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Low Earth Orbit (LEO)

— 2 -5 ms propagation delay

— Small-sized, low cost, low
power CubeSat
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Satellite loT
protocols applications

Direct-to-Satellite loT protocols
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@ NB-loT LoRawAN
Licensed spectrum Unlicensed spectrum
— Policed medium — Duty-cycle limitations
— Pay to use — Free for all
Listen-before-talk Transmit-ASAP
— Possible scheduling — Can be Listen-before-talk
Critical applications Non-critical applications
GPS to combat Doppler Natively Doppler-resistent
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Standalone Direct-to-Satellite NB-loT I

_ . _ R
T (&9 NB-IoT
S | & T
2 3% ‘%é ‘ UE Connected
ve Lol v ¥
High access ) A
demand EXUPERY
Doppler effect No satellite in Many collisions .
Variable distance ra;ge C'M!
N .

Frequency and
Time Offset

Laboratoire d’analyse et d’architecture des systemes du CNRS

RS

©
anr 3gc]nce nt?tiorrllale
€ la recnercne
y
High energy Low throughput ey
consumption




LAAS
CNRS _~

GNSS-free downlink synchronization

* = maximum elevation angle
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Infer the Doppler curve ol
— Measurement of the frequency shift of several NPSS Ny
— Compute the best Doppler curve fitting the "
measurements with the least squares method )

Zhou Z, Accettura N, Prévost R, Berthou P. “Lightweight synchronization to NB-loT enabled LEO Satellites through Doppler prediction.” IEEE WiMob 2023

Zhou Z, Accettura N, and Berthou P, “A wake-up strategy enabling GNSS-free NB-IoT links to sparse LEQ satellite constellations,” IEEE IoT Journal, vol. 12, no. 12, 2025
Zhou Z, Accettura N, Berthou P, “Increasing the throughput of Direct-to-Satellite Narrowband loT networks,” IEEE CSCN 2025

Rolland F, Zhou Z, Accettura N, Berthou P, “Achieving reduced latency and energy efficiency in Direct-to-Satellite LoRaWAN communications,” IEEE WFCS 2025

Filipe M, Accettura N, “Critical delay-tolerant NB-loT applications in GNSS-denied Direct-to-Satellite environments,” IEEE MSWIM 2026
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Experimental platform at LAAS-CNRS
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—— Standard Standalone Direct-to-Device broadband
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Localization
through swarms
of drones
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2% = consensus-based positioning and
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Starting Point

De Langlais E, Barazzuoli L, Accettura N, “Bidirectional TSCH for swarms of mobile robots in GNSS-denied environments,” IEEE MobiWac 2026
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Make dialogue happen

Questions?

hicola.accettura@laas.fr
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