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Abstract: The Nonorthogonal Multiple Access (NOMA) technique is one of the key enablers of next-generation cellular 

communications, facilitating the sharing of the same resources among users. The effectiveness of NOMA relies heavily 

on implementing a robust power allocation strategy that considers diverse influential factors. To address this challenge, 

we propose an innovative multi-objective power allocation scheme for downlink NOMA systems using the Multi-

Objective Particle Swarm Optimization (MOPSO) algorithm. This approach simultaneously optimizes users' sum data 

rates and average bit error rates (BERs). The performance of the proposed method is analyzed in comparison to two 

benchmark approaches of Fixed Power Allocation (FSPA) and Greedy Algorithm-based Power Allocation (GAPA). The 

results confirm that, although our method offers comparable performance to these approaches regarding energy 

efficiency and sum data rate, it provides remarkable BER gain compared to these benchmarks. 
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1. INTRODUCTION 

The continuous evolution of wireless technologies has 

led to the development of advanced cellular networks such as 

5G, beyond 5G, and 6G, which promise transformative 

capabilities in connectivity, speed, and reliability [1-3]. 

However, these networks face significant challenges, 

including signal degradation due to channel impairments and 

path loss, particularly in high-frequency bands [3-5]. In the 

context of 5G, advanced paradigms such as cooperative 

communications, Device-to-Device communications, and 

full-duplex communication have been proposed to enhance 

coverage, capacity, and energy efficiency [6, 7]. Furthermore, 

key enablers such as massive Multiple-Input Multiple-Output 

(MIMO) systems, millimeter-wave communications, and 

ultra-dense networks (UDNs) address the limitations of 

conventional networks [6-8]. UDNs, by deploying a dense 

network of small cells, significantly improve coverage and 

capacity in high-demand environments. To manage this 

density efficiently, network slicing within virtualization 

frameworks allows the dynamic creation of multiple virtual 

networks, or "slices," each tailored to meet a specific 

requirement to ensure that the diverse traffic demands are met 

with optimized resource allocation [9]. 

Additionally, advanced access techniques like Non-

Orthogonal Multiple Access (NOMA) have emerged as a 

promising technology for 5G and beyond, offering superior 

resource management compared to traditional orthogonal 

multiple access (OMA) methods [10-12]. Unlike 

conventional OMA schemes like TDMA, FDMA, and 

CDMA, NOMA allows sharing of the same resources across 

time, frequency, and code domains, distinguishing users by 

different power levels [12-14]. To ensure reliable 
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communication and system efficiency, the power allocation 

is done based on the values of the user channel gains.  In 

particular, in the case of downlink NOMA, the available 

power is distributed in descending order of channel gains, 

enabling data recovery through Successive Interference 

Cancellation (SIC) at the receivers [15, 16].  

Existing research on NOMA performance analysis 

encompasses a range of strategies aimed at enhancing various 

aspects, including spectral efficiency, energy efficiency, user 

fairness, and overall network reliability and capacity [17]. To 

this end, artificial intelligence tools, including various 

optimization techniques, have garnered significant interest in 

the design and optimal resource management of the NOMA 

scheme. The joint optimization of power allocation and 

channel assignment in NOMA systems is considered NP-hard 

due to the combinatorial nature of the problem, which 

involves a large search space and complex interactions 

between variables [15, 16, 18-22]. This difficulty arises from 

the need to simultaneously determine the optimum power 

levels for users and assign channels in a way that maximizes 

system performance metrics such as throughput or fairness, 

while also satisfying Quality of Service (QoS) constraints and 

system power constraints. This optimization problem is 

further complicated by the need to consider the decoding 

order for SIC and, in some cases, additional factors such as 

reflection coefficients in Reconfigurable Intelligent Surface 

(RIS)-assisted systems [8, 22]. Optimization techniques are 

also explored in the context of integrating NOMA with 

MIMO technologies, addressing resource management 

challenges, and implementing advanced signal processing for 

effective NOMA schemes [22]. Additionally, the 

implementation of SIC is a key factor in NOMA performance, 

with research indicating that optimized power allocation can 

significantly improve system throughput [24]. Moreover, the 

effects of imperfect receivers on NOMA performance have 

been investigated, highlighting the importance of robust SIC 

mechanisms [25]. 

The recent literature on power allocation optimization of 

NOMA systems has presented various strategies to enhance 

system performance. Reference [26] introduces a power 

allocation scheme for uplink NOMA systems, optimizing 

sum throughput under constraints using the Karush-Kuhn-

Tucker conditions, showing improved throughput over OMA 

systems. Reference [27] extends the optimization to downlink 

NOMA systems, employing Lyapunov optimization to 

address long-term network utility maximization, overcoming 

the non-convex nature of the problem with a dynamic 

programming-based algorithm. Reference [28] proposes a 

dynamic power allocation strategy for uplink NOMA, which 

outperforms fixed power allocation, especially at low Signal-

to-Noise Ratios (SNRs). In particular, reference [24] focuses 

on the downlink NOMA with SIC, where the proposed power 

allocation algorithm significantly improves system 

throughput compared to OMA. Reference [29] develops two 

power allocation strategies for downlink NOMA based on 

channel state information and predefined QoS, demonstrating 

superior performance to OMA. Reference [30] studies 

downlink NOMA power allocation using a genetic algorithm-

based approach, achieving near-optimal performance with 

reduced complexity. Reference [31] analyzes NOMA in 

heterogeneous cloud radio access networks, proposing a joint 

optimization of user association, scheduling, and power 

allocation, showing improvements in rate, interference 

mitigation, and fairness. Reference [32] compares three 

power allocation schemes for NOMA, with full search power 

allocation yielding the best performance despite its 

complexity. Lastly, reference [33] explores a sub-optimal 

power allocation algorithm for 5G NOMA systems with 

hybrid beamforming, enhancing data flow with a low-

complexity iterative technique. 

Multi-objective optimization algorithms can enhance 

power allocation in uplink and downlink NOMA by 

simultaneously addressing various objectives such as 

maximizing throughput, energy efficiency, and fairness 

among users. These algorithms can provide a balance 

between conflicting objectives as existing works have applied 

various optimization techniques to address the trade-offs 

inherent in NOMA systems [12, 26-28]. 

This research aims to use multi-objective optimization 

tools to improve the efficiency of the power allocation 

algorithm in downlink NOMA systems. To be more precise, 

unlike most of the existing studies which often allocate power 

through optimizing one performance metric, we implement a 

Multi-Objective Particle Swarm Optimization (MOPSO) 

technique that simultaneously optimizes both the sum data 

rates of the users and the mean BER. The MOPSO algorithm 

is an extension of the classical Particle Swarm Optimization 

(PSO) method, which itself was inspired by the collective 

social behavior observed in fish schools and bird flocks. PSO 

is a population-based optimization technique in which 

particles iteratively adjust their positions within the search 

space, guided by both their own experiences and those of 

neighboring particles, to identify optimal solutions [34, 35]. 

MOPSO adapts this concept to address problems involving 

multiple conflicting objectives by maintaining a diverse set of 

solutions that approximate the Pareto front. Consequently, 

MOPSO combines the simplicity and efficiency of PSO with 

the capability to effectively tackle multi-objective 

optimization problems [36]. 

The novelties and contributions can be itemized as: 

▪ Novel Approach: Unlike most proposed NOMA 

power allocation methods that focus solely on sum 

rate or BER, our approach optimizes both criteria 

simultaneously. 

▪ General Framework: We present a flexible 

framework that can be adapted to various network 

conditions and user requirements, enhancing power 

allocation strategies. 

▪ Performance Improvement: We conduct a 

comprehensive performance analysis under diverse 

scenarios, validating the robustness of our proposed 

power allocation method and highlight its advantage 

in terms of different key performance metrics. 

The rest of this paper is organized as follows: the next 

section includes the signal model, problem statement, and the 

details of the proposed MOPSO algorithm. The third section 

outlines the experimental setup and discusses the results 

obtained. Finally, the fourth section provides a conclusion 

summarizing the study's key findings. 
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2. SUGGESTED POWER ASSIGNMENT APPROACH 

2.1. System and Signal Model 

Fig. 1 represents the schematic of the power-domain 

downlink NOMA system consisting of one base station (BS) 

and 𝐾 users, each with one antenna. In this system, the BS 

divides the available power between users according to their 

channel gains and transmits a superimposed signal over the 

common channel. On the users’ side, the SIC receiver is 

employed to remove interference and decode their data.  

The model of received signal at the 𝑘𝑡ℎ user terminal will 

be:  

𝑦𝑘 = ℎ𝑘𝑋 + 𝑛𝑘 = ℎ𝑘 ∑ √𝑝𝑘
𝐾
𝑘=1 𝑥𝑘 + 𝑛𝑘                           

     = ℎ𝑘[∑ √𝑝𝑖
𝑘−1
𝑖=1 𝑥𝑖 +√𝑝𝑘𝑥𝑘 + ∑ √𝑝𝑖

𝐾
𝑖=𝑘+1 𝑥𝑖] + 𝑛𝑘

(1) 

in which ℎ𝑘 = 𝑔𝑘 √1 + 𝑑𝑘
𝛼⁄  models the effective channel 

between the 𝑘𝑡ℎ user and the BS, where 𝑑𝑘 stands for the 

distance between these two,  𝑔𝑘 is the small-scale fading of 

the environment with Rayleigh distribution, and 𝛼 is the path 

loss factor of this environment. 𝑛𝑘 represents the noise 

sample at the 𝑘𝑡ℎ user terminal and follows additive white 

Gaussian noise (AWGN) with zero mean and variance 𝑁0.  

The parameter 𝑋 = ∑ √𝑝𝑘
𝐾
𝑘=1 𝑥𝑘 represents the 

superposed signal of the BS terminals to be transmitted over 

the channel. In this formulation, 𝑝𝑘 is the allocated power to 

the 𝑘𝑡ℎ user and  𝑥𝑘 denotes the desired signal of this user 

which is a complex symbol of a digital modulator with the 

constraint of E[|𝑥𝑘|
2] = 1. As mentioned earlier, the BS 

assigns  𝑝𝑘 to different users according to the values of the 

channel gains |ℎ𝑘|
2. Actually, if the channel gains are sorted 

so that |ℎ1|
2 < |ℎ2|

2 < ⋯ < |ℎ𝐾|
2, the BS divide the 

available power between different users so that 𝑝1 > 𝑝2 >
⋯ > 𝑝𝐾 . This power allocation approach granitizes the 

reliable data recovery at the user terminals using process 

described in the sequel.  

To recover 𝑥𝑘 from 𝑦𝑘  at the 𝑘𝑡ℎ user terminal, the 

interfering signals of all previous users, i.e.,                  (𝑥1, 

𝑥2,…, 𝑥𝑘−1), are first removed in a sequential manner using 

maximum likelihood (ML) detector and SIC. Then, by 

considering the signals of the remaining users (𝑥𝑘+1, 𝑥𝑘+2,…, 

𝑥𝐾) as interference, the ML detection is carried out to recover 

𝑥𝑘 with the below signal to interference plus noise (SINR) 

ratio. 

𝛾𝑘 =
|ℎ𝑘|

2
𝑝𝑘

|ℎ𝑘|
2
∑ 𝑝𝑖+𝑁0
𝐾
𝑖=𝑘+1

                           

     
                         (2) 

2.2. Problem Statement and Formulation 

As outlined before, this research aims to optimally 

allocate power resources between different users of the 

downlink NOMA systems by modeling this problem as a 

constrained multi-objective optimization problem and 

solving it using MOPSO. Our two objective functions are the 

sum of the achievable data rates and the average bit error rate 

of the users, where the former can be modeled using the well-

known formula of information theory as 

𝑅 ≝ 𝑓1(𝛾1, … , 𝛾𝐾) = ∑ 𝑅𝑘                 
𝐾
𝑘=1

= ∑ log2(1 + 𝛾𝑘)
𝐾
𝑘=1                          

  = ∑ log2 (1 +
|ℎ𝑘|

2𝑝𝑘

𝑁0+|ℎ𝑘|
2∑ 𝑝𝑖

𝐾
𝑖=𝑘+1

)𝐾
𝑘=1

                         (3) 

where 𝑅𝑘 is the achievable data rate of 𝑘𝑡ℎ user. 

In the case of the second objective function, the average BER 

of the system, i.e., 𝑃𝑒, can be formulated as 

𝑃𝑒 ≝ 𝑓2(𝛾1, … , 𝛾𝑘) =
1

𝐾
∑ 𝑃𝑒,𝑘
𝐾
𝑘=1                             

                         =
1

𝐾
∑ 𝑓𝑘(𝛾1, … , 𝛾𝑘)
𝐾
𝑘=1

           (4) 

in which 𝑃𝑒,𝑘 represents the average BER of 𝑘𝑡ℎ user. Unlike 

𝑅𝑘, 𝑃𝑒,𝑘 not only depends on its corresponding SINR 𝛾𝑘, but 

also is a function of previous SINRs (𝛾1, … , 𝛾𝑘−1) due to the 

error propagation caused by imperfect SIC at the 
(𝑥1, … , 𝑥𝑘−1 ) terminals. Moreover, finding an exact 

expression for 𝑓𝑘(𝛾1, … , 𝛾𝑘) is not straightforward. Therefore, 

the analysis of 𝑃𝑒 is much more complex or even impossible. 

As it is common, herein, we use Monte-Carlo simulation to 

compute this objective function. It is important to note that 

optimizing the first function involves maximization, while the 

second function needs to be minimized. Considering the 

relevant constraints, the proposed, multi-objective 

optimization problem in this research can be formulated as 

follows: 

Fig. 1: A shematic of the downlink NOMA scheme with 𝐾 uers [37]. 
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{
 
 

 
 
min
𝑝1,…,𝑝𝐾

           (𝑃𝑒 , −𝑅),                                   

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 {
∑ 𝑝𝑘
𝐾
𝑘=1 = 𝑃

𝑝1 > 𝑝2 > ⋯ > 𝑝𝐾
𝑃𝑒,𝑘 ≥ 𝐵𝐸𝑅𝑡ℎ

           (5) 

 

where 𝑃 it the total power available at the BS terminal, 

therefore, the constraint of ∑ 𝑝𝑘 = 𝑃𝐾
𝑘=1  must be satisfied. In 

addition, 𝐵𝐸𝑅𝑡ℎ represents a threshold which guarantees the 

minimum reliability required by users. 

 

2.3.  The Multi-Objective PSO Approach 

The multi-objective PSO algorithm will be employed to 

find the optimal power allocation 𝐩 = [𝑝1 , … , 𝑝𝐾] that 

balances the two objectives. The PSO process can be 

described as follows: 

a. Initialization: 

- Each particle (𝒑𝑖) is a power vector that contains 𝑘 

elements, where each element relates to a user. The 

velocity vector of each particle (𝐕𝑖) represent the rate of 

change of a particle’s power in the search space.  

- Randomly initialize a swarm of particles, where each 

particle represents a potential solution (power allocation 

vector).  

- Initialize each particle’s position 𝐩𝒊, and velocity 𝐕𝑖.  
b. Fitness Evaluation: 

- For each particle, evaluate the fitness based on the 

two objectives:  

- Calculate the sum rate 𝑅, and the BER for the given 

power allocation.  

- Use a weighted approach or Pareto dominance to 

evaluate the performance of each particle. 

c. Update Rules: 

- Update the velocity and position of each particle 

based on its personal best position and the global best 

position found by the swarm.  

- The updated equations are as follows: 

𝐕𝑖(𝑡 + 1) = 𝜔𝐕𝑖(𝑡) + 𝑐1𝑟1 (𝐩𝑖,best − 𝐩𝑖(𝑡))

         +𝑐2𝑟2 (𝐩global − 𝐩𝑖(𝑡))
                  (6) 

𝐩𝑖(𝑡 + 1) = 𝐩𝑖(𝑡) + 𝐕𝑖(𝑡 + 1)                                       (7) 

 

d. Termination: 

- The algorithm iterates until a stopping criterion is 

met (e.g., a maximum number of iterations or 

convergence of the swarm). 

 

2.4. Computational Complexity Analysis 

The computational complexity of the proposed MOPSO 

algorithm can be characterized in terms of the key problem 

parameters. 𝑁 denote the total number of users, 𝐺 the group 

size, 𝑃 the number of particles in the swarm, and 𝐼 the 

maximum number of iterations. For a given particle, 

evaluating the objective functions (sum-rate and BER) 

involves computing the SINR, sum-rate, and BER for all 

groups. Under a fixed grouping strategy, this requires 𝑂(𝑁) 
operations per evaluation. Thus, the total complexity of 

MOPSO is approximately 𝑂(𝑃 × 𝐼 × 𝑁), where 𝑃 ×  𝐼 
represents the total number of candidate solutions evaluated. 

In following simulation settings (𝑃 =  50, 𝐼 =  100), this 

yields 5,000 evaluations, which is tractable for NOMA 

scenarios with up to 12 users and results in MATLAB 

runtimes below two seconds on a standard desktop. 

Therefore, the computational cost of the proposed method is 

negligible compared to the substantial performance gains 

reported in the subsequent section. 

 

3. EXPERIMENTAL SETTING AND RESULTS 

This section aims to evaluate the performance of the 

proposed Multi-Objective PSO Approach for optimizing 

NOMA grouping. To this end, well-known MOSPO n 

technique is adopted. The downlink NOMA system is 

implemented in MATLAB software so that a BS is located in 

the center of the cell with a radius of 50m, and the users are 

scattered randomly and uniformly inside this cell. Moreover, 

a Rayleigh fading channel of three taps and a path loss 

exponent of 𝛼 = 2 are included. The SNR per bit (𝐸𝑏/𝑁0) 
changes from 0 to 40 (dB). The BPSK modulation is 

considered for the BS terminal and SIC receiver at the users' 

stations. In the simulations, two scenarios are considered for 

the number of users; these are 𝐾 = 6 and 𝐾 = 12, and a user 

grouping of size two is assumed in each scenario. Moreover, 

Fixed Power Allocation (FSPA) and Greedy Algorithm-based 

Power Allocation (GAPA) are utilized as benchmark methods 

to evaluate the performance of our proposed approach, 

labeled as "MOPA" in the subsequent figures, which is based 

on MOPSO under settings specified in Table 1. Fig. 2 and Fig. 

3 represent the sum date rate results for the NOMA systems 

of 𝐾 = 6 and 𝐾 = 12, respectively. Notes, since the group 

size is set equal to two, it is worthing to emphasize that the 

number of groups in the scenarios of 𝑁 = 6 and 𝑁 = 12 will 

be three and six, respectively. The sum rate results in Fig. 2 

and Fig. 3 are obtained by summing the data rates across all 

groups. Similarly, the spectral efficiency and BER results in 

the subsequent figures are derived by averaging over values 

of the corresponding metric over all groups. The comparison 

presented in these Fig. 2 and Fig. 3 reveals that, while the 

overall sum rate performance of the three methods is 

relatively similar, the FSPA method demonstrates a slight 

advantage over the other two. Fig. 4 and Fig. 5 illustrate the 

results for the energy efficiency, where the former stands for 

the 𝐾 = 6 users and the latter has 𝐾 = 12 users. As can be 

seen, Fig. 4 shows that the three methods perform similarly 

in the 6-user scenario. However, as the number of users 

increases to 12, the proposed method described in this study 

exhibits a significant performance improvement compared to 

the other two methods, as shown in Fig. 5.  

Eventually, the BER results of both 𝑁 = 6 and 𝑁 = 12  

scenarios are compared in Fig. 6. As seen, the advantage of 

the proposed method becomes evident in its substantial 

improvement in BER compared to the other two methods. 

This superiority arises from the inclusion of BER as one of 

the objective functions in the proposed MOPSO method, a 

critical consideration that is absent in the other methods. 

Given the pivotal role of BER in ensuring communication 

reliability, the proposed method's effectiveness is clearly 

demonstrated. 
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Table 1: Parameter setting of the MOPSO. 

Parameter Setting 

Particle count 

Maximum iterations 

50 

100 

Weight of inertia 0.7 

Factor of cognitive learning (c1) 1.5 

Factor of social learning (c2) 1.5 

Maximum speed 2 

Elite fraction 0.7 

Objectives functions Sum-Rate and BER 

Size of archive 20 

Factor of exploration 0.2 

Factor of exploitation 0.2 

 

Fig. 2: Sum date rate results for the NOMA system of 𝐾 =
6 users. 

 
Fig. 3: Sum date rate results for the NOMA system of 𝐾 =

12 users. 

 
Fig. 4: Energy efficiency results for the NOMA system of 

𝐾 = 6 users. 

 
Fig. 5: Energy efficiency results for the NOMA system of 

𝐾 = 6 users. 

 

 
Fig. 6: BER results for the NOMA systems of 𝐾 = 6 and 

𝐾 = 12 users. 

4. CONCLUSION 

In this paper, a novel MOPSO-based method is proposed 

for power allocation in downlink NOMA systems, effectively 

addressing the dual objectives of minimizing BER and 

maximizing the sum rate. The method identifies the optimal 

Pareto front for power allocation by categorizing users based 

on channel gain, enabling a balanced trade-off between these 

two key performance metrics. This study is particularly 

noteworthy as it simultaneously considers both BER and sum 

rate, diverging from conventional approaches that often 

prioritize one metric to the other. The proposed solution 

outperforms two benchmark methods, Fixed Power 

Allocation (FSPA) and Greedy Algorithm-based Power 

Allocation (GAPA), in terms of BER. Additionally, the 

comparative analysis demonstrates that the proposed method 

achieves performance comparable to these benchmarks in 

terms of spectral efficiency and sum rate. 
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