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Abstract

The thought of non-orthogonal multiple access (NOMA) are given as a
potential radio access method for versatile correspondence networks past the
fourth era (4G). As opposed to current long haul development radio access
procedures, non-symmetrical different access involves the power space for
client multiplexing at the transmitter and utilizations a successive obstruction
dropping recipient as the pattern collector conspire, considering future cell
phone advancement. Non-symmetrical different access is feasible to serve
various clients simultaneously and recurrence. For 5G wireless
communication networks, non-orthogonal multiple access (NOMA) and
millimeter wave (mm-Wave) communications are interesting technologies.
The performance of partially connected hybrid beamforming (PC-H-BF), a
low-cost partially connected hybrid beamforming (H-BF) with a quick
convergence sub-optimal power allocation algorithm, was explored in this
work. A low-cost hybrid beam forming technique, as well as a dynamic
threshold users' grouping mechanism, were created. In addition, to boost

information flow, the sub-optimal inert-beam and intra-beam dynamic power
allocation tasks are implemented using a low-complexity iterative
maximization technique.

Keywords: NOMA, Multiple-input multiple-output, Spectral Efficiency, Energy Efficiency, power allocation,
average sum rate, millimeter waves.
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1. INTRODUCTION

In recent years, the enormous advancement in the number of remote gadgets associated and those billions of these
gadgets are associated by remote organizations, and every gadget needs high efficiency to help different
applications like voice, video, and games and supports the increment in the number of gadgets, the number of
administrations and the nature of correspondences later on. As a rule, future remote frameworks need to meet
three primary necessities Provide high efficiency, Serve numerous clients simultaneously and Provide less energy
consumption [1]. Various systems have been adopted in recent years to accomplish these aims, with millimeter-
wave networking, a large multiple-input multiple-output system, and non-orthogonal multiple access
(NOMA) among the most notable candidates [2]. Millimeter-wave (mmWave) communications, which work at
frequencies between 30 and 300 GHz, provide a way to satisfy 5G's explosive capacity requirements [3]. Users’
multiplexing can be assisted at the same time/freq./spatial services by superposition coding for transmitters and
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receiver sequential interference cancellation and the variance of channel gain between users’ devices can be
converted into multiplexing advantage via superposition coding [4].

Significant output gains can be earned by incorporating non-orthogonal multiple access into Millimeter waves.
However, even though the developments of the aforementioned can greatly improve wireless networks' spectral
performance, they generally Due to the necessity to deploy exponentially more powerful antenna elements and
more expensive chains, more energy and hardware are required. for radiofrequency transceivers to operate at
higher frequencies.-spectrum. As a result, the question of whether integrating more active components in mobile
systems can be a feasible option for potential capacity growth remains open and difficult. Many efforts have been
undertaken to reduce gadget complexity and energy use. to overcome this difficult problem. [5]. In such manner,
[19] proposes a hybrid NOMA arrangement are separated into in a little groups, NOMA is utilized inside each
group, and inter-cluster interference is diminished utilizing MIMO framework discovery strategies. A hybrid non-
orthogonal multiple access (NOMA) approach into this discussion. When users are separated into tiny groups,
non-orthogonal multiple access (NOMA) is used inside each group, and inter-cluster interference is reduced
using multiple input multiple output (MIMO) system detection techniques. Following this, it was realized in [6]
that the multi-user precoder system suggested in [3] could be wasteful if user fairness is taken into account. A
two-stage precoder technique is introduced in [5] by following the concept of consumer grouping. Within one
group, the minimum transmits power is adopted, and zero-forcing was used between groups. By employing the
user correlation rather than the cost function, a simpler greedy approach for user pairing is also suggested.
Furthermore, every radiofrequency bind is associated with a grouping of receiving wires, the partially linked
phase shifter method [7-8] is offered as one possible way to improve hardware performance. A successive
interference cancellation (SIC) aided H-BF technique is suggested in [9], which takes advantage of the fact that
the analog beamforming matrix of the partially connected network is blocking diagonal. In Ref. [8,] a semi-
definite relaxation-aided alternating optimization-formula is proposed, which can increase the performance of the
partially linked phase shifter design significantly. Where the number of radio frequency chains meets those
requirements, the partially connected phase shifter method outperforms the fully connected phase shifter
equivalent in hardware performance, while the spectral efficiency of hybrid beamforming with the partially
connected phase shifter scheme underperforms noticeably [10]. In contrast to the user clustering approach
reported in Ref [9], a dynamic threshold for channel correlation criteria was applied. In addition, unlike the
existing work in Ref. [11], the goal is to optimize the sum rate while keeping the users' fairness and energy limits
in mind. Furthermore, dissimilar to the lagrangian approach-based power control strategy proposed in Ref. [12], a
straightforward and extremely quick iterative power allotment component was presented. The research's
contribution can be summarized as follows:

e To research the ghastly and energy execution of PC-H-BF, a minimal expense to some degree associated
H-BF with a speedy assembly sub-par power allotment calculation, to address the key impediments of
the non-orthogonal multiple access (NOMA) strategy, for example, intra and between pillar interference.

e Utilizing a low-intricacy iterative boost technique, gather a lower valued mixture beamforming
framework that incorporates a unique limit clients' gathering plan and is intended to place sub-optimal
latent pillar and inter-beam and intra-beam dynamic power distribution tasks to augment measurements
throughput.

e The effects of various system characteristics on spectral and energy performance were to be investigated.

2. MODEL OF THE SYSTEM

The downlink scenario in a multi-input single-output (MISO) — non-orthogonal multiple access (NOMA) based
millimeter Wave architecture is addressed in this study, in which the base station is outfitted with enormous scope
receiving wires (N-component) and various radio recurrence chains to help countless clients U, each with a
solitary radio wire [13]. The suggested framework analyses a hybrid beamforming (H-BF) structure, as opposed to
fully digital beamforming, which requires a specific handset chain (TX-chain) for every receiving wire
component, expanding framework intricacy, in which the number of radio frequency chains is less than the
number of available antenna elements, as shown in figure 1-(a).
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Figure 1.Hybrid beamforming-based Download-NOMA system model [14].

Moreover, to keep things basic, a somewhat associated engineering was utilized, as represented in figure 1-(b), in
light of the fact that each handset affix is simply associated with a subset of the accessible receiving wire
components, a simple stage shifter network is required. The review accepts that the quantity of streams or pillars
B is equivalent to the quantity of TX-chains, and that each stream can serve various clients utilizing non-
symmetrical multiplexing.

3. THE PROBLEM FORMULA OF SPECTRAL EFFICIENCY (SE)

The minimal expense hybrid beamforming H_BF method was matched with a unique edge clients' gathering plan
to expand the non-symmetrical numerous entrance (NOMA)- millimeter Wave phantom proficiency, and
afterward the figuring intricacy of the suggested arrangement was considered. There are various streams and
numerous client hardware in each stream because of the presence of both the Intra-Beam and Intra-Beam
Interference, i.e., there is collaboration and coupling between clients of different shafts. Accordingly, ideal
answers for the power control issue are very challenging to go over. The issue's non convex optimisation strategy
is tackled utilizing an iterative optimization approach, which brings about an awful arrangement. The issue of
power control optimization can be expressed as follows [15].

MAX
p Zmelsl Z | 10g2(1 + SINRmn) (1)

nE|Sgroup

C':log,(1+ SINR,,,) = RIH | vm,n « fairness performance for all user
2. .

C2:Emels| Znelsyronp| Prn < Pe < Maximum power

In this equation Ry, represents the data rate of the m" client in the n™ stream, R, addressed the base rate (QoS)
expected by the singular clients. The first imbalance C* in quite a while guarantees fair execution for every one of
the clients. The second disparity C? is to save the all total power for the framework beneath or equivalent to the
most extreme limit Pt.

4. PROPOSED USER PAIRING AND POWER CONTROL SCHEMES.

Clients bunches were thought of, and a matching capacity procedure for grouping clients with little it was
proposed to process upward. Because of expanding channel data upward, concurrent various flagging is illogical
to stretch out to all clients simultaneously in non-orthogonal multiple access (NOMA) frameworks [16 and 17].
Since clients in the cell are partitioned into various groups, non-orthogonal multiple access (NOMA) strategies
can be sent effectively inside each bunch. A few plan highlights and execution hardships are looked by various
client grouping calculations proposed in the writing. Increased channel gain Users appear to have higher power
efficiency for the same amount of energy spent on the surface. Furthermore, users with higher link gains can
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suppress more interference; for example, the client with the highest connection acquire in each bunch can suppress
impedance from any remaining clients, whereas the client with the lowest connection acquire can't suppress any
meddling indicators [18]. As a result, providing additional power to users in a cluster with high link gain will
significantly increase data rate while also improving energy efficiency. Increased channel gain Users appear to
have higher power efficiency for the same amount of energy spent on the surface. Furthermore, users with higher
link gains can suppress more interference; for example, the client with the highest connection acquire in each
bunch can suppress impedance from any remaining clients, whereas the client with the lowest connection acquire
can't suppress any meddling indicators [18]. As a result, providing additional power to users in a cluster with high
link gain will significantly increase data rate while also improving energy efficiency.
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S, vg e(1,2,.6)represents the head of each beam.

4 is the threshold increment value of the channel correlation.

4.1. The equation of the flowchart

1. Initialize the set of parameters for the system including: user’s number U, channel matrix H, beam’s number B.

2. Compute user’s channel norms by using equation

N={llhyll2,V ueU

3. for all n € S if the correlation with this condition

|h$ hnl < ethrthen: STemp = {m € Sgroup}

4- Calculate RF_beamforming VRF components:
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5- Other users are grouped based on their relationship to the candidate set of strongest users:
|1 VR gy VR |

arg max 5
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megs
6- Apply null steering baseband digital beamforming:
VEBE — | hsig) VRF (hf VEF hs(gy VR 1| ©)

= || hS(g) VRF (hg VRF hS(g) VRF) —1||2

5. RESULTS OF THE SIMULATION

In this section, the proposed clustering approach and power control technique were used to investigate the energy
and spectral performances of downlink millimeter wave (mmWave)-non-orthogonal multiple access (NOMA)
systems. The parameters of the suggested system were considered in our Matlab simulations in accordance with
the requirements listed in Table I. In our simulation, we employed the following channel model for the mm-wave
link.

Table I.system parameters’ setting for numerical simulations.

Parameter setting

Total transmit power P, = 15dBm

Power loss in radio frequency chains PRF = 25dBm

Power loss in base band network PBB =23 dBm

Power loss in phase-shift network PPS =16 dBm
Phase-shifters quantize digits (D) 5 bits

Channel model The geometric Saleh-Valenzuela
Number of channel-path 3 (1-Line of sight LoS and 2-Non line of sight NLoS)
Base station antenna number 100 elements
Transceivers’ chain number Ngs = 4 chains
Number of users’ clusters 4 (same as beam number)
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Figure 3. System performance in terms of energy efficiency verses transmits power.
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On the other hand, Figure (3) shows the recommended strategy's advantages in terms of energy efficiency (EE)-
performance, for example, it achieved an energy efficiency (EE)-gain of about 75% for 14 dB transmission
powers when compared to the Partial Hybrid- OMA scenario, and thus Because of the basic phase-shifter
network, energy waste was reduced to a minimum across all benchmarks.

25
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—{— Typical Hybrid-NOMA
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Energy Efficicney-EE (Bits'Hz/Joule )
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Figure 4.system performance in terms of energy efficiency verses number of the deployed users.
Figure (4) Presenting the impact of expanding the quantity of clients on energy proficiency (EE) at 1dB
transmission power, it's obvious that the proposed framework generally beats others, it had an energy productivity
(EE) gain of almost 65% when contrasted with the Partial Hybrid-orthogonal multiple access (OMA) situation for

8 clients.
. —%—Partial Hybrid-OMA e
' —O—proposed /_,-"'"
—C— Typical Hybrid-NOMA "_,-"

Typical null-steering ..~
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Figure 5.system performance in spectral efficiency
terms verses the number of deployed users.
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Figure 6.system performance in terms of energy efficiency
verses number of deployed users and the transmitted
power.

In addition, the influence of the number of users on the spectral efficiency (SE)-performance of the network is
depicted in figure (5). Furthermore, figure (6) Shows the impacts of both the number of clients and transmission
power on the energy efficiency EE performance, obviously, the proposed system outperforms the baseline one i.e.,
Typical Hybrid-NOMA" over all the range of compared parameters, and both of them raise with the increase of

the maximum transmitting power.
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Figure 7.Sysytem performance in terms of SE verses the number of iterations.

Finally, figure (7) prove the converging speed of the proposed scenario as far as the number of cycles to
accomplish the steady-state achievement of SE when it was adjusted parameters at 1 dB power budget and 8

users.

6. CONCLUSION

The link throughput improvement issue for non-orthogonal multiple access — millimeter-wave (mm-wave)
methods is influenced by the total power budget and individual users' QoS limitations. The suggested
technique includes a two-stage partially connected hybrid beamforming algorithm, as well as a basic iterative
power control mechanism. The beamforming method allows for low-complexity success interference
cancellation (SIC) at the receiver by utilizing efficient user selection for each beam. The power management
algorithm generates a sub-optimal solution after a few cycles, converting the non-convex task into a tractable
convex one. Numerical results back up the proposed technique's energy efficiency (EE) advantage. It is
demonstrated that by using the provided method, Traditional schemes that use completely connected phase-
shifter networks or orthogonal multiplexing have much lower EE performance.
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