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 Non-orthogonal multiple access (NOMA) has been recognized as a potential 

solution for enhancing the throughput of next-generation wireless 

communications. NOMA is a potential option for 5G networks due to its 
superiority in providing better spectrum efficiency (SE) compared to 

orthogonal multiple access (OMA). From the perspective of green 

communication, energy efficiency (EE) has become a new performance 

indicator. A systematic literature review is conducted to investigate the 
available energy efficient approach researchers have employed in NOMA. 

We identified 19 subcategories related to EE in NOMA out of 108 

publications where 92 publications are from the IEEE website. To help the 

reader comprehend, a summary for each category is explained and 
elaborated in detail. From the literature review, it had been observed that 

NOMA can enhance the EE of wireless communication systems. At the end 

of this survey, future research particularly in machine learning algorithms 

such as reinforcement learning (RL) and deep reinforcement learning (DRL) 
for NOMA are also discussed. 
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1. INTRODUCTION  

Multiple access used in 4G wireless networks is called orthogonal frequency division multiple 

access (OFDMA). This technique has received widespread adoption to increase the data rate. The estimated 

need for mobile traffic data volume will be a thousand times larger in 2020 and beyond. Therefore, non-

orthogonal multiple access (NOMA) has become a promising technique to get around the limitations of 

orthogonal multiple access (OMA) since it provides extra resource utilization in either the code domain or 

power domain. The main concept behind NOMA is to serve numerous customers at varying power levels in 

the same time slot or frequency. Due to its superiority in offering improved spectral efficiency (SE) and 

facilitating vast connections, NOMA is now viewed as a possible choice for 5G networks. As a result, 

NOMA has received a lot of attention in recent industry standards. The core concept of NOMA is to serve 

numerous users [1] with varying power levels on the same resource block. NOMA can also reduce latency 

with high reliability and enable massive connectivity. NOMA has proved its effectiveness over OMA in 

existing research work [2]–[4]. 

https://creativecommons.org/licenses/by-sa/4.0/
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The comparison of SE and energy efficiency (EE) in [5] showed that NOMA is better than OFDMA. 

Using superposition coding (SC) at the transmitters, NOMA provides power resources to multiplexed 

consumers. Successive interference cancellation (SIC) is used by the receivers to take advantage of the 

channel differences between users. 

The demand for users in communication sectors will greatly raise electricity costs for network 

operation as well as bring adverse effects on the environment because of CO2 emissions. Because of that, 

green communications need to be applicable to reduce the carbon footprint caused by the networking sector. 

Resultantly, green communication can be adapted to the networking system by applying energy efficient 

approaches [6]. Various algorithms have been developed by many researchers for enhancing the EE of 

NOMA systems. 

This provides a motivation to perform a systematic literature review to look on how the preceding 

research associated with the improvement or comparison of EE algorithms in their works. This review targets 

to find the research gap for any improvement in EE in the future. This review will bring advantages to several 

readers. For researchers constructing a new set of rules for the EE of NOMA, this evaluation can emerge as a 

guiding principle for selecting appropriate approaches. Based on this systematic literature review findings, 

we additionally offer a few pointers for future works. 

 

 

2. PROPOSED METHOD 

The systematic literature review was conducted by referring to the guidelines found in [7]. The 

findings have been published on the IEEE, Wiley, MDPI, Hindawi, and Scopus websites. The search returned 

5,522 papers for IEEE. For Wiley’s website, 665 articles have been given as the search result. The MDPI 

website search returned us with 1,439 results. As for the IET, 541 articles have been found in the search 

results. We searched Scopus database, where the website returns 1,116 publications related to NOMA. 

Hindawi is another popular open-access publisher whose website returns 238 publications. 

 

2.1. Fundamental research 

The search was conducted using the keyword: “NOMA, Non-Orthogonal Multiple Access, Non-

Orthogonal Multiple Access and Energy Efficiency.” The publications were included in our samples if the 

content met two criteria. First, the content reflects the work relevant to the NOMA field; second, the content 

should discuss the development of EE algorithms. If any of the requirements are not met or redundant, 

articles are removed from this literature review. Based on this method, we have found a total of 108 

publications. 92 publications are from IEEE; 2 publications from Wiley’s website; 4 publications from 

MDPI; 5 articles from the IET; 4 articles from Scopus; and finally, 1 publication from the Hindawi website. 

The summary of the search strategies is listed in Figure 1. 

 

 

 
 

Figure 1. Flowchart of searching strategy 
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3. METHOD 

3.1. Search terminology  

It should be noted that NOMA and EE are the focus of this work. We can arrange the  

108 publications into 19 different subcategories. The NOMA variants that emphasize EE are heterogeneous 

networks (Het-Nets), device-to-device (D2D), cognitive radio, cooperative communication, mobile edge, 

simultaneous wireless information and power transfer (SWIPT), backscatter, machine-to-machine (M2M), 

multiple-input multiple-output (MIMO), massive MIMO, ultra-dense, user pairing, coordinated multi-point 

(CoMP), mmWave, full duplex, visible light communication (VLC), terahertz, unmanned aerial vehicle 

(UAV), and internet of things (IoT). Figure 2 shows the graphical view of subcategories in NOMA.  

 

 

 
 

Figure 2. Subcategories of EE in NOMA 

 

 

3.1.1. Heterogeneous networks 

Heterogeneous networks are well known for improving user coverage and capacity in an extremely 

crowded network where the network allows the connection of various devices with different access 

technologies. EE approach for NOMA has been studied in several papers and the results obtained can 

improve the overall network. Xiang and Chen [8] adapted fractional transmit power allocation (FTPA) and 

fixed power allocation (FPA) in their work and were able to prove the performance of NOMA exceeds 

OFDMA, however, in terms of user fairness FPA exceeds FTPA. An improved version of the algorithm 

using convex relation and dual decomposition techniques via the Lagrangian approach is suggested by Fang 

[9]. Simulation results show the proposed algorithm managed to obtain high EE [10], [11]. However, the 

author did not consider joint optimization of both small cell and microcell users which will result in 

improving the entire system EE. Zhang et al. [12] and Xu et al. [13] use Lagrange dual method for achieving 

EE in NOMA where they considered energy harvesting, cross-tier interference, and imperfect channel state 

information (CSI) for cell association.  

In terms of imperfect CSI, Zhang et al. [14] solved the resource optimization problem with the help 

of convex optimization to enhance the EE of the system. The greedy algorithm with sequential convex 

programming is another way to achieve fair EE [15]. Li and J. Gui [16] and Zhang et al. [17] obtained the 

closed-form power allocation solution with sectorization and Karush-Kuhn-Tucker (KKT) method, while 

Long et al. [18] applied successive convex approximation method for power allocation across subchannel 

proved better result than OMA system. Area SE had been considered in [19] which focused on EE 
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enhancement by investigating base station (BS) density optimal. Nguyen [20] simulated the effects of EE for 

NOMA under imperfect SIC and the author found out EE is significantly decreasing when the Het-Net 

network becomes larger due to imperfect SIC implementation. Then, Khan et al. [21] proposed a new 

sequential quadratic programming for enhancing EE for NOMA beyond 5G. Finally, in their paper, 

Gharagezlou et al. [22] implemented an iteration algorithm for determining the maximal number of cells. 

 

3.1.2. Device to device communications 

In a traditional network, communication needs a certain network infrastructure to get through before 

reaching the receiver. However, D2D communication [1], [23]–[25] based on radio technology allows the 

user to communicate with each other directly without BS. Diallo et al. [5] achieved high EE by applying joint 

power allocation and selection scheme by content fetching mode of Lagrange dual method and a heuristic 

algorithm while geometric water filling (GWF) method was used in [26]. In contrast, He et al. [27] came out 

with analyses of EE and quality of experience (QoE) performance for the user with different NOMA systems 

and with different numbers of users. Then, the EE is maximized for NOMA D2D network when channel state 

information is imprecise, wireless information, and power transfer techniques are explored in [28] but the EE 

decreases as the distances increase. 

 

3.1.3. Cognitive radio 

Cognitive radio (CR) provides a network that can detect the status of the channel whether it is in use 

or not. It can cover dynamic spectrum sharing to achieve higher SE. CR networks also improve satellite 

communication and have a power-saving protocol. The issue of EE has been a controversial and much-

disputed subject within the field of CR with poor channel performance for direct transmission. Therefore, to 

optimize the system for enhancing EE, Wang et al. [29] apply CR with SWIPT to overcome the problem. 

However, the outcome met limited battery capacity and affected the system performance. In contrast, the 

multiuser system in [30] applied multiple antenna technique designs that increase the number of users and the 

EE. For that reason, increasing antenna units using UAV operation as secondary transmitters show the 

decreasing latency by the decreasing number of transmission bits [31]. Case studies have been investigated 

for limitation of energy, where Wang and Men [32] designed a system for transmitting energy in broadcast 

specifically for the secondary users and NOMA technique also starts from the secondary user. However, 

there was a decrease in EE led by secondary users broadcasting radio frequency. Because of that, Zhao et al. 

[33] maximize the security of EE for secondary users and make sure it meets the quality of service (QoS) 

with no direct link between two pair of secondary users. Another major investigation was conducted by 

Kumar and Kumar [34], where capacity can affect the system. Hence, over On-Off Power Splitting method 

show the system is more effective compared to the previous [35]. Moreover, optimizing EE using gaming 

methods was proposed in [34]. 

 

3.1.4. Cooperative communication 

Cooperative communication is the network that devices support each other for transmission and 

connection stabilization, where the user with a strong connection will role as a relay for the transmission 

between the supported user and the base station [36], [37]. The connection will be established by another user 

and supports the weak user to connect to the base station [38]. A cooperative communication system is 

designed for stronger users to support weak users but in [39] system has been set to direct the signal from the 

base station to the near user and the far user will get support by relay. The relay system plays an important 

role in the cooperative communication system network. Therefore, Liu et al. [40] designed a cooperative 

relaying system transmission for the source node and relay node by joint transmit power to achieve EE. In 

contrast to earlier findings, the cooperative relaying system in [41] applies a delay trade-off function. 

However, the system needs to consume more energy to compensate for the delay under higher arrival rates. 

Other than that, more power is needed for a worse channel to guarantee QoS for resource allocation in 

hardware impairments [42]. 

More energy-consuming will affect the EE of the system. Thus, the idea of minimizing the total 

energy consumption by applying a stochastic learning algorithm in the mobile edge computing network had 

been carried out by Qian et al. [43]. Similarly, Lan et al. [44] uses a half-duplex energy relay to send a signal 

but energy consumption for transmitting the pilot channel at the source and relay needs to be estimated 

manually. The present findings seem to outperform the half-duplex cooperative NOMA by applying a full 

duplex for the cooperative NOMA system [45]. These results agree with the findings by Yuan et al. [46], 

who uses a full-duplex that focuses on the cell-edge for cell center responsive relay. This design needs more 

power allocation to overcome the negative effect for far users. Then, the design of a hybrid system in-band 

full-duplex (IBFD) and two-way cognitive transmission was carried out in [47] and managed to achieve 

higher EE. Issues that emerged from this finding are that the feasible region shrinks and affects the EE to 

decline. The study found that in [48] system of full-duplex cooperative NOMA systems with SWIPT can 
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enhance the EE for the system, however, the limitation for the system for each cluster only can be set for two 

users only. 

 

3.1.5. Mobile edge 

Wireless devices can outsource their processes to BSs located at the network edge due to mobile 

edge computing (MEC). By optimizing energy consumption obviously, EE can be improved. The drawback 

of this work, it is limited to two users only for each group [49]. Li et al. [50] applied reconfigurable 

intelligent surface (RIS) phase shift to minimize energy consumption. Li et al. [51] also focuses on 

minimizing energy by focusing on wireless energy transfer with Online Energy Consumption Minimization 

(OECM) algorithm. Still on minimizing energy, Zeng [52] focused on offloading part and followed by Qian 

[43], who enhanced the secrecy of the edge-computing device computation offloading part but there are 

eavesdropping attacks. Therefore, Wu et al. [53] improved by discovering that full offloading was not a good 

option for assuring the security of system connection, compute tasks offloading security and improved user 

connectivity. According to our earlier observations, minimizing energy had been applied to the system for 

EE. However, the greedy algorithm was used in [54] by allocating frequency block but the limited battery 

capacity affects the result as the time taken to get the results was longer.  

Then, effects on task offloading, transmission time allocation, and transmit power optimization were 

studied in [55] but the amount of overhead in the uplink transmission decreases the signaling quality. Other 

than that, EE was achieved in MEC network where the system edge user applied NOMA to offload the tasks 

to the edge access point [56]. However, each NOMA group’s system function can only use one subchannel at 

a time, and each subchannel can only support one NOMA group. Therefore, Han [57] investigates energy-

efficient allocation of resources in MEC NOMA-enabled heterogeneous for wider link connection but due to 

limited computing capacity at devices, the entire task must offload to the MEC server for each user in the 

system. Due to that, the latency of connection increases; and it affects the system quality to decrease. Thus, 

designing a system to satisfy the latency part was done [58] by using an offloading algorithm based on an 

alternating direction method of multipliers able to improve the system latency and enhanced the EE for the 

system. Overall, the research on MEC topics in NOMA has improved a lot lately. 

 

3.1.6. Simultaneous wireless information and power transfer 

Simultaneous wireless information and power transfer is a wireless communication technology that 

allows user to receive data while simultaneously collecting energy from a signal. SWIPT is one method that 

offers a good connection for multiple users that can enhance the EE, by gathering info and power transfer 

while optimizing EE for the system. A dual-layer iterative resource allocation algorithm was developed 

where the restrictions on the maximum budget for transmitting power, the minimum data rate, and the 

minimum amount of energy captured per endpoint were studied [59]. The results agreed with the findings 

from [60] that overcome the EE optimizing problem from the previous research. Then, by designing the 

system with a power splitting ratio and power allocation method; Andrawes et al. [61] used a Genetic 

algorithm to optimize EE in the system. A different technique was used by Zhang et al. [62], who maximized 

the sum achievable user rate in NOMA user cluster with non-convex quadratic programming. Other than that, 

a system for wider area coverage has been designed in [63] that combines energy harvesting in a CR network 

where this research limits the transmission rate achievable to maximize the EE. However, the interference 

constraint in the CR network can severely limit the transmission rate achievable.  

There is a major concern about the limitations caused by far distances meeting high signal 

disturbance. One possible method is by designing a system that set near user directs connect to the base 

station and far user attaches to relay with full-duplex connection [39]. Besides, the area coverage can also be 

designed for heterogeneous architecture like in [64] which focuses on the small cell network, while Budhiraja 

et al. [65] applied femtocell design and the result shows less interference because of the segmentized area. A 

broader perspective has been applied by another researcher, where a hybrid pre-coding SWIPT for mmWave 

with a massive MIMO method has been applied to achieve better EE of the system [66]. Other than that, a 

system being designed by Nguyen et al. [67] uses a hybrid system to improve EE by using SWIPT with 

multiple input with single output (MISO) method in a non-linear energy harvesting circuit model. Based on 

the result, the hybrid system achieved better EE than the conventional SWIPT. 

 

3.1.7. Backscatter 

Another communication method is backscatter which allows devices to communicate without an 

active radio frequency component. Communication by backscatter in communication helps a lot in making 

faster connections and data transmission. NOMA system with backscatter method can achieve good EE by 

applying reflection coefficient transmit power from BS to user, followed by QoS requirement [68]. 

Therefore, a system with unused energy will affect EE performance. The unused energy in [69] will be a 
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surplus to the power for other user’s information recovery. Other than that, applying ambient backscatter to 

the system also can help enhance the EE in the system. Because of that, ambient backscatter with CR was 

applied to set a better EE in the system [70]. However, it is limited to the high region only due to outage 

probability and ergodic capacity corresponding to delay-limited transmission, and delay-tolerant modes will 

affect the EE of the system. Despite that, Zhuang et al. [71] proposed ambient backscatter with an intelligent 

reflecting surface shows better performance of EE for the system. 

 

3.1.8. Machine-to-machine 

Machine-to-machine (M2M) is a technology that enables networked devices to exchange 

information and carry out tasks without the need for human interaction. Optimizing energy consumption for 

achieving better EE in the system for M2M with NOMA network was proposed in [72]. Therefore, to 

perform a better system of NOMA, Selvam and Kumar [73] introduced a novel method called the rider 

optimization technique that managed to show a better result of EE compared to the basic NOMA system. 

These results are consistent with those of other studies that suggested minimizing energy related to energy 

harvesting [74]. Yang et al. [75] also focus on the same research but in the uplink phase. 

Following the present results, another method can be implemented in the system like in [76] using a 

trade-off situation in the system which focus on power allocation more than other function. The present 

findings seem to be consistent with the result, for that reason; Li and Gui [16] seems to play with a hybrid 

method of time division multiple access (TDMA) with NOMA in cellular which focuses on the improved 

time-sharing scheme while EE of the system keeps in good condition. When the EE of the system can be 

maintained well in condition, the coverage of the system needs to improvise better for security by having a 

machine-type communication gateway (MTCGs). In contrast to earlier findings, Sobhi-Givi et al. [77] 

maximizes EE and studies for the minimal spectrum for an indoor environment through mmWave-NOMA 

applied to small cell user (SCU) and MTC devices. This will help for the communication and the building 

part while keeping the connection between the outdoor part and with indoor in good condition. 

 

3.1.9. Multiple-input-multiple-output 

Multiple-input multiple-output is a wireless method that uses several transmitters and receivers to 

send more data simultaneously [34]. It is a well-known wireless communication technology for sending and 

receiving several data signals over the same channel at the same time. Zeng et al. [78] grouped users into 

clusters with satisfying minimum rate requirements for a MIMO system. However, the EE for the system will 

be affected when more users are requesting services lower than the minimum rate, while the minimum rate is 

applied to the weak user in the system using fading MIMO for power consumption constraint [79]. The 

energy harvesting part affected the EE in the system of the NOMA network; therefore, power splitting and 

minimum setup for energy harvesting in power allocation show better results [80]. This investigation, differ 

from transmission system like through-beam space like in [81] that fundamentally serve one user only but, in 

this research, the MIMO with NOMA break the limit. These findings show a better result for EE but need to 

be aware of the number of users is less than the number of radio-frequency chains. Besides that, the 

limitation of users with the increased number of antenna transmitters was studied in [82]. 

 

3.1.10. Massive MIMO 

Previous research findings show how massive MIMO takes advantage by providing more efficient 

sensing techniques for serving large coverage that is practically better for NOMA architecture and enhances 

EE of the system designed right away [83]. To obtain the EE of the NOMA system, optimal power allocation 

for each user is needed for better results. Therefore, Gharagezlou et al. [84] applied a power allocation 

scheme with a new algorithm standard interference function (SIF) able to prove better results of EE than the 

benchmark scheme, while Wang et al. [85] investigated resource allocation and energy harvesting for 

achieving EE of the system. However, the drawback of this system is there is a lot of power loss occurring in 

the system due to the increase in the number of antennas. 

While previous studies have reported power loss due to the number of antennas, Wang and Lv [86] 

proposed a wireless power transfer system with an enabled multicell network but results show decreasing 

performance as the distance between BS to devices increases. Thus, to overcome the disadvantage, a higher 

transmit power to the base station is allocated to all devices. Other than that, there is an awareness raised 

about the limited capacity of backhaul links that can affect EE performance. Due to that problem, Tan et al. 

[87] designed a system for EE NOMA in massive MIMO for multicast and unicast with the SWIPT method. 

Preliminary work on maximizing EE for massive MIMO congruently focuses to achieve better EE. However, 

Hao et al. [88] applied MIMO with NOMA on mmWave transmission with QoS requirement. In this 

particular work, only the SE has improved due to the increases of radio frequency chain, while the EE is 

decreasing as the phase shifter consumes more circuit power. To determine the effects, Zeng et al. [89] 

applied the same system to the uplink phase and the result shows a consistent pattern with downlink NOMA 
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but unfortunately, OMA shows better results. Unlike before, a more complex system performed for the 

system under the Poisson process was carried out in [90] but the more complex scheme was difficult to 

tractable with the high number of antennas in mMIMO method. Last but not least, Mandawaria et al. [91] 

proposed an idea to optimize global EE by using a fractional function of sum-product for optimizing 

variables by fixing the maximum relay of transmit power for the system function. 

 

3.1.11. Ultra-dense 

Ultra-dense (UD) network is referred to as a system where the capacity of a network is close to the 

maximum number of links connections. Which mean compact or crowded user in one area. Each node is 

connected and the user fully covers around coverage [92]. The use of quantitative case studies is being 

focused on UD situation to achieve EE due to the high number of users in a close area. Therefore, allocation 

of power for the user subject to achieve EE can be done by using FPA and FTPA [8]. While applying the 

Stackelberg game for the joint backhaul and the relay, adopting the Decode and Forward protocol for power 

allocation access was introduced in [93] for optimizing EE performance.  

 

3.1.12. User pairing 

When the user meets the dense condition, there will be part of the user with a strong signal and there 

will be a weak signal. Therefore, the user pairing can help these weak signal users to connect with the base 

station. However, to get EE, NOMA system needs to focus on the power allocation for the user in the design 

system. For that reason, Xu et al. [94] designed a NOMA network system with mmWave transmission for 

multi-user pairing to allocate power. Applying an iterative algorithm based on coordinate descent will 

achieve power allocation optimally.  

Considered quantitative measures by enhancing coverage signal area for a huge number of users to 

connect with the base station, therefore; Chai et al. [95] formulated resource allocation for mobile broadband 

users and massive machine-type communication (mMTC) by focusing on enhancing EE for the system but 

first need to group the user to each transmission group. Nguyen et al. [67] improvised the design by 

suggesting NOMA system for user pairing hybrid of multiple users for multiple input with single output 

applied with SWIPT. These circuit models use novel hybrid user pairing (HUP) that set pairing for the user 

over random and conventional multiuser. 

 

3.1.13. Coordinated multi-point 

Coordinated multi-point a networking method that enables many BSs to deliver data to a single user 

simultaneously by coordinating their transmissions. This offers enhanced service for cell-edge users and 

improves the users’ reception. Rayati et al. [96] derived the closed-form approximation (CFA) of EE for the 

uplink phase with MIMO and power consumption model (PCM), while Liu et al. [97] focuses on the 

downlink phase but eventually, the result shows the unchanged EE because the excess transmits power is no 

longer to be used after achieving the maximum EE. In a nutshell, CoMP is best to use for a small number of 

users for easy setup of coordinates. 

 

3.1.14. Millimeter wave 

Millimeter wave (mmWave) communication technologies have inspired a lot of interest as an 

approach to handle the future 5G network’s capacity requirements. The mmWave systems work with 

frequencies between from 30 to 300 GHz, with a total bandwidth of roughly 250 GHz. The range of 

mmWave is only 300 to 500 feet, making it difficult to penetrate buildings. 

The mmWave shows the transmission for a larger area, where NOMA network can achieve higher 

EE. EE is derived from improving the throughput and reliability of the mmWave NOMA downlink multi-

relay system [98]. Referring to limited spectral resources, the carrier frequency will be reused by neighbor’s 

calls. Meanwhile, EE is maximized using analog beamforming for the uplink phase able to show the same 

result [99]. However, a power allocation strategy needs to be implemented to get good results. Hybrid 

precoding structures used in [100] are able to enhance the overall result. Other than that, some of the 

problems can be solved by pairing the user in terms of their channel difference and correlation like show in 

[101] while in [102] show enhances EE based on the sum of throughput. The function to reduce interference 

between different clusters by using an algorithm based on coordinate descent was proposed in [94]. Rahmati 

et al. [103] are more interested to design a system where signal transmission is done by UAV. Grouping 

users into clusters through mmWave signal with NOMA by presenting three precoding schemes shows an 

improvement in signal strength for all users [104]. One of the possible applications of green energy 

communication for energy harvesting is a system that serves each beam only to support one user for the same 

radio resource [46]. 
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3.1.15. Full duplex 

The term full duplex (FD) explains the simultaneous transmission and receipt of data over a single 

channel. An FD device has simultaneous bi-directional network data transfer capabilities. The user devices 

can transmit and receive simultaneously.  

Gupta et al. [105] applied the function of the amplify-forward relay for transmitting power to 

maximize EE in the system. The type of power applied is only static power for each node. While the work in 

[106] focuses on the minimum required target rate of cell-edge users in maximizing the EE. Hence, the 

system targets the cell-edge user by setting the near user as a relay to support the connection between the 

cell-edge user with the base station. Consequently, rather than setting up the user as a relay to support one 

user only, another researcher focuses on reducing energy consumption with MEC for a single relay applied to 

multi-user cooperation [107]. Because of that, the system needs top performance of central processing unit 

(CPU) capability and high energy requirement for relay due to the increased task. Thus, Liu and Mo [108] 

uses one-dimensional search and path-following-based algorithms for user communication. The previous 

researcher studied the system for the base station to user connection and the receiver part needs to improve 

for signal receiving in a good performance. There was a degradation of performance in the system due to the 

signal-to-interference-noise ratio (SINR) problem. However, by cooperating NOMA system with FD the 

system achieved a higher EE [106]. 

 

3.1.16. Visible light communication 

Visible light communication is using visible light for data transmission between 400 and 800 THz and 

a range of distances of about 780 to 375 nm. VLC systems work at optical frequencies in contrast to radio 

frequency (RF) communication systems and do not produce any electromagnetic interference. There is no 

special communication device on the transmitter part, but the receiver part needs special devices such as a 

light detector such as a photocell. VLC commonly is used in an indoor communication coverage area.  

To achieve EE for VLC system, findings show that most of the researchers controlled the energy 

consumption of the system. Thus, Zhang et al. [109] reduces energy consumption by minimizing the emitting 

power (EP) with maintaining the stability of QoS in the system. Other than that, the NOMA-VLC system 

adopted a low complexity QoS that focused on a power allocation strategy to achieve EE [110]. Besides that, 

the hybrid design of VLC with radio frequency wireless system by applying line of sight (LOS) proves to 

maximize the EE for the system [111]. However, the limitation was in the LOS itself which will affect the EE 

performance. Consequently, VLC system had been applied with a deep neural network able to set the system 

in the best condition for achieving better EE performance compared to traditionally NOMA and OMA [112]. 

 

3.1.17. Terahertz 

Terahertz is a complementary technology for wireless communication from high speed to fiber-optic 

speed. The presented findings were about the investigation of EE with power optimization because energy 

consumption is one of the main factors affecting the EE of the system [113]. Therefore, solving subchannel 

assignments with power optimization can decrease energy consumption as wireless service has increased. 

Terahertz frequency is suffering in the atmospheric air caused by absorption and the signal will be attenuated. 

These results agree with the findings of other studies [114] which designed a system with power optimization 

by applying MIMO method to show better performance of results. The present studies draw our attention to 

distinctive categories of maximization EE often observed in NOMA systems by drawing on the concept of 

hybrid precoding that can decrease the power consumption and set the multiple users into clusters that help to 

set the convergence faster [115]. Thus, the result shows better in terms of time to solve because the user 

clustering makes the system functions better. 

 

3.1.18. Unmanned aerial vehicle 

Unmanned aerial vehicle is a class of aircraft that contains sensors, target designators, or 

communication equipment which can be controlled remotely without the onboard presence of pilots. 

Mobility, maneuverability, cheap cost, and LOS communication are all qualities of UAVs, making them a 

possible choice for future wireless communication networks.  

Sabuj et al. [31] analyses the EE performance of services for mMTC and NOMA-based cognitive 

ultra-reliable and low-latency communications (URLLCs). However, system throughput steadily declines as 

distances increase and the perfect EE is at 200m. This finding supports previous research on system 

performance in optimization with imperfect CSI between the UAV and users [116]. Nonetheless, due to the 

power of each UAV being limited, it is essential to achieve greater EE by saving transmit power. Sohail et al. 

[117] use a pointed design system for maximizing information bits per unit of energy consumption between 

UAV with BS. Nevertheless, Najmeddin et al. [118] uses Lagrangian optimization and gradient descent 

methods to enhance the EE for NOMA. With this technique, the lesser wireless power transfer time will be 

needed from UAV to charge energy receivers when using NOMA.  



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 13, No. 2, April 2023: 1654-1668 

1662 

Another possibility to improve EE on UAV is by proposing a system spatial NOMA which is a 

combination method of NOMA and spatial modulation, yet it is important to consider the EE performance in 

a low power situation due to the energy-carrying capacity and rising energy consumption [119]. Conversely, 

throughput fairness being investigated in [120] with time-sharing NOMA able to maximize the EE and in 

[121] by applying fixed PA and random PA schemes framework of power resource. Lastly, a system was 

designed to achieve EE by minimizing the power consumption in the network and focusing on the deadline 

constraints for the computation task of each UE [122]. 

 

3.1.19. Internet of things 

The Internet of things refers to the use of the Internet to facilitate communication with things that 

refer to devices. IoT devices also can connect through the cloud and rapidly growing network of connected 

objects in real-time. IoT architecture is a system of numerous elements and Layers are identified to monitor a 

system’s consistency through protocols and gateways. With IoT, data can be exchanged without limit or 

distance and time because it can be updated in real-time. Application in IoT has been considered in a lot of 

research works [123]–[125] 

The EE of an IoT system is a major concern of interest among researchers. The use of mobile edge 

computing to transfer their processing demands to adjacent edge servers (ESs) has attracted increasing 

attention in IoT applications [126]. The results provided managed to minimize the total energy consumption 

compared to conventional OFDMA based offloading schemes. Olatinwo and Joubert [127] present a novel 

approach to allocating resources in IoT water quality monitoring using a sensor network (IoTSN) for a more 

sustainable application. A meta-heuristic method is used to define an EE optimization question and the result 

was compared with a non-meta-heuristic algorithm. The proposed system significantly outperforms the 

contemporary system in terms of EE. A polynomial complexity power allocation (PA) algorithm is explored 

in [128] and the average system EE loss is only less than 2% while Xu and Liang [129] proposed a more 

effective particle swarm optimization algorithm, however; the algorithm complexity is high.  

Increased activation in IoT is concerned about latency that affects the data received on time and it 

also affected the EE of the system design. Therefore, Liu et al. [130] shows the importance of EE 

maximization by focusing on offloading part along with concurrently meeting the IoT device’s maximum 

tolerated delay requirements using matching and sequential convex programming algorithms. Chen et al. 

[131] proposed optimal power allocation (OPA) for light fidelity (LiFi) to optimize EE of both downlink and 

uplink, an IoT communication system that is bidirectional has been enabled. A fractional non-convex 

optimization is formulated to maximize the EE in MIMO NOMA heterogeneous cellular network (HCN) 

with IoT for wireless communication systems [132]. However, only to reduce the complexity of the 

decoding, two users are considered for each pair. Khan et al. [70] proposed an EE for ambient backscatter 

communication (AmBC) enabled NOMA IoV network where the data show that the proposed AmBC-

enabled NOMA IoV is preferable to the existing IoV architecture. 

 

 

4. RESULT AND DISCUSSION 

The literature works on energy-efficient NOMA scheme and its variations for 5G communications 

are enormous due to advantages over OMA. To understand fully its impact, new problems and future 

research direction must be considered. In NOMA, optimum power distribution among users is entirely 

dependent on the availability of efficient algorithms that deliver the best performance with the least number 

of resources. Power allocation, which is the core part of the NOMA scheme need to be designed not only to 

meet the 5G criteria of very high data rates and minimal latency, but also to enhance the overall EE of 

wireless communication system.  

Another prospective research subject is the evaluation of NOMA performance in the presence of 

IoT. The performance shows the user connection, and EE can be achieved higher in NOMA-IoT. On this 

occasion, reinforcement learning (RL) is a part of M2M language communication that will keep providing 

the best value for the new environment. There have been numerous studies conducted to investigate the 

implementation of RL in many applications. For instance, Rayati et al. [96] prove that by using RL can 

improve the operation of the energy systems for smart grid and energy hub. This is followed by Bi et al. 

[133], who concentrate on smaller scale microgrids that protect the environment and optimize the grid 

structure using deep reinforcement learning (DRL). Increasing demand for EE by using RL has been 

reviewed in [134] where RL models for smart home energy management are proposed.  

Previous research showed RL in NOMA has been investigated by focusing on maximizing the sum 

rate but not EE [135], [136]. In another research but not NOMA related, RL has been implemented in IoT 

applications where Ashiquzzaman et al. [137] create ultra-durable and energy efficient IoT for sensor 

calibration to decrease consumption and increase device efficiency. Nevertheless, Wang et al. [138] recently 
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concluded applying RL for UAVs can improve communication quality under jamming attacks. We found out 

there is a lack of studies on maximizing the energy efficiencies of NOMA in IoT-based applications. In the 

future, we would like to encourage researchers to consider using RL or other deep learning methods in 

NOMA IoT-based applications for EE maximization. 

 

 

5. CONCLUSION  

In this paper, 19 different NOMA variants emphasizing EE namely Het-Nets, D2D, cognitive radio, 

cooperative communication, mobile edge, SWIPT, backscatter, M2M, MIMO, massive MIMO, ultra-dense, 

user pairing, CoMP, mmWave, full duplex, VLC, Terahertz, UAV, and IoT are explored. Out of this variant, 

most research has been found on Het-Nets and cooperative communication topics. Finally, future research 

using RL and DRL for NOMA is also highlighted. 
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