
2024 International Conference on Communication, Computer Sciences and Engineering (IC3SE) 

1288 
979--83503-6684-6/24/$31.00 ©2024 IEEE 

Hybrid Quantum-Classical Approaches to Optimize 
Signal Processing in Massive MIMO Arrays 

 

        1Shaik Anjimoon 
Institute of Aeronautical Engineering,  

 Dundigal, Hyderabad, India 
 shaik.anjimoon@iare.ac.in 

 
4Sudhakar Ajmera 

 Department of Electronics and 
Communication Engineering 

 MLR Institute of Technology, 
Hyderabad, Telangana, India  

ajmera.sudhakar@mlrinstitutions.ac.in 

2Swathi Baswaraju 
Department of Computer Science 
Engineering (Date Science),New 
Horizon College of Engineering, 

Bangalore, India 
 baswarajuswathi@gmail.com 

 

5Ajay Rana 
Amity School of Engineering and 

Technology 
Amity University Greater Noida, India 

ajay_rana@amity.edu

3Rajeev Sobti 
Lovely Professional University,  

 Phagwara, India 
 rajeev_sobti21@gmail.com 

 
 

6Ali Abduhussien Hameed 
Radiology Techniques Department, 

College of Medical Technology, 
The Islamic University, Najaf, Iraq 

ali91iraq@iunajaf.edu.iq 

 
Abstract-- This paper introduces a pioneering method in 

the realm of signal processing for Massive Multiple-Input 

Multiple-Output (MIMO) systems, leveraging the synergistic 

potential of hybrid quantum-classical computing paradigms. 

The escalating demand for high data rate communications 

necessitates the advancement of MIMO technologies. 

However, the computational complexity associated with signal 

processing in such systems, especially in scenarios involving 

large array sizes, presents a significant challenge. This study 

proposes an innovative framework that integrates quantum 

computing algorithms with traditional classical methods to 

address this challenge. The quantum algorithms are 

specifically designed to expedite matrix operations and 

optimization tasks that are central to MIMO signal 

processing, such as channel estimation and precoding. A 

comparative analysis with purely classical approaches 

demonstrates a substantial improvement in computational 

efficiency and latency reduction, while maintaining, and in 

certain aspects enhancing, the accuracy of signal detection 

and system throughput. Furthermore, this hybrid approach 

offers scalability and adaptability to varying channel 

conditions and system configurations, a crucial feature for 

next-generation wireless communication systems. The 

theoretical foundation is complemented by simulation results, 

showcasing the feasibility and effectiveness of this approach 

in practical scenarios. This research not only paves the way 

for advanced signal processing techniques in Massive MIMO 

systems but also opens new horizons in the application of 

quantum computing in telecommunications. 

Keywords— Quantum-Classical Hybrid, Massive MIMO, 

Signal Processing, Computational Efficiency, Wireless 

Communications. 

I. INTRODUCTION 

The landscape of wireless communication has 
been perpetually evolving, driven by an insatiable demand 
for higher data rates and more reliable connections in 
densely populated areas and challenging environments [1]. 
The introduction of MIMO systems has marked a 
significant leap in this evolutionary path, offering 
substantial gains in spectral and energy efficiency. At the 
heart of these systems lies the challenge of signal 
processing, which has grown exponentially complex with 
the increase in the number of antennas and the 
sophistication of communication strategies [2]. Massive 
MIMO systems, characterized by equipping base stations 
with a large number of antennas, have emerged as a 

cornerstone technology for 5G networks [3]. They promise 
significant improvements in throughput and energy 
efficiency by exploiting spatial multiplexing and diversity 
gains [4]. However, the processing of signals in such large-
scale antenna systems entails computational challenges, 
primarily due to the high dimensionality of the data 
involved [5-8]. Conventional signal processing techniques, 
while effective in smaller MIMO configurations, face 
scalability issues and become computationally prohibitive 
in the realm of Massive MIMO [9-12]. The advent of 
quantum computing offers a new horizon for tackling these 
computational challenges. Quantum computing, based on 
the principles of quantum mechanics, possesses the 
potential to perform certain calculations significantly faster 
than the best-known algorithms on classical computers. 
This advantage stems from quantum phenomena such as 
superposition and entanglement, which allow quantum 
computers to process a vast number of possible outcomes 
simultaneously [13]. In the context of signal processing for 
Massive MIMO systems, quantum computing can 
revolutionize the way matrix operations, optimization 
problems, and system optimizations are conducted. 
However, the nascent stage of quantum technology and its 
integration challenges with existing communication 
systems necessitate a hybrid approach, blending the 
strengths of quantum and classical computing. Figure 1 
depict the overall architecture of the hybrid quantum-
classical system 
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Fig. 1 System Architecture of Hybrid Quantum-Classical Signal 

Processing 

This paper proposes a novel hybrid quantum-
classical framework for optimizing signal processing in 
Massive MIMO systems. The approach leverages quantum 
algorithms to handle specific tasks where quantum 
computing shows a clear advantage, such as the 
acceleration of matrix inversions and optimizations integral 
to beamforming and channel estimation. Meanwhile, 
classical computing methods continue to manage tasks for 
which they are currently more efficient or where quantum 
algorithms do not offer significant benefits. This research 
also acknowledges the practical considerations in 
implementing quantum algorithms, particularly concerning 
the limitations of current quantum hardware. Quantum 
computers, in their current stage of development, face 
challenges such as error rates, qubit connectivity, and 
limited qubit coherence times. Therefore, the proposed 
hybrid approach is designed to be not only theoretically 
sound but also feasible with existing and near-term 
quantum hardware. The significance of this research lies 
not only in enhancing the computational efficiency of 
signal processing in Massive MIMO systems but also in 
paving the way for the practical application of quantum 
computing in real-world communication scenarios. By 
addressing both the theoretical and practical aspects of 
quantum and classical computing, this paper contributes to 
the ongoing discourse on the future of telecommunications, 
where quantum technology is expected to play an 
increasingly prominent role. 

In summary, the proposed hybrid quantum-
classical approach to signal processing in Massive MIMO 
systems offers a novel solution to overcome the 
computational barriers of current technologies. It provides 
a scalable and efficient framework that can adapt to 
evolving network demands and technological 
advancements. This paper endeavours to bridge the gap 
between the potential of quantum computing and the 
current requirements of Massive MIMO systems, thus 
marking a significant step towards the next generation of 
wireless communications. 

II. LITERATURE REVIEW 

Massive MIMO, an extension of MIMO technology, 
involves the use of a large number of antennas at both the 
transmitter and receiver ends, offering significant 
improvements in spectral efficiency and network capacity 
[14]. The complexity of signal processing in Massive 
MIMO systems, particularly in tasks such as channel 
estimation, beamforming, and interference management, 
grows exponentially with the number of antennas, posing 
significant computational challenges [15]. Traditional 
digital signal processing techniques, while effective, are 
increasingly strained under the computational load 
presented by Massive MIMO configurations. The advent of 
quantum computing offers a paradigm shift in handling 
such computational complexities. Quantum computing 
operates on the principles of quantum mechanics, using 
quantum bits (qubits) that can exist in multiple states 
simultaneously, offering the potential for exponential 
increases in computational power over classical computers 

[16]. Hybrid quantum-classical approaches leverage this 
potential to address the computational challenges in 
Massive MIMO systems. Early research in this area has 
focused on developing quantum algorithms for key signal 
processing tasks in MIMO systems, such as quantum 
Fourier transforms and quantum search algorithms, which 
can theoretically offer significant speedups over their 
classical counterparts [17]. 
 
One area of focus in hybrid quantum-classical approaches 
is channel estimation, a critical task in MIMO systems 
where the channel characteristics must be accurately 
determined for effective signal transmission. Quantum 
algorithms have the potential to rapidly solve the complex 
linear algebra problems involved in channel estimation, 
reducing the time and computational resources required 
[18]. Similarly, in beamforming, quantum optimization 
algorithms can be used to quickly find optimal 
beamforming vectors, maximizing data throughput and 
minimizing interference [19]. 
 
Despite the promising potential, the application of hybrid 
quantum-classical approaches in Massive MIMO systems 
faces several challenges. The foremost challenge is the 
current state of quantum computing technology, which is 
still in its early stages of development. Practical quantum 
computers capable of outperforming classical computers in 
real-world tasks are yet to be realized, with issues such as 
qubit stability, error rates, and scalability still being 
actively researched [20]. Additionally, the development of 
quantum algorithms that are specifically tailored for signal 
processing in Massive MIMO systems is a complex task, 
requiring a deep understanding of both quantum computing 
and wireless communication principles [21]. Another 
significant challenge is the integration of quantum 
computing techniques into existing MIMO architectures 
and wireless networks. This integration requires not only 
technological advancements but also new frameworks and 
protocols for hybrid quantum-classical computation [22]. 
Furthermore, there are practical considerations related to 
the cost, size, and energy consumption of quantum 
computing systems, which currently pose limitations for 
their deployment in wireless communication networks [23]. 
 
The hybrid quantum-classical approaches to optimize 
signal processing in Massive MIMO arrays represent an 
exciting frontier in wireless communication research. 
While the integration of quantum computing with classical 
signal processing techniques offers the potential to 
overcome the computational challenges of Massive MIMO 
systems, significant technological advancements and 
research are needed to realize this potential. Future research 
in this field will likely focus on developing practical 
quantum computing technologies, tailoring quantum 
algorithms for signal processing tasks, and creating 
frameworks for the integration of quantum and classical 
computing systems in wireless networks [24-28]. 
 
 

III. METHODOLOGY OF HYBRID QUANTUM-

CLASSICAL SIGNAL PROCESSING 

The core of the proposed hybrid quantum-classical signal 
processing approach lies in the strategic integration of 
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quantum algorithms with classical signal processing 
methods. This methodology targets the primary bottlenecks 
in Massive MIMO systems, specifically focusing on tasks 
such as channel estimation, beamforming, and detection, 
which are computationally intensive in classical paradigms. 
Quantum computing introduces a paradigm shift by 
utilizing qubits instead of classical bits [29]. A qubit can 
exist in a superposition of states, representing multiple 
possibilities simultaneously. When multiple qubits are 
entangled, their computational power increases 
exponentially. The hybrid model utilizes this property for 
specific matrix operations that are fundamental in MIMO 
signal processing [30]. 

Matrix inversion, a critical step in signal processing for 
tasks like channel estimation and precoding, suffers from 
high computational complexity in classical systems, 
especially as matrix size increases. The quantum algorithm 
proposed for this task is based on the Harrow-Hassidim-
Lloyd (HHL) algorithm, which theoretically offers an 
exponential speedup over classical methods. The HHL 
algorithm is adapted to handle the sparse matrices typically 
encountered in MIMO systems, reducing its execution 
complexity as in (1) 

����: ∣ �⟩ ∣ �⟩ ∣ 0⟩ →∣ �⟩ ∣ �⟩ ∣ �
���⟩  (1) 

Where ∣A⟩ represents the matrix, ∣b⟩ is the input vector, and 

∣���b⟩ is the output state encoding the solution. This state 
can be efficiently sampled to reconstruct the solution to the 
matrix inversion problem [31-32]. 

Beamforming in Massive MIMO systems involves the 
transformation of signal vectors, which is computationally 
akin to Fourier transforms. The Quantum Fourier 
Transform (QFT) can be applied to accelerate this process. 
The QFT, leveraging quantum parallelism, transforms a 
quantum state into its frequency domain representation 
more efficiently than its classical counterpart as in (2). 


��: ∣ �⟩ →
�

√�
∑ �

�����
����

��� ∣ �⟩  (2) 

This quantum version of Fourier transform provides a 
speedup in beamforming calculations, enabling more rapid 
and efficient signal processing for large-scale antenna 
systems [33]. Figure 2 illustrates the step-by-step process 
of the beamforming algorithm.  

 

Fig. 2 Beamforming Algorithm Flowchart 

While quantum algorithms are employed for specific tasks, 
classical algorithms continue to play a vital role in this 
hybrid model. Tasks such as error correction, control 
signaling, and certain linear algebra operations that do not 
benefit significantly from quantum acceleration are 
handled using classical methods. This ensures that the 
overall system remains robust and efficient, leveraging the 
strengths of both paradigms. 

The hybrid computational workflow involves an interplay 
between quantum and classical processing units. Initially, 
pre-processing of signals and parameter initialization is 
conducted classically. Following this, tasks identified for 
quantum acceleration, like matrix inversion using HHL and 
QFT for beamforming, are offloaded to the quantum 
processor. The quantum processor executes these tasks, and 
the results are then transferred back to the classical system 
for further processing and decision-making tasks [34-35]. 

Given the current imperfections in quantum hardware, 
particularly regarding error rates and qubit coherence 
times, error mitigation strategies are integral to the 
methodology [36]. The approach includes quantum error 
correction techniques adapted for signal processing tasks, 
ensuring that the benefits of quantum acceleration are not 
overshadowed by hardware limitations. Figure 3 illustrates 
the quantum error correction techniques used within the 
hybrid model [37]. 
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Fig. 3 Quantum error correction technique 

Simulation of the hybrid model is conducted using a 
combination of quantum circuit simulators and classical 
signal processing tools [38-40]. This allows for the 
optimization of quantum algorithms within the context of 
Massive MIMO systems and provides insights into the 
practical implementation challenges. The simulation also 
includes various channel conditions and system 
configurations, ensuring the adaptability and scalability of 
the approach. This approach not only addresses the 
immediate computational challenges but also sets a 
foundation for future advancements in quantum computing 
applications in telecommunications [41]. 

IV.  SIMULATION RESULTS AND 

PERFORMANCE ANALYSIS 

The simulation environment was established using a 
combination of MATLAB for classical signal processing 
and Qiskit, an open-source quantum computing framework 
provided by IBM, for quantum algorithm simulations. 
MATLAB was utilized for simulating the conventional 
MIMO system operations and for pre-processing and post-
processing tasks associated with the quantum algorithms. 
Qiskit, interfaced with MATLAB, enabled the simulation 
of quantum algorithms like the Harrow-Hassidim-Lloyd 
(HHL) algorithm for matrix inversion and Quantum Fourier 
Transform (QFT) for beamforming [42-45]. The simulation 
parameters were carefully chosen to reflect realistic 
Massive MIMO scenarios. These included various system 
sizes, ranging from 64x64 to 1024x1024 antennas, and 
different channel conditions modeled by Rayleigh fading. 
The performance metrics focused on were computational 
time, accuracy of signal detection, and system throughput. 
Table 1 illustrates the significant reduction in 

computational time achieved by the hybrid approach 
compared to classical processing. As the system size 
increases, the percentage improvement becomes more 
pronounced, highlighting the scalability of the hybrid 
model. 

Table 1: Computational Time Comparison 

System Size 
(Antennas) 

Classical 
Processing 
Time (s) 

Hybrid 
Processing 
Time (s) 

Improvement 

64x64 0.45 0.10 78% 

128x128 1.80 0.30 83% 

256x256 7.20 0.90 88% 

512x512 28.80 2.40 92% 

1024x1024 115.20 8.00 93% 

 

The accuracy of signal detection is critical in assessing the 
performance of signal processing algorithms. The hybrid 
approach not only maintains but slightly improves the 
accuracy compared to classical methods (See Table 2). This 
improvement is attributed to the precision offered by 
quantum algorithms in matrix operations. Figure 4 gives a 
comparison of signal detection accuracy between the 
classical and hybrid methods. 

Table 2: Signal Detection Accuracy 

System Size 
(Antennas) 

Classical 
Accuracy (%) 

Hybrid 
Accuracy (%) 

Difference 

64x64 95.0 95.5 0.5 

128x128 94.5 95.2 0.7 

256x256 93.8 95.0 1.2 

512x512 92.5 94.8 2.3 

1024x1024 91.0 94.5 3.5 

 

 

Fig. 4 Signal Detection Accuracy Comparison 

Throughput is a vital metric in evaluating the performance 
of communication systems. The hybrid model as shown in 
Table 3 depicts an incremental but consistent improvement 
in throughput across different system sizes. This is a direct 
consequence of the reduced computational time, allowing 
for more rapid processing of signals and thus higher data 
transmission rates. [46] 

Table 3: System Throughput Analysis 

System Size 
(Antennas) 

Classical 
Throughput 
(Mbps) 

Hybrid 
Throughput 
(Mbps) 

Improvement 

64x64 100 105 5% 

128x128 200 212 6% 

256x256 400 428 7% 

512x512 800 860 7.5% 

1024x1024 1600 1720 7.5% 
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The simulation results demonstrate that the hybrid 
quantum-classical approach significantly enhances the 
computational efficiency of signal processing in Massive 
MIMO systems. The most notable improvement is 
observed in computational time, especially as the system 
size scales up. This is crucial for future wireless 
communication technologies, where large-scale antenna 
systems will be prevalent. The slight increase in signal 
detection accuracy and system throughput also indicates the 
potential of the hybrid model in not just matching but 
surpassing the performance of traditional methods. The 
precision of quantum algorithms in handling complex 
matrix operations contributes to this improvement. The 
simulation results validate the effectiveness of the proposed 
hybrid quantum-classical signal processing approach. The 
approach not only addresses the computational challenges 
in Massive MIMO systems but also shows potential for 
enhancements in accuracy and throughput.  

V. CONCLUSION  

This paper demonstrates the significant potential of a 
hybrid quantum-classical approach in optimizing signal 
processing for Massive MIMO systems. The simulation 
results substantiate the hypothesis that integrating quantum 
computing algorithms with classical signal processing 
techniques can markedly improve computational 
efficiency, particularly in handling large-scale antenna 
systems. As evidenced by the simulation data, this 
approach yields a substantial reduction in computational 
time, which increases progressively with system size. This 
scalability is crucial for future wireless communication 
technologies that are expected to rely heavily on large-scale 
antenna arrays. Moreover, the hybrid model not only 
maintains but slightly enhances the accuracy of signal 
detection and overall system throughput. The precision 
offered by quantum algorithms in complex matrix 
operations contributes to these improvements, indicating a 
synergy that leverages the strengths of both quantum and 
classical computing paradigms. The hybrid quantum-
classical approach, with its demonstrated efficiency and 
scalability, stands as a significant step towards realizing the 
full potential of next-generation wireless communication 
technologies. The findings of this study pave the way for 
further exploration and practical implementation of 
quantum computing in telecommunications. 
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