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Abstract: Non-orthogonal Multiple Access (NOMA) is the technique proposed for multiple accesses in the fifth-generation (5G) cellular network. In NOMA, different users 
are allocated different power levels and are served using the same time/frequency Resource Blocks (RBs). The main challenges in existing NOMA systems are the limited 
channel feedback and the difficulty of merging them with advanced adaptive coding and modulation schemes. The 5G system in NOMA aims to access low latency, efficiency 
in superior spectra, and balanced user fairness. NOMA allows multiple users with different power levels to share resources in radio frequency time. The existing Orthogonal 
Multiple Access (OMA) system produces high latency, high computational complexity, and throughput complexity in modifying wireless channels. To overcome these issues, 
this paper proposed optimising deep learning-based power domain NOMA of Long Short-Term Memory (LSTM) with particles Swarm optimisation (PSO) technique. This 
proposed work (LSTM-PSO) is deployed with a Cooperative network model. The advantage of LSTM-PSO in Cooperative Non-orthogonal Multiple Access (CNOMA) is that 
it provides high performance, better utilisation of downlink, efficiency in sharing of resources, enhancing the activity of users, capacity of the base station and improving 
quality of service, estimation of channel condition. LSTM-PSO got a higher accuracy rate of 92.05%, LSTM got 86.45%, PSO got 88.13%, and the accuracy rate of ANN and 
DNN was 83.76% and 84.70%. 
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1 INTRODUCTION 
  

Non-orthogonal Multiple Access (NOMA) is one of 
the radio access techniques for performing cellular 
communication in next-generation technology. That is, 
analogue-based phone calls via IP services like voice calls, 
video calls, message transformation etc., are required to 
meet the new generation's technology. NOMA is used in 
5G technology for realising aggregate goals like balanced 
user fairness, low latency, and spectral efficiency [1]. With 
the increasing requirement of a wireless network for 
accessing a large capacity of complex data, this 5G 
technology explodes the huge volume of accessing data 
using various techniques. To improve the spectrum 
efficiency in large-scale-based Multiple-Input Multiple 
Output (MIMO), ultra-massive wireless connectivity and 
communication based on millimetre-wave are the main 
goals of next-generation wireless networks [2]. The 
wireless communication network can control many passive 
reflective elements like spectrum and energy efficiency. 
Implementing these efficiencies in the wireless network 
requires intelligent reflecting surfaces (IRS). 
Implementing a hybrid wireless network, the IRS enhances 
the significant performance with active wireless network 
components comprising traditional network activities [3]. 

The physical layer security of wireless network jointly 
implements the passive beam forming and active beam 
forming algorithm by calling the IRS-based NOMA 
technology in the wireless networks and also enhancing the 
spectrum efficiency by comparing it with traditional OMA 
techniques like TimeDivisionMultiple Access (TDMA) 
[4]. To improve the principles of NOMA in reliability and 
efficiency, the basic things needed are Bit Error Ratio 
(BER) and allocation of resources is carried out [5-7]. The 
downlink scheme of NOMA-based technology uses a 
random selection of users to transmit signals in a unicast-
multicast system, which many multicast users can access. 
In addition, the fairness approach of the NOMA technique 
deployed that pairing of the cell-edge users, which are 

closer to the base station (BS) and will automatically 
improve the ergodic capacity [8, 9]. 

The traditional method of OMA eliminates the 
interfering signals and assigns the orthogonal resources to 
the active users. The principles are based on Frequency 
Division Multiple Access (FDMA), Time Division 
Multiple Access (TDMA) and Code Division Multiple 
Access (CDMA). At the same time, the NOMA technique 
is considered for implementing the technique for accessing 
the resources by multiple users within a single resource 
block concerning time, spreading code, and frequency 
channel. The basic ideas of sharing the resources are 
categorised into two types, namely code-domain NOMA 
and PD-NOMA. It includes Sparse Code Multiple Access 
(SCMA) and Low-Density Spreading (LDS). It supports 
multiple users for implementing the power domain 
multiplexing. That means it allows multiple users to use the 
PD-NOMA because it provides better network 
connectivity and its bandwidth is shared by users. PD-
NOMA is more compatible with existing wireless 
networks [10]. 
 
2 RELATED WORKS 

 
The third generation of mobile systems is based on the 

scheme of Wideband CodeDivision Multiple Access 
(WCDMA). Through this scheme, it transmits the movies 
at a moderate data communication speed. The improved 
version of the 3G pack is High-Speed Packet Access 
(HSPA) and HSPA+ (3.5G). When comparing it with the 
Wi-Fi and wireless LANs, streaming of moving images is 
slower even though it has data rate in higher. To raise the 
speed of communication more than six times better when 
compared with 3G technology, the Long-Term Evolution 
(LTE) of 4G is used. The advanced version of the 4G 
network is closer to the Wi-Fi network; it uses LTE based 
4.5G network. 

Wireless data communication is increasing daily, and 
it requires a new scheme for speeding up the process of 
accessing data. Therefore, improving the storage capacity 
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of data and transmission rate of data is essential. So 5G 
technology is implemented [11]. Mu et al. [12] proposed 
IRS based NOMA system for utilising the sequential rank 
to identify the sequential-based rank-one constraint with 
optimal rank-one solution in the local network 
communication system. Fu et al. [13] implemented the 
optimisation of transmitting data signals by using beam 
formers in the BS and IRS-based phase shift matrix of the 
NOMA network. Implementing this concept, it requires the 
Reinforcement Learning (RL) technique. A novel IRS-
based wireless communication network framework in a 
NOMA-based model uses a passive beamforming design 
[14]. Tab. 1 shows the survey on NOMA techniques. 

The paper has been organised as follows: Section 2 
discusses a Review of Literature, Section 3 describes the 
implementation of NOMA-based technique using LSTM-
PSO in a cooperative network, Section 4 includes results 
and analysis, and Section 5 describes the conclusion and 
future work. 

 
3 PROPOSED LSTM COOPERATIVE NETWORK 

METHODOLOGY 
 
In this section, we discussed data transmission in an 

efficient way, with low latency, and less power 
consumption. The 5G technology requires a non-
orthogonal multiple access system with LSTM-PSO in a 
cooperative network. The architecture of the proposed 
work is given in Fig. 1. Multi-users in the cluster form with 
the cooperative network are equipped to enhance the 
utilisation of downlink and power domain to improve 
performance by applying a direct transmit link between the 
base station and its users in the cooperative network. While 
sharing the resources, the transmission power of various 
users is different because of near-far issues. Therefore, it 
needs to detect the user's signals by employing the 
successive interference cancellation (SIC) operation. 
NOMA can detect the power domain in terms of time and 
frequency of users. Two types of NOMA concepts are 
available. They are cooperative NOMA and non-
cooperative NOMA.  

 

 
Figure 1 Architecture of proposed work 

 
In the non-cooperative NOMA, the operation of SIC 

detects the signal of the reference user, regenerates the 
signal and discards the user's signal when its power is of 
higher value than the reference user. Therefore, if the base 

station is closer to the user, a signal is not cancelled 
because of its power control, and it represents the 
interference that degrades its performance. Similarly, the 
cooperative NOMA structure cancels signals interfering 
with the users 'and considers the users who are closer to the 
base station. In cooperative NOMA, the users closer to the 
base station are detected and subtracted from the far user 
(powerful) to the base station and send the air copies to far-
powerful users. From Fig. 1, User B is closer to the Base 
Station (BS) and is considered a strong user because of 
using SIC operation. It has stronger channel complexity. 
Then it first detects the more powerful User A and subtracts 
the signal from the received signal before detecting User 
B's signal. Let us consider cooperative NOMA User B 
transmits the detected signal of User A through the air. In 
non-cooperative NOMA, a signal of User A is corrupted by 
the less power signal of User B, and the operation of SIC 
does not detect it. 
 
3.1 System Model 

 
The proposed system architecture contains a single 

base station with n users. All n users are deployed at 
various distances from the base station in the same 
frequency bandwidth. In the NOMA, all users are 
represented as user1, user2, …, usern. The signal is 
transmitted from the base station to closer users and too far 
users. The channel condition of the closer user is a more 
superior power domain than that of the far user. As per the 
principle of NOMA, the better channel condition needs 
lower transmitted power domain. The signal transmitted by 
base station is represented by: 

 

   1

N
n n tN

Q t Q t pow


    (1) 

 
Here, powt - transition of power by the base station, γn 

- allocation of power factor in all users  usern which is 
denoted as: 
 

n n tp pow    (2) 

 
The transition signal may contain Gaussian noise. 

Therefore, the received signal of useri can is stated as: 
 

n
i i i j j ij i

P hc q hc q gn


    (3) 

 
Here, hci is the coefficient of the unknown channel 

from the base station to useri. qi is the transmitted signal at 
useri. The base station transmits the signal with noise to n 

users and then 
n

j jj i
hc q

  by   subtracting the noise gni in 

the signal. The algebraic transformation of Eq. (3) is shown 
as: 

 

 T
i iP ych gn     (4) 

 
Here, y and chT are vector value of signal and channel. 

The signal vector space can be represented as ch = [ch1, 
ch2, ..., chn] and y = [y1, y2, ..., yn]. 
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3.2 Channel Estimation Using LSTM Induced with PSO in 
the Cooperative Network 
 
The wireless communication network in NOMA uses 

LSTM induced with PSO in a cooperative network. Fig. 2 
shows the architecture of LSTM in the Cooperative 
Network.  

 

 
Figure 2 Structure of LSTM in cooperative network 

 
LSTM model is used to transmit the signal in a vector-

based data sequence, and it has memory cells for storing 
and accessing data signals and transmitting the data signal 
in the cooperative network of NOMA, which detects the 
channel capacity with the help of LSTM. The LSTM 
efficiently utilizes past input time series with the long-term 
transmission of data signal based on the time series.  

In Fig. 2, LSTM contains an input layer, a hidden 
layer, and an output layer. The hidden layer of LSTM 
includes various gate units like forget gate, input gate and 
output gate. These gates are used for controlling the transit 
of data from one user to another user. The channel 
estimation model of LSTM uses t time instance for 
transmitting the signal. inptt is the input; outt is the output 
of ith user at an instance time t. mct is the memory cell which 
is used to store and access the data signal through hidden 
layer to next in every iteration. The sigmoid function is 
applied to the input gate for deciding and updating the 
signals and output from input gate is combined together to 
form a new candidate value. At the same time, the value of 
tanh (sigmoid) also updates in each state layer. The 
algorithmic procedure of LSTM in a cooperative network 
of NOMA for the optimised channel estimation is given 
below: 

 
3.2.1 Algorithm 1 LST Min Cooperative Network for  
         Estimation Channel 

 
The proposed LSTM channel estimation is given by 

Algorithm 1 below - In the algorithm 1, LSTM model, the 
input layer, and hidden layer, respectively. In addition, a 
forget gate, input (update) gate, and output gate are added 
to each hidden layer. The input gate uses the sigmoid 
function to decide which values are updated, and the output 
of the input gate is combined with the new candidate 
values. 

Input: user1, user2, …, usern multi user for transmitting 
signal in sequence time interval t. 

Output: LSTM Network model 
 

Step 1: Generate sequence of input data signal for each 
user. Initialize iteration iter = 0. 
 
Step 2: Randomly initialize the weighti and bi as value. 
 
Step 3: In the hidden layer, forget the gate, 
 

 1 sigmoid & &    i t t outt t ixtfg n w w f w f biasf      (5) 

 
Step 4: Input Gate 
 

 1sigmoid  p i t i iinp n wt out wt xt bias     (6) 

 
Step 5: Candidate value of output gate in the hidden layer, 
 

 1tanht c t c ccandt nwt out wt xt bias     (7) 

 
Step 6: Update the previous memory cell state, mct−1, into 
new cell memory state, mct by 
 

   1t t t t tmc mc fg inp candt    .  

 
Step 7: Update the output of LSTM model by using: 

 
Output gate: 

 

 
0 1 0

iter=1

sigmoid
n

t t t cout wt out wt ix bias

 
   
 
 
 . 

 
Estimation of channel condition: 

 

 tanht t tout out mc  . 

 
The outi of the ith layer can be expressed as 

 

 1sigmoidi i i iout wt out bias    (8) 

 
This procedure is needed to maximize the expressive 

power of LSTM and it was implemented for n = 2500 
iterations. The tanh() function is always used to create the 
new candidate vector value, and the conditions are added 
in the LSTM model by 
 

   2  2  tanh( ) 1 e / 1 ey yy          (9) 

 
It updates the condition of the cell from c and tj-1 to c 

and tj. In the NOMA model, suppose the data rate is lower 
than the channel's capacity. Then its signal vector value 
must be discarded. At the same time, the channel 
conditions abruptly disturbed then the capacity of the 
channel will be degraded. That is, some signals should be 
discarded during the transmission of data signals, and the 
remaining signals should be included in the model for 
updating the process. Even though the LSTM model is an 
efficient one but for the transmission of a sequence of data 
the cooperative network-based NOMA, the number of 
users increases and resource sharing produces low 
performance, a high rate, and to overcome these issues, 
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optimised estimate channel estimation induced with PSO 
is implemented. 

In the Particle Swarm Optimization (PSO), each 
individual of the population is called a particle which is 
based on its position of swarm, vector value of velocity and 
its fitness value. 

The position of the particle is y and its velocity vel 
which are represented as 
 

1 2i i
pos pos pos posY y , y , , y                   (10) 

 
Here pos = 1, 2, …, n represents the dimension of 

particles. In each iteration, the particles' position changes 
along with their velocity veli. The individual best position 
of the particle is denoted as Pbesti

pos similarly, the position 
of the particle globally is denoted as Gbesti

pos. 
 

1 2
1 2
, , ,i i

pos pos pos posn
Pbest p p p  

 
 (11) 

 
and 

  

 1 2min  ,  , ,j i i i
pos pos pos posnGbest Pbest Pbest Pbest   (12) 

 
At the end of each iteration the position and its velocity 

can be updated based on Eqs. (13) and (14). 
 

 
 

1
1 1

2 2

t t t t
i i i i

t t
i i

vel wvel coef .rnd Pbest cx

coef .rnd Gbest cx

    

 
        (13) 

 
1 1t t t

i i icx cx vel                 (14) 

 
where, i = 1, …, N - no. of swarm population, velt - velocity 
vector, t - iteration, cxt - current position of an ith particle, 
Pbestt - previous best position of the ith particle, Gbestt - 
recent current best position of a whole particle, coef1 and 
coef2 - coefficients called cognitive parameter a social 
parameter, rnd1, rnd2 ∈ [0, 1] - random numbers, w - 
internal coefficient to control the local and global search. 
The standard PSO can update the position of the particle by 
using: 
 

 11 if sigmoid

       0         otherwise

t
i

i

rnd vel
x

 



           (15) 

 
where sigmoid(veli

t+1) is the sigmoid function that will 
transform the velocity into the range (0, 1), and () - random 
number selected from the distribution in the range [0, 1]. 

These values must be updated to their new position 
based on the best fitness value. 
 

 1 1
2

n

n n
n

fitness abs wt Rate wt Rate


          (16)  

 
Here, abs() provides the weight wt and Rate1, Raten are 

the strong rate of channel capacity with the weak rate of 
channel capacity. Each particle's performance is evaluated 

at the end of the iterations. The objective function of PSO 
aims to minimise the value of the fitness function to zero. 
The algorithmic procedure of PSO is given below: 
 
3.2.2 Algorithm 2: PSO for Resource Allocation for Maximin   
         Fairness 

 
The PSO for resource allocation for maximin fairness 

is given by Algorithm 2. In the algorithm Algorithm2, the 
multi user in the NOMA model, a resource is allocated to 
each user in the channel condition based on the power 
allocation in a channel. PSO is an optimisation technique 
based on birds' flocking behaviour. A large population 
(swarm) of candidate solutions (particles) is placed at 
random initial positions and moved in the search space 
until the optimal solution is detected. 
Input: LSTM Model, Population of user popu; iteration 
number iter; Each particle (user) in population yi

pos 

Output: Sharing resource and power allocation of particles 
Step 1: Initialise the position yi

pos and its velocity veli
pos  

Step 2: While ((i < iter) or (fitness ≥ ε)) do 
Step 3: Evaluate fitness for each particle 
Step 4: Update Pbesti

pos value of iteration i using Eq. (11) 
Step 5: Update Gbesti

posvalue of iteration i using Eq. (12) 
Step 6: Repeat Step 2 to step 5 until it reaches maximum 
iteration 

Form the particles of the PSO algorithm initially 
randomly generate the sample users (particles). These 
randomly generated users are applied in the PSO algorithm 
for evaluating the best value in both aspects of personally 
and globally in each iteration. After the completion of all 
iterations or its convergence the best value globally is taken 
as an optimal output, for each iteration the fitness value 
also calculated by using the Eq. (16). 
 
4 SIMULATION RESULTS AND DISCUSSION 

 
In this section, simulations are carried out to execute 

the performance of the proposed worklist induced with 
PSO in a cooperative network based on NOMA (LSTM-
PSO). MATLABR2018b tool solves the simulation model 
at Intel i5 3.20GHz processor. In the cooperative network-
based NOMA can be simulated from a single base station 
(BS) and transmits the sequence of data signals. To 
evaluate the channel estimation by detecting the condition 
of the channel by using LSTM-PSO. This proposed work 
evaluates the performance in the aspects of root-mean-
square error and loss. 
 

 2 iRMSE out out    (17) 

 

 21

n
i ii

ˆLoss out out


              (18) 

 
Here, outi is the actual output impulse response from 

channel and iôut is the predicted output impulse response, 

N is the number of predictions. Fig. 3 and  Fig. 4 show the 
RMSE and loss evolution using Eqs. (17) and (18). 

First, the DNN-UC scheme is simulated with different 
activation functions to demonstrate their throughput 
achievements for different numbers of users in the NOMA 
system. In optimising the algorithm selection of activation, 
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function plays an important role; the LSTM-PSO model 
uses two variations of activation functions like tanh and 
sigmoid function. 

 

 
Figure 3 Loss function of the LSTM-PSO model 

 

 
Figure 4 RMSE of LSTM-PSO model 

 
Tab. 1 shows that parametric metric measures, which 

are used in the LSTM-PSO model for the estimation of 
channel condition, were tested for about 2500 iterations 
and its average RMSE is 4.36 × 10−6 and average of Loss 
is 1.45 × 10−11. 

 
Table 1 Simulation parameters for LSTM-PSO 

Parameter Value 
Number of Layers 4 

Input Layer's Number of Neurons/Layers 1200 
LSTM model's number of neurons/layer 250 

Fully connected layer's Number of 
neurons/Layer 

8 

The value of Learning rates are 0.006, 0.0001 
Length of Training data 1444  1 
Length of Testing data 777  1 

Data Size 2500  1 
Activation Function Sigmoid, tanh 

 
But in this work, we implement three variations of 

activation functions, like sigmoid, tanh and sine for various 
number of users are shown in Fig. 5. 

Fig. 5 shows that the sigmoid function outperforms 
better results other than the tanh and sine activation 
functions by 12%, 15%, and 28% in terms of throughput of 
K = 30. The sigmoid function propagates a sequence of 
input, higher throughput, handling multi-users. But Sine, 
tanh function produces a poor convergence rate and creates 

local optima problem. Fig. 6 shows the learning rate of 
throughput performance in various epochs. 

 

 
Figure 5 Activation function of LSTM-PSO 

 

 
Figure 6 Performance of throughput in various learning rates 

 
Fig. 6 shows that the best performance of throughput 

(8.2 Mbps) is produced when its learning rate is at 0.0001 
in 100 epochs. When the learning rate is low, our model 
LSTM- PSO requires more epochs of training by adjusting 
the weight value in the network. Similarly for the high 
learning rate the throughput gets decreases. In the Fig. 6, 
the learning rate of 0.1 throughputs of 6.2 Mbps can obtain 
for the training epochs of 100. Fig. 7 shows that throughput 
performance is based on the length of sample data with 
various numbers of users in the NOMA based cooperative 
network. 

In the proposed model of LSTM-PSO, the clustering 
of users in the NOMA-based cooperative network training 
the sample data set efficiently with increased users and 
resources. The power allocation also increases based on the 
slight increase in users. 

Therefore, training the sample data of various 
variations in length is needed to increase power allocation. 
In Fig. 7, the LSTM-PSO model uses variations in the 
length of sample data sizes which are 40000, 50000, 60000 
and 70000. 

These different training data lengths are implemented 
in various network sizes at the learning rate value of 
0.0001. When the number of users increases with various 
length sizes, sample data is trained in the cooperative 
network using different users. 

In the observation of Fig. 7, if data size increases, it 
creates an overfitting problem. If the number of users 
increases, the bandwidth rate decreases. Therefore, in this 
proposed work optimised algorithm of PSO is 
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implemented, which solves the overfitting problem and 
increases the bandwidth. 

 

 
Figure 7 Performance of throughput in various size sample data set 

 
This proposed work obtained the best throughput if it 

is trained with a large size of file information. Fig. 8 shows 
that based on the performance of throughput in various 
algorithms of NOMA-based networks with various 
numbers of users.  

In this comparison, existing algorithms of NOMA 
network-based LSTM [16], PSO [17], ANN and DNN [15] 
with the proposed model of LSTM induced with the 
optimised algorithm of PSO is implemented with various 
number of users in the network of NOMA with cooperative 
network. 

To analyse the effectiveness of the simulation of 
various models with the proposed model of LSTM induced 
with PSO in the cooperative network in the aspect of 
throughput, performance for various numbers of users is 
shown in Fig. 8. 

 

 
Figure 8 Comparison of various algorithms in the performance of throughput 

 
It seems that more users available in the NOMA-based 

network produced better results in the throughput 
performance. LSTM-PSO can outperform DNN-NOMA 
by 6% to 10% of various users. The structure of the LSTM 
model provides more hidden layers with forget gate, which 
produces the optimised result in handling heterogeneous-
based users, formation of cluster groups with various users, 
increased throughput, low latency, estimation of channel 
conditions and power allocation. Fig. 9 shows the accuracy 
rate of various algorithms. 

It seems that from Fig. 9, our proposed work LSTM-
PSO got a higher accuracy rate of 92.05%, LSTM got 

86.45%, PSO got 88.13%, and the accuracy rate of ANN 
and DNN was 83.76% and 84.70%. 

 

 
Figure 9 Accuracy 

 
Table 2 Accuracy analysis of the proposed system 

Algorithm Accuracy / % 
LSTM-PSO 92.05 

PSO 88.13 
LSTM 86.45 
DNN 84.70 
ANN 83.76 

 
5 CONCLUSIONS 

 
In this research work, we presented a new channel 

estimation technique based on LSTM, aiming to improve 
the conventional NOMA system's outage probability, 
BER, and user sum rate. This new power coefficient 
allocation algorithm divides power among N users 
according to each user channel condition. To further 
improve the BER, LSTM induced with optimisation 
algorithm of PSO in a cooperative network of NOMA 
model has been proven efficient and feasible for handling 
the complexity of 5G networks. The inclusion of forget 
gate in the structure of the LSTM model produces to store 
and access the last sequence of input with the long-term 
transmission of data signal based on the time series. The 
advantage of LSTM-PSO in Cooperative networks is that 
it provides high performance, better utilisation of 
downlinks, efficiency in sharing of resources, enhancing 
the activity of users, capacity of the base station and 
improving quality of service, estimation of channel 
condition, efficiency in power allocation. LSTM-PSO got 
a higher accuracy rate of 92.05%, LSTM got 86.45%, PSO 
got 88.13%, and the accuracy rate of ANN and DNN was 
83.76% and 84.70%. In future work, this work may be 
extended up to solving reduction in complexity, adopting 
new deep learning or machine learning technique for 
channel and data detection efficiently. Hence, we plan to 
extend the work by investigating interference mitigation 
techniques among wireless communication technologies. 
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