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Abstract— This paper investigates and enhances the connectivity of cell-edge users in fifth-generation (5G)
and beyond cellular networks by leveraging advanced technologies such as multiple-input multiple-output
(MIMO) systems, reconfigurable intelligent surfaces (RIS), and cooperative non-orthogonal multiple access
(NOMA). In the proposed architecture, intra-cell users act as virtual relays and, by integrating direct, cooperative,
and RIS-assisted reflective links, strengthen the communication reliability of cell-edge users in critical scenarios
such as vehicular communications, unmanned aerial vehicle (UAV) control, and emergency response systems.
To evaluate the performance, extensive statistical-numerical simulations based on the Monte Carlo method with
one hundred thousand valid realizations have been conducted. The effects of several parameters such as the
number of base station antennas, the number of RIS elements, signal-to-noise ratio (SNR), SNR and interference
thresholds for near-user cooperative links, target SNR thresholds for far users, power allocation vectors, channel
coefficients, and Nakagami-m fading parameters are examined individually and jointly on the connection
probability. Simulation results reveal that the proposed scheme significantly outperforms conventional and
benchmark approaches, including orthogonal multiple access (OMA), non-orthogonal multiple access (NOMA),
and cooperative variants without MIMO or RIS configurations. The proposed design achieves remarkable
improvements in cell-edge connectivity under various fading environments such as Nakagami-m, Rician,
Rayleigh, and even more severe conditions, thus enhancing link success probability and spectral efficiency in
dense and mission-critical scenarios of future cellular networks. Furthermore, while conventional cooperative
schemes utilizing relays achieve only a 73.36% connectivity probability at an SNR of 10dB, the proposed
architecture achieves a stable reliability level of 99.9% at a remarkably low SNR of 3dB with substantial power
efficiency. These findings highlight the exceptional operational efficiency and robustness of the proposed scheme
in securing reliable communication for cell-edge users.

Keywords: Cooperative non-orthogonal multiple access (CNOMA), Cell-edge users connectivity probability,
multiple-input multiple-output (MIMO), Nakagami-m fading, reconfigurable intelligent surfaces (RIS), vector
power allocation.
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" OMA (Orthogonal Multiple Access)

2 NOMA (Non-Orthogonal Multiple Access)

3 B5G (Beyond Fifth Generation)

4 BS (Base Station)

5 QoS (Quality of Service)

& CNOMA (Cooperative Non-Orthogonal Multiple Access)

7 NLOS (Non-Line-of-Sight)

8 SIC (Successive Interference Cancellation)

® MIMO (Multiple-Input Multiple-Output)

10 Spatial Diversity

" Spatial Multiplexing

12 Spatial Domain

3 LOS (Line-of-Sight)

4 Massive MIMO (Massive Multiple-Input Multiple-Output)

S mm Wave (millimeter Wave)

8sub-THz (sub-Terahertz)

7 URLLC (Ultra-Reliable Low-Latency Communications)

'8 6G (Sixth Generation)

' RIS (Reconfigurable Intelligent Surfaces)

20 SNR (Signal-to-Noise Ratio)

2! Rayleigh fading

22 |og-normal fading

2 SWIPT (Simultaneous Wireless Information and Power Transfer)

24 EC (Ergodic Capacity)

% Full-Duplex

% Nakagami-m Distribution

27 SC-FDE (Single-Carrier Frequency-Domain Equalization)

2 SINR (Signal-to-Interference-plus-Noise Ratio)

25 PD-NOMA (Power-Domain Non-Orthogonal Multiple Access)

30 ML (Machine Learning)

31 STAR-RIS (Simultaneously Transmitting and Reflecting
Reconfigurable Intelligent Surface)

32 PLS (Physical Layer Security)

33 EE (Energy Efficiency)

ST

34 MS (Mode Switching)

35 ES (Energy Splitting)

3% TS (Time Switching)

37 CLT (Central Limit Theorem)

38 Reflectarray

39 Metasurface

40 Dual Backscatter

41 CSI (Channel State Information)

42 Condition Number

43 Spatial Multiplexing

44 MISO (Multiple-Input Single-Output)

45 Downlink

4 AF (Amplify-and-Forward)

47 Aol (Age of Information)

48 MDP (Markov Decision Process)

45 DDPG (Deep Deterministic Policy Gradient)
50 Bi-LSTM (Bidirectional Long Short-Term Memory)
5! BER (Bit Error Rate)

52 Rician fading

53 UAV (Unmanned Aerial Vehicle)

54 Sub-Rayleigh fading

55 OFDM (Orthogonal Frequency-Division Multiplexing)
6 PA (Power Allocation)

57 MRC (Maximum Ratio Combining)

%8 Diagonal Matrix

5 Superposition Coding

80 AWGN (Additive White Gaussian Noise), CV'(0, Ny)
61 MCS (Modulation and Coding Scheme)

62 Signalling Overhead

8 MATLAB (R2024a)

64 Weibull fading

8 MIMO (Multiple-Input Multiple-Output)

8 Multi-User Scenarios



