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Context

The rise of Non-Terrestrial Networks extends loT connectivity beyond terrestrial infrastructure, enabling large-
scale monitoring and communication services in remote or poorly covered areas. Some of the main challenges

In this scenario are:

» Massive access: many low-power terminals transmit short and sporadic packets.

» Satellite channel: delay, Doppler, synchronization uncertainty, and limited link budget.
» Multi-user interference: users may overlap in time, frequency, or access resources.

» PHY /MAC interaction: receiver design and access protocols are coupled.

Thesis focus: Receiver design is central to reliable satellite loT uplinks. This thesis studies joint reception
methods that use the structure of multi-user transmissions, rather than treating users separately.
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QCSP Frame

A Quasi-Cyclic-Short-Packet is a preamble-less frame that combines non-
binary encoding and CCSK modulation.

Effective Coding Rate: R = (K x p)/(N X q)
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QCSP reaches a FER of 10* around SNR = —12.5dB in theoretical and
practical settings [1].

QCSP in LEO Uplink Channel

Earth-to-LEO reception introduces time-varying delay, frequency offset,
Doppler shift, and Doppler rate.
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Blind SIC iteratively detects, decodes, and cancels users from the received
signal, progressively reducing multi-user interference.
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QCSP Earth-to-LEO Satellite Experimentation

In collaboration with UBS and Kinéis, we transmitted QCSP frames to
the YAM-5 satellite [2]. A future issue of /EEE Spectrum will mention
this experiment.
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Joint PHY/MAC Reception

Massive random access can be viewed as a coding problem, where channel
access, waveform, and receiver design are tightly coupled [3].

We focus on robust receivers for
constrained access structures.

R*(Ap) = arg max7(Ap, R)

Ap: given access structure,
R: receiver architecture,

PHY energy Computational . aggregate system efficiency,
efficiency complexity

MAC aggregate
spectral efficiency

where receiver complexity: C(R) < Chax

LR-FHSS as Starting Point

LR-FHSS provides a representative Sat-loT waveform/access structure
with repeated headers and blockwise narrowband payload fragments. It is
used as an initial case to design robust joint receivers for structured loT
uplink signals.
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Receiver direction: LR-FHSS is used as a first structured waveform /access case; the

final objective is robust joint reception for similar blockwise narrowband Sat-loT signals.

» GMSK memory: sequence detection using BCJR-type receivers.

» Soft information: exchange of a priori information with decoder and
synchronizer.
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Scientific cooperation

This CIFRE PhD thesis, started in October 2025, is conducted in a col-
laboration with Kinéis, UBS, IRIT, bridging industrial satellite loT needs
with academic research on communication systems and receiver design.
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