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El ecosistemaloT

Tecnologias Habilitadoras
de la Transformacion
Digital

loT esun conjunto de

Tecnologias, que sonparte
nuclear en la
Transformacion Digital y
en la4Rl.

Fuente: BID
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Datos de sensores

Conectividad ﬁ

Movilidad

Analitica de datos y
Computacién en la
nube




1999

El término "Internet of Things (loT)” es acufiadoe po

Kevin Ashton del MIT

2003-2010

https:/mww.thelegacyproject.co.zalwp-content/uploads/2013/10/Kevin-Ashton-1.png
http://codovia.com/wp-content/uploads/2018/10/internet-coke-machine.jpg
Fuebte: BID
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Crecimiento loT

Seestima que habran 41,600 millones de

dispositivos IoT conectados (incluyendo
maqguinas, sensores y camaras) o “cosas”, generando

79.4 Zettabytes (ZB) de datos para el 2025.

Inversidon mundial total en loT alcanzaralos $745 mil

millones de dolares en 2019, superando la marca de
$1trillon de dolares en 2022, mientras que los paises que
veran el crecimiento mas rapido (en términos de su Tasa
Anual Compuesta de Crecimiento/CAGR) del gasto

en loT para 2022 se encuentran en America Latina:

México con 28.3%, Colombia con 24.9% y Chile
con un 23.3%.

Fuente: BID
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Mi perro tiene wifi y me dice lo que piensa

El Internet de las cosas se cuela en el reino de las mascotas y permite aproximarse a las sensaciones de

los animales

00E Cle
CARLOS ORQUIN W

Barcelona -

NEWSLETTER
Recie la mejor informacién an t
endeje de ertrade

SER ELECTRICO

El coche que te habla y avisa del
peligro

EI'VW ID.3 utiliza las Juces y el sonido
para ayudar al conductor y advertirie
de posibies riesgos en carretera,

et Tracker alerta del posible ma

Cuando Matilda necesita ir a pasear. cuando Norma tiene mucho calor, cuando g

Canela tiene hambre... iAlarma en el movil! Saber qué siente tu mascota esta a ademas de reducir €l estres

tiro de smartphone. Con sensores que recopilan datos y los envian al teléfono, los
duefios de Matilda, Norma y Canela tienen mas herramientas para poder leer (al

-~ y i . LO MAS VISTO EN EL PAIS m—
fin) el pensamiento de su animal favorito. El conjunto de tecnologias conocido

https://elpais.com/elpais/2016/12/05/talento digital/1480938108 207547 .html
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;Solo cosas?.SmartAgriculture
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https://www.precisionag.com/in-field-technologies/sensors/using-iot-to-increase-efficiency-productivity-for-

livestock/
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loE
INTERNET of EVERYTHING*



Prediccion del nimero de dispositivos loT en Latam

*(por millones dedispositivos)

6399 B19 2335 1382 313,3

Fuente: BID
2018
921 105.6 R 1782 407,0
1202 1333 22486 519,0
154.6 1857 L33 2789 652,5
196,2 2038 a.2 3427 810,7
2471 415.7 995,6

Resto de ALC Mexico Colombia Erasil
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Prediccion econdmica por ventas de dispositivos loT en Latam

*(por billones deUSD)

Fuente: BID
0,402 4,072
2018
2207 0508 4,932
2019
2396 0,344 26749 0,650 6,070
2020
F.037 0424 3.294 0,843 7,598
2021

Mexico Colombia Brasil Resto de ALC
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ESCENARIOS DE APLICACION (VERTICALES)
Y EXPECTATIVA DE CRECIMIENTO (CAGR 2018-2021LATAM Fuente: BID)

i
d 1 TRANSPORTACION Y MOVILIDAD (18%)
N
=Hé FABRICACION INTELIGENTE lloT (22%)
a1
E g
b " CIUDADES INTELIGENTES (32%)

l . SERVICIOS DE INFRAESTRUCTURA PUBLICA (18%)
l @ OTROS (16%)
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et

Caso de Uso: SmartMetering

https://hellofuture.orange.com/en/orange-smart-metering-iot-serve-energy/
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Los Pilares de SmartMetering

Metrology Security

&

Connectivity ’ Processing

Infrequent data collection

*Fuente: QUECTEL
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*Fuente: ETSI
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Local Area Network
" Field Area Network (FAN)
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NB-loT Coverage >10Km
One tower Can cover up to 50000 Smart Meter \

LPWA

e (o) ()
._—-"’--
= iy =
wetet VPN
/--—

pppbp
p

i

A
Y

End-to-End Security *Fuente: QUECTEL

LPWAN: Alow-power wide-area network (LPWAN) or low-power wide-area (LPWA) network or |ow-power
network (LPN) is a type of wireless telecommunication wide area network designed to allow long-range

communications ata [OW bit rate among things (connected objects), such as sensors operated on a battery.[1][2] The
low power, low bit rate and intended use distinguish this type of network from a wireless WAN that is designed to

connect users or businesses, and carry more data, using more power. The LPWAN data rate ranges from 0.3 kbit/s to 50
kbit/s per channel.[3] (Fuente: Wikipedia)

Redes |oT LPWA Celular - Javier Mauricio Pinto Valverde



Agentes

| Sistema de A
| | Gestién de e Meter Data Management
| | fa Medida - :

- B
| Gestién de la medida y el medidor 2
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Fuente: Ingenieriay Desarrollo. Universidad del Norte. Vol. 36 n.° 2: 469-488, 2018
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Fuente: Ingenieriay Desarrollo. Universidad del Norte. Vol. 36 n.° 2: 469-488, 2018
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Las 3 C's de LPWAN/IloT

The 3 C's of LPWA

COVERAGE

5-10x greater than 4G LTE
164dB of Link Budget

CONSUMPTION

100x lower power than 4G LTE
10+ years battery life

COST

50% reduction from 4G LTE
Think 2G or Bluetooth, plus lower TCO

@@ @

*Fuente: QUECTEL
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loT Device

loT Device Host — The application specific
environment containing the loT device e.g.

vehicle, utility meter, security alarm etc.

loT Device — The combination of both the
IOT loT loT Device Application and the
Device Device o
Application Communications Module.
Host

loT Device Application — The application
software component of the loT Device that

Communications
Module controls the Communications Module and

interacts with an loT Service Platform via
the Communications Module

*Fuente: QUECTEL
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loT Device (Il)

loT
Device
Host

Communications
Module

*Fuente: QUECTEL

Redes |oT LPWA Celular - Javier Mauricio Pinto Valverde

Communications Module — The communications
component which provides wide area (2G, 3G, 4G) radio
connectivity. Comprising of Communications Module
Firmware, Radio Baseband Chipset and UICC.

Communications Module Firmware — The functionality
within the Communications Module that provides an API
to the loT Device Application and controls the Radio
Baseband Chipset.

Radio Baseband Chipset — The functionality within the
communications module that provides connectivity to the
mobile network.

UICC - The smart card used by a mobile network to
authenticate devices for connection to the mobile network
and access to network services.



Desafios de Diseno de un dispositivo loT

» Radiofrecuencia.

» Entorno de Desarrollo.

« Consumo de Energia. (bateria)

» Ancho de banda adaptado al caso de uso.
 Estandarizacion y Certificacion.
 Evolucion y Hojade Ruta

« Seguridad. ++
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)

LOW POWER WIDE AREA (LPWA)
Redes de baja potenciay largo alcance.

=
N @ Lg Ra Y sigfox
= =

A GLOBAL INITIATIVE

LPWAN: Alow-power wide-area network (LPWAN) or low-power wide-
area (LPWA) network or low-power network (LPN)is a type of wireless
telecommunication wide area network designed to allow long-range
communications at a low bit rate among things (connected objects), such as
sensors operated on a battery.[1][2] The low power, low bit rate and intended
use distinguish this type of network from a wireless WAN that is designed to
connect users or businesses, and carry more data, using more power. The
LPWAN data rate ranges from 0.3 kbit/s to 50 kbit/s per channel.[3] (Fuente:
Wikipedia)
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;Porqué requerimos LPWAN?

Range

WWAN
10km

G

Cellular (2G, 3G, 4G)

WWAN
1km

WLAN
100m

WHAN
10m

2

ZigBee

Bluetooth

WPAN
im

>

100 kbps

1 Mbps 10 Mbps 100 Mbps
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Requirements

Low data rates
Latency tolerant
High coverage

Permits

Low complexity/cost
Low power

Speed



--m:- CAT-M1 LoRaWAN

Hardware cost (CAPEX)

(8]

Communication cost (OPEX)

3 Future proven technology

4 Coverage by base station

5 Congestion Control

6 Energy Consumption

7 Qver the Air (OTA) firmware upgrade

8 Licensed/Unlicensed frequency

9 Proprietary (private) network

10 Service degradation due to interference from other
networks

11 Data speed (UL)

(=)
o

Suitable for Metering

*Fuente: QUECTEL

Low
Low
Not clear
High penetration
No
Highly Efficient
Weak ( limited downlink )
Unlicensed (ISM band)
1 operator
Highly possible
100 bps

No

Redes loT LPWA Celular - Javier Mauricio Pinto VValverde

Low
Low
Part of 5G
High penetration
Yes
Highly Efficient
Yes ( Low data rate )
Licensed
Yes
No
150kbps

Yes

Moderate
Moderate
Part of 5G
High penetration
Yes
Moderate
Yes
Licensed
Yes
No
1Mbps

Yes

Low
Low (implicit costs)
Not very clear
High penetration
Using duty cycle
Highly Efficient
Weak
Unlicensed (ISM band)
Yes
Highly possible
60Kbps

Yes?



LTE Cat-1 LTE-M NB-loT LoRa Sigfox
Spectrum Licensed Licensed Licensed Unlicensed Unlicensed
Bandwidth 20 MHz 1.4 MHz 180 KHz 125-500KHz 200 KHz
?::::;zt:uonalbata Full Duplex Half Duplex & Full Duplex Half Duplex Half Duplex Half Duplex
10 Mbps (DL) 1 Mbps {DL) 250 Kbps (DL) 50 Kbps (DL) 0,6 Mbps (DL)
PeakDataRate 5 Mbps (UL) 1 Mbps (UL) 230 Kbps (UL) 50 Kbps {UL) 0,1 Mbps (UL)
Typical Downlink Daily ~200 B ~24B
Throughput Limited only by battery power, radio signaling condition and commercial terms
Typical Uplink Daily (e.g. monthly data volume, amount of messages/size per period) — —
Throughput ? $
: 144 dB 156 dB 164 dB 157 dB 153 dB
Max Coupling (vs. GSM) ¢ 45 (+12 dB) (+20 dB) (+13 dB} (+9 dB)
Expected Module Cost >108 <108 <58 <7$ <3%
Epected Max: Bettary 3-5 Yaars 5-10 Years 10+ Years 10+ Years 10+ Years

Lifetime'

Assuming typical traffic pattern and battery size

*Fuente: QUECTEL
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Ventajas de la comunicacion Celular

S B @ 9

Based on Global Shared Better Licensed Large
Standards Infrastructure Coverage Spectrum Eco-system

The most suitable solution for all meters

et y@;( ceRs % (=) ; Robust, futureproofed &
e, economical

Gain

- *Fuente: QUECTEL
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Cobertura de Redes LPWA Celular

(Based on GSMA Data up to Dec. 31, 2019)
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Better
Coverage
T
E 3
7 L
Massive

Connection S~ X

Mobility

*Fuente: QUECTEL
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ﬂ| > Low Cost

A0 D Low Power

Consumption



Consumo de Potencia: LPWAN

250mA

Search & Attach
Data Transfer

Power consumption

f

Network
Registration

one time only

RRC RRC RRC
release release release

5 5
2 7
DRx i =3 DRXx
@ S
Page i Page : Page
monitonng PSM E monitonng PSM ..6 monitonng
I I Device not reachable E I I Device not reachable a I I
T
< 4uA t

TAU timeout UE data available

f f

Network Network
Connection Connection

*Fuente: QUECTEL
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Consumo de Potencia: 2G

2A
o T =t

, sl & | &
S £l % £l G
a el [ = <| c
- " S DRx o ;:,, DRx
7} L Page L Page
;:‘ S nitonng =3 S nitonn
8 =) IR ER monoring Power OFF =) JREQ ronioning
g 3 o I I Device not reachable a o l I
o

Network Network
Registration Registration

*Quectel
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Power OFF

Device not reachable

DRx

monitonng Power OFF

Search & Attach
Data Transfer

I I Device not reachable

f

Network
Registration

Time




LTE standard vs LPWA

Yesterday New narrowband loT technologies (3GPP Release13+)

LTE Cat-1 LTE Cat-M1(eMTC)
10 Mbps Up to10 Mbps Variable rate up to 1Mbps 10s of kbps
x 20 MHz 20 MHz 1.4 MHz narrowband 200 kHz narrowband
P =
= s -
\ 0
O o
Continuous connection availability > 130 km/h < 130 km/h < 30 km/h
*Fuente: QUECTEL

Redes loT LPWA Celular - Javier Mauricio Pinto VValverde



Especificaciones

LTE Cat-1
(Rel-8)

Peak data rate Up to 10 Mbps Up to ~300 kbps <100 kbps
Bandwidth Up to 20 MHz 1.4 MHz 200 kHz
Rx antenna Dual or single Rx Single Rx Single Rx
Duplex mode Full duplex Half duplex Half duplex

FDD/TDD FDD/TDD FDD
Mobility Full mobility Limited-to-full mobility Cell reselection only
Voice VoLTE VoL TE No voice support
Transmit power 23 dBm 23,20 dBm 23, 20 dBm

Reduces baseband/RF complexity and decreases memory ’

*Fuente: QUECTEL
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Low Latency Mobility Higher Speed

=
10ms - 15 ms <130 km/h up to 1 Mbps
vs 100ms - 10s for NB-loT cell handover 1.4 MHz bandwidth

*Fuente: QUECTEL
Redes loT LPWA Celular - Javier Mauricio Pinto VValverde

VolLTE

AW

Voice over LTE



Improved
Indoor Coverage

(t2)

-~ m

2008

—

" NB-toT

3x range / +2 walls
better than GSM

*Fuente: QUECTEL

Massive
Connections

100K
connections per cell

Redes loT LPWA Celular - Javier Mauricio Pinto VValverde

Low
Cost

A

$5-$10
per module

Low Power
Consumption

(1

10 Years
battery life



LTE Link Budget

NB-lol enhancements

v

eMTC and NB-loT enhancements

.
>

eMTC Cat-M1 NB-lol Cat-NB1
>155.7dB 164 dB or better

Trading off spectral efficiency and latency

*Fuente: QUECTEL
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NB-oT Air Base C-SGN Application
Charging record ( )

I |
UDP P Signaling
- | )
: —> IPtoIP >

28B (IPv4)/48B (IPvE) Several target IP
| |

addresses supported
Signaling

Sensor, Modem, SIM

% 0

Sensor, Modem, SIM

Charging record

Internet/
ERP system

Non-IP Data Delivery (NIDD) Only one target IP
addresse supported

=
o ader
'h
r

MNon-IP to IP

*T-Mobile
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LC-LTE/MTCe
CAT-0, PSM

feMTC
Cat-M2

NB-loT

'cat;N' RXCE /Cat-NB2, 14dBm _
| |

EC-GSM-loT
incl. eDRX l
|

Signaling reduction, overload control Low Cost, low power, low complexity Ultra-reliable, low -latency

https://blog.mobile-network-testing.com/wp-content/uploads/2017/06/3GPP_grafik timeline.png
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Conclusiones

 Lasredes loT LPWAN celulares ofrecen ventajas por sus
caracteristicas:
 Estandares.
» Madurez.
 Cobertura.
* Manejo de lascongestiones.
» Capacidad de crecimiento aescala.
» Diferentestecnologias para cada caso de uso.
» Hoja de ruta estable en el tiempo y a futuro.
» Seguridad++

Redes |oT LPWA Celular - Javier Mauricio Pinto Valverde
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