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Outline

> Context and motivations

> Ongoing research and future directions
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CONTEXT END MOTIVATIONS
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Traditional communications over Internet

Internet
End user End user

Server Client-Server

Peer-to-peer
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Evolution toward the Internet of Things

End user End user

Server

Gateway

Low PowerNetwork
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New communication challenges

Pervasive 

computingNumerous devices

Cheap circuitry

Limited memory & 

limited processing
Limited energy

Wireless 

connectivity

Battery or 

harvesting

Scalability Energy-efficiency
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Design constraints for IoT communications 
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Low Power Wide Area Networks (LPWAN)

Reliablenetwork
Wireless network

Server

Gateways

End devices
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LPWAN and other wireless technologies
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High-level comparison among Low Power Networks

Short range Long range

Single hop Multi-hop/mesh Single hop

Limited scope Big scope Wide scope

Small delay Increased delay Small delay

Low energy TX Low energy TX Energy expensive TX

NB-IOT
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Long Range WAN

> Unlicenced band

> Bidirectional communications

> Open specification

> Roaming
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LoRaWAN modes (1/3)

ACK

TxWindow RxWindow1 RxWindow2

Frame

Radio alwayson

Mode A: All end-devices
RX idle listening BUT on gateways (mains powered)
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LoRaWAN modes (2/3)

Mode B: Beacon 
Synchronization of RX and TX
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LoRaWAN modes (3/3)

Mode C: Continuously listening
End-devices idle listening



LAAS-CNRS
/ [ŀōƻǊŀǘƻƛǊŜ ŘΩŀƴŀƭȅǎŜ Ŝǘ ŘΩŀǊŎƘƛǘŜŎǘǳǊŜ ŘŜǎ ǎȅǎǘŝƳŜǎ Řǳ /bw{ 15/31

Consideration about datarates

Longerrange

Smallerdata rate

Longertime-on-air for
packets

Many more devices

Many more collisions

Better to usethe highest
data rate available
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ONGOING RESEARCH AND 

FUTURE DIRECTIONS
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Research directions

> Performance evaluation of LoRa networks

> Design of efficient LoRa MAC protocols

> Applications on LoRa networks

> Backhauling LoRaWANs with satellites

> Comparison between LoRa and 6TiSCH 

networks

Accettura N, Alata E, Berthou P, Dragomirescu D, Monteil T. Addressing scalable, optimal and secure communications

over LoRa networks: challenges and research directions. Wiley Internet Technology Letters, 2018.
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Performance evaluation of LoRa networks (1/6)

> Honecomb

deployment as in 

cellular networks

ÁCity scaled scenarios

> Each point covered

by 3 or 4 gateways



LAAS-CNRS
/ [ŀōƻǊŀǘƻƛǊŜ ŘΩŀƴŀƭȅǎŜ Ŝǘ ŘΩŀǊŎƘƛǘŜŎǘǳǊŜ ŘŜǎ ǎȅǎǘŝƳŜǎ Řǳ /bw{ 19/31

Performance evaluation of LoRa networks (2/6)

What is the 

throughput as

function of the 

density of end-

devices over a disk of

radius R centered

anywhere onto the 

honeycomb

deployment?
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Performance evaluation of LoRa networks (3/6)

Traffic portion correctly dispatched to at least 1 gateway

Traffic portion correctly dispatched to at least 3 gateways

Accettura N, Medjiah S, Prabhu B, Monteil T. Low power radiolocation through long range wide area networks: A

performance study. In: Proceedings of IEEE WiMobô17; 2017; Rome, Italy.
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Performance evaluation of LoRa networks (4/6)

> 3 channels

> Model 
validated!!!

> Stretch along
abscissa due 
to frame 
dropped

Accettura N, Prabhu B, Monteil T. Simulating scalable Long Range Wide Area Networks for very low power monitoring

applications. In: Proceedings of MSSANZ MODSIMô17; 2017; Hobart, Australia.
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Performance evaluation of LoRa networks (5/6)

Rate of successful transmissions 
SL(ɋ) from end devices on any 
compact subset  of the plane to 
at least L gateways among the 
ones reachable by each end 
device �Ðɋ


