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IoT specific case

IoT nodes can accept:

Low throughput, for many applications

Delays

Long Sleeping times

Which ones don't?
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LPWAN: range vs power

https://www.mokolora.com/lora-and-wireless-technologies/
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Something about wireless…
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ISM bands
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ISM bands

Industrial, Scientific and Medical Radio Bands

f(space, time)
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§ Signal power is diminished by geometric spreading of the 
wavefront, commonly known as Free Space Loss. 

§ The power of the signal is spread over a wave front, the area of 
which increases as the distance from the transmitter 
increases.Therefore, the power density diminishes. 

§ Friis free space equation:

Line of sight (LOS) and free space loss
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where Lfs is expressed in dB, D is in km and f is in MHz. 
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Earth is not flat…and Fresnel Zones 

§ The First Fresnel Zone is an ellipsoid-shaped volume around the Line-of-Sight path 
between transmitter and receiver. 

§ The Fresnel Zone is important to the integrity of the RF link because it defines a 
volume around the LOS that must be clear of any obstacle for the the maximum 
power to reach the receiving antenna. 

§ Objects in the Fresnel Zone as trees, hilltops and buildings can considerably 
attenuate the received signal, even when there is an unobstructed line between the 
TX and RX. 
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http://www.heywhatsthat.com/profiler.html
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§ The performance of any communication link depends on the quality of the 
equipment being used. 

§ Link budget is a way of quantifying the link performance. 
§ The received power is determined by three factors:

– transmit power, 
– transmitting antenna gain, and 
– receiving antenna gain. 

§ If that power, minus the free space loss of the link path, is greater than the 
minimum received signal level of the receiving radio, then a link is possible. 

§ The difference between the minimum received signal level and the actual 
received power is called the link margin. 

§ The link margin must be positive and should be maximized

Link Budget
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§ Prx = Ptx+Gpa-Gtxl+Gtxa-Lpath+Grxa+Gra-Grxl

– Prx[dBm]=Power received
– Ptx[dBm]=Power generated by TX
– Gpa[dB]=Gain of the Power Amplifier (PA)
– Gtxa[dBi]=Gain of TX antenna
– Gtxl[dB]=Gain (loss) of transmission line
– Lpath[dB]=Loss of the transmission medium
– Grxa[dBi]=Gain of RX antenna
– Gra[dB]=Gain of the Receive Amplifier (RA)
– Grxl[dB]=Gain (loss) of receiving line
– Sr[dBm]=Sensivity of receiver

§ Must hold the condition Prx > Sr

Power/Link Budget
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EIRP (Effective Isotropically Radiated Power)
= Ptx+Gpa+Gtxa-Gtxl

Ptx Gpa GTXA Lpath Grxa Gra Sr

Gtxl
Grxl
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Example
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§ Let’s estimate the feasibility of a 5 km link, with one access point and one client radio. 
§ The access point is connected to an antenna with 10 dBi gain, with a transmitting power 

of 20 dBm and a receive sensitivity of -89 dBm. 
§ The client is connected to an antenna with 14 dBi gain, with a transmitting power of 15 

dBm and a receive sensitivity of -82 dBm. 
§ The cables in both systems are short, with a loss of 2dB at each side at the 2.4 GHz 

frequency of operation. 

Example link budget calculation 
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20 dBm (TX Power AP)

+ 10 dBi (Antenna Gain AP)

- 2 dB (Cable Losses AP)

+ 14 dBi (Antenna Gain client)

- 2 dB (Cable Losses client)

40 dB Total Gain

- 114 dB (free space loss @5 km) 

- 74 dBm (expected received signal level) 

- (- 82 dBm) (sensitivity of Client) 

8 dB (link margin)
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Radiation Patterns

§ An antenna’s directivity is 
expressed as a series of 
patterns

§ The Horizontal Plane 
Pattern graphs the 
radiation as a function of 
azimuth (i.e., direction N-
E-S-W)

§ The Vertical Plane Pattern 
graphs the radiation as a 
function of elevation (i.e., 
up, down, …)
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Typical Example
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Omnidirectional Antenna

§ The smallest, simplest, 
most practical type of 
antenna that can be made
– But that also exhibits the 

least amount of gain

§ Non-directional 
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Long reach antennas
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LPWAN
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What is LoRa
Wireless modulation technology, based on  Semtech’s proprietary 
Chirp Spread Spectrum (CSS)

Physical (PHY) layer for long range wireless  communications
Operates in the license-free Industrial Scientific  Medical (ISM) 
bands all around the world

Based on spread spectrum, trading bandwidth for S/N.
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What is LoRa
Sub-GHz frequency, e.g: 433, 868, 915 MHz, depends on the  
country’s regulation

Regulated power, duty-cycle, and bandwidth.

E.g: in EU, 1% per sub-band duty-cycle limitation (per hour,  
meaning transmission is allowed for 36 sec in each 1 hour)
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LoRa modulation
Uses linearly varying frequency pulses called 
“chirps” inspired in radar signals.
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LoRa Physical Layer

Preamble: at least 10  up-chirps 
followed by 2.25 down-chirps

Data: information transmitted by the 
instantaneous  frequency transitions
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What is LoRa
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LoRa nodes
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What is LoRaWAN
Communications protocol and architecture utilizing the LoRa
physical layer

Open Source and freely available, specified by LoRa Alliance

Star of Starts Topology. 

Nodes connect to multiple  gateways
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What is LoRaWAN
Adaptive Data Rate (ADR) to improve performance

Built-in multiple levels of security: network or  application level 
encryption, frame counter, etc
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LoRaWAN end device/mote
Communicates with LoRaWAN gateways, never  directly with 
other motes.

Has 64 bit globally unique identifier: DevEUI.

When joining a network, it receives a 32 bit unique  identifier: 
DevAddr.

Defined 3 device classes: A, B, and C
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LoRaWAN device classes
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LoRaWAN architecture
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§ LoRa is the physical layer, or the wireless modulation used to create the long-range 
communication link. 

§ LoRa modulation uses Spread Spectrum to transmit its data. Instead of using "codes", it uses 
"Chirps" and that is why it is called Chirp Spread Spectrum (CSS) modulation.

§ Chirp spread spectrum has been used in military and space communication for decades due to 
the long communication distances that can be achieved and robustness to interference, but 
LoRa is the first low-cost implementation for commercial usage.

– Chirp: Compressed High Intensity Radar Pulse
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LoRa basics

https://lora-developers.semtech.com/library/tech-papers-and-guides/lora-and-lorawan/ ©
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Chirp Modulation

Kim, Dong-Hoon & Lee, Eun-Kyu & Kim, Jibum. (2019). Experiencing LoRa
Network Establishment on a Smart Energy Campus Testbed. Sustainability. 11. 
1917. 10.3390/su11071917. 

There are 2 critical factors
o Bandwidth (BW): 3 possible 

values 125, 250, and 500 kHz.
o Spreading factor (SF): 6 

values from SF7 to SF12

A chirp is a signal in which the 
frecuencies increases (up-chirp) or 
decreases (down-chirp) with time
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Spectrogram of a LoRa packet

Gaelens, Johnny & Van Torre, Patrick & Verhaevert, Jo & Rogier, Hendrik. (2017). LoRa Mobile-To-Base-Station Channel Characterization in the Antarctic. 
Sensors (Switzerland). 17. 10.3390/s17081903. 
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LoRa frequency bands
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LoRa capabilities
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Influence of Spreading Factors

§ Data rate 
– A lower spreading factor provides a higher bit rate for a fixed bandwidth and 

coding rate. 

§ Time-On-Air 
– Compared to a lower spreading factor, sending a fixed amount of data (payload) 

with a higher Spreading Factor and a fixed bandwidth needs longer time-on-air.
§ Receiver Sensitivity

– Higher spreading factors provide higher receiver sensitivity. 
§ Battery Life 

– The battery life of an end device is highly dependent on the spreading factor
used. Higher spreading factors result in longer active times for the radio 
transceivers and shorter battery life.
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Coding Rate

§ The Coding Rate is a ratio that increases the number of bits transmitted in order to 
carry out error detection and correction. In the case of a CR = 4 / 8, there is 8 bits truly 
transmitted each time we want to transmit 4 bits.

§ For example
– For SF7, 125 kHz and CR4/5  à bit rate = 6.836 kbps / 1.25 = 5469 bps 
– For SF12, 125 kHz and CR4/5   à bit rate = 366 bps/1.25=293bps 

§ The documentation of a LoRa transceiver gives the data rates according to the 
Spreading Factor, the Bandwidth and the Coding Rate. 

§ An online LoRa simulator is also available at https://loratools.nl/#/airtime
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https://loratools.nl/
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EU863-870 Data Rates 
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LoRaWAN architecture
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LoRaWAN architecture



Intro to LoRaWAN

TTN
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TTN
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TTN
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Chirpstack
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Helium
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LoRaWAN products
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LoRaWAN tracking devices
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Gateways: examples
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Gateways: examples


