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Abstract

Wireless communication technologies have been studied and explored in response to the
global shortage of bandwidth in the field of wireless access. Next-generation networks will be
enabled by massive MIMO. Using relatively simple processing, it provides high spectral and
energy efficiency by combining antennas at the receiver and transmitter. This paper discusses
enabling technologies, benefits, and opportunities associated with massive MIMO, and all the
fundamental challenges. Global enterprises, research institutions, and universities have
focused on researching the 5G mobile communication network. Massive MIMO technologies
will utilize simpler and linear algorithms for beam forming and decoding. As part of future
5G, massive MIMO technology will be used to increase the efficiency of spectrum utilization
and channel capacity. The paper then summarizes the technologies that are used in massive
MIMO system, including channel estimation, pre-coding, and signal detection.
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1. INTRODUCTION

Increasing mobile usage and the size of related industries can be traced to rapid
developments in mobile communication technology. Due to this, wireless communication
systems have to handle higher transmission rates and greater capacities as well as make better
use of bandwidth resources [1]. The system must improve its spectrum utilization due to the
shortage of spectrum resources. It is possible to meet users' performance demands with
traditional MIMO technology using limited spectrum resources. A traditional MIMO system,
however, has fewer antennas, resulting in a lower performance level. Massive MIMO is a key
technology that will be utilized in future 5G networks for its ability to satisfy the
requirements of future wireless business models, maximize spectrum efficiency and enhance
system capacity, and enhance link and data transmission reliability [2].

A popular technique for telecommunications in the modern age is massive MIMO,
which is applied in long-term evolution (LTE) and wireless local area networks (WLAN). 5G
communication relies heavily on this technology [41]. In order to meet the needs of 5G and
beyond, massive MIMO is the most enthralling wireless access technology. MIMO
technology is being extended with massive MIMO, an innovative method of enhancing
spectral efficiency and throughput by using hundreds and sometimes thousands of antennas.
The technology involves combining antennas, radios, and spectrum in order to create a
system that provides higher speeds and capacities for the upcoming 5G [3],[4] . In order for
wireless standards to be standardized, massive MIMO is essential due to its capacity
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increases throughput and spectral efficiency [5],[6]. Massive MIMO with multiple antennas
achieves considerable array gains [7]. Security purposes make use of massive MIMO to
identify the legitimate user with a beam guide that is as accurate as possible. This
significantly reduces the probability of unauthorized access to information (such as Eve).
Comparing massive MIMO to traditional MIMO, there are several significant challenges: (1)
it is hard to determine the CSI process; (2) antenna distances are too short to exclude channel
modeling from evaluation. The current state of massive MIMO attacks uses both active and
passive eavesdropping techniques [8]. With MIMO technology, wireless communication
range and speeds are greatly enhanced, and additional bandwidth and power isn't necessary.
5G's complex system relies heavily on the massive MIMO scheme. High spectral efficiency
can be achieved by transmitting different signals simultaneously over multiple transmit
antennas and receiving them at multiple receive antennas simultaneously. MIMO systems
need to be highly effective in terms of spectral efficiency [40].
The 5G networks will not be able to provide a completely automated, everything-as-a-
service, and genuinely immersive service [42]. Despite the fact that the 5G communication
system will have numerous advantages over present systems, it will not be able to meet the
needs of future intelligent and automated concepts in ten years [42]. In comparison to 4G
communications, the 5G network will deliver additional capabilities and higher service
quality [42]. Additional frequency bands, new spectrum management strategies, and the
combination of licensed and unlicensed channels are all new features of 5G technology [42].
The spectral efficiency of massive MIMO is over 10 times higher than that of point-
to-point MIMO in realistic propagation environments with simpler signal processing
algorithms [9]-[12]. This paper will summarize Massive MIMO's progress, along with the
interesting opportunities and challenges it faces, as one of the key technologies in 5G
wireless communication. The American multinational tech giant Cisco has predicted that by
2025 more people will own smart phones than electricity. Also, 75% of mobile data traffic
will be video data which can consume a great deal of bandwidth. Customers will expect
wireless services to be of wire line quality, and more reliable connections and higher bit rates
will be expected. Massive MIMO systems, which provide tens of gigabits of data per second
without consuming much additional spectrum, have the potential to deliver these bit rates in
real-time wireless multimedia services [13].

2. MASSIVE MIMO TECHNOLOGY

A Bell Labs scientist called Marzetta proposed the concept of massive MIMO in 2010
[14]. A limited number of antennas per cell has therefore been found to have some distinct
features. An impressive number of antennas is a characteristic of the massive MIMO
technology [15]. This represents an order of magnitude higher number of antennas than the
number in the existing system. Generally, mobile terminals use single antenna
communication to serve multiple users at once using the same time-frequency resource.

With its flexibility and ability to enable new games and structures, massive MIMO
has potential for 5G. As devices become more advanced, the center level as well as higher
level plans should reflect this. 5G structures for D2D and telecommunications are proposed
[39]. The availability of M2M (machine-to-machine) communication services should also be
an important aspect of 5G.

As with massive MIMO, large scale MIMO is a promising way to boost spectral
efficiency. A large number of antennas will be added to the base station. A large-scale
statistical effect is invoked using this technology. The transmission is mostly free of fading,
interference, and noise, and transmitted energy is focused only on the intended target. The
research community has been paying much attention to massive MIMO, and many are
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examining its potential. The basic premise has been made more practical in many ways. On
the problem of the estimation of CSI characteristics of the many channels, progress has been
made. An examination of energy efficiency aspects is being conducted in addition to the
problem of computing cost for precoding schemes [16].

Uplink Transmission: Users communicate with the base station via the uplink channel,
which sends data and pilot signals. Consider a base station equipped with M antennas and
communicating with the N users using single antennas at the same time. A base station
receives the following signal during uplink if the user or pilot signals are Xx.

y - H X+ r]uplink

nuplink = nuplink-interl‘erence + nnoise
Where y is the user terminal receives a signal, H is the channel vector between the base
station and the user terminal; and nypiinkiS used for interference produced by several
transmissions and receiver noise, describes the additional interference. Interference added
based on individual signals x can be independent of channel H.

Downlink Transmission: Data is transmitted or estimated between a user and a base station
via the downlink channel. The base station estimates the channel through training pilots. The
UE transmits data to the base station downlink. A massive MIMO system with a downlink;
base station is having M antennas and user having N antennas. Multiple users simultaneously
receive independent information from the base station. The received signal is

Yo = hk X F Nyownlink
ndownlink = ndownlink-interference + nnoise
@ b @ L85
Np-antennas Nr-antennas Ua
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Figure 1. Massive MIMO downlink and uplink
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3. OPPORTUNITIES AND BENEFITS OF MASSIVE MIMO

3.1. Opportunities of Massive MIMO

Increase in system capacity, spectral efficiency and energy efficiency: Wireless MIMO
systems use many antennas with numbers orders of magnitude larger than those used by
cellular base stations [11]. Both uplink and downlink communications can be improved with
it by increasing spectral and energy efficiency [12]. Massively multi-user MIMO-based
systems greatly increase the system capacity by utilizing highly multiplexed spatial signals.
The linear beamforming and precoding capabilities of the BSs were demonstrated using a
large array of antennas [9], [11], [12]. Many simulation studies have focused on the spectral
efficiency of large antenna arrays. Two different precoding schemes, eigen beamforming
(BF) and zero forcing (ZF) were used to simulate a uniform linear array (ULA) at 2.6GHz,
serving 10 user terminals. The ZF and BF were able to achieve spectra of 58 b/s/Hz and 48
b/s/Hz, respectively. In comparison with a single antenna, the multi-antenna BS offers a
greater spectral capacity. As the number of customers simultaneously served by BS antennas
increases, the spectral capacity doubles almost linearly. ZF precoding generally performs
better than MRC or BF precoding with many antennas.

Cost effective and energy efficient (low power consumption) components: Using power
efficient and cost-effective components, a massive MIMO system can be built [12]. MIMO
systems with very high throughput are typically composed of antenna arrays consisting of
individual antenna elements with infrequent power use, typically in the milli watt range.
Reducing transmit power is necessary to improve the quality of service (QoS) of the system
due to the increased energy consumption of cell towers [17]. MIMO system is quite complex
at one end and consumes a lot of energy at the other end; however, massive MIMO reduces
the complexity of both ends.

3.2 Benefits of Massive MIMO

Spectral Efficiency: By focusing narrow beams of light toward a user, massive MIMO
provides higher spectral efficiency.

Energy Efficiency: Massive MIMO systems reduce energy consumption by focusing antenna
array onto a small section, thus requiring less energy radiated.

High Data Rate: Massive MIMO provides greater gain and multiplexing capacity to wireless
systems, resulting in higher data rates and greater capacity.

User Tracking: Massive MIMO makes tracking users more reliable and accurate by using
narrow signal beams.

Low Power Consumption: In massive MIMO, linear amplifiers are used to reduce the need
for bulky electronic equipment. Therefore, there is
a considerable reduction in power consumption.

Less Fading: Massive MIMO is robust against fading due to a large number of antenna at the
receiver [18].

Low Latency: The latency on the air interface is reduced by massive MIMO [19].

Reliability: When MIMO uses multiple antennas simultaneously, it provides more diversity
gain, increasing the reliability [20].

Enhanced Security: Physical security is enhanced by massive MIMO's orthogonal channels
and narrow beams [21].

Low Complex Linear Processing: The simple signal detectors and precoders are more
efficient when there is more number of antennas on the base station.
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4. CHALLENGES IN MASSIVE MIMO

There are still many challenges and issues that need to be resolved in order to make massive
MIMO a reality.

Pilot Contamination: The user pilots of neighboring cells may not be orthogonal in a multi-
cell massive MIMO system. It is estimated that there are fewer orthogonal pilots than users.
Pilot contamination occurs as a result of non-orthogonal pilots. Directed inter-cellular
interference is caused by pilot contamination which, unlike other sources of interference,
increases with the number of BS antennas and deteriorates the performance of the system.
This problem has been resolved through the use of various estimation, precoding, and
participation methods. However, it is worth studying more intensively methods that are more
efficient, have low complexity, and limit or completely eliminate BS cooperation [22].

<N
BS with M BS with M
antennas & | antennas

Figure 2. Massive MIMO pilot contamination

Channel Estimation: Channel State Information (CSI) is used in massive MIMO for signal
detection and decoding. As the effect of fading, scattering, and other factors on the
communication link is summed together, CSI is the information of the state of the
communication link. A massive MIMO system will perform better if its CSI is perfect, and
with a few more transmitting antennas or fewer receiving antennas, whichever is lower [23].
It is important to estimate CSI both during downlinks and uplinks of a frequency division
duplexed system (FDD). With the help of orthogonal pilot signals transmitted by the user
terminal, the base station decides what the channel to use during uplink. A pilot signal is sent
by the base station to the user, during the downlink, and the user acknowledges the estimated
channel information for the transmission. The downlink channel estimation strategy in FDD
is very complex for massive MIMO systems with many antennas and cannot be applied in
practice. MIMO systems were originally intended to use TDD operation, but research is
underway to use FDD operations as well [24].
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Figure 3. Typical pilot transmission and CSI feedback mechanism in FDD and
TDD mode.

Base Station

%,

Base Station

B

UE

Figure 4. FDD & TDD : Massive works best in TDD mode.

Precoding : Multi-antenna systems utilize precoding in order to support multi-stream
transmission. As precoding mitigates path loss and interference in massive MIMO systems,
and maximizes throughput, it has an important role to play. Based on the uplink pilot signals
or feedback from the terminal, the base station estimates the CSI in MIMO systems. A few
environmental factors affect the wireless channel management at the base station, which
affects the received CSI at the base station [25]. The downlink performance of a base station
is greatly influenced by the estimated CSI, even when the CSI is not perfect. It has been
extensively studied how linear and non-linear precoding techniques can be used to mitigate
the effects of pilot pollution on system performance when using massive MIMO precoding

methods.
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Figure 5. Precoding in a massive MIMO

User Scheduling : The base station of a massive MIMO network can communicate with
multiple users simultaneously with many antennas. Multi-user communication
simultaneously degrades the throughput performance and results in multi-user interference.
Multi-user interference is reduced by using precoding during the downlink. Massive MIMO
base stations have a limited number of antennas, so if the number of users exceeds the
number of antennas, a proper user scheduling scheme must be implemented before precoding
to increase throughput and sum rates.
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Figure 6. Massive MIMO user scheduling.

Hardware Impairments : Massive MIMO systems have received limited attention because of
hardware impairments. This impairment affects the user more than the base station. There are
actually more ways for the non-ideal case to mitigate the issue of pilot contamination than the
ideal case [26]. A lot more research is needed on massive MIMO so it can become a reality.
To reduce the effects of fading, noise, and interference, massive MIMO systems use a large
number of antennas. Massive MIMO increases complexity and costs because of its large
number of antennas. In order to reduce the computational complexity and the size of the
hardware, massive MIMO technology should utilize small, low-cost components. When
using an inexpensive component, poor quality would result [27]. Dedicated hardware, which
can also run in parallel, is highly desirable to reduce the cost of the baseband signal
processing. If the Peak to Average Power Ratio (PAPR) of a low-cost amplifier is low, one
can reduce the impact of the amplifier on the transmitter.
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Figure 7. Massive MIMO hardware impairments

Modulation: It is necessary to use low-cost, power-efficient RF amplifiers for BSs equipped
with a large number of antennas, since high PAPR may impede good performance for OFDM
[28]. Despite low transmit power to noise power ratios, single carrier transmission achieves
near optimal sum rate performance without requiring receiver equalization or multi-user
resource allocation. The feasibility of such an optimization needs to be investigated further.

Energy Efficiency: Massive MIMO can be used to achieve greater spectral efficiency while
consuming less power, resulting in significant energy savings. The spectral efficiency of a
system always increases with an increasing number of antennas. In addition to an increase in
antennas and users, the consumption of power increases. In the last few years, there have
been several proposed methods to reduce the power consumption at the massive MIMO base
station. These methods include precoding, detection, channel estimation, and user scheduling.

Signal Detection: Several different users are served by the base station and time-frequency
resources are distributed. Massive MIMO is a system that gives the ability to detect received
signals uplink by detecting the space signature of the transmitted signal from the cell terminal
[1]. Massive MIMO systems are computationally complex due to more number of antennas,
reducing the achievable throughput. Massive MIMO has considered several linear detectors,
including ML, ZF, and MMSE. Massive MIMO detectors use ML and minimize error
probability, but there are prohibitive costs for large antennas systems [29],[30]. Inter-antenna
interference can be mitigated by ZF methods, but additive noise increases for ill-conditioned
channel matrices [31]. Since it also takes into account noise power during the detection
process [32], the MMSE detector has better performance than the ZF detector.
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Figure 8. Signal detection in massive MIMO uplink

Antenna Arrays: Massive MIMO systems present a variety of practical problems related to
antenna arrays. One is how the arrays are configured and deployed. It is suggested that
antennas should be placed in a 2D grid for massive MIMO systems in [33]. Distributed arrays
and 3D arrays can also be considered. In addition, mutual coupling between antenna elements
needs to be addressed. Antennas should be well separated from each other in order to avoid
the mutual coupling effect. Several antennas may be arranged together for massive MIMO
systems, however, coupling must be considered [34]. As a final consideration, large antenna
arrays have a considerable effect on system hardware and computing costs. It was proposed
in [35],[36] that an electromagnetic lens antenna (ELA) could be used to reduce costs while
still achieving high performance. Multipath separation and energy focusing functions can be
performed by the proposed ELA. By reducing its implementation costs and complexity, it
improves the performance of massive MIMO.

5. CONCLUSION

Future wireless communication will rely on massive MIMO technology. Wireless
communication systems can be significantly improved in terms of channel capacity, energy
efficiency, and spectrum utilization. This paper presents several different perspectives on
massive MIMO systems. Wireless data traffic is likely to surge exponentially, creating a need
for more capacity in the cellular spectrum. Large scale MIMO technology provides a solution
for this growing global need for mobile data provision. The spectral and energy efficiency is
achieved through the use of multiple antennas at both the transmitter and the receiver.
Massive MIMO technology is currently less studied, despite the worldwide need for efficient
spectrum. This emerging wireless access technology faces a number of open challenges. In
this paper, overview of massive MIMO, enabling technologies, challenges and benefits are
presented.
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