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Abstract:

This research aims to develop a technique for channel estimation in cell-free
massive MIMO (CFMM) communication systems using neural networks, and
to compare it with traditional techniques such as least squares (LS) and
minimum mean square error (MMSE).

A realistic simulation environment was created, incorporating a Rayleigh
fading channel model that considered both path loss and shadowing, in
accordance with the 3GPP diffusion model. Orthogonal pilots were also
employed to minimize user interference. A feedforward neural network was
designed with two hidden layers of 64 and 128 nodes, respectively, with an
input size of 51,200 features (resulting from 20 users x 40 access points x 64
subcarriers). The network was trained using 800 training samples, with the data
divided into 80% training, 10% validation, and 10% testing.

The research results showed that the proposed neural network significantly
outperformed both LS and MMSE techniques across all SNR wvalues,
exhibiting the lowest NMSE values and a straighter, less steep curve,
indicating better noise resistance. The proposed network also maintained its
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superior spectral efficiency, with a performance gap that widened as the SNR
increased. These results confirm the feasibility of using neural networks for
channel estimation in CFMM systems. The training process took only 4
minutes and 15 seconds, with a very small final gradient (6.5 x 100]'[])
indicating optimality.

The research results indicate that integrating artificial intelligence techniques
into channel estimation is a promising approach to improving the performance
of 5G and beyond networks, especially in challenging operating conditions that
require high accuracy.

Key words:

Cell-Free Massive MIMO, Channel Estimation, Neural Networks, Normalized
Mean Square Error (NMSE).
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