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 Although the mean square error (MMSE) approach is recognized to be near 

optimal for uplinking large-scale multiple-input-multiple-output (MIMO) 

systems, there are certain difficulties in the procedure related to matrix 

inversion. The long recurrence enlarged conjugate gradient (LRE-CG) 

approach is proposed in this study as a way to iteratively realize the MMMS 

algorithm while avoiding the complications of matrix inversion. In addition, 

a diagonal-approximate starting solution to the LRE-CG approach was used 

to speed up the conversion rate and reduce the complications required. It has 

been discovered that the LRE-CG-based approach has the ability to 

significantly reduce computational complexity. By comparing simulation 

results, it is clear that this new methodology surpasses well-established ways 

like the Neumann series approximation-based method and the Gauss-Siedel 

iterative method. With a small number of iterations, the suggested approach 

achieves near-optimal performance of a standard MMSE algorithm. 
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1. INTRODUCTION  

Many communication systems, including the fourth generation (4G) cellular system, IEEE 802.11n 

wireless local area network system [1], [2], long-term evolution advanced (LTE-A) [1], [2], and many more, 

have demonstrated the benefits of using multiple inputs and multiple outputs (MIMO). In [3] has received 

widespread praise from communication specialists as a promising core technology that has the potential to be 

used to a variety of wireless communication systems in the near future. Large-scale MIMO differs from the 

more common small-scale MIMO technology. In LTE-A, regular MIMO is typically equipped with eight 

antennas; however, large scale MIMO is provided with a huge number of antennas, which might be as many 

as 128 or even more. This technology, according to a newly proposed method, would allow these antennas in 

the base station to simultaneously service many user equipment devices [4]. There are theoretical evidences 

that large-scale MIMO systems are capable of achieving high energy efficiency while still achieving orders 

of magnitude increases in spectrum [5]. 

In the course of evaluating the practical advantages of large scale MIMO, various difficulties have 

been observed. For example, increasing the performance of the practical signal detection algorithm in the 

uplink to accommodate multiuser interferences. Growth in the number of transmit antennas has been shown 

to cause a fast increase in the complexity of ideal maximum likelihood (ML) detectors [6]. As a result, it 

becomes impracticable for large-scale MIMO systems, and their relevance diminishes as a result of this. In 

order to achieve near-optimal performance while reducing the degree of complexities, nonlinear detection 

https://creativecommons.org/licenses/by-sa/4.0/


                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 12, No. 4, August 2022: 3911-3921 

3912 

algorithms, such as fixed-complexity sphere decoding [7] and tabu search [8] are proposed. However, this 

low degree of complexity continues to be a concern when the MIMO system is vast in size or when the 

modulation order is high [9] (for example, when there are 128 antennas at the base station and 64-quadrature 

amplitude modulation) (QAM). Every user equipment (UE) in the coverage area is serviced by every access 

point (AP) in the communication range in the traditional cell-free massive MIMO topology [10]–[12]. In 

research [13], a typology is proposed in respect of uplink receiver coordination across APs with CPU, 

ranging from entirely dispersed (level 2) to totally centralized (level 4) implementations, with the highest 

level of cooperation being the most cooperative. Although scalability issues for channel estimation, data 

decoding/precoding, and fronthaul signaling have been highlighted in recent work [14], [15], it is imperative 

that these issues be overcome in order to enable large-scale deployments of cell-free networks on a global 

scale. It has encouraged researchers to propose user-centric ways to selectively service a subset of APs in 

wide coverage areas, due to the fact that the majority of APs in a broad coverage area have insignificant 

channel gains to one or more specific UEs [16], [17]. 

In order to deal with the complexities while maintaining high performance, a low-complexity linear 

detection algorithm such as zero-forcing and minimum mean square error (MMSE) could potentially be used 

for up-linking the multiuser large-scale MIMO systems [18]. MMSE is a linear detection algorithm with 

near-optimal performance for up-linking the multiuser large-scale MIMO systems. This approach, on the 

other hand, employs a matrix inversion that is both difficult and unfavorable in nature. For translating matrix 

inversion into matrix-vector multiplication series [19], the Neumann series approximation approach was 

recently introduced. Although this algorithm has the potential to reduce complexity, the reduction is not very 

substantial. 

The complications caused by the linear detector with perfect inversion matrix increased in tandem 

with the increase in the number of users in large scale MIMO systems, making them prohibitively expensive. 

There have been a number of studies undertaken that have focused on the Neumann serious expansion (NSE) 

for approximation purposes in order to overcome the precise matrix inversion [20]–[27]. However, it has 

been shown that when the NSE number is greater than 2, the amount of complexity increases significantly 

once again. There have been other iterative linear algorithms suggested recently to achieve a better balance 

between performance and complexity, including the conjugate (CG) method [28]–[32] the Gauss-Seidel (GS) 

algorithm [33]–[35], and the successive over-relaxation (SOR) algorithm [36]–[38] among others. In order to 

get better MIMO detection with less complexity, these techniques are believed to be beneficial. Pyla et al.  

in [39], they propose to include the dynamic cooperative grouping methodology from the connectivity 

MIMO research [40], [41] into cell-free massive MIMO. There may be overlap between the AP groupings 

that service various UEs, and the groups are chosen based on the demands of the users. 

Jiang et al. [42] take the position that the dynamic cooperative grouping may be used with both 

centralized (level 4) and completely dispersed (level 2) uplink implementations in the same network. 

However, with DCC, the level 3 implementation (based on the taxonomy in [43]) has not been addressed 

because it is not required. When the CPU reaches level 3, it adds a second layer of decoding, known as 

largescale fading decoding (LSFD), in order to reduce interference. When compared to level 2 in the original 

cell-free massive MIMO [44], this distributed processing technique has been demonstrated to significantly 

enhance the SE. However, this method has not been investigated in user-centric networks. The best SE 

performance among the levels is achieved by using level 4, but this requires the computation of centralized 

receive combiners at the CPU, which has significantly higher dimensions when contrasted to level 3 and 

level 2 local beamforming and thus increases the complexity of the algorithm of the level. 

To further examine the problem associated with the previously mentioned issue, we suggest in this 

work that the matrix inversion-less signal detector technique with a low degree of complexity attached to it 

might be employed for a large scale MIMO system in an effort to investigate the problem. The suggested 

technique is based on the long recurrence expanded conjugate gradient (LRE-CG) method [45], which makes 

it suitable for large-scale MIMO systems due to its low computational complexity. Instead than focusing on 

identifying new research areas, we believe that establishing an orthonormal basis for Krylov subspace with a 

big dimension is far more important at this time. In addition to being utilized to update the solution, the full 

basis is also employed to prevent the occurrence of excessively intricate matrix inversions. The method's 

convergence rate is also projected to be increased to a more acceptable level as a result of this improvement. 

The convergence of the suggested signal detection method is also demonstrated in this work, hence ensuring 

its practicability and viability in the real world. This paper's approach, which has been validated with the help 

of stimulation results, has the ability to efficiently address the matrix inversion issue inside the iterative 

procedure up to the point where the required accuracy direction is attained. According to a survey of current 

literature and research effort relevant to this subject matter, this paper represents the first and only attempt to 

employ the LRE-CG approach for the process of signal detection in an uplink large scale MIMO system [46], 

[47] that has been made. 
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This paper has been divided into sections to help readers to have a comprehensive and clear grasp of 

the problem that has been recognized and the solution that has been suggested in the study. Section 2 of this 

document offers a brief overview of the system modeling methodology. It has been attempted in section 3 to 

define the suggested low complexity signal detection method, as well as the process of its convergence and a 

study of its complexity associated with it. Section 4 presents the findings of the bit error (BER) stimulation of 

the performance of our suggested systems' performance. Section 5 concludes with a synopsis of the complete 

piece of work. 

In this paper, there are lowercase and uppercase boldface letters have been used to dignify the vector 

and matrices respectively (∙)𝑇, (∙)𝐻, (∙)−1, and |∙| is used for denoting the transpose, conjugate transport, 

matrix inversion and absolute operators, respectively. On the other hand notations 𝑅𝑒{·} and 𝐼𝑚{·} are used 

to denote the real part and imaginary part of a complex number, respectively; and finally, 𝐼𝑁 is the 

representative of the 𝑁 × 𝑁 identity matrix. 

 

 

2. SYSTEM MODEL 

For the system model, first we will consider an uplink large scale MIMO system where N antennas 

are employed at the base system and K selected single antenna UE devices are simultaneously served for 

communicating. The N >> K assumption is made in this case, e.g., N=128 and K=16 [31]. In the parallel 

transmitted bit stream, K different users' signals are encoded separately at first. In order to map it to the 

constellation system, the channel encoder encode the data first. In order to conduct the mapping, values are 

extracted from the energy normalized modulation constellation Q. s in this model represents the K×1 

transmitted signal vector which includes the transmissions from all the K users and H ∈ CN × K is used to 

denote the flat Rayleigh fading channel matrix with zero mean and unit variance in which all the entries are 

considered to be independent as well as identically disturbed. The signal vector y in the N×1 receiver can be 

expressed as: 

 

𝑦 = 𝐻𝑠 + 𝑛 (1) 

 

In (1), 𝑛 is a N×1 additive white Gaussian noise vector whose entries follow 𝐶𝑁(0, 𝜎2). Multi-user signal 

detection work has been performed at the base station BS in order to get the estimated about the transmitted 

signal vector s from the noisy signals vector y received. It is important to note here that the channel matrix H 

is usually obtainable through time domain and frequency domain training pilots [42], [43]. Now, the 

estimated transmitted signal vector �̂� that is obtained by the MMSE linear detection method can be expressed 

as (2): 

 

�̂� = (𝐻𝐻𝐻 − 𝜎2𝐼𝐾)−1𝐻𝐻𝑦 = 𝑊−1𝑦𝑀𝐹  (2) 

 

Here the 𝑦𝑀𝐹 = 𝐻𝐻𝑦 is the matched-filter output of 𝑦, and the MMSE filtering matrix 𝑊 is denoted by (3): 

 

𝑊 = 𝐺 − 𝜎2𝐼𝐾 (3) 

 

where 𝐺 = 𝐻𝐻𝐻 represents of the Gram matrix. Using the estimated results for soft-input channel decoding, 

the log-likelihood ratios (LLRs) of the transmitted signal vector can be derived. The assumption at this point 

is that the equivalent channel matrix is 𝐸 = 𝑊−1𝐺 and 𝑈 = 𝑊−1𝐻𝐻(𝑊−1𝐻𝐻)𝐻 = 𝑊−1𝐺𝑊−1. Therefore, 

with (1) and (2) combined, the MMSE estimate �̂� is: 

 

�̂� = 𝐸𝑠 + 𝑊−1𝐻𝐻𝑛 (4) 

 

According to (5), we may predict that the sent symbol for the 𝑘-th user will be: 

 

𝑠�̂� = 𝜇𝑘𝑠𝑘 + 𝛿𝑘 (5) 

 

where 𝑠𝑘 denotes the symbol employed to represent the 𝑘-th element of the vector of the transmitting signal 𝑠. 

𝜇𝑘 = 𝐸𝑘𝑘 denotes the channel gain, and 𝛿𝑘
2 = ∑ |𝐸𝑚𝑘|2 + 𝑈𝑘𝑘𝜎2𝐾

𝑚≠𝑘  represents the noise plus interference 

(NPI) variance; 𝑈𝑘𝑘 denotes the one component of matrix 𝑈 in the 𝑘-th row and 𝑘-th column and 𝐸𝑚𝑘  denote 

the one component of matrix 𝐸 in the 𝑚-th row and 𝑘-th column. However, the LLR ℒ𝑘,𝑏 of the 𝑘-th user can be 

expressed [24]: 
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ℒ𝑘,𝑏 = ℏ𝑘 (min
𝜏∈𝑆𝑏

0
|

𝑠�̂�

𝜇𝑘
− 𝜏|

2

− min
�̅�∈𝑆𝑏

1
|

𝑠�̂�

𝜇𝑘
− 𝜏̅|

2

) (6) 

 

where ℏ𝑘 =
𝜇𝑘

2

𝛿𝑘
2⁄  denotes the signal to interference plus noise ratio for the 𝑘-th user, and 𝑆𝑏

0, 𝑆𝑏
1 represents 

the groups that consist of the signs of the constellation 𝑄. 

From the above, it is clearly demonstrated that the MMSE linear detection algorithm is almost 

optimal for the process of uplink the multiuser large scale MIMO systems. However, it has also been verified 

that it is not possible to avoid the sophisticated matrix inversion W−1 included in MMSE algorithm. To 

calculate the final LLRs for soft-input channel decoding, MMSE estimates, channel gain and noise plus 

interference (NPI) variance are essentially needed where they can be computed by using the matrix inversion. 

The complexity computing of matrix inversion is O(K3) which is considered high because K is typically very 

large in the uplink large scale MIMO system [21]. 

Here, it has been proposed to use a low complexity signal detection technique in which the iterative 

LRE-CG algorithm is been employed to estimate the MMSE without the need of matrix inversion. Adding a 

diagonal approximate initial solution [25] to the LRE-CG method, we have used it to enhance the 

convergence and reduce the degree of complexity. Alongside, we also propose for estimating the channel 

gain and NPI variance for LLR computation by employing an approximated method that is not required to 

compute the exact matrix inversion. To sum up, the overall analysis of the proposed LRE-GC algorithm has 

been presented to demonstrate that there are certain advantages of this algorithm over other typical and 

conventional sophisticated methods found in the literature. 

 

 

3. THE PROPOSED TECHNIQUE 

For an uplink large scale MIMO system, the channel matrix H is an asymptotically orthogonal 

column full rank matrix according to the suggested technique. It guarantees the Hermitian positive 

definiteness of the MMSE filtering matrix W. The LRE-CG technique [15] may be used to iteratively solve 

(2) in the absence of matrix inversion because of its particular characteristic. 𝑁-dimensional linear equation 

𝐴𝑥 = 𝑏 has been solved using the LRE-CG technique, while, 𝐴 represents the 𝑁-dimensional Hermitian 

positive definite matrix, 𝑥 denotes the 𝑁-dimensional solution vector and 𝑏 represents the 𝑁-dimensional 

measurement vector. With the LRE-CG approach, which differs from the usual method in that it does not use 

a computer at all to solve the equation of A−1b = 𝑥 repeatedly, the complexity of solving 𝐴𝑥 = 𝑏 is kept to 

an absolute minimum. 𝑊 is a Hermitian positive definite matrix, hence we may decompose it as a Hermitian 

positive definite matrix. 

 

𝑊 = 𝐷 + 𝐿 + 𝐿𝐻  (7) 

 

Matrix 𝑊's diagonal and lower triangulal halves are referred to as 𝐷 and 𝐿, respectively. LRE-CG technique 

is used to estimate the transmitted signal vector s once this step has been completed. Krylov projection 

technique of the LRE-CG is used to solve a linear system of equations [15]. Without the matrix inversion, the 

LRE-CG approach may be able to solve the issue of (3) by addressing the following optimization problem, 

 

�̂� = 𝑎𝑟𝑔 min
�̂�∈𝐶𝑈

‖𝐻𝐻𝑏 − 𝐴�̂�‖ (8) 

 

where 𝐴 = 𝐻𝐻𝐻 + 𝑁0𝐼𝑈 ∈ 𝐶𝑈×𝑈 denotes a positive definite matrix, which represents the regularized uplink 

Gram matrix. The method in [15] may be used to iteratively compute the solution, utilizing LRE-CG 

technique with minimal computational cost. As an alternative, LRE-CG may be used to determine the 

transmitted signal vector 𝑠 at the 𝑖-th iteration, 

 

�̂�𝑖 = �̂�𝑖−1 + 𝑃𝑖𝛼𝑖 (9) 

 

where 𝑃𝑖  represents the 𝑈 × 𝑡 matrix that consists of the 𝑡 sub-domain search-directions, and 𝛼𝑖 represnets 

the vector of size 𝑡. Our LRE-CG-based technique to soft output data identification is summarized in 

algorithm 1. Our LRE-CG approach is based on algorithm in [15]. Even with an infinite number of repeats, 

the suggested algorithm reduces the complexity of the MMSE technique from 𝑂(𝐾3) to 𝑂(𝐾2) in  

algorithm 1. 
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Algorithm 1. LRE-CG for soft-output MMSE detection Flops 
Input: 

𝐴, the 𝑛 × 𝑛 symmetric positive definite matrix 

𝑏, the 𝑛 × 1 observed vector 
𝑥0,the initial guess 

𝜖, the stopping tolerance. 

𝑡, Number of the Subdomains (search directions) 
𝐼𝑡𝑟𝑚𝑎𝑥, the maximum allowed iterations 

Output: 

𝑥𝑖𝑡𝑟, the approximate solution 

 

1. 𝑟 = 𝑏 − 𝐴𝑥0, 𝐼𝑡𝑟 = 1 2𝑛𝑛𝑧 − 1 

2. 𝑊 = 𝒯(𝑟0), 𝑄 = 𝑊 2𝑛𝑛𝑧 + 𝑛(𝑡 − 1) 

3. A-orthonormalize 𝑃1  

4. While (𝐼𝑡𝑟 < 𝐼𝑡𝑟𝑚𝑎𝑥) do  

5. 𝐺 = (𝑄𝑡𝐴𝑄) (2𝑛𝑛𝑧 − 𝑛)𝑡 + (2𝑛 − 1)𝑡2 

6. 𝛼 = 𝐺−1(𝑄𝑡𝑟) (2𝑛 − 1)𝑛 

7. 𝑥𝑖𝑡𝑟 = 𝑥𝑖𝑡𝑟−1 + 𝑄𝛼 2𝑛𝑡 

8. 𝑟 = 𝑟 − 𝐴𝑄 𝛼 2𝑛𝑡 

9. 𝑊 = 𝐴𝑊 (2𝑛𝑛𝑧 − 𝑛)𝑡 

10. A-orthonormalize 𝑊 using modified Gram Shmidt 𝑛𝑛𝑧𝑡2 + 𝑛𝑡2 

12. 𝑄 = 𝑄𝑊 (2𝑛𝑛𝑧 − 𝑛)𝑡 

13. 𝐼𝑡𝑟 = 𝐼𝑡𝑟 + 1 1 

14. End While  

 

3.1.  Computational complexity 

According to algorithm 1, the computational complexity is assessed as follows. The calculated 

number of multiplications for each step in the proposed approach are used to calculate the final result. At 

each iteration, the total number of multiplications is given by: 

 

Ο = 4𝑈𝑡2 + 8𝑈𝑡 + 2𝑈 
 

where 𝑡 denotes the number of search directions. Since the presented method aims to decrease the 

computational cost, 𝐼𝑡𝑟𝑚𝑎𝑥  should be made considerably less than 𝑈 so that the presented algorithm's 

computational complexity is less than 𝑂 (𝑈3). Also, we investigate computational complexity as it pertains 

to various approaches found in the literature for comparison in the next section. 

 

 

4. RESULTS AND DISCUSSION 

Monte-Carlo simulations have been carried out in a coded 20-MHz multiple-output orthogonal 

frequency-division multiplexing (MIMO-OFDM) uplink system with 2,048 subcarriers in order to evaluate 

the performance of the proposed technique in terms of error-rate performance. 1,200 of these are used for 

data transmission, such as in LTE advanced (LTE-A) [31] and other networks. The 64-QAM modulation 

scheme is used in conjunction with Gray mapping and a rate-3/4 turbo code. The channel matrices were also 

created in order to get the spatial and frequency correlation, for which we utilized the WINNER-Phase-2 

model [34] with 7.8 cm antenna spacing, similar to the models used in [11] and [22]. It has been decided to 

use a logarithmic maximum a posteriori (Log-MAP) turbo encoder for the purpose of decoding the channel. 

A bit error rate is also supplied, which is calculated by coding over one OFDM signal with 1,200 data 

subcarriers and calculating the bit error rate. In this regard, we concentrate on a number of massive MIMO 

detection systems. The experiments were conducted out due to MATLAB program on Intel Core i7 CPU 

with a 2.4-GHz processor and 4G MB RAM, as well as a MATLAB environment. 

Figure 1 shows a comparison of the bit error rate (BER) for the presented method in the study, as 

well as for other precise and approximate data-detection algorithms utilized for huge MU-MIMO systems 

with various antenna configurations, as shown in the paper. We have specifically acquired the BER findings 

for the Neumann series detection [7], the CG-based detection [10], and the Gauss-Seidel (GS)-based 

detection [13] techniques. In addition to this, we have supplied a reference equalization that is an exact linear 

MMSE equalizer as well. Three rounds of BER versus signal to noise ratio (SNR) of the described techniques 

are shown in Figure 1 with simulation results for each iteration. It is set up with the following parameters: 

N=128 antennas, U=8 users, and SNR values ranging from -10 to 20 decibels (decibels per kilometer). Figure 

1 illustrates that the suggested technique, which is based on the LRE-CG method, is capable of approaching 

the performance of the MMSE algorithm while consistently delivering the lowest BER when compared to 

other algorithms described in the literature. Also included is a comparison of the average CPU timings for the 

various techniques, which is presented in Table 1. As demonstrated in Table 1, the suggested approach is 

comparable to the other algorithms, and it even outperforms the other methods when it comes to BER. 
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Furthermore, it is undeniable that the CG technique and the Richardson method are less difficult algorithms 

than the other algorithms available. However, with the introduction of increasingly powerful computer 

systems, such as graphics processing units (GPUs), the accuracy of performance measurements has gained in 

importance. 

Figures 2 and 3 show the performance of the suggested algorithm, which is based on the LRE-CG 

technique and the other methods discussed above, when 𝑁 = 128 and 𝑈 = 16, respectively. As seen in 

Figures 2 and 3, the suggested method comes close to the performance of the MMSE algorithm while 

outperforming other algorithms that have been reported in the literature. Table 2 also includes a comparison 

of typical computation times, which illustrates the difference between the two approaches. As demonstrated 

in Table 2, the suggested technique is comparable to the other methods, and it even outperforms them in 

terms of BER performance. 

 

 

 
 

Figure 1. The BER compared the proposed estimated technique and alternative ways to calculate LLRs for 

𝑁 = 128 antennas with 8 users and different SNRs 

 

 

Table 1. Average computational times for each method (in sec) for U ×  N =  8 ×  32 case 
 MMSE CG SOR Neurmann Richardson GS LRE-CG 

𝑰𝒕𝒓𝒎𝒂𝒙 = 𝟑 1.03 e-04 8.15e-05 1.31 e-04 1.26 e-04 5.41e-05 1.31 e-04 5.53e-05 

 

 

After that, in Figure 4, we compare the BER performance of the proposed algorithm with the SOR 

technique, the GS-based approach, the standard algorithm based on Neumann, and other algorithms in the 

literature using a variety of situations. It has been found that the suggested method operates admirably with a 

variety of antenna and user configurations. It is also demonstrated that when the number of iterations of the 

MMSE algorithm increases, the BER performance of the method approaches that of all traditional techniques 

in terms of BER. However, when a comparable number of iterations is used, the suggested technique is found 

to be more superior when compared to the other approaches in terms of performance. As shown in Figure 4, 

we also offer simulation results that are based on a comparison between the number of antennas at the base 

stations and the BER performance of the proposed method when a certain number of users is taken into 

consideration. It can be observed that as the value of N grows, the performance of the MMSE technique 

improves in a corresponding fashion. The precise performance of the algorithm may be attained by the 

suggested technique, regardless of the number of antennas used, when the number of iterations is kept to a 

bare minimum, such as three iterations. On the contrary, the performance of the GS-based and Neumann-

based algorithms improves when the number of iterations is increased, while there is still a performance loss 

due to the lack of negligibility in the algorithms. According to the results of this comparison, the other 
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standard algorithms in the literature are less superior than the suggested method. The Neumann series 

approach also performs well in the scenario (N × U = 128 ×  8) which reinforces the impression in [12] that 

this method requires a high user to BS ratio (𝑝 = 𝑁/𝑈), which is supported by the results of this study. 

 

 

 
 

Figure 2. The evaluation of proposed approximation technique's BER to alternative approaches for 

calculating LLRs for a system with 128 antennas and 16 users, using 𝐼𝑡𝑟𝑚𝑎𝑥 = 3 
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Table 2. Average computational times for each method (in sec) for U ×  N =  16 × 128 case 
 MMSE CG SOR Neurmann Richardson GS LRE-CG 

𝐼𝑡𝑟𝑚𝑎𝑥 = 3 1.42e-04 9.32e-05 2.35e-04 3.25e-04 1.05e-04 2.27e-04 1.11e-04 

𝐼𝑡𝑟𝑚𝑎𝑥 = 4 1.44e-04 1.23e-04 2.84e-04 4.12e-04 1.27e-04 2.83e-04 1.26e-04 
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Figure 4. BER performance comparison in the massive MIMO uplink for (a) U×N=16×64 with 𝐼𝑡𝑟𝑚𝑎𝑥 = 3, 

(b) U×N=16×64 with 𝐼𝑡𝑟𝑚𝑎𝑥 = 5, (c) U×N=16×32 with 𝐼𝑡𝑟𝑚𝑎𝑥 = 3, (d) U×N=16×32 with 𝐼𝑡𝑟𝑚𝑎𝑥 = 4, (e) U 

×N=24 × 128 𝐼𝑡𝑟𝑚𝑎𝑥 = 4, and (f) U×N=8×64 𝐼𝑡𝑟𝑚𝑎𝑥 = 3 
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5. CONCLUSION 

As a conclusion, we state that the proposed detection using approximation LLR calculation has high 

resilience against changes in channel correlation and loading factor, which is summarized in this paper. In 

our numerical findings, it has been demonstrated that, for relatively high ratios between base station and user 

antennas, the proposed detection strategy rapidly corresponds to the performance of an accurate detection 

technique. So the proposed methodology is capable of producing performances that are comparable to those 

of an accurate inversion method while needing (in many cases) less computing complexity. Further to the 

point, the approximate Neumann series inversion and other schemes suggested in the literature are 

outperformed by the proposed scheme in terms of both efficiency and complication, and our system is less 

complicated. The proposed detector is efficient and can be used in a variety of antenna configurations in large 

MIMO systems with a variety of antenna types. 

 

 

REFERENCES 
[1] E. G. Larsson, O. Edfors, F. Tufvesson, and T. L. Marzetta, “Massive MIMO for next generation wireless systems,” IEEE 

Communications Magazine, vol. 52, no. 2, pp. 186–195, Feb. 2014, doi: 10.1109/MCOM.2014.6736761. 

[2] L. Lu, G. Y. Li, A. L. Swindlehurst, A. Ashikhmin, and R. Zhang, “An overview of massive MIMO: benefits and challenges,” 
IEEE Journal of Selected Topics in Signal Processing, vol. 8, no. 5, pp. 742–758, Oct. 2014, doi: 10.1109/JSTSP.2014.2317671. 

[3] J. G. Andrews et al., “What will 5G be?,” IEEE Journal on Selected Areas in Communications, vol. 32, no. 6, pp. 1065–1082, 

Jun. 2014, doi: 10.1109/JSAC.2014.2328098. 
[4] F. Rusek, D. Persson, Buon Kiong Lau, E. G. Larsson, T. L. Marzetta, and F. Tufvesson, “Scaling up MIMO: opportunities and 

challenges with very large arrays,” IEEE Signal Processing Magazine, vol. 30, no. 1, pp. 40–60, Jan. 2013, doi: 
10.1109/MSP.2011.2178495. 

[5] S. Lyu and C. Ling, “Hybrid vector perturbation precoding: the blessing of approximate message passing,” IEEE Transactions on 

Signal Processing, vol. 67, no. 1, pp. 178–193, Jan. 2019, doi: 10.1109/TSP.2018.2877205. 
[6] A. S. Alwakeel and A. H. Mehana, “Multi‐cell MMSE data detection for massive MIMO: new simplified bounds,” IET 

Communications, vol. 13, no. 15, pp. 2386–2394, Sep. 2019, doi: 10.1049/iet-com.2018.5029. 
[7] Z. Albataineh, “Iterative signal detection based on MSD-CG method for uplink massive MIMO systems,” in 2019 16th 

International Multi-Conference on Systems, Signals and Devices (SSD), Mar. 2019, pp. 539–544, doi: 

10.1109/SSD.2019.8893168. 
[8] Z. Albataineh, “Low-complexity near-optimal iterative signal detection based on MSD-CG method for uplink massive MIMO 

systems,” Wireless Personal Communications, vol. 116, no. 3, pp. 2549–2563, Feb. 2021, doi: 10.1007/s11277-020-07810-4. 
[9] J.-C. Chen, “Manifold optimization approach for data detection in massive multiuser MIMO systems,” IEEE Transactions on 

Vehicular Technology, vol. 67, no. 4, pp. 3652–3657, Apr. 2018, doi: 10.1109/TVT.2017.2779157. 

[10] S. M. Hanchate and S. Nema, “Energy efficient and low complexity signal detection with generalized spatial modulation for 
massive MIMO system,” in 2018 3rd International Conference for Convergence in Technology (I2CT), Apr. 2018, pp. 1–8, doi: 

10.1109/I2CT.2018.8529326. 
[11] B. Yin, M. Wu, J. R. Cavallaro, and C. Studer, “Conjugate gradient-based soft-output detection and precoding in massive MIMO 

systems,” in 2014 IEEE Global Communications Conference, Dec. 2014, pp. 3696–3701, doi: 10.1109/GLOCOM.2014.7037382. 

[12] X. Gao, L. Dai, Y. Hu, Z. Wang, and Z. Wang, “Matrix inversion-less signal detection using SOR method for uplink large-scale 
MIMO systems,” in 2014 IEEE Global Communications Conference, Dec. 2014, pp. 3291–3295, doi: 

10.1109/GLOCOM.2014.7037314. 
[13] B. Yin, M. Wu, C. Studer, J. R. Cavallaro, and C. Dick, “Implementation trade-offs for linear detection in large-scale MIMO 

systems,” in 2013 IEEE International Conference on Acoustics, Speech and Signal Processing, May 2013, pp. 2679–2683, doi: 

10.1109/ICASSP.2013.6638142. 
[14] X. Gao, L. Dai, Y. Ma, and Z. Wang, “Low‐complexity near‐optimal signal detection for uplink large‐scale MIMO systems,” 

Electronics Letters, vol. 50, no. 18, pp. 1326–1328, Aug. 2014, doi: 10.1049/el.2014.0713. 
[15] L. Dai, X. Gao, X. Su, S. Han, C.-L. I, and Z. Wang, “Low-complexity soft-output signal detection based on gauss–seidel method 

for uplink multiuser large-scale MIMO systems,” IEEE Transactions on Vehicular Technology, vol. 64, no. 10, pp. 4839–4845, 

Oct. 2015, doi: 10.1109/TVT.2014.2370106. 
[16] L. Grigori, S. Moufawad, and F. Nataf, “Enlarged krylov subspace conjugate gradient methods for reducing communication,” 

SIAM Journal on Matrix Analysis and Applications, vol. 37, no. 2, pp. 744–773, Jan. 2016, doi: 10.1137/140989492. 

[17] M. Wu, B. Yin, G. Wang, C. Dick, J. R. Cavallaro, and C. Studer, “Large-scale MIMO detection for 3GPP LTE: algorithms and 

FPGA implementations,” IEEE Journal of Selected Topics in Signal Processing, vol. 8, no. 5, pp. 916–929, Oct. 2014, doi: 

10.1109/JSTSP.2014.2313021. 
[18] S. Alabed, “Performance analysis of differential beamforming in decentralized networks,” International Journal of Electrical and 

Computer Engineering (IJECE), vol. 8, no. 3, pp. 1692–1700, Jun. 2018, doi: 10.11591/ijece.v8i3.pp1692-1700. 
[19] Y. Hu, Z. Wang, X. Gaol, and J. Ning, “Low-complexity signal detection using CG method for uplink large-scale MIMO 

systems,” in 2014 IEEE International Conference on Communication Systems, Nov. 2014, pp. 477–481, doi: 

10.1109/ICCS.2014.7024849. 
[20] A. Singal and D. Kedia, “Performance analysis of antenna selection techniques in MIMO-OFDM system with hardware 

impairments: energy efficiency perspective,” International Journal of Electrical and Computer Engineering (IJECE), vol. 8,  
no. 4, pp. 2272–2279, Aug. 2018, doi: 10.11591/ijece.v8i4.pp2272-2279. 

[21] T. Gu, X. Liu, Z. Mo, and X. Chi, “Multiple search direction conjugate gradient method I: methods and their propositions,” 

International Journal of Computer Mathematics, vol. 81, no. 9, pp. 1133–1143, Sep. 2004, doi: 10.1080/00207160410001712305. 
[22] S. H. Alnabelsi, H. A. Bany Salameh, and Z. M. Albataineh, “Dynamic resource allocation for opportunistic software-defined IoT 

networks: stochastic optimization framework,” International Journal of Electrical and Computer Engineering (IJECE), vol. 10, 
no. 4, pp. 3854–3861, Aug. 2020, doi: 10.11591/ijece.v10i4.pp3854-3861. 

[23] H. A. Leftah and H. N. Alminshid, “Channel capacity and performance evaluation of precoded MIMO-OFDM system with large-

size constellation,” International Journal of Electrical and Computer Engineering (IJECE), vol. 9, no. 6, pp. 5024–5030, Dec. 

2019, doi: 10.11591/ijece.v9i6.pp5024-5030. 



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 12, No. 4, August 2022: 3911-3921 

3920 

[24] Z. Albataineh, “Robust blind channel estimation algorithm for linear STBC systems using fourth order cumulant matrices,” 

Telecommunication Systems, vol. 68, no. 3, pp. 573–582, Jul. 2018, doi: 10.1007/s11235-017-0410-4. 
[25] Z. Albataineh and F. M. Salem, “Adaptive blind CDMA receivers based on ICA filtered structures,” Circuits, Systems, and Signal 

Processing, vol. 36, no. 8, pp. 3320–3348, Aug. 2017, doi: 10.1007/s00034-016-0459-4. 

[26] Z. Albataineh and F. Salem, “Robust blind multiuser detection algorithm using fourth-order cumulant matrices,” Circuits, 
Systems, and Signal Processing, vol. 34, no. 8, pp. 2577–2595, Aug. 2015, doi: 10.1007/s00034-014-9944-9. 

[27] T. Datta, N. Srinidhi, A. Chockalingam, and B. S. Rajan, “Random-restart reactive tabu search algorithm for detection in large-
MIMO systems,” IEEE Communications Letters, vol. 14, no. 12, pp. 1107–1109, Dec. 2010, doi: 

10.1109/LCOMM.2010.101210.101587. 

[28] L. Barbero and J. Thompson, “Fixing the complexity of the sphere decoder for MIMO detection,” IEEE Transactions on Wireless 
Communications, vol. 7, no. 6, pp. 2131–2142, Jun. 2008, doi: 10.1109/TWC.2008.060378. 

[29] H. Quoc Ngo, E. G. Larsson, and T. L. Marzetta, “Energy and spectral efficiency of very large multiuser MIMO systems,” IEEE 
Transactions on Communications, vol. 61, no. 4, pp. 1436–1449, Apr. 2013, doi: 10.1109/TCOMM.2013.020413.110848. 

[30] G. H. Golub and C. F. van Loan, Matrix computations, 4th ed. Johns Hopkins University Press, 2013. 

[31] R. Prasad, FDM for wireless communications systems. Artech House, 2004. 
[32] D. Gesbert, M. Shafi, Da-shan Shiu, P. J. Smith, and A. Naguib, “From theory to practice: an overview of MIMO space-time 

coded wireless systems,” IEEE Journal on Selected Areas in Communications, vol. 21, no. 3, pp. 281–302, Apr. 2003, doi: 
10.1109/JSAC.2003.809458. 

[33] A. Paulraj, R. Nabar, and D. Gore, Introduction to space-time wireless communications. Cambridge University Press, 2008. 

[34] D. Seethaler, G. Matz, and F. Hlawatsch, “An efficient MMSE-based demodulator for MIMO bit-interleaved coded modulation,” 
in IEEE Global Telecommunications Conference, 2004. GLOBECOM ’04, 2004, vol. 4, pp. 2455–2459, doi: 

10.1109/GLOCOM.2004.1378448. 
[35] J. Belschner, V. Rakocevic, and J. Habermann, “Complexity of coordinated beamforming and scheduling for OFDMA based 

heterogeneous networks,” Wireless Networks, vol. 25, no. 5, pp. 2233–2248, Jul. 2019, doi: 10.1007/s11276-017-1645-4. 

[36] L. Shao and Y. Zu, “Approaches of approximating matrix inversion for zero-forcing pre-coding in downlink massive MIMO 
systems,” Wireless Networks, vol. 24, no. 7, pp. 2699–2704, Oct. 2018, doi: 10.1007/s11276-017-1496-z. 

[37] M. H. Mazlan, E. Ali, A. Mohd Ramly, R. Nordin, M. Ismail, and A. Sali, “Pilot decontamination using coordinated wiener 
predictor in massive-MIMO system,” IEEE Access, vol. 6, pp. 73180–73190, 2018, doi: 10.1109/ACCESS.2018.2881743. 

[38] J.-C. Chen, “Computationally efficient data detection algorithm for massive MU-MIMO systems using PSK modulations,” IEEE 

Communications Letters, vol. 23, no. 6, pp. 983–986, Jun. 2019, doi: 10.1109/LCOMM.2019.2914684. 
[39] S. Pyla, K. Padma Raju, and N. B. Subrahmanyam, “Performance analysis of adaptive filter channel estimated MIMO OFDM 

communication system,” International Journal of Electrical and Computer Engineering (IJECE), vol. 8, no. 5, pp. 3829–3836, 
Oct. 2018, doi: 10.11591/ijece.v8i5.pp3829-3836. 

[40] Y. Kong, X. Ma, and J. Lu, “Orthogonality deficiency of massive MIMO channels: distribution and relationship with 

performance,” IEEE Signal Processing Letters, vol. 26, no. 11, pp. 1603–1607, Nov. 2019, doi: 10.1109/LSP.2019.2938656. 
[41] Y. Xiong, N. Wei, and Z. Zhang, “An LMMSE-based receiver for uplink massive MIMO systems with randomized IQ 

imbalance,” IEEE Communications Letters, vol. 22, no. 8, pp. 1624–1627, Aug. 2018, doi: 10.1109/LCOMM.2018.2836935. 

[42] F. Jiang, C. Li, Z. Gong, and R. Su, “Stair matrix and its applications to massive MIMO uplink data detection,” IEEE 

Transactions on Communications, vol. 66, no. 6, pp. 2437–2455, Jun. 2018, doi: 10.1109/TCOMM.2017.2789211. 

[43] Y. Lee, “Decision‐aided jacobi iteration for signal detection in massive MIMO systems,” Electronics Letters, vol. 53, no. 23,  
pp. 1552–1554, Nov. 2017, doi: 10.1049/el.2017.3329. 

[44] C. Zhang et al., “On the low-complexity, hardware-friendly tridiagonal matrix inversion for correlated massive MIMO systems,” 
IEEE Transactions on Vehicular Technology, vol. 68, no. 7, pp. 6272–6285, Jul. 2019, doi: 10.1109/TVT.2019.2915171. 

[45] W. Wang, N. Cheng, K. C. Teh, X. Lin, W. Zhuang, and X. Shen, “On countermeasures of pilot spoofing attack in massive 

MIMO systems: a double channel training based approach,” IEEE Transactions on Vehicular Technology, vol. 68, no. 7,  
pp. 6697–6708, Jul. 2019, doi: 10.1109/TVT.2019.2916209. 

[46] V. K. Minchula and G. S. Rao, “SVD-based IWFA for next generation wireless MIMO communication,” ICT Express, vol. 4,  

no. 3, pp. 171–174, Sep. 2018, doi: 10.1016/j.icte.2018.01.011. 
[47] A. Jawarneh and M. Kadoch, “Iterative signal detection based on LRE-CG method for uplink massive MIMO systems,” in 2021 

International Wireless Communications and Mobile Computing (IWCMC), Jun. 2021, pp. 1798–1801, doi: 
10.1109/IWCMC51323.2021.9498929. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Ahlam Jawarneh     was born in Irbid, Jordan in 1981. She received her B.Sc. degree 

in Electrical Engineering from Jordan University of Sc. and Tech. JUST, Irbid, Jordan in 2003. 

She received her M. Sc. degree in Electrical Engineering from Jordan University of Sc. and 

Tech. JUST, Irbid, Jordan in 2008. She is currently a Ph. D. candidate in Electrical and 

Computer Engineering at at Département de Génie Électrique, École de technologie supérieure 

Montreal, QC, Canada. Her research interests are in areas of information and communications 

technologies, digital signal processing, nonlinear estimation and prediction and wireless 

communication (5G). She can be contacted at email: Ahlam.jawarneh.1@ens.etsmtl.ca. 

  

mailto:Ahlam.jawarneh.1@ens.etsmtl.ca
https://orcid.org/0000-0001-9692-7721
https://scholar.google.com/citations?user=FA4o33cAAAAJ&hl=en
https://orcid.org/0000-0001-9692-7721
https://publons.com/researcher/1303114/ahlam-jawarneh /


Int J Elec & Comp Eng  ISSN: 2088-8708  

 

Data detection method for uplink massive MIMO systems based on the … (Ahlam Jawarneh) 

3921 

 

Zaid Albataineh     received the B.S. degree in electrical engineering from the 

Yarmouk University, Irbid, Jordan, in 2006, and received the M.S. degree in the 

communication and electronic engineering from the Jordan University of Science and 

Technology JUST, Irbid, Jordan, in 2009. He received the Ph.D. degree in electrical and 

computer engineering department, Michigan State University (MSU), USA, in 2014. His 

research interests include blind source separation, independent component analysis, 

nonnegative matrix factorization, wireless communication, DSP implementation, VLSI, analog 

integrated circuit and RF integrated circuit. He can be contacted at: zaid.bataineh@yu.edu.jo 

and https://faculty.yu.edu.jo/zaid.bataineh. 

  

 

Michel Kadoch     received B.Sc. degree in Electrical Engineering, Université 

Concordia, Canada and he received his M.Sc. and Ph.D. degrees in Electrical Engineering from 

Université de Carleton and Université Concordia, respectively. He is currently a Professor at 

Département de génie électrique, École de technologie supérieure Montreal, QC, Canada. His 

research interests are in areas of Information and Communications Technologies, IP telephony, 

Performance analysis of telecommunication networks, Simulation of telecommunication 

networks, Telecommunication protocols, Quality of service, Local networks, MPLS networks 

and VPN, Next generation networks, Multicast services, Wireless ad hoc networks, LTE, 4G 

and 5G Networks and Network management. He can be contacted at: michel.kadoch@etsmtl.ca 

and https://www.etsmtl.ca/en/research/professors/mkadoch/.  

 

 

 

 

mailto:zaid.bataineh@yu.edu.jo
https://faculty.yu.edu.jo/zaid.bataineh
mailto:michel.kadoch@etsmtl.ca
https://www.etsmtl.ca/en/research/professors/mkadoch/
https://orcid.org/0000-0001-9990-4189
https://scholar.google.com/citations?user=FA4o33cAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=55697858200
https://publons.com/researcher/1303114/zaid-albataineh/
https://orcid.org/0000-0002-7558-1589
https://scholar.google.com/citations?user=gxYqM9EAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=6602083273
https://publons.com/researcher/3101038/michel-kadoch/

