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Abstract— The rapid evolution of wireless 

communication systems has led to the deployment of 5G 

technology, which promises to deliver unprecedented data 

rates, low latency, and massive connectivity. A critical 

component of 5G is Massive Multiple Input Multiple 

Output (MIMO) technology, which utilizes a large number 

of antennas at the base station to improve spectral 

efficiency and reliability. However, the practical 

implementation of Massive MIMO poses significant 

challenges, particularly in channel estimation. Accurate 

channel estimation is essential for optimizing the 

performance of Massive MIMO systems, but it is also 

computationally intensive and energy-consuming. To 

address these challenges, this paper explores the use of 

Artificial Neural Networks (ANNs) for energy-efficient 

channel estimation in 5G Massive MIMO systems. The 

simulation results demonstrate that the ANN-based 

method achieves superior performance.      
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I.  INTRODUCTION  

The advent of 5G technology marks a significant milestone 
in the evolution of wireless communication, promising to 
revolutionize various aspects of connectivity and digital 
interaction. With its potential to deliver enhanced mobile 
broadband, ultra-reliable low-latency communication, and 
massive machine-type communication, 5G is set to cater to the 
ever-growing demand for high-speed data transmission and 
ubiquitous connectivity. At the heart of 5G technology lies 
Massive MIMO, a key enabler of the performance 
enhancements promised by 5G [1]. 

Massive MIMO involves deploying a large number of 
antennas at the base station to serve multiple users 
simultaneously. This approach enhances spectral efficiency, 
improves signal quality, and increases system capacity [2]. 

However, the benefits of Massive MIMO come with 
significant technical challenges, particularly in the realm of 
channel estimation. Channel estimation is the process of 
characterizing the state of the wireless channel, which is 
essential for tasks such as beamforming, user scheduling, and 
interference management. Accurate channel state information 
(CSI) is crucial for maximizing the potential of Massive 
MIMO systems [3]. 

Traditional channel estimation techniques, such as Least 
Squares (LS) and Minimum Mean Square Error (MMSE), 
often involve high computational complexity and significant 
energy consumption. As the number of antennas and users 
increases, these challenges become more pronounced, making 
it imperative to explore alternative methods that can provide 
accurate and efficient channel estimation [4][5]. 

In recent years, machine learning (ML) and artificial 
intelligence (AI) have emerged as powerful tools in various 
fields, including wireless communication. Artificial Neural 
Networks (ANNs), a subset of ML techniques, have shown 
remarkable capabilities in learning complex patterns and 
making predictions based on data. ANNs have been 
successfully applied to various communication tasks, such as 
signal detection, modulation recognition, and channel 
decoding [6]. Their ability to model non-linear relationships 
and generalize from training data makes them a promising 
candidate for channel estimation in Massive MIMO systems 
[7]. 

This paper investigates the application of ANNs for 
energy-efficient channel estimation in 5G Massive MIMO 
systems. The primary objective is to reduce the computational 
complexity and energy consumption associated with 
traditional channel estimation methods while maintaining or 
improving the estimation accuracy. The proposed approach 
leverages the learning capabilities of ANNs to develop a 
model that can accurately estimate the CSI based on a limited 
set of training data. By doing so, it aims to strike a balance 
between performance and energy efficiency, addressing one of 
the critical challenges in the deployment of Massive MIMO 
systems. 
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By exploring the use of ANNs for channel estimation, this 
paper contributes to the ongoing efforts to develop energy-
efficient and high-performance solutions for 5G Massive 
MIMO systems [8]. The findings demonstrate the potential of 
ANN-based approaches in addressing the challenges 
associated with channel estimation, paving the way for more 
efficient and scalable wireless communication technologies 
[9][10]. 

II. METHODOLOGY 

 

Figure 1: Flow chart 

The methodology based on the following’s steps- 

Simulation Scenario for 5G Channel Estimation: 

• Determine the specific requirements and objectives 

of the simulation scenario, such as the desired 

coverage area, frequency bands, and antenna 

configurations. 

• Set up the simulation environment in MATLAB, 

including the creation of a spatial grid or network 

layout to represent the coverage area. 

• Define the propagation models and parameters to 

model the wireless channel characteristics accurately. 

Configuration Initialization 

• Specify the modulation scheme, carrier frequency, 

and other parameters relevant to the 5G channel 

estimation process. 

• Configure the antennas, including their locations, 

orientations, and radiation patterns, to represent the 

desired antenna configuration. 

Artificial Neural Network (ANN)  

• Prepare a dataset that includes input features and 

corresponding target channel values. Input features 

could include parameters like signal power, signal-to-

noise ratio, or any other relevant information. 

Normalize the input features to ensure that they are in 

a similar range and prevent one feature from 

dominating the learning process. 

• Split the dataset into training and testing sets. The 

training set is used to train the ANN, while the testing 

set is used to evaluate its performance. 

• Design the architecture of the ANN. This involves 

determining the number of layers and neurons in each 

layer. Typically, for channel estimation, a 

feedforward neural network with one or more hidden 

layers is used. 

• The number of neurons in the input layer should 

match the number of input features, and the number 

of neurons in the output layer should be one since we 

are estimating a single channel value. Experiment 

with different configurations and layer sizes to find 

the best architecture for your specific problem. 

• Initialize the weights and biases of the ANN 

randomly. Use the training dataset to train the ANN. 

This is done by iteratively presenting input feature 

samples to the network and adjusting the weights and 

biases to minimize the difference between the 

predicted channel values and the target channel 

values. Backpropagation algorithm is commonly used 

for training ANNs. It calculates the gradient of the 

error with respect to the weights and biases and 

updates them accordingly. 
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• Repeat the training process for multiple epochs to 

improve the performance of the ANN. Monitor the 

loss or error during training to ensure that the 

network is converging and not overfitting the training 

data. 

Performance Measurement  

• Define appropriate performance parameters to 

evaluate the effectiveness of the channel estimation 

technique. This may include metrics such as mean 

squared error (MSE), bit error rate (BER), or spectral 

efficiency. 

III. SIMULATION AND RESULTS 

 

Figure 2: NMSE vs instants Q 

Figure 2 shows the Normalized Mean Square Error 

(NMSE) performance comparison against the total number of 

instants Q, where the uplink SNR is set as 10 dB. we can 

observe that to achieve the same accuracy, the total number of 

instants Q required by ANN-based channel estimation is much 

lower than SD-based channel estimation 

 

Figure 3: SNR vs BER 

Figure 3 observe that the present ANN-based channel 

estimation with Q = 96 instants can achieve the BER 

performance close to the SD-based channel estimation with Q 

= N = 256 instants. In addition, we also observe that ANN-

based channel estimation achieve higher accuracy than SD-

based channel estimation when the uplink SNR is low (e.g., 

less than 15 dB).  

 

Figure 4: NMSE vs No of transmitter antenna 

Figure 4 shows the channel was constructed according to 

multi transmitter (𝑀) and it is directly related NMSE so, we 

can see the above graph the relation of NMSE and 𝑀𝑡. While 

increasing the 𝑀𝑡, NMSE is decreasing as it is expected. Also, 
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after 256 transmitter antennas number NMSE is keeping the 

same NMSE value so 128 is optimum number of antennas.   

Table 1: Result Comparison 

Sr 

No 

Parameters Previous 

Work 

Proposed 

Work 

1 Method  Deep 

learning-

based 

pipelining 

approach 

Deep 

learning-

based ANN 

approach 

2 Modulation  BPSK  M-QAM   

3 SNR 35dB 40 dB 

4 NMSE -1 dB 10-1 dB 

IV. CONCLUSION 

 

The integration of 5G technology with Massive MIMO 

systems holds immense promise for revolutionizing wireless 

communication, offering unprecedented data rates, reduced 

latency, and enhanced connectivity. However, realizing the 

full potential of 5G requires overcoming significant challenges 

in channel estimation, a critical component for the optimal 

performance of Massive MIMO systems. Traditional channel 

estimation techniques, while effective, often suffer from high 

computational complexity and substantial energy 

consumption, especially as the scale of the system increases. 

This paper presents effective channel forecasting method 

using ANN profound learning technique. In previous work, a 

profound learning-based pipelining approach was employed, 

utilizing BPSK modulation at an SNR of 35 dB. However, 

proposed work introduces a novel profound learning-based 

ANN approach, employing M-QAM modulation at a higher 

SNR of 40 dB. performance evaluation in terms of 

Normalized Mean Squared Error (NMSE) demonstrates an 

improvement from -1 dB in previous work to 10^-1 dB in 

proposed work. 
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