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Some Trivia

702 km

436 Miles
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Traditional Cellular

Long Range  

Higher data rates  

Low battery life  

High Cost

LPWAN (3-5B in 2022)

Long Range  

Low data rates  

Long battery life  

Low Cost

Local Area Network

Short Range  

High data rates  

Low battery life  

Medium Cost

Personal Area Network

Very Short Range  

Med. data rates  

Good battery life  

Low Cost

IoT Technology and LPWAN (Low Power WAN)



SMARTER PLANET HIGHER BANDWIDTH GREATER MOBILITY

IoT Connects the World

LoRa makes it smart!
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PHY

Protocol

AppCustomer

LoRa Modulation and LoRaWAN
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LoRa®  Technology Overview
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Narrow Band
Like: 
Bluetooth/WiFi/Zigbee

Noise
Spread Spectrum
Like: LoRa

What is Spread Spectrum?

SNR = - XX dB
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What can be gained from apparent waste of spectrum?

➢Better Noise Immunity 

➢Minimized multipath distortion

➢Can be used for hiding and encrypting signals

➢Several users can use same channel with little interference

What is Spread Spectrum?
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What is LoRa? CSS - Chirp Spread Spectrum

LoRa uses CSS
Chirp Spread Spectrum 
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What is LoRa? CSS - Chirp Spread Spectrum

SF=12

SF=10

SF=8

Preamble Header Payload CRC

Identify start of data Lora configuration
Packet length

FEC,  CRC

Actual data
(Protocol + User) FECed

Packet integrity
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Link Budget

Path Loss and Fading:

- Range

- Obstacles (Glass, Walls …)

- Humidity, Temp… 

- LoS

LoRa = -148

0

Tx = 22

Rx

FCC = 30

Wi-Fi = -90

Bluetooth = -98
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What is LoRa® ?  Receiver Sensitivity

LoRa
Modulation

Industry
Best in class 
GFSK
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“Bit Rate per Hz of Bandwidth” (b/s) / Hz

1% PER Sensitivity Comparison

Shannon Limit

+6 dB NF
(SX127x)
+8.5 dB NF
(SX1280)
915 MHz LoRa

2.4 GHz LoRa

FLRC

High Sensitivity Modems

FLRC provide 8 dB improved 

sensitivity compared to  Traditional

(G)FSK

➢ LoRa

→ High Sensitivity (-132 dBm)

→ Low Data Rate

➢ FLRC

→ High Sensitivity (-106 dBm)

→ High Data Rate

From 476 bps up to 1.3 Mbps

LoRa
@ 915M

-132dBm

-106dBm

8dB

LoRa
@ 2.4G

GFSK

FLRC
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LoRa & FLRC Outdoor Field Test (@ 12.5 dBm)

▪ LoRa – 3.6 km, non Line-of-Sight, 476 bps (SF12) 

*over 4 km in Line-of-Sight

▪ FLRC – 2.3 km, Line-of-Sight, 260 kbps

TX

FLRC – 2.3 km

LoRa – 3.6 km
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LoRa has four main operational parameters:

#1 Occupied bandwidth
• 500KHz, 250KHz, 125KHz…

#2 Data Rate (DR)
• Expressed as Spreading Factor (SF), inversely logarithmically proportional to SF 
→

• SF12 is slower than SF10

#3 Code Rate (CR) 
• Protection against data corruption at cost of additional data

• Code Rate (CR) vary from 4/5, 4/6, 4/7, 4/8. 

• Rate 4/5 means that 5 bits are sent for 4 data bits

#4 Cyclic Redundancy Check (CRC)
• Standard checksum calculation to confirm that data was received correctly

LoRa®  Modulation Parameters

𝑓 𝑐𝑒𝑛𝑡𝑟𝑎𝑙

125 𝐾𝐻𝑧
250 𝐾𝐻𝑧
500 𝐾𝐻𝑧
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Tools
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LoRa Modulation – Semtech Eval Kit
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LoRaWAN® Overview
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PHY

Protocol

AppCustomer

LoRa Modulation and LoRaWAN
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LoRaWAN and the LoRa Alliance

www.lora-alliance.org

600 plus Companies

http://www.lora-alliance.org/
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100 LoRaWAN networks

Operator Diversity - Strengthens LoRaWAN Ecosystem

Publicly 

Announced Network

Other LoRaWAN

Deployments

60 Countries rolling out

100 Active countries

Source: LoRa Alliance™

LoRaWAN  Operators:  Global Adoption
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LoRa 
End Device

1

LoRaWAN Network Elements (Per LoRaWAN 1.0.3)
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LoRaWAN Network Elements – End Node

µC
(any)

SX127x
SX126x

RF 
Front
End

Antenna

XTAL

Power
Source
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LoRaWAN Network Elements – End Node

µC
(any)

SX127x
SX126x

RF 
Front
End

Antenna

XTAL

Power
Source
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LoRaWAN Network Elements – End Node

µC
(any)

SX127x
SX126x

RF 
Front
End

Antenna

XTAL

Power
Source

Antenna

Module

Power
Source
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Semtech Wireless Chipsets Enable LoRa Technology
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LoRa 
Gateway

LoRa Modulation

LoRa 
End Device

1 2

LoRaWAN Network Elements
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LoRaWAN Network Elements – Gateway

SX127x

SX125x

SX125x

SX130x
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LoRaWAN Network Elements – Gateway

µProcessor

ARM© A 
or better

LINUX

RF 
Front
End

Antennas XTAL

Power
Source

SX130x

GPS

USB Ethernet

Cellular 
Modem

SX127x

SX125x

SX125x
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LoRaWAN Network Elements – Gateway
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LoRa Modulation

LoRaWAN Network Elements

LoRa 
Gateway

LoRa 
End Device

1 2
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LoRa Modulation

LoRaWAN Network Elements

Customer
Portal

LoRa 
Gateway

LoRa 
End Device

1 2
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LoRa 
Network 
Server

LoRa Join 
Server

LoRa Modulation Ethernet
3G/LTE

5

LoRaWAN Network Elements

LoRa 
Application  

Server

LoRa 
Gateway

LoRa 
End Device

1 2 3 4

Customer
Portal
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LoRa 
Network 
Server

LoRa 
Application  

Server

LoRa 
Gateway

LoRa Join 
Server

LoRa Modulation

Customer
Portal

LoRa 
End Device

1 2 3 4

5

LoRaWAN Network Elements

Ethernet
3G/LTE

• REST
• JSON
• MQTT
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Network Session Key

What is LoRa? Security

Preamble Header Payload CRC

App Session Key

LoRa 
Application  

Server

LoRa 
Network 
Server

LoRa Join 
Server
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LoRaWAN – Pre Defined Data Rates

Data

Rate

(DR)

Spreading  

Factor

Channel  

Frequency

Up or Down  

Link

Bit Rate  

[bits/sec]

Maximum  

Packet Size 

[Bytes]

0 SF10 125Khz uplink 980 11

1 SF9 125Khz uplink 1760 53

2 SF8 125Khz uplink 3125 125

3 SF7 125Khz uplink 5470 242

4 SF8 500Khz uplink 12500 242

5-7

8 SF12 500Khz downlink 980 53

9 SF11 500Khz downlink 1760 129

10 SF10 500Khz downlink 3900 242

11 SF9 500Khz downlink 7000 242

12 SF8 500Khz downlink 12500 242

13 SF7 500Khz downlink 21900 242

14-15
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Network Server Application ServerSensorsModules GatewaysTransceiver

Multiple Sources – End to End Ecosystem

http://mundogeo.com/en/blog/2015/04/22/telit-gnss-module-enables-high-performance-position-reporting/


m a c h i n e Q . c o m

41

COMCAST CONFIDENTIAL

A Growing Ecosystem
of Business Solutions

Smart Lighting

(City & Building)

Multi-Dwelling

Monitoring

Retail Asset Tracking

Retail  Proximity 
Monitoring

Municipal Storm 

Water Monitoring

Air Quality Monitoring

People Tracking

Multi-Dwelling

Monitoring

Parks & Rec Water

Management

Parking Solutions

Winery
Smart Irrigation 

Roadway Infrastructure
Monitoring

Asset Tracking

Facilities Water

Management

Construction Site Safety

Parking Solutions

Air Quality Monitoring

Hail MonitoringParks

Smart Irrigation

Supply Chain Parking Smart Lighting HVAC Monitoring

Energy & Water

Metering

Water Utility

Metering

Multi-Dwelling

Water Management

Facilities Monitoring

Golf Asset Tracking

Our IoT management platform is well suited 

for a wide range of use cases including those 

requiring energy efficiency, wide area coverage 

outdoors and deep in-buildings. 

Smart Irrigation Leak Detection



Get started.

machineQ.com

info@machineQ.com

LinkedIn.com/showcase/machineQ

@machineQ
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Class A:

Event Driven 

Example - Smart City

Class C:

Constantly on

Example - Smart Lighting 

Class B:
Synchronized

Example - Irrigation

LoRaWAN Device Classes and Examples
B
a
tt

e
ry

 L
if
e

Downlink Network Latency
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LoRa, LoRaWAN and IoT



A World of Solutions™

www.semtech.com LoRa © - The DNA of IoT

LoRaWAN As a Service - Public Network
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LoRaWAN As a Technology/Service - Private Network
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LoRa As a Technology
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LoRaWAN Kits
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Smart building solution kit

▪ 5 Desk occupancy

▪ 2 Conf room utilization (Grid-eye)

▪ 2 Temp / humidity

▪ 2 IR blaster (controller)

▪ 5 Door / Window security

▪ 5 Room occupancy security

▪ 2 Mini-Hub

▪ 1 Leak detection (TBD)

▪ 1 Mi-Fi (cellular Wi-Fi hotspot)

Smart Building Demo Kit
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Reference Demo User Interface

Dashboard
Overview

Settings Overview  
• Device naming
• Last message
• Signal Strength

View and place 
devices on a map

For demo and 
reference usage only
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LoRaWAN and IoT
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LoRaWAN - Key vertical segments
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LoRaWAN in Smart Home (Smart Building)
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LoRaWAN in AG 
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LoRaWAN in Smart City
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LoRaWAN® and IoT – What is next?
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- LoRaWAN Alliance New

- Relay

- FUOTA

- Semtech LoRa New Offerings  

- Localization 

- LoRa Developer Portal

- LoRa Cloud

- LoRa Basic

LoRa Updates
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LoRaWAN Relay
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1.  Use 1.0.3 (and not 1.1) is the version of choice for the year to come

• Stable

• Enables passive roaming

• Has most of the network management commands bugs fixed

• Optimized for NA channel plan

2. LoRa Relay for Battery Operated devices 

LoRa Updates - Alliance

Gateway Relay End-device
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LoRaWAN FUOTA
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• First draft public.

• Multicast

• Sync

• Fragmentation

• First interop test are on-going

• Semtech, Kerlink, Senet & Cisco part of the process

• ARM has already an implementation , may be a very good turnkey stack solution. To be 
checked

LoRa Updates - FUOTA
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• ARM has already an implementation , may be a very good turnkey stack solution. To be 
checked

Example

https://github.com/ARMmbed/mbed-os-example-lorawan-fuota

Presentation 

https://www.slideshare.net/janjongboom/firmware-updates-over-lorawan-the-things-conference-2019

Full Video

https://www.youtube.com/watch?v=jGs9WpTTJVs

LoRa Updates - FUOTA

https://github.com/ARMmbed/mbed-os-example-lorawan-fuota
https://www.slideshare.net/janjongboom/firmware-updates-over-lorawan-the-things-conference-2019
https://www.youtube.com/watch?v=jGs9WpTTJVs
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FUOTA

Reduce update size by 90%

Good linker can help even more

Choose a memory-efficient patching library

(linear patch format helps)

https://github.com/janjongboom/janpatch

https://github.com/janjongboom/janpatch
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Localization
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Localization with LoRaWAN (In Development)

Localization with LoRaWAN Network & Location Server 

- All base stations share a common timebase
- A LoRaWAN sensor transmits a packet 
- Packet received by at least three base stations 
- Each base station reports the time of arrival & other meta 
data such as signal strength, signal to noise ratio 

Algorithms compare the time of arrival and other signal 
parameters.  Computes the most likely position of the sensor 
Differential Time Of Arrival 

Accuracy 
Rural – 20 to 50 meters 
Urban – 120 to 200 meters 

Network 
& 

Location 
Server

Radio
GPS

Sensor
MCU

Overall power 
consumption



66

www.semtech.com

GW0

GW1

GW2

ToA
Or 

RSSI

LNS
Solver

ToA
Or 

RSSI

ToA
Or 

RSSI
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LoRa Developer Portal
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Our goal is to enable developers in the 
Internet of Things (IoT) space to do 
wonderful things with LoRa Technology. 
Since this is a Semtech portal, content 
from all Semtech product groups that 
support developers and IoT solutions will 
be added and featured over time.

https://lora-developers.semtech.com/

LoRa Developer

https://lora-developers.semtech.com/
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Semtech LoRa Cloud™
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Coming Soon (through the LoRa Developer Portal)

▪ LoRa Cloud™ Geolocation Service

• TDOA / RSSI / Wi-Fi Lookup (soon).

• Commercial service with SLA (different tiers, one free tier for developers).

• Currently in beta testing, Portal scheduled to go live in April.

▪ LoRa Cloud™ Device Management Service

• Device management, telemetric, and data services (e.g., device status, reset, mute / unmute, file 
upload / download, FUOTA).

• Open protocol.

• Currently in alpha testing, scheduled to go live in June / July.

LoRa Updates – LoRa Cloud ©
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Semtech LoRa Basic
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•LoRa Basics™

• Basic code building blocks to assist developers in quickly realizing their ideas.

• Free, supported, and actively maintained.

• Released through the forthcoming Semtech Developer Portal:

• Basic Station, 

• Basic MAC, 

• Basic FUOTA, 

• Basic Analytics, …

All components are released through the Semtech LoRa Developer Program as open source for 
easy adoption from Q1/2019 on.

LoRa Updates - Basics
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BASIC STATION (LoRaWAN Packet Forwarder):

• Portable across all Linux-based LoRa gateways on the market (e.g., Kerlink, Multitech, Tektelic, 
Haxiot, Gemtek);

• Equally suitable for small embedded gateways running, for example, FreeRTOS;

• More robust and secure communication protocol to the LNS; and

• Built-in management protocol for remotely configuring and updating the Basic Station

Basic Station (Released)
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• Portable device firmware of LoRaWAN in C, suitable for a broad range of MCUs;

• Focus on functional completeness and best practices, initially LoRaWAN 1.0.3 and kept in sync 
with future LoRaWAN specifications;

• Event-driven run time with power management, crash reports, timer handling;

• FUOTA based on LoRaWAN specifications;

• Full support of SX1261/2; and

• Fully LoRa Alliance certifiable.

Basic MAC (To be Released)



www.semtech.com LoRa © - The DNA of IoT

Conclusion
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Semantics: LoRa (Modulation) and LoRaWAN (Protocol)

Low

Cost

Low

Power

Best 

Link Budget

Comprehensive 

Solution

Simple
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Thank You!


