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Abstract—This paper reviews in detail the various types of multiple input multiple output (MIMO) detector algorithms. The current MIMO 

detectors are not suitable for massive MIMO (mMIMO) scenarios where there are a large number of antennas. Their performance degrades 

with the increase in number of antennas in the MIMO system. For combatting the issues, machine learning (ML) and deep learning (DL) based 

detection algorithms are being researched and developed. An extensive survey of these detectors is provided in this paper, alongwith their 

advantages and challenges. The issues discussed have to be resolved before using them for final deployment. 
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I.  INTRODUCTION  

The core problem of any type of communication is to 

accurately or nearly reproduce a message transmitted from one 

location to another [1]. In wireless communication networks, 

Multiple Input Multiple Output (MIMO) antenna technology 

has considerably improved data speeds, dependability, and 

overall performance. The advantages offered by MIMO 

systems, have revolutionized wireless communication and are 

now an essential part of any modern wireless network. Multiple 

data streams may be sent at once over the same frequency range 

thanks to MIMO. The capacity of wireless networks may be 

efficiently increased using MIMO systems, which employ 

multiple antennas at the transmitter and receiver. More users 

may be served within a given bandwidth owing to increased 

data rates and improved spectral efficiency made possible due 

to this [2].  

Multiple data streams may be sent at once over the same 

frequency range thanks to MIMO. The capacity of wireless 

networks may be efficiently increased using MIMO systems, 

which employ multiple antennas at the transmitter and receiver. 

More users may be served within a given bandwidth owing to 

increased data rates and improved spectral efficiency made 

possible due to this [3]. Wireless networks can have better 

coverage and a longer range thanks to MIMO technologies.  

MIMO may concentrate energy in certain directions by 

utilizing spatial multiplexing and beamforming methods, 

enabling messages to travel further distances and scale barriers 

more successfully. This is especially advantageous in urban and 

interior situations, where signal attenuation and obstruction are 

frequent problems. In busy wireless scenarios, MIMO can 

reduce interference. MIMO systems may recognize and divide 

signals from multiple sources, even when they share the same 

frequency ranges, by taking advantage of spatial dimension. 

This enhances the overall quality of service and allows for a 

more harmonious union of various wireless networks.  

Wi-Fi, LTE, and 5G are just a few of the wireless 

communication technologies that MIMO technology is 

compatible with [4]. It is a flexible and scalable approach for 

enhancing wireless networks since current equipment may be 

upgraded using firmware or software. MIMO is still a crucial 

component of higher-capacity and more dependable 

communication networks as wireless technologies develop. 

In MIMO wireless communication, despite the several 

added advantages, a big obstacle is the subpar performance of 

detection techniques resulting from the trade-off between 

computational complexity and error rate performance [5]. The 

computational complexity is extraordinarily high while 

performance is at its best, and vice versa. In this research paper, 

a survey of various advances in AI for effective MIMO 

detection is done. The organization of the rest of the paper is 

described as follows. In the next section, the applications of 

different types of artificial intelligence (AI) techniques in 
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wireless communication are discussed which is followed by 

discussion on the importance of implementation of a good 

MIMO detection system in the following section. Then in the 

next section, the usage of metaheuristics for MIMO detection is 

discussed. In the upcoming section, a survey on MIMO 

detection using AI techniques is discussed in detail which is 

followed by the concluding remarks. 

II. AI FOR WIRELESS COMMUNICATION  

For finding solutions to complex problems in wireless 

communications, AI techniques such as machine learning (ML) 

and deep learning (DL) are replacing the conventionally used 

metaheuristics and classical optimization approaches. Better 

accuracy, automatic feature extraction, scalability, ability to 

handle large amounts of data that is changing (evolving), need 

for lesser human intervention, improved decision making and 

fewer chances of falling into local optimum are few of the many 

advantages offered by DL and ML techniques.A novel type of 

artificial neural networks (ANNs) forms the foundation of deep 

learning (DL) which are known as Deep Neural Networks 

(DNNs) [6]. Reinforcement Learning (RL) is also emerging as 

a solution to solve many issues and challenges in existing 

MIMO systems [7-8]. These technologies have provided 

numerous solutions for various MIMO communication issues, 

including resource allocation, positioning, sensing, and 

localization, as well as signal detection, classification, and 

compression. AI-enabled MIMO communication is the best tool 

for giving wireless systems the adaptability, wisdom, and 

productivity required to manage the limited radio resource 

effectively and provide consumers with the highest level of 

service. Various supervised and unsupervised learning 

techniques are used for solving complex challenges in MIMO 

wireless communication systems. 

Federated learning (FL) is also being used for MIMO 

wireless communication system's performance enhancement 

[9]. By training AI models without allowing anyone else to see 

or access the data, federated learning offers a method for 

releasing data to power new AI applications. It is a distributed 

DL method. FL is applied to wireless communication for 

channel estimation, symbol detection, vehicular networks 

(V2X), network slicing, the internet of things, computational 

offloading at the edge, etc [10]. In [11], a new scheme for cell-

free massive MIMO (CFmMIMO) is proposed for networks to 

support any FL framework. 

In [12], FL's deployment is investigated in an energy-

harvesting mMIMO wireless system for serving different user 

equipment which is fueled by independent energy-harvesting 

sources. In [13], FL is used for the estimation of CSI for both 

simple and reflective intelligent surface (RIS) aided mMIMO 

systems. A lot of research work has been done for the 

improvement of the performance of MIMO systems in wireless 

communications using ML and  DL which is briefly described 

in Figure 1. 

 

Figure 1. Survey Roadmap of Applications of AI in Performance 

Enhancement of MIMO Wireless Communication Systems 

III. THE PROBLEM OF MIMO DETECTION  

A. Importance of an Efficient MIMO Detection 

Algorithm 

Multiple antennas are utilized at the transmitter and receiver in 

a MIMO system to establish numerous signal channels between 

the two components. As a result, the system performs the 

transmission and reception of numerous streams of data 

concurrently over the same frequency range. Channel 

estimation and signal detection are the two fundamental 

processes in the MIMO detection process, which are described 

as follows: 

(i.) Channel Estimation: Estimating the channel between the 

transmitter and receiver is the initial stage in MIMO detection. 

To do this, known pilot symbols are transmitted from each 

transmitting antenna which is measured by receiving antennas. 

These observations are used by the receiver to calculate the 

channel coefficients between each set of antennas. 

(ii.) Signal Detection: The receiver uses the received signals and 

the estimated channel coefficients to identify the broadcast 

symbols after the channel has been estimated. In MIMO 

systems, a number of signal detection methods are available, 

such as Maximum Likelihood (ML), Zero-Forcing (ZF), and 

Minimum Mean Square Error (MMSE). 
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Thus, MIMO detection is a challenging procedure that starts 

with calculating the transmitter-receiver’s channel before 

utilizing a variety of signal detection [46]. 

B. Optimal MIMO Receiver 

Data detection from noisy measurements of the sent signals 

is a challenge in the design of MIMO receivers for wireless 

communication systems. Every practical circumstance 

inevitably results in the receiver making sporadic mistakes 

because of the noise. Consequently, from both a theoretical and 

practical standpoint, it is appealing to build a receiver that has 

the quality that this likelihood of error is modest. For MIMO 

signal detection, Maximum Likelihood (ML) and Maximum A 

Posteriori Probability (MAP) Detectors are the ideal or optimal 

receivers. 

In ML detection, the receiver evaluates all potential symbol 

combinations in order to identify the most likely sent symbols. 

Though computationally expensive, this method offers the best 

error rate performance. The vector that minimizes the Euclidean 

distance between the received vector and all potential 

combinations of the sent symbol vectors is the one that ML 

detection produces, as given in equation 1. Here, y denotes the 

received symbol, x is the transmitted symbol, H is the channel 

matrix, and �̂� is the estimated symbol. 

�̂�  =  𝑎𝑟𝑔𝑚𝑖𝑛𝑥|| 𝑦 −  𝐻𝑥||
2
          (1) 

 In order to maximize the probability function as stated in 

equation 2, the ideal symbol vector for ML detection must be 

identified [47]. 

�̂�  =  𝑎𝑟𝑔𝑚𝑎𝑥𝑥∈𝑋𝑁𝑇  𝑓(𝑦|𝑥)          (2) 

 Here, f(y | x) denotes the likelihood function for x for the given 

received vector y and NT stands for the number of transmitting 

antennas. It is well known that the ML detection problem is NP-

hard. This indicates that no existing algorithms for solving the 

problem under consideration are polynomially complicated in 

the number of symbols jointly identified unless there is some 

additional underlying structure. For this reason, many 

suboptimal receivers that are computationally simpler have 

been considered in the literature. The MAP detector is an 

additional ideal detector that estimates the transmitted symbols 

using the prior knowledge of the transmitted symbol vector x 

and the received signal vector y [48]. The likelihood function 

and prior probability of the sent symbols are both taken into 

account by the MAP detector while estimating the transmitted 

symbols. In low SNR scenarios, this method outperforms the 

ML detector, but it is computationally complex. Due to their 

lower complexity and effective performance, suboptimal 

detection approaches like Minimum Mean Square Error 

(MMSE) and Zero-Forcing (ZF) detection are utilized in 

practice [49].  

C. Sub-optimal MIMO Receiver 

 Various other types of sub optimal MIMO detectors are also 

used which are discussed in this section. The first category is 

linear sub-optimal MIMO detectors such as ZF, MMSE, and 

matched filter (MF). The advantage of this type of MIMO 

detector is that these are computationally efficient for small-

scale MIMO systems and provide good performance. However, 

the disadvantage is that these involve a matrix inversion of O(N 

cube) complexity and thus offer limited performance for 

massive MIMO. 

In ZF detection, the channel effects are eliminated by 

multiplying the received signals by the inverse of the channel 

matrix. The transmitted symbols are then recovered by 

demodulating the resulting signal. This approach makes the 

assumption that the channel matrix is invertible and that the 

system is noise-free. In reality, the channel matrix might not be 

invertible and the system is almost always noisy. ZF detection 

experiences signal distortion and noise amplification despite 

how straightforward it is. To balance computational complexity 

and performance in MMSE detection, the receiver applies a 

weighted sum of the ZF and ML detection techniques. The 

second category is linear iterative sub optimal MIMO receivers 

include Gauss Seidal (GS), Conjugate Gradient (CG), 

Successive Over Relaxation (SOR), Jacobi, etc. The main 

advantage of these types of MIMO receivers is that there is no 

need for performing the computationally expensive task of 

matrix inversion and thus only a complexity of O(N square) 

makes them implementation-friendly. The disadvantage, 

however, is that their performance is bounded by minimum 

mean square error (MMSE).  

Interference cancellation (IC) is another category of non-

linear sub-optimal MIMO detectors . These are of two types i.e., 

successive interference cancellation (SIC) and parallel 

interference cancellation (PIC). The benefit of using these is 

that error correction coding is integrated into the multi-user 

detection (MUD) process. However, their disadvantage is that 

these add higher complexity to the system [50-51]. 

Tree search-based non-linear sub-optimal MIMO receivers 

are of two types i.e., depth-first based and breadth-first based. 

Their advantage is reduced complexity as compared to optimal 

ones, with near-optimal performance. Their disadvantage is that 

there is a possibility of exponential worst-case computational 

complexity and it is thus impractical for massive MIMO 

systems [52].  

The message parsing (MP) nonlinear sub-optimal MIMO 

receivers such as approximate MP (AMP), orthogonal AMP 
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(OAMP), belief propagation (BP), and expectation propagation 

(EP) perform better as compared to MMSE with acceptable 

complexity. The AMP detector is implementation friendly, 

simple, and cheap and is used for many practical scenarios. 

However, the disadvantage of using these is that they suffer 

from convergence problems due to loopy factor graphs. AMP, 

being an iterative method, may diverge in problematic settings. 

It works fine for known channel distributions but not for 

complex channel environments such as the Saleh-Valenzuela 

channel. Another category is the sub-optimal semi-definite 

relaxation (SDR) MIMO detector which is more robust thaan 

AMP and has polynomial complexity [53]. However, it is much 

slower than AMP in practice. Thus, to overcome the issues of 

conventionally used sub-optimal MIMO detection algorithms, 

metaheuristic techniques as well as AI techniques are used 

which are described in the next two sections. 

IV. MIMO DETECTION USING METAHEURISTICS 

For MIMO detection, metaheuristic algorithms have been 

investigated, especially in cases when there are few transmit and 

receive antennas. Through effective exploration of the solution 

space, metaheuristics may be applied to enhance the detection 

process. The performance of several detection methods, such as 

maximum likelihood (ML) detection or sphere decoding, can be 

enhanced by combining metaheuristics with them. 

Metaheuristics are flexible enough to adapt to various MIMO 

system configurations, such as varied numbers of antennas, 

modulation types, and channel parameters. Some of the MIMO 

detection algorithms by the usage of metaheuristics are 

described in Table I. 

TABLE I.  RECENT ADVANCES ON MIMO DETECTION ALGORITHMS USING 

METAHEURISTICS 

Sr. No. Year Authors Ideas 

1 2007 

A. A. Khan, 

M. Naeem and 

S. I. Shah [54] 

A Particle Swarm Optimization 

(PSO) based MIMO detection 

algorithm that provides almost near 

optimal BER performance and that 

too in lesser number of iterations is 

demonstrated. 

2 2010 

K. Khurshid, 

S. Irteza and 

A. A. Khan 

[55] 

An Ant Colony Optimization (ACO) 

based MIMO system receiver 

detection algorithm for symbol 

detection in MIMO system is 

proposed. 

3 2010 
J.-K. Lain and 

J. Y. Chen [56] 

A modified version ACO for MIMO 

detection is used which outperforms 

the older inefficient detection 

schemes such as the ML Detector as 

they need exhaustive search. 

     4 2014 

J. C. Marinello 

and T. Abrão 

[57] 

A combination of ACO with lattice 

reduction (LR) algorithm is done to 

obtain the LR-ACO based MIMO 

receiver which provides betterment 

in the performance and complexity 

tradeoff in MIMO systems’ 

Sr. No. Year Authors Ideas 

detection schemes at the receiver 

side. 

5 2017 
A. Datta and 

V. Bhatia [58] 

A robust detection algorithm called 

modified gravitational search 

algorithm (MGSA) is proposed for 

MIMO detection which exploits the 

concept of the gravitational search 

algorithm for MIMO detection. 

6 2019 
A. Datta and 

V. Bhatia [59] 

For large MIMO detection, a 

stochastic bio-inspired meta-

heuristic method is put forth in this 

research.  The bioluminescence of 

fireflies serves as the inspiration for 

the proposed method, which updates 

results in the search space using a 

probabilistic measure. 

7 2021 

B. Trotobas, 

Y. Akourim, 

A. Nafkha, et. 

al. [60] 

The benefits of adding exploration 

to the traditional tree-based MIMO 

detectors are accomplished by the 

usage of a new interpretation of the 

bio-inspired detector based on the 

firefly algorithm (FA). 

 

However, there are a few considerations. In comparison to 

certain machine learning techniques, metaheuristics may have a 

higher computational cost depending on the particular method 

utilized. For large-scale MIMO systems, this factor is very 

crucial.For metaheuristics to work at their best, parameters must 

frequently be manually adjusted. This tweaking procedure 

might take a while and calls for subject knowledge.  

V. MIMO DETECTION USING AI 

Deep learning techniques in particular have shown potential 

for MIMO detection problems. In MIMO systems, deep 

learning models like DNNs and convolutional neural networks 

(CNNs) can extract relevant features from the received signals 

and learn complicated mappings. They have the capacity to 

handle massive MIMO setups and achieve great detection 

accuracy. Deep learning models are well suited for MIMO 

detection as nonlinear mappings are frequently used in MIMO. 

Deep learning models can capture complex correlations 

between received signals and sent symbols. In MIMO channels, 

deep learning models can take use of the spatial and temporal 

correlations to enhance detection performance. The entire 

detection process may be made simpler by using end-to-end 

deep learning models that directly translate incoming signals to 

identified symbols [61]. Especially in massive MIMO systems, 

the conventionally used detectors don’t show good performance 

and hence quite a lot of learning-based detectors are being 

developed. However, despite the advantages, there are a few 

considerations as well. Large quantities of labelled training data 

are often needed for machine learning models, especially deep 

learning models. When employing machine learning for MIMO 

detection, the accessibility of labelled MIMO datasets may be a 
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factor. Deep learning model deployment and training can be 

computationally demanding, particularly for large-scale MIMO 

systems. It could be necessary to use effective training 

techniques and enough processing power.  

The offline training stage of a DNN detector incorporates 

the majority of its computational complexity. A DNN detector, 

on the other hand, provides data detection during runtime with 

substantially reduced computing complexity. To do this, the 

operation may be completed in batches, which offers 

polynomial time complexity for data detection based on 

straightforward matrix additions and multiplications. These 

operations are far more straightforward than the 

computationally intensive matrix inversions/pseudo-inversions 

or searching methods used in traditional linear or nonlinear 

detection systems. Another important contrast between the two 

is that batch operations used in DNN designs are more suited to 

hardware implementation than hand-engineered methods. Some 

of the MIMO detectors based on AI are discussed in this section. 

In [62], a model-driven DL network called as OAMPNet is 

proposed for MIMO detection. This network has good 

performance because it inherits the advantages of the Bayes-

optimal signal recovery algorithm and deep learning methods. 

The network can be trained quickly and easily because there 

aren't many parameters that need to be optimised. Additionally, 

the time-varying channel may be handled by this network. 

However, there are a few cons to its performance as 

well.Though it outperforms the traditional OMAP MIMO 

detection algorithm, its performance is very poor as compared 

to the ML detectors. It is also suitable only for simple settings 

such as unitarily-invariant channels and since it uses matrix 

inversion operations, it is quite computationally expensive. 

In [63], a twin-neural network based architecture is 

proposed for MIMO symbol detection and its performance is 

found to be quite close to that of the ML detector. A model-

driven DL-based MIMO detection is accomplished by DetNet 

(Detection Network) [64]. For neural network ML detection, it 

was made utilizing the Projected Gradient Descent Method (or 

PGDM). It outperforms the more widely used expectation 

propagation-based MIMO detectors and iterative MIMO detec-

tors like AMP, which are unable to operate at their best when 

faced with challenging circumstances and uncertain channel 

distribution. DetNet also beats MIMO detectors based on sphere 

decoding in terms of Symbol Error Rate (SER). Compared to 

Semi Definite Relaxation (SDR) MIMO detectors, it is more 

than 30 times faster and delivers higher accuracy. DetNet 

receives input in the form of signals that were received and 

accurate Channel Status Information (CSI). With a known 

channel distribution, it has shown to be reliable under 

challenging fixed channel conditions and varying channel 

cases. Due to DetNet's speed, real-time, near-optimal 

performance is feasible. It simply needs to train once in order to 

apply it to several models. Also, in the DetNet architecture, at 

each layer, there is an input of the weighted average of the 

outputs of all the previous layers, just like in ResNet. The 

limitations of DetNet are as follows. 

  Though it is better than LMMSE, it is more 

computationally expensive owing to its sophisticated structure. 

Training of DetNet is unstable for realistic channels. It is only 

suitable for simpler settings such as low-order modulation 

schemes, independent and identically distributed Gaussian 

channels etc, & doesn’t work for practical channel. In [65], a 

large scale MIMO detector is proposed which uses a DNN and 

a low-density parity-check (LDPC) code for working. In [66], a 

neural network based MIMO detection technique is developed 

and it is found out that DNN works better than convolutional 

neural networks (CNNs). Also, this MIMO detector is shown to 

provide better BER performance & robustness than ZF, MMSE 

and DetNet detectors even when the channel conditions are not 

perfectly known. In [67], a deep CNN based network is 

proposed for removing the effects of correlated noise 

environments in MIMO detectors. It can be used with any linear 

MIMO detector such as ZF, MMSE, etc. Similarly, in [68], a 

deep CNN network is proposed to be used along with an ML 

detector to suppress interference in vehicular MIMO networks. 

Further, in [69], an improved version of OAMPNet, termed as 

OAMPNet2 was developed. However, even though its 

performance was 5 dB better than OAMPNet, it was only able 

to work for unitarily-invariant channels and shows poor 

performance for realistic channels. It also had higher 

complexity than OAMP-Net. 

MMNet, which is a deep learning based massive MIMO 

detector, is ten times less computationally expensive and even 

then achieves the same error rate performance as OAMPNet 

[70]. Though it works for massive MIMO detection, its 

hardware implementation has yet to be studied and 

corresponding challenges have to be solved. It has the ability to 

work with any type of channel but since it requires online 

retraining, it is very computationally expensive. In [71], an extra 

neural network which taken in channel input and outputs 

weights of the detector, called hypernetwork is added to the 

neural network-based MIMO detector. The combination is 

called HyperMIMO and it achieves a performance close to that 

of MMNet trained for each channel realization, and outperforms 

OAMPNet. It is robust to user mobility up to a certain point, 

which is encouraging for practical use.  

In [72], a learning to learn iterative search algorithm (LISA) 

is proposed for the detection of signals in MIMO. It shows 

better performance than ZF, MMSE, MMNet, and DetNet 

MIMO detectors. A BiLSTM-DetNet (BD-Net) is developed in 

[73] that shows better performance than DetNet and is easier to 
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train comparatively. In [74], to overcome the limitations of the 

existing DL-based MIMO detectors, such as low convergence 

speed and low robustness to new scenarios, a new MIMO 

receiver that supports training in online mode is proposed. For 

this EPNet and TurboNet are developed along with an LSTM-

based online training method for meta-learning. In [75], a 

recurrent neural network (RNN) - reservoir computing (RC) 

MIMO-OFDM detector called RCNet is developed which 

performs online training. In [76], a recurrent equivariant MIMO 

detector (RE-MIMO) is developed which shows robustness 

towards misspecification of the channel and is extendable for 

any number of users. It shows better symbol error rate (SER) 

performance than OAMPNet, SDR, AMP, DetNet, etc. It has to 

be tested for more realistic channels before further deployment. 

In [77], a variational Bayesian inference based MIMO detector, 

termed VBINet is developed and it shows better performance 

than OAMPNet and MMNet as it has the ability to learn noise 

variance from the given data.  

In [78], the already existing EPNet is enhanced by utilizing 

a hypernetwork and developing the new HyperEPNet MIMO 

detector. In [79], SRN, a low complexity, deep unfolded sparse 

refinement network based on mMIMO uplink detection is 

shown to have good performance in terms of BER. In [80], a 

dynamic neural network (DyNN) is developed for the 

enhancement of the efficiency and lowering of the cost of 

computation in the wireless communication network. Also, two 

improved versions of DetNet are proposed, i.e., a confidence 

criterion-based dynamic improved DetNet (CD-IDetNet) and a 

policy network-based dynamic improved DetNet (PD-IDetNet). 

These have the advantage of reducing computational 

complexity and still achieving good accuracy. In [81], a model-

driven MIMO OFDM detector, known as conjugate gradient 

OAMPNet (CG-OAMPNet) is developed, which is an 

improved version of the OAMPNet in terms of complexity.   

In [82], for MIMO OFDM detection, a structure-based 

neural network, termed as RC-Sruct which uses reservoir 

computing(RC) is developed. When rank and link adaptation is 

used, its benefits over current techniques become more obvious. 

With regard to 5G/5G-Advanced and beyond, the newly 

announced RC-Struct provides insight into how to combine 

communication domain knowledge with learning-based receive 

processing. In [83], a real-time learning DL-based MIMO 

OFDM detector is constructed by using RNN and extreme 

machine learning (ELM). In [84], an improved version of 

ADMM-based DNN is developed to reduce the computational 

complexity which is termed a penalized ML problem via the 

sharing-alternating direction method of multipliers (PS-

ADMMNet). Though it performs better than DetNet, MMSE, 

and several ADMM-based detectors, it has more run time 

complexity. Further, a penalized sharing-ADMM detector with 

a hidden layer network (PS-ADMM-HNet) is also developed. 

Though it has less computational time complexity than PS-

ADMMNet, its performance falls behind it. In [85], a real-time 

ML-enhanced AMP massive MIMO detector, termed as 

LAMANet is developed which shows better performance than 

previous DL-based detectors such as OAMPNet, MMNet etc. A 

lot of research work has been and is being conducted for 

developing the best possible MIMO detector and AI plays an 

important role in it. Before deployment of these AI based 

MIMO detectors, the challenges discussed in this paper have to 

be addressed. Further, for other types of MIMO scenarios, such 

as cell-free mMIMO, distributed MIMO etc, work has to be 

done in future for development of efficient detection 

algorithms. 

VI. CONCLUSIONS  

A review of various types of methods and techniques for 

MIMO detection has been discussed in detail in this paper. The 

problem of MIMO detection has been discussed in detail which 

is followed by the need of development of a MIMO detector 

which is both computationally efficient and accurate. The role 

of AI in designing of MIMO detectors has been discussed along 

with some of the AI based detectors, their challenges and their 

advantages. It has been highlighted that for deployment of AI 

based MIMO detectors, a lot of improvement has to be done and 

the existing challenges have to be resolved. 
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Learning for Channel Coding: Learned Bit-Flipping 

Decoding,” 57th Annual Allerton Conference on 

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 11 Issue: 8s 

DOI: https://doi.org/10.17762/ijritcc.v11i8s.7220 

Article Received: 30 April 2023 Revised: 18 June 2023 Accepted: 29 June 2023 

___________________________________________________________________________________________________________________ 

 

    412 

IJRITCC | July 2023, Available @ http://www.ijritcc.org 

Communication, Control, and Computing, Monticello, IL, 

USA, pp. 922–929, 2019. 

[9] T .T. Vu, D. T. Ngo, N. H. Tran, et. al., “Cell-Free Massive 

MIMO for Wireless Federated Learning,” IEEE Transactions 

on Wireless Communications, vol. 19, no. 10, pp. 6377–

6392, 2020. 

[10] D. Shome, O. Waqar and W. U. Khan, “Federated Learning 

and Next Generation Wireless Communications: A survey on 

Bidirectional Relationship,” Transactions on Emerging 

Telecommunications Technologies, vol. 33, no. 7, pp. 1-18, 

2022. 

[11] T .T. Vu, D. T. Ngo, N. H. Tran, et. al., “Cell-Free Massive 

MIMO for Wireless Federated Learning,” IEEE Transactions 

on Wireless Communications, vol. 19, no. 10, pp. 6377–

6392, 2020. 

[12] R. Hamdi, M. Chen, A. B. Said, et. al., “Federated Learning 

Over Energy Harvesting Wireless Networks,” IEEE Internet 

of Things Journal, vol. 9, no. 1, pp. 92–103, 2021. 

[13] A. M. Elbir and S. Coleri, “Federated Learning for Channel 

Estimation in Conventional and RIS-Assisted Massive 

MIMO,” IEEE Transactions on Wireless Communications, 

vol. 21, no. 6, pp. 4255–4268, 2022. 

[14] G. Alnwaimi, S. Vahid, and K. Moessner, “Dynamic 

Heterogeneous Learning Games for Opportunistic Access in 

LTE-based Macro/Femtocell Deployments,” IEEE 

Transactions on Wireless Communications, vol. 14, no. 4, pp. 

2294–2308, 2014. 

[15] O. Onireti, A. Zoha, J. Moysen, A. Imran, L. Giupponi, M. 

A. Imran, and A. Abu-Dayya, “A Cell Outage Management 

Framework for Dense Heterogeneous Networks,” IEEE 

Transactions on Vehicular Technology, vol. 65, no. 4, pp. 

2097–2113, 2015. 

[16] S. Maghsudi and S. Stan ́czak, “Channel selection for 

network-assisted d2d communication via no-regret bandit 

learning with calibrated forecasting,” IEEE Transactions on 

Wireless Communications, vol. 14, no. 3, pp. 1309– 1322, 

2014. 

[17] H. Huang, J. Yang, H. Huang, Y. Song, and G. Gui, “Deep 

Learning for Super-Resolution Channel Estimation and DOA 

Estimation based Massive MIMO System,” IEEE 

Transactions on Vehicular Technology, vol. 67, no. 9, pp. 

8549–8560, 2018. 

[18] A. Aprem, C. R. Murthy, and N. B. Mehta, “Transmit Power 

Control Poli- cies for Energy Harvesting Sensors with 

Retransmissions,” IEEE Journal of Selected Topics in Signal 

Processing, vol. 7, no. 5, pp. 895–906, 2013. 

[19] B. K. Donohoo, C. Ohlsen, S. Pasricha, Y. Xiang, and C. 

Anderson, “Context-Aware Energy Enhancements for Smart 

Mobile Devices,” IEEE Transactions on Mobile Computing, 

vol. 13, no. 8, pp. 1720–1732, 2013. 

[20] R. Ayyalasomayajula, A. Arun, C. Wu, S. Sharma, A. R. 

Sethi, D. Vasisht, and D. Bharadia, “Deep Learning based 

Wireless Localization for Indoor Navigation,” in Proceedings 

of the 26th Annual International Conference on Mobile 

Computing and Networking, pp. 1–14, 2020. 

[21] X. Song, X. Fan, C. Xiang, Q. Ye, L. Liu, Z. Wang, X. He, 

N. Yang, and G. Fang, “A Novel Convolutional Neural 

Network based Indoor Localization Framework with WiFi 

Fingerprinting,” IEEE Access, vol. 7, pp. 110698– 110709, 

2019. 

[22] H. Mukhtar, Machine Learning Enabled-Localization in 5G 

and LTE Us- ing Image Classification and Deep Learning. 

PhD thesis, Universite d’Ottawa/University of Ottawa, 2021. 

[23] S. S. Moosavi and P. Fortier, “An Accurate, Robust and Low 

Dimensionality Deep Learning Localization Approach in 

DM-MIMO Systems Based on RSS,” 2021. 

[24] S. De Bast, A. P. Guevara, and S. Pollin, “CSI-based 

Positioning in Massive MIMO Systems using Convolutional 

Neural Networks,” in 2020 IEEE 91st Vehicular Technology 

Conference (VTC2020-Spring), pp. 1–5, IEEE, 2020. 

[25] C. Wu, X. Yi, W. Wang, L. You, Q. Huang, X. Gao, and Q. 

Liu, “Learning to Localize: A 3D CNN Approach to User 

Positioning in Massive MIMO- OFDM Systems,” IEEE 

Transactions on Wireless Communications, vol. 20, no. 7, pp. 

4556–4570, 2021. 

[26] C.-K. Wen, S. Jin, K.-K. Wong, J.-C. Chen, and P. Ting, 

“Channel Estima- tion for Massive MIMO using Gaussian-

Mixture Bayesian Learning,” IEEE Transactions on Wireless 

Communications, vol. 14, no. 3, pp. 1356–1368, 2014. 

[27] A. Assra, J. Yang, and B. Champagne, “An EM Approach for 

Cooperative Spectrum Sensing in Multiantenna CR 

Networks,” IEEE Transactions on Vehicular Technology, 

vol. 65, no. 3, pp. 1229–1243, 2015. 

[28] S. Ramjee, S. Ju, D. Yang, X. Liu, A. E. Gamal, and Y. C. 

Eldar, “Fast Deep Learning for Automatic Modulation 

Classification,” arXiv preprint arXiv:1901.05850, 2019. 

[29] T. J. O’Shea, J. Corgan, and T. C. Clancy, “Convolutional 

Radio Modulation Recognition Networks,” in Engineering 

Applications of Neural Networks: 17th International 

Conference, EANN 2016, Aberdeen, UK, Septem- ber 2-5, 

2016, Proceedings 17, pp. 213–226, Springer, 2016. 

[30] X. Liu, D. Yang, and A. El Gamal, “Deep Neural Network 

Architectures for Modulation Classification,” in 2017 51st 

Asilomar Conference on Signals, Systems, and Computers, 

pp. 915–919, IEEE, 2017. 

[31] T. J. O’Shea, T. Roy, and T. C. Clancy, “Over-the-Air Deep 

Learning based Radio Signal Classification,” IEEE Journal 

of Selected Topics in Signal Processing, vol. 12, no. 1, pp. 

168–179, 2018. 

[32] Z. Chen, D. Li, and Y. Xu, “Deep MIMO Detection Scheme 

for High-Speed Railways with Wireless Big Data,” in 2019 

IEEE 89th Vehicular Technology Conference (VTC2019-

Spring), pp. 1–5, IEEE, 2019. 

[33] H. Hua, X. Wang, and Y. Xu, “Signal Detection in Uplink 

Pilot-Assisted Multi-User MIMO Systems with Deep 

Learning,” in 2019 Computing, Communications and IoT 

Applications (ComComAp), pp. 369–373, IEEE, 2019. 

[34] M.-W. Un, M. Shao, W.-K. Ma, and P. Ching, “Deep MIMO 

Detection using ADMM Unfolding,” in 2019 IEEE Data 

Science Workshop (DSW), pp. 333–337, IEEE, 2019. 

[35] H. He, C.-K. Wen, S. Jin, and G. Y. Li, “A Model-Driven 

Deep Learning Network for MIMO Detection,” in 2018 IEEE 

Global Conference on Signal and Information Processing 

(GlobalSIP), (Anaheim, CA, USA), pp. 584–588, 2018. 

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 11 Issue: 8s 

DOI: https://doi.org/10.17762/ijritcc.v11i8s.7220 

Article Received: 30 April 2023 Revised: 18 June 2023 Accepted: 29 June 2023 

___________________________________________________________________________________________________________________ 

 

    413 

IJRITCC | July 2023, Available @ http://www.ijritcc.org 

[36] V.-S. Feng and S. Y. Chang, “Determination of Wireless 

Networks Parame- ters through Parallel Hierarchical Support 

Vector Machines,” IEEE Transactions on Parallel and 

Distributed Systems, vol. 23, no. 3, pp. 505–512, 2011. 

[37] W. Ma, C. Qi, Z. Zhang, and J. Cheng, “Sparse Channel 

Estimation and Hybrid Precoding using Deep Learning for 

Millimeter Wave Massive MIMO,” IEEE Transactions on 

Communications, vol. 68, no. 5, pp. 2838–2849, 2020. 

[38] Y. Jin, J. Zhang, S. Jin, and B. Ai, “Channel Estimation for 

Cell-Free mmWave Massive MIMO through Deep 

Learning,” IEEE Transactions on Vehicular Technology, vol. 

68, no. 10, pp. 10325–10329, 2019. 

[39] Y. Chen and C. Han, “Deep CNN-based Spherical-Wave 

Channel Estimation for Terahertz Ultra-Massive MIMO 

Systems,” in GLOBECOM 2020-2020 IEEE Global 

Communications Conference, pp. 1–6, IEEE, 2020. 

[40] J. Zhang, H. He, X. Yang, C.-K. Wen, S. Jin, and X. Ma, 

“Model-Driven Deep Learning based Turbo-MIMO 

Receiver,” in 2020 IEEE 21st International Workshop on 

Signal Processing Advances in Wireless Communications 

(SPAWC), pp. 1–5, IEEE, 2020. 

[41] X. Ma and Z. Gao, “Data-Driven Deep Learning to Design 

Pilot and Channel Estimator for Massive MIMO,” IEEE 

Transactions on Vehicular Technology, vol. 69, no. 5, pp. 

5677–5682, 2020. 

[42] X. Wang, H. Hua, and Y. Xu, “Pilot-Assisted Channel 

Estimation and Signal Detection in Uplink Multi-User 

MIMO Systems with Deep Learning,” IEEE Access, vol. 8, 

pp. 44936–44946, 2020. 

[43] T. J. O’Shea, T. Erpek, and T. C. Clancy, “Deep Learning 

Based MIMO Communications,” arXiv preprint [online]: 

https://arxiv.org/abs/1707.07980, 2017. 

[44] H. Nguyen, G. Zheng, R. Zheng, et. al., “Binary Inference for 

Primary User Separation in Cognitive Radio Networks,” 

IEEE Transactions on Wireless Communications, vol. 12, no. 

4, pp. 1532–1542, 2013. 

[45] M. Xia, Y. Owada, M. Inoue, and H. Harai, “Optical and 

Wireless Hybrid Access Networks: Design and 

Optimization,” Journal of Optical Communications and 

Networking, vol. 4, no. 10, pp. 749–759, 2012. 

[46] G. Tsoulos (ed.), “MIMO System Technology for Wireless 

Communications”. Boca Raton, FL, USA: CRC Press, 2018. 

[47] Dominik Seethaler, Harold Artés, and Franz Hlawatsch, 

Detection Techniques for MIMO Spatial Multiplexing 

Systems, Elektrotechnik und Informationstechnik (e&i), vol. 

122, no. 3, March 2005, pp. 91–96 

[48] Shaoshi Yang and Lajos Hanzo, Fifty years of MIMO 

detection: The road to large-scale MIMOs, IEEE 

Communication Surveys & Tutorials, Vol. 17, No. 4, Fourth 

Quarter 2015. 

[49] A. Chockalingam and B. Sundar Rajan, Large MIMO 

Systems By Cambridge University Press, 2014 Information 

on this title: www.cambridge.org/9781107026650 

[50] Thomas Hesketh, Peng Li, Rodrigo C. de Lamare and 

Stephen Wales, Multi-Feedback Successive Interference 

Cancellation with Dynamic Lug-Likelihood-Ratio Based 

Reliability Ordering, The Tenth International Symposium on 

Wireless Communication Systems VDE VERLAG GMBH- 

Berlin 2013. 

[51] J. Ravindrababu, E. V. Krishna Rao and Y. Raja Rao, 

Interference cancellation in multi stage multi-user detection 

in DS-CDMA System using Hybrid technique, WSEAS 

Transactions on Communications, Issue 9, Volume 12, 

September 2013. 

[52]  Yugang Jia, Christophe Andrieu, Robert J. Piechocki, and 

Magnus Sandell, 'Depth-First and Breadth-First Search 

Based Multilevel SGA Algorithms for Near Optimal Symbol 

Detection in MIMO Systems'. Ieee Transactions On Wireless 

Communications, Vol. 7, No. 3, March 2008. 

[53] C. Jeon, R. Ghods, A. Maleki, and C. Studer, “Optimality of 

large MIMO detection via approximate message passing,” in 

2015 IEEE International Symposium on Information Theory 

(ISIT), June 2015, pp. 1227–1231. 

[54] A. A. Khan, M. Naeem and S. I. Shah, “A Particle Swarm 

Algorithm for Symbols Detection in Wideband Spatial 

Multiplexing Systems,” Proceedings of the 9th Annual 

Conference on Genetic and Evolutionary Computation, 

(London, England), pp. 63–69, 2007. 

[55] K. Khurshid, S. Irteza and A. A. Khan, “Application of Ant 

Colony Optimization based Algorithm in MIMO Detection,” 

IEEE Congress on Evolutionary Computation, pp. 1–7, 2010. 

[56] Jenn-Kaie Lain and Jyun-Yu Chen, “Near-MLD MIMO 

Detection based on a Modified Ant Colony Optimization,” 

IEEE Communications Letters, vol. 14, no. 8, pp. 722–724, 

2010. 

[57] J. C. Marinello and T. Abrão, “Lattice Reduction Aided 

Detector for MIMO Communication via Ant Colony 

Optimisation,” Wireless Personal Communications, vol. 77, 

pp. 63–85, 2014. 

[58] A. Datta and V. Bhatia, "A robust MIMO detection algorithm 

using gravitationally co-ordinated swarm," 2017 Conference 

on Information and Communication Technology (CICT), 

Gwalior, India, 2017, pp. 1-6, doi: 

10.1109/INFOCOMTECH.2017.8340612. 

[59] A. Datta and V. Bhatia, “A near maximum likelihood 

performance modified firefly algorithm for large MIMO 

detection,” Swarm and evolutionary computation, vol. 44, pp. 

828-839, 2019. 

[60] B. Trotobas, Y. Akourim, A. Nafkha and Y. Louёt, "Adding 

Exploration to Tree-Based MIMO Detectors Using Insights 

from Bio-Inspired Firefly Algorithm," 2021 IEEE 93rd 

Vehicular Technology Conference (VTC2021-Spring), 

Helsinki, Finland, 2021, pp. 1-5, doi: 10.1109/VTC2021-

Spring51267.2021.9448855. 

[61] L. V. Nguyen, N. T. Nguyen, N. H. Tran, M. Juntti, A. L. 

Swindlehurst and D. H. N. Nguyen, "Leveraging Deep 

Neural Networks for Massive MIMO Data Detection," in 

IEEE Wireless Communications, vol. 30, no. 1, pp. 174-180, 

February 2023, doi: 10.1109/MWC.013.2100652. 

[62] Hengtao He, Chao-Kai Wen, Shi Jin, et. al., "A Model-

Driven Deep Learning Network for MIMO Detection," 2018 

IEEE Global Conference on Signal and Information 

Processing (GlobalSIP), Anaheim, CA, USA, 2018, pp. 584-

588. 

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 11 Issue: 8s 

DOI: https://doi.org/10.17762/ijritcc.v11i8s.7220 

Article Received: 30 April 2023 Revised: 18 June 2023 Accepted: 29 June 2023 

___________________________________________________________________________________________________________________ 

 

    414 

IJRITCC | July 2023, Available @ http://www.ijritcc.org 

[63] V. Corlay, J. J. Boutros, P. Ciblat and L. Brunel, "Multilevel 

MIMO Detection with Deep Learning," 2018 52nd Asilomar 

Conference on Signals, Systems, and Computers, Pacific 

Grove, CA, USA, 2018, pp. 1805-1809. 

[64] N. Samuel, T. Diskin and A. Wiesel, "Learning to Detect," in 

IEEE Transactions on Signal Processing, vol. 67, no. 10, pp. 

2554-2564, 15 May15, 2019 

[65] V. Q. Pham, H. N. Dang, T. V. Nguyen and H. T. Nguyen, 

"Performance of Deep Learning LDPC Coded 

Communications in Large Scale MIMO Channels," 2019 6th 

NAFOSTED Conference on Information and Computer 

Science, Hanoi, Vietnam, 2019. 

[66] Q. Chen, S. Zhang, S. Xu and S. Cao, "Efficient MIMO 

Detection with Imperfect Channel Knowledge - A Deep 

Learning Approach," 2019 IEEE Wireless Communications 

and Networking Conference (WCNC), Marrakesh, Morocco, 

2019, pp. 1-6. 

[67] K. He, Z. Wang, W. Huang, D. Deng, J. Xia and L. Fan, 

"Generic Deep Learning-Based Linear Detectors for MIMO 

Systems Over Correlated Noise Environments," in IEEE 

Access, vol. 8, pp. 29922-29929, 2020. 

[68] J. Xia, K. He, W. Xu, S. Zhang, L. Fan and G. K. 

Karagiannidis, "A MIMO Detector With Deep Learning in 

the Presence of Correlated Interference," in IEEE 

Transactions on Vehicular Technology, vol. 69, no. 4, pp. 

4492-4497, April 2020. 

[69] H. He, C.-K. Wen, S. Jin, and G. Y. Li, "Model-driven deep 

learning for MIMO detection," IEEE Transactions on Signal 

Processing, vol. 68, pp. 1702–1715, Feb. 2020.  

[70] M. Khani, M. Alizadeh, J. Hoydis and P. Fleming, "Adaptive 

Neural Signal Detection for Massive MIMO," in IEEE 

Transactions on Wireless Communications, vol. 19, no. 8, pp. 

5635-5648. 

[71] M. Goutay, F. Ait Aoudia and J. Hoydis, "Deep 

HyperNetwork-Based MIMO Detection," 2020 IEEE 21st 

International Workshop on Signal Processing Advances in 

Wireless Communications (SPAWC), Atlanta, GA, USA, 

2020, pp. 1-5. 

[72] J. Sun, Y. Zhang, J. Xue and Z. Xu, "Learning to Search for 

MIMO Detection," in IEEE Transactions on Wireless 

Communications, vol. 19, no. 11, pp. 7571-7584, Nov. 2020. 

[73] J. Yang and H. Li, "Deep Learning Based Detection and 

Channel Tracking for MIMO Systems," 2020 5th 

International Conference on Computer and Communication 

Systems (ICCCS), Shanghai, China, 2020, pp. 635-639. 

[74] J. Zhang, Y. He, Y. -W. Li, C. -K. Wen and S. Jin, "Meta 

Learning-Based MIMO Detectors: Design, Simulation, and 

Experimental Test," in IEEE Transactions on Wireless 

Communications, vol. 20, no. 2, pp. 1122-1137, Feb. 2021. 

[75] Z. Zhou, L. Liu, S. Jere, J. Zhang and Y. Yi, "RCNet: 

Incorporating Structural Information Into Deep RNN for 

Online MIMO-OFDM Symbol Detection With Limited 

Training," in IEEE Transactions on Wireless 

Communications, vol. 20, no. 6, pp. 3524-3537, June 2021. 

[76] K. Pratik, B. D. Rao and M. Welling, "RE-MIMO: Recurrent 

and Permutation Equivariant Neural MIMO Detection," in 

IEEE Transactions on Signal Processing, vol. 69, pp. 459-

473, 2021. 

[77] Q. Wan, J. Fang, Y. Huang, H. Duan and H. Li, "A 

Variational Bayesian Inference-Inspired Unrolled Deep 

Network for MIMO Detection," in IEEE Transactions on 

Signal Processing, vol. 70, pp. 423-437, 2022. 

[78] Brian Moore, Peter Thomas, Giovanni Rossi, Anna 

Kowalska, Manuel López. Machine Learning for Customer 

Segmentation and Decision Making in Marketing. Kuwait 

Journal of Machine Learning, 2(4). Retrieved from 

http://kuwaitjournals.com/index.php/kjml/article/view/218 

[79] Jing Zhang, Chao-Kai Wen and Shi Jin, "Adaptive MIMO 

Detector Based on Hypernetwork: Design, Simulation, and 

Experimental Test," in IEEE Journal on Selected Areas in 

Communications, vol. 40, no. 1, pp. 65-81, Jan. 2022 

[80] A. Datta, A. Nema and V. Bhatia, "Deep Unfolded Sparse 

Refinement Network Based Detection in Uplink Massive 

MIMO," in IEEE Transactions on Vehicular Technology, 

vol. 71, no. 6, pp. 6825-6830, June 2022 

[81] Y. Yang, F. Gao, M. Wang, J. Xue and Z. Xu, "Dynamic 

Neural Network for MIMO Detection," in IEEE Journal on 

Selected Areas in Communications, vol. 40, no. 8, pp. 2254-

2266, Aug. 2022. 

[82] X. Zhou, J. Zhang, C. -W. Syu, C. -K. Wen, J. Zhang and S. 

Jin, "Model-Driven Deep Learning-Based MIMO-OFDM 

Detector: Design, Simulation, and Experimental Results," in 

IEEE Transactions on Communications, vol. 70, no. 8, pp. 

5193-5207, Aug. 2022. 

[83] J. Xu, Z. Zhou, L. Li, L. Zheng and L. Liu, "RC-Struct: A 

Structure-Based Neural Network Approach for MIMO-

OFDM Detection," in IEEE Transactions on Wireless 

Communications, vol. 21, no. 9, pp. 7181-7193, Sept. 2022. 

[84] L. Li, L. Liu, Z. Zhou and Y. Yi, "Reservoir Computing 

Meets Extreme Learning Machine in Real-Time MIMO-

OFDM Receive Processing," in IEEE Transactions on 

Communications, vol. 70, no. 5, pp. 3126-3140, May 2022. 

[85] I. N.Tiba, Q. Zhang, “Improving ADMM-based massive 

MIMO detectors via deep learning,” Digital Signal 

Processing, 2023. 

[86] S. Brennsteiner, T. Arslan, J. S. Thompson and A. 

McCormick, "LAMANet: A Real-Time, Machine Learning-

Enhanced Approximate Message Passing Detector for 

Massive MIMO," in IEEE Transactions on Very Large Scale 

Integration (VLSI) Systems, vol. 31, no. 3, pp. 382-395, 

March 2023.

 

http://www.ijritcc.org/
https://ieeexplore.ieee.org/document/8646357/
https://ieeexplore.ieee.org/document/8646357/

