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Report on 6-days Short Term Training Program
+ TITLE AND DURATION: “Artificial Intelligence & 5G Communication

Technology” from April 26-May 1, 2021.

+  SPONSORS: AICTE Quality Improvement Scheme (AQIS)
¢  SUPPORTERS: Nil.

¢  ORGANIZERS: Department of Electronics & Communication Engineering,

Poornima College of Engineering, Jaipur.

¢ OBJECTIVES: The objective of general Al is to design a system capable of
thinking for itself just like humans do. Currently, general Al is still under
research, and efforts are being made to develop machines that have enhanced

cognitive capabilities.

¢ EXPECTED OUTCOMES:
1. Evaluate the advantages, disadvantages, challenges, and ramifications of

human-Al augmentation.

2. Design and develop symbiotic human—Al systems that balance the information
processing power of computational systems with human intelligence and

decision making.

3. Explain the benefits, limitations, and tradeoffs of designing engaging and ethical
conversational user interactions, including those supported by chatbots, smart

speakers, and other Al-driven, voice-based technologies.

4. Design and evaluate conversational interfaces for different users and contexts of

use.
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Artificial Intelligence and 5G Communication Technology

April 26-May 1, 2021

New Delsi

Department of Electronics & Communication Engineering, Poornima College of Engineering

Cordially invite you to Inaugural Session

Col. B Venkat Dr. Nagendra Prasad Pathak D, Mabesh M. Bundelel Ar. Rahu! Singhi

Director (Faculty Developaent} Professar, (T Kootkee Direstor & Principal Director
AICTE, New Delhi Guest of Honor PCE, Jalpur Hoornima Groop. Jalpur PCE, Jsipur

Chief Guest
Resource Persons
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Dr. Upena. D, Dalal Dr. Rajveer 8. Shekbawat Dr. M Lakshmi Dr. Sudan Jha Dr. Sandeep Kumar
Professor and Ex-Head Pravost & Director Professor Professoc Associute Professoc
SVNIT Surat Manipal University Jaipur SRM Instituve Tamil Nadu Chaniigarh University, Punjab ITT Roorkes
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Dr. Abbinay Kumar Dr, Prabhat Kumar Upadhyay Lyla BDas Dr. Gaurang Patkar Dr, Udit Satija D, ¥a Harysn Swaia
Associute Professor Assuctate Professor Assvcate Professor Associute Professor-HOD Assistant Professor Assstant ¢ ""‘_"’M‘
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Dr., Rabul Pandya Dr. Samjeev Sharma Dr. Sudharsan Dr. Sandeep Joshi Dr Asoke K Talukder Dr. Ritesh Kumar Saraswat
Assistant Professor Assistant Professoe Assisrant Professor Assisrant Professar — Chief Science & Technology Otficers Assigrant Prafessor
NIT Truickarappalll BITS Miani ST Bangakire ML, Govt. College, Bhilwara

1T Dharwad IF1" HHL

Monday, April 26, 2021, Time 11:00 AM onward
* To join the Inaugural Session on * k P‘ ; ...'m;.
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Dr. Garlma Mathur

Comvener, ST1¥

Coordaator. SI'IY
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SPEAKERS

Dr. Nagendra Prasad Pathak
Professoc. IT Roarkee

Dr. Rajveer S. Shekhawat
Provost & Dicectoc Manipal University Jaipur
Dr. Sudan Jha
Professor, Chandigarh University, Punjab
De. Abhinav Kumar
Associate Professor, IIT Hyderabad

Dr. Prabhat Kumar Upadhyay
Associate Professoc IT Indore

Lyla 8. Das
Associate Professor, NITC

Dr. Gaurang Patkar
Associate Professor & Head of Department, DBCE, Goa

Dr. Asoke K Talukder
Chief Science & Technology Officer, SRIT Bangalore

Dr. Sanjeev Sharma
Assistant Professor, T BHU

Dr. Siba Narayan Swain
Assistant Professor, T Dharwad

Dr. Sk Subidh Ali
Assistant Professor, IT Bhiai, Chattsgarh

D Udit Satifa
Assistant Professoc, IT Patna

Dt. Rahul Pandya
Assistant Professos, IT Dharwad

Dr. Sudharsan
Assistant Professor, NIT, Truichirappall

Dr. Sandeep Joshi
Assistant Professor, BITS Pilani

Dr. Ritesh Kumar Saraswat
Assistant Professor, M.LV. Govt. College, Bhilwara

The Evolution of 5G
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POORNIMA COLLEGE OF ENGINEERING

- -
Poornima Coflege of Engineering (PCE), established as a brand of
Technical Education In the year 2000, has its own ghorious legacy of
Ieading the young engineers to the mammoth sky of success. Its
accomplishments forecast its journey through the hardships and its
triumph over them one after another. PCE Ieft no stone unturned

sincets 0 the gl vision i

reality providing the platform for knowledge and research and their
practical lons in different

prospects. Glorious glimpses of PCE:

« H d affi i

REGISTRATION AND FEE PARTICULARS

. Schoars from AICTE recognized
Insttutions are only eigibie.

+ NoRegistration Fees

. EBC (STTP

. ink: hitps:; di

RESOURCE PERSONS

The resource persons will be from reputed institutions and industres in
the area of communication such as IITs, NITS, and other premier
nstiutes.

IMPORTANT DATES

Last date for Registration April 22,2021
Intimation of selection by mail April 24,2021
STTP Duration April 26 1o May 01,2021
CORRESPONDENCE
Dr. Garima Mathur

Head, Department Electronics & Communication Engineering,
Poornima College of Engineering, Jaipur
©: +91-96293%3517
= drg.mathur@poornima.org

COLLEGE OF ENGINEERING
1S1-6, RIICO Institutional Area, Sitapura, Jaipur
www.pce.poornima.org

design. The department also has fo his credit three labs, (i)
Microwave Engineering lab & (i) Advance Antenna & Wireless
Communication iab (W) Advancement of Wireless and Optical Fiber
Lab supported by MODROBS Grants of AICTE, New Delhl.

Poornima College of Engineering - Artificial Intelligence & 5G Communication Technology

Six Days Short Term Training Programme (STTP)
under AICTE-AQIS on

Artificial Intelligence and
5G Communication Technology

April 26 to May 01, 2021

3 M
.q'JJ &\\" Organized by
Department of

Electronics & Communication Engineering

PooORNIMA
COLLEGE OF ENGINEERING

Alated to RTU, Kota + Appeoved by AKCTE & UGC under 21 * Accrodtod by N8A

OBJECTIVES OF STTP

+ To provide an exposure to the participants regarding current
scenario in advanced communication technologies & their

{ETE Student Forum (IFS) of the Department has b ized as
Most Active ISF for session 2016-17 by IETE Rajasthan Center,
Jalpur. The department also has state of the art lab faciity for the
value added IBM Career Education Programs for faculty members
and students on emerging technologies such as IBM BlueMix for
Cloud, IBM Cognos for Business Intelligence and loT Application
Development & Deployment using IBM BlueMix.

ABOUT STTP

The aim of this STTP isto i rlaps with
fasks such as robotics, control systems, scheduling, data mining,
logistics, speech recognition, facial recognition and many others.
Upgrading the new era in 56 to handle data from millions more loT
devices and Instal low-power sensors. 56 s not only important
because it has the potential to support millions of devices at ultrafast
speeds, but also because It has the potential 1o transform the kves of
peopie around the world. Improvements in 56 technology can help

Lo lifoh

ighly
overRajasthan with bullt up area more than 3.5 lacs square feet
Affiliated to RTU, Kata & approved by AICTE, New Dehi
The most preferred NBA Accredited Engineering College with
running of six specializations of Engineering at UG Level (CSE,
ECE, EE, ME, IT, CIV) and two at PG level (CS & VLS)
The only Institution permitted by RTU o admit AN/PIO/Gulf
students & ascentre of excellence by IBM
An excelient institution bullding its rapport In all sectors of
education, research and development

ABOUT THE DEPARTMENT

The Department of Electronics and Communication Engineering
(ECE) was established in year 2003. National Board of Accreditation
(NBA) accredited the ECE department in the year 2009, 2016 4 2018
for subsequent three years. Ithas intake capacity of 180. Rt also offers
M. tech in VLSI Design with intake capacity of 18 students. The
department has highly qualified committed and research oriented
faculty members. The department has laboratories as per Rajasthan
Technical University Syllabus with State-of-the-Art facllities in
diversified fields such as Electronic Circults, VLS| Design, DSP
(Digital signal processing), Embedded Systems, Advanced Wireless
Communication and Microwave etc. Research is being carried outin
the areas of Antenna Design and Wireless Communication, and VLS|

.

- %

Course Modules

Muttiband and Muttfunctional RF integrated circuits & Systems
for56 and beyond
R Leaming Appl In56 and Beyond Network
6G Vision, Potential Technologies and Challenges

WoTand AloT: Technologies for the Smart Connected World

The Fundamental Principles of Deep Leaming including Back
Propagation

Stochastic geometry analysis of 5G network

Spectral- and Energy-Efficient Techniques for 56 and Beyond
Wirekess Networks

AlTrending - from Local Datato 56 Communications

Edge Analytics to Address Challenges of Smart Healthcare
Automated grading of Oil Paim Fruits using Fuzzy Logic and
Rough Set Theory

Maching leaming and Security

IoT Device Localzation

Deep Learning-Based Wireless Communications

Device-to Device Communication in 56 Cellular Networks
Antenna Design for Wireless Application with Implementation of
Frequency Band Reconfigurability Characteristics
Celludarinternet of Things

+ To provide the knowledge of cutting edge researches and
developments carried out/observed by the Eminent Speakers in
advance communication domains (from I[Ts, NITS, other
Esteemed Institutions & Industry), for products having
immediate industrial applications for seif-reliance of the Country.

PATRON

Dr. Mahesh M. Bundele
Principal & Director
Poamima College of Engineering, Jaipur

ADVISORS

Mr. Pankaj Dhemla
Vice Principal, Poornima Coliege of Engineering, Jalpur

Dr. Rekha Nair
Dean, First Year, Poomima College of Engingering, Jaipur

Mr. Devendra Somwanshi
Registrar, Poornima College of Engineering, Jaipur

PROGRAM CHAIR

Dr. Garima Mathur
Head of Department ECE, Poomima College of Engineering

COORDINATORS

Dr. Payal Bansal Mr. Tarun Mishra
Associate Professor, Assistant Professor
ECE, PCE ECE, PCE

PCE ORGANIZING COMMITTEE

Dr. Anila Dingra Assoclate Professor, ECE
Mr. Amit Kumar Jain Assistant Professor, ECE
Me. Durgesh Kumar Asststant Professor, ECE
Mr. Manish Sharma Assistant Professor, ECE
Ms. Manisha Kumawat Assistant Professor, ECE
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¢+ PROGRAM SCHEDULE:

POORNIMA

COLLEGE OF ENGINEERING

Affiliated to RTU, Kota Approved by AICTE & UGC under 2(f) Accredited by NBA

Department of Electronics & Communication Engineering

Fourth AICTE-AQIS Sponsored Short Term Training Program (STTP) on Artificial Intelligence and 5G Communication Technology from

April 26 - May 01, 2021

11:00 AM 1L30AM - 01:00 PM 01:30 PM 03:00 PM 03:15 PM (4:45 PM
Inaugural Session Multiband and Multifunctional 5G Communication for ToT Artificial Intelligence for
Chiel Guest: Col. B. Venkat, Director (Faculty| RF Integrated Circuits & Systems | = "5 i Physical Layer Wireless
Monday Dr. M Lakshmi, Professor,
26.04.21) Development), AICTE, New Delhi !'or 5G & Beyond SRM Institute of Science & Corymunitnlionx
Guest of Honour: Dr. Nagendra Prasad Dr. Nagendra Prasad Pathak, Technology, Tamil Nadu Dr. Upena. D. Dalal,
Pathak, Professor, IIT, Roorkee Professor, IIT, Roorkee &Y. ) Professor, SVNIT, Surat
09:30AM -11:00 AM 11L30AM - 01:00 PM 01:30 PM - 3:00 PM
6G Vision, Potential Technologies and WoT and AloT: Technologies for the Smart
Tuesday Challenges Connected World o Fund‘an:e:jlal P;i n;“i|;lts ¥ D“‘op e
(27.04.21) Dr. Rahul Pandya, Dr Asoke K. Talukder, Chief Science & LylaB [|):§ I:\s‘:‘oiia:Pro;:qps:fa;ﬂ'F Calicut
Assistant Professor, IIT, Dharwad Technology Officer, SRIT, Bangalore SO AT A Y d i
- y . =% A Spectral- and Energy-Efficient Techniques for Al Trending - from Local Data to 5G
Wednesday e gtonla)t;lré\u;:::,:;: W30 uemacn 5G and Beyond Wireless Networks Communications
(28.04.21) i \m‘ T’ chiraonall Dr. Prabhat Kumar Upadhyay, Dr. Sudan Jha,
ustant Frgiceson, 1, Tnueppa Associate Professor, I1T, Indore Professor, Chandigarh University, Punjab
Automated Grading of Oil Palm Fruits Edge Analytics to Address Challenges of | Reinforcement Learning Application in 5G and
Thursday | using Fuzzy Logic and Rough Set Theory Smart Healthcare Beyond Networks
(29.0421) Dr. Gaurang Patkar, Dr. Rajveer S. Shekhawat, Dr. Siba Narayan Swain,
Associate Professor & Head, DBCE, Goa Provost & Director, Manipal University, Jaipur Assistant Professor, IIT, Dharwad
1oT Device Localization Deep lnrning-l'hstd Wireless Device-to Df\‘ice C m‘nmunicnlion in5G
Friday Dr. Udit Sati Communications Cellular Networks
- Udit Satija, g ;
(30.04.21) Assistant Professor. IIT. Patna Dr. Sanjeev Sharma, Dr. Sandeep Joshi,
P ol e Assistant Professor, 1IT, BHU Assistant Professor, BITS, Pilani
Antenna Design for Wireless Application Significance of Artificial Intelligence in
Saturday with Implementation of Frequency Band Cellular Internet of Things Digitization and Automation: Digital India
(01.0521) Reconfigurability Characteristics Dr. Abhinav Kumar, Perspective
: Dr. Ritesh Kumar Saraswat, Assistant Associate Professor, IIT, Hyderabad Dr. Sandeep Kumar,
Professor, M.V, Govt. College, Bhilwara Associate Professor, 1T, Roorkee
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Dr. Mahesh Bundele
B.E,ME., PhD.
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'

INAUGURAL SESSION:

SHORT TERM TRAINING PROGRAM
On

Artificial Intelligence & SG Communication Technology

April 26 to May 01, 2021
Sponsored by AICTE Quality Improvement Scheme (AQIS)
Organized by Department of Electronics & Communication Engineering,
Poornima College of Engineering, Jaipur

Date: April 26, 2021 Time: 11:00 - 11:35 AM
Venue: Online (MS Teams: https:/tinyurl.cony2y9wzkty)

Q- Sheet Inaugural Session

Welcome of Dignitaries and Introduction of STTP by
Dr. Payal Bansal, Associate Prof., ECE, PCE

o Col. B. Venkat, Director (Faculty Development),
AICTE, New Delhi (Chief Guest)

o Dr. Nagendra Prasad Pathak, Professor, 1T
Roorkee (Guest of Honor) 03Min | 11:00 AM-11:03 AM

¢ Ar. Rahul Singhi, Director, Poornima Group

¢ Dr. Mahesh Bundele, Director & Principal, PCE

¢ Mr. Pankaj Dhemla, Vice Principal, PCE

¢ Dr, Garima Mathur, Professor & Head, ECE, PCE
Welcome address by Dr. Mahesh Bundele, Director &

Principal, PCE 05Min | 11:03 AM-11:08 AM
Motivational Words by Ar. Rahul Singhi, Director,

Poornima Group 05Min | 1108 AM-11:13 AM
Address by Guest of Honor Dr. Nagendra Prasad .

Pathak, Professor, IIT Roorkee 10Min | 11:13 AM-11:23 AM

Inaugural Address by Chief Guest Col. B. Venkat, .
Director (Faculty Development), AICTE, New Delhi | 10Min | 1123 AM-T1133 AM

Vote of Thanks by Dr. Garima Mathur, Professor & .
Head, ECE, PCE 02Min | 11:33 AM-11:35 AM

—
.-"'--F
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Dr. Mahesh Bundele
B.E., M.E., Ph.D.
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+ DETAILS OF RESOURCE PERSONS:

. POORNIMA

COLLEGE OF ENGINEERING

Affiliated to RTU, Kota Approved by AICTE & UGC under 2(f) Accredited by NBA

Department of Electronics & Communication Engineering

Fourth AICTE-AQIS Sponsored Short Term Training Program (STTP) on Artificial Intelligence and 5G Communication Technology from

April 26 - May 01,2021

11:00 AM 1L.30AM - 01:00 PM 01:30 PM 03:00 PM 03:15 PM (4:45 PM
Inaugural Session Multiband and Multifunctional 5G Communication for ToT Artificial Intelligence for
Chief Guest: Col. B. Venkat, Director (Faculty| RF Integrated Circuits & Systems| ® S Physical Layer Wireless
Monday S A Dr. M Lakshmi, Professor, 7 R
(26.04.21) : Development), AICTE, New Delht !'or 5G & Beyond SRM Institute of Science & ( ommunications
Guest of Honour: Dr. Nagendra Prasad Dr. Nagendra Prasad Pathak, Technology, Tamil Nadk Dr. Upena. D. Dalal,
Pathak, Professor. IIT, Roorkee Professor, IIT, Roorkee oy ) Professor, SVNIT, Surat
09:30AM -11:00 AM 11.30AM - 01:00 PM 01:30 PM - 3:00 PM
6G Vision, Potential Technologies and WoT and AloT: Technologies for the Smart s .
Tuesday Challenges Connected World o F“"d.’“}‘:f" Pl;'";"[’,'“ oy Loy
(27.04.21) Dr. Rahul Pandya, Dr Asoke K. Talukder, Chief Science & s l'):f “A::'im": Pm;:q':zf";q"]’; il
Assistant Professor, IIT, Dharwad Technology Officer, SRIT, Bangalore TG DR B A Bt
R ey . = | Speetral- and Energy-Efficient Techniques for Al Trending - from Local Data to 5G
Wednesday Sppie wn"[;"%u::::':;: WG ucmer 5G and Beyond Wireless Networks Communications
(28.04.21) K it i) \,”', T. ichirannall Dr. Prabhat Kumar Upadhyay, Dr. Sudan Jha,
IS T ICeN0n N L UCIRApPAT Associate Professor, IIT, Indore Professor, Chandigarh University, Punjab
Automated Grading of Oil Palm Fruits Edge Analytics to Address Challenges of | Reinforcement Learning Application in 5G and
Thursday | using Fuzzy Logic and Rough Set Theory Smart Healthcare Beyond Networks
(29.04.21) Dr. Gaurang Patkar, Dr. Rajveer S. Shekhawat, Dr. Siba Narayan Swain,
Associate Professor & Head, DBCE, Goa Provost & Director, Manipal University, Jaipur Assistant Professor, IIT, Dharwad
1 P NS Deep Learning-Based Wireless Device-to Device Communication in 5G
0T Device Localization 2 A . ;
Friday Dr. Udit Satija Communications Cellular Networks
(30.04.21) Assistant l;l'éfcﬂ;m ll.T Patna Dr. Sanjeev Sharma, Dr. Sandeep Joshi,
e e U Assistant Professor, IIT, BHU Assistant Professor, BITS, Pilani
Antenna Design for Wireless Application Significance of Artificial Intelligence in
Saturday with Implementation of Frequency Band Cellular Internet of Things Digitization and Automation: Digital India
(01.0521) Reconfigurability Characteristics Dr. Abhinav Kumar, Perspective
. Dr. Ritesh Kumar Saraswat, Assistant Associate Professor, IIT, Hyderabad Dr. Sandeep Kumar,
Professor, M.L.V. Govt. College, Bhilwara Associate Professor, I1T, Roorkee

INAUGRAL SESSION ON 26 April 2021:-

Inaugural session witnessed the presence of Col. B. Venkat, Director (Faculty
Development), AICTE, New Delhi (Chief Guest), Dr. Nagendra Prasad Pathak,
Professor, IIT Roorkee (Guest of Honor),Dr. Mahesh Bundele, Director, PCE,
Jaipur, Mr. Pankaj Dhemla, Vice Principal, PCE, Jaipur, Dr. Garima Mathur
convenor of STTP & Dr. Payal Bansal Coordinator of STTP, PCE, participants
along with the faculty members. The event started with the online inaugural

ceremoney in presence of chief guest, Guest of honour & Dr. Mahesh Bundele,
Director PCE. Dr Garima Mathur addressed the participants about the STTP & Its

area of learning and its content. In welcome address Dr. Mahesh M. Bundele,

director, PCE, update the participants about the new techniques related to Artificial

Intelligence. Dr. Pathak addressed the gathering with his knowledgeable vmq‘js. '&L :

= Jll!'-’_f"l —

C—
Dr. Mahesh Bundsle
B.E., M.E., Ph.D.

Director
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then after Col. B. Venkat updated the participants about the new technologies to be

on work. In last the inaugural session concluded by vote of thanks delivered by Dr.

Payal Bansal (coordinator of STTP).

Glimpses of Inaugural session

& Day1- Session 1-Dr. Nagendra Pathakmpd - VIC media player

Media Playback Audio Video Subtie Tooks View Hep

°

000O0®0OE

:)1'.-\-%\ -L - I

) A1 —
Dr. Mahesh Bundsle
. B.E.,ME., Ph.D.
Paarnima (__r.'-:'lr&ctc::_rE
: -ollage of Engineen
13-, g,l 1O Institutional Arenm
MEPUrS, JAIPTUE
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Expert Talk-1

Topic: Multiband and Multifunctional RF Integrated Circuits & Systems for
5G & Beyond

Resource Person: Dr. Nagendra Prasad Pathak, Professor

Venue: Ms Teams

& Day 1- Session 1-Dr. Nagendra Pathakmpd - VIC media player
Media Playback Audio Video Subtitie

Multiband and Multifunctional RF Integrated
Circuits & Systems for 5G and Beyond

Dr. Nagendra Prasad PathaKk, member, IEEE MTT-S Technical
Committee on THz Technology and Applications (MTT-TC-21)

Professor, Department of Electronics &
Communication Engineering, IT Roorkee

Email: nagendra.pathak@ece.iitr.ac.in

& Day 1-Session 1-Dr. Nagendra Pathakmpd - VLC media player
Media Playback Audio Video Subtitie View Help
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Electromagnetic Spectrum: RF through THz portion
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4 Day1- Session 1-Dr. Nagendra Pathakmpd - VLC mediz player = O s

Mediz Audio Video Subtile Tools View Help

Electromagnetic Spectrum: RF through THz portion *

»RF: 9 KHz - 300 GHz
Frequency ‘ Applications | Bands I Wavelength | 3> Micr

; »Mil ve: 30 GHz - 300 GHz
10 SWLAN: 2.4 GHz - 2.4835 GHz, 5.15 GHz -

1PHz 10% . | 5.35 GHz, 5.725 GHz - 5.85 GHz
L SN S i »Traffic Radar. 24.025 GHz-24.225 GHz,
oy S 4 [ 24.050 GHz -24.250 GHz, 33.4 GHz-36 GHz
10 Bioinsgg — Tz | » Sub-6 GHz 5G Band (3.4 GHz-3.6GHz)

(L V" lmm| > MM wave band

“1\ H m

[ Lgds

10¢

107

1051 AMnd

IEEE Journal of Microwaves, January 2021
11T ROORKEE B N

;

a Pathakempd - VLC media player

Media _Playba idio Video  Subtitle T lew Help

General concerns for Millimeter wave
Atmospheric loss and Free space propagat

1 lectromppetic s

o
o, uﬂwm
(\f

» In case of point to point
link, free space loss can be
compensated with antenna
. gain, which increases with
Vi frequency
60 GHz 400 GHz

1 Km @ 120G
v (2=2.5 mm) which becomes
P, (Rx power)= P, (Tx power 34 dB with 50dBi antenna
+ G, (Tx antenna gain for transmith d recei
+ G, (Rx antenna gain for transmitter and receiver
- 20 log (4nrf/c)

Inc., 1906 T Nagasuma. THz communication systems, @OSA 2017 11T ROCRKEE BN N

I e D20 (5)S)%

@0 0= 60 @0 B

4 Day 1- Session 1-Dr. Nagendr mpd -Vl

Motlvatlon for using MM wave/ THz small ce]t
Advantages and challenges

» Bandwidth: Proportional to carrier frequency
B =a f; (Hz)

» Coverage: Inversely proportional to carrier frequency
d, = p/fy (meter)

» Data rate per user ~ O (f,%) (bps)

» Communication data rate can be increased by using more
BW or enhancing SNR

»More BW available around higher carrier frequencies, to be
used to increase data rate

»For a given distance, received signal at higher carrier
frequencies experience more attenuation due to small
antenna size & higher atmospheric absorption; hence reduced
SNR

u
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Poornima College of Engineering - Artificial Intelligence & 5G Communication Technology

Expert Talk-2

Topic: 5G Communication for 1oT

Resource Person: Dr. M Lakshmi, Professor

Venue: online

Memories of event

& Day 1- Session-2-Dr. M Lakshmi.mp4 - VLC media player o

Media Playback Audio Video Subtitle Tools View Help
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Poornima College of Engineering - Artificial Intelligence & 5G Communication Technology

A Day 1- Session-2-Dr. M Lakshmi.mp4 - VLC media player o | |
Media Playback Audio Video Subtitle Tools View Help

| AICTE-AQIS Sponsored Short Term Training
Programme (STTP) on Artificial Intelligence
and 56 Communication Technology
ONLINE Mode

5G Communication for loT

Dr. M Lakshmi

Professor, CSE Department
SRM University, Kattankulathur, Chengalpattu
Date : 26-04-2021

Ged  C— 12441
] a3 ) o et ]
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4 Day 1- Session-2-Dr. M Lakshmimpd - VLC media player o|@
Media Playback Audio Video Subtitle Tools View Help

What is 5G? =

* 5G enables a new kind of network that is designed %o connect
virtually everyone and everything together including machines,
objects and devices.

+ 5G wireless technology is meant to deliver
» higher multi-Gbps peak data speeds,
» ultra low latency,
» more reliability,
» massive network capacity,
» increased availability, and
» amore uniform user experience to more users.
* Higher performance and improved efficiency empower new user
experiences and rannarte naw indiictriac
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4G AND 5G

3 Key Factors
1. High Band width
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4G AND 5G

3 Key Factors
1. High Band width
2. Low Latency
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4G AND 5G ﬂ

3 Key Factors

1. High Band width
2. Low Latency

3. Dense Connection
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Expert Talk-3
Topic: Artificial Intelligence for Physical Layer Wireless Communications
Resource Person: Dr. Upena. D. Dalal, Professor and Ex-Head

Venue: online
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. 5G Terminologi ilable
5G VISION -User Centric/ it S

5G

Enhanced Mission-critical Massive Internet
mobile broadband services of Things
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Unified design for all spectrum types and bands from below 1GHz to rmWave —

1117

) Wil B EE o o]

@ie 02600 ¢ BE w0z

s
';'L ]

L

Dr. Méhe;:h _‘-Bund&!a

B.E., ME., Ph.D.

Director

Foarnima Collage of

131-8, F

Engineering

N Institutional Areg

Slapura, JAaiPues



Poornima College of Engineering - Artificial Intelligence & 5G Communication Technology

fpens Dimpd - VLC media pleyer

nbock Moo Vdeo Stttie Toos View Hep

i Doy 1-Sesion3 O Upene Dir! - VIC mef player
Vese

Ployback fodo Video Subfitle

Tocls View Help

REQUIRMENTS

Mission-critical
control

Erbanced

IoT -> IoE

Internet of

Everything

-Ll,... ™y .k
J A ol
Dr. Mahesh Bundele
. B.E., ME., Ph.D.
Director
Paarn

ima Colla f
I3i-@, gt e

Enginaari
L5

HCQ Institutional Aream
Mapura, Jairue



Poornima College of Engineering - Artificial Intelligence & 5G Communication Technology

Expert Talk-4
Topic: 6G Vision, Potential Technologies and Challenges

Resource Person: Dr. Rahul Pandya, Assistant Professor

Venue: online
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6G Vision, Potential technologies, and Challenges
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Indian Institute of Technology Dharwad

Dr. Rahul J. Pandya,

Assistant Professor,
Department of Electronics Engineering,
Indian Institute of Technology (IIT), Dharwad
Email: rpandya@iitdh.ac.in
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OQutline

* Key Possibilities of 6G Wireless Networks

» Design considerations and Potential Technologies 6G networks
* Terahertz Communications: Challenges and Opportunities
» Architecture of 6G

» Solve the interconnection of everything (IoE)

» Cell Free Cellular Communications

* Potential Technologies for 6G

* Rale of Machine Learning in 6G

* Emerging Trends in 6G

» Applications and Features of 6G

» Research Opportunities in 6G
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Key Possibilities of 6G Wireless Networks (17(&030i28:57

A peak data rate of 21 Tb/s (100 times of 5G)

A user-experienced data rate of 1 Gb/s (10 times of 5G)
THz frequency range: 0.1 - 10 THz

An spectrum efficiency of 5-10 times of 5G

An energy efficiency of 10-100 times of 5G - area Tratfic Capaciy //

(Gb/sim?)
Ten times the connectivity density of 5G

High throughput, network capacity
Latency of 10-100 ps

High mobility

Enhanced data security
Ubiquitous connectivity

Al integrated communication

Peak Data Rate

g =
Connectivity Density

User-Experienced

(Tbls) Data Rate (Gb/s)
»

/>~ Mobility
/21,000 (kmvh)

Latency (ms)

{Devices/km?)

ey Techaalogie,"in [EEE Vebicular Teckmology Magazine, vol. 14, no.3, pp. 2841, Sept. 2019
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A peak data rate of 21 Th/s (100 times of 5G)

A user-experienced data rate of 1 Gb/s (10 times of 5G)
THz frequency range: 0.1 - 10 THz

An spectrum efficiency of 5-10 times of 5G

An energy efficiency of 10-100 times of 5G  area Traffic Capacity
Ten times the connectivity density of 5G

High throughput, network capacity

Latency of 10-100 ps

High mobility

«
Network Energy
Efficiency

Enhanced data security
Ubiquitous connectivity

Al integrated communication

IMT: International Mobile Telecommunications

Peak Data Rate

Connectivity Density
(Devicos/km?)

User-Experienced
Data Rate (Gb/s)

Spectrum

~a  Mobility
21,000 (km/h)

Latency (ms)

2. Zhang et ., "6G Wireless Networks: Vision, Requirements, Architecture, and Key Technologies," in IEEE Vehicular Technology Magazine, vol. 14, no. 3, pp. 28-41, Sept. 201
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Comparison of 6G with 4G and 5G Communication Systems

Issue

4G

5G

6G

Per device peak
data rate

1 Gbps

10 Gbps

1 Tbps

E2E latency

100 ms

10 ms

I ms

Maximum spectral
efficiency

15 bps/Hz

30 bps/Hz

100 bps/Hz

Mobility support

Up to 350
Lm/hr

Up to 500 km/hr

Up to 1000
Lw/hy

Satellite
integration

No

No

Fully

Al

No

Partial

Fully

AUTOTOMom
vehicle

P

TS

XR
Haptic
Communication

Partial
Partial

Fully
Fully
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Design considerations and potential technologies 6G networks

Typical

Scenarios Applications

* Holographic Verticals

+ Full-Sensory Digital
Reality (VR/AR)

« Tactile/Haptic Intemet

+ UHD/EHD Videos

*loE
* Smart City/Home

« Fully Automated
Driving
* Industrial Internet

* Deep-Sea Sightseeing
+ Space Travel
* Hyper HSR

* Nanodevices/
Nanorobols/
Nanosensors

+e-Health

Technical Objectives

User-Experienced
Data Rate: 1 Gbls

4 Latency: 10-100 s

Mobility:
1,000 kmh

Connectivity
Densily: 10" dkm®

Area Traffic
Capacity: 1 Gpsim?

EE: 10-100x

Promising Techniques

SM-MIMO

LIS and
A Holographic BF
o OAM
Multplexing
Laser and VLC

Quantum

Communications

and Computing

1 Blockchain-Based

1 Spectrum Sharing

Molecular
| Communications
and Internet of
Nano-Things

Artificial
Intelligence

Large-Dimensional

Design Principles

Fraquency Bands

Streams to Achieve High
7 Spectral Efficiency

\ \ Improve Data-Transmission
1 Reliability

Improve Computing
Efficiency
U

P Provide Strong Security

: Achieve Nanoscale

Al-v Communications and

| Intarconnection

1 [* Achieve Autonomous and
L+ Zero-Touch Networks

: * Innovate Network Design

|
— Improve Wireless Coverage
|

1 * Use Higher and Unlicensed

* Richer Spectrum Resources

Multiplex More Parallel Data

Improve Energy Efficiency (EE)

7. Zhang et al., "6G Wireless Networks: Vision, Requirements, Architecture, and Key Technologies," in IEEE Vehicular Techuology Magazine, vol. 14, no. 3, pp. 28-41, Sept. 2019,
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Expert Talk-5

Topic: WoT and AloT: Technologies for the Smart Connected World Resource
Person: Dr Asoke K Talukder, Chief Science & Technology Officer
Venue: online

- Dr. ashokmp4 - VLC media player = | 6 [

3 Audio Video Subtitle Tools View Help

Web of Things (WoT)
Al of Things (AloT)

Technologies for the
Smart Connected World

Asoke K Talukder, PhD

Chief Science & Technology Officer
www.sritindia.com

e [ - WWLSFithealthcare.com
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The Smart World Around Us

Tntegrated E';\‘\‘ Cloudand /_\ Logistics
Operations }\’L\ Services Factory \ Optimization
Cenler/ -—-[ e Optimization
® ©, Platform
ot

Smart 4l \
. Grid 4 N\, Traffic Flow
£ /Hospllal \ Home \\Optrmnzauon
Optimization Energy \
5 ® JManagemenll -
O .

[} “® comms =

.@‘

Network
Optimization

. SMART
N ) FACTORY
S [0)
= MART - %%
i [ . 7 e
Comected i IHOSPITAL SMART ‘ i
Intelligent ©, @ HGHWAY @ Automated o 0C
Medical o %y Car System
Devices
Intelligent Digital Signage
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Closer Look at Smart World

&

Smart
Health

dy = A

o &
Service Industries Ao
L2551

Asoke K Talukder, 2021
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Smart World Around Us

* Smart City

* Smart Healthcare
* Smart Hospital

* Smart Homes

* Smart Cars

* Smart Grid

* Smart Factory

* Smart Highway

* Smart Transport

Asoke K Talukder, 2021
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Three Key Technologies

Arltlﬁaal 5G Networks Big Data
Intelligence (Al) Data Science

Programmable intelligence 5th generation mobile Volumes of data from
enabling devices to learn, networks with extremely numerous Internet-connected
reason, and process fast, near-zero latency for sources, that are too large for
information like humans real-time data processing normal processing methods

Asoke K Talukder, 2021
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World Perception of Al and loT (2018)

HOW INDUSTRY PERCEPTIONS ON Al AND 10T HAVE CHANGED: 2016 TO PRESENT (2018)

wmp) () SIS © S ]

© e 05¢ 0 & Ba&] T |

= T
';'L ]

L | p—
Dr. Mahesh Bundsle
___BE.,ME., PhD.
PR—— (“Dl:rector
e ima L-ollage of Enginaer
131-0, f N rf"lE'-fi"l.Iﬂf.‘r'F'ﬂ Area
Mapura, Jalbues



Poornima College of Engineering - Artificial Intelligence & 5G Communication Technology

Expert Talk-6

Topic: The Fundamental Principles of Deep Learning including Back Propagation

Resource Person: Lyla B.Das, Associate Professor

Venue: online

/A Day 2-Session 2- Dr. ashok.mp4 - VLC media player

o= | O

Media Playback Audio Video Subtitle Tools View Help

Internet of Things

The Internet of things (10T) describes the network of physical objects—“things”—
that are embedded with sensors, software, and other technologies for the purpose
of connecting and exchanging data with other devices and systems over the Internet

Things have evolved due to the convergence of multiple technologies, real-time
analytics, machine learning, commodity sensors, and embedded systems

Traditional fields of embedded systems, wireless sensor networks, control systems,
automation (including home and building automation), and others all contribute to
enabling the Internet of things

There are a number of serious concerns about dangers in the growth of IoT,
especially in the areas of privacy and security, and consequently industry and
governmental moves to address these concerns have begun intluding the
development of international standards

Asoke K Talukder, 2021
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Internet IPv4 & IPv6

IPv4 is 32-Bit IP address whereas IPv6 is a 128-Bit IP address.

IPv4 is a numeric addressing method whereas IPvé6 is an alphanumeric addressing method.
IPv4 binary bits are separated by a dot(.) whereas IPv6 binary bits are separated by a colon(:).
IPv4 offers 12 header fields whereas IPv6 offers 8 header fields.

IPv4 supports broadcast whereas IPv6 doesn’t support broadcast.

IPv4 has checksum fields while IPv6 doesn’t have checksum fields

IPv4 supports VLSM (Virtual Length Subnet Mask) whereas IPv6 doesn’t support VLSM.

IPv4 uses ARP (Address Resolution Protocol) to map to MAC address whereas IPv6 uses NDP
(Neighbour Discovery Protocol) to map to MAC address

Asoke K Talukder, 2021
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Sensors in Smart Objects

* Smart city is infeasible without the deployment of sensors

* In the smart city, a sensor is used to measure the physical properties of any
object, or situation

* The main sensors domains

* Electronic sensors: environmental surveillance sensors, parking sensors, and
speedometer sensors a

* Chemical sensors: carbon dioxide sensors, oxygen sensors, electronic nose and
catalytic bead sensors

« Smart grid sensors: efficient generation, transmission and distribution of power from
the generating source to the end users

* Biosensors: ionising and subatomic sensors

* Smart Homes: Fire, Personal Safety,

Asoke K Talukder, 2021
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Connected Things or Objects

*Internet of Things (loT)
* Connecting "Things" ( Objects and Machines) to the
internet and eventually to each other

+"Internet of things" was likely coined by Kevin Ashton of
Procter & Gamble, later MIT's Auto-ID Center, in 1999

*Cyber Physical Systems (CPS)

* Integration of computation, networking and physical process

Asoke K Talukder, 2021
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Expert Talk-7

Topic: Stochastic geometry analysis of 5G network Resource Person: Dr.
Sudharsan, Assistant Professor

Venue: Online
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Arduino

* Arduino board designs use a variety of
microprocessors and controllers

+ The boards are equipped with sets of digital and
analog input/output (I/0) pins that may be
interfaced to various expansion boards ('shields')
or breadboards (for prototyping) and other
circuits
The boards feature serial communications
interfaces, including Universal Serial Bus (USB)
on some models, which are also used for loading
programs

+ The microcontrollers can be programmed using
the Cand C++ programming languages

Asoke K Talukder, 2021
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Expert Talk-8

Topic: Spectral- and Energy-Efficient Techniques for 5G and Beyond Wireless

Networks

Resource Person: Dr. Prabhat Kumar Upadhyay, Associate Professor

Venue: online
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Deep Learning based power control

Dr.Shahid Mehraj Shah

Department of Electronics and Communication Engineering

December 9, 2020

Deep Leaming base] powes control December 9,200 1/26
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S
Outline
o Introduction
o Inference channel
o Introduction To Deep Learning
o Types of learning algorithms
o Training Deep neural network for SRM
o Structure of Deep neural network used for SRM
o Ensembling models

o References

Deop Loarning based power control

Docomber 9, 2020 2/25

Shahid Shah
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Introduction
==

o Information theoretic channel modelling of mobile communication networks provide good insight into the
design of communication system

o Channel models like Multiple access channel (Uplink), Broadcast Channel (Downlink), Relay Channel
(Co-operative), Interference Channel are the most common examples.

o The capacity region of the multi-user interference channel is among the longest outstanding open problems
in information theory

o It is computationally difficult to achieve efficient power control when the number of users is large

o For general multi-user Gaussian case, this problem is generally NP-hard, and has been investigated for
decades.

o Power control for two user interference channel has been solved using usual optimization techniques Shahid Shah

@ The problem becomes computationally intractable when number of users increase

o In practical 5G and Beyong 5G networks, the number of users are going to increase exponentially, while
demanding very high data rates.
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Expert Talk-9
Topic: Al Trending - from Local Data to 5G Communications

Resource Person: Dr. Sudan Jha, Professor

Venue: online
(=]
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Al and 5G Communication Technology

mmWave for Vehicular
Communication

Aniruddha Chandra \?’ shazia Suthana

Associate Professor,
Electronics & Communication Engineering Department,
National Institute of Technology, Durgapur.
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Why mmWave?

* Shannon-Hartley theorem (SISO):
C = B x logy(1+SNR)
capacity bandwidth  spectrum efficiency
(bits/s) (Hz) (bits/s/Hz)

Y.y \ B Y—Y
. 0 -3
s w0 o

= Shannon-Hartley theorem (¥ x N MIMO):

C =N x B x log(1+SNR)
capacity no.of bandwidth spectrum efficiency
(bits/s)  antennas (bits/s/Hz)

A Chandra - mmWave for Veh Comm

40:47/1:23:05

@
w®
o
=
£
L
| val
-

|
|

Expert Talk-10

Topic: Automated Grading of Oil Palm Fruits using Fuzzy Logic and Rough Set

Theory.

Resource Person: Dr. Gaurang Patkar, Associate Professor — Head of

Department Venue: online

Role of Al in 5G

1. 56 wireless technology
.

and a more uniform user experience to more users

2. The 5G network architecture and functionality will become
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Role of Al in 5G

e Increased complexity in the management of a vast number of devices and
huge data. Al and ML will help to reduce this complexity

e Al assists in making mobile networks more proactive and immediately
responsive to the needs of customers.

Fifth generation

Reinforcement Learning

e Reinforcement Learning is a feedback-based Machine learning technique in which an agent learns to behave in
an environment by performing the actions and seeing the results of actions. For each good action, the agent

gets positive feedback, and for each bad action, the agent gets negative feedback or penalty.

e The agent learns automatically using feedbacks without any labeled data.The agent interacts with the
environment and explores it by itself. The primary goal of an agent in reinforcement learning is to improve the

performance by getting the maximum positive rewards.

u £ Type here ta search

Maze Example

The maze is consisting of an S_ block, which is a wall, S_ a fire pit, and S, a diamond block.

The agent cannot cross the S_ block, as it is a solid wall. If the agent reaches the S, block, then get the +1 reward; if it
reaches the fire pit, then gets -1 reward point. It can take four actions: move up, move down, move left, and move
right.

The agent can take any path to reach to the final point, but he needs to make it in possible fewer steps. Suppose the agent
considers the path $9-§5-S1-82-S3, so he will get the +1-reward point.

The agent will try to remember the preceding steps that it has taken to reach the final step. To memorize H1 steps it
assigns 1 value to each previous step.
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Expert Talk-11

Topic: Edge Analytics to Address Challenges of Smart Healthcare
Resource Person: Dr. Rajveer S. Shekhawat, Provost& Director

Venue: online

Some examples of Reinforcement Learning

DTRs proficiency est adaptive adaptive
diagnosis recommendation traffic signal decision
EHR/EMR education games  contral control
pricing, trading [ } [ shergy. ] recommendation
portfolio opt e-commerce, OR
risk mgmt customer mgmt
= business,
O management
reinforcement learming
science
computer
= ] ==
art
topics in maths, physics
: computer [ robotics wmpuwr NLP chemistry, music
Robotics science drawing, animation

Go, pok sim-to-real recognition g._gen.

e R

Some examples of Reinforcement Learning

DTRs : iency est.
diagnosis recommendation traffic signal decision
EHR/EMR education gamns contral control

pricing, trading ] enargy ] recommaeandation
portfolio opt e-commerce, OR

risk mgmt e customer mgmt

= business
finance management
reinforcement learning E—

science
== [zsina |
topics in f = maths, physics
. computer ames < robotics POmPpLIoy NLP chemistry, music
Robotics science = vision drawing, animation

Go, poker sim-to-real recognition S

: £ Type here ta search
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Terms used in Reinforcement Learning

Agent(): An entity that can perceive/explore the environment and act upon it.

Environment(): A situation in which an agent is present or surrounded by. In RL, we assume the stochastic
environment, which means it is random in nature.

Action(): Actions are the moves taken by an agent within the environment.

State(): State is a situation returned by the environment after each action taken by the agent.

Reward(): A feedback returned to the agent from the environment to evaluate the action of the agent.

Policy(): Policy is a strategy applied by the agent for the next action based on the current state.

state reward action
S, R, A,

R
5., | Environment

Markov Property

Markov Process is a memoryless process with a sequence of random states S, S,, ....., S, that uses the
Markov Property.

Markov Property:Future is Independent of the past given the present.

P[Si+1 | Si] = .,,P[SH] | 85 ; cies ; 54

If the agent is present in the current state S1, performs an action al and move to the state s2, then the state transition from s1 to
s2 only depends on the current state and future action and states do not depend on past actions, rewards, or states.

Example: A Chess game, the players only focus on the current state and do not need to remember past actions or states.
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Expert Talk-12

Topic: Reinforcement Learning Application in 5G

and Beyond Networks

Resource Person: Dr. Siba Narayan Swain, Assistant Professor

Venue: online

Reward Function: R: — E[Rt+1 | St =8, At — a]

State-action value function:

S[ZS, A, =a,:| .

g=(s,a) = EG, | Si=s.A,=a] = E,[ka}?,ﬂ.“
k=0

‘This funetion specifics the how good it is for the agent to take action (a) in a state (s) with a policy T

Basieally, it tells us the value of performing a certain action(a) in a state(s) with a policy =

Example of Markov Decision Process

we can see that there are no more probabilities.In fact now our agent has choices to make
like after waking up ,we can choose to watch netflix or code and debug.Of course the actions
of the agent are defined w.r.t some policy  and will be get the reward accordingly.

r=3
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Dynamic Spectrum Access- Cognitive Radio

Overlay - SU transmits on PU channels in an opportunistic manner whenever PUs
are not transmitting.

Primary User

Power
Spectral
Density

Underlay Transmissions

» Frequency

Overlay Transmissions

Power
Spectral
Density

Frequency

Temporal Behavior of Primary Users
OIS

« H1 - PU transmits
* HO - PU does not transmit

The two states or hypotheses are linked by factors such as A (arrival rate of PU) and p (termination rate of
the PU). The temporal behaviour of the PU transmission which comprises of the arrival and termination
rates, is modelled as a random Poisson Exponential Process

e
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Expert Talk-13

Topic: 10T Device Localization

Resource Person: Dr. Udit

Satija, Assistant Professor

Venue: online

SU modelled as Markov Decision Process (RL)

Under H,:

1
1-P,, C\S

Q-Learning

)
)

P

S00 - SU does not transmit | HO
S01 - SU transmits | HO
S10 - SU does not transmit | H1
S11 - SU transmits | H1

Pi = Probability of interference -
simultaneous transmissions of PU and SU

Pw = Wastage Probability - due to false alarm

Q-Learning is a straightforward and model-free reinforcement learning algorithm

adopted to define the values of transition probabilities and to find an optimal
policy for a MDP.

The main objective of Q-learning is to learn the policy which can inform the agent that what actions should be

taken for maximizing the reward under what circumstances.

It also converges to an optimal policy given a finite action-state MDP

N X
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Q - table

1. A Q-table or matrix is created while performing the Q-learning. The table follows the state and action pair, i.e., (s,
a], and initializes the values to zero. After each action, the table is updated, and the g-values are stored within the
table.

2. The RL agent uses this Q-table as a reference table to select the best action based on the g-values.

Actions ; [ —_ l —

%u. “{' Start
' ) ) | ) i ..‘ﬂ-‘,;ﬁ_'fb Nothing  Bark |

Dolwu Power

° ? 2 2

End End END

Expert Talk -14

Topic: Deep Learning-Based Wireless Communications
Resource Person: Dr. Sanjeev Sharma, Assistant Professor

Venue: online

1 s
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M ltem shared with you: 30-42.5: X & 30-

C @ drivegoogle.com/file/d/1PRi

Nonorthogonal Multiple Access Techniques: Future
Radio Access

Sanjeev Sharma
Department of Electron
T (BHU) Vara
30 April, 2021
FDP, Poornima College of Engineering, Jaipur
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M ltem shared withyou: 30-4.2 52 X & 30-4.2 Sanjeev Sharmamp: 4 X (® WhatsApp x | o

sR7PhdUYv-eki/view

C & drivegoogle.com/file/d/1PRiSAZKmL-rIRDF!

Wireless Communication

‘Soumﬂ + Modulator ! -1‘|m|m|‘|1 #Demodulator -+ Sink

Impairments

o Noise: Gaussian or non-Gaussian

o Fading: small scale and large

scale

o Interferences: MUI, 1SI

Performance metrics

o Efficiency: power, spectral
o BER/SER: accuracy

o Latency

o Complexity: cost

o Processing power

o Simple system design- low complexity and power consumption

o Trade-off between system's simplicity

o Manage: CIR's properties

and performance
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o Diverse applications: mobile data traffic explosion
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How Must Networks Evolve for 5G?

Increase Network Throughput [bits/s/km?| for a Given Area

Throughput = Cell Density . Avaible Bandwidth . Spectral Efficiency
e e e —— e, et

Hz

bits/s/km ooll ke bits/s/Hz/cell

o Massive MIMO: higher spectral efficiency

o Higher order modulation schemes: higher spectral efficiency
o Millimeter-wave band: more spectrum

o Utilizing the unlicensed/licensed spectrum: spectrum sensing

o NOMA techniques: higher spectral efficiency
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Expert Talk-15

Topic: Device-to Device Communication in 5G Cellular Networks
Resource Person: Dr. Sandeep Joshi, Assistant Professor

Venue: online

M 30-4_3 Sendeep Joshimpd

Device-to-Device Communication in 5G

Cellular Networks
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These KPIs are derived from the three main
5G use cases.

+ Enhanced Mobile Broadband (EMBB),

« Ultra-Reliable and Low Latency
Communications (URLLC), and

+ Massive Machine Type Communications
(Massive MTC)

Connection Density Latency
(Govices/km?) (ma)

S 56 Vmm wte super, S, 2013
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How to achieve high data rates in 5G ?

* Extreme densification and offloading
proves the area spectra
more active node
* Cell shrinking
helps in spectrum reuse across
reduction in the number of users competing for tesources at each BS
* As the network densifies and the power-law path loss models hold the signal-to

o
terference ratio (SIR] is presecved
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Key technologies: 5G

* Millimeter wave

“ Beachfront Spectrum™
Current Wirsless Mobile
Communication

Oxygen Absorption Band Water Vapor Absorption Band
Y ’

e ]

4- 200) GHZ
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Expert Talk-16

Topic: Antenna Design for Wireless Application with Implementation of
Frequency BandReconfigurability Characteristics

Resource Person: Dr. Ritesh Kumar

Saraswat, Assistant ProfessorVenue: online
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Figure 10. Simulated and measured S-parameters (S, and
S,) of SRR
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Result Analysis — Surface Current Distribution

3 Z1GTZ
o

Figure 13. Simulated current distribution at resonant frequencies: 2.51GHz, 3.34GHz and 5.35GHz for
proposed design

IETE JOURNAL OF RESEARCH (@) ovlor b Francis
https://doi.org/10.1080/03772063.2019.1684845 &/ "
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Frequency (GHz)

Figure 14. Simulated and measured antenna gain

IETE JOURNAL OF RESEARCH (a) @ Taylor & Francs
https//doi.org/10.1080/03772063.2019.1684845 s \ ——t—e "W

)
I ©)¥828/70205

@5 ReportofSTTP-Ldocx A B Schedule STTP 07-..pdf A B Q-sheet Inaugural..pdf A B strP-al&sGCo.pdf A & 61.PCESTTP-Al&.jpg A Showall X
9 \‘9 S @d

M Item shared withyou: 1-51B R X & 1-5.18 Ritesh Saraswatmp’ 41 X @@ WhatsApp X | B Microsoft Teams | Group Chat S X | i (4) General (ANALOG ELECTRON X | +

COGUHfyyRs1yGEANL/Y

C & drivegoogle.com/file/d/1

uGpozetwy

Result Analysis — Radiation Pattern

Figure 16. Comparison of simulated and measured radiation patterns for E & H plane of the proposed antenna at; (a) 2.51
GHz (b) 3.34 GHz () 5.35 GHz
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Result Analysis — Reconfigurability

The proposed antenna represents the reconfigurability between wireless standards (WLAN & WiMAX) by

PIN diode switches.

—

s € z L o
ulnuhnu1....umluulnulmllu| mhml

Figure 17. (a) Top view, (b) Bottom view of fabnicated prototype.
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Design Methodology

Table 7: Different states of PIN diodes with frequency band (simulated and measured), covered bandwidth
and wireless standards
Diode D, D, Frequency Bands (in GHz) 10-dB bandwidth (%) Covered
wireless WLAN
& WIMAX
standards
States Sim Meas

| 2.39-257, 2.38-267, 24,35&5and
291-375 & 294376 5.8 GHz Bands
487-5.77 495581

291-376 & 312365 & 35,5and 58
486575 5.08.578 Gz Bands

236260 & 239-256 & 24&35GHz
297431 3.054.15 Bands
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Expert Talk-17

Topic: Cellular Internet of Things

Resource Person: Dr. Abhinav Kumar, Associate ProfessorVenue: online

o

Motivation

Qlopal Mob»le Dewce Growth by Type

nwnam—ams

2014 2015 2016 217 2018 201
Figures (3 refar 1o 2814 and 019 device shams
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M 152 Abhinav Kumar.mp4

Outline

1) Motivation for Machine Type Communications
2) loT Applications
3) Why Cellular loT _
4) eMTC
5) NB-loT
6) Current Deployment
7) Open Challenges
Future Research Directions

u,, B .L
A
Dr. I‘n.r“ahesh Bund&!ﬂ
B.E., M.E., Ph.D.
——— (__ff]llrector
ima C.ollapge of Enginaar
13-, F [[=lm] FHE'TI"‘I.ITH‘I'IEH Arenm
.t..|_L.rr..1 SR



Poornima College of Engineering - Artificial Intelligence & 5G Communication Technology

c

@ drivegoogle.comyfile//1RS_SMIsxyjsSNAVM;
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loT Requirements

* Low Device Cost

* Low Deployment Cost

* Long Battery Life

* Extended Coverage

* Security and Privacy

* Support Massive Number of Devices
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Expert Talk-18

Topic: Significance of Artificial Intelligence in Digitization and
Automation: Digital IndiaPerspective

Resource Person: Dr. Sandeep Kumar,

Associate ProfessorVenue: online
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Significance of loT and Machine
Learning in Digitization and
Automation: Digital India Perspective
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Broadband highways

* Broadband for All — Rural
* Broadband for All — Urban

* National Information Infrastructure
(NII)

~ NII aims at integrating all ICT infrastructure
components such as SWANs, NKN, etc.
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Valedictory session:-

After Lunch valedictory session was held. Dr. Rajveer S. Shekhawat, Provost &
Director, Manipal University Jaipur (Chief Guest) , Dr. Mahesh M Bundele,
Director, PCE, Jaipur, Mr. Pankaj Dhemla, Vice Principal, PCE, Jaipur, Dr.
Garima Mathur, Dr. Payal Bansal Coordinator, PCE, participants and faculty
members attended the session. It started with the felicitation of Chief Guest Dr.
Rajveer S. Shekhawat, by Dr. Mahesh M Bundele, Principal & Director, PCE,
Jaipur. A brief report on worksop was presented by Dr. Payal Bansal, Valuable
feedback was taken from the participants. The Certificate of participation was
awarded to all the participants who successfully completed the Program. Dr.
Mahesh M Bundele congratulated the participants for taking keen interest in
learning the new technologies in his address. He also appreciated the organizing
team. Dr. Preetam Kumar said that active involvement of most prominent speakers
and delegates and their innovative ideas will create a stimulating atmosphere for the
further development of multi-disciplinary and convergent research in the area of
network security and smart antenna. Dr. Payal Bansal, Associate Professor, ECE
Deptt., PCE proposed the Vote of Thanks. At the end of sessiona group photograph

was taken with the Dignitaries including participants.
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AICTE

On

April 26 — May 31, 2021

Six Days Short Term Training Program

Artificial Intelligence & 5G Communication Technology

Organized by Department of Electronics & Communication Engineering,

Poornima College of Engineering, Jaipur

Date: May 31, 2021

Venue: Online

Q- Sheet Valedictory Session

Time: 03:30 PM - 04:00 PM

S. No |Activity Duration[Time
Welcome of Dignitaries and Introduction of Refresher
Program by Dr. Garima Mathur, Head & Professor
ECE, PCE
1 Dr. Rajveer S. Shekhawat, Provost & Director, (Chief 05 Min 03:30 PM -
: Guest) 03:35 PM
Ar. Rahul Singhi, Director, Poornima Group
Dr. Mahesh Bundele, Director & Principal, PCE
Mr. Pankaj Dhemla, Vice Principal, PCE
) Welcome address by Dr. Mahesh Bundele, Director & 05 Min 03:35 PM -
: Principal, PCE 03:40 PM
3 Motivational Words by Ar. Rahul Singhi, Director, 05 Min 03:40 PM -
: Poornima Group 03:45 PM
4 Inaugural Address by Chief Guest Dr. Rajveer S. 10 Min 03:45 PM -
' Shekhawat, Provost & Director 03:55 PM
5 \Vote of Thanks by Dr. Payal Bansal, Associate Prof., 05 Min 03:55 PM -
' ECE, PCE 04:00 PM
20 L .
J L —
Dr. Mahesh Bundsle
B.E., ME., Ph.D.

) Director
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Memories of Velidictory session
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¢ LIST OF PARTICIPANTS:

S User Name Na!“.e of Departme Institution Name
No. Participant nt
Mr. DHUPAM RAGHU INSTITUTE OF
1 | arunrs9848@gmail.com ARUN EC/CS/IT | TECHNOLOGY(AUTONOMOUS), VI
KUMAR SAKHAPATNAM
bikashranjan.behera@gmail.c BIKASH International Institute of Information
2 om Jan. g ' RANJAN EC/CS/IT | Technology Bhubaneswar, Odisha,
BEHERA India
. s GHANTA
3 | sahitya_g@vnrvjiet.in SAHITYA EC/CS/IT | VNRVIIET
4 | kaushik_c@vnrvjiet.in C. KAUSHIK | EC/CS/IT | VNRVIIET
5 | blessysjit@gmail.com Mag?e(s:sr;/rliuna EC/CS/IT | St. Joseph's Institute of Technology
samayarajphdfgon@gmail.co Dr.Samayaraj .
6 m ' Murali EC/CS/IT | StJoseph's Institute of Technology
Kishanlal . M
7 | abdulaleem1990@gmail.com | ABDUL ALIM | EC/CS/T SD;éamr;,S'“gh Gour Vishwavidyalaya
8 dregnanakousalya@gmail.co Dr. C Ghana EC/CS/IT | St.Joseph's institute of Technology
m Kousalya
BRIJESHKUM
9 | panchalbrijesh02@gmail.com ARY. EC/CS/IT | DEPSTAR- CHARUSAT University
PANCHAL
10 | jaindirect@gmail.com CHARVI JAIN | EC/CS/IT | TU DRESDEN
11 hodecelabaffmrs@stjosephste Dr.G.Rohini EC/CS/IT | St. Joseph's Institute of Technology
chnology.ac.in
12 dmswdhyaworkshop@gmall.co Vidhya D S EC/CS/IT | Don Bosco College of Engineering
. L Dr. Aarti :
13 | aartimkarande@spit.ac.in Karande EC/CS/IT | Sardar Patel Institute of Technology
. Dr. Astha G.L. Bajaj Institute of Technology &
14 | 17.asthasharma@gmail.com Sharma EC/CS/IT Management, Greater Noida
. . PROF. B. ST. MOTHER THERESA ENGG
15 | arulrajan@gmail.com ARUL RAJAN | ESCSIIT | o651 | EGE |, THOOTHUKUDI
S . S Poornima College of Engineering,
16 | shalini.puri@poornima.org Dr. Shalini Puri | EC/ICS/IT Jaipur, Rajasthan
17 | neerajsingla007@gmail.com Neeraj Gupta EC/CS/IT | Amity University Haryana
. . . H.N.B.GARHWAL UNIVERSITY
18 ?Tlljrajpanwarsrl123@gmall.co SUPITAAI\\iV?/I,L\IF?H EC/CS/IT | SRINAGAR
GARHWAL,UTTARAKHAND
. SRl  KRISHNA COLLEGE OF
19 | boopalacse@gmail.com BOOPALA EC/CS/IT ENGINEERING AND TECHNOLOGY
Mr. NALLAMUTHU GOUNDER
20 | kvrk9693@gmail.com KALIYAPPAN | EC/CS/IT | MAHALINGAM COLLEGE,
R POLLACHI
SUNIL
21 | sunilsharma96@gmail.com KUMAR EC/CS/IT | Engineering College Ajmer
SHARMA
22 | dinbhatia@gmail.com Dinesh Bhatia | EC/CS/IT | University Departments, RTU, Kota
23 | sanjay@msrit.edu Sanjay H S EC/CS/IT | M S Ramaiah Institute of technology
24 | tephisam@gmail.com TEPHILLAH.S | EC/CS/IT | St.Joseph's Institute of Technology
25 ggi(i)ﬁsmanw8753@poornlma. Manvi yogi EC/CS/IT | Poornima University
26 | vijay.shubham2@gmail.com Shubham Vijay | EC/CS/IT | JECRC College _ _‘
™
27 | anshu.amrendra@gmail.com Kumar EC/CS/IT | Jharkhand Rai University 7\ L =
Amrendra Dr. M |
— . - -Dr. Mahesh Bundesle
28 | dhruvigosai.dce@charusat.ac.i Dhruvi EC/CS/IT | CHARUSAT University

Director
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n Dharmendrava
n Gosali
29 vineet.chhabra@anandice.ac.i vineet chhabra | EC/CS/IT Ana_nd . International  College  Of
n Engineering College
Ganaa Sagar Department of Electronic
30 | gangasagar82@gmail.com Ve EC/CS/IT | Science,University of Delhi  South
erma .
Campus,New Delhi
31 | anusha.k.ece@kct.ac.in K.Anusha EC/CS/IT | Kumaraguru college of Technology
32 | karthika.k.ece@kct.ac.in Karthika K EC/CS/IT | Kumaraguru College of Technology
33 | reenacse.er@gmail.com Mrs.K.Reena EC/CS/IT Nadimpalli Satyanarayana Raju Institute
of Technology
. . . . . BVC INSTITUTE OF TECHNOLOGY
34 | girishpechetti@gmail.com Girish Pechetti | EC/CS/IT AND SCIENCE
Ms R
. . CARE COLLEGE OF ENGINEERING
35 | rdeepalakshmi@care.ac.in DEE::\ALIAKS EC/CS/IT _TRICHY, TAMILNADU
36 | vijay.e8720@cumail.im V'Jaéolf#mar EC/CS/IT | Chandigarh University
37 | divsmi@gmail.com B'C'DRIXAKA EC/CS/IT | Global academy of technology
. . . DIVYA poornima institute of engineering and
38 | divya.rohatgil@gmail.com ROHATGI EC/CS/NT technology
39 ;:]hanthwasekarank.sse@saveet Dr.K.Chanthira ECICS/IT | Saveetha School of Engineering
a.com sekaran
Vel Tech Rangarajan Dr. Sagunthala
40 | anand.phd.dip@gmail.com PrEANAND | EcicsiT | R&D  Institute  of  Science  and
Technology
Jayamala . .
41 | jayakangale@gmail.com Dhananjay EC/CS/IT [E)'K.'T'E'. ISoqletysI h -:—let'le.. and
Pakhare ngineering Institute, Ichalkaranji
. . HINDUSTHAN COLLEGE OF
42 | ragu.auto@hicet.ac.in SRAGU EC/CS/IT ENGINEERING AND TECHNOLOGY
43 | manisha.dbce@gmail.com MaBLSSZZiFaI EC/CS/IT | Don Bosco College of Engineering, Goa
; - Sujata ; ;
44 | sujata.mendgudle@rait.ac.in Mendgudle EC/CS/IT | Ramrao Adik Institute of Technology
. Rachana .
45 | rdheesharma88@gmail.com Khandelwal EC/CS/IT | YIT Jaipur
. . Ruchi
46 | ruchi25varshney@gmail.com Varshney EC/CS/IT | MIT Moradabad
47 | anagha.kowshik@gmail.com Anagha EC/CS/IT | PES UNIVERSITY
' ' Kowshik
48 | bhavanit409@gmail.com Thlranda_su EC/CS/IT Sri indu institute of engineering and
Bhavani technology
49 | banupriyal2317@gmail.com | S.Biruntha | Ec/csiT | St Krishna College of Engineering and
Technology
50 | deepika.nalabala@gmail.com ND:E%';Z EC/CS/IT | Balaji institute of technology & science
51 | vidityadav.2k@gmail.com Vidit Yadav EC/CS/IT | Harcourt Butler Technical University
52 | archika.jain@poornima.org Archika Jain EC/CS/IT | Poornima College of Engineering
G. .
53 | g.angayarkanni@gmail.com ANGAYARK | EC/CS/IT Nallamuthu C?ounder Mahalingam
College, Pollachi
ANNI
SANJAY
54 | sanjay.skm97@gmail.com KUMAR EC/CS/IT | SRMCEM LUCKNOW
MAURYA
. . KUMARAGURU COLLEGE OF
55 | david.s.ece@Kkct.ac.in DAVID S EC/CS/IT TECHNOLOGY
56 manishakumawat@poomima. Manisha EC/CS/IT | Poornima College of Engineering
org Kumawat
Dr. . . PP
57 | niruhsd@gmail.com Niranjanamurth | EC/CS/IT g/lar%;grrgalah ASHIE Pj;' ai“‘hk ‘-V |
_ _ yM__ _ __Dr. Mahesh Bl'.lnd&!ﬂ
58 | deepthikrishnan29@gmail.co K Deepthi EC/CS/IT | Neil Gogte Institute of Techn%qqy B.E.. ME., Ph.D.

o ) Jirector
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m Krishna Yadav
59 | imthiaazkhan@gmail.com Imthiaaz khan | EC/CS/IT | SRM TRP Engineering College
60 sh_ambhu.sharma@anand|ce.a Shambhu dayal EC/CS/T | Anand-ICE jaipur
c.in sharma
. . DrTB SYED AMMAL ENGINEERING
61 | sivatb@syedengg.ac.in SIVAKUMAR EC/CS/IT COLLEGE
J K INSTITUTE OF APPLIED
. . TANUJA PHYSICS AND
62 | tanujapande077@gmail.com PANDE EC/CS/IT TECHNOLOGY,UNIVERSITY OF
ALLAHABAD
63 | kvs.tiwari.9@gmail.com Am_ll_tivl\faurznar EC/CS/IT | Kendriya Vidyalaya Bundi
. . Dr Ashok . . .
64 | kajla.ashok@poornima.org Kumar Kajla EC/CS/IT | Poornima College Engineering
65 | pm838485@gmail.com Prakash Maru EC/CS/IT | GEC BHAVNAGAR
. . Dr B
66 | drbgayathri.cs@gmail.com GAYATHRI EC/CS/IT | BISHOP HEBER COLLEGE
67 | munishvijay.jpr@gmail.com Munish Vijay EC/CSNT ggl\iggeRamchandra Khaitan Polytechnic
. Annepureddy SRI INDU INSTITUTE OF
68 | snehareddy22cvr@gmail.com sneha EC/CS/IT ENGINEERING AND TECHNOLOGY
. rama mohana VNR VIGNAJYOTHI INSTITUTE OF
69 | kallam.rama@gmail.com reddy kallam | EC/CS'T | ENGINEERING AND TECHNOLOGY
70 | Mohamedriyaz54321@gmail.c | Mohamed | oo | sRM TRP Engineering College, Trichy
om Rlyaz M
. JSS COLLEGE FOR
71 | pradeephgl23@gmail.com PRADEEP HG | EC/CS/IT WOMEN(AUTONOMOUS)
Ms.Deepa
72 | deepayerolkar@gmail.com Jivanrao EC/CS/IT | AISSMS Polytechnic,Pune
Yerolkar
73 b.blnd_ubhavanl@sphoorthyen B.Blndq EC/CS/IT | Sphoorthy Engineering College
gg.ac.in Bhavani
74 | shreniks2k7@rediffmail.com Shrenik Suresh EC/CS/IT Walchand College of Engineering,
Sarade Sangli
75 dha}rmendra.kumar@anand|ce. Dharmendra EC/CS/IT Ana_nd _ Interr_1at|onal College  of
ac.in Kumar Engineering, Jaipur
76 | guthayakumar@gmail.com UUL’\A&YQ I;U EC/CS/IT | St.Joseph's Institute of Technology
. Archana .
77 | archana.devdas22@gmail.com yashodhar EC/CS/IT | St Aloysius College Mangaluru
. . MrS Poonam Ramrao Adik Institute of
78 | poonam.gadge@srait.ac.in Gadge EC/CS/IT Technology,Nerul Navi Mumbai
79 | benoaustin@gmail.com Dr. A. Beno EC/CS/NT Dr. . S'V.anth'. Aditanar  college  of
Engineering Tiruchendur
. Gopalsamy
80 | gopalsamy@psr.edu.in Pathalaveeran EC/CS/IT | P.S.R.ENGINEERING COLLEGE
. . Prof.(Dr.) Allenhouse Institute of Technology,
81 | sanjivkanpur@gmail.com Sanjiv Mishra EC/CS/IT Kanpur
PARMAR
. SONALBEN
82 | parmarsonall64@gmail.com DEVDASBHA EC/CS/IT | GEC BHAVNAGAR
83 drpramodsharmajpr@gmail.co Dr. Pramod EC/CS/IT Regional College for  Education
m Sharma Research and Technology
84 surabunaresh2012@gmail.co NARESH EC/CS/IT SRI INDU INSTITUTE OF
m SURABU ENGINEERING & TECHNOLOGY
. . . . Vishakha RAMRAO ADIK INSTITUTE OF
85 | vishakha.gaikwad@rait.ac.in Gaikwad EC/CS/IT TECHNOLOGY
SRl MANAKULA VINAYAGAR
86 | kalaiyarasanece@smvec.ac.in KAléﬁ:\TQRA EC/CS/IT | ENGINEERING COLLEGE,
PUDUCHERRY -
jasekhar.redd il B R -
L LE GE O
87 ﬁlase ar.reddy61@gmail.co RAJASEKHA | EC/CS/IT EEIIGH'\\IAEI;RDIAI‘\T@I&"‘ Mahéghuélmde'a
RA REDDY B.E..ME., PhD.

: Director
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88 | lishayugal26@gmail.com Lisha Yugal EC/CS/IT | NIET, Greater Noida
89 | sureshkaswan@gmail.com Dr. Suresh EC/CS/IT | RIMT University
Kaswan
90 | sivaramanranjith@gmail.com M.SIVARAM EC/CS/IT Nallamuthu ~ Gounder  Mahalingam
AN College
VIVEK ANAND INTERNATIONAL
91 | viveksec@gmail.com EC/CS/IT | COLLEGE OF ENGINEERING,
BHOJAK
JAIPUR
. . RUCHI Sagar Institute of Research and
92 | dron.ruchi@gmail.com DRONAWAT EC/CS/IT Technology
93 gﬁdcnxaba”ha”k”Sh”a”@gm Hari K;'Sh”a” EC/CS/IT | SRM TRP ENGINEERING COLLEGE
SURYAN
. ROY
94 | suryanroy3l@gmail.com CHOWDHUR EC/CS/IT | DR.B.C. ROY POLYTECHNIC
Y
95 | drmanikandanj@gmail.com Dr"\g;w ?AN EC/CS/IT | Sri Sairam Engineering College
. . SREEVANI Nagarjuna college of engineering and
96 | sreevanil89@ncetmail.com NANJURI EC/CS/IT technology
97 f}AYAD'PT'LAL@yahoo'CO" Jaya Diptilal | EC/CS/IT | SGSITS INDORE
. . Rupayali Jodhpur Institute of Engineering and
98 | srupayali@gmail.com Swaroop EC/CSNT Technology
99 | purohitankital3@gmail.com Ankita Purohit | EC/CS/IT Jodhpur Institute of Engineering and
Technology
10 | hamsalathasree123@gmail.co MYADARI EC/CS/IT Sri indu institute of engineering and
0 |m SRILATHA technology
10 venu.swayam@gmail.com IPPALAPALLI EC/CS/IT SRI INDU INSTITUTE OF
1 swayamergmall VENU ENGINEERING AND TECHNOLOGY

Virtual feedback and views shared by the participants about the FDP. The FDP

has successfully fulfilled the objectives of the FDP set forth. All the participants

in their oral feedback has given positive remarks in all respects and shown their

satisfaction over all the arrangements and the time management.

™ .

}'..,

Dr. Mahesh B

B.E., ME., Ph.D.

Director
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¢ FEEDBACK ANALYSIS:

[Effective use of |[Effectiveness of Course Content |Effectiveness of
Time Theoretical Session |Planning and Hands on Sessions
Organization
Strongly Agree |28 25 31 24
Agree 11 11 8 12
Neutral 0 6 0
|Disagree 0 0
Strongly 4 1 4
IDisagree
Feedback

3

5

3

0

2

5

: | i N |

0 | — O N

Effective use of Time Course Effectiveness
Effectiven Content of
Planning and
H Strongly B Agre Neutr Disagre ™ Strongly
:}1" ;\ ‘L_.__ R
Dr Ma hesh Bundsla
B.E,ME., PhD.
Dlr&ctor
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¢ SWOT ANALYSIS:

40
39 (33%1%)
30
@ 14 (11.8%)
7 (5.9%
10 7(5.9%) 5 (4.2%)
1 {0.871(0.850.87(0.87,(0.8%) 1(0.87(0.8710.8%) 8% 1 (0.87{0.870(0.8%
0
Dr KAMALJIT | LAKHT... M. Mrs Ms.
Dr. Pokkuluri Kiran... M3 Ir. Girija Nandan Kar Mrs. Rajesv Shukla
40
|
10 35 (29.7%)
20
13 (11%)
10 (8.5%)
s ':412%:53? 5%%) 3+(2 59) ’ |:5|15'J':4 214 (3.4%)
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