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Background

New Semtech devices, such 
as LR1120, come with both 
LoRa CSS and LR-FHSS 
modulation available for 
uplink.

So which one to use? and 
which configuration?

Problem
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[1] Testi, E., & Paolini, E. (2024). Packet Collision Probability of Direct-to-Satellite IoT Systems. IEEE Internet of Things Journal.

In [1] the authors present a closed-form expression for the 
probability of no uplink collision P(S) for unconfirmed ALOHA over a 
single channel (LoRaWAN class A with LoRa-CSS modulation):

The results consider SF=7 and BW=125kHz.

Packet Collision Probability for LoRa CSS
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LoRa CSS and LR-FHSS Resource Allocation in Dts IoT Scenarios Models

Optimal allocation of LoRa CSS transmissions.

1. an ED can transmit only once

2. up to M concurrent transmissions at any point

3. same SF cannot coexist at any point

4. Link Budget and Doppler constraint

Single Channel System Optimization Model (Opt1D)
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LoRa CSS and LR-FHSS Resource Allocation in Dts IoT Scenarios Models

Proposed Joint Allocation MAC

- Satellite Orbit Aware: This category of MAC 

protocols assume EDs are capable of tracking the 

satellite’s position. Each ED is assumed to be 

capable of calculate its visibility window and 

channel condition, thus, having its own prediction 

of the δ variable.

- Interference Aware:  For each uplink window, the 

satellite broadcasts the number of competing EDs 

C_m for each SF from the variable δ, assuming an 

ED will always attempt to use the lowest SF 

available.
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Proposed Joint Allocation MAC
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LoRa CSS and LR-FHSS Resource Allocation in Dts IoT Scenarios Models

Link Budget: Free Space Path Loss

REMARK: even though SF10 is possible given the 
link budget, it is blocked due to Doppler Rate 
limitations.

RX Gain (satellite) 3 dB

TX Gain 0 dB

TX power 14 dB
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Assumptions:

● End-devices (EDs) are stationary and their position 
is known to the network server. They uniformly 
distributed over France.

● EDs cannot communicate with each other and rely 
on themselves and the satellite beacon.

● EDs have full knowledge of the satellite’s orbit [1].
● We assume full channel conditions knowledge.
● We consider a real satellite in orbit (KINEIS-1A).
● LoRa and LR-FHSS signals will use separate disjoint 

channels.

[1] Ortigueira, R., Montejo-Sánchez, S., Henn, S., Fraire, J. A., & Céspedes, S. (2024). Satellite visibility prediction for constrained devices in direct-to-satellite IoT 
systems. IEEE Sensors Journal.
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Results LoRa CSS and LR-FHSS Resource Allocation in Dts IoT Scenarios 

The following results consider 
the analysis of LoRa signals only. 
We consider 200 EDs deployed 
on ground. 

All methods use a Monte Carlo 
approach with 40 repetitions, 
except for the optimal model 
which is run only once.
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Throughput and PDR for different methods
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How to evaluate the performance of a joint allocation method?

Is it reasonable to prefer CSS over LR-FHSS whenever possible?

Is it reasonable to assume EDs can predict the satellite’s position? 

How are channels managed by LoRaWAN? How many for LoRa and for LR-FHSS?

Should the beacon broadcast data to the EDs?

Discussion LoRa CSS and LR-FHSS Resource Allocation in Dts IoT Scenarios 



Merci!


