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Smart Buidings



Smart Building,
Energy-
management, loT

* A building’s operations consist
of various systems:

* heating, ventilation, air
conditioning, lighting, and
security.

* Energy management, video
surveillance, access
management, and
environmental monitoring are
part of the related
requirements.

Safety and
Security

Cloud

oo
. ...‘
Smart Devices 0y

Connectivity

Automation
loT

Data Hosting

Cabling
and Power




SMNART
BUILDING

Smart Building, Energy-
management, loT

SPACE & USER

ENERGY EFEICIENT
EFFICIENT ToT

* In the modern age, a wide range activity is

required for commercial buildings. According to A\ V
the UN Global Status Report 2017: (g
* “36 percent of energy use and nearly 40
percent of the carbon emissions in the world -
come from buildings.” ) ﬂ FIXED LINE VOICE AND DATA
N 1
« An energy management and control system has a = =z USER DEVICE MOBILITY
crucial role in the optimization of energy
consumption without compromising comfort or , , colsor R
performance I A 2
e Any structure can be converted to a smart ﬁi Rl S
building through the use of automated processes
to control its operations. I | BUILDING ENVIRONMENTAL C(

DATA CENTER



Fire Detection

Smart Building, Energy- = =
management, loT Bt |
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* The real value of loT in comparison to the
traditional control systems of a building are
related to:

* Real-time monitoring and the possibility
of adjustments, with the use of sensors,
actuators, and microchips as well as data

Lighting  Security

collection and cloud computing, .
* |oT by wireless sensor networks (WSN) Access e 42 _ Electrochromic
. o epe Control a— IEEEEEEEEEE ® Glass (Smart Glass)
provides more flexibility o
o . o pe Occupancy Data EENNRRREERR X
* Economically justifiable < TLLLLLLLLL

. l.l....ll.. Predictive
Cybersecurity = > EERRNRNERER Maintenance
: IRNREREEEREN

UV Disinfection
Systems

P .




Smart Building, Energy-
management, loT

* The real value of loT in comparison to the
traditional control systems of a building are
related to:

* Real-time monitoring and the possibility
of adjustments, with the use of sensors,
actuators, and microchips as well as data
collection and cloud computing,

* |loT by wireless sensor networks (WSN)
provides more flexibility

* Economically justifiable

TABLE L. POTENTIAL FOR ENERGY SAVINGS FOR DIFFERENT SENSORS
[10].
System Technology Energy Savings
Lighting Advanced lighting 45%
controls
: T 200
Lighting Web-based lighting 20-30% '
management system above controls savings
. . Automated shade
Window shading 21-38%
system
Window shading Switchable film 32-43%
Window shading Smart glass 20-30%
Buildine automation Building automation 10-25%
& System (BAS) whole building
. Cloud-based energy 5-10%
Analytics information system whole building




l0T Market



0T definition and loT Market(s): a Mindset shift

The Internet of Things (I0T) is the system of Connected Computing Devices, Machines, Sensors, Animals, People,
Objects (ex. Lights & Meters) with UIDs (unique identifiers - say unique names) that have the ability to transfer,
Compute, Analyze data over a network without requiring human-to-human or human-to-computer interaction.

Customer needs Answer to existing Address emerging
needs in a reactive needs in a predictive
manner manner

Offering Stand-alone produce Product refreshes
that becomes obsolete  thanks to over the
over the time air updates

Path to profit Sell the next Enabling recurrent

product/device revenues




Further |oT Definitions...

IEEE (2015): “Broadly speaking, the Internet of Things is a system consisting of networks of
sensors, actuators, and smart objects whose purpose is to interconnect ‘all’ things, including
everyday and industrial objects, in such a way as to make them intelligent, programmable,
and more capable of interacting with humans and each other”

National Institute of Standards and Technology (NIST): “Cyber-physical systems (CPS)—
sometimes referred to as the Internet of Things (loT)—involves connecting smart devices and
systems in diverse sectors like transportation, energy, manufacturing and healthcare in
fundamentally new ways. Smart Cities/ Communities are increasingly adopting CPS/loT
technologies to enhance the efficiency and sustainability of their operation and improve the

u
quality of life.” l T
Internet Engineering Task Force (IETF): “The basic idea is that loT will connect objects around NB-loT 0

RFID

us (electronic, electrical, non-electrical) to provide seamless communication and contextual
services provided by them.”

. o< N The
International Telecommunications Union (ITU): a network that is available anywhere, \.._;
anytime, by anything and anyone | platform ™\
\ /
Organization for the Advancement of Structured Information Standards (OASIS): ”System \ ‘

- -

where the Internet is connected to the physical world via ubiquitous sensors.”

European Telecommunications Standards Institute (ETSI): “the communication between two
or more entities that do not necessarily need any direct human intervention.”



loT use-cases

* Smart City - :C)., @&4
* Internet of Vehicles e Q.

* Internet of Drones 0 ’” 4
* Smart Grid

* Smart Health

Internet-based
user interfaces

Site-specific
irrigation/

Agriculture
Internet-of-
Things

Buildings
Data and Autonomous

networks » #  In-Field agriculture
g . —
g soil/crops + vehicles

sensors

* Smart Home

e Smart Agriculture

e Smart Ship

* |ndustrial loT

[ ) E t C collision avoidance
see X

Public
safety

[ Long-range radar
LIDAR

I Camera

[ Short-/medium range radar

B Uttrasound




Application Taxonomy and Ecosystem

Buildings Healthcare Energy "Production
- Office —A ’ . : ‘ . mﬁ,‘
Hom - Mobile Generation Distnbution ucontrol.,
Home / Offica a-Health S‘“‘Sr;’;t‘g'?‘;s' Production line
Automation / ) n management,
Assisted Livi Quali trol
h Green Energy ality con
! |
Tansport Retail Security
- ~_ o D
Vehicles Supply Storas Tourism TC""'.° ! ED”?S""/
Intelligent Goods Tracking/ Electronic
Transport Systems/ i“l?tp'y °:.‘a'" Monitoring/
E-Vehicles/ omanon Military Usa
Goods Tracking

PROFESSIONAL SERVICES &“

4 )
=)
&N a2\ = r
MODULES/ -CONNECI'IVITY~ PLATFORMS -;\PPLICATIONS
DEVICES \\/ \/
g
\ J
—0— —0— —0—
CONSUMER GOVERNMENT ENTERPRISE
@ Vehicles 3N Emergency services 222 Customers
Shopping 41 Environmental ;&; Value chain
\ Health & Utilities/energy polll Manufacturing
.))., Fitness Q“ Traffic management > | Transport
N\ Home >, Intelligent surveillance O Services
~ IDC {M: Entertainment & Public transport I8l  Automation/Robotics
\ J NS J
ITS e-Health Surveillance Smart Meters
Mobility Vehicular Pedestrian/ None None
vehicular
Message size Medium Medium? Large Small (few kB)
Traffic pattern Regular/ Regular/ Regular Regular
irregular irregular
Device density High Medium Low Very high (up to
10,000 per cell)

Latency Very high (few Medium Medium Low (up to hours)
requirements milliseconds) (seconds) (<200 ms)

Power Low High (battery Low High (battery-
efficiency power powered
requirements devices) meters)

Reliability High High Medium High

Security Very high Very high Medium High
requirements

Courtesy: A. Maeder, NEC Laboratories Europe.



5G technologies: three main pillars

. Enhanced Mobile Broadband (eMBB)

. Ultra Reliability Low Latency Communication(URLLC)
. massive Machine Type Communication (mMTC)

/ NB-loT

Massive MTC

— 4 A .
O mE0R /@ vagté @ nanes ~—

Sensors, actuators

-

Low cost
Low Energy

Small data volumes

0

Massive numbers

) ¢((|El))

(@l Capillary networks

/

Ultra-reliable
Very low latency
Very high availability

= & ‘ ]\
& N\
: “Tactile” '
Traffic safety Internet Smart Industrial
& control Grid Application

/\

MBB
/e

Driven by the

mobile

ecosystem for
high data rate on

the go

5G

Massive Machine ~—

Type Communication

Sounds more like
what we already

mMTC have: (NB-loT)

Strong drive by
verticals to make 5G
ready for industrial
and automotive
applications

URLLC




loT for URLLC AND mM2M Communications

3 4% 2%
Ubiquitous coverage High data rate o
(urban/rural - (bandwidth capacity, y 79"
Indoor/outdoor) J' oo .| = overhead/payload) 0 | 26%
A 5 i\ 68.75%
= 00 // 470
n —— S 60- 0 / 160 =
High reliability 7 High density = £ 7 11012 %
(CI'I'OI' rate, II.lObility, ) (Inassive Connectivi[‘y’ n=; 500 3830/0// 1 50 E
environment 1abl S = £
IR, S m 1% 103
Z‘ 300 - 28%/// 457.29 4 30 =
....................... 2 0 _ 5
S 200 - 2 é = 337.05 4 2
""""""""""""""""" : = —an BRL |
Low latency Power efficiency 104 157.05 19468 410
(scheduling/transmission/ (on/off, complexity) .
signal processing time)
2006 2017 2008 2019 2020 2026
Enhanced Mobile Broadband (eMBB : =5
( ) " Legend: Smart Cities @ 1oT for Healthcare @ Connected vehicles/loV @ Wearables
e Ultra—Reliable and Low—Latency Communication (URLLC) Industrial loT Smart Home Smart Utilities @ others

" Global loT Market Size --—-+=== Year-over-year (YoY) Growth

——— Massive Machine—Type Communication (mMTC)

Potential economical impact of sized loT Applications



0T Economic Impacts by 2025

Range of sized Low High
potential economic- X-Y

-

impact GDP 2014
Mobile Internet - 104
China
Automation of knowledge work
e —— ST, S ——— e 46
Internet Of TRINGS e Japan
Cloud technology mm 39
Advanced robotics Germany
. 21
Autonomous and near-autonomous vehicles IF
1a
Next-generations genomics 15
Energy storage Australia
3D printi mmm 0.6
printing Sweden
Advanced materials | 0.2-0.5 —-—
Advanced oil and gas exploration and recovery | 0.1-0.5 Argentina
Renewable energy I 0.2-0.3 = 03
Israel

Economic impact of the 12 most significant disruptive technologies by 2025, in US$ trillions per year and countries’
current GDP in 2014



5G and the eMIBB
KPIs trend...

What about loT for Smart
Buildings and mMTC?

Totally different metrics,
totally different numbers:

* Sporadic Traffic

* Massive number of
devises

* Low-power consumption
and maintenance

* Low-cost

5G Beyond 5G 6G
< Dek New applications:
- eMBB P - MBRLLC
Application types URLLC mMTC » mURLLC
*mMTC <Hybrid (URLLC + eMBB) :;'A%
| e : Smartphones : SCEI'IAS;)IS and DLT devices
Device types :Bemm'g - Drones « XR and BCI equipment
XR equipment « Smart implants.

Spedral and energy effidency gains!

with respect to today’s networks
Rate requirements

End-to-end delay requirements
Radio-only delay requirements
Processing delay

End-to-end reliability requirements

Frequency bands

Architecture

10x in bps/Hz/m?/Joules

1 Gb/s
5ms

100 ns
100 ns

99.999 percent

« Sub-6 GHz
» MmWave for fixed acces.

» Dense sub-6 GHz small base
stations with umbrella macro
base stations.

» MmWave small cells of about
100 m (for fixed access).

100x in bps/Hz/m?/loules

100 Gb/s
1 ms
100 ns
50 ns

99.9999 percent

« Sub-6 GHz
« MmWave for fixed access

= Denser sub-6 GHz small cells
with umbrella macro base
stations

< 100 m tiny and dense
mmWave cells

! Here, spedtral and energy efficiency gains are captured by the concept of area spedtral and energy efficiency.

1000x in bps/Hz/m?/Joules (volumetric)

1 Tb/s

<Ims

10ns

10ns

99.99999 percent

« Sub-6 GHz
« MmWave for mobile acces

» Bxploration of higher frequency and THz bands (above 300 GHz)

= Non-RF (e.g, optical, VLC, etc)

» Cell-free smart surfaces at high frequency supported
by mmWave tiny cells for mobile and fxed access.
« Temporary hotspots served by drone-caried base

stations or tethered balloons
« Trials of tiny THz cells.

10



The |loT Overturn...

TABLE 1. Most common LPWAN technologies.

Unlicensed Licenced
LoRa NB-IoT
SigFox LTE-M(LTE Cat-M1)
Symphony Link NB-Fi (Narrowband Fidelity)
iFroglLab LTE-MTC
ThingPark Wireless UNB (Ultra Narrow Band)
Ingenu [6] WEIGHTLESS-P [5]
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FIGURE 1. Expected growth in number of connected devices [23].



loT Technologies



Some currently available 10T wireless technologies

A PERSONAL & PRIVATE PUBLIC
ENERGY & COST LPWA
EEEAENCY NETWORKS CONNECTIVITY
* High density of objects
X * Reduced H/W cost
9 Bluetooth ~=~s/ * Reduced connectivity cost
o ! /./ * Low data rates
VA tigsee | /’/r * Constrained latency
I
| |
¥ I
7% WAVE M—:B'q's))) E :
G I
! LORE eundinces !
N NBdoT
@ LoRY . fece. s LTE-M
:
802.11ah -
|
PAN LA 2G
3G
WAN 4G

Smartphone Home/Office City Country/World SCALE



Some currently available 10T wireless technologies

Data Rate

A
License-exempt spectrum
10 Mbps - (- LTE Cat-1 \I = = = = Licensed spectrum
L o - I
1 Mbps + I{ LTE Cat-0 : :
\ S ——
802.11ah\— — — = = — — — -
LTE Cat-m1 \
100 kbps T |
Weightless-P | . 2. S
EC-GSM\I ,f' A
) i
1
20 kbps 1 RPMA s Satellite
100 bps + S
| 1 | 1 “l ------------- ; ---------
1 i | 1 1
1 10 100 1,000 5,000 Range(m)

https://community.arm.com/iot/b/blog/posts/the-great-iot-connectivity-race



Some currently available 10T wireless technologies

* LPWA will represent 20 to 25% of
the loT connectivity market by

LPWA 2025
3.8 billion

* Why so many loT technologies?

Cellular * How to properly compare and

2.2 billion choose the ‘right one’?
Short

e Different KPIs fot different loT
applications




Fields & Applications: one size cannot fit all !!!

* WiFi and BT (BLE) are widely adopted for personal devices

e Cellular technology fits high data throughput associated application.

* LPWAN offers multi-year battery lifetime and sensors support. Small amount of data
transmission is involved.

®  ©

Local Area Network

) [

Low Power Wide Area

Cellular Network

Network cost & dependencies

Bluetooth Ve Ye
Y A e) 39 :_Tw° @

Emerging standards

LoRa

Short Range (LPWAN) Traditional
Communication Internet of Things M2M
40% 45% 15%
Well established standards Fow povlsjg\rNcgon:tumptlon Existing coverage
In building Positioning High data rate
Battery Live High data rate Autonomy
Provisioning

Total cost of ownership

.---
S

=. 3G6*/ y+ 4G
=S P,

22



Communication range

Spectrum and Duty-Cycle Regulations

TABLE III
TRANSMIT POWER AND DUTY CYCLE REGULATIONS PER
SUB-BAND FOR THE EU868 BAND [56]

&
o Frequency Transmit Power Duty Cycle
S 863 — 865 MHz 25 mW ERP < 0.1% or LBT
865 — 868 MHz 25 mW ERP < 1% or LBT

SigFox
868 — 868.6 MHz 25 mW ERP < 1% or LBT

868.7 — 869.2 MHz 25 mW ERP < 0.1% or LBT
869.4 — 869.65 MHz 500 mW ERP < 10% or LBT
869.7 — 870 MHz 5 mW ERP No requirement
869.7 — 870 MHz 25 mW ERP < 1% or LBT

LECIM based
LPWA prototype

( LoRaWAN ™

—— —

LTE based M2M
Communication
Solutions

IEEE
802.11ah

Short

Long Range WiFi

FSPL=(%) =(4”df

2
. c ) d in meters, fin Hertz
Low High

Date rate

FSPL(dB) = 2010g,,(d) +201log,, (f)-147.55



ITU Industrial, Scientific and Medical (ISM) radio band

Frequency range ¢

863 MHz
13.553 MHz
26.957 MHz

40.66 MHz

902 MHz

2.4 GHz
5.725 GHz

24 GHz

6.765 MHz

433.05 MHz

61 GHz

122 GHz

244 GHz

870 MHz
13.567 MHz
27.283 MHz

40.7 MHz

928 MHz

2.5 GHz
5.875 GHz

24.25 GHz

6.795 MHz

434.79 MHz

61.5 GHz

123 GHz

246 GHz

Center

-
v

frequency

866.5 MHz
13.56 MHz
27.12 MHz
40.68 MHz

915 MHz

2.45 GHz
5.8 GHz

24.125 GHz

6.78 MHz

433.92 MHz

61.25 GHz

122.5 GHz

245 GHz

7 MHz
14 kHz
326 kHz
40 kHz

26 MHz

100 MHz
150 MHz

250 MHz

30 kHz

1.74 MHz

500 MHz

1 GHz

2 GHz

Bandwidth ¢ Type ~

B(?)
B
B
B

Availability

Europe (?)
Worldwide
Worldwide
Worldwide

Region 2 only (with some
exceptions)

Worldwide
Worldwide

Worldwide

Subject to local acceptance

only in Region 1, subject to
local acceptance

Subject to local acceptance
Subject to local acceptance

Subject to local acceptance

Licensed users

Short range devices, RFID (?). UHF

FIXED & Mobile services except Aeronautical mobile (R) service

FIXED & MOBILE SERVICE except Aeronautical mobile service, CB Radio
Fixed, Mobile services & Earth exploration-satellite service

FIXED, Mobile except aeronautical mobile & Radiolocation service; in Region 2
additional Amateur service

FIXED, MOBILE, RADIOLOCATION, Amateur & Amateur-satellite service
FIXED-SATELLITE, RADIOLOCATION, MOBILE, Amateur & Amateur-satellite service

AMATEUR, AMATEUR-SATELLITE, RADIOLOCATION & Earth exploration-satellite
service (active)

FIXED SERVICE & Mobile service

AMATEUR SERVICE & RADIOLOCATION SERVICE, additional apply the provisions of
footnote 5.280. For Australia see footnote AU.

FIXED, INTER-SATELLITE, MOBILE & RADIOLOCATION SERVICE

EARTH EXPLORATION-SATELLITE (passive), FIXED, INTER-SATELLITE, MOBILE,
SPACE RESEARCH (passive) & Amateur service

RADIOLOCATION, RADIO ASTRONOMY, Amateur & Amateur-satellite service

* Possible allocation strategies: primary, secondary, exclusive or shared utilization

*Type A: designated for ISM applications (subject to special authorization by the administrator)
*Type B: also designated for ISM applications. Other services operating within these bands must accept harmful
interference



Short-range loT Technologies



Main Short-Range Technologies

@@C

&)

@ ligBee. I
A Power Consumption ‘
Complexity

Cost : -
802.11b Data Typical Application
Rate Range Examples

. 20 to Wireless Sensor
ZigBee 10-100 m
Net k
Bluetooth 250 Kbps etworks
Bluetooth 1103 Wireless Headset

2-10 m

Mbps Wireless Mouse
ZigBee IEEE 1to 11 Wireless Internet
Data Rate 802.11b Mbps 30-100m Connection

>




I[EEE 802.11 Family (Wi-Fi)

=

>

Wi-Fi generations
Adopted

Generation IEEE Maximum Radio frequency

standard throughput GHZ
802.11 2Mbit/s 1997 2.4
802.11b 11Mbit/s 1999 2.4
802.11a 54Mbit/s 1999 5
802.11g 54Mbit/s 2003 2.4
BT s802.11n 600Mbit/s 2008 2.4/5
BRTEEE 802.11ac 6.8Gbit/s 2014 5
| WiFi6 [EEEIREE 10Gbit/s 2019 2.4/5

802.11ax 10Gbit/s 2020 6

Wi-Fi 7 802.11be 46Gbit/s 2024 (21;;'52/2)

*non-official designation



0T topologies

Star Network (e.g. 802.11)

Infrastructure in place, some designated devices
always act as routers in the network

—_————
1‘ ' " =X SN BT rFrT -7..1/’ v——:——
- r S |
4 AR
. 11!

v - — ' ; 1
r — {1 | |
1y . \ ! I
r i Ik
» i | ~-
. \
‘ ; . L ’
. )4 — - - -
o) :
: | .onu.u . -:.o'o -
1h... A T
v M—

Mesh Network (e.g. ZigBee)

Route selected dynamically based on the network

connectivity (ad-hoc), appropriate for multisensor
monitoring and control applications



Short-Range Technologies

Application Layer

TRANSPORT

NETWORK

MAC

PHY

>
(oT0]
=
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IEEE 802.15.4

ZigBee

Thread

=
oc
<
SIS
7]
7]
=
()
—

ISA100.11a

IEEE 802.11

WLAN

Table 12.3 Comparison of Zigbee and Bluetooth

Transmission
scheme

Modulation

“Frequency
band

Raw data bit
rate

Power output
Minimum
sensitivity

Network
topology

Bluetooth

FHSS (frequency hopping spread
spectrum)

GFSK (Gaussian frequency shift
keying), /4 Quadrature and 8
angle phase shift keying

2.4 GHz

1, 2, 3 Mbps

Maximum 100, 2.5, or 1 mW,
depending on class
—70 dBm for 0.1% BER

Master-slave 8 active nodes, no
fixed limit for LE

Zigbee

DSSS (direct sequence spread
spectrum)

O-QPSK (offset quadrature
phase shift keying) or BPSK
(binary phase shift keying)

2.4 GHz, 915 MHz, 868 MHz

250, 100, 40, or 20 kbps
(depends on frequency band
and modulation)

Minimum capability 0.5 mW;
maximum as allowed by local
regulations

—85 dBm (2.4 GHz) or —92
dBm (915/868 MHz) for packet
error rate <1%

Star or peer to peer up to 64k
active nodes

@ |EEE 802.15.4 also offers additional frequency bands, specifically for China and Japan and for UWVB
(ultra-wideband), and other modulation types.



— — Connection A

Coexistence  L- - .
1 o B
at 2.4 GHz ANl B N

Channel
Frequency (MHz)

2400

37(0(11|2|3(4|5|6|7(8]|9]10(38(11|12)|13(14(15|16|17(18|19|20|21(22(23|24(25(26|27|28(29|30(31(32|33|34|35|36|39

2480 24835

Collision of two

connection events
AFH disabled all channels that are

interfered with by a nearby Wi-Fi Wi-Fi Interference
network. The second connection event

would normally happen on channel 16
but is instead redirected to channel 24.

o |
(WifZ)

Channel
Frequency (MHz)

37/10|11(2(3|4)|5|6|7(|8]9|10|38(11(12|13|14|15/16(17|18|19|20(|21|22(23|24|25(26|27(28|29|30|31|32|33|34|35|36|39

2400 2410 2420 2430 2440 2450 2460 2470 2480 24835



C O eX i St e n C e at 2 . 4 G H Z @ Note: The effects of IEEE 802.15.4 on WLAN can effectively

be ignored. Bluetooth however has a significant effect on
WLAN throughput.

33991Z
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Power Saving MAC Algorithms for lo

In 10T, Devices sleep most of the time

What if we send data to a sleeping device?

Ok going to sleep, but need to be awake when data is sent to you

Need some way to:

* coordinate when/how nodes sleep
e Coordinate channel acquisition
Hello?! I’'m
talking to
You!

Device
B

Device

A




The ZigBee example

* Self-Forming Network
o in mesh networks, the first FFD device that starts communicating establishes itself as the

PAN coordinator (i.e., ZigBee coordinator)
o Other devices join the network by sending association requests
o Association and Disassociation services are provided by IEEE 802.15.4

PAN coordinator
\x % ————————
Border
Node




802.15.4/ZigBee
Gateway

* A ZigBee gateway provides the
interface between a ZigBee network
and another network using a
different standard

PAN coordinator

IIIIII]=_IIIIIIIII

L

2 |

L

INENENNEEREREEERY

A

Server(s)

Other
Network

e
Client
Device(s)
/
_—
- \
\
N \
- N~ -
N\
- \
\

ZigBee
Network



802.15.4/ZigBee
Gateway

* aZigBee gateway can implement
both
* the ZigBee protocol
* the Internet protocol

* Translate ZigBee packets to Internet
protocol packet format, and vice
versa (works in OSI model’s all layer)

) 2
\-.E, = —@Wifi
S

N
&> >

1
E — Ethernet ——

h -
1 N
_J—> ! Local File System
LOCAL STORAGE
@ INSIDE MESHLIUM
Q\ I I | 2 Local Data Base
L (MysQL)
T~ =

»www > Connection Options

> Storage Options

ZigBee l I
& 3 External Data Base
\ WW— (1P, Port]

(MysQL) _J



LPWAN Tecnologies



Different Key requirements for LPWAN

LPWAN is a type of wide area network which connects devices over /arge areas and allows long range
communication at a Jower bit rate, low cost and greater power efficiency (Low Power). LPWAN supports a large
number of devices over wide areas in comparison to cellular services. Examples of LPWAN are NBIOT, LORA, Sigfox

etc.
Geographical Range Power
Coverage, Penetration W .
Consumption

LPWAN
G/4G

Transmission Bandwidth

Latency
e
Radio Chipset
Number of Costs

Base Stations
Radio Subscription
Costs

FIGURE 1. Comparison between LPWAN and cellular technologies [24].

SC&I?E“IW o— Sigfox
Latency AR T
-9 LORa
Performance A R s
‘7 - ~&-—NB-loT
Payload Length / ', Coverage

QoS* " Deployment

..............

Battery Lif\‘ """"""""" Cost Efficiency

FIGURE 2. Comparison between LPWANSs technologies [29].



Different Key requirements for LPWAN

LPWAN is a type of wide area network which connects devices over /arge areas and allows long range
communication at a Jower bit rate, low cost and greater power efficiency (Low Power). LPWAN supports a large
number of devices over wide areas in comparison to cellular services. Examples of LPWAN are NBIOT, LORA, Sigfox

etc.
TABLE 2. Major properties of LPWAN technologies.

Main Properties

Long range of communication

Low power consumption

Low data rate

Low cost of device and deployment

Simplified network topology and deployment

Full coverage

Network scalability for the capacity upgrade

Scalability o— Sigfox

Latency > U
e -—o— LoRa
Performance p~7. LS f{ange

NB-loT

Payload Length y ‘ Coverage

Qos' = ’ Deployment

Battery Life Cost Efficiency

FIGURE 2. Comparison between LPWANSs technologies [29].



LPWAN Performance Comparison

overage
A -.

EC-GSM ZIGBEE 5G
NB-loT WIFI BLUETOOTH SIGFOX (Rel. 13) Pro (targets)
> o
ite (Buetot JEEEEY B <= ¢
NB-loT
<15 km 17-30+ 1-10+ <12km <10 km <10 km <15 km 1-100+ <12km
164 dB (meters) (meters) 160 dB 157 dB 156 dB 164 dB (meters) 160 dB
Licensed Unlicense | Unlicense l;ggp/f:ﬁ Licensed Licensed
7-900MHz 2.4 GHz 2.4 GHz d d 900MHz 800MHz- 2.4G 700MHz-
200 kHz 802.11 802.15.1 900MHz 900MHz 1 4 MHz 900MHz 802:15.4 900MHz
shared 100kHz <500kHz ; shared shared
shared
<50 kbps 150Mbps 1Mbps <100bps <10 kbps | <1 Mbps 10 kbps 250kbps <1 Mbps
4.00% 4.00% 4.00% 5.00% 4.5%
(2015) 4.00% 4.00% (2015) (2015) (2015) (2015) 3.00% <2%
2-3% (2016) (2016) 2.64% 2.64% 3.30% 2273 (2016)
(2020) (2020) (2020) (2020) (2020)
Small to Moderate Requires
cderate None None Large Large Small (LTE reuse) None 5G NWs

FIGURE 2. Performance Comparison of some common loT Technologies [3], [23] and [17].




Sigfox/LoRaWAN/NB.loT Comparison

Parameter LTE Cat 1 LTE-M NB-loT LoRa Sigfox
Spectrum Licensed Licensed Licensed Unlicensed Unlicensed
Bandwidth 20 MHz 1.4 MHz 180 KHz 125/250 Khz 100 Hz
Data Transfer Full Duplex Full & half Duplex Half Duplex Half Duplex Half Duplex
Frequency Cellular Band Cellular Band Cellula;nl:{aznd Piss Sub Ghz Sub Ghz
Max Data Rate(UL) 10 Mbps 1 Mbps 250 Kbps 50 kbs 100 kb/s
Max Coupling 144 dB 155 dB 164 dB 157 dB 160 dB
Expected Module Cost < 10S <10$ <5$ <4S <45
Expected Battery Life 3-5 Years 5-10 Years 10+ Years 12+ Years 12+ Years
Sim Card Yes Yes Yes No No
Modulation QPSK QPSK CSS BPSK
Latency 50-100 ms 10-15 ms 1.6-10s 2-30s 2-30s
Device Transmit Power 23 dBm 20/23 dBm 14/20/23 dBm 20 dBm 20 dBm
Standard 3GPP Rel. 1 3GPP Rel. 13 3GPP Rel. 13 LoRa Alliance Proprietary
Range Medium Medium High(+) V. High(+++) V. High(++++)




Sigfox/LoRaWAN Technology Architectures
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Sigfox/LoRaWAN Technology Architectures

Sigfox and LoRa are both proprietary technologies but at different steps of the value chain

b

Chip Module Connectivity Platform Vertical
vendors vendors provider providers Application
&7 M ' sigfox
License free Single Base Station
Multiple vendors provider
Exclusive operators
Chip Module Connectivity Platform Vertical
vendors vendors provider providers Application

-
2]
SEMTECH //>

DI

»

)

Single chip vendor

Multiple gateway providers
Anyone can operate

LoRaWAN

TTN operates a global, open source, free
of charge network

TTN is based on community gateway. No
strategic placement of gateways

No up-time guaranteed for community
gateways nor for the network

LoRaWAN

Multi-channel LoRaWAN gateways are
based on propretary chips

They listen only to 8 channels
Gateway chips are propretary, the
software is open source

You can build and deploy your own
gateway, even 15S single channel ones

Sigfox

Sigfox operates a global, propretary and
chargeable network

Coverage is their biggest asset. Gateways
are placed strategically to reach maximum
coverage

Uptime of network guaranteed

Sigfox

Sigfox gateways (or base stations) are SDR
receivers

They listen to the whole band

Base stations are propretary (hard- and
software)

You can buy a "Micro Node" which is then
part of the Sigfox network



Battery Lifetime

Battery powered sensors

* Most energy efficient

* Must be supported by all devices

* Downlink available only after sensor TX

Battery Powered actuators

* Energy efficient with latency controlled downlink
* Slotted communication synchronized with a beacon

Main powered actuators
* Devices which can afford to listen continuously
* No latency for downlink communication

Downlink Network Communication Latency

10 km 8 6

energy / airtime

SF 12 n 10 9 8 7

Application
Servers

TCP/IP SSL
secure
payload
Network
TCP/IP SSL
LoRaWAN

—

> 2l
Gateway/ e o
Concetrator T~

ﬂ,’f

LoRa RF
LoRaWAN

&

&5

L)

home
assistant

lightbulb IoT thing
door lock

L 3

0 thermostat
water monitoring

generic end
node

' 2

camera

-\

kitchen device

Some more details: Device classes, Link-Adaptation...

AES
Secure
Payload

Fig. 1 Star-of-Stars: LoORaWAN Network Topology.



NB-loT Technology Architectures (based on 3GPP LTE)

Release 14 Release 15 Release 16
| Non-anchor carrier
| Release assistance indicator | New PRACH format

| Re-connection with RLF | Small cell support | Improve multi-carrier operation
| Maximum TX power 14 dBm | TDD support | Inter-RAT cell selection
&) NB-lo eNB-loT FeNB-loT NB-loTenh3
B 4
! Enhance TBSHARQ ! Enhance cell acquisition 1 Coexistence with 5G c
Positioning ! Wakeup signal ! Group wakeup signal m M T
! Single-cell multicast | Early data transmission ! Early DUUL transmission
LTE-(Y) FeMTC eFeMTC eMTC5
t VOLTE improvement 1 64QAM for spectral efficiency 1  CE for non-BL UEs
1 5 MHz bandwidth 1 CE mode for velocity 1 Improve measurement for mobility L LTE CH ANNEL

o LTE CHANNEL




NB-loT Technology Architectures (based on LTE)

Stand-alone




DEPLOYMENT

loT and energy-
efficiency: a huge world
full of possibilities....

Questions & Answers

Thank you



