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Abstract

Millimeter wave (mmWave) frequencies are under researciproviding high speed
data spectrum for upcoming 5th Generation (5G) commuminalystem. The mmWave
frequencies suffer with high propagation attenuation dueatrious channel obstruc-
tions. There is a demand and need to have an effective medhadficient mmWave
propagation. The focus of this thesis is to identify the @asi channel obstructions
along with their effect on mmWave propagation in terms oémtiation and channel
capacity to have desired controlled user data rate.

In this research, we propose an innovative method for igeaitly selecting a grid
or group of grids having minimal mmWave propagation att¢ioneto overcome the
effect of obstructions at the transmission end. The prapb&ML transmitter system
keeps learning mmWave propagation vegetation attenuadilies. The ML unit pre-
dicts the vegetation attenuation values using regressamterwith the algorithms like
K-Nearest Neighbors, Decision Tree and Random Forest awdpaédicts Shannon
channel capacity (SCC). Further, we present mmWave proipagasses dataset for
four Indian major urban cities like Delhi, Mumbai, KolkatacaChennai locations in
the presence of atmospheric impairments. The simulatians hAlso been performed
for the mmWave frequencies 28 GHz, 37 GHz and 39 GHz. Theghesearch and
results can be used for transmission power loss budgetsasatyansmission power
control, beamforming, SCC analysis and etc. It signifigaimiproves the 5G system
performance by saving the transmitter power radiation andiges multigigabit data

rates.



Contents

Certificate [
Acknowledgements i
Abstract ii
List of Figures Xil
Abbreviations Xiii

1 Introduction 1
1.1 5G mmWave Communications System . . . . . .. ... .. .. ...
1.1.1 Beginning of 5G mmWave Communications System . . . . .

1.1.2 5G Services and Applications . . . . ... ... ... ....

1.2 ResearchObjective . . . ... ... ... .. .. ... ... ...,

1.3 Outlineofthe Thesis . . . . . . . . . . . . . . .. ..

2 Literature Review 16



21 5G e 16

2.1.1 Requirementsfor5G . .. .. ... ... ... ... ... 17
212 Challenges . .. ... .. . .. ... 18
2.1.3 Standardizations and Regulations . . . . ... ... .. .. 9 1
2.2 Software Defined mmWave 5G Communication . . . ... ... .. 20
2.3 5G mmWave Frequency Spectrum . . . . . . ... ... ... 21
24 Obstacles . . . . ... . . . . 21
2.5 Attenuation . . . . . ... 23
2.6 Atmospheric Gaseous Attenuation . . . . . ... ... .. .. ... 25
2.7 OverviewoftheWork . . . . . . ... ... .o 26
Intelligent Grid Selection for Obstacle Avoidance 29
3.1 Motivation. . . . . . .. 29
3.2 Intelligent Attenuation Grid Formation and Selection .. . . ... 30
3.3 DTU Campus mmWave Attenuation . . . . ... ... ........ 35
3.3.1 Radius of Coverage and Visibility . . . . . ... ....... 37
3.3.2 RayTracingModel . ..................... 38
3.3.3 Urban Propagation PathLoss. . . . ... ... ........ 43
3.4 Effect of Weather Impairments . . . . ... ... ... ........ 4 4
3.4.1 Attenuation Due to AtmosphericGases . . . . .. ... ... 44
3.4.2 AttenuationDuetoFog. ... .. .. ... ... ....... 47
3.4.3 AttenuationDuetoRain . . ... ... ... ... ...... 50



35 DTUCampusGrids . . . . .. .. .. . it

Channel Capacity in Vegetation Area
4.1 mmWave Vegetation Attenuation . . . . . . .. .. ... .. ...
4.2 mmWave Vegetation Attenuation Prediction . . . . . .. . ......

4.3 ChannelCapacity . . . ... .. .. .. ... ... ... .....

4.4 Shannon Channel Capacity (SCC) . . . .. .. .. ... ... ..

Propagation Losses for Indian Metro Cities

5.1 ValueofData . . ... . .. . . . . .

52 Data . . . . . . . e

5.3 Experimental Design, Materials and Methods . . . . . . . ......

Result and Discussion

6.1 OFBW Grid Performance Results and Discussion . . . . . . . ..

6.1.1 \Validation and Discussion . . . . . ... ... ......
6.2 Attenuation with Channel Capacity Results and Disaussi. . . . .

6.3 Atmospheric Channel Capacity Results and Discussion . . . . .

Conclusions and Scope for Future Work

7.1 Conclusions . . . . . . . .

7.2 FutureWork . . . . . . .

Bibliography

Vi



Publications based on this Thesis

Acknowledgment

Technical Biography of Guide

Technical Biography of Author

Vil

147

152

153

154



List of Figures

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

5G mmWave grid selection for 5G transmitting antenna. . .. .. . .

5G mmWave intelligent grid selection and obstacle auog system.

5G mmWave site of DTU; having vegetation, atmospherebariding

5G mmWave grid for DTU (having vegetation, atmosphercklanld-

INgAarea). . . . . . o v i e e

5G mmWave grid with type of attenuations for DTU; havirige-

spheric, vegetation and buildingarea. . ... ... .. ... ...

5G mmWave grids with type of attenuations for summer@eas . .
5G mmWave grids with type of attenuations for rainy seaso. . . .
5G mmWave grids with type of attenuations for winter seas. . . .
5G mmWave grids with values of attenuations (atmospheégeta-

tion in-leaf and building) in summer season for 28 GHz.

3.10 5G mmWave grids with values of attenuations (atmosphegegeta-

tion in-leaf and building) in rain season for 28 GHz .

viii

31

58

58

59

59

60



3.11

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

5.1

5G mmWave grids with values of attenuations (atmospheggeta-
tion out-leaf and building) in winter seasonfor28GHz. ... .. 60
5G mmWave Attenuation due to Vegetation (ITU-R Model). ... . 73

Vegetation Attenuation Decision Tree Regressor Tngiliata Output
VSINputs. . . . . e 74
Vegetation Attenuation Decision Tree Regressor Tgddata Output
vsinputs. . . . .. 75
Vegetation Attenuation Decision Tree Regressor Priedi®ata Out-
putvsinputs. . . . . . . .. 76
Vegetation Attenuation Random Forest Training DatgpQuis Inputs. 77
Vegetation Attenuation Random Forest Testing Data @uipInputs. 78
Vegetation Attenuation Random Forest Prediction Datig@ vs Inputs. 79
SDR with ML Prediction Unit to Control the SCC. . . . . ... .. 80
5G mmWave Channel Capacity in the Presence of Vegetatienu-

ation (ITU-R Model) for Frequency 28 GHz. . . . . .. ... .. .. 81
5G mmWave Channel Capacity in the Presence of Vegetattenu-

ation (ITU-R Model) for Frequency 37 GHz. . . . .. ... ... .. 82
5G mmWave Channel Capacity in the Presence of Vegetattenu-

ation (ITU-R Model) for Frequency 39 GHz. . . . . .. ... .. .. 83

Attenuation due to atmospheric water vapor for 5G mmVGaamu-

nication System (Delhi). . . . .. .. ... ... o oL 85



5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

Attenuation due to atmospheric water vapor for 5G mmVGaamu-

nication System (Mumbai). . . . . . ... ... Lo 86
Attenuation due to atmospheric water vapor for 5G mmVZ&wamu-

nication System (Kolkata). . . ... ... ... ... ......... 87
Attenuation due to atmospheric water vapor for 5G mmVZ&wamu-

nication System (Chennai). . . . . . . .. .. ... ... ....... 88
Attenuation due to atmospheric oxygen for 5G mmWave Comca-

tion System (Delhi). . . . . . . . ... o 89

Attenuation due to atmospheric oxygen for 5G mmWave Comca-

tion System (Mumbai). . . . . .. .. ... o 90

Attenuation due to atmospheric oxygen for 5G mmWave Comaoa-

tion System (Kolkata). . .. .. .. ... ... .. .......... 91

Attenuation due to atmospheric oxygen for 5G mmWave Comaoa-

tion System (Chennai). . . ... ... ... ... ... ........ 92
Attenuation due to atmospheric gases for 5G mmWave Contaru

tion System (Delhi). . . . . . . ... o 93

5.10 Attenuation due to atmospheric gases for 5G mmWave Gorivar

tion System (Mumbai). . . . . . .. ... Lo L 94

5.11 Attenuation due to atmospheric gases for 5G mmWave Goriuvar

tion System (Kolkata). . ... ... ... ... .. .......... 95

5.12 Attenuation due to atmospheric gases for 5G mmWave Gomnuar

tion System (Chennai). . . ... ... ... .. ... .. ....... 96

X



5.13 Attenuation due to rain for 5G mmWave Communicatiort&ygDelhi). 97

5.14 Attenuation due to rain for 5G mmWave Communication&ygMum-

5.15 Attenuation due to rain for 5G mmWave Communicatiort&ygKolkata). 99

5.16 Attenuation due to rain for 5G mmWave Communication@wgChen-

5.17 Attenuation due to fog for 5G mmWave Communication &ystDelhi).101
5.18 Attenuation due to Seasons (Summer, Rain and Wintes{FonmWave
Communication System (Delhi). . . . ... ... ... ........ 102
5.19 Attenuation due to Seasons (Summer, Rain and Winte&s{Fanm\Wave
Communication System (Mumbai). . . . . . .. .. ... ... .... 103
5.20 Attenuation due to Seasons (Summer, Rain and Wintesl@anm\Wave
Communication System (Kolkata). . . . . ... ... ... ...... 104
5.21 Attenuation due to Seasons (Summer, Rain and Wintesl@anm\Wave

Communication System (Chennai). . . . . . . .. ... ... ..... 105

6.1 5G mmWave grids with zones of Attenuation high (Ah) andraia-

tion low (Al) in summer seasonfor28 GHz. . . . . ... ... .. .. 111
6.2 5G mmWave grids with zones of Attenuation high (Ah) andraia-

tion low (Al) inrainseasonfor28GHz. . . . . . ... .. ... ... 112
6.3 5G mmWave grids with zones of Attenuation high (Ah) artdraia-

tion low (Al) in winter seasonfor28GHz. . . . . .. ... ... ... 21

Xi



6.4 5G mmWave grids attenuation values in a graph form fooagheric,
vegetation in-leaf and building in summer season for 28 GHz. . . 113
6.5 5G mmWave channel capacity in summer season for 28 GHz... .. 114
6.6 5G mmWave grids attenuation values in a graph form fooagheric,
vegetation in-leaf and building in rain season for 28 GHz...... . . 115
6.7 5G mmWave channel capacity in rain season for 28 GHz. . . . . 116
6.8 5G mmWave grids attenuation values in a graph form fooagheric,
vegetation in-leaf and building in winter season for 28 GHz.. . . . 117
6.9 5G mmWave channel capacity in winter season for 28 GHz.. . . 118

6.10 Channel Capacity in Summer Season for 5G mmWave Wsr€lem-

munication System. . . . . ... 121

6.11 Channel Capacity in Rainy Season for 5G mmWave Wir€lessmu-

nication System. . . . . . ... 122

6.12 Channel Capacity in Winter Season for 5G mmWave Wisel&sm-

munication System. . . . . ... L 123

Xil



Abbreviations

5G 5th Generation

AWGN Additive White Gaussian Noise

BER Bit Error Rate

Csl Channel State Information
INR Interference to Noise Ratio
LoS Line of Sight

mmWave Millimeter Wave

MS Mobile Station

SER Symbol Error Rate

SCC Shannon Channel Capacity

SDR Software Defined Radio

SINR Signal to Interference and Noise Ratio
SNR Signal to Noise Ratio

Xiii



Chapter 1

Introduction

1.1 5G mmWave Communications System

5G millimeter wave (mmWave) communications system reseaes been started.
There is a growth in the system development and researclowdermarket ready to
use 5G system by 2020 [1-5]. 5G mmWave communications syStantlear vision
to have user devices in the environment of Internet of Th{lgB) and Big-Data. 5G
mmWave communications system will provide Big-Data basetfgrm for billions
of user connected devices autonomously in a seamless mdimese user devices are
interconnected among each other along with the consideratisecurity. It offers low
latency high speed data connection with gigabit speed fbthions of users [5-9].
It provides high speed and high bandwidth so that to accorateolig-Data users.
It also suffers with wireless channel attenuation due toai¢psses. 5G system ser-

vices, applications, requirements, challenges and stdizdéions are discussed in this



research. There are several challenges for 5G system. $baroh is in progress to
identify and overcome these challenges by enabling teahsaiution for 5G system.
There are challenges like radio wave propagation and nktwetated issues [7-14].
5G mmWave communications system is emerging as promisithgatential wire-
less communication system having along with technologlesdreen communica-
tions, Internet of Things, device- to-device communiaagioSoftware defined mil-
limeter wave and etc. 5G system along with these technadogit provide high
efficiency long term wireless communications system [8-18}ill fulfill the require-
ment of high data rates, low latency, low energy consumptioproved connectivity
and reliability, High scalability and etc. 5G system stélquires improved security
mechanism and there is demand and need for efficient and wpticontrol in 5G
communication system. To full-fill the demand and need obiBesystem in a flexible
manner; several research have proposed to use flexiblexsygtere SDMW based
technology can support in desirable and easy way. SDMW gdesvprogrammable
hardware as per access control and standards. Such typegrapmmable system

flexibly supports our proposed mechanism [15-23].

1.1.1 Beginning of 5G mmWave Communications System

5G mmWave communications system research is in progrebBscahmon vision of
high data speed, high bandwidth, mobility support, richr esgerience by 2020 and

many more. This 5G system will accommodate large numberaieEong with high



data connectivity. The vision and challenges are discusgtds research thesis for 5G
mmWave communications system. Various research solugéiod$echnology enable-
ment are in progress worldwide for 5G mmWave communicatsysgem. 5G system
research is in progress and standardized definition is essgbG mmWave communi-
cations system work is in progress and tentatively may beedaas IMT 2020 [21-28].

5G mmWave communications system definition at present calebeibed as :

e 100 billion devices and more

e 100 Gbps

5G mmWave communications system provides enough econoarttand value
for the users. As per demand and need, the number of usenaiélase will a rapid
rate along with Big-Data requirement and this will be fulilf the 5G system [28-34].
The data demand will be in Exabytes among billions of use&system will revolu-
tionize the wireless communication system It will also fetionize the way of inter-
action among the devices in Big-Data and Internet of Thihg§)(environment. The
demand will increase in a rapid manner and 5G communicatigsiem will accom-
modate such demands of large number of users and high spa®dese connection
among user devices. 5G mmWave communications system iDBig-and Internet of
Things (IoT) environment will provide very low latency in amtelligent and efficient
manner [25-33].

5G research is in full swing throughout the world and redesis are aiming 5G
speed around 1000 times faster than normal 4G wirelessrsyfesearchers are on

3



way for getting 10 to 100 times faster data speed than 4G egsetystem. This 5G
system will also consider high number of users also with #uodity of always high

data link capacity.

1.1.2 5G Services and Applications

5G communications system is under progress for variouscgsnand applications
among high speed large number of users. The list is belowdouws services of 5G

communications system [6-7] :
e Internet of Things
Smart Home, Store and Office

HealthCare

Connected Car
e Everything on Cloud

e Intuitive Remote Access

Applications of 5G mmWave communications system are likavirng a car with
augmented reality (AR) navigation, watching sport evenits wirtual reality (VR),
ubiquitous health care, wearable device, flexible mobilaade UHD video stream-
ing smart map/navigation, real-time interactive game, ifeotiloud and many more
[29-31]. Sports event can also be provided with the 5G sydiased video multi-
casting this can also have the VR experience for the remaes.usG system along

4



with high internet or data link capacity will be quite useifulehicle to vehicle (V2V)
system. Ultra Low Latency (ULL) connection in 5G mmWave coumcations sys-
tem can provide immediate responses among automatedgikieimcles. Ultra Low
Latency (ULL) connection in 5G mmWave communications systell provide ad-
ditional safety in vehicle to vehicle (V2V) system. Ubiquus health care through 5G
mmWave communications system will provide remote surgscdlitions. Ultra Low
Latency (ULL) connection in 5G mmWave communications systéll provide fast
and easy access of networked robotics access for doctdng iretote environment
[31-39].

Recent consideration of mmWave with 5G wireless commuitioagystem is at-
tracting researchers attraction worldwide for deep waglehannel propagation re-
search and investigation [31-36]. 5G system will use mmWesguency bands of 3
GHz to 300 GHz. 5G mmWave frequency bands provide capacihate high data
rate with high data capacity. High frequencies of mmWaveuency bands are having
small wavelength which makes mmWave frequencies bands proree to attenua-
tion. 5G D2D mmWave communication allows mobile devicesaorect directly and
also an important connection in Cellular internet of Thi(@&T) environment [3-8].
Wireless channel is really responsible for mmWave transimispower losses due to
various obstructions in the channel. The mmWave frequerstiéer with channel at-
tenuation in the wireless medium due to various channelimmgants like atmosphere,
seasons, vegetation, urban and etc. The mmWave propagétesigh losses in the
mmWave frequency bands and requires high research ati¢ntinake more effective

5



system [8-12].

As per 5G system for shifting towards high frequency speatitibecomes part of
research to have certain fixed or proposed frequencies $eareh and development
from high frequency. Recently, Federal Communications @sgion (FCC) has an-
nounced 5G mmWave high carrier frequencies along with the®aformation. FCC
mmWave frequencies bands are 28 GHz band, 37 GHz band and 38&id. For the
above mentioned mmWave carrier frequencies, 5G systerarasis in development
worldwide [11-15]. In this research paper, we have used FEeGmmended frequency
for forming and identifying minimal mmWave propagatiorestiation intelligent grids
as well as for identifying the right zones (set of two or monelg) for the same. The
intelligent grids are selected from the virtual face gridiethis formed in a virtual
manner on the face of the transmitting antenna. The viraed tonsists obstacles and
non-obstacles area which are identified and mapped the JidsmmWave spectrum
is promising for 5G communication systems with high bandiwvidr users along with
various advance services. Extensive research is in pfzesnmWave propagation
in the environment of various channel obstructions. The nawvd\propagation chan-
nel obstructions are like; vegetation, atmosphere, gidirban and etc. Research for
mmWave is in progress for getting characteristics of mmVyaepagation [10-15]. It
is required to have characteristics of mmWave propagatasedh on various atmo-
spheric, seasons and obstructions for a particular sitditons. Literature discusses
mmWave communication systems with various types of att@mns measurements
and models to get the characteristics of mmWave propagHi87]. In this research

6



paper we are discussing intelligent grids for mmWave pragiag to provide minimal
channel losses during propagation. These smart intetligigrh grids will show that
mmWave systems can have high quality signal strength bygusioposed grids. We
also represent that the grids can be used in an effective endommmWave path loss
estimation while 5G cell planning [13-19]. This researcbvyides mmWave propaga-
tion effect due to various obstructions for the experimiesitaulation site. Our work
considers a variety of mmWave propagation channel obsbngtike building, vege-
tation in-leaf, vegetation out-leaf, atmospheric impants and seasonal atmosphere
with 5G transmitter. Various types of channel obstructiares considered to calcu-
late the mmWave channel propagation losses. Delhi TecgmmabUniversity (DTU),
previously known as Delhi College of Engineering (DCE), N@aihi, India has been
considered as calculation experimental site [20-26]. Hea iof using grids-forming
for 5G transmitters with millimeter-wave spectrum is showith the results in later
sections of this paper. In this research, we calculate th&\lave propagation losses
due to vegetation in 5G wireless communication system dbissidered that both de-
vices transmitter and receiver are situated in the DTU afesaper literature several
vegetation propagation attenuation models are proposede, hve have used fitted
radio international telecommunication union (FITU-R) nebtb calculate the vegeta-
tion propagation attenuation with the reason that this rhisdgoplicable to mmWave
frequency range and provide with-leaf and with out-leadmttation values which can
be used with the varied seasons[21-25]. Further, mmWaveagation losses due
to buildings (urban area) in 5G system are calculated angilgletre in description

7



section(s). As per literature several methods are availtabtalculate the urban area
propagation attenuations. Here, we have used geometptiasdGO) and a uniform
theory of diffraction (UTD) to calculate urban area mmWavegagation attenuation
with the reason that this model is applicable to mmWave feagy range and provide
reliable prediction for the proposed site [23-25]. Alsolistresearch paper, we have
calculated mmWave propagation losses due to atmosphe@\irgless communica-
tion system. As per literature, we have used ITU recommentikls to calculate the
atmospheric mmWave propagation attenuation. This modgdpdicable to mmWave
frequency range and provides reliable prediction for trepsed site. Here we have
simulated results along with the performance and validataf the results for the fre-
guency 28 GHz [12-15],[21-25].

The mmWave propagation in the presence of vegetation agtnuchannel envi-
ronment is part of the research from the several years in tredags communication
domain. The information of the mmWave propagation atteénnah the vegetation
environment becomes important while designing 5G mmWawenconication system
having SDR based transmitter [31-39]. The SDR transmithsrdoftware controlled
transmission to control the transmission parameters irstifevare command mode
without having dedicated hardware control. This softwasatmlled transmission
provides flexible and efficient transmission. The vegetatieedium is discrete and
scattered due to random distribution of vegetation medikenéaves, branches, trunk
and etc. This vegetation medium causes mmWave propagassad and takes place
due to mmWave behavior of scattering, diffraction, and glitsan in the vegetation

8



medium. The mmWave vegetation propagation generally adds Ipss, multipath
dispersion, shadowing and etc [11-15].

As per 5G mmWave vision; it will provide pervasive enviromméo the users to
have effective high data rate link among the uses in the rafiggga bits (Gbps).
5G mmWave communication system will be capable for progdjnality of service
(QoS) for large number of user with high data rates along wkponential grown
bandwidth. 5G mmWave requires effective mmWave propagdtjohaving minimal
propagation attenuation. Worldwide research developngeimt progress for effec-
tive mmWave propagation in the presence of various obstmgt There are several
mmWave propagation attenuation factors like; rain, waggror, oxygen, atmospheric
factors, vegetation, building and others channel impams\gL3-17].

5G mmWave vision considers high bandwidth and which can bi#léd by hav-
ing mmWaves based spectrum. The mmWave frequencies spealiaws high band-
width to fulfill the 2020 user demands and need. Moving towdrijh frequency
spectrum also has concerns with low wavelength signal andesahigh mmWave
propagation attenuation. To have minimal attenuation for\ifave ; it becomes im-
portant to have research and select the optimum frequemci@snWave so that 5G
communication system suffers minimal mmWave propagatissds. Recently, Fed-
eral Communications Commission (FCC) has mentioned 5G mra\Wgnal carrier
frequencies along with the details of bands. This annoueogmas been made for
research, development and testing purposes to have effectd quality 5G system in
upcoming years. As per FCC; 5G mmWave carrier frequenciedsare mentioned

9



below [18-21]:

e 28-GHz Band

e 37-GHz Band

e 39-GHz Band

The above mentioned 5G mmWave carrier frequencies are assiffulating veg-
etation attenuations and discussed in the following sestadong with Shannon chan-
nel capacity. In this research paper, we are using ITU-Rdasgetation attenuation
model of mmWave outdoor propagation for the FCC recommefrégdencies: 1) 28
GHz, 2) 37 GHz and 3) 39 GHz to calculate the vegetation attiéon. SDR based sys-
tem gets the vegetation attenuation values from the ML ptiedhi unit for the desired
frequencies.

The Worldwide continuous demand of data on wireless comeatioin system
having user ubiquitous access requires high speed datarmateigh bandwidth to full
the requirement seamlessly. Around 3GHz several resealvéen done to justify
and provide the efficient data bandwidth and data rates; \rewvihis is not sufficient
for upcoming years [4-17]. There is demand and need to ftiffid high speed data
rate and high bandwidth along efficient frequency spectruth imtelligence in the
system. 5th generation (5G) mmWave communication system &nerging technol-
ogy which will provide efficient mmWave spectrum utilizatito provide high speed

data rate and high bandwidth. mmWave frequencies bandsagable to provide

10



the high speed data rate and high bandwidth by fulfilling {eectrum shortage. 5G
mmWave communication system requires efficient spectrumliveg by considering
various mmWave propagation channel characteristics ®retitire mmWave range.
mmWave frequencies range from 30 to 300 GHz and provide & lspgctrum. It
forms the base for the 5G mmWave communication system. $irésiearch, we pro-
pose a feature for an intelligent ML based adaptive trartenfior 5G wireless system

[4-14].

1.2 Research Objective

The basic aim of this research is to provide software defiadibrattenuation control
in 5G communication system along with performance analyBie summary of the

goals of the work is provided below:

¢ : Innovative method for intelligently selecting a grid ologp of grids having
minimal mmWave propagation attenuation from a virtual daice of 5G trans-
mitter. The object is to select at least one obstructionZiigee and at least one
obstruction free beam window, said at least one obstru¢teenbeam window
being selected within said at least one obstruction free zdrhis grid selection
for mmWave propagation is to overcome the various effectebstacles and

simulation for the frequencies 28 GHz, 37 GHz and 39 GHz.

e . 5G mmWave communication system attenuation control usoftyvare de-
fined radio (SDR) for the frequencies 28 GHz, 37 GHz and 39 GH®e soft-

11



ware defined method keeps on learning mmWave propagatienuattion val-
ues for the mmWave frequencies by using supervised ML foouartype of
attenuations causes like vegetation and predicting thar&machannel capacity
(SCC) calculation at 5G SDR transmitter for the frequen2@$Hz, 37 GHz
and 39 GHz to maintain the desired transmission data raté®nuation and
SCC calculation for Delhi Technological University (DTWew Delhi, India

based location.

. Calculation of mmWave attenuations due to atmospheriatier obstruction
to provide the transmission signal power control in 5G mm&\Jaymmunication
system using software defined radio (SDR) considering frqgies 28 GHz,
37 GHz and 39 GHz. Further, atmospheric/ weather obstmttenuation

calculation for the Indian metro cities like Delhi, Mumbkbplkata and Chennai.

As per the objects the research results are generated andefid for the re-

searchers as well as for the industries to calculate weselgstem link budget analysis

in the 5G mmWave communication system. This research wagnmts atmospheric,

vegetation, urban or building and vegetation attenuatadoutation in SDR manner

and attenuation control in 5G mmWave communication systemyuSDR. The SDR

method considers machine learning and predicts the atienwss well as SCC as per

situation. SCC is calculated for Delhi Technological Umsiy (DTU), New Delhi,

India based location as well as along with the consideraifararious type of attenu-

ations like atmospheric, vegetation and building or urlttenaation.
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1.3 Outline of the Thesis

The thesis is organized into six chapters. The summary ofvtit& presented in each

chapter is briefly outlined as follows:

e Chapter 2: In this chapter, we present a state-of-art review of varimethod-
ologies available for handling 5G losses and issues prellene all the existing
methodologies are critically evaluated along the varicursmeters. This chap-

ter would serve as a backbone for our proposal and the relse atapters.

e Chapter 3: In this chapter, we propose a method for intelligently sitg a
grid or group of grids having minimal mmWave propagatioreatiation from
a virtual grid face. This grid selection for mmWave propawyatis described
to overcome the various effects of obstacle blockages byifay virtual grid
face around the transmission antenna. The simulation éosdme has been per-
formed for the proposed 5G mmWave link. Further, one gridytoup of grids)
is selected from the virtual face based on the minimal atigon value the for
mmWave propagation. Minimal attenuation grid can be usestueral manner
in the 5G wireless communication system like for line of $i¢gloS), trans-
mission power link budget analysis, transmission powetrobrbeamforming,
Shannon channel capacity analysis, cell planning and dtcs dhapter shows
smart intelligent method for minimal attenuation gridffong for of mmWave
based communication link. It significantly improves systparformance by
saving the transmitter power radiation for mmWave propagahrough the se-

13



lected grid having minimal attenuation.

Chapter 4: We propose intelligent ML based transmitter is a supedvigik
device and it has provision of self teaching learning maehiased on data. The
proposed 5G ML transmitter system keeps learning mmWaveggation atmo-
sphere, vegetation and urban attenuation values for the ava\ivequencies.
The ML unit predicts the attenuation values using regressiode with the al-
gorithms like K-Nearest Neighbors, Decision Tree and Ramfforest. Results
are graphed for the mentioned frequencies and for 5G mmW\aweninication
system under different atmospheric conditions, vegetadiod urban channel

conditions.

Chapter 5: In this chapter, we present atmospheric attenuation abmr5G

mmwave communication system for Delhi (India) and otheateal cities based
location using software defined radio (SDR). The softwarfendd radio atmo-
spheric attenuation is calculated for the frequencies 2&,G34 GHz and 39
GHz. The atmospheric attenuation is calculated for Delmdid) based loca-
tion by considering 5G mmWave absorption due to atmospheaster vapour
and atmospheric oxygen. In this chapter , we present atneospifect on 5G
mmWave communication system. Atmospheric effects for D@ftdia) based
5G communication system is calculated as per Delhi atmagpbenditions.

Atmospheric impairments are major cause of degrading mne\Wegnal power

while mmWave propagation in wireless channel. Due to Atrhesic impair-
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ments attenuation takes place and major impairments agewdter vapour,
oxygen, rain and fog for Delhi (India). 5G mmWave attenuatialculations

are performed for the mmWave band frequencies 28 GHz, 37 GH39 GHz.

e Chapter 6: This chapter gives the details of results along with dismusthe

thesis.

e Chapter 7: In this chapter, we summarize the contribution of the thgsiesent

the conclusions and discuss the future scope of our work.

Further sections gives the publications and referenceslslef the thesis.
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Chapter 2

Literature Review

2.1 5G

With the explosive research, progress and developmenGanhWave communica-
tions system by considering Gbps data rate among billionssef devices, it is re-
quired to have technically rich 5G mmWave communicatiorssesy. Such enhanced,
intelligent, technical 5G mmWave communications systeail sfonsider the follow-
ing requirements are discussed in next paragraph.

5G mmWave communications system major requirements atebiga Rate, Cell
Edge Data Rate, Low Latency, Simultaneous Seamless CaoomeCell Spectral Ef-
ficiency and Utilization Optimally, Optimum Cost and MobyliSupport . There is
need and requirement for seamless billions of user devaassction along with high
data rate and low latency [4-9]. billions of user devices @& mmWave communi-

cations system shall also consider Cell Edge Data Rate Spelttral Efficiency and
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Utilization Optimally, Optimum Cost and Mobility Suppo#t{7] .

2.1.1 Requirements for 5G

With the explosive research, progress and developmenGanfhWave communica-
tions system by considering Gbps data rate among billionssef devices, it is re-
quired to have technically rich 5G mmWave communicatiorssesy. Such enhanced,
intelligent, technical 5G mmWave communications systeall gtonsider the require-
ments [3-7]:

5G mmWave communications system major requirements atebiga Rate, Cell
Edge Data Rate, Low Latency, Simultaneous Seamless CaomeCell Spectral Effi-
ciency and Utilization Optimally, Optimum Cost and MobjlBupport . There is need
and requirement for seamless billions of user devices agimmealong with high data
rate and low latency [4-9] . billions of user devices in 5G maw¥/ communications
system shall also consider Cell Edge Data Rate, Cell Spé&dfigiency and utilization
optimally, Optimum Cost and Mobility Support [4-7].

5G mmWave communications system considers frequenciég afitnWave which
ranges from 30 GHz to 300 GHz. Considering mmWaves rangioig 80 GHz to
300 GHz has several advantages and benefits to provide higiwith and further

benefits are [6-9]:

e Big volume of spectrum at mmWave frequencies in 5G mmWavenconica-

tions system
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e 5G mmWave communications system mmWaves suffer with higrewehannel
attenuation in wireless channel. 5G mmWave communicatigsiem mmWaves
also have penetration. Due to this mmWaves characterisigcequencies can

be can be recycled at a small distance

5G mmWave communications system research for mmWave fnetgseis in progress

for an optimum communication system by 2020 [7-9].

2.1.2 Challenges

5G mmWave communications system shows various Charaatsridhallenges. Ma-
jorly 5G mmWave communications system Characteristicdl@mnges can be classi-
fied as shown below with following details. 5G mmWave comnoations system
Characteristics Challenges are mmWave Transmission Clieaistics and mmWave
communications Network Characteristics [5-11] [34-56].

5G mmWave communications system network Characteristiabenges are:
e D2D communications

e Heterogeneous Networks

e Small Cell Backhaul

5G mmWave communications system transmission charatsrchallenges are:

e Channel Characteristics
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e Beamforming Technologies due to Channel Propagation Linds a

e Blocking Effect

mmWave 5G communications system will give rich user expeeeby 2020 and
will accommodate large users along with high data conniégtithe challenges are
discussed here and the solution, research and developsnenpiogress for the dis-
cussed mmWave 5G communications system challenges. 5G mreme@aimunica-
tions system requires Governments rules and regulatiargyalith standards. At
present 5G mmwave communications system is emerging aredagievg in multiple

directions which require unidirectional research develept and growth.

2.1.3 Standardizations and Regulations

5G mmWave communications system research is in progreddwide and various
standardization organizations are working with the taajgtear 2020 for market de-
ployment. Several research organizations are involveesearch . Standard Timelines
for 5G mmWave communications system is announced by ITUdR3&PP standard
for 5G mmWave communications system is in progress with thed year 2020.
ITU-R time line considers Vision, requirement, Proposakldation and Standard De-
velopment by 2020. 3GPP standard for 5G mmWave communitasigstem is also in
progress with the releases in various years on or before [392D 5G mmWave com-
munications system standard will incorporate and invastigew mmWave frequency

bands. FCC recently has also reported mmWave frequencysidanurther system
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growth. As per viewpoint for 5G mmWave communications systét is planned for

commercialization by year 2020 [3-17,19].

2.2 Software Defined mmWave 5G Communication

Software defined mmWave 5G communication system can bersband developed
in a flexible architecture mode. Software defined mmWaveipges/flexible architec-
ture to have more flexible control and updating options alith real time adaptive
features. Software defined mmWave 5G communication systemides following

features [3-7]:

e Highly Flexible

Adaptive System reconfiguration

Quick and Easy

Seamless Incorporation

Efficient Resource Utilization and more

Software defined mmWave 5G communication system along withgsed control
mechanism will be very useful for upcoming system . Due tdlthebility of Software
defined mmWave 5G communication system proposed solutibgyie high secure

system as per demand and need [3-7].

20



2.3 5G mmWave Frequency Spectrum

High speed data rate and high bandwidth can be achieved G@lebpmmunication
system by having mmWave frequency spectrum. Several mm\Wageencies are
proposed globally for 5G mmWave communication system. 5G/Mame frequency
spectrum offers high speed data rate and high bandwidth . dd@nwnication sys-
tem research is under development with mmWave frequenBiesently; The United
States Federal Communications Commission (FCC) autleerd proposes broad-

band device operations in the following mmWave bands [1]3-16
e 27.5-28.35 GHz band (28 GHz band)
e 37-38.6 GHz band (37 GHz band)
e 38.6-40 GHz band (39 GHz band)

FCC proposed mmWave bands are considering high speed, temcla high ca-

pacity and advance user experience .

2.4 Obstacles

D2D 5G wireless communications with mmWave frequenciess af the main im-
portant aspect of the networks. The propagation losseshanerkin the literature due
to several propagation impairments and as well as discusgbd prior art literature.

5G mmWave propagation attenuation due to various obstmgplays major role in
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the wireless transmitter performance and mmWave wirelesgggation paths. As
per literature; it is important to plan the mmWave transimissn the urban area as
the transmission losses are high due to propagation attenu&ome of the prior art
discusses using omni-directional transmissions with thdave communication and
which causes large amount of propagation attenuation ad$ltransmitter with ex-
tra transmission power [23-28]. At transmission end beamiiog and beam deviation
methods have been proposed to avoid channel blockagestaclass however prior art
does not specifically discusses forming intelligent gridd aelecting optimum grids
for mmWave transmission. It is quite important to have ditg@al mmWave trans-
missions in D2D communication and need to solve problem afgmission in the
existence of blockages [28-32]. Prior art discusses th@gmpaopagation impairment
of channels are weather or atmospheric effects for mmWaaguéncies. Building
and vegetation also adds high value propagation mmWaveugtien for mmWave
frequencies. So, it is very important and necessary to hawanformation of the
various blockage effects at transmitter end so that tratenuan decide transmission
accordingly [23-28]. In this research paper; we have pregaficient method for
transmitter to avoid blockage effect by avoiding obstaclesthe literature, wireless
channel propagation has been discussed with various tyfpel®akage conditions.
The blockage conditions discussed and considered are pl@@s seasons, building,
tree, vegetation and etc. The atmospheric impairmentsaamgwater vapor, oxygen,
fog and etc. The attenuation due to building and vegetatiayspa high significant
role in the mmWave propagation and due to which channel dgpalso degrades
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[21-34]. Prior art discusses for wireless sensor netwankthiiee-dimensional (3D)
environment obstacles avoidance. As per prior art the raakchor trajectory path
shall avoid collision with obstacles [34]. In this papeke tiroposal focuses on intelli-
gently finding and selecting minimal attenuation grid ongrof grids from the virtual
face at the transmitter end to provide efficient mmWave pgapan through wireless
channel. In prior art, an obstacle avoidance approach ystig planning has been
discussed and it uses graph approach along with a deptisdiasth based algorithm
with greedy strategy [31]-[34]. In prior art, it has beenatissed to deal with obstacle
obstructions and avoid the losses in channel. However,ribegrt literature does not
specifically discuss forming virtual face and selectingrapim grids for transmission
based on minimal attenuation [29-34]. Such optimum gridsiole efficient power

transmission and etc.

2.5 Attenuation

Prior art literature discusses SDR based transmissiomaidattune the transmission
parameters as per demand and need. ML based predictioniswan classifier mode
or regression mode and several algorithms in supervisediasstipervised mode are
described in literature to predict the data values as pamigaand testing data sets.
However , prior art literature does not specifically disctsgredict the vegetation
attenuation values using supervised learning having ipptameters like frequency,

depth of vegetation and output parameter learning for diveegetation attenuation.
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This proposed research predicts the vegetation attemuatsupervised learning mode
by using proposed three algorithms .These three algorifinmades one of the best
simulation close approximation results for the requiretpati[5-11] [33-45].

The SDR transmission unit uses software and digital sigradgssing (DSP) for
the transmission control (or tuning) having various inpatgmeters like frequency,
transmitter power, angle and etc. The ML prediction unitast pf the SDR system.
SDR based ML system learns vegetation attenuation valugbddrequencies using
ML. ITU has recommended models for vegetation attenuatibichvis based on veg-
etation depth and mmWave propagation frequency. The SD&MEgrediction unit
to predict the vegetation attenuation and uses this valealtulate the SCC. Based
on the calculated SCC the SDR transmitter controls the itnegsson in terms of the
desired SCC. The location of DTU, formerly known as DCE igstdd for this sim-
ulation work. The site DTU has big vegetation area and higietegion density. In
addition, the vegetation density adds significant amountrofVave outdoor propaga-
tion attenuation; so it becomes important to know the atiéon and control it for 5G
wireless communication [7-17] [45-56].

This research work provides detailed vegetation atteandfiL details for the pro-
posed frequencies and indicates that SDR can tune the titéersmith the required
data rate. We obtain vegetation attenuation details asTeiR model and present the
attenuation values to the ML unit. Further, in this reseaveldiscuss SCC calculation
using ML results along with the SDR controlling. SCC values@erived for the veg-
etation attenuation parameters using ML unit. In addit®DR based control can be
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used to manage SCC in different vegetation medium for thewsifrequencies. This
research paper explore new possibilities of calculatiegatienuation values based on

ML algorithms like K-Nearest Neighbors , Decision Tree arahBom Forest [45-87].

2.6 Atmospheric Gaseous Attenuation

mmWave frequency link suffers with atmospheric attenuséiod this mmWave atten-
uation takes place due to atmospheric gaseous absorptieninmpact of atmospheric
gases on the propagation of mmWave comes in form of sigrexl@tion, phase shift
and angle of arrival variations. Atmospheric attenuatiamkes place majorly due to
atmospheric water vapor and atmospheric oxygen, scajtama scintillation. For
certain mmWave frequencies losses are high because ofdbeaiece gas molecules.
Atmospheric water vapour attenuation is high as compargygen particles due to at-
mospheric absorption and scattering To calculate 5G mm\d@wvenunication system,;
atmospheric attenuation here we are using ITU-R recomntenaihod for calculat-
ing atmospheric water vapor attenuation and atmosphegigasxattenuation . This
model comprises various parameters like ; Frequency, Elatlation angle, Height
above mean sea level , Water vapor density and etc. The atridsgaseous attenua-
tion is calculated by having equi probable summation of theoapheric water vapor

attenuation and oxygen attenuation [16-21] [43-67] .
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2.7 Overview of the Work

This research presents atmospheric attenuation caloulegt various atmosphere at-
tenuation causes for 5G mmWave propagation attenuatidgredteéquencies 28 GHz,
37 GHz and 39 GHz for Delhi and other metro cities (India) .slshown in the re-
search that the atmospheric attenuation due to water vapayen, rain and fog varies
and depends on the mmWave frequencies. This research gisfies the reason of
the selection of the frequencies 28 GHz, 37 GHz and 39 GHzGmnWave Com-
munication System. These frequencies 28 GHz, 37 GHz and (@G mmWave
Communication System shows minimal attenuation.

Software Defined mmWave facilitates transmission powetrobim a real manner.
5G mmWave communication system transmitter and receiegrbe controlled by the
software defined mmwave communication system . SoftwarenBeéfinmWave facili-
tates methods to control the transceiver as per atmosttgiwation and demand and
need of channel capacity in 5G mmWave communication systdare intelligent an
adaptive transmitter which is having machine learning (Ma¥ed on previous trends
of the attenuations decides the optimal channel capadgyintelligence is based on
the various type of attenuations as per various conditisréescribed. The decision-
directed adaptive receiver has the same structure as thdigmeceiver, but uses its
own decisions. The adaptive ML based transmitter is usefuttelligently provide
the required channel capacity.

This research presents the vegetation attenuation catmuland Shannon chan-
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nel capacity calculation in the presence of the vegetatiea &r the 5G mmWave

communication system. The mmWave vegetation attenuatidnShannon channel
capacity is calculated for the frequencies. The objectivihis research is to study
the effect of the vegetation attenuation on the calculatid®dhannon channel capacity
by using SDR based 5G mmWave communication system. It isleihhrough graphs

that as depth of the vegetation increases, the SCC decreases

The vegetation and building attenuation adds significartuarnof attenuation for
mmWaves during free space propagation in 5G wireless conuation system. The
vegetation attenuation calculation values informatioovates facility to control the
channel capacity using SDR. The research analysis has besgnped in this research
along with the demonstration of vegetation attenuatiocidation for the mmWave
as well as prediction of the values using ML (supervisedasgion mode with KNN,
Decision Tree and Random Forest). This research also sisggesdemonstrates that
SCC can be controlled using SDR and can tune the transmittetive desired channel
data rate by the virtue of SDR based control and use of theqti@avalues. Such type
of intelligent control benefits the link budget analysis aoftware automatic control
as per need and demand.

In this research, we discuss minimal attenuation grid forrs@Wave D2D de-
vices in DTU campus area which is having open air, vegetatimhbuilding area. 5G
mmWave antenna forms grids and calculates the minimalwteon grids for atleast
one of the purposes like; beamforming, minimal loss patig bf Sight (LoS), power
planning, link budget planning and etc. The method effetyiselects at least one
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grid from amongst the grids as an optimum grid based on thénmairattenuation.
Here we have simulated results and calculations are peetbfor the frequencies 28
GHz. Further, Shannon channel capacity has also been atddubr various seasons
and respectively for vegetation and building. It is cleamirsimulation results and
validation that the Shannon channel capacity in atmosplapairments is higher as
compare to other mentioned grid values.

This research is useful for transmission link budget for 5@&Wave Communica-
tion system for instant installation. Future work involtee identifying the various
other dynamic atmospheric attenuation causes for the gimeos attenuation for 5G
mmWave Communication. This research shows the importamg¢eansideration of
the atmospheric attenuation due to atmospheric water vagul atmospheric oxy-
gen during transmission link budget for 5G mmWave Commuitina The research
suggest that the 5G mmWave Communication devices shalldemedditional trans-
mission gain to compensate for the atmospheric attenuatigrath loss to provide
optimum signal strength at the receiver end. Future workliras the identifying the
various other causes for the atmospheric attenuation fong®Vave Communication

and handling with high flexibility and high efficiency thrdu@DR.

28



Chapter 3

Intelligent Grid Selection for Obstacle

Avoidance

3.1 Motivation

The Recent research is focusing on obstacle free trangmisgiproach to provide
high directivity power signal transmission. With respeztthe related prior art lit-

erature [31]-[34], in this paper we found several issues iinifave transmission. 5G
transmission can be done efficiently which are covered ippoyposal and we propose

the following novel elements:

e \We propose, creating and selecting a virtual face for a inétting antenna

e \We Create grids in square metrix form on the selected facarapmwith the

obstructions/ blockages on that particular face

29



e We calculate attenuation for each grid based on type of wttsdns/ blockage

e We select one grid or group of grids from amongst the gridsraganal atten-

uation grid by comparing with the rest of other grids atte¢mmmavalues

e We propose efficient millimeter wave transmission passingugh selected grid
based on the intelligently selected grid by comparing,udateng , validating the

performance with Shannon channel capacity

We have tried best to address blockage avoidance issue inamenjopagation
and as per proposed approach such issue can be resolvedinBythes proposed ap-
proach the efficient mmWave transmission can take places. résearch deals with the
obstacle avoidance problem and provides clear approachu® low loss transmis-
sion. Further, we have tried to show through simulations ti@ proposed obstacle
avoidance approach has high quality mmWave transmissidorpgnce with respect

to without obstacle avoidance approach.

3.2 Intelligent Attenuation Grid Formation and Selec-
tion

As per Figure 3.1; flow diagram has been shown for a virtuad fabich is created
around a static D2D transmitting antenna. The grids ardenlezn the selected virtual
face. The grids divide a face of the virtual shape into an n imatrix. At least one grid
from amongst the grids is selected as an optimum grid baséteaninimal mmWave
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Create and select a virtual face for a transmitting
antenna

Create grids on the selected face and calculate
attenuation for each grid

Select one grid from amongst the grids as a
minimal attenuation grid

i

Mallimeter Wave Beamforming passing through
selected grid

Figure 3.1: 5G mmWave grid selection for 5G transmittingeana.

attenuation value. The 5G controller includes a grid creanal selector. It creates the
grids on at least one selected face and selects at least idneaged on the minimal
mmWave attenuation value. Further, beam is formed basedast dttenuation grid
which is one optimum grid as selected. Beam forming is usetirect and steer an
antennas directivity beam in a particular direction. Skenchannel capacity can be
calculated in the obstacle free grids and obstacle basdsl. gri

At least one optimum grid allows power transmission in aaioa of a particular
location with minimal attenuation or losses, thereby al@awer control over shaping
and steering of antenna beam directivity pattern. Thusnébion of the at least one
beam based on at least one optimum grid generates a highiala@cand efficient

beam with minimal losses and overheads. System includeara-b&ming unit and
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Grid Obstruction Beam Fommine Ui
Vittual Face Former dentifier A
G“ggfﬁﬁ?m Controller Transmission Unit

UserDisplay Unit~ f— User Display Unit

Figure 3.2: 5G mmWave intelligent grid selection and oldstagoidance system.

Antenna

Figure 3.3: 5G mmWave site of DTU; having vegetation, atnhesp and building

area.
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Figure 3.4: 5G mmWave grid for DTU (having vegetation, atptese and building

area).

forms beam in accordance with the input one optimum grid Wiggrovided by the
system. As per this approach system controls and perforomscéién of transmitting a
signal to the receiving antenna through the minimum attéonigrid and transmitting
antenna transmits the signal in the direction of the rengiaintenna.

As per figure 3.1, device-to-device grid selection for 5G man@/communication
system is shown for one of the transmitting device. As penvauik; it is considered
that the transmitting, receiving device and obstaclestat®sary. 5G grid attenuation
controller includes a location detection modular to deteetantenna location and it
dynamically detects the current location of the transmgteantenna. The transmitting

antenna is part of D2D communication system [4]-[5], [33heTsystem has storage
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Figure 3.5: 5G mmWave grid with type of attenuations for D Hdying atmospheric,

vegetation and building area .

unit to store the data pertaining to obstructions as obstrudata.

Figure 3.2 5G mmWave intelligent grid selection and obstastoidance system.
The obstruction data can be determined, evaluated or edesd such processing
can take place for various terminals/devices/systems ligéle various users or an-
tennas. Further obstruction data can be obtained fromraySthe system can predict
[forecast obstruction details such as future buildingemty and weather conditions.
System creates the virtual face based on the received dagaviitual shape or layer
is selected and created such that the transmitting antenatdentre of the virtual
face. Further, controller creates the one or more grids erstiected face inan

metrix form. Accordingly, based on the values of obstrutsiand the received stored
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data, the controller divides the selected face of the Viruzde into an n by n matrix
that forms the grids. The controller obtains the attenmat@lues of the obstructions
which are received data from the storage and run time caicokas per the mapped
grids with obstructions or obstacles. The controller calis the grid attenuation and
forms the low or high zone attenuation grids and selects tih@mal attenuation zone
for the beamforming or channel capacity or link power budgeine of sight path for

mmWave transmission.

3.3 DTU Campus mmWave Attenuation

In this proposed research simulation, we have considerdd €mpus which is for-
merly known as DCE, located in New Delhi, India. Figure 3ll8strates 5G mmWave
site for DTU; having vegetation and building area [20]. DTHmpus has sports
ground, various outdoor game grounds, indoor game comlgdeaty, academic block,
administrative and hostel blocks in the campus. DTU alsohigis vegetation area.
DTU site is rich with all of the mixture of buildings, equak alistribution and vege-
tation. Based on the variety of obstructions and site risepave are using this area
for our simulations. Here we have identified a position of3fEestationary transmitter

which is near the following hostel blocks and sports ground:

e Sir C. V. Raman Hostel

e Sir J.C. Bose Hostel
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At this 5G transmitter location, we are calculating attediares due to obstacles
and considering calculation experimental site for gricesgbn based on vegetation,
seasonal atmosphere and building attenuation calcuatidimis site has buildings,
open air and average size Indian vegetation area. The attmg are performed for
the university campus by considering equi-probable sunomaf the attenuation and
also we have considered full vegetation for the summer amy seeason [22]-[24].
In winter season we have considered no vegetation or canwayf teaf vegetation
attenuation; such type of attenuation is due to branchesuak tof the vegetation.
In this calculation experiment we have taken average végatdensity as 10 meter
vegetation depth for mmWave propagation along with the idenation equal spaced,
equal densed vegetation. DTU site also consists of smadtaégn, buildings, con-
crete roads, soil, sand and grass. This calculation alsstaito account no-air to
have calculation and results meaningful so that it can bd bgehe power planning
engineer in 5G communication system [16].

As shown in figure 3.4 this site DTU consists vegetation anttling area along
with open area in the boys hostel area to have D2D 5G traremitthis figure 3.4
shows side view of the site (based on virtual face) where;n@ealculating grid based
attenuation and optimum grid selection for transmissidns $ide view is shown along
with 5x5 metrix having grids which are equally spaced. Thdsyare mapped with the
type of obstructions/ blockage (vegetation, building atmdasphere).

Referring to figure 3.5, the grids are created on the selegdtadhl face and it is
considered that row and column shall be equal (here 5x5¢83rdomplex calculations.
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5G grid creator and selector module divides the selectddaliface of the virtual
dimensional shape into m by m matrix. This matrix forms gridsgde virtual face. In
this virtual face; user can also enter number of rows or caltonthe virtual face.
Further system identifies the type of the obstructions fahegrid based on the
system blockage mapping or obstruction identificationschEgrid is calculated with
the attenuation values as per identified type of obstrustidks per proposal; atten-
uation values are identified based on type of obstructionsther, calculations are
performed by considering the type of obstructions and mahittenuation value grid
is identified by comparing the rest of the grids for efficigattsmission. For the identi-
fied vegetation blockage, we have used the simulation mbdal¢jh software coding.
As per Fitted- International Telecommunication Union (BFR) model the vegetation

attenuation Av is given by equation (3.1) [21]-[25] :

3.3.1 Radius of Coverage and Visibility

as per literature, we are able to rewrite the radius of thestratter coverage. The

radius of coverage in km [?] for transmitter is expressed as

r = Rcos™ " <Rihcosoz> — Ra (3.1)

whereh is the height of the transmitter ivn, R is the earth radiusK = 8300 km)
in km, and is the elevation angle ideg.. The coverage radius is as a function of
elevation angle and the altitude of the transmitter. Asalen angle increases the

radius of coverage decreases and it increases with heigtasmitter.
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The visibility [?] is defined as the ratio of propagation path in LOS (Line ohBig
situation to the total LOS and NLOS (Non Line of Sight) sitaat The visibility is

expressed as

pola, 0) = (sin )% for 0 = 0° (3.29)

pola, ) = (sin ) for 6 = 30°, 60, 90° (3.2b)
where () is the elevation angle iteg. and @) is the azimuth angle ideg., § = 0°isin

the positive y-axis direction antl= 90° is in the negative x-axis direction explained.

It is clear that visibility increases with elevation angle.

3.3.2 Ray Tracing Model

We have developed the mmWave propagation model using geoataiptics (GO)
and uniform theory of diffraction (UTD)7] for urban site with the blocks of build-
ings. The urban model to be presented has been selecteddéserapthe area at DTU,
New-Delhi. This model includes LOS component and NLOS comet of the sig-
nal with reflection and diffraction mechanism effects fromldéings and streets. The
model employs a virtual transmitter located around the aneker simulation in order
to overcome the difficulty of applying the ray launching noeth for the large separa-
tion such as from the transmitter to the mobile station (MS).

The transmitter is positioned &t= 90° and« varies form20° to 80°. The building

model are taken with same height= 15 m, lengthl, = 9 m and widthw, = 9 m are
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Typeof | Relative dielectric | Conductivity

object constant €, o (Q7tm™1)
Buwilding 3 0.005
Street 15 7

Table 3.1: Parameters used in the ray tracing simulation

taken same for complexity reduction. The width of the stregis 14 m and assumed
to be equal in this model. The mobile station (MS) Bas in height and is located at
the center of the streétl,,, = w,/2) between buildind and building2 with the ray
impinging the MS from an arbitrary direction.

In this simulation we have considered five categories of fEye ray categories
are direct (i.e. LOS), single reflection from building, degeflection from street,
diffraction from rooftop of the building, and diffractiondm building corner. The
rays outside the above categories are assumed to leavedgbedad terminated from
the simulation environment. All surfaces in real propagagnvironments are finite,
also edges and corners have to be considered. It is more tampdor radio wave
propagation. Table 3.1 shows electrical parameters thasesl in this ray tracing
simulation model. In the simulation, two situations are sidared, one is LOS and
other is NLOS situation. Total complex vector summatioriudes power impinging
the MS separately from direct LOS ray, multipath scattereaqy (total power from

rays except direct LOS ray).
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Geometrical optics (GO) and uniform theory of diffractidsiT(D) is used in sim-
ulation to calculate the attenuation in radio wave progagatUTD is an extension
method of a GO to include diffraction. The transmitting ardeiving antennas both
are assumed to be an isotropic antenna witli& gain. The electric field of the rays
arriving at the receiving antenna of MS is calculated uskrggfollowing formulas for

directray(F10s), reflected ray Er), and diffracted ray E ), respectively.

Eros = Ey %ﬁdo (direct ray) (3.3a)
Egesi = Eg R % (reflected ray) (3.3b)
Epifr = % D P ey e~I8(ss+34) (di f fracted ray) (3.3¢)

wherek = \/2x is the propagation constant, is the emitted electric field from
transmitter,d, is the the direct path length; is the distance from the transmitter to
the reflection pointg, is the distance from reflection point to the receivey,is the
path length from the transmitter to the diffraction pointgda, is the path length from
diffraction point to the receiverR denotes a Fresnel dyadic reflection coefficient and
D denotes a dyadic finite conductivity edge diffraction cofit.

The Fresnel dyadic reflection coefficieRtis given by

R = Rye} e} + Re'.¢/, (3.4a)
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sin(y)—+/(€c—cos? . .
Ri(y) = Singz;+$EEC_COSQ Ez;; for L polarization (3.4b)

€c sin(y)—+/(ec—cos?
RH(y) _ W) —=v/( ®)

P Ry P Y for || polarization (3.4¢)

wherey is the incidence angle, is the relative dielectric constant given by
€. = €. — J600 A (3.5)

€, 1S the permittivity, andr is the special conductivity of the reflecting surface.
The Diffraction dyadic coefficienD for smooth finite conductive surface wedges

are given by

D0, 0, B,) = —B,-BoDs(0, 05 B,) — 00Dy (0, 0 ) (3.6)

whereD; ;, is given by

Dy n(0, 0, ) = =<2(Ch + Cy + Cy + Cy) (3.72)
Ay = 2ny/(2rk) sin B, (3.7b)

Oy = cot (w) P(kLa*(0— 0) (3.7¢)

Cy = cot (#) F(kLa~(0 — 1)) (3.7d)
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Cs = Ryl cot (%) F(kLat(0+0")) (3.7¢)

Cy = ROL’H cot (%:W)) F(kLa=(0+0")) (3.7f)
where
P =2j(@eaptie) | eonlirt)ds (3.9
is a Fresnel integral
L= % (3.9)
S3 + Sy
and
a*(B) = 2 cos? (M) (3.10a)
B=0+0 (3.10b)
and N+ are the integers that most nearly satisfy the equations
2rnN*t — (B) == (3.11a)
2rnN~ — () = —7 (3.11b)

Ri-lis the reflection coefficient for the parallel and perpenidicpolarization for
zero phase, incidence andlé ROL’” is the reflection coefficient for the parallel and
perpendicular polarization for n face, reflection angte— (.
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3.3.3 Urban Propagation Path Loss

The vector additiort’r; [?] Of received electric field components at MS in urban are

is expressed as

5 n;
ETotal = Z |:Z EZ]:| (312)

i=1 L j=1

whereE;; is the received electric field of th¢" ray fori category of the rays, and
is the total number of rays of th& category.

The total propagation path 106544, ) in dB is given as

Lirpan = 20log (% |E|g:)t|al‘> (3.13)
It is shown that urban site propagation path loss model iduhetion of elevation
angle, azimuth angle, and frequency. It is clear that thie jogs decreases as elevation
angle increases for a constant frequency and path losaseseas frequency increases
for constant elevation angle. For the frequeneie&' H =, 37 G H z and39 G H z urban
site attenuation values are explained for some of the vatfiedevation angle (for
elevation anglex = 10°, 20°, 30°, 40°, 50°, 60°, 70°, and 80°).

For the identified building blockage, simulation is perfearthrough software de-
fined coding. D2D 5G total urban mmWave propagation path (assban) in dB is
given below for the buildings in DTU area as per equation3;33114) [20-25]: Here,
1» is the wavelength of the transmitted mmWave signal, ERésemitted electric field
from the 5G D2D transmitter. ETotal is the vector additionhs received electric field
components at D2D unit in DTU building area as per equatiob3(33.14). Further,

Lambda is mmWave wavelength.
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3.4 Effect of Weather Impairments

Propagation factors considered for inclusion in the oVvemaddiction procedure are
gaseous absorption, cloud attenuation, fog attenuatsn attenuation, and dust at-
tenuation. Low-angle (arount’) fading is a refractive phenomena encountered on
very low elevation angle paths when the propagation patbgsaat grazing incidence
across a boundary between two air masses of different teedndex, thereby caus-
ing focusing and defocusing of the energy as the air/air danpnmoves with respect
to the path. Here the minimum elevation angléi&. Calculation procedures used for

the selected components are presented below.

3.4.1 Attenuation Due to Atmospheric Gases

When mmWave pass through the atmosphere, they under gadtiters with gas
molecules that are present in the atmosphere. The atmaspghseous constituents in
percentage is N, 78.08%,0, 20.95%,Ar 0.93%,C'0O, 0.03450% (varies with loca-
tion), Ne 0.00180%,H e 0.00052%,C'H, 0.00014%,Kr 0.00010%,H, 0.00005%,
traces of:SO,, O3, NO and NOs.

Each of these gas molecules interacts with the mmWave, teeattions may or
may not cause transmission loss. Transmission losseseialty high near the res-
onances of the molecules. These losses are greater andegtgiiencies, coinciding
with the mechanical resonant frequencies of the gas masculhe important reso-

nances for gaseous absorption up to 300 GHz are those froospharic water vapour
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and oxygen. The quantities and effects of resonant gase®egtigible compared to

water vapor at typical millimeter frequencies.

The specific attenuatior?] of water vapory,, in dB/km is given by

3.6
(f —222)2 +85

Yo(f) = (0.05+0.021p+

1 3.14
(F—18332+9 (f—325.4)2+26.3>f P10 (3.14)

wherep is the water vapour concentrationgpm? and f is the frequency itz H z. For

Delhi p varies from6 — 10 g/m3. The total water vapour attenuation is given by

 hee 0
Ay = S0 (0) 0> 10 (3.15a)
A, = ”“;07 \’S]f;)m”F(tan(é)\/Re/hw) 6 < 10° (3.15b)

whereR, is the effective earth radius including refracti@b00km), 0 is the ele-

vation angle and”'(z) is given by

1
= 3.16
0.661z + 0.339v22 + 5.51 ( )

h., is the equivalent height of water vaporim given by

ho = huol| 1+ k + > + =
v (f —22.2)2+5 (f—1833)2+6 (f—325.4)2+4

(3.17)

hw, = 1.6 km in clear weather outside the absorption regions. It is dieatrthe
water vapour has resonances at 22GHz. The attenuationehaitp the amount of
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water vapour in the atmosphere. At this frequency, absmpgsults in high attenua-
tion of the radio signal.

The specific attenuatiop, due to oxygen is given by

6.09 481
of) = |719x107° 2% 107
%elf) ( 8 +f2+0.277+(f—57)2+1.5>f SR

f <57GH=z
(3.18a)
0.265 0.028
) (3 R (F =637+ 159  (f—118)°+ 1.47> (f +198)% x 10
f>63GHz
(3.18b)
wheref is the frequency it H ». The total attenuation idB is given by
hOrYo
o 107 1
’ sin(6)’ 6> 10 (3.19a)
h
Ao = %C?\/%F(tan(é) \/W) . 2] S 10° (319b)

whereh, is the equivalent height of the oxygen layer.

Between57 GHz and 63 G H z the model does not apply. An average value of
14.9dB/km is used. Oxygen has strong bands of resonances afaund0 G H z. It
is clear thatD, has strong band of attenuation3atGG H = corresponding to peak. The
spectral regions between the absorption peak providesowimdhere propagation can

more readily occur. The transmission windows are at aBoGtH =, and94 GH z.
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The attenuation due to gaseous absorptgnn dB due to two constituent gases

oxygen and water vapor is given by

Ay = Ay + A, (3.20)

The total atmospheric attenuation due to water vapor angexygan be calculated
for a city. The spectral region between the absorption ppak&des window where
propagation can more readily occur. The transmission wirsdare at abouts GH z,

and94 G H z.

3.4.2 Attenuation Due to Fog

Fog remains suspended in the atmosphere. Attenuation diog is determined by
the quantity of water per unit volume, size of the dropletd eadio wave frequency.
The specific attenuation as per literature dii/ K'm, within a fog as per Rayleigh
approximation is given by

Ve = KoM (3.21)

where K is the specific attenuation coefficient (@B /km).(g/m?*) and M is liquid
water density for fog iy/m?>. Over northern India, fog occur for a considerable period
during winter season. Radiative fog forms during the higéspure zone, sky is clear
and winds are calm. The advection fog is caused by the inolucf moist winds
from South West (SW) (Arabian Sea), thus relatively warm anaist air overrides a

substantially cooler surface, causing fog formation inlgyer of the atmosphere just
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above ground. The relation between water content and kigibf fog (in g/m?) for

two types of fog are

M = (42.0V)~15*  radiation fog

M = (18.35V)~143  advection fog

where V is the visibility for fog and its relationship with tigs attenuation coefficient
o is given as

V =(3.912x 107%) /ay. (3.22)

For Delhi, during fog the optical visibility reduces to ldkan 100 meter fob.76%
of the time in a year (here we have takén= 100m) and the specific humidity
in the lowest atmosphere varié9) — 8.0 gm/m3. Here the advection type fog is
considered for calculations as this fog is more persisteem radiative fog. On the
basis of mathematically modeled Rayleigh scattering,fhean be calculated up to

1000 GHz and given as

_0.819f
K, = A7) (dB/km).(g/m?) (3.23)

wheref is the frequency in GHz anglis given by

_2+e/

n= Rz (324)
The complex dielectric permittivity of water is given by
¢! . f(Eo - 61) f(€1 - 62)
S AT 7T AE M ATE (I (3:29)
€(f) = —2— a"e . (3.26)

O+ (/L8 O+ (/)
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where

€ = T7.6+103.3(60—1),

€1 = 548,
€y = 3.51 5
300
0 = ——— 3.27
27315+t ( )

heret is the temperature of the fog layerdd’. (for Delhi the minimum temperature
is 7.3°C for the month of January). The principal and secondary e¢ier frequency

in GHz are

f, = 20.09 —142(0 — 1) 4 294(6 — 1)?

£, 590 — 1500(6 — 1) (3.28)

The attenuation due to fog depends on the specific attemuati@nd the distance
propagated by the radio wavés during fog. L, for varying heights of transmitter and

fog along with elevation angle are

hr—h
Lo =" 0>5 hr < hpo,
Ls:%’ 6 > 5° hTzhfog
(3.29)

L. — 2(hr—hs) C 0<5 he<h

° sin 0+ \/Sin2 6—1—% T fog

= 2(hyog—hs) °

be = 20 jog—hs) 0 <5% hr = hog

sin 6+\/sin2 0+ o

wherehg is the height of earth station above mean sea level in kilemgt is the

height of target (transmitter) above sea level in kilometgy, is the fog top layer
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in kilometer, @ is the elevation angle in degrek, is the effective radius coefficient,
anda is the radius of earth. The values of the parameters comrslder Delhi, India,
are: cell radius: = 50 km, hg = 0.213km, hy = 20km, hyoy = 3km, 6 = 21.8°,
k. = 4/3, anda = 6370 km. The average altitude of Delhi ¥3m above sea level.
As 0 > 5° andhy > hy,, SO the second condition of (3.29) is used to calculate

Further, the attenuation due to fog is given as

A = fyCLS7

— K,ML,. (3.30)

In Delhi December and January is the period for fog. The teatpee during these
months varies betweetiC to 22°C'.

As per observations for the attenuation due to fog for daffietemperatures, we
observe that the attenuation is significant for the freqigsnabove 20 GHz. Further
we also observe that as the temperature increases theadttendue to fog decreases,
implying that for high temperatures the effect of water ngales on electromagnetic

waves is less.

3.4.3 Attenuation Due to Rain

Attenuation because of raindrops is greater than attesrubgcause of other forms of
precipitation. Rain attenuation is caused by absorptiowfich the raindrop acts as a
poor dielectric, absorbs power from the radio wave and plidss the power by scatter-
ing or heat loss. Raindrops cause greater attenuation ltigsng than by absorption
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at frequencies above 100 megahertz. The modified ITU-R plaiht rain attenuation
estimates the median rain attenuation based on rain rdtelgrayth and polarization.
It is a theoretical prediction model based on the geophislzservations of rain struc-
ture, rain rate, and the vertical variation of atmosphegropgerature. The model is
summarized as

Specific attenuationy in dB/km is given by
vr = kR (3.31)

whereR is the rain rate inmm/hr, k anda are frequency and polarization dependent

coefficients given by

ky = 4.0848 x 1070 f(14550403%If) ) < £ - 15GH >~

(3.32a)

= 2.8790 x 1077 f(>-T988=05431Inf) 15 < F <400GHz  (3.32b)

0.3151
— 0.8424 1< f<15GH
an T 0 7 = 2.0462)% + 0.6304 = :

(3.33a)

— 0.6879 + 0.7005ezp(—0.02600f) 15 < f <400GHz  (3.33b)
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ky = 3.7332x 1077 fLA10940406Tn /)y < f < 15 GH 2

(3.34a)

= 20220 x 1077 fO-TE05207TIn) 15 < F <400GHz  (3.34b)

0.2850
— 08158 1< f<15GH
av T mj—zorsr roseer L= :

(3.35a)

— 0.6887 + 0.637lexp(—0.02493f)  15< f <400GHz  (3.35b)

The coefficients: anda can be calculated for linear and circular polarization, and

for all path geometries by following equations

k= [k + kv + (kg — ky) cos? 0 cos(27)] /2 (3.36)

a = [kyay + kvay + (kgay — kyay) cos® § cos(27)]/2k (3.37)

whered is the path elevation angle, ands the polarization tilt angle relative to the
horizontal for circular polarization = 45°.

The rain height, in km is given by

hy = ho+036  Rog < 10mm/h (3.38a)
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Ry
10

— h,+0.36 + log Roo1 > 10mm/h (3.38b)

whereh, is the isotherm height ikm, and R, o; is the rain rate.

The slant path length, in £m below the rain height is given by

L, = f > 5° (3.392)

_ 2(hy — hs) 0 < 5° (3.39b)

1/2
(sin29+2(h9TjLS)) +sind

whereh, is the height above the mean sea level, aiglthe elevation angle.

The horizontal projectiot.; of slant path inkm is given by

Lg = Lgcosf (3.40)

The path adjustment factor is given by

1
001 = 0 8420000 — 1.35(1 — e 297kq)
for f < 15GHz (3.41a)
_ 1
1 —0.519L%702y,0626 — 3.18(1 — €0-0572Lc)
for f >15GHz (3.41b)

The values of the parameters considered for Delhi, Ind&,/ar= 5 km, Ry =
120mm/hr, hy = 0.213km, 0 = 15°. Asf > 5° f > 15GHZ, and Ry >
10 mm/h so the first, second and second condition of (3.29) (3.2%esl to calculate
hg, ro.01, @and L.
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The total attenuation due to raifl, o; exceeded fof.01% of an year indB is
determined as

Apor = YrLsT0.01 (3-42)

A summary of total attenuation rain model fo01% of a year is discussed and
the attenuation due to rain is frequency dependent. It isridesd that as frequency
increases the attenuation due to rain increases.

For the identified atmosphere blockage, we have used ITUhremnded meth-
ods for simulation. For atmospheric attenuation, the teddlie is equiprobable sum
of water vapour attenuation and oxygen attenuation. Watpowvattenuation Aw is
expressed as mentioned. Water vapor specific attenuaii@amaw is frequency de-
pendent and measured in dB/km. Here, hw is the equivaleghhef water vapor in
km. Re is the effective earth radius, 1, is the elevation arsgid F(x) is a function as
per literature in equations. For atmospheric oxygen a#gon Ao; attenuation in dB
is given by the literature [22]. In equations oxygen spedfitenuation igjammao.
Here, ho is the equivalent height of the oxygen layer. Reasffective earth radius,

1, is the elevation angle and F(x) is a function as per lite@{22].

3.5 DTU Campus Grids

As per DTU site calculation example; for finding out miniméeauation path dur-
ing mmWave propagation and to calculate the mmWave projmegiisses due to

atmosphere in 5G wireless communication system, it is demnsd that both devices
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transmitter and receiver are stationary in DTU area. Riefgto Figure 3.5 grids are
created inside a virtual face as side view is also illustréte obstructions like build-
ing, vegetation and atmospheric attenuation. As per caticuls; attenuation values
are identified as per type of obstructions atmosphere, aggetand building. Attenu-
ation values for atmosphere, vegetation and building deceilzdaed by considering type
of obstructions. Further minimal attenuation value gridientified for optimum trans-
mission path as considering blockage avoidance based ativeshttenuation values
comparison among other grid attenuation values.

Further, 5G mmWave grid attenuation causes for 5X5 matexsaown in figure
3.6-3.8. These figures indicate type of grid attenuationses for different seasons
of India like summer, rain and winter. The figure shows thestgpthe obstructions
for each grid as per 5G transmitter antenna location in DT&tsving mixture of at-
mosphere, vegetation and building. Further, the gridshalle two factor attenuation
due to the one of obstruction vegetation or building andtaatthl with atmosphere as
atmosphere attenuation which will be in all grids. Figures3.8 show the grids for
5G mmWave propagation with the type of attenuations for semmain and winter
seasons as Atmospheric attenuation: Summer (As), Rain \(¥nter (Aw); Build-
ing Attenuation (Ab); Vegetation Attenuation: In-Leaf (;\wVegetation Attenuation:
Out-Leaf (Avo). Figures 3.6-3.8 indicates the causes otlbekage along with the

notation of the attenuations. Below are the notation uselpact in figures 3.6-3.8:

e Atmospheric attenuation
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Summer (As)
Rain (Ar)

Winter (Aw)

e Building Attenuation (Ab)

e \/egetation Attenuation
In-Leaf (Avi)

Out-Leaf (Avo)

Obstruction data can be obtained by calculating obstrmat&tails such as build-
ing, vegetation and weather condition at later instancenoé.t Here we have used
software simulation coding to calculate the values and memptogram along with the

following assumptions:

Heights of buildings = 20 meter

e \egetation heights = 2/5 * building height = 8 meter

e Depth of vegetation = 10 meters

e Angle building elevation = 45 degree

e Ab = Building Attenuation

e Aas = Summer Atmosphere Attenuation

e Aar = Rainy Atmosphere Attenuation
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e Aaw = Winter Atmosphere Attenuation

e As=Aas

e Ar=Aar+rain

e Aw=Ar=Aar+ winter fog

e Avi=in leaf Vegetation Attenuation (summer rain)

e Avo = out leaf Vegetation Attenuation (winter)

We have used FITU-R model to calculate vegetation propagatitenuation for
in-leaf and out-of-leaf attenuation with the various seasoFITU-R model is em-
ployed to calculate vegetation propagation attenuatiothfe frequency 28 GHz and
simulated with the same. For calculating urban area attemmur 5G mmWave com-
munication; we are using geometrical optics (GO) and a umifineory of diffraction
(UTD) to calculate urban area mmWave propagation atteowa@O and UTD are ap-
plicable to mmWave frequency range and provide reliabldiption for the simulation
frequency [19]-[25].

As per literature, we have used ITU recommended models tulede the atmo-
spheric mmWave propagation attenuation [22]. This modapidicable to mmWave
frequency range and provides reliable prediction for treppsed site. Here we have
simulated results and calculations are performed for tbguiencies 28 GHz. Figures
3.9-3.11 show the grids with blockage attenuations valueggtation in-leaf, vegeta-
tion no-leaf, atmospheric and building) with type of attations for summer, rain and
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AbtAs |AbtAs |As As AbtAs
AbtAs |AbtAs |As As AbtAs
AbtAs |AbtAs |As As AbtAs
AbtAs |AbtAs |As As AbtAs
AbtAs |AbtAs |AvtAs |AvitAs |Ab+As
AbtAs [AbtAs |AvrtAs [AvrtAs |Ab+As

Figure 3.6: 5G mmWave grids with type of attenuations for sienseason .

AbtAr |AbtAr [Ar Ar AbtAr
AbtAr |AbtAr [Ar Ar AbtAr
AbtAr |AbtAr [Ar Ar AbtAr
AbtAr |AbtAr |[Ar Ar AbtAr
AbtAr |AbtAr |AvitAr |AvitAr [AbtAr

AbtAr |AbtAr |AvitAr |AvitAr [AbtAr

Figure 3.7: 5G mmWave grids with type of attenuations fonyaeason.

winter seasons for the frequency 28 GHz. In these figuresdiglated attenuation
values are shown after summing atmospheric attenuatidn negipect to vegetation
attenuation or building attenuation as per seasons sunraiarand winter for the

mentioned frequency as shown and discussed here.
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AbtAw |AbtAw |Aw  |Aw  |Ab+Aw
AbtAw [AbtAw [Aw  JAw  |AbtAw
AbtAw |AbtAw |Aw  |Aw  |AbHAw
AbtAw [AbtAw |Aw  JAw  |AbtAw
AbtAw |AbtAw |AvitAw |AvitAw |Ab+Aw
AbtAw |AbtAw [AvitAw JAvitAw |AbtAw

Figure 3.8: 5G mmWave grids with type of attenuations fortefirseason.

69.25 | 69.25 | 082 | 082 | §9.25
69.25 | 69.25 | 0.82 | 0.82 | 69.25
69.25 | 69.25 | 0.82 | 0.82 | 69.25
69.25 | 69.25 | 0.82 | 0.82 | 69.25
69.25 | 69.25 | 28.66 | 28.66 | 69.25
69.25 | 69.25 | 28.66 | 28.66 | 69.25

Figure 3.9: 5G mmWave grids with values of attenuations ¢afpheric, vegetation

in-leaf and building) in summer season for 28 GHz.
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70.23

70.23

18

18

7023

023 | 028 | 18 | 18 | 7022
023 | 7028 | 268 | 206 | 7022
023 | 702 | 2068 | 2064 | 7022

in-leaf and building) in rain season for 28 GHz .

Figure 3.10: 5G mmWave grids with values of attenuations¢apheric, vegetation

on [eon | 13 [ 13 [ 6n
o1 | 61 | 57 | 57 | eom
o1 | 61 | 57 | 57 | eom

Figure 3.11: 5G mmWave grids with values of attenuationsi@apheric, vegetation

out-leaf and building) in winter season for 28 GHz .
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Chapter 4

Channel Capacity in Vegetation Area

4.1 mmWave Vegetation Attenuation

In this chapter we calculate and predict the vegetatioma#ion values for mmWave
propagation by using ITR-U and ML algorithms like K-Neardigighbors, Decision
Tree and Random Forest. The ITU-R model is applicable in thquency range
200M H = to 95G' H = with the assumption that maximum depth of vegetation409.
Here we have assumed that the SPs and customer premiseseqtsCPES) are such
that the majority of the radio path falls within the vegatatmedium. The frequency
is taken 2GHz, 28GHz, and 31GHz for calculation. The mmWaaggetation propa-
gation path losses are shown by the below equation (4.1)rd3geR model. As per

model the attenuation due to vegetation denoted as L is dpyen

L=02f%4¢ 4B (4.1)
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wheref is the frequency inV/ H z andd is the vegetation depth imetre.

In equation 4.1 f is in MHz and denotes frequency. Furtherptld of vegetation
is in meters between the 5G transmitter and receiver ansefiings ITU-R attenuation
equation is valid for mmWave vegetation propagation whighaving depth as e
400 meter. This model stated in equation 4.1 is applicabléntommWave frequency
range and this model is valid for the frequency range 200 MiH2% GHz [18-23].
As mentioned in literate the mmWave suffers with attenumatihile passing through
vegetation. The vegetation adds extra attenuation on mra\Wespagating waves.
Vegetation is a random channel having discrete scattersadtedom structure and

distribution of :

e Foliage Leaves

e Foliage Branches and

e Foliage Tree trunks

5G mmWave transmission suffers various phenomena like:

e Multiple vegetation scattering

e \egetation diffraction and

e \/egetation absorption of radiation

Due to above mentioned various phenomena, mmWave propagatifers and at-

tenuation takes place. These phenomena can be combinesbaitd bverallmmWave
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propagation attenuation. This combined attenuation dwedgetation has significant
value at GHz frequency range and shall be taken care whitepig link budget [13-
31].

In this section, we are calculating mmWave vegetation pgapan losses for 5G
communication system. The calculated vegetation propagpath losses are shown
in the graphs using curves. The curves are shown with mm\Weagetation depth for
the mmWave frequencies. In Figure 4.1, 5G mmWave atteruaichown due to
vegetation as per ITU-R Model in x-y-z mode where X, y and 3 axllicate mmWave
frequency, depth of vegetation and vegetation attenuatiois clear from the figure
4.1 curve that the high depth of foliage impacts mmWave pgapan and eventfully
increases the foliage losses and also vegetation losseages as vegetation depth
increases. The mmWave vegetation propagation lossessciovéhe frequencies are
shown with the vegetation depth axis as per ITU-R model.

Propagation of mmWave through vegetation suffers with thenaation and this
adds extra attenuation on mmWave propagating waves. Ramdgeatation channel
provides discrete scattering of the mmWaves due to randaratate and distribution
of leaves branches and tree trunks. 5G mmWave propagati@nsuarious phenom-
ena like; multiple scattering, diffraction and absorptadrradiation during vegetation

obstructions [17-28].
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4.2 mmWave Vegetation Attenuation Prediction

ML algorithms predict the output based on the input data sdtia the supervised
ML mode and the output is labeled for the training data set.uBing the ML algo-
rithms the system is trained and in the testing / predictiod@the output is predicted
for the vegetation attenuation values. Here we are anayaimd using supervised
learning based algorithms like Decision Tree, Random Faned K-Nearest Neigh-
bours (KNN). The toolkits numpy, scipy, and scikit-leare arsed with simulation in
Python. In the supervised mode Decision Tree regressiolN kdgression and Ran-
dom Forest regression have been analyzed and found thasi@ediree regression
and Random Forest regression provide close approximatdagion results. In the
supervised mode ML algorithms have been used here alongsimitiation results to
predict the vegetation attenuation values with the trgiitesting dataset [9-19].

The decision tree prediction model works in the regressiodarhaving tree like
structure with the nodes. The tree has nodes and branchdizidtee values as per the
input data set and learning set. KNN can be used in superwisel for the continu-
ous values prediction in regression mode. Random Forestesthe random tress and
can be used in the regression mode to predict the vegetdtamation values. Ran-
dom Forests results are good as it deals with the data ovagffitoblem to provide
the quality predictions. In this research we have used sigszt learning for Random
Forests regression trees having training data and tesaitag th our simulation, train-

ing data consists the range of vegetation attenuation sntmWave frequencies for
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the various type of the depth of vegetation in wireless cbankVe are specifically

predicting the vegetation attenuation values and randossfa@an be trained in the
supervised regression learning mode for the same. Theategetlepth D (from d1

, d2 to ....dn) and frequency F (f1, f2 to .... fn) are consdeas the input learning
parameters having supervised learning for the output a#igatattenuation Av (Avl,

Av2,to...... Avn) [29-35].

Table 4.1 shows vegetation attenuation values for 5G mm\Waaanel having
vegetation as obstructions. Table 4.1 shows the vegetattenuation for the pro-
posed and simulated frequencies using ITU-R as well as éolh based algorithms.
Vegetation attenuation values for the proposed and sieunifsequencies are shown
with the vegetation depth. The high value depth d of vegmtagienerates the more
losses due to dense vegetation. Further, vegetation lessradreases along with high
frequencies [31-39].

Figure 4.2 to 4.4 show the mmWave vegetation propagatiseméaving super-
vised Decision Tree Regression) based on predictions mgysioposed ML algo-
rithms along with the training data set, testing data set thedprediction data set
having supervised learning with frequencies, depth of tage and supervised vege-
tation attenuation values data set. As per graphs it islgleaible that the vegetation
path loss prediction follows closely with the training ams$ting data sets. Graphs
related to KNN method are not shown due to not highly closéiptiens as compare
to other two methods. As per ITU-R and ML prediction; this malevegetation at-
tenuation has significant value at GHz frequency range aalll Isk taken care while
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planning link budget or channel capacity.

Figure 4.5 to 4.7 show the mmWave vegetation propagatiosebbased on the
predictions by using proposed ML algorithm (Random Forestietion) along with
the training data set, testing data set and the predictita st having supervised
learning with frequencies, depth of vegetation and suped/vegetation attenuation
values data set.

Further, we have also calculated the vegetation atterruptediction accuracy for
the mentioned algorithms as per simulations for the usacditigagand testing data set.
It is clear from Table 4.2; that the accuracy is approachiigp@rcent plus for the

training, testing and prediction data sets.

4.3 Channel Capacity

5G mmWave communication system channel capacity can beotiedtby using SDR

in the vegetation attenuation condition along with the nraehearning (ML) based
intelligent SDR solution. 5G mmWave SDR based transceigaradjust the channel
capacity automatically and produce the desired SCC unéerdfetation attenuation
situation. The 5G system can achieve the desirable Shaimammel capacity by using
ML prediction to predict the attenuation values and can theesystem with the SCC
accordingly. SDR based transceiver has the capabilitydonfegure the transmission
parameters and SDR based system is flexible by having progadéhe functionality.

So by the virtue of the SDR transceiver during vegetatioenathtion system; it can
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transmit high capacity data rate by adjusting the signalisen(SNR) ratio and can
provide the high data capacity [22-25].

As shown in the flow chart of figure 4.8, it is clear that in thgibaing step SDR
sends the desired input parameters to ML prediction unit\ibgbrediction unit pro-
cesses for the received input parameters. Further, ML @iediunit predicts the
vegetation attenuation values based on the input parasnéerfrequency, depth of
vegetation and etc. In continuation, the SDR calculate S®€ based on the received

vegetation attenuation from the ML prediction unit.

4.4  Shannon Channel Capacity (SCC)

For continuous additive white Gaussian noise channel, aSkp@nnon expression the

channel capacity’ in b/s is given by

S

whereB is the channel bandwidth in Hz, asd N is the power ratio of signal-to-noise

in the channel. The channel capacity per unit bandwidth eanriiten as

C S

Here the termC'/ B is refereed as the channel capacity . If, due to the urban site
weather impairments and vegetation propagation fadirggteétmS/N in 4.3 is ran-
dom, with arbitrary but known distribution depending on tiee and characteristics
of the fading processes considered, then the channel tapa@lso random. This
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random variability of the channel capacity that imposedgoerance degradation on
the system (transmitter) that utilizes the channel .

Here, in this section we have calculated mmWave propag&ft@nnon channel
capacity for 5G wireless communication system having \aget attenuation. 5G
wireless system needs controlled channel capacity. As lpgnr®ns theorem; Shan-
non channel capacity is the function of bandwidth, recesigdal power to noise ratio
as shown in equation 4.2. As per equation 4.2; C is the theal&hannon channel
capacity which is maximum channel capacity of 5G mmWave AWsBENnel in bits
per second. Here B is the 5G mmWave bandwidth in Hertz andatgmoise ratio.
Vegetation Shannon channel capacity per unit bandwidtal@tated based on ITU-R
vegetation attenuation model for the frequencies 28 GHGRBZ and 39 GHz [22-25].

Shannon channel capacity equation indicates variousblasdo control the 5G
mmWave channel capacity. The mmWave spectrum shall be dkedrgly to allo-
cate to the users as we have limited amount mmWave bandwadtn inmWave 5G
channel. 5G Signal-Noise Ratio (SNR) is also one of the facnd which also im-
pacts the Shannon channel capacity [23-25].

Figure 4.9, figure 4.10 and figure 4.11 show the Shannon dgpfaci the 5G
mmWave channel having vegetation obstructions and alsthéosimulated frequen-
cies. Shannon channel capacity curves for the frequenaeshawn with the S/N and
the vegetation depth axis. It is clear from the Shannon aflacapacity curves that
Shannon channel capacity keeps decreasing as vegetapitimidereases. Increasing
vegetation depth increases vegetation attenuation anchvidads for the low signal
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strength. High vegetation attenuation shows low Shannanmdl capacity as per fig-
ures 4.9-4.11.

From the figures 4.9-4.11; it can be observed that there isnehaapacity decre-
ment, while the vegetation distance increases. The SCases drastically as a
function of vegetation distance. We can increase the 5Greidrandwidth or S/N,
or both to improve the Shannon channel capacity for the mne\daepagation during
vegetation obstruction. As per the figures, channel capaeites as per frequency
and SNR. It is quite visible from the simulation results thgtincreasing the signal
power by using SDR and the desired SCC can be achieved. 5G woication system
along with SDR based control can provide the controllabl® achievable data rates
even in the vegetation attenuation environment. As shovthergraphs that channel
capacity varies as per frequency and SNR. It is quite vidibla the simulation results
that by increasing the signal power by using SDR the desif@d &an be achieved.
5G communication system along with SDR based control cavigedhe controllable
and achievable data rates even in the vegetation attenwatiaoronment [23-28].

As per figure 4.9, figure 4.10 and figure 4.11; it is visible tBaannon chan-
nel capacity depends on signal-to-noise ratio (SNR) andtagign depth. Vegetation
depth adds vegetation attenuation to mmWave propagatiperadepth. SDR based
5G mmWave communication system can control channel capbgithaving flexi-
ble control with S/N. SDR based 5G mmWave communicationesgstan increase
or decrease the 5G channel bandwidth or S/N ratio or frequen@ combination
to improve the SCC for mmWave propagation during vegetatiostruction. Dur-
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ing link budget analysis low vegetation area or high vegetedrea or low vegetation
link/ path or high vegetation link/ path can also be seletbddthve optimum mmWave
power transmission using SDR. Here as per this research wagkjuite clear that the

ML prediction unit predicts the vegetation attenuationuesl for the required depth
of vegetation or frequency. The ML unit predicted vegetattenuation values are
given to SDR to control or tune the transmitter accordinglyrteet the system data
rate or SCC requirement.

Here in Tables 4.1-4.3 SNR values are taken for demongtratna discussion
purpose. Table 4.3, shows the Shannon capacity for 5G mmuYereel having veg-
etation obstructions. Shannon channel capacity valuatégproposed and simulated
frequencies are shown with the S/N (SNR) and vegetatiorhddpts clear from the
Shannon channel capacity values that Shannon channelityakeeps decreasing as
vegetation depth increases. Increasing vegetation deptbdses vegetation attenua-
tion and which leads for low signal strength. ML based SDReyscan tune to the
required and desired channel capacity. ML based systens tionne desired chan-
nel data rate in the efficient manner. High vegetation ati#aon shows low Shannon

channel capacity as per Table 4.3.
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Freq. (f) | Depth (d) | Av (ITU —R) | Av (KNN) | Av (DT) | Av (RF)
(GH=z) (M) (dB) (dB) (dB) (dB)
28 10 17.19 15.13 15.03 14.99
37 10 18.68 16.83 16.78 16.69
39 10 18.98 16.97 16.98 16.97
28 9 16.13 14.55 14.71 14.51
37 9 17.54 15.68 15.62 15.81
39 9 17.82 15.87 15.91 15.93

Table 4.1: 5G mmWave Vegetation Attenuation Values basetifohR Model and

ML Prediction

Data K — Nearest Neighbors Decision Tree Random Forest
Training 0.97 0.98 0.99
Testing 0.96 0.78 0.76

Prediction 0.94 0.85 0.97

Table 4.2: 5G mmWave Vegetation Attenuation Predictionukacy
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Depth C C C C C C
(28GHz) | (28GHz) | (37TGHz) | (37TGHz)| (39GHz2) | (39GHz)

d/SNR 50dB 60dB 50dB 60dB 50dB 60dB
1 5.545 5.825 5.533 5.815 5.531 5.813
2 5.474 5.767 5.456 5.752 5.452 5.749
3 5.415 5.718 5.39 5.698 5.385 5.694
4 5.36 5.675 5.33 5.65 5.324 5.645
5 5.31 5.634 5.273 5.605 5.266 5.599
6 5.261 5.595 5.219 5.562 5.211 5.555
7 5.214 5.558 5.167 5.521 5.157 5.513
8 5.169 5.523 5.115 5.481 5.104 5.472
9 5.124 5.488 5.064 5.442 5.052 5.432
10 5.08 5.453 5.014 5.403 5.001 5.393

Table 4.3: 5G mmWave Channel Capacity in the Vegetation MadAttenuation for

Frequencies
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Figure 4.1: 5G mmWave Attenuation due to Vegetation (ITU-Bddl).
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Decision Tree Regressor Training Data
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Figure 4.2: Vegetation Attenuation Decision Tree Regre$saining Data Output vs

Inputs.
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Decision Tree Regressor Testing Data
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Figure 4.3: Vegetation Attenuation Decision Tree Regne3ssting Data Output vs

Inputs.
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Decision Tree Regressor Prediction Data
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Figure 4.4: Vegetation Attenuation Decision Tree RegreBsediction Data Output

VS Inputs.
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Random Forest Regressor Training Data
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Figure 4.5: Vegetation Attenuation Random Forest Traifdatga Output vs Inputs.
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Random Forest Regressor Testing Data
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Figure 4.6: Vegetation Attenuation Random Forest Testiatautput vs Inputs.
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Random Forest Regressor Prediction Data
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Figure 4.7: Vegetation Attenuation Random Forest Premtidhata Output vs Inputs.

79



SDR sends the desired mput parameters to ML prediction unit

NI

ML prediction unit processes for the received mput parameters

NS

ML prediction unit predicts the vegetation attenuation value
based on the mput parameters like frequency . depth of vegetation
and etc.

NS

SDR calculates the SCC based on the received vegetation
attenuation from the ML prediction unit

Figure 4.8: SDR with ML Prediction Unit to Control the SCC.
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Figure 4.9: 5G mmWave Channel Capacity in the Presence adtsign Attenuation

(ITU-R Model) for Frequency 28 GHz.
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Channel capacity per unit band width (ITU-R model, 37 GHz)
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Figure 4.10: 5G mmWave Channel Capacity in the Presenceggtsion Attenuation

(ITU-R Model) for Frequency 37 GHz.
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Channel capacity per unit band width (ITU-R model, 39 GHz)
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Figure 4.11: 5G mmWave Channel Capacity in the Presenceggtsion Attenuation

(ITU-R Model) for Frequency 39 GHz.
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Chapter 5

Propagation Losses for Indian Metro
Cities

Four major Indian cities are considered here to generatentin&Vave frequencies
propagation path losses data set for 5G mmWave commumcatgiem under various
weather conditions. The various weather conditions aes kmmer, rain and winter.
The four major Indian cities are Delhi, Mumbai, Kolkata ankde@nai. The summer
season attenuation calculation considers propagatidnlpsses due to atmospheric
gases impairments ( water vapour and oxygen) only for all éities. The rainy sea-
son attenuation calculation considers propagation paselmdue to atmospheric gases
(water vapour and oxygen ) and rain for all four cities. Thater season attenuation
calculation considers propagation path losses due to aimeos gases ( water vapour
and oxygen ) and fog for Delhi. Further, the winter seas@maition calculation con-
siders propagation path losses due to atmospheric gasésr(\&pour and oxygen) for
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Atmospheric water vapour path losses (Delhi)
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Figure 5.1: Attenuation due to atmospheric water vapor dmdmWave Communi-

cation System (Delhi).

rest three cities [1-5]. In this article, we have considehed both transceiver units are
having direct or line of sight communication link and thes@o non line of sight path.
This data article calculates mmWave frequencies propag@tith losses due to Wis
for the certain mmWave frequencies. This article shows fatiaam\Wave propagation

under different WIs [5-10].
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Atmospheric water vapour path losses (Mumbai)
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Figure 5.2: Attenuation due to atmospheric water vapor dmdmWave Communi-

cation System (Mumbai).

5.1 Value of Data

In India, 5G research and deployment are under year 2020gpidrsuch dataset is
not specifically available for Indian Metro cities (like D¢l Mumbai, Kolkata and
Chennai). This proposed data set of the mmWave attenuatlaesfor various Indian
metro cities in various seasons will be highly useful foufet 5G research and 5G
system deployment. This Indian scenario 5G dataset candoedusing network plan-

ning, determine the additional transmission power margih @perations. It is quite
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Atmospheric water vapour path losses (Kolkata)
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Figure 5.3: Attenuation due to atmospheric water vapor dmdmWave Communi-

cation System (Kolkata).

important for mmWave power link budget and reliable syst@@rations which is fea-
sible using this data. Based on presented dataset adapti®ave power transmis-
sion techniques can be used for large fixed link power budgegims for 5G mmWave
communication system. Based on the presented dataset tharbe used to utilize
resources in an efficient manner and controls the powerrnrssgn in an optimum

manner.
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Atmospheric water vapour path losses (Chennai)
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Figure 5.4: Attenuation due to atmospheric water vapor dmdmWave Communi-

cation System (Chennai).

5.2 Data

Four major Indian cities are considered here to generatentin&Vave frequencies
propagation path losses data set for 5G mmWave commumcatgiem under various
weather conditions. The various weather conditions ags kmmer, rain and winter.
The four major Indian cities are Delhi, Mumbai, Kolkata ankde@nai. The summer
season attenuation calculation considers propagatidnlpsses due to atmospheric

gases impairments ( water vapour and oxygen) only for all éities. The rainy sea-
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Atmospheric oxygen path losses (Delhi)
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Figure 5.5: Attenuation due to atmospheric oxygen for 5G navd\Communication

System (Delhi).

son attenuation calculation considers propagation pagemdue to atmospheric gases
(water vapour and oxygen ) and rain for all four cities. Thatet season attenuation
calculation considers propagation path losses due to aimeos gases ( water vapour
and oxygen ) and fog for Delhi. Further, the winter seas@nattion calculation con-
siders propagation path losses due to atmospheric gasdsr(wa@our and oxygen )
for rest three cities. In this article, we have considered Hoth transceiver units are
having direct or line of sight communication link and thes@o non line of sight path.

This data article calculates mmWave frequencies propawgatath losses due to WIs
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Atmospheric oxygen path losses (Mumbai)
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Figure 5.6: Attenuation due to atmospheric oxygen for 5G navd\Communication

System (Mumbai).

for the certain mmWave frequencies. This article shows fatiaam\Wave propagation

under different WIs . Figures 5.1-5.13 and Tables 5.1 arsgmied.

5.3 Experimental Design, Materials and Methods

The calculations/experiments were carried out with Matloatbour Indian Metro cites
during summer, rain and winter season. The seasons werigewatsalong with their

corresponding type of attenuation causes. As per recehtsamdone by The United
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Atmospheric oxygen path losses (Kolkata)
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Figure 5.7: Attenuation due to atmospheric oxygen for 5G navd\Communication

System (Kolkata).

States Federal Communications Commission (FCC) for mmWifaggiency bands :
28, 37 and 39 GHz, FCC authorizes and proposes broadbancedeperations in
these mmWv bands [3-9]. Atmospheric parameters for the fiodian metro cities
were collected as per literature and simulation was perarfor the same using soft-
ware experiment / calculations. The details about equaiaon related functions are
explained the cited reference [5-10]. As per propagaties émuations; the attenuation
due to atmospheric gases (combined water vapour and oxygsreen plotted with

mmWave frequencies for the four Indian metro cities i.e.ndéVlumbai, Kolkata and
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Atmospheric oxygen path losses (Chennai)
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Figure 5.8: Attenuation due to atmospheric oxygen for 5G navd\Communication

System (Chennai).

Chennai.

As per the Figures 5.1, 5.2, 5.3 and 5.4 atmospheric watemsws high value
resonances at 22 GHz for all four metro cities. The variatibattenuation due to the
atmospheric gases along with mmWave frequencies is shownreigraphs. Figures
5.1-5.3 show the attenuation values for the four metro<iioe various seasons like
summer, rain and winter. Figure 5.4 shows the attenuatitresalue to rain for 0.01
percent of a year for four Indian metro cities. Figure 5.5vehthe attenuation val-

ues due to fog for Delhi. Further, the graphs also plots rétenaation for the rain
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Atmospheric gaseous path losses (Delhi)
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Figure 5.9: Attenuation due to atmospheric gases for 5G mve\Wmmunication

System (Delhi).

season for these four cities. Figures 5.5-5.8 represeatattBnuation for four cities
respectively. Figure 5.9 shows the fog attenuation for Diellwinter season. Fig-
ures 5.10-5.13 show the plot of the total atmospheric asttow due to water vapour,
oxygen, rain and fog for Delhi, Mumbai, Kolkata and Chenfidie attenuation appli-
cability due to water vapour, oxygen, rain and fog have bestsicdered as per cities

respectively Delhi, Mumbai, Kolkata and Chennai.

93



Atmospheric gaseous path losses (Mumbai)
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Figure 5.10: Attenuation due to atmospheric gases for 5G mm\lommunication

System (Mumbai).
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Atmospheric gaseous path losses (Kolkata)
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Figure 5.11: Attenuation due to atmospheric gases for 5G mm\lommunication

System (Kolkata).
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Atmospheric gaseous path losses (Chennai)
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Figure 5.12: Attenuation due to atmospheric gases for 5G mm\Zommunication

System (Chennai).
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Rain path losses (Delhi)

102
curve

O 28 GHz
Y 37 GHz
O 39 GHz

m

o

=

(2]

(D)

()]

(2]

S

<

©

o

<

o

|_

10t
101 102

Frequency in GHz
Figure 5.13: Attenuation due to rain for 5G mmWave CommuioceSystem (Delhi).
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Rain path losses (Mumbai)

102
o)
©
£ [
2 |
3 ! I
k] ! N
E= | I curve
< . .
o ! N O 28GHz
IS ! I % 37 GHz
2 ! I O 39 GHz
! I
! I
! I
! I
! I
| [ ]
10t
10t 102

Frequency in GHz
Figure 5.14: Attenuation due to rain for 5G mmWave CommuiocaSystem (Mum-

bai).
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Rain path losses (Kolkata)
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Figure 5.15: Attenuation due to rain for 5G mmWave CommuiocaSystem

(Kolkata).
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Rain path losses (Chennai)
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Figure 5.16: Attenuation due to rain for 5G mmWave CommuiocaSystem (Chen-
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Fog attenuation (Delhi)
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Figure 5.17: Attenuation due to fog for 5G mmWave CommuinceBystem (Delhi).
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Path losses due to seasonal/ weather impairments (Delhi)
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Figure 5.18: Attenuation due to Seasons (Summer, Rain anteYyfor 5G mmWave

Communication System (Delhi).
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Path losses due seasonal/ weather impairments (Mumbai)
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Figure 5.19: Attenuation due to Seasons (Summer, Rain anteYyfor 5G mmWave

Communication System (Mumbai).
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Path losses due seasonal/ weather impairments (Kolkata)
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Figure 5.20: Attenuation due to Seasons (Summer, Rain anteYyfor 5G mmWave

Communication System (Kolkata).
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Path losses due seasonal/ weather impairments (Chennai)
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Figure 5.21: Attenuation due to Seasons (Summer, Rain anteYyfor 5G mmWave

Communication System (Chennai).
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Chapter 6

Result and Discussion

6.1 OFBW Grid Performance Results and Discussion

Based on the previous section findings of the grids havimgpatition values due to var-
ious blockage or obstructions; in this section we will iiggntly select the minimal
attenuation grid by avoiding the obstructions or blockagiegve efficient power trans-
mission. Here, we classify and identifies zones as attesrubgiv (Al) or attenuation
high (Ah). We have used threshold value ( 15dB) based degfdictor for attenuation
low (Al) and attenuation high (Ah) to fill the grids/ metrix@rdingly. As per simula-
tion results and based on threshold value the attenuatloevare classified in Ah and
Al categories. The classified attenuation values are maptdthe grid values for
the performance results evaluation and discussion toifge¢he optimum zone or set
of grids for mmWave transmission. Figures 6.1-6.3 show ti@sgttenuation values

for the frequency 28 GHz for DTU. Figures 6.1-6.3 show mmWa¥enuation values
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for various grids for 5G mmWave channel having building, @phere and vegetation
as obstructions. It is clear that low attenuation zone hgisfstant amount of less at-
tenuation as compare to high attenuation zone values. ltowrs that the grids with
values of attenuations (low/ high) zones for 5G mmWave wigietof intensity for the
frequencies 28 GHz.

The 5G grid creator creates the grids on the at least ondeéliece and selects the
at least one grid based with the minimal mmWave attenuatiduevby using low and
high attenuation zones as shown in figures. The grids ar¢ecréar the frequencies
28 GHz for DTU. Further, beam can be formed based on leastugti®n value grid
by avoiding obstruction or blockage (high attenuation ga)uvhich is one optimum
grid as selected. By having minimal attenuation grid or gjrithe 5G system can
avoid high attenuation blockage from the mmWave propagagpath. At least one
optimum grid allows formation of the beam in a direction ofaatgular location with
minimal attenuation or losses, thereby allowing controéroshape and steering of
antenna directivity pattern. Thus, formation of the at {ease beam based on the at
least one optimum grid generates a high directional andeftieam with minimal
losses and overheads. Beam-forming unit forms beam in daooe with the minimal
attenuation zone which is provided by the system. As pesgibjisoach system controls
and performs a function of transmitting a signal to the ngogi antenna through at
least one formed beam and transmitting antenna transreitsghal in the direction of

the receiving antenna by avoiding high attenuation obssacl
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6.1.1 Validation and Discussion

5G provides wireless communication among nearby eleatsatevices using mmWave
frequencies. This research carries importance espeaialigliular-Internet of Things
(C-10T) environment; where transmission power controleally important [1]-[5].
These minimal propagation attenuation grids are selegteatdiding obstacle(s). This
grids-forming is done for mmWave 5G communication by coesith obstruction at-
tenuation into account and grid(s) selection for propaggpath. Based on intelligent
grid selection for optimal mmWave transmission; channpbcity has been calculated
and validated with the obstacle and no-obstacle situafldre comparative Shannon
channel capacity validates the performance of the 5G D2pggation [3]-[5]. Shan-
non channel capacity per unit bandwidth (C/B) can be defiryettid equation 4.1-4.3
as [23]-[25].

In equation 4.1-4.3, B is the 5G bandwidth in Hz, and S/N isdigmal-to-noise
ratio (SNR) of received mmWave signal power. The channehci#p per unit band-
width C/B here is refereed as the 5G channel capacity [23]-[Based on the intel-
ligent selection of minimal attenuation grid; the 5G D2D kgadion on the same for
the minimal attenuation grids is shown here with channetcay simulation result.

Figure 6.4 shows the grid attenuation values in a graph formatimospheric, veg-
etation in-leaf and building in summer season for 28 GHz. ummer season only
attenuation is due to water vapor and oxygen and in this timegeason the water

vapour moisture is less as compare to rain or winter. X axisMmaxis in figure 6.4
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indicates the number of grids and z axis indicates the att@muvalues for the sum-
mer season. It is clear from the figure that the low attennat&ues show the valley
which indicates the low attenuation zone / or grids aroundl 8o 4.

Figure 6.5 indicates 5G mmWave channel capacity in sumnasosefor 28 GHz
for urban, vegetation and atmospheric season summer. l#as ftom figure 6.5 that
the minimal attenuation grids provide the highest chanaglcity by avoiding the
obstacles in that virtual face. The figure 6.5, validatessthmulation that air / summer
atmospheric grids show the highest channel capacity bydagithe obstructions/
blockage.

Figure 6.6 shows the grid attenuation values in a graph formatinospheric, veg-
etation in-leaf and building in rain season for 28 GHz. Itlesac from the figure that
the low attenuation values show the valley which indicakeslow attenuation zone
around grid 3 to 4. In rain season air attenuation is due t@ematpor, oxygen and
rain. Figure 6.7 indicates 5G mmWave channel capacity im saason for 28 GHz
for urban, vegetation and atmospheric rain. It is clear ffaure 6.7 that the mini-
mal attenuation grids provide the highest channel capdgitsivoiding the obstacles
in that virtual face. This figure 6.7 validates the simulatibat air / rain atmospheric
grids show the highest channel capacity by avoiding therotisbns/ blockage. Beam
forming is used to direct and steer an antennas directigigybin a particular direction
of minimal attenuation.

Figure 6.8 shows the grid attenuation values in a graph formatinospheric, veg-
etation in-leaf and building in winter season for 28 GHz. W& 6.9 indicates 5G
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mmWave channel capacity in winter season for 28 GHz for yrisagetation and at-
mospheric rain. Itis clear from the figure 6.8, that the loteatiation values show the
valley which indicates the low attenuation zone / or gridsuad grid 3 to 4. In winter
season air attenuation is due to water vapor, oxygen andaf@stplace. It is clear
from figure 6.9 that the minimal attenuation grids provide tighest channel capacity
by avoiding the obstacles in that virtual face. This figui@ @&lidates the simulation
that air / winter atmospheric grids show the highest chaoapécity by avoiding the
obstructions/ blockage. In summer season mmWave attemuatdue to water vapor
and oxygen. In summer time or season the water vapour meisstigss as compare to
rain or winter. In rainy season attenuation is due to watpoxaxygen and rain drops.
In rainy time or season the water vapour moisture is very hgloompare to rain or
winter. In winter season attenuation is due to water vaporgen and fog. In winter
season the water vapour moisture is high as compare to sisn®ech additional or
extra air moisture also adds attenuation in mmWave propaygathich is clear from
the simulation results.

Such additional losses or attenuation effects the charapelaity by lowering the
values. Itis also clear from the Table 6.1 that the summesteiws the highest channel
capacity due to minimal atmosphere attenuation and vegeitas$ well as urban shows
the significant high attenuation values. Hence, it becomg®itant to avoid obstacles

in mmWave propagation.
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Capacity Air Vegetation Building

Summer 6.64 6.17 4.98
Rain 6.63 6.15 4.94
Winter 6.63 6.57 4.96

Table 6.1: 5G mmWave channel capacity in various seasorZ3f@Hz

Ah | Ah Al Al Ah
Ah | Ah Al Al Ah
Ah | Ah Al Al Ah
Ah | Ab Al Al Ah
Ah | Ah | Ab | Ah | Ak
Ah | Ah | Abh | Ah | Ak

Figure 6.1: 5G mmWave grids with zones of Attenuation higih)And attenuation

low (Al) in summer season for 28 GHz.

6.2 Attenuation with Channel Capacity Results and

Discussion

In this research article , we have identified that vegetaa@ne of the cause in wire-
less for adding attenuation for mmWaves frequencies. Hsearch articles uses ML

algorithms for prediction of vegetation attenuation cédtion as per training data set.
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Ah | Ah Al Al Ah
Ah | Ah Al Al Ah
Ah | Ah Al Al Ah
Ah | Ah Al Al Ah
Ah | Ah | Ah | Ah | Ak
Ah | Ah | Ah | Ah | Ak

low (Al) in rain season for 28 GHz .

Figure 6.2: 5G mmWave grids with zones of Attenuation high)And attenuation

Ah | Ak Al Al Ah
Ah | Ah Al Al Ah
Ah | Ak Al Al Ah
Ah | Ah Al Al Ah
Ah | Ah | Ab | Ah | Ab
Ah | Ah | Ab | Ah | Ah

Figure 6.3: 5G mmWave grids with zones of Attenuation high)And attenuation

low (Al) in winter season for 28 GHz.

Based on calculation of vegetation attenuation predictitve SCC can be calculated
to control the data rate accordingly. As a result, in thigaesh article we have pre-
dicted vegetation attenuation and calculated SCC for DTidpzes for mmWaves .

This research paper demonstrates the procedure alongheittatculated values for
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Figure 6.4: 5G mmWave grids attenuation values in a grapm fior atmospheric,

vegetation in-leaf and building in summer season for 28 GHz.

the vegetation attenuation and SCC with the mmWave freqegnc

Here, we have considered location DTU (New Delhi, India) @swdation exper-
imental site for vegetation attenuation calculations.sTéiie has big vegetation area
and high vegetation density. The calculations are perfdrioethe university campus
by considering equi-probable season [16].

The vegetation density for this research study is consitbesastant and maximum
10 meter vegetation depth for mmWave propagation has bewidayed. The campus

consists vegetation, buildings, soil, sand and with soreasawith grass and concrete
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Channel capacity per unit band wi

dth for summer grid
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Figure 6.5: 5G mmWave channel capacity in summer seasor8fGitiz.

roads. The vegetation trees average height of approxiynateim based on equal
spaced is considered here in calculations and consideagdawind.

Figure 6.4 shows vegetation attenuation for 5G mmWave atldmaving vegeta-
tion as obstructions. Further, Table 6.2 shows the vegetatitenuation for the pro-
posed and simulated frequencies by using ITU-R model and MHiption. Vegeta-
tion attenuation values for frequencies are shown for tigetation depth 10 m for
5G mmWave Vegetation Attenuation (ITU-R Model) for freques having average
vegetation depth 10 meters for DTU (New Delhi, India). As figure 6.4; it is visi-

ble that for the various frequencies as dense foliage tharelwgenerates more high

114



Attenuation rain grid
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Figure 6.6: 5G mmWave grids attenuation values in a grapm fior atmospheric,

vegetation in-leaf and building in rain season for 28 GHz.

value vegetation attenuation and vegetation attenuatmeases along with frequency
increase also.

Figure 6.5 shows Shannon capacity for 5G mmWave channehgarggetation
obstructions for the proposed and simulated frequencieéani®n channel capacity
values for the frequencies are shown with the S/N and vegetdéepth 10m for DTU
(New Delhi, India). It is clear from the Shannon channel ciyaralues that Shannon
channel capacity keeps decreasing as vegetation deptages. Increasing vegeta-

tion depth increases vegetation attenuation and whichsléadiow signal strength.
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Channel capacity per unit band width for rain grid
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Figure 6.7: 5G mmWave channel capacity in rain season fortl28 G

Vegetation attenuation adds significant amount of attéomat mmWave communi-
cation system which can be controlled through softwarerodiimg with the help of
SDR. The SDR system can control the mmWave transmission lhasveense the re-
lated parameters for the efficient system performance. THe&ficiently controls the
transmission SCC by having reconfigurable automated aasstontrol. The software
control in SDR changes the transmission results based oretieéved input param-
eters like frequency, vegetation attenuation required &@etc. These simulations

have been performed using ML software and plot software.
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Attenuation winter grid
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Figure 6.8: 5G mmWave grids attenuation values in a grapm fior atmospheric,

vegetation in-leaf and building in winter season for 28 GHz.

6.3 Atmospheric Channel Capacity Results and Discus-
sion

Software Defined mmWave facilitates transmission powetrobim a real manner. 5G
millimeter wave communication system transmitter andik@ce can be controlled by
artificial intelligent (Al) software defined (SD) mmWave coranication system . Al
based software defined mmWave facilitates methods to dahtdransceiver as per

atmospheric attenuation [19-23].
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Channel capacity per unit band width for winter grid
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Figure 6.9: 5G mmWave channel capacity in winter season8dsRz.

In this research intelligent adaptive transmitter basettre@md of the atmospheric
conditions tunes to machine learning (ML) based derivatibchannel capacity. The
ML based transmitter is a supervised ML device and it hasipiav of self teaching
learning machine based on data. Here intelligent an adaptansmitter which is
having machine learning (ML) based on previous trends chttenuations decides the
optimal channel capacity. Its intelligence is based on #@us type of attenuations
as per various conditions as described. The decisiontdtemdaptive receiver has
the same structure as the gremlin receiver, but uses its egisidns . The adaptive

ML based transmitter is useful to intelligently provide tfeguired channel capacity.
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Freq.(f) | Av (ITU —R) | Av (KNN) | Av (DT) | Av (RF)
(GH=z) (dB) (dB) (dB) (dB)
28 17.19 15.13 15.03 14.99
37 18.68 16.83 16.78 16.69
39 18.98 16.97 16.98 16.97

Table 6.2: 5G mmWave Vegetation Attenuation Predictioru¥alas per ML unit for

DTU (New Delhi, India)

It intelligently regulates the demand and need of channghcéy in 5G millimeter
wave communication system in Delhi. Shannon channel cgpimcthe presence of
continuous additive white Gaussian noise channel is giyeaduations 4.1-4.3 [19-
26].

The received signal-to-noise power ratio (S/N) in dB due &bewvapor, oxygen,
rain and fog are classified using machine learning (ML) faiotss seasons. Delhi
summer season includes atmospheric attenuation due tepl@ec water vapor and
oxygen. For this city rainy season includes atmosphe®nattion due to atmospheric
water vapor, rain and oxygen. Further, in winter season tag pne of the role for

attenuation and winter season includes atmospheric aienudue to atmospheric
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Freq.(f) | € (b/s) | C (b/s) | C (b/s) | C (b/s)

(GHz) | 50 dB | 55 dB | 60 dB | 65 dB

28 5.08 5.28 5.45 5.61
37 5.01 5.22 5.40 5.56
39 5.00 5.21 5.39 5.55

Table 6.3: 5G mmWave SCC during Vegetation Attenuation (RWodel) for Fre-
guencies 28 GHz, 37 GHz and 39 GHz having average vegetatjuth A0 meters for

DTU (New Delhi, India)
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Channel capacity in summer season
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Figure 6.10: Channel Capacity in Summer Season for 5G mmWeaeess Commu-

nication System.

water vapor, fog and oxygen. In Delhi; mmWave 5G mmWave comigaiion sys-
tem software defined channel capacity are shown for sumaiarand winter in Fig.
(9), (10) and (11). These plots are shown with channel caypasi per atmosphere
and shown for the frequencies 28GHz , 37 GHz and 39GHz. Bygusirbased soft-
ware controlled transmitter and or receivers the channghagy can be controlled
intelligently. In Delhi; mmWave 5G mmWave communicatiors®m software de-
fined channel capacity are shown for summer, rain and winté&ig. (9), (10) and

(11). These plots are shown with channel capacity as persaheoe and shown for
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Channel capacity in rainy season
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Figure 6.11: Channel Capacity in Rainy Season for 5G mmWaivel®8s Communi-

cation System.

the frequencies 28GHz , 37 GHz and 39GHz. By using Al basewaoé controlled

transmitter and or receivers the channel capacity can beatled intelligently.
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Channel capacity in winter season
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Figure 6.12: Channel Capacity in Winter Season for 5G mmWaliveless Commu-

nication System.
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Chapter 7

Conclusions and Scope for Future

Work

7.1 Conclusions

In this thesis we have analyzed the performance of mmWaveagadion in wireless
channel. We have proposed intelligent optimum grid sededior transmission along
with attenuation and capacity prediction. We have coneié¢ine simulation for the
mmWave frequencies.

In chapter 3, we proposed minimal attenuation grid for 5G mawd\link in DTU
campus area which is having open air, vegetation and bgilaiiea. 5G mmWave an-
tenna forms grids and calculates the minimal attenuatiatsdor atleast one of the
purposes like; beamforming, minimal loss path, line of $iglwS), power planning,

link budget planning and etc. The method effectively sslettleast one grid from
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amongst the grids as an optimum grid based on the minimalat®n. Here we have
simulated results and calculations are performed for tguiencies 28 GHz. Further,
Shannon channel capacity has also been calculated forugaseasons and respec-
tively for vegetation and building. It is clear from simutat results and validation
that the Shannon channel capacity in atmospheric impaisnsrhigher as compare
to other mentioned grid values. The purpose of this analgdis review the impact
of the obstacles like; atmosphere, seasons, vegetationraad-site attenuation and
choose the minimum attenuation grid as minimum attenugtaih for mmWaves in
5G communication system. This method is useful in many ways6G mmWave
communication system. This further reduces complexithef3G systems and opti-
mizes performance parameters. Further, time, load andmpowsumption for beam
forming is considerably reduced, as the beam is formed basetie selected grid
rather than linear scanning. This research provides soltiti have minimal attenua-
tion path for the 5G transmitter under various type of olittams like vegetation or
urban/ buildings. However, many additional measuremeaisllations are needed to
detect the type of obstructions for having quality grid atigtion values. This research
provides an easy direction for low channel losses espgaiatiense obstruction areas.
In chapter 4 we presented our proposed attenuation prexliatid channel capac-
ity. The vegetation attenuation adds significant amounttehaation for mmWaves
during free space propagation in 5G wireless communicaysitem. The vegetation
attenuation calculation values information providesligcio control the channel ca-
pacity using SDR. The research analysis has been presentieid thesis along with
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the demonstration of vegetation attenuation calculatantlie mmWave as well as
prediction of the values using ML (supervised regressioneneith KNN, Decision
Tree and Random Forest). This paper also suggests and deatesthat SCC can be
controlled using SDR and can tune the transmitter with trséreé channel data rate
by the virtue of SDR based control and use of the predictidnesa Such type of in-
telligent control benefits the link budget analysis andwafe automatic control as per
need and demand. This chapter presents the vegetationatitenfor mmWave prop-
agation through vegetation obstruction. The vegetatitanagation calculation is per-
formed for the frequencies 28 GHz, 37 GHz and 39 GHz by usitgRTmodel. It is
shown in the paper that the vegetation attenuation variésleapends on the mmWave
frequencies and depth of vegetation. The vegetation atemucan also be predicted
by using ML prediction unit. Further, we described a sofevdefined mmWave based
SNR control method for improving or maintaining the Shan@mannel Capacity
(SCC) for 5G mmWave communication system by consideringcefbf vegetation.
The vegetation loss prediction unit predicts the vegeteaditenuation based on ML al-
gorithms and used to demonstrate losses for the proposgakfneies. This proposed
research work is useful in power planning, network optiri@aand system control-
ling. The evaluation of this research describes that the SIDRg with ML prediction
unit provides solution to control the transmission with tlaues like power saving,
data rate control, optimized power transmission and etdhEy future work includes
the machine learning based prediction for the vegetattemaation values in the pres-
ence of air as well as rain also to deal with more complex 8doan real time values
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prediction.

The chapter 5 research presents atmospheric attenuakiotati@n for various at-
mosphere attenuation causes for 5G mmWave propagatiomatien at the frequen-
cies 28 GHz, 37 GHz and 39 GHz for Delhi (India). It is shownha tesearch that the
atmospheric attenuation due to water vapor, oxygen, rainf@g varies and depends
on the mmWave frequencies. This research also signifiesetieon of the selection
of the frequencies 28 GHz, 37 GHz and 39 GHz for 5G mmWave Comigation
System with minimal attenuation. Software Defined mmWaedifates transmission
power control in a real manner. 5G mmWave communicatioregystansmitter and
receivers can be controlled by the software defined mmWaregramication system.
Software Defined mmWave facilitates methods to control thedceiver as per atmo-
spheric attenuation and demand and need of channel capa&@ millimeter wave
communication system. Here intelligent an adaptive transnwhich is having ML
based on previous trends of the attenuations decides thealghannel capacity. Its
intelligence is based on the various type of attenuationseawvarious conditions as
described. The decision-directed adaptive receiver leasame structure as the grem-
lin receiver, but uses its own decisions. The adaptive Mletdasansmitter is useful to
intelligently provide the required channel capacity. Ti@search is useful for trans-

mission link budget for 5G mmWave Communication systemiigtant installation.
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7.2 Future Work

There are several directions in which this work can be exdndSome important

extensions for future work are given as follows:

e Real time calculations and processing in back-haul netwackin cell network

simultaneously.

e Simulates 2D and 3D beamfoming for mobile users by consigdhe impact

of assorted obstructions.

¢ Includes the machine learning based prediction for the tetiga attenuation

values to deal with more complex situation in real time valpeediction.

e It involves the identifying the various other dynamic atmlosric attenuation
causes for the atmospheric attenuation for 5G mmWave Conaation and

includes real time atmospheric data processing as per efaitecasting .
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