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ABSTRACT - Massive MIMO (Ma-MIMO) is a promising 

technology that increases the capacity of a specific radio link 

by increasing the number of antennas at the transmitter and 

receiver side. This ensures effective utilization of multipath 

propagation with an increase in spectral and power efficiency. 

The design and implementation of Ma-MIMO faces a lot of 

challenges in many aspects. This review paper focuses on the 

potential challenges in architecture, detection algorithms used 

and its performance analysis. 

KEYWORDS: Massive MIMO, Maximum Ratio Combining 

(MRC), SIC, MMSE, Zero Forcing (ZF), Pilot Contamination 
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1. INTRODUCTION 

MIMO (Multiple Input Multiple Output) enhances 

spectral efficiency by introducing multiple transmit and 

receive paths between the base station and user‟s end device. 

Expanding the number of antennas in this system helps in 

focusing on ever-smaller space to enhance improvement in 

throughput and energy efficiency. It also includes the 

advantages of using low-power modules, reduced latency and 

potency to intentional jamming. Massive MIMO is a 

forecasting cutting edge technology of wireless 

communications. Especially in crowded areas such as markets, 

where the data usage is more, then there comes the need of 

high network capacity. Ma-MIMO provides an efficient way 

of inheriting capacity into networks. Ma-MIMO brings 

improvement on five fronts: 1.Increased data rate 2.Enhanced 

reliability 3.Improved energy efficiency 4.Reduced 

interference 5.Excess degree of freedom. The transmitting 

base station should have enough channel knowledge during 

uplink and downlink which indirectly helps to form spatial 

multiplexing. Ma-MIMO reduces the complexity in RF chain 

and amplifiers linearity. The effect of amplifier nonlinearities 

in a transmitter can be reduced by having a low Peak-to-

Average Power Ratio (PAPR). Every uplink terminal in Ma-

MIMO is assigned with orthogonal pilot sequence. It is very 

easy to drain the pilot order in multi-cellular systems. The 

most promising candidate to avoid Pilot 

Contamination (PC) seems to be a blind technique that 

additively estimates the channel and the payload data. During 

uplink path, the receiver performance typically depends on the 

eminence of Channel State Information (CSI). 

2 .ARCHITECTURAL ASPECTS 

In order to improve the attainable system performance, the 

inter-user interference can be avoided, for which a (2D) 

precoding scheme can be used as input for 3D MIMO output 

[1]. This can be achieved using two schemes: 1. 3D MIMO 

structure named as Kronecker structure 2. Adopting the 

conventional TPC algorithm. Generally, it can be done using 

Kronecker structure as showed in figure 1.This structure 

precoding operation in the transmitter side is divided into 

azimuth precoding and elevation precoding. It has better task 

performance than the conventional schemes that relies on one 

dimensional precoding and suffers from inter-cell interference 

and lower complexity. The Kronecker structure is based on 

two dimensional TPC scheme. The steering vector of the 

elevation domain is approximated and it drives the Kronecker 

structure where it relies on eigen-beamforming through its 

eigenvector. In the second method, the 3D structure of MIMO 

channel is not taken into account. Instead, the method depends 

on 3D channel matrix of MIMO which is in the vector format. 

In both the methods the transmit diversity is carried out by 

weighing the information stream throughout the two domains 

namely elevation and azimuth domains. The beamforming 

scheme is based on elevation steering vector as mentioned by 

Ji et al. [2]. Two steps are performed in this scheme. In the 

initial step it performs eigen-beamforming in the elevation-

domain. In the succeeding step, it performs TPC in the 

azimuth-domain where the azimuth-domain steering vector is 

obtained from eigen-beamforming. The total cost of MIMO 

can be reduced and the power efficiency can be improved by 

implementing Hybrid analog/digital precoding on the 

downlink of the massive MIMO system which is of multiuser 

type, where it reduces the amount of the RF chains required. 

But the drawback is, when the number of RF chains is 

minimized to a greater extent, it is harder for the base station 

to obtain CSI at the same instant across all the antennas. 

Polarization helps Ma-MIMO to be designed in successive 

way with separate concentration for vertically and horizontally 

viewed users (figure 1). In order to overcome this, a hybrid 

technique [3] is developed that uses only long-term channel 

statistics to compute the analog precoding matrix. The hybrid 

precoding requires only fewer RF chains when compared to 

the earlier technique, to obtain and maintain effective higher 

spectral efficiency which is expressed in figure 2. Here an 

analog precoder is designed to increase the Signal-to-Leakage-

plus Noise Ratio (SLNR) and the designed analog precoder is 

combined with base band precoder. It is seen that the analog 

precoders are realized with phase shifters. The cell spectral 

efficiency is increased by using digitally precoded Ma-MIMO 

systems where it employs more number of the antennas and 

the processing of CSI is less complex. The spatial channel 

covariance is only considered for the analog precoder of the 

hybrid precoding technique which resembles to that of using 

full CSI at the transmitting end as in [4]-[6] where the main 

aspect is to increase the signal long-term average power in the 

analog part which is given by  

(1) 
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Figure 1: 3D Ma-MIMO architecture with               

beamforming [1] 

 
Figure 2: Comparison of hybrid precoding [3] 

  

This can be obtained by finding the Frequency Response 

Function (FRF) which will increase the SLNR and by finding 

the subspace that is spanned by orthonormal basis. An analog 

part doesn‟t exhibit orthogonality, which can be restored by 

applying a compensation matrix in the baseband part. This 

compensation matrix is given by the equation, 

(2) 

Generally, when communication systems that are 

wireless are considered, there is a need to know about the 

channel impulse response using channel estimation due to the 

distorted signals and the effect of attenuation by multipath 

components in the transmission side. The pilot subcarriers are 

used in the required position on the grid of frequency time, 

where only the approximation of the channel is made. The 

pilot subcarriers can be arranged in every OFDM symbol to 

ensure tracking accuracy because for fast varying channels 

more variation of the gain of channel is expected. For this 

purpose, a MIMO OFDM 5G system is used [8].This data is 

modulated using QPSK modulation. Then, we get the time 

domain signal by the use of Fast Fourier Transform (FFT) and 

then a pilot is added to the transmitted signal. A Cuckoo 

search algorithm along with ANN classifier can be utilized to 

optimize the performance of MIMO-OFDM 5G system, after 

which the parameters characterizing performance like BER, 

MSE concerned with SNR can be determined. The capacity of 

signals are combined using MIMO-OFDM [9].For 

optimization and classification the Cuckoo search and neural 

network can be used [7] where the Cuckoo search is based on 

fitness function and its genes are chosen using biological 

search algorithm. This can be obtained by following a 10 step 

process as mentioned by Kaur and Sodhi [7].The very first 

step is to design a simulation frame work for the proposed 

MIMO OFDM-5G system and then to  generate random data 

which is transformed to parallel data stream and then the data 

is transmitted using QPSK modulation. An inverse FFT is 

applied to the transmitted data where the additive white 

Gaussian noise channel is used for transmission. Here each 

subcarrier is used as a pilot. Finally reverse process is applied 

after transmission where the BER and MSE can be calculated 

concerning the SNR value. It is seen that BER value should be 

low and SNR value should be high. When considering the 

system performance and channel estimation for uplink of a 

single-cell MIMO system, the received signal is quantized in 

the imaginary and real part, for which each antenna in the 

receiver is considered to be paired with one bit analog-to-

digital converters. It is clear that MSE increases with respect 

to increase in SNR and after a certain threshold value it 

becomes constant. BER decreases with respect to increase in 

SNR. SNR and the bit error rate are inversely proportional to 

each other. One of the solutions to this problem is using low 

resolution (1-3 bits) ADCs [9]. For this, the channel can be 

predicted using the decomposition scheme known as the 

Bussgang decomposition where the nonlinear quantizer is 

reformulated in the form of linear function with identical first 

and second-order statistics for both frequency selective fading 

and flat fading as mentioned by Li et al. [8]. Here, closed-form 

expressions can be derived for a fading channel by assuming 

low value of SNR and for whole lot of users specifically for 

the MRC and ZF receivers where the channel estimation error 

is mainly because of quantization of one bit and noise. 

Additionally, it has the benefit of providing optimized system 

performance which can be achieved using one-bit ADCs that 

do not require automatic gain control and linear amplifiers 

which indeed allows RF chains to be implemented with very 

low cost and power consumption [10].  Increased capacity of 

signals that are transmitted in Single-Input Single-Output 

(SISO) for one-bit ADCs are discrete as mentioned by 

Mezghani and Nossek [11] which also shows that the capacity 

of MIMO is not harshly reduced by the quantization, which is 

coarse at minimum SNRs region. It is believed that the 

operation of MIMO system is considerably low at low SNR 

for improving energy efficiency and overcoming the distortion 

and this is specifically true when the system moves to higher 

(e.g., millimeter wave) frequencies. An optimum resource 

allocation scheme [7] can be utilized for an individual bit of  

Ma- MIMO system to increase the sum of spectral efficiency 

under a total power constraint. Using Bussgang-Based 

Channel Estimator is more advantageous as it finds a 

statistically equivalent (up to first and second moments) linear 

operator for any of the nonlinear function of a Gaussian signal. 

3. DETECTION ALGORITHM 

With greater exposure of RF 

technologies/measurements for large Ma-MIMO systems [12], 

it is important to focus on low-difficulty receiver algorithm for 

Ma-MIMO system to acquire high spectral efficiency. The 

considered system is multi cell system that supports multiple 

users. The channel estimation is done here by means of uplink 

training. The considered model of the channel is a finite 

physical channel model with an angular domain divided into 

finite directions. From the random matrix theory, the 

establishment that outsize antenna array at Base Stations (BS) 

can deliver effective orders of magnitude improvement in 

spectral efficiency and capacity. For pilot decontamination, 

certain variant conditions and mechanisms are to be followed 

and its TDD protocol is depicted in figure 3. 
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Figure 3: Multi user MIMO TDD protocol 

Consider a transmission model of a MIMO system 

with Nt transmitter antennas and Nr receiver antennas of 

complex channel model between transmitted and received 

signal and it is expressed as, 

Y=H x+n (3) 

Also consider an identically distributed (i.d) zero mean 

complex and circularly Gaussian random noise with non-zero 

variance. An attraction of Maximum-Ratio Combining (MRC) 

compared to Zero Forcing (ZF) is a computational simplicity 

and that it can be accomplished in a distributed fashion [13], 

independently at each antenna unit. The priority is given to 

MRC on Ma-MIMO because its channel response connected 

with diverse terminals tends to have orthogonality when the 

number of base station antennas is large. The MRC receiver 

(in uplink) and MRT precoding (in downlink) is collectively 

known to be Matched Filtering (MF). Instead of using worst 

case and chance- constrained approach, we can go up with 

Forward Error Correction (FEC) code diversity in receiver 

design. Especially, LDPC (Low-Density Parity Check) code is 

popular due to its ability to detach different pilot-prying users 

during signal recovery. The SINR calculated for m
th

 user is 

expressed as 

(4) 

In the work done by Yin et al.[14], the trade-off 

associated with linear data recognized in the large scale 

MIMO uplink is being analyzed with its approximation error 

instigated by the inversion method [13] which is proportional 

to the number of users squared and related inversely to the 

number of antennas. The crew of base station (BS) performing 

this linear data detection will compute soft-estimates in the 

way of  Log-Likelihood Ratios (LLRs) of  the coded bits given 

in relation to matrix of channel and the receiver vector y. In 

another view [15], a new concept of optimal data-detection 

method for Ma-MIMO system enrols a technique of 

Approximate Message Passing (AMP). This State-Evolution 

(SE) recursion of AMP succeeds to guide the effective noise 

variance of each AWGN channel at every algorithm repetition 

and results with precise optimal output in data detection and 

also in the retrieval of sparse signals. Tabu Search Algorithm 

(TSA) [12], which is a neighbourhood search algorithm, is 

found to achieve optimal performance in Ma-MIMO systems 

for 4QAM modulation but far from higher order QAM 

modulation results. The ML decision rule is given by, 

 (5) 

Through the acquaintance of the solution vector in a given 

reiteration, the algorithm attempts to circumvent cycling 

rotation by making the solution vectors of the previous 

repetitions as „tabu‟, which ensures efficient search of solution 

space. Number of these past repetitions is parameterized as the 

„tabu period,‟ which is progressively changed depending on 

the number of times the solution vectors are repeated and 

observed in the search path. The per-symbol complication of 

the tabu search is O(dtdr) and achieves maximum number of 

iteration till layered tactic accomplishes better performance in 

about the same intricacy as that of the TS without layering. 

In the research conducted by Alnajjar et al. [16], the 

current wireless architecture V-BLAST to detect the source 

signals iteratively and utilizes conventional detection 

techniques such as linear detectors at each iteration. Consider 

a scenario of incorporating ZF and MRC into a V-BLAST 

framework having similar performance and its SINR is 

compared with the initial case with no V-BLAST framework. 

As a counterpart, the summation of the interference needs to 

be small because MRC is corrupted by the cumulative 

interference while ZF removes it completely. Even with no V-

BLAST structure, the ZF complexity is O(NrNt
2
) in 

comparison with the low complicated MRC nature which is 

O(NrNt).The linear transformation of received vector with 

respect to ZF technique is given by, 

 (6) 

This SER equivalence is found on a system-wide basis 

because low SERs are dominated by low user link powers. In 

this state, it can be shown that the SNR/SINR of the ZF/MRC 

receivers can become very similar.   Mandloi and 

Bhatia [17] introduced an MMSE detection algorithm which is 

very absolute to multi user Ma-MIMO but involves matrix 

conversion with high complexity. Neumann series estimate 

algorithm [14] has been suggested to convert the matrix 

reversal into a series of matrix–vector multiplications. 

Subsequently, the filtering matrix W of  MMSE in large-scale 

Ma-MIMO systems is a well formed symmetric positive 

definite that helps us to get better performance than 

Richardson method [18] to efficiently solve in an inversion 

less way. The resultant MMSE between transmitted and 

received vector is expressed as, 

 (7) 

Richardson iteration could be rewritten as   

x(i+1)=D(i+1)=c; i =0,1,2, …. (8) 

Moreover, another proposal is introduced with an 

OIMF-SIC algorithm [19], where the log likelihood ratio 

dependant dynamic arranging is utilized for ordering the 

detection sequence. Sphere decoder and its variant are also 

known as MIMO detectors that attains performance close to 

that of ML, but are practically limited to the number of 

dimensions. Additionally, this SIC employs the work of 

symbol vector revelation in Ma-MIMO systems. In SIC, once 

a symbol is detected, its interference is eliminated from the 

received vector in order to upgrade the instantaneous Signal 

Interference Noise Ratio (SINR) for the remaining symbols. 

Nevertheless, SIC detector undergoes error propagation which 

is formed due to the wrong decisions in early layers of the 

algorithm [20]. Thus, the efficiency of SIC detector can be 

improved by employing an ordering scheme along with 

interference nullifying filtering such as ZF or MMSE. 

Ordering and interference nullifying in SIC turn down the 

error propagation up to a certain extent. However, there 

remains a momentous performance gap when compared to the 

ML detector. Most of the concepts that are illustrated above 

were dealing with reducing computational difficulty with 

effective detectors in the receiver during the operation of 

uplink. It is further been redefined as a simplified functional 

unit to identify the potential of Ma-MIMO candidate. 

Some more algorithms like Lattice Reduction (LR) 

have been correlated to the MIMO systems that aids the 

development of orthogonality of channel matrices, which is 

not precisely related to error observed in the system. The 

response of LR detector is somewhat inferior to MLD in 

performance and loses diversity due to its sensitivity to ill-
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conditioned channel matrices. Another concurrent proposal of 

Seysen‟s algorithm is to quantify the orthogonality exhibited 

on the basis of both primal and dual spaces. With some 

benefits [21], element based lattice algorithm (ELR) for large 

MIMO has been enriched to drop down the diagonal elements 

in noise covariance matrix. In the optimization step, this 

algorithm uses „Dual Shortest Longest Vector (D-SLV) 

reduction‟, thus improving PEP performance. This procedure 

is repetitive until the termination conditions are satisfied. 

Kawai et al. [22] proposed an adaptive pass over symbol 

replica, thereby reducing computational complexity of typical 

QRD-M detector by using cross over branches with high 

reliability. Decision Feedback Equalizer (DFE) is incorporated 

into QRD-M detector to easily identity the reliable nodes. 

Collectively, the QRD-M detector generates soft output which 

is necessary to attain high data rate and link reload promised 

by coded MIMO systems. Therefore, the scaling of detected 

signal values becomes simpler and quite fit to play the data 

transmission role. 

4 .PERFORMANCE ANALYSIS 

A MIMO system with an array consisting of huge 

collection of antennas was proposed by Erik et al. [23]. It was 

prevalent in the previous works that pilot contamination is a 

serious effect that affects the efficiency of the system. The 

model proposed in this system is also not free from pilot 

contamination.  If base station is considered to have uniform 

array then the performance of this system is found to be the 

same for finite channel model and uncorrelated channel 

model. Furthermore, a lower limit on the attainable rate in the 

uplink channel is calculated using a linear detector. This lower 

bound is then analyzed for both MRC and ZF receivers 

The conclusion with this analysis is that ZF receiver 

can provide higher sum rate with respect to MRC receiver 

when the PC effect is low. Moreover, ZF receiver was found 

to be more practically implementable compared to MRC when 

more antennas are added to the base transmitting station. ZF 

receivers are preferable for smaller number of propagation 

directions whereas, MRC receiver is preferable for large 

number of propagation directions. Due to radically changing 

qualitative behaviour, when changes are made in propagation 

parameters, intensive study in the domain of large scale 

propagation is very much needed in the author's point of view. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Lower limit on the uplink sum-rate vs number of BS 

antennas [24] 

Table 1: P=50, rc = 1600m, σs = 8dB and γ = 3.8 

 [26] 

 

Table 2: With P = 15, rc = 1000m and γ = 2.2 [26] 

 
Pilot contamination effect is a greater concern in all 

modern communications. The effect of time varying nature of 

channel due to mobility of users with respect to base station is 

considered in the research work done by Hien et al. [24]. The 

time varying nature of channel is modelled as Gauss-Markov 

block fading model that relates the available channel state with 

its previous states by assuming 2D isotropic scattering. If there 

are K users in the L
th

 cell, then L
th

 base station has to achieve 

CSI by means of uplink training. Based on the analysis, the 

fact that high SNR causes the sum spectral efficiency 

saturation is proved. Moreover, increasing the number of 

antennas can cancel out both intra cell interference and noise 

but inter-cell interference contributed by pilot contamination is 

still found to persist. Therefore pilot contamination is a serious 

concern in this work also. The delay in CSIT caused by time 

varying behaviour of channel due to the mobility of users is 

also an important area of research. Use of MMSE detector for 

performance analysis of uplink and a Regularized Zero-

Forcing (RZF) coder for the downlink is done. Signal 

interference plus noise ratio is used for modelling the 

influence of delayed CSIT. The capability of MMSE and RZF 

in mitigation of noise is evaluated by predicting the current 

CSIT using Wiener filter. The proposed SINRs are found to be 

more effective compared to MRC in delayed CSIT conditions. 

Also, the conducted analysis shows that massive MIMO is 

suitable even for time varying channel conditions. 

Since performance analysis is an essential part of 

designing Ma-MIMO system, the perfect CSI is required. 

Multiple single antennas are assumed to be transmitting 

simultaneously towards hundreds of antennas. The system is 

also assumed to be a multi user MIMO system. Main 

observation obtained from this research work is that the PDF 

(Probability Density Function) of the received SINR is 

estimated by log normal distribution for various receiver types 

and can be represented using log normal fading and Rayleigh 

fading. This work also focuses on the effect of shadowing on 

the performance of the system. The performance analysis is 

done using three types of receivers namely, MMSE, MRC and 

ZF. For MRC with a single user, analysis of SNR is done. 

Then PDF of this SNR is approximated. Then SINR for 

multiuser scenario in MRC, MMSE and ZF is estimated. 

Based on the performance analysis, it is clear that CCDF of all 

the three receivers can be effectively approximated using log 

normal distribution as shown in figure 5. Moreover, MMSE 

and ZF receivers have higher performance compared to MRC 

receiver under identical conditions because of the inability of 

the MRC receiver to compensate the effect of noise and 

interference. Another work that also addresses pilot 

contamination and its effect as a limiting factor in MIMO 

systems is introduced by Jun et al. [27]. The system taken into 

account is considered to have number of users higher than the 

pilot sequence length. The power provided to each user in this 

system is directly related to the target SINR. In this work, 

blind estimation technique is used to achieve unpolluted CSI 

since polluted CSI is a major cause for pilot contamination. 

International Journal of Pure and Applied Mathematics Special Issue

104



 
Figure 5: Outage probability for three receivers [25] 

But the drawback of this technique is that it requires 

substantial training period. The solution is proposed in such a 

way as to achieve maximum capacity which can also satisfy 

the user SINR requirements as in figure 6.  

 
Figure 6: Average received SINRs at UEs vs the number of 

base station antennas for the GWBE, WBE, and FOS schemes 

[25] 

It also resulted in the observation of an interesting 

phenomenon called antenna saturation in which the 

performance of physical channel with P angle of arrivals is 

same as the performance of the system in an i.d channel with P 

receive antennas. Mutual coupling reduction plays a vital role 

in reducing the interference and improving spectral efficiency 

[26]. 

5. CONCLUSION AND FUTURE SCOPE 

Based on this review, it is clear that extensive 

research is still required in this field and one major problem 

highlighted here is Pilot Contamination. Moreover, selection 

of a proper detection algorithm is also a big challenge, since it 

should have less complexity and at the same time it should 

ensure spectrum efficiency. Ma-MIMO plays a significant role 

in reducing the total cost and improving efficiency where 

availability of CSI influences architecture selection. Hence, it 

is clear that researches should be exponential, so that Ma-

MIMO can be successfully implemented in near future. 
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