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* Smart Home / Building / City / ... / everything
« Ti eival “e&unvo”;

* NMwc¢ yiveTal oTIdONNoTE EUnNVoO;
« To npwTo Briua onuepa ivail n dlacuvoeon
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o T __IIo IoT - Internet of Things
O%fo IOT ANALYTICS Insights that empower you to understand loT markets

Total number of active device connections worldwide

Number of global active Connections (installed base) in Bn
354

r_.: Non-loT

B o7

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Note: Non-loT includes all mobile phones, tablets, PCs, laptops, and fixed line phones. loT includes all consumer and B2B devices connected — see loT break-down for further details
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Global Number of Connected loT Devices

Number of global active IoT Connections (installed base) in Bn
254

Insights that empower you to understand loT markels

21.5
Wireless Neighborhood

Area Networks
(WNAN)

M 56

Other

Cellular / M2M
B wired

LPWA

"] wireless Local
Area Networks
(WLAN)

B Wireless Personal
Area Networks
(WPAN)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Note: loT Connections do not include any computers, laptops, fixed phones, cellphones or tablets. Counted are active nodes/devices or gateways that concentrate the end-sensors, not every sensor/actuator. Simple one-
directional communications technology not considered (e.g., RFID, NFC). Wired includes Ethernet and Fieldbuses (e.g., connected industrial PLCs or 1/0 modules); Cellular includes 2G, 3G, 4G; LPWAN includes unlicensed
and licensed low-power networks; WPAN includes Bluetooth, Zigbee, Z-Wave or similar; WLAN includes Wi-fi and related protocols; WNAN includes non-short range mesh; Other includes satellite and unclassified

proprietary networks with any range.

Source: loT Analytics Research 2018 E |
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pacasiicl VY TexvoAoyieg Enikoivoviwv
- 1EEE 802.15.4 - 4G/5G
 ZigBee SE * NB-IoT
- Wi-SUN - Cat-M1
» 6LowPAN
- Thread - WiFi (IEEE 802.11)
* LoRaWAN * Wireless M-BUS
* Sigfox
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« AMR - Automatic Meter Reading
« MeTpnon katavaAwong
« Movo;
« METPNON NOIOTIKWV XAPAKTNPICTIKWV
« MeTpnon nepiBaAAAOVTIKWV NApayoviwv
« EidonoINoeIC yIa Kakn Xpnon, napeuBaceic, npoBAnuaTa
« EvToniouoc
« EvepyonoinTeg;
* AMONAKPUOHPEVOC EAEYXOC

« WSN - Wireless Sensor Network
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Edappoyn
wireless sensor node

MeyaAog KaToVOAWTAG EVEPYELOG

digital - analog transceiver
interfaces
pcontroller

-
|
|

Auvatotnteg enefepyaciog Xpovog autovoulag

power
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Star Topology Mesh Topology

Gateway

(to Internet) AE> MO
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« TonoAoyia

« Evepyeia

« KOoToC KOufou

« KooTocg OIKTUOU

« 2uvTnNpnon

« AUvVATOTNTEC

« KaAuwn

« TaxuTnTa
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Zigbee
802.15.4
Bluetooth

Data Rate
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Bluetooth LE
ZigBee
Thread (6LOWPAM)
Z-Wave
ANT
NFC (EMV) WirelessHART
RFID ISA100.11a (6loWPAN) 802.1 la/b/n/ac

EnOcean 802.1 laf (white space)

Plus more 802.1 lah & 802.11p Wi-SUN (6LoWPAN)

ZigBee-NAN
(6LOWPAN)

Cellular
2G/3G/4G
LTE-MTC

5G in the future

Low Power Wide Area
(LPWAN)

SIGFOX

LoRa

Telensa

PTC

Plus more

Contact range
(0-10 meter)

Short range Short/Medium range
(10-100 meter) (100-1000 meter)

Medium range
(5-10 km)

Long range
(up to 100km)
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Licensed spectrum

License-exempt spectrum

N\

NB-loT / EC-GSM

S

Power Consumption
Y —

Weightless-P

L

L
1 1
10 1,000 10 k 1M 10m 100 M
Bytes / Hour

Y
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LoRa Sigfox NWave On-Ramp Telensa IEEE 802.15.4¢g
3-8 urban 3-10 urban
Range (km) 15-20 suburban 30-50 suburban 10 4 Up to 8 Up to 1
15-45 flat
H‘:;l:r‘fgcy Sub-GHz Sub-GHz Sub-GHz 2.4 GHz Sub-GHz Sub-GHz
. Spread Ultra Ultra Spread Ultra
Modulation Sprectrum NarrowBand | NarrowBand | Sprectrum | NarrowBand F3K
Data rate (Kbps) 0.3-22 0.1-0.6 0.1 19 per MHz | up to 0.5 50-200
OTA upgrades Yes No Yes Yes Yes Yes

Table 2.1: Popular LPWAN protocols and their characteristics
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COMPARISON OF THE THREE LPWAN STANDARDS

LoRaWAN
Class Class Class DASH? NB-IoT
A B C
Frequency Band 433/ 868/ 780/ 915 MHz ISM 433/ 868/ 915 MHz ISM/SRD Cellular Band
Channel width 500 - 125 kHz 25 or 200 kHz 180 kHz
Spectrum unlicensed licensed
DL:QPSK
Modulation Chirp spread spectrum (CSS) GFSK UL: QPSK (multi-tone)
7/4-QPSK, 7/2-BPSK (Single-tone)
DL: OFDMA
Access Method Aloha | Slotted Aloha Aloha CSMA/CA UL: SCEDMA

Data Rate (DL/UL)

EU: 0.3 - 50 kbps
US: 0.9 - 100 kbps

9.6, 55.555 or 166.67 kbps

~50 kbps ( DL/ UL multi-tone)
~20 kbps ( UL single-tone)

Duplex Half Half Half
Topology Star Star, tree, Node-to-Node Star

. UL: 125 bytes

Payload Size 51 - 222 bytes 256 bytes (Max) DL: 85 bytes

Mobility support

High & Simple

High & Simple

High & Complex

Mobility latency

low (Almost Zero)

low (305 ms) [48]

High (1.6 - 10 s)

Transmission Time

Depend on Spreading Factors
Payload size = 10-50 bytes
SF=17,8,9,10, 11 ==>T<1s
SF=12 =>T=1-2s

Advertising: 1 s
Request <50 ms
Responses: 1 s

Depend on block size
ex. 696 bits = 2.56 s
and number of repetitions

Receiving Time e According ﬁ:lv:s)s i
ON to slot time .. Using Paging Method
Transmitting
Transmission Power +14 - +27 dBm +27 z-81608/(;13 : h};l{Hsz)) ! dBm 20/23 dBm
DL Latency High Medium Low Low Medium
Support
Real-Time applications No No Yes No No
Device per UL >1M NA (connectionless ~55 k
Access point DL <100 k communication)
Collision High | Medium | Medium Low Low
. 2 - 5 Km (urban) 1 Km (node to gateway) Several Km depends on
Range (theortical values) 15 Km (rural) 2 Km (using subcontroller) the number of repetition
10-15 Km (Rural)
Link budget up to 157 dB up to 140 dB 154 dB
Receiver Sensitivity -124 - (-134) dBm -97 - (-110) dBm -141 dBm
Multi-hop support No Yes (only 2 hops) No
Unicast
Addeessing UL: Broadcast Broadcast UL: Unicast
DL: Unicast Multicast DL: Unicast and Broadcast
Anycast
e Unique 64-bit address Unique 64-bit address
Device Addressing | (As MAC) As LTE
?‘{‘;";‘l‘,‘)" Unique 32-bit address Unique 16-bit address
Standard LoRa Alliance DASH?7 Alliance 3gpp (release 2015)

Battery life

~10 years
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Annual Unit Shipments of LPWA Modules (in thousands)

2017 2018 2019 2020 2021 CAGR
Sigfox 8,424 14,538 27,951 52,821 85,042 219.5%
LoRa 32,316 57,298 98,162 161,561 249,724 92.3%
LTE Cat-M1 | 1,978 8,571 20,284 28 801 52,288 —~
NB-loT 16,166 34,062 84,885 161,628 222,902 —~
Other 4,022 6,201 8,714 7,069 8,402 14.7%
Totals 62,905 120,667 239,996 411,881 622,358 95.0%

Source: IHS Markit
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« TonoAovyia acTtepa (star of stars)

« AJQIdpoOUN €NIKOIVWVIA

* YwnAn nukvoTtnTa OikTUoU (1000a0&eC CUOKEUEG)

« Mikpn kaTavaAwon svepyelac (xpovia Ye ynartapia)

« MeyaAn akTiva kaAuwnc (15 km pe onTikn enaen)

« MeyaAn avTtoxn oto Bopufo (-20dB SNR)

« MeydaAn a&onioTia (redundant GWSs)

« Ao(paAsgia ano akpo o akpo (kpuntoypagpia AES 128)
« >2uyxpovo (First LoRaWAN specification - June 2015)

« MeyaAn eykateoTnUevn BACN CUOKEUWYV
T AE2 MO
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© vaterson Star of Stars Topology

RN

\ Gateway

(to Internet)
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Concentrator Network Application
/Gateway Server Server

asset
tracking B

gas monitor

@

3G/4G
/Ethernet

water
meter

3

vending
machine

=

fire detection

LoRa® RF TCP/IP SSL TCP/IP SSL
LoRaWAN™ LoRaWAN™ Secure Payload

AES Secured Payload
Application Data

AE2 MO
ANATITY=HX

INSTITUTE OF COMPUTER SCIENCE



interreg '
EMdSa-Kimpos EniAoyoc

e —— —~
SmartWater2020 ~—

v Epedpeia

v AANnAognikaAuyn pe TonoAoyia star of stars
v MeyaAn kaiAuyn

v 2 - 5 km og aoTiko nepifaAlov, 10+ km os nepIAocTIKO
v MeyaAn XxwpnTikOTNTA

Y unooTnpI&n TEpACTIOU apIOPOU CUOKEUWV
v MeyaAn auTtovoupia

v 10 xpovia+ pe pynarapia
v 1316kTNTN UNodoun

v UNOEVIKO KOOTOG ENIKOIVWVIAG
v AvTOoXN OTIC NAPEPPBOAEC

v ouvunap&n He AAANEC TEXVOAOYIEG

™
v MoAAanAeG Xpnoeig ’,-n WA ! k
— /
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v duvaTtoTnTa Nnapoxng unnpeaiac
v E€EaopaAiopevo peEAAoV
Y NMOAU peyaiog aplBuoc epnopika d1abeciywy




