In contrast to the work in
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reference (Chandrakapure et al., 2024; ALRikabi et al.,
2024; Majeed & Hburi, 2022), this research focuses on
the throughput balance of Lens-aided NOMA systems,
i.e., maximizing the minimum rate required by individual
users of Lens-aided NOMA systems, subject to a limited
power-allocation constraint. Also, this research consid-
ers a simple Block Diagonalization digital beamforming
(where we extend the work in (Al Ammar & Hburi, 2024)
into a multiple antenna users scenario) and a mid-point
Power control optimization method, unlike our previous
work in (Das & Das, 2024; Sahib et al., 2024), which as-
sumes the Signal-to-Leakage-Plus-Noise Ratio approach
for the digital beamforming process. Consequently, this
work has the following contributions:-

This article presents a technique to maximize through-
put for the worst user in the system while adhering to
the power-allocation limitations of Lens-aided mm-wave
NOMA systems, where the non-convex problem can be
tractable by introducing new variables. The suggested
method benefits from the simple Block Diagonalization
digital beamforming and a midpoint Power control op-
timization strategy (namely, the BD-NOMA algorithm for
short) to achieve balanced user throughput in NOMA sys-
tems. The performance of the suggested approach has
been demonstrated through simulation with various pa-
rameter settings.

The other sections of this paper are arranged as fol-
lows: the system model of the Lens-aided mm-wave NOMA
systems is presented in the next section; the throughput
formula for the downlink scenario is introduced in the
third section; and the fourth section presents the simu-
lation analysis results. Lastly, the conclusion s illustrated
in section five.

Note: Vectors and matrices throughout the paper are
denoted by small and capital letters, respectively. The
Math operation [-]" for complex-conjugate (Hermitian), [-]
T means the transpose of the matrix, and [-]! stands for
matrix inversion. [-], is the norm operation with a length
of L. diag [A] stands for the diagonal of matrix A, the NxN
dimension identity matrix is denoted by IN, and the ex-
pectation matrix is indicated by E[-].

1. SYSTEM MODEL

In this research, a single access point or base station is
considered in the downlink scenario for Lens-aided mm-
wave NOMA systems. The study assumes that the base
station comprises a massive antenna to serve a K-user,
each has multiple antennas, and there are NRF-radio ele-
ments in the system.

2.1 Lens-aided mm-wave System Model

For the typical multiple-input multiple-output system the
received signal vector can be stated as follows (Al-Rikabi,
2013; Majeed & Hburi, 2022):

y=GHF.x+ 2 (1)

where the channel matrix is G and the vectors, g, g,,... g,
arethe channelvectors from the access point to the corre-
sponding kth user, x denotes the transmitted data vector,
X =[x, Xy X, ], Z i the Additive white-Gaussian noise,
and F is the matrix of transmission beamformer. Since
the number of radio frequency components is equivalent
to the access point’s antenna number, therefore, N .=N,.
So, there is an enormous chain number if massive an-
tenna mmWave techniques are involved (Wang et al,,
2017b). Every single radio component chain needs nearly
250.0 milli Watt, which is not a small payment of energy
to extinguish (Gao et al., 2016b). In this context, lens-an-
tenna-based MIMO schemes are delivered to handle this
point and reduce the number of radio components in
the chain while keeping the overall system performance.
With the concept of Lens-antenna, the multiple input mul-
tiple output G channel matrix (in the special-domain) will
be associated with the resulting channel (i.e., beam-space
one) as follows, (Zeng & Zhang, 2016)v,
H

where matrix A represents the vectors (span the entire
angle space) of alignment of the lens antenna [6], the
beamsgac%chanr}fl matrix G Includel;che following vec-
tors, g, ,g,,----g, »and eachvector g, denotes the path
of the beam-space from the AP to the kth user (i.e., the
vector g, denotes the spatial channel that can be changed
into the vector g, by applying he Fourier-transform). Con-
sequently, the received signal (beam-space vector) can
be expressed as follows,
_H
y=G Fx+z (3)

It is worth noting that every single row of the G matrix
is associated with a single beam (with index-b) that has
the spatial orientation given by the following angles, 0,,
0,..., 6;. It is well known that mmWave channels exhibit
sparsity, as do the matrices of beam-space channels (Ze-
ng & Zhang, 2016). Therefore, a beam-space MIMO system
with near-optimal performance and reduced dimensions
can be designed. As stated earlier, the weakness of the
Lens-based antenna approach is that only a single user
is backed within the same resource element of the Time/
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Frequency grid, and consequently, the entire number
of clients cannot surpass the number of available radio
frequency elements (Al Ammar & Hburi, 2024; Verma &
Ali, 2025). To overcome this limitation the technology of
Non-orthogonal multiple access (NOMA) is incorporated
into the Lens-based antenna arrays, which can be ex-
plained in the next sub-section.

2.2 Lens-aided MIMO-NOMA System Model

The Lens-aided MIMO-NOMA technique (see Figure 1)
has been proposed to overcome the limitation of tradi-
tional Lens-aided MIMO systems, which support only a
single user within a single resource element of the Time/
Frequency grid. The Lens-aided MIMO-NOMA will ensure
efficient benefits for each beam by considering an effi-
cient beam selection algorithm. In (Amadori & Masouros,
2015), the authors proposed an SNIR-based (maximum
Signal-to-interference-plus-noise) algorithm for beam
selection.

Intra-Beam Interference

A -
i: { é‘ Group (Cluster) 1

-4 A v
[‘\ Inter-Beam

!,_ ‘\ User 1.1 User 1.2 User Lu
\ & Interference

Access Point AP
2 Group (Cluster) C

User €1 User €2 User C.u

Figure 1. Lens-aided MIMO-NOMA System Model.

The authors of ref. (Hburi et al., 2021) introduced a
Maximum-Magnitude strategy for a common mmWave
scenario, in which 87.0% is the ratio of the possibility of
customers owning a correlated channel for 256 elements
of the antenna and 32 users. In (Wang et al., 2017b), the
authors proved that Lens-aided MIMO-NOMA is qualified
to support the correlated users (simultaneously) through
a single RF-Chain and consequently employing a single
beam. The received signal for the Lens-aided MIMO-NO-
MA system that is shown in Figure .1 can be expressed as
follows:
_H
Vi = gkakb'\/P_kb- Xkb _’_Iintra,beam

UsefulSignal (4)

4 Iinter,beam + zZwp
—~—
AWGN

where x, ;is the information sequence, y,, is the received
datasignal of the (kth) - user by the (bth) - beam, F,  is the
beamforming vectors, P,, is the power allocated to the
kth - user, and g are the vectors of beam-space channel.

The 2nd part of eq. (4) denotes the inter-cluster or
inter-beam users interference signal (i.e., users that as-
sociated to the same beam or cluster):

_H (5)
= || gijjb||2- Zjeijﬁk Py,

Iintra,beam
while the 3" part in eq. (4) is the interference signal of
users that belong to different beams or clusters;

inter m ?
pnterbeam — S S ek | 9B P |F P (6)

According to (Hburi et al., 2021), the intra-beam interfer-
ence signal (i.e., 3rd term in eq.(4) can be eliminated via
the process of successive interference cancellation (SIC).
It’s important to rely on a good algorithm for the beam-
forming design and power allocation to increase the data
rate and reduce the intra-beam interference produced
by the superposition process. The signal-to-interfer-
ence-plus-noise ratio (SINR) of the proposed model can
be expressed, depending on equation 4 as follows,

2

H
| g k6 FxbllyPrp
Ty = H ka 2 (7)

9w Fib-Djexizn VP X+ G rp icn Pkex| Fip/Prsxia+2,
- 7 -

i#b

intr; N

inter—beaminterferences

where, \|§kH,,Fkb|\Z is the straight beam space channel gain,
andT,, standsforthe kth-user SINRwithinthe bth-beam.
It is noticeable that the model of channel introduced by
Saleh and Valenzuela has been considered in this work (Al
Ammar & Hburi, 2024),

gx = Bp-af0)] + > icp Br-a[0y] ®)

here the B is the complex gain of the LoS for the kth
- user, a[0y] is to the spatial direction of the LoS, and
S L1 Bl.al6L] are L components of the non-LoS.

2. Users’ Throughput Balancing Problem
Formulation (BD-NOMA algorithm)

For an efficient Lens-aided MIMO-NOMA technique, the
power allocation process has to be designed for the over-
all users in different beams where the scheme considers
the leverage of the same time, frequency, and spatial do-
mains to support multiple users simultaneously within
the same beam via the utilizing of the power domain.
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To reduce the inter-beam interference and consequent-
ly, the system throughput, developers have to carefully
design the power allocation for different users within the
same beam. rate of the entire scheme where the power
is shared among multiple users that belong to the same
beam. Accordingly, a lot of studies have been specified
to review the power assignment of NOMA-MIMO (e.g., see
the references (Chandra & Borugadda, 2023; Chandra &
Borugadda, 2024; Dursun et al., 2023; Islam et al., 2016)).
The formulation for enhancing the users’ throughput
balancing suject to the power-allocation limit can be ex-
pressed as follows,

max.min. In(1 + I'y) (9)
Py k

S.t.:
Py, > 0,Vi € \B\,ande S |K|

>beB 2kelk| Pro < Pt,V(k, b)

The formula in (9) aims to achieve a fair service among
all the system’s users, P, is the total power of transmis-
sion, I, is the SINR level, and P,, is the allocated power
for the kth user. The objective of this problem is to maxi-
mize the minimum data rate for the worst user at the cell
edge. Hence, the suggested algorithm will achieve a rare
balance that improves the worst-case rate under dou-
ble-power constraints. The first power constraint ensures
that the user-allocated power never becomes negative,
while the second constraint keeps the total power em-
ployed within the acceptable range. The expression of
equ. (9) is difficult because of the non-convex attribute
and because of the variables’ coupling with each other.
Exhaustive search optimization is impractical for such
large-scale formulas, which are computationally costly.
To address this optimization problem, this work presents
a method that leverages simple Block Diagonalization
digital beamforming and a midpoint power-control opti-
mization to achieve balanced user throughputin a simple
iterative procedure. In this study, a closed-form expres-
sion for digital coefficients F is suggested, which is the
Block Diagonalization algorithm (Nguyen et al., 2012),
since the direct solution of jointly solving for beamform-
ing filter F and power allocations P is difficult to find. The
Block Diagonalization technique mitigates the multi-user
interference by designing the beamforming such that, g,
fj = 0, for all i # j which in turn converts the down-link
multiple-user channel into several parallel single-user
channels. First, let us define the matrix, G with a singular
value decomposition (SVD) of,

G=UA[VDYV©®] (10)

and the columns of the matrix V(@ represent the orthogo-
nal basis forthe null space of G. To achieve the interference
nulling for the Block Diagonalization scheme, the follow-
ing has to be satisfied,

F=VOTF (11)

Also, the effective channel matrix is given by,
G=GV0O (12)

Next, the sum rate of the downlink channel is given as
follows,

~—~~H ~H
R= Y, xn (I+ GFF G ) (13)

Now, let us suggest a near-optimal solution with low com-
putational complexity for the problem in (9). With no loss
of generality, the optimization expression of eq. (9) can be
amended by naming a new variable (R,),

mPak::c. (Ry) (14)

S. t.: Ry > R, Vk, andVbeamsb
P, > 0,Vi € |BlandVk € K|
beB Zuke|K| + kb <Py

where the optimization process is over the variable P,
i.e., individual user power, and 15t constraints are essen-
tial for R, to be the min. attainable rate among the users
i.e., the realizable rate of any user is not less than R,

Next, for a certain value of R, the problem in eq. (12)
can be assessed effectively in a distributed way. Also, it
is worth noting that this problem is almost convex, and
hence a mid-point Power control optimization strategy
(Sanayei & Nosratinia, 2007) can be employed to reach
the best evaluation for this problem by consecutively re-
solving the power min. The formula of eq.(14) at a certain
required SINR value, “p,,” over all the deployed users.
Firstly, the algorithm set the initial lower and upper limits
of the rate as follows,

R ax.]m = ln(l + Fmax)’ R[min.]m =0

(m

And the mid-point will be,

R(temp.)(t = (R(max.)(t) + R(min.)(t))/z (15)

Next, the value of the rate mid-point can be employed to
solve the convex formula in eq.(12),

Pomin. 3 iy Dk Py || B F | (16)
kb
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S.t.:o,® >0,Vk,b
P > 0,Vi € |B|,andk € |K|

Where P, is the allocated power for the k' user at the
(t) iteration, ¢,, is the target SINR and can be given as
follows,

' = 1,P2“+it)mp HEkHkasz - HEkHkasz'Eje\sgm“p\ P ¥
? ( )

2

2° ZkE\Kl Py ® Zkb2 (17)

_H
- Zie\B\,i;éb H 9 Fi

which is determined by taking the inverse-logarithmic of
both sides of eq. (7). Next, the min. Problem (17) can be
determined by employing tools of convex optimization,
e.g., the CVX tool, and Table 1 shows the pseudo-code
steps of the proposed method.

Table 1. Pseudo-codes steps.
Algorithm Initialization:
Set initial values of parameters: transmit power P,; num-
ber of users, index of iteration: t = 0, and number of the
beams.
Clusters of users developing:
1. For each beam; assign a number of best-user sets.
Determine channel norms for all users.
2. Sort users in descending order according to channel
gain.
Sort users according to channel correlation.
3. Foralln € §; If; the correlation ‘E:EH
Then: S ={meS
End If

< (")m,

cluster cluster}'

It’s worth noting that in lensed antenna systems, channel
estimation is challenging since the number of RF chains
is much less than the number of antennas. However, the
task of channel estimation is out of the scope of this study
(for more information about the topic, see e.g., (Li et al.,
2024; Majeed et al., 2023)) and this study assumed that
the base station already has full information on the beam
space channel for all users.
BD-Digital Beamforming (BDBF);
1. Set the components of the Block Diagonalization
scheme: F = VOTF,
2. Set the initial lower and upper limits of the rate:
R(min.)(t) = O’ R(max.)(t] = 11’1(1 +T
Iterative Sub-optimal approach;
3. Update index of iteration: t = t + 1.
4. Determine the rate mid-point:
R ©= (Rmax.(t] + Rmin.m)/2

max.)’

(temp.)

5. Determine the rate restriction for each user in each
beam employing Eq. (17), ¢,, .
6. Evaluate the convex min-formula of eq. (16) using the
CVX software.
7. Check the budget of the system power:
8.1 Yicpp T Pu™. [FiFM| > Py
Then; Update rate upper bound:
Rmax(t) = Rtempm
9. Else: Update rate lower bound & power allocation:
Rmin(t) = Rtemp(t)’ Pkb* = Pkb(t)
10. End If
Check the tolerance of the rate:
1. 1f:R__ O -R . <€, Then;end the algorithm.
12. Else: (do the next iteration) go back to pace 7.
13. End If

Return vector of the power allocation.
3. Results and discussion

Assuming the base station has full information on the
beam-space channel for all users, this section consid-
ers the worst-case minimum bandwidth efficiency in
the Lens-assisted mmWave MIMO-NOMA system. Table I
showsthesettingofthe system parameters. Thesupposed
benchmark is the standard orthogonal multiple-access
technique and interference-nulling beamforming. The
subsequent outcomes are obtained by implementing the
pseudo-code using the MATLAB package (R2019b) and
the full CVX optimization tool, which is run on a 2.40 GHz,
8 GB, Core i7, 64-bit Windows operating system.

Firstly, Figure 2 examines spectral efficiency as a
function of transmission power when deploying 16 us-
ers (K=16). This figure shows that the proposed scheme
(BD-NOMA) can significantly improve bandwidth effi-
ciency for the worst-channel-condition user (cell-edge
user). For instance, there is a performance gain of near-
ly 13.5% (for a transmit power of 10.0 dB and 3 radio
components). Also, as we increase the number of radio
components (from 4 chains to 8 chains), the number of
created beams will increase, and, in turn, users’ band-
width efficiency will improve. In such cases, each beam
will support fewer users, and consequently, will alleviate
intra-interference (i.e., the interference within the same
beams), which in turn boosts the efficiency. Moreover,
in this figure, two regions can be distinguished: the area
of high-power beyond 10 dB, the performance of the
classical orthogonal multiple access technique and inter-
ference nulling beamforming (ZF-OFDM) increases with
increasing the transmission power, while the performance
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Table 2. Setting of Simulation Parameters.

Parameter Setting value

BS’s antenna elements 128 antennae

number

User’s antenna elements 2 antennae
number

Power of Transmission P,=(-5:30) (indB)

Number of users (5 through 55) users

Power of the Noise n?=-165 (in dBm)

Transceivers’ chain number NR/,= (2,4, and 8)
PRF =250 (in dBm)
PBB =23.0 (in dBm)

RF-Chains Power losses

Losses of the base band
network

Losses of the switch
network

Order of the modulation 16 QAM

(Environment of the propagation)

PSN = 1.60 (in dBm)

Saleh Valenzuela model ref.
(Brady et al., 2013) with, LoS
channel path var. of =1.0,
N-LoS var.

o2 = 1x10%9, and
LoS/N_LoS

= 20.0 dB, Gauss_dist.

Paths’ number/ N .. =10 (rays).

path
N pser = 6 (clusters).

Model of the channel

Clusters’ number

The distribution of the AoD  Uniform dist. in the range (-1t/2,
& AoA 1/2), with cluster azimuths’
spread angles of 10.0 degrees.

Comparison benchmarks 1) The classical orthogonal
approach multiple access technique
and interference nulling
beamforming (Hburi et al.,
2021).
2) Optimal non-orthogonal
multiple access beamforming.

of the proposed approach (BD-NOMA, which is based on
non-orthogonal multiple access) declines in this area.
The reason for this performance is the rank deficiency of
the suggested approach, since the number of users ex-
ceeds the number of RF chains. Therefore, the proposed
algorithm is unable to compact interference among users
across various beams; on the other hand, the ZF-OFDM
approach relies on time-division multiplexing and offers
greater interference compacting. Consequently, to miti-
gate this defect of the proposed scheme in a high-power

N
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—(O—Proposed BD-NOMA (4 RF-chain) /
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—{—Proposed BD-NOMA (8 RF-chain)
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Figure 2. The efficiency of using bandwidth
VS. the transmit power.
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Figure 3. Bandwidth efficiency vs. number of
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Figure 4. Probability of error performance for the proposed

algorithm and the ZF-OFDM with the LoS case.
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transmission scenario, the traditional ZF-OFDM scheme
can be employed.

Figure 3 shows the impacts of increasing the number
of deployed users on bandwidth efficiency. This figure
illustrates the figure of merit of the suggested approach
compared to the classical orthogonal multiple access
technique (ZF-OFDM), which is based on time division
multiplexing. Where there is a performance gain of al-
most 15.5% over the ZF-OFDM benchmark for 10 users.
Figure 4 depicts the probability-of-error performance of
the proposed algorithm and the ZF-OFDM benchmark.
The comparison in this figure is for the direct line-of-sight
scenario with 10 users.

Conclusion

The focus of this research is on the bandwidth-efficiency
criteria for the worst user in Lens-assisted mmWave MI-
MO-NOMA systems. More specifically, this study presents
a simple iterative technique with an almost perfect rate
balancing over the users of the overall system. The sug-
gested method uses the Block Diagonalization scheme
and the midpoint method to address the aforementioned
issue. These two processes are employed in an iterative
strategy to fulfill the user’s rate balancing. Furthermore,
the suggested approach performs the power allocation
task, i.e., assigns the required power level to each user
deployed in the system. The resulting outcomes demon-
strate that the suggested algorithm achieves significantly
higher performance thanthe benchmark,i.e., the classical
orthogonal multiple access technique and interference
nulling beamforming. The obtained results shed light on
the impact of the number of users on the minimum. user
bandwidth efficiency.

Conflict of interest

The authors have no conflict of interest to declare.
Funding

The author(s) received no specific funding for this work.
Acknowledgment

Thank you to the Electrical Engineering Department at
Wasit University for supporting this idea.

References

Al-Rikabi, H. T. S. (2013). Enhancement of the MIMO-OFDM
Technologies. California State University, Fullerton.
https://www.proquest.com/docview/1473672374?pq-orig-
site=gscholar&fromopenview=true&sourcetype=Disserta-
tions%20&%20Theses

ALRikabi, H. T. S., Sallomi, A. H., KHazaal, H. F., Magdy, A.,
Svyd, I., & Obod, I. (2024). A dumbbell shape reconfigurable
intelligent surface for mm-wave 5G application. Interna-
tional Journal of Intelligent Engineering and Systems, 17(6),
569-582.

https://www.researchgate.net/profile/Haider-Alrikabi-2/
publication/385851437_A_Dumbbell_Shape_Reconfigu-
rable_Intelligent_Surface_for_mm-wave_5G_Application/
links/685e53c807b3253fd1ca0181/A-Dumbbell-Shape-Re-
configurable-Intelligent-Surface-for-mm-wave-5G-Applica-
tion.pdf

Al-Rubaye, G. A., ALRikabi, H. T. S., & Hazim, H. T. (2023).
Optimization of capacity in non-Gaussian noise models with
and without fading channels for sustainable communication
systems. Heritage and Sustainable Development, 5(2), 239.
https://doi.org/10.37868/hsd.v5i2.243

Al Ammar, H. S., & Hburi, I. (2024). Beam-space MIMO-NO-
MA Technique for mm-Wave Communication Systems. Wasit
Journal of Engineering Sciences, 12(2), 33-48.
https://doi.org/10.31185/ejuow.Vol12.1ss2.497

ALRikabi, H. T. S., Sallomi, A. H., & Khazaal, H. F. (2025).
Reconfigurable intelligent surfaces with smart antenna op-
portunities and challenges. In AIP Conference Proceedings
(Vol. 3255, No. 1, p. 040009). AIP Publishing LLC.
https://doi.org/10.1063/5.0254127

Amadori, P. V., & Masouros, C. (2015). Low RF-complexity
millimeter-wave beamspace-MIMO systems by beam selec-
tion. IEEE Transactions on Communications, 63(6),2212-2223.
https://doi.org/10.1109/TCOMM.2015.2431266

Brady, J., Behdad, N., & Sayeed, A. M. (2013). Beamspace
MIMO for millimeter-wave communications: System ar-
chitecture, modeling, analysis, and measurements. /EEE
Transactions on Antennas and Propagation, 61(7), 3814-3827.
https://doi.org/10.1109/TAP.2013.2254442

Busari, S. A., Hug, K. M. S., Mumtaz, S., Dai, L., & Rodriguez,
J. (2017). Millimeter-wave massive MIMO communication for
future wireless systems: A survey. IEEE Communications Sur-
veys & Tutorials, 20(2), 836-869.
https://doi.org/10.1109/COMST.2017.2787460

Vol. 24, No. 2, April 2026 176



Hburi et al. / Journal of Applied Research and Technology 169-178

Chandra, K. R., &Borugadda, S. (2023). Joint resource alloca-
tion and power allocation scheme for MIMO assisted NOMA
system. Transactions on Emerging Telecommunications Tech-
nologies, 34(7), e4794.
https://doi.org/10.1002/ett.4794Digital
(DOI)

Object Identifier

Chandra, K. R., & Borugadda, S. (2024). Energy efficiency
enhancement in millimetre-wave MIMO-NOMA using three
layer user grouping and adaptive power allocation algo-
rithm. Sustainable Computing: Informatics and Systems, 43,
100991.

https://doi.org/10.1016/j.suscom.2024.100991

Chandrakapure, Y., Malleboina, R., Kumar, A., & Sarkar, D.
(2024). A multi-state reconfigurable intelligent surface based
on anomalous reflectors for communication and radar ap-
plications. In 2024 National Conference on Communications
(NCC) (pp. 1-6). IEEE.
https://doi.org/10.1109/NCC60321.2024.10485868

Choi, J. (2017, August). NOMA: Principles and recent results.
In 2017 international symposium on wireless communication
systems (ISWCS) (pp. 349-354). IEEE.
https://doi.org/10.1109/ISWCS.2017.8108138

Das, D.S. N,, & Das, S. (2024). Max-Min Fairness of mm-Wave
Communication Using Multi-Beam Beamspace MIMO-NO-
MA. In 2024 Second International Conference on Emerging
Trends in Information Technology and Engineering (ICETITE)
(pp. 1-6). IEEE.
https://doi.org/10.1109/ic-ETITE58242.2024.10493430

Dursun, Y., Goktas, M. B., & Ding, Z. (2023). Green NOMA
based MU-MIMO transmission for MEC in 6G Networks. Com-
puter Networks, 228, 109749.
https://doi.org/10.1016/j.comnet.2023.109749

Gao, J., Zhong, C., Li, G. Y., Soriaga, J. B., & Behboodi, A.
(2023). Deep learning-based channel estimation for wide-
band hybrid mmWave massive MIMO. IEEE Transactions on
Communications, 71(6), 3679-3693.

https://doi.org/ 10.1109/TCOMM.2023.3258484

Gao, X., Dai, L., Chen, Z., Wang, Z., & Zhang, Z. (2016a).
Near-optimal beam selection for beamspace mmWave
massive MIMO systems. |[EEE Communications Letters, 20(5),
1054-1057.

https://doi.org/10.1109/LCOMM.2016.2544937

Gao, X., Dai, L., Han, S., & Heath, R. W. (2016b). Energy-effi-
cient hybrid analog and digital precoding for mmWave MIMO

systems with large antenna arrays. IEEE Journal on Selected
Areas in Communications, 34(4), 998-1009.
https://doi.org/10.1109/JSAC.2016.2549418

Hburi, I., Khazaal, H. F., Mohson, N. M., & Abood, T. (2021).
MISO-NOMA Enabled mm-Wave: Sustainable Energy Para-
digm for Large Scale Antenna Systems. In 2021 International
Conference on Advanced Computer Applications (ACA) (pp.
45-50). |EEE.
https://doi.org/10.1109/ACA52198.2021.9626818

Islam, S. R., Avazov, N., Dobre, O. A., & Kwak, K.-S. (2016).
Power-domain non-orthogonal multiple access (NOMA) in
5G systems: Potentials and challenges. [EEE Communications
Surveys & Tutorials, 19(2), 721-742.
https://doi.org/10.1109/COMST.2016.2621116

Li, J., Zhang, X., Jiang, X., Zheng, W., He, B., & Cui, E. (2024).
NBNet-Based Channel Estimation for Beamspace mmWave
Massive MIMO Systems. In Proceedings of the 2024 8th Inter-
national Conference on Digital Signal Processing (pp. 77-82).
https://doi.org/10.1145/3653876.3653891

Liu, P, Li, Y., Cheng, W., Zhang, W., & Gao, X. (2019). Ener-
gy-efficient power allocation for millimeter wave beamspace
MIMO-NOMA systems. IEEE Access, 7, 114582-114592.
https://doi.org/10.1109/ACCESS.2019.2935495

Majeed,A.A.,AliSaed,D.,&Hburi, . (2023). Al-Based Q-Learn-
ing Approach for Performance Optimization in MIMO-NOMA
Wireless Communication Systems. International journal of
electrical and computer engineering systems, 14(8), 843-851.
https://hrcak.srce.hr/309136

Majeed, A. A., & Hburi, I. (2022). Beamspace-mimo-noma en-
hanced mm-wave wireless communications: performance
optimization. In 2022 International Conference on Comput-
er Science and Software Engineering (CSASE) (pp. 144-150).
IEEE.

https:/doi.org/10.1109/CSASE51777.2022.9759687

Maljevic, 1., Alfarhan, F., & Adve, R. (2024). Multiple-Input,
Multiple-Output Systems. In Cellular Radio Access Networks:
RF Fundamentals and Protocols (pp. 165-210). Springer.
Maljevic, 1., Alfarhan, F., & Adve, R. (2024). Multiple-Input,
Multiple-Output Systems. In Cellular Radio Access Networks:
RF Fundamentals and Protocols (pp. 165-210). Cham: Spring-
er Nature Switzerland.
https://doi.org/10.1007/978-3-031-76455-4_5

Nguyen, D., Tran, L. N., Pirinen, P., & Latva-aho, M. (2012).
Transmission strategies for full duplex multiuser MIMO

Vol. 24, No. 2, April 2026 177



Hburi et al. / Journal of Applied Research and Technology 169-178

systems. In 2012 IEEE International Conference on Communi-
cations (ICC) (pp. 6825-6829). IEEE.
https://doi.org/10.1109/1CC.2012.6364703

Nimmagadda, S. M. (2021). A new HBS model in millime-
ter-wave beamspace MIMO-NOMA systems using alternative
grey wolf with beetle swarm optimization. Wireless Personal
Communications, 120(3), 2135-2159.
https://doi.org/10.1007/s11277-021-08696-6

Sahib, A. Y., Assad, A., Mohammed, O. M., & ALRikabi, H. T. S.
(2024). Employing topology optimization method to create
optimum telecommunication tower design structure. Sus-
tainable Engineering and Innovation, 6(2), 261-274.
https://doi.org/10.37868/sei.v6i2.id370

Sanayei, S., & Nosratinia, A. (2007). Capacity of MIMO chan-
nels with antenna selection. IEEE Transactions on Information
Theory, 53(11), 4356-4362.
https://doi.org/10.1109/TIT.2007.907476

Van Damme, S., Sameri, J., Schwarzmann, S., Wei, Q., Triv-
isonno, R., De Turck, F., & Torres Vega, M. (2024). Impact of
latency on QoE, performance, and collaboration in interac-
tive multi-user virtual reality. Applied Sciences, 14(6), 2290.
https://doi.org/10.3390/app14062290

Verma, G., &Ali, S. T. (2025). Non-Orthogonal Multiple Access
(NOMA) for 5G Wireless Networks: A Performance Evaluation.
International Journal of Sciences and Innovation Engineering,
2(1), 7-14.

https://doi.org/10.70849/1JSClI

Viji, C., Najmusher, H., Rajkumar, N., Mohanraj, A., Nachiap-
pan, B., Neelakandan, C., & Jagajeevan, R. (2024). Intelligent
library management using radio frequency identification.
In Al-Assisted library reconstruction (pp. 126-143). IGl Global
Scientific Publishing.
https://doi.org/10.4018/979-8-3693-2782-1.ch007

Wang, B., Dai, L., Gao, X., & Hanzo, L. (2017a). Beamspace
MIMO-NOMA for millimeter-wave communications using
lens antenna arrays. In 2017 IEEE 86th Vehicular Technology
Conference (VTC-Fall) (pp. 1-5). IEEE.
https://doi.org/10.1109/VTCFall.2017.8288345

Wang, B., Dai, L., Wang, Z., Ge, N., & Zhou, S. (2017b). Spec-
trum and energy-efficient beamspace MIMO-NOMA for
millimeter-wave communications using lens antenna array.
IEEE Journal on Selected Areas in Communications, 35(10),
2370-2382.

https://doi.org/ 10.1109/JSAC.2017.2725878

Zeng, Y., & Zhang, R. (2016). Millimeter wave MIMO with lens
antenna array: A new path division multiplexing paradigm.
IEEE Transactions on Communications, 64(4), 1557-1571.
https://doi.org/10.1109/TCOMM.2016.2533490

Vol. 24, No. 2, April 2026 178



