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Executive Summary

The evolution of 5G right from 1G leads to glorious development in the current wireless communication. The fast
development and requirement of mobile data network and in parallel, the evolution of Internet of things have diversified
the strategy for implementing the 5G and beyond it. It is not just the high data rate and efficiency of spectrum usage
satisfies the need for 5G as previous generations. To implement the 5G network communication IMT-2020 has
standardized the key performance indicators (KPI’s) and suitable technologies for different scenarios. This proposal
presents such different scenarios applicable for today’s requirement and the suitable technologies individually or jointly
improve the overall performance of the 5G and beyond networks. Methods like Massive MIMO, millimeter wave
communication (mm-Wave), Non-orthogonal Multiple Access (NOMA), Intelligent Reflecting surfaces (IRS), Internet
of Things (IOT) are key research topics for implementing next generation wireless communication. These technologies
will enable us to have a more efficient network that can handle large number of connections, low latency, improving the
capacity, Traffic density, spectral efficiency, energy efficiency. In conclusion, this article also examines the potential
difficulties and pitfalls of 5G technology.
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Introduction

Wireless Communication has travelled along a long way and continues still. Started from 1G to 5G, wireless
communication has seen a tremendous growth that leads to the invention of numerous technologies that uplifted the
human life in many ways. Started from voice calls to internet gaming and finally IOT devices communication, the new
wireless technologies are getting introduced in every aspect and everywhere in the world. 5G exiting as a global standard
and many countries are already had a detailed study on projects like IMT-2020 China and 5G forum of Korea [1]. The
wireless era has a continuous improvement in which each generation provides us with fast data connection and enormous
data transfer. The 1G technology introduced in 1980s and was limited to voice calls only. Digital data transmission and
text messages were started in 2G period. 3G brought us mobile broadband, allowing faster internet access on our phones.
4G further improved high-speed experience that allows us to stream videos and download bulk files with ease. Nowadays,
5G provides us with ultra-speed, more reliable and ultra-low latency network that can serve more coverage and denser
networks that improves the user experience [1] — [4].




Application Scenarios and Key Indicators

As discussed in the introduction, mobile networks and internet of things are the game changing techniques in the field of
S5g networks that were driven by markets, end users, cellular applications and various other applications [1]. These
applications can be categorized into different scenarios.

LARGE COVERAGE IMPROVEMENT SCENARIO
MACHINE-TO MACHINE COMMUNICATION SCENARIO
ULTRA-DENSE COMMUNICATION SCENARIOS
DELAY-SENSITIVE SCENARIO
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Based on above mentioned situations and requirements, many type of key performance indicators and key existing
technologies are identified which can be achieved through 5G and beyond networks as shown in figure 2. Those are (i)
User experienced data rate in downlink and uplink (15Mbps to 1024Mbps),(ii) Density of connections (number/km?) —
(10° — 10° connections) , (iii) Traffic density (bps/kmz) — 100 GHz — 15 THz , (iv) End-to-End Delay ( less than Sms —
20ms)and (v) Total number of Connections ( 10° — 10° connections) [1].To attain these performances, 5G network has
developed some popular existing technologies (i) Massive MIMO, (ii) Non-orthogonal frequency division multiple
access, (iii)) High frequency communication. (iv) Device to Device Communication and (v) Intelligent Reflecting
Surfaces [28]-[31].

Literature Review and Analysis of Related Work

The traditional concept of Multiple-Input, Multiple-Output introduced in 3G predominantly executed in 4G. MIMO
with OFDM almost satisfied the requirements of 4G. But in 5G, the required data rate up to 10Gbps can be achieved
using Massive MIMO which uses several hundreds of antennas at BS only not altering the antenna configuration
at the user side. Massive MIMO has the advantage of providing data rate up to 10Gbps, latency of 1ms, Number of
devices connected more than 100 times of previous generation, more coverage and low power consumption [5]-[7].
The potential of Massive MIMO in 5G are (i) Increased capacity by exploiting the spatial multiplexing by using
large number of antenna arrays, (ii) Low power components with lesser cost amplifiers. (iii) Problem of accuracy
and linearity availed in linear amplifiers and RF chains has been removed, (iv) Large number of antenna leads to
beam forming that reduces latency due to fading [6].

When bandwidth and power resources are limited, multiple access schemes where multiple users share the
same resources are used to improve spectral efficiency. Users with poor channel gain have to wait for transmission
due to uneven sharing amongst users. Particularly for 5G networks with high data rates and beyond 5G that require
10Tbps/km?, the traditional multiple access schemes will not be suitable [9] — [11]. NOMA is a compelling 5G
technology that supports diverse environments, massive connectivity improves spectral efficiency and provides low
cost and low latency (1ms). It is applicable to different situations like [oT massive environments, Mobile Broadband
and mission-critical services where delay is not acceptable. It removes the other user's signal which act like an
interference and the corresponding user signal will be retrieved and decoded and performs better than other OMA.
Development of simple power allocation strategies and better precoding algorithm which reduces the complexity
level is still a problem. Deep learning-based NOMA performs better than other variant NOMA eliminating these
issues to a certain level.

To overcome the demand of above 30GHz, the unused spectrum from 30 GHz to 300 GHz, wavelength is 1-
10mm and total bandwidth range of 252 GHz called millimeter frequency spectrum is used. It provides improved
spectral efficiency, improved spectrum reuse, increased data traffic capacity and increased bandwidth and hence
mm-Wave is one of the promising technologies in 5G networks [13]. This high frequency spectrum also has some
drawbacks such as high path loss, high penetration loss, reflection and absorption, rain fading etc. Mm-Wave




communication is a short-range wireless system so that massive MIMO along with these can improve the capacity
of system. MIMO with smart antenna can improve the Degrees of Freedom [15]. The Estimation methods are based
on PLL based oscillators and upgrading the chances of coverage in mm-Wave communication. Also, beamforming
techniques are used to progress towards nullifying the interference effect to improve the diversity order and Degrees
of freedom (DoF) [14].

One of the significant technologies in 5G that enables the IoT applications in a broader way is the Device-
Device communication. Large number of devices can be provided wireless connectivity by this key technique. It
provides the connection of massive number of devices, low latency, fast speed and low-cost devices. Real time
applications made possible with more reliable condition without delay which is a crucial factor for D2D
communication [16] — [21]. D2D applications include smart cities, smart homes, healthcare related applications,
smart grids, M2M video streaming and emergency network etc. Privacy and Security, Device lifetime, Device
network Coverage, Device discovery, resource allocation, mode selection, interference management are some of
the related issues to be addressed. D2D can be integrated with different technologies like C-RAN, mm-Wave, 10T,
VLC and UDN networks. In future, 6G is expected to be licensed by 2030 which is comprised for Internet of
Everything (IoE). D2D aligned with Artificial Intelligence (AI) could be a promising solution which leads to
Intelligent D2D communication (ID2D).

Objectives

1. To learn about different future wireless technologies.

There are many technologies available in wireless communication. From those optimizing techniques need to be

identified or proposed to meet out the research gap identified.
To identify suitable methodology for the proposed system.
To identify and demonstrate suitable software for implementing the proposed methodology

To analyse and compare the proposed technique with the existing technique with the results obtained.

A

To publish the result and work in peer reviewed journals
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Certified that the above mentioned candidate appeared for the Higher Secondary Examination and
obtained the following marks :

. e S e .
SUBJECT ':fé,m P%?:C'm Sﬁﬁ’ﬁ’smcﬁﬁf&g Fon 25
TAMIL 183 ONE  EIGHT THREE
ENGLISH 179 ONE  SEVEN NINE
PHYSICS 1141 {c50 [ 191 ONE  NINE ONE
CHEMISTRY 146 {050 |.196 ONE  NINE SIX
BIOLOGY 139|050 | 189 ONE  EIGHT NINE
MATHEMATICS 195 ONE NINE FIVE

Qurgg w&iGluesar

TOTAL MARKS : 1133 ONE  ONE THREE THREE
Simmks mmsir / DATE OF BIRTH | ugGleustor / REGISTER NO. | . 9j.u.@mluf Qstor & mmeir / TMR CODE NO. & DATE
08/04787 134240 6027327 12.05.2004
ueirefluflesr @uwir / SCHOOL urLg G&m@uy srever / GROUP CODE
SRM GOVT G HSS SHENCOTTAI 501

@6 Coialle Coisdl Qup galGaurm ur g glgiw, 200866 Gow ey 70 WU GumGeussr BILD.
@ v yopuls Csiluysls Coiréd Gupugn Gy Qurmkgk. &@m;s slus LHpw Qs yYomns
Caiayea Qanan. ur_meafld Coiéd) Quns &md e Caiallsd 150 6@6 Gmiw ere; 40 WEIGUELT & EHLD,
Qeuiymns Caialled 506 @6 @mw erey 30 W GUmT & EHL QUG HiL.

MINIMUM FOR A PASS : 70 MARKS OUT OF 200 IN EACH SUBJECT. THIS INCLUDES PASSING UNDER
THE COMPARTMENTAL SYSTEM ALSO. FOR THE SUBJECTS CONSISTING OF THEORY AND PRACTICAL
EXAMINATIONS MINIMUM MARKS FOR A PASS IS 40 OUT OF 150 IN THEORY AND 30 OUT OF 50 IN PRACTICAL.
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ISSUED UNDER THE AUTHORITY OF THE GOVERNMENT OF TAMIL NADU S

Coieui SUBHA BHARATHI S MAR.2002 qe

upsmh aEGIUD Qurgis Catey suHs Sysstapd aserl @ WHOIGUTEmer)

Qupgererni erei gy &n e peflSSUILRE DG

Certified that the above mentioned Candidate appeared for the SSLC Public Examination

and obtained the following percentage of marks.

umLLb (MY ANANT 8
SUBJECT ‘ MARKS

Guomf

o TAMIL 88  EIGHT EIGHT
mighleuLd A
it 91  NINE ONE
seafin 95  NINE FIVE
MATHEMATICS kLD .
2yrileflued 97  NINE SEVEN

SCIENCE R

sews gnflailwed
SOCIAL SCIENCE 87  EIGHT SEVEN

QLo 51D
TOTAL 458 FOUR FIVE EIGHT-

Opps srer / DATE OF BIRTH [ug@eusior / REGISTER NO. | w.gju.@ L GLer & srer TMR CODE NO. & DATE
08.04.1987 051492 A040910 30.05.2002

usirefufler Quuwri / SCHOOL
SRM GOVT G HSS SHENCOTTAI.

ussmn auGULS Caialle Caisd Qup aGaurm uTLsHb 1006EG6 G Iyemey @ﬂdgmgﬁg DUTTE L)

wliGuan Qupiss Cam®u. Qg uGH wanulld Cain udsd Caisd QumusHED QuTmESID.

A PASS IN THE SSLC (X STD.) EXAMINATION REQUIRES A MINIMUM OF THIRTY FIVE PERCENT OF MARKS IN

EACH ONE OF THE FIVE SUBJECTS. THIS INCLUDES PASSING UND%THE COMPARTMENTAL SYSTEM ALSO.
bt __prvee] |

¢ Qeweorerr IA}
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Candidate's Signature
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VIT

Vellore Institute of Technology

-._,‘Aa‘ LY %h‘z (Deemed 1o be University umder section 1 of UGC Act, 1956)

Ref: VIT/HR/2018/ 3156 31+ August 2018

SERVICE CERTIFICATE

ek

Certified that Mrs. S. Subha Bharathi has served as Assistant Professor,
School of Electronics Engineering [SENSE] of Vellore Institute of Technology from

23rd May 2012 to 31t August 2018.

REGiSTRAR

To
Mrs. S. Subha Bharathi [Emp. Id.: 13330]

Cc: File

Q& o

Vellore - 632 014, Tamil Nadu, India; Phone: 91 - 416 - 2243091 (10 Lines) Fax: 91- 416 - 2243092
E-mail: registrar@vit.ac.in
www,vit.ac.in
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Ifthis card is lost / someone’s lost card i found,
please inform /retum fo " |
Income Tax PAN Services Unit, NSDL

3rd Floor, Sapphire Chambers,

Near Baner Telephone Exchange,

Baner, Pune - 411 049,
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Tel:91-20-2721 8080, Fax: 91-20-2721 8081
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Government of India
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Subha Bharalhi

Ol 6T 008 : 0BI04/1967
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This is . cetlify thak s s e ausi s i st Sl du 2L FBA S N Son/ Daughter of

District of the State of Tamil Nadu belongs to
..................................................................... Community, which is recognised as
a Backward Class as per Government Order. (Ms.) No. 28, Backward Classes
and Most Backward Classes Welfaré dated 19th- July 1994
vide Serial NO........cccooennne.. '
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Unlyersity of Technology
and Applied Sclences

Jlog8 Jliau iljoy bolyo
Subha Bharathi Senthilkumar
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Lecturer
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