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Abstract- This paper introduces about the importance of Massive MIMO and Smart Antenna System. 5G stands for fifth 
generation mobile communications. The study of modeling type, antenna required, wavelength and frequency required for 
5th generation is discussed..  The use of moderately large antenna arrays can improve the spectral and energy efficiency 
compared to single antenna system. Additional benefit of massive MIMO is that the cost requirement of components is less 
as low power components are used. In this paper, the benefit and limitation in massive MIMO systems are discussed. The 
energy efficiency achieved by massive MIMO systems are also discussed.  
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I. INTRODUCTION 
 
In today’s life, the mobile became the third hand of 
the human. In, the early days the landline phone 
which was connected by the wire network. Later the 
phone had changed the size into small i.e., cellular 
phone which has been connected by the wireless 
network. The cellular phone had a rapid development 
from a generation like 1G,2G,3G,4G,5G and soon. 
This Generation has been into innovation since, 1980. 
 
The First generation (1G) of wireless 
telecommunication technology used analog 
transmission techniques which were basically used 
for transmitting voice signal. The Second generation 
(2G) makes the more advances than the 1G which 
resulting in the digital voice data and makes to emit 
less radio power from the handsets. The Third 
Generation (3G) offers the multimedia services add 
high speed data transfer to mobile devices. The 
worldwide web (www) became the primary 
communication interface, which serves the various 
needs of human through web browser at their ends. 
The 4G [Fourth Generation] mobile communication 
can provide a 10 times increase in data transfer over 
3G.  
 
The worldwide web (www) became the primary 
communication interface, which serves the various 
needs of human through web browser at their ends. 
The Fourth Generation (4G) mobile communication 
can provide a 10 times increases in data transfer over 
3G. The 5G will be in advances with multiple inputs 
multiple output (MIMO) technology, which uses 
multiple small antennae to service each individual 
data stream.  
The 5G will use the very much advanced technology 
to differ from the previous generation. In 5G 
technology we will use the many advanced 
technology to connect to the device with high 
spectrum to speed up the data transfer without any 

losses while covering the long distance. The 5G 
technology will reduce the time in getting the data 
from the antenna by using powerful tools. Large 
phone memory, more dialing speed, more clarity in 
audio and video will be provide in the 5G. MIMO 
systems exploits the use of multiple antenna in 3G, 
3.5G and 3.75G. Owing to the increased data rate 
requirement multiple antennas alone may not be 
fruitful until proper control is not devised. These 
multiple antenna array is supported by smart 
processing algorithms which adapt automatically in 
the interference environment. Smart Array Antenna 
System does not only makes the system more smarter 
by selective signal processing but also decreases Inter 
symbol interference (ISI) and improves Bit error rate 
 
II. NEW IN 5G AND ITS NECESSITY 
 
5G mobile networks (or 5G network) the next-
generation standard for wireless communications are 
scheduled to follow (but not replace) current 4G 
networks with vastly increased capacity, lower 
latency, and faster speeds. Anticipated between 2019 
and 2020, some 5G networks will initially operate in 
a high-frequency band of the wireless 
spectrum between 28 GHz and 38 GHz also known as 
the millimeter wave (mm Wave) spectrum.  
 
The new 5G networks will be able to transmit very 
large amounts of data short distances.  However, 5G 
is also expected to work in low spectrum frequencies 
such as 600 MHz as well as unlicensed frequencies 
such as the 3.5 GHz spectrum. Wireless infrastructure 
today includes many elements  macro base stations, 
metro cells, outdoor and indoor distributed antenna 
systems (or DAS), small cells and moreover all 
working together in a heterogeneous network.  
A small cell is basically a miniature base station that 
breaks up a cell site into much smaller pieces, and is a 
term that encompasses pico cells, micro cells, femto-
cells and can comprise of indoor/outdoor systems. 
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With a macro base station, there's one pipe going into 
the network; with small cells, it breaks the pipe into 
many pipes. The main goal of small cells is to 
increase the macro cell's edge data capacity, speed 
and overall network efficiency. 

 
Fig 1. Evolution of 5G 

 
NECESSITY 
 

1. Very High speed, high capacity, and low 
cost per bit  

2. It supports interactive multimedia, voice, 
video Internet, and other broadband services, 
more effective and more attractive, and have 
Bi-directional, accurate traffic statistics. 

3. 5G technology offers Global access and 
service portability. It offers the high quality 
services due to high error tolerance. It is 
providing large broadcasting capacity up to 
Gigabit which supporting almost 65,000 
connections at a time. 

4. More applications combined with artificial 
intelligent (AI) as human life will be 
surrounded by artificial sensors which could 
be communicating with mobile phones. 

5. 5G technology use remote management that 
user can get better and fast solution. 

6. The uploading and downloading speed of 5G 
technology is very high. 

7. 5G technology offer high resolution for 
crazy cell phone user and bi-directional large 
bandwidth shaping . 

8. 5G technology offer transporter class 
gateway with unparalleled consistency. 

 
III. SMART ANTENNA SYSTEM 
 
Use of Multiple antennas with array processing 
algorithms is the basis of Antenna System. Besides 
this return loss, bandwidth, gain and radiation pattern 
and operating frequencies are the key considerations 
for Smart Antenna. Multiple antennas in handheld 
devices surely improve performance and maximize 
SNR but there are certainly some factors such as RF 
and power requirement which affects its 
implementation. Where at the base station there are 
little issues of concern as compared with handset or 
subscriber unit. 

In wireless cellular communication, the areas of 
Smart Antenna System focus include Uplink 
transmission by Mobile unit, adaptive filtering or 
adaptive array beam-forming, Direction of Arrival 
(DOA) estimation and Selective Downlink 
transmission by Base station. Basically this system 
separates the desired Mobile unit (MU) signal from 
the interference received with the desired signal. 
Received signals at the array are combined with 
suitable weights. These weights are decided 
according to the required gain and bandwidth. Beam-
forming and beam steering in a dynamic environment 
comprising of interference is done by adopting LMS 
and NLMS algorithms.  
 
Through this minimum square error is achieved and 
interfering signals are rejected or filtered out. 
Estimation of signal from a requisite direction is 
necessary at the base station, MUSIC and ESPRIT 
are popular Direction of arrival estimation 
algorithms. In the downlink process, selective 
transmission is the major basis for differentiating 
between switched beam and adaptive array systems. 
Switched beam communicate to the user by changing 
between preset directional patterns and pre-defined  
multiple beams and adaptive arrays attempt to 
understand RF environment more selectively. 
Another type is Adaptive array which steers the beam 
towards desired signal and nulls in the interfering 
signal directions. Algorithms for beam-forming and 
direction of arrival estimation are used as shown in 
Fig 2. These systems are much more complex to 
retrofit in the existing system. This technique is far 
more advanced than the switched beam technique as 
it reduces the interference and multipath components. 
With its continuous movement of beam negligible 
inter-cell handoff exist. 

 
Fig 2. Smart Antenna System 

 
3.1 Switched Beam Antenna System 
Switched beam antenna system has a fixed number of 
beams, which one or more beams can be selected 
from the array for transmission or reception. The 
main motivation of the switched beam antenna is to 
increase the antenna gain. For 
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example, a four-switched beam antenna system that 
used in 120° sector antenna, the resultant increased 
gain can be calculated using the formula as follows : 
Gain = 10 log (M)  
 
Where M is the number of beams per sectors. Thus 
for a sector containing 4 beams (M=4), the gain 
increase is 6dB over the original sector antenna.  
The switched beam antenna as a smart antenna has 
been discussed vigorously as the implementation of it 
is simple and requires less cost as compared to 
adaptive antenna array. Unlike the adaptive antenna, 
switched beam antenna only constructed by an 
antenna array, a beam forming network, RF switch 
and simple controller part while adaptive array 
systems provide more intelligent operation and needs 
more advanced signals processing to function. Fig 3.1 
referred a switched beam antenna system can be 
realized by breaking the whole system down into four 
major building blocks for ease of analysis. And 
shows how the system can be broken down into a 
beam forming network to form independent beams, 
an RF switch for switching between input ports, a 
power detector to monitor signal strength and a 
control logic running an algorithm that controls the 
whole system. 
 

 
Fig 3.1 Switched Beam Antenna System 

 
The basic operation of the switched beam can be 
explained as follows: First of all, let consider 
switched beam antenna at a receiver side. The input 
of the RF switch is connected to the beam forming 
network and its outputs connected to the power 
detector. At instant, only one switch will be turned on 
while others will be turned off. The power detector 
will measure the signal strengths for that incoming 
beam, which then will be connected to control logic. 
The main function of this control logic is to samples 
all the power and then makes comparison between 
them. After that, logic control will feedback to RF 
switch and select the beam which received the highest 
signal to noise ratio, SNR by sending certain amount 
of voltage to RF switch. Since the power detector 
operated in analog form while microcontroller in 
digital form, analog-to-digital converter may needed 
for interfacing part. However, this is just a general 
idea about how a switched beam antenna can be 
implemented as a system but the complete 

implementation of this switched beam system used 
for MIMO system. 
 
3.2 Adaptive Antenna Array System 
Adaptive Array systems provide more intelligent 
operation where it has ability to adapt in real time 
radiation pattern to the RF environment. Complex 
weights for each element of the array can be 
calculated to optimize some property of the received 
signal. This does not always result in an array pattern 
having a beam maximum in the direction of the 
desired signal but does yield the optimal array output 
signal. Most often this is accomplished by forming 
nulls in the directions of interfering signals. Adaptive 
beam forming is an iterative approximation of 
optimum beam forming. The adaptive concept is far 
superior to the performance of a switched-beam 
system. The switched-beam system is not able to 
place the desired signal at the maximum of the main 
lobe, and it exhibits inability to reject the interferers 
fully. Because of the ability to control the overall 
radiation pattern in a greater coverage area for each 
cell site, as illustrated in Fig 3.2 , adaptive array 
systems can provide great increase in capacity. 
Adaptive array systems can locate and track signals 
(users and interferers) and dynamically adjust the 
antenna pattern to enhance reception while 
minimizing interference using signal processing 
algorithms. After the system down-converts the 
received signals to baseband and digitizes them, it 
locates the SOI using the DOA algorithm, and it 
continuously tracks the Signal of Interest (SOI) and 
Signal of not interest  (SNOIs) by dynamically 
changing the complex weights (amplitudes and 
phases of the antenna elements). Basically, the DOA 
computes the direction-of-arrival of all the signals by 
computing the time delays between the antenna 
elements, and afterward, the adaptive algorithm, 
using a cost function, computes the appropriate 
weights that result in an optimum radiation pattern. 
Because adaptive arrays are generally more digital 
processing intensive and require a complete RF 
portion of the transceiver behind each antenna 
element, they tend to be more expensive than 
switched-beam systems. 

 
Fig. 3.2 Functional Block Diagram Adaptive Antenna System 
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IV. MIMO 
 
The next level of the antenna technology has been 
arising  in the form of MIMO (multiple inputs, 
multiple outputs). The MIMO is the advanced 
technology for wireless communication between 
antennas. This technology will use the multiple 
antennas at mobile station (transmitter) and base 
station (receiver) shown in Fig 3.3. The 
communications circuit are combined for minimize 
errors and optimize data speed for antennas at each 
end. By using the single antenna at the source and 
destination that makes a problem into multipath 
effects. In wireless internet, it can cause an increase 
in the number of errors and reduction in data speed. 
This multipath effect can be overcome only by the 
use of two or more antennas along with the 
transmission of multiple signals at the source and the 
destination. The application of MIMO technology 
will be in the wireless local area networks (WLANs), 
for mobile communication, and in the digital 
television (DTV). The fig.5 shows how MIMO 
multiplexing working between the two antennas 
(transmitter and receiver) by using radio propagation 
channels. The one of several forms of smart antennas 
technology is MIMO; the others are SIMO (single 
input, single output) and MISO (multiple input, 
multiple output) electronic made devices are 
connected to the network. 

 
Fig. 3.3 MIMO Fundamental Block Diagram 

 
4.1 Multi-Antenna Transmission & Reception 
If the transmitter and receiver both have multiple 
antennas, then we can set up multiple parallel data 
streams between them, so as to increase the data 
rate! In a system with NT transmit and NR receive 
antennas, often known as an NT × NR spatial 
multiplexing system, the peak data rate is 
proportional to min (NT, NR). A basic spatial 
multiplexing system, in which the transmitter and 
receiver both have two antennas. In the transmitter, 
the antenna mapped takes symbols from the 
modulator two at a time, and sends one symbol to 
each antenna as shown in Fig. 4.1. 

 
Fig. 4.1 2x2 Spatial Multiplexing System 

 
The antennas transmit the two symbols 
simultaneously, so as to double the transmitted data 
rate. The symbols travel to the receive antennas by 
way of four separate radio paths, so the received 
signals can be written as follows: 
ଵݕ = ଵݔଵଵܪ + ଶݔଵଶܪ + ݊ଵ………..(i) 
ଶݕ = ଵݔଶଵܪ ଶݔଶଶܪ+ + ݊ଶ………..(ii) 
 
x1 and x2 are the signals sent from the two transmit 
antennas. y1 and y2 are the signals that arrive at the 
two receive antennas. n1 and n2 represent the received 
noise and interference. Hij expresses the way in which 
the transmitted symbols are attenuated and phase-
shifted, as they travel to receive antenna i from 
transmit antenna j.  In general, all the terms in the 
equation above are complex, In the transmitted and 
received symbols xj and yj and the noise terms ni , the 
real and imaginary parts are the amplitudes of the in-
phase and quadrature components In each of the 
channel elements Hij. The magnitude represents the 
attenuation of the radio signal and the phase 
represents the phase shift as shown in Fig. 4.2 
 

 
Fig. 4.2 Phase Shift of QPSK 

 
The receiver’s first task is to estimate the four 
channel elements Hij. The transmitter broadcasts 
reference symbols with one extra feature, When one 
antenna transmits a reference symbol, the other 
antenna keeps quiet and sends nothing at all. 
The receiver can then estimate the channel elements 
H11 and H21, by measuring the two received signals at 
the times when transmit antenna 1 is sending a 
reference symbol. It can then wait until transmit 
antenna 2 sends a reference symbol, before estimating 
the channel elements H12 and H22. The receiver now 
has enough information to estimate the transmitted 
symbols x1 and x2. The simplest way is a zero- 
forcing detector, which operates as follows: If we 
ignore the noise and interference, then the equation is 
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a pair of simultaneous equations for two unknown 
quantities, x1 and x2. 
^ݔ

ଵ = ு^
మమ௬భିு^

భమ௬మ
ு^భభு^మమିு^భమு^మభ

…………….(iii) 

^ݔ
ଶ = ு^

భభ௬మିு^
మభ௬భ

ு^భభு^మమିு^భమு^మభ
………………(iv) 

 
Hij is the receiver’s estimate of the channel element 
Hij (This quantity may be different from Hij, because 
of noise and other errors in the  channel estimation 
process) ˆx1 and ˆx2 are the receiver’s estimates of the 
transmitted symbols x1 and x2. 
 
4.2 Heterogeneous Network 
Heterogeneous network is an emerging architecture 
that is proposed for 5G Radio Access Network 
(RAN). It utilizes multiple RANs that comprise of 
macro cells, small cells, relays, and distributed 
antenna systems to increase the overall performance 
of the radio network. It involves a coexistence of 
Base Stations (BSs) that are different in terms of 
coverage, radio resources, and energy requirement. 
However, the energy demand of heterogeneous 
network becomes very high as the number of small 
BSs in use increases. The dynamic sleep mode has 
higher likelihood of success and higher energy 
efficiency. Cooperative BS selection and BS state 
control can handle the challenge of poor coverage 
that comes with BS dormancy. Interestingly, the 
consequent increase in coverage can be managed, 
without any additional transmission power 
requirement, by using a cooperative energy-saving 
technique based on user association .In the case of a 
hybrid heterogeneous network with femto-cells 
overlaid on a macro-cell, the energy efficiency can be 
maximized, with optimum network resources, based 
on a two-layer game theoretic framework.  
The outer layer ensures higher data rates in the femto-
cells while the inner layer achieves energy efficient 
user association subject to the minimum rate and 
maximum transmission power constraints. Elastic 
traffic in a single macrocell that is supported by a 
number of small cells usually affect load balancing. 
Heterogeneous networks may have to depend on 
hybrid energy sources in 5G systems. BS switching-
off and offloading technique for this 5G use case. 
This technique introduced a set of metrics with an 
adjustable priority hierarchy. These metrics are used 
to filter, sort and select the BS neighbors that receive 
traffic during redistribution and offloading of the BSs 
to be put into sleep mode. Orthogonal Frequency 
Division Multiple Access (OFDMA) heterogeneous 
networks using a combination of linear binary integer 
programming and progressive analysis based 
heuristic algorithm. This scheme allows small cells to 
share spectrum access and still maintain a certain 
level of quality of service for the macrocell users as 
shown in Fig 4.3. In addition, this method reduces the 
interference caused by small cells to macrocell served 
users. 

 
Fig. 4.3 Heterogeneous Dense Network 

 
4.3 FDD used in MIMO 
Recently, massive multiple-input multiple-output 
(MIMO) systems that employ a very large number of 
antennas, e.g., tens or hundreds of antennas, at the 
base station have drawn considerable interest from 
both academia and industry. Theoretically, massive 
MIMO systems can almost perfectly alleviate the 
inter-user interference that occurs in downlink and 
uplink multiuser MIMO (MU-MIMO) systems with a 
simple linear pre-coder and receive combiner. The 
amount of temporal overhead for downlink training 
has been assumed negligible in past MIMO scenarios 
because past systems used small numbers of transmit 
antennas. However, in FDD massive MIMO systems, 
the overhead of the training duration could 
overwhelm the precious downlink resources due to 
the large number of transmit antennas. Therefore, we 
propose practical open-loop and closed-loop training 
approaches with successive channel estimation for 
FDD massive MIMO in order to reduce the overhead 
of the downlink training phase.  
 
FDD uses lots of frequency spectrum, though, 
generally at least twice the spectrum needed by TDD. 
In addition, there must be adequate spectrum 
separation between the transmit and receive channels. 
These so-called guard bands aren’t useable, so they’re 
wasteful. Given the scarcity and expense of spectrum, 
these are real disadvantages. However, FDD is very 
widely used in cellular telephone systems, such as the 
widely used GSM system. In some systems the 25-
MHz band from 869 to 894 MHz is used as the 
downlink (DL) spectrum from the cell site tower to 
the handset, and the 25-MHz band from 824 to 849 
MHz is used as the uplink (UL) spectrum from the 
handset to cell site.  
 
Another disadvantage with FDD is the difficulty of 
using special antenna techniques like multiple-input 
multiple-output (MIMO) and beam forming. These 
technologies are a core part of the new Long-Term 
Evolution (LTE) 4G cell phone strategies for 
increasing data rates. It is difficult to make antenna 
bandwidths broad enough to cover both sets of 
spectrum. More complex dynamic tuning circuitry is 
required. FDD also works on a cable where transmit 
and receive channels are given different parts of the 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-7, Jul.-2018, http://iraj.in 

Massive MIMO Technique used for 5th Generation System with Smart Antenna 
 

86 

cable spectrum, as in cable TV systems. Again, filters 
are used to keep the channels separate. 
 
V. MASSIVE MIMO 
 
Massive MIMO means installing very large antenna 
array at each base station, with this a large number of 
users are served simultaneously. One more thing if 
we install all the 100 antennas at the base station, all 
the antennas will not work at the same time. Only 
some antennas will work at certain time and then 
other antennas. That is mainly due to acquire channel 
state information. With the help of OFDM, TDMA 
and FDMA, Massive MIMO technology is possible. 
Here the size of each antenna is very small and the 
area of receiving energy is also very small. Massive 
MIMO somewhat equal to CDMA. In conventional 
Massive MIMO, Ultra linear 50watt 
amplifiers were used. Now we are using mille watt 
range power amplifiers .Those are low cost power 
amplifiers. In companies like Huawei, Motorola and 
Nokia they started research on using massive MIMO 
technology in 5th Generation mobile communication 
network.  
 
Massive MIMO (also known as Large-Scale 
Antenna Systems, Very Large MIMO, Hyper 
MIMO, Full-Dimension MIMO and ARGOS) 
makes a clean break with current practice through the 
use of a very large number of service antennas (e.g., 
hundreds or thousands) that are operated fully 
coherently and adaptively. Extra antennas help by 
focusing the transmission and reception of signal 
energy into ever-smaller regions of space. This brings 
huge improvements in throughput and energy 
efficiency, in particularly when combined with 
simultaneous scheduling of a large number of user 
terminals (e.g., tens or hundreds).  
Massive MIMO was originally envisioned for time 
division duplex (TDD) operation, but can potentially 
be applied also in frequency division duplex (FDD) 
operation. Other benefits of massive MIMO include 
the extensive use of inexpensive low-power 
components, reduced latency, simplification of the 
media access control (MAC) layer, and robustness to 
interference and  
intentional jamming as shown in Fig 5.1 
.

 
Fig 5.1 Massive MIMO Network 

 
The anticipated throughput depends on the 
propagation environment providing asymptotically 
orthogonal channels to the terminals, and experiments 
have so far not disclosed any limitations in this 
regard. While massive MIMO renders many 
traditional research problems irrelevant, it uncovers 
entirely new problems that urgently need attention; 
for example, the challenge of making many low-cost 
low-precision components work effectively together, 
the need for efficient acquisition scheme for channel 
state information, resource allocation for newly-
joined terminals, the exploitation of extra degrees of 
freedom provided by an excess of service antennas, 
reducing internal power consumption to achieve total 
energy efficiency reductions, and finding new 
deployment scenarios as shown in Fig 5.2. 

 
Fig.5.2 Massive Transmission and Reception 

 
1. VI. LIMITATION OF MASSIVE MIMO 

 
Channel Reciprocity: If the propagation channel is 
affected by different materials with different 
magnetic properties then reciprocity is affected. The 
time-division duplexing operation relies on the 
propagation channel reciprocity. The hardware chains 
in the base station are not or may not be reciprocal 
between the uplink and downlink. If the maximum 
phase difference between the hardware chains in case 
of uplink and downlink is less than 60º, then 
significant reduction in the gain can be observed. If 
the base station is properly calibrated then it is not 
necessary to calibrate the uplink and downlink chains, 
proper gain can be obtained. If the base station is not 
properly calibrated then effective techniques are 
needed to be used. 
 
Pilot Contamination:  As mentioned earlier, pilot 
contamination is an issue at transmit side processing. 
In every MIMO system a terminal is assigned with 
limited amount of orthogonal pilot sequence. The 
limit depends on the duration of the coherence 
interval divided by the channel delay spread.  To deal 
with the pilot contamination, the following 
techniques can be employed:- 
i) Allocation of pilot waveforms can be optimized. 
The techniques needed for proper optimization is an 
ongoing research. 
ii) Channel estimation algorithms or blind 
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techniques may eliminate the negative 
impact of pilot contamination. 
Effects due to channel: Massive MIMO systems are 
dependent on radio propagation environment. The 
channel conditions affect the throughput of Massive 
MIMO systems. To eliminate this problem, the 
channel behavior is needed to be studied. Fading can 
also affect the output. 
 
CONCLUSION 
 
In this paper, it was that 5G network is very fast in 
the data transfer between two devices and reliable. 

All technology used in this paper will be believe that 
the wireless communication will be the powerful tool 
in the 5G mobile technology. The future will bring 
the 5G into the unexpected way of communication. 
The 5G will change the life style of human being in 
upcoming centuries. The communication of the user 
to the machine will very fast to be understandable 
between them. The next level of the 5G mobile 
technology will use the nanotechnology and the 
Artificial intelligence. 
 

 
Table 1. Comparison Between MIMO & Massive MIMO 
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