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The exponential growth of connected devices, big data
and edge/cloud computing is creating an hyper-connected
world, fostering innovative use cases, opportunities and
challenges in our society and daily lives. The successful
advent of this hyper-connected scenario depends on the
capability to integrate technologies such as Internet of
Things, Mobile-to-Mobile  communication,  connected
vehicles/drones, cloud computing, edge computing, data
gathering/dissemination and social networks.

This course discusses various case studies in this field in
order to understand its (interdisciplinary) research
potentiality.
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The mobile experience is expanding everywhere

Billions of Mobile Connections Billions of Mobile Experiences

~25 Billion

Interconnected devices 7.
in 2020

~7 Billion

Mobile connections,
almost as many as
people on Earth!

OO I

>100 Billion ~270 Billion

App downloads App downloads
completed in 2013° expected in 2017°
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Fog / Edge -
Computing

.Grid / Cloud

Computing
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Voice processor

Ambient temperature sensor
Global Positioning System Microphone T

Ambient light sensor

Magnetometer (compass) Y_IT’_ Moisture sensor

Humidity sensor

Digital barometric

Camera
- pressure sensor

Touchscreen

Fingerprint identity sensor ®

BlueTooth Accelerometer

Near field Gyroscope

communication

Proximity sensor
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Connectivity is the foundation of a great mobile experience

Connect Reliably

Talk and browse without interruption
with more bars in more places Connect On-the-Go

\ N
Connect Fast + Connect Longer
Str(?am, surf, upl.oad, and download Go longer without plugging in

with fast, predictable data rates = | with improved battery efficiency

l

Dellvermg rich mobile broadband experlences

NEWS - LIVE Q

Connect Real-Time

, , Talk and browse with seamless
Get instant access to content with . ,
mobility anywhere you get a signal

less delay for “always-on” experience
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A technology able to connect everyday things embedded
with electronics, software and sensors to the Internet
enabling them to collect [elaborate] and exchange data
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From loP to loT

Internet of People
Internet of People, 2010

i

People connected to internet

World population = 6.8B
Connected Devices - 12,58 (1.83x)

Internet of Things
Internet of Things, 2020

People connected to internet + Things connected to internet
+ Things connected to things

World population = 7.6B
Connected Things —2128 (27.89)
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End-to-End, Proactive, m\ Open, Extensive, [ - Advise, Transform,
| Defence-in-depth Partner driven 'L_ j Integrate, Operate, Manage |
Security Ecosystem Services

w
“

STAGE 1 \ STAGE 3 STAGE 4

Data Centre / Cloud
Edge IT (analytics,
management, archive)

Sensors/Actuators

(wired, wireless) (analytics, pre-processing)

T §

i |

- Analytics = Analytics - Analytics -
. i I | - —
— anagement L Management s Management e
[ — =8 Control ) Control m Control m
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COLLECT  SHARE
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Ice Cream

UNIVERSITA Smart Home Scenario — Interactions

DEGLI STUDI

DI PADOVA IN Sensing-as-a-Service Model

| Cloud platform that supports
RDIF tagged ' : \

-
-
_-"0‘

m W

o'
__"(((l})) lce Cream
'o . Manufacturer
2 ‘1 Wireless Access Point
at Mike's house
== Door Sensor Reader
' == RFID Reader

= Temperature Sensor = = = Sensor Data Flow

-------- Permission and Access Control Flow

[Source: “Sensing as a Service Model for Smart Cities Supported by Internet of Things”, Charith Perera et. al., Transactions on Emerging Telecommunications

Technology, 2014]
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Infrastructure with access to -
energy sources and long r:ange e
data commumcatlon P

City
- 5"'\ Council
I__,.J -

II.] “u

Cloud platform that supports
sensing as a service

ecycling
Plant

Manufacturing
< 1= Plant

!t‘.i‘l#____'_

Health and Safety
Authorities

Garbage Cans TEERPL T Garbage Cans

Garbage Trucks (as data collectors)
(with low cost passive sensors) {with active sensors)

[Source: “Sensing as a Service Model for Smart Cities Supported by Internet of Things”, Charith Perera et. al., Transactions on Emerging Telecommunications
Technology, 2014]
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Honay, you could

get those pants for
less in Aisle 7. a

&

[ E—W j
% ?" s (2) When shopping in the market, the goods will

g;mmmﬂﬂ { {f f | introduce themselves.
34091 -~

T ng a '
25t '*‘EJ bottle here! Better 1‘1
come replace it. = I'm detergent #2
1 arrived yesterday on
a truck from Factory #8!

As the shopper enters the store,

e (1) When entering the doors, scanners will identify the
SRR o tags on her clothing.
..l. -‘\ : :
7 ?ﬁ %ﬁfﬂﬁ“&cﬂ‘n’:ﬂ“ﬁ (4) When paying for the goods, the microchip of the

is automatic.

credit card will communicate with checkout reader.

A reader at the :ﬂiﬂnkﬂtﬂ .
u
her purchases.

(3) When moving the goods, the reader will tell the

the reader in the

z E!':'Z?Tmﬁ"{;mk No shopliting here because | staff to put @ new one.

she is carrying.

iHustration by Lisa Knouse Braiman for Forbes
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Microbiologists Agriculturists Bio Agricultural Academic

Aaesd st Institutions
Scientists S,el-gn-t\'s'ts and Students

@ Yanco Field Analysis

ETO[mmi/day] ®EW @ veD © Aaifal VPDIKkPa]

13.38mm I 2 v each day.
1 t I
. ‘. \t :
Cloud platform that supports 400 | 100
sensing as a service 2007 050
oo a0
Aug Sep O Nov D Jan
23/07/2010 06/01/2011
Temperature[Deg C] Temperature & Helatve Humidlty Relative Humidity[%]

100.00

Sensor data collected through verity of
different and complex sensors and tools ia' ™ s - il
3444 BO.O0

A N 1
WA Y W .'.-‘ 'x'/‘ N f] - |
/f:' % 28.48 = \WRTY ‘f ‘ ' “ 70.00
Blimp 2455 N y !‘
s \W \,\
14865 . - . 4000

476 o 2000
-0.18 10.00
-5.13 0.00

Aug Sep Oct Nov Dec Jan
230712010 OBI1/2011

Thermal Time[Degree.Days] ® Thermal Time
2200 2200
2000 2000

Flowering

1800 1800

1600 1600 esd
1200 1ann0

The sensing-as-a-service model allows researchers to
share resources across borders and understand
phenomenon which are not available in their own
countries.




The Social loT (Internet of Everything)

https://youtu.be/i5AuzQXBsG4



https://www.youtube.com/watch?v=i5AuzQXBsG4

et Ston Food for Thought

17 May 2018 [ 19:00 GMT

The Internet of Trash: lol Has a
Looming E-Waste Problem

A lack of forethought will leave us with a mountain of
obsolete devices and no way to dispose of them

By Stacey Higginbotham
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The United Nations found that people generated
44.7 million metric tons of e-waste globally in 2016, and
expects that to grow to 52.2 million metric tons by 2021.

We're adding semiconductors to products that previously
had none, and we’re also shortening the life of devices as
we add more computing, turning products that might last
15 years into ones that must be replaced every five years.
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integration of heterogeneous fixed and
mobile networks with varying
transmission characteristics

/\

vertical
hand-over

metropolitan area
+ e.g., 802.16 MAN (WiMax)

V

802.15 PAN, ZigBee, BLE ...

campus-based
horizontal
hand-over

< >
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10x10x10 cm

“ Mgy Thousands of CubeSat launched so far

Mass of a CubeSat

----- Ground-satellite Links
——— |nter-satellite Links

ol

2U

uJ

Urban Cellular Backhaul

Figure: CubeSat taxonomy

Emergency Response Assistance Remote Area Coverage

Figure: In-space backhaul scenarios.



Internet of Space Things (IoST)

https://youtu.be/4G2d3ek7PTQ
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1G
Analog 2G
voice capability, Digital 3G
limited coverage _
and mobility _ better voice, Mobile Data
improved coverage,
2 kbps text messaging basic Internet, Mobile
multimedia, B
roadband
AMPS
64 kbps smaller phones . Extreme Speed,
high-speed data, o
GSM, CDMA 2 Mbps smartphones Connectivity &
Reliability
HSPA, EVDO 1 Gbps
a platform for
LTE, LTE-A future innovation
t' 10+ Gbps

g?
8

0H060 o
6660 0
00009

5G service & use cases — Nov 2017 — 5G America White Paper



Challenges

Capacity

x1000

> 70% indoor

Data rate

x10-100

E2E latency

< 5ms

Massive
number of
connections

x10-100

Cost

Sustainable

QoE

Consistent
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5G Challenges &

Enablers to address challenges

| =

Spectrum

(e.g., new waveform, advanced
multiple access, shorter TTI)

Massive/3D MIMO ]
New air interface |:>

All optical networks

| =

Small cells

Local offload (e.qg.,
D2D, enhanced local area)

Caching/pre-
fetching/CDN

I

C/U-plane split

| =

NFV/SDN/cloud

| >

3rd party/user
deployment models

——>

Simple access points

)

Energy-efficient
hardware

Energy management B :
techniques

SON ]

Traffic management

Big data-driven
network intelligence

Enablers

5G design principles

Use high frequencies and other spectrum
options (e.g., pooling, aggregation).

Design new air interface, new multiple
access scheme and L1/L2 techniques that
can be optimized for high frequencies,
latency and massive connectivity.

Optical transmission and switching
wherever possible.

Bring communicating endpoints closer
together.

Address coverage and capacity separately.

Minimize number of network layers and
pool resources as much as possible.

Minimize functionalities performed by
access points.

Maximize energy efficiency across all
network entities.

Use an intelligent agent to manage QoE,
routing, mobility and resource allocation.
Redesign NAS protocols, services and
service complexity.




Everything you need to know about 5G
(accordingly to IEEE)

https://www.youtube.com/watch?v=GEx_d0SjvS0
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Global Cellular Data Traffic, 2010-2022

40,000

B Audio
30,000

Web browsing

W Software downloads

[ |
-
20,000 —_ Social networking
I
o W Other
10,000 - M Video

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Petabytes / month

Ericsson Mobility Report
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Global mobile subscriptions by technology

Billions of subscriptions

2010 2011 2012 2013 2014 2015 2016 2017E 2018E 2019E 2020E 2021E 2022E

M 2G: CDMA/GSM/EDGE M 3G: HSPA/WCDMA 4G: LTE W5G

Ericsson Mobility Report
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5G Use Cases &
Requirements

Peak Data Rate User Experienced
g Data Rate
(Gbit/s) (Mbit/s)

Area Traffic
Capacity
(Mbit/s/m2) 10

Spectrum
Efficiency

Network
Energy Efficiency

Connection Density Latency
(devices/km?) (ms)

[ITU-R document 5D/TEMP/625]

eMBB

Enhanced Mobile
Broadband

s

* Peak Rate: 20Gbps (4G : 1Gbps)
* UX Rate : 100~1000Mbps

+ High definition (HD) videos
« Virtual reality (VR)
* Augmented reality (AR)

Download of 15GB HD video

& | 4G 1Y B 240sec

= 5G ) 6sec

URLLC

Ultra Reliable &
Low Latency
Communications

§ &

* Latency: Ims (4G : 10ms)

* Remote robot control
+ Connected autonomous vehicles
* Interactive gaming

14m

mMTC

Massive
Machine-Type
Communications

A

« Connection : 108 devices/km?
(4G : 10° devices/km?)

5G service & use cases — Nov 2017 — 5G America White Paper

* Smart city
* Smart agriculture
® 6 AGH 100000
QQL 56 - ) 1000000
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9 9 [ ]
Poff RILU= U-JQU-
Human to Human Human to Machine Machine to Machine

___________________________________________________ -~ P T T —— e —————————

(@' Virtual Reality / Augmented Reality @ ' [ Video Mobile Cloud

]
Extreme * . Computing
1
1
[}

Mobile | Video Calling )¢ - Fixed 10 fT) UMD DA
Broadband | Virtual Meetings | 1 Wireless 1 ! Video 1

-—_—e— e ————

7\ P

PSSTTTTTTTT “ ST TTTTT “ 5 = 1

| Wearables ' | - b [’R; ] Smart Homes / Smart Cities E‘ﬁ’)) :

) : e ° S S0y A R - - : )
Massive | » ._ﬂ_. A pre—— P :
Scale IR L o || Vehicle Suy ! | :
Communication ! :@ \ I Social | | 0 ' to | 1 Industrial
] i 1 Networking | 1  Health Care Monitoring  : ! Infrastructure ! \ Automation |

_________ - N e e N e e e e o o e . — — — — — — — — — A 4 : :

s TTTTTTETTTTIEIETIEITIEIETS ~ P ~ sT-TTTTTTTTE ~ FoTTTTE TS ~ : ;

’ . ) [ \' y v - :

. I Public Safety \ 1 Remote | . ' ' o |
Ultra-Reliable | | Surgery || \Vehicle B! ! Vehicle SR I Q!
Low Latency | = 1 L iite 1 to Nt |
Service : | | mme | ! Pedestrian \\i ! Vehicle Sy | i
I\ ;' l\ _l_ II l\ 1' l‘ /: l‘ ’l

Figure 6. Some 5G Use Cases Grouped by the Type of Interaction and the Range of Performance
Requirements.

5G service & use cases — Nov 2017 — 5G America White Paper



Use Case: 5G car connectivity V2V, V2X

https://www.youtube.com/watch?v=6Eho04iCMxw



Use Case: Robot Surgery, Tactile Internet

https://www.youtube.com/watch?v=L4nGXopLK8w



Use Case: The 4th Industrial Revolution
(Industry 4.0)

https://www.youtube.com/watch?v=bMaDhfOLKAY



Use Case: Automation of Everything

https://www.youtube.com/watch?v=nNIRV8Xr19A
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x 80 Increase of Mobile Traffic Super-high-definition Video
Estimation of global mobile traffic in 2020-2030 8K — Super HI-VISION TV | 64 K Digital Cinem
traffic/month 7680x4320 : ~ 256Gbps
6000
5016
5000
g 100 3327 * S AP 6144034560
3000 4K - UltraHD

2000 3840x2160

2194
1439
200607 938
62 99 158 249 .

1000 2K - HD 1080i and 1080p
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 D HDTV .
. . . 10 bit@1920x1080@24fps
75% of Mobile Traffic: Video RN

traffic/month
6000 Estimation of global mobile trafficin 2020-2030

g oo ] Super-immersive Multimedia

4000
3000
2000
1000

0

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 203(

B Non-Video m Video M2M
[Report ITU-R M.2370-0]
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Zero Perceived Latency Everything Connected at 2030

Internet of Skill
3D scanning & transmission: 100 Tera-pixel/m? [Technical Gazette] —

500B

Things
Connected

egee

Ground robotics . Lane-leve
navigation navigation

Ubiquitous

Devicegl

Various

Devices
—_—

Industrial navigation Heavy machine
and tracking navigation

2010
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Wireless solutions are critical to sustainable
development

NO QUALITY GENDER
POVERTY EDUCATION EQUALITY

GOOD JOBS AND INNOVATION AND 1 0 REDUCED
ECONOMIC GROWTH INFRASTRUCTURE INEQUALITIES

13 CLIMATE 1 4 LIFE BELOW 16 PEACE AND 1 PARTNERSHIPS

ACTION WATER JUSTICE FOR THE GOALS

For Sustainable Development

Sustainability targets set by UN for 2030



