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Problem Statement

Non-Terrestrial Networks (NTN), and particularly Low Earth Orbit (LEO) satellite constellations, 
are emerging as a key enabler for extending IoT connectivity beyond terrestrial infrastructures. 
However, the dynamic nature of LEO satellites — which are constantly in motion — introduces 
variable distances between the devices and the satellite, thereby impacting signal quality and the 
probability of successful packet transmission.

LoRa technology, and more recently LR-FHSS (Long Range – Frequency Hopping Spread 
Spectrum), are promising physical layer solutions for long-range, low-power IoT communication 
over satellite links. While both approaches are suitable for NTN IoT scenarios, there is still limited 
comparative analysis regarding their performance in realistic satellite conditions.
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Ping-pong effect generating excessive TAU, and it can be minimised by ensuring 10-20% overlaps between the 
adjacent cells and appropriate allocation of TAI List to UEs especially at the edge of cells/TAs. 

7.3.1.2 Moving Tracking Area for NTN LEO, Scenario C2 and D2 [17] 

Moving tracking area means that the tracking area sweeps over the ground as the cells move. Due to high speed 
movement of satellite, the satellite beam and therefore the cell providing coverage for an earth stationary UE will be 
changed frequently. As a result, a stationary UE would have to keep performing Registration area update (can also be 
called as tracking area update, i.e. TAU) in RRC_IDLE state. For each Registration area update, the UE needs to initiate 
connection with the network. For Rel-15 NR this requires 4-steps of the random access procedure followed by some 
RRC message exchange over the service link. This can become a non-acceptable overhead if all IDLE mode UEs in the 
registration area need to perform tracking area update (TAU) frequently as the LEO satellite passes by. If the 
geographical area covered by the Registration area is large, this issue may become slightly less severe. However, size of 
the Registration area and paging capacity forms a trade-off as the UE may need to be paged via all cells belonging to 
the Registration area and thus the paging capacity may become an issue when network initiated calls arrive.  

7.3.1.3 Fixed Tracking Area for NTN LEO, Scenario C2 and D2 [17] 

7.3.1.3.1 Approach 1: For the case when UE location information is unavailable 

In order not to have TAU performed frequently by the UE triggered by the satellite motion, the tracking area may be 
designed to be fixed on ground. For NTN LEO, this implies that while the cells sweep on the ground, the tracking area 
code (i.e. TAC) broadcasted is changed when the cell arrives to the area of next planned earth fixed tracking area 
location. 

The TAC, or a list of TACs, broadcasted by the gNB needs to be updated as the gNB enters to the area of next planned 
tracking area. When the UE detects entering a tracking area that is not in the list of tracking areas that the UE previously 
registered in the network, a mobility registration update procedure will be triggered.  
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Figure 7.3.1.3.1-1: An example of updating TAC and PLMN ID in real-time for scenario C2 and D2 

As shown in Figure 7.3.1.3.1-1, network update the broadcast TAC in real time according to the ephemeris and confirm 
the broadcast TAC is associated with the geographical area covered by the satellite beam. UE listens to  
TAI = PLMN ID + TAC and determines to trigger registration area update procedure based on the broadcast TAC and 
PLMN ID when it moves out of the registration area. 

This approach allows to use Rel-15 NR network procedures and can be applied to UE with or without location 
information. 

Two possible options should be studied to update the broadcast TAC: 

"hard switch" option: one cell broadcast only one TAC per PLMN. The new TAC replaces the old TAC and there may 
be some fluctuation at the border area. As shown in Figure 7.3.1.3.1-2, the UE will see its TAC changing like TAC-2-> 
TAC-1-> TAC-2 from T1 to T3. 

mailto:nawel.zangar@esiee.fr


Objectives

This thesis aims to:

1. Evaluate and compare the performance of LR-FHSS (with different Data Rates) and 
classical LoRa (with different Spreading Factors) in an NTN IoT satellite network.

2. Analyze the packet success probability as a function of:

◦ the number of IoT devices transmitting,

◦ their relative positions with respect to the moving LEO satellite.

3. Investigate how the mobility of LEO satellites affects transmission reliability.

4. Assess the benefits and limitations of existing simulation tools (such as LR-FHSS Sim) 
and explore the possibility of developing a custom Python-based simulator for specific 
scenarios.

Methodology

The study will be carried out in the following steps:

1. Literature Review

◦ Study NTN architectures, LoRa modulation principles, and LR-FHSS mechanisms.

◦ Review previous performance evaluations of LoRa over satellite channels.

2. Modeling the Scenario

◦ Define a network model with a LEO satellite and IoT devices distributed over a 
coverage area.

◦ Integrate realistic parameters such as link budget, path loss, and satellite mobility.

3. Simulation Tools

◦ Use LR-FHSS Sim (dedicated simulator) to evaluate LR-FHSS performance.

◦ Optionally develop a Python-based simulator to validate and extend the results.

◦ Compare results with classical LoRa across different SFs and data rates.

4. Performance Evaluation



◦ Measure the probability of successful packet reception under different network 
loads and device-satellite distances.

◦ Compare LR-FHSS vs. LoRa in terms of robustness, scalability, and fairness.

5. Analysis and Discussion

◦ Interpret the results with respect to NTN requirements.

◦ Highlight trade-offs between coverage, capacity, and reliability.

Expected Contributions

• A quantitative performance comparison between LR-FHSS and classical LoRa in NTN 
IoT scenarios.

• Insights into the impact of satellite mobility on LoRa-based communications.

• An evaluation of the usefulness and limitations of current simulation tools for NTN IoT.

• Potential development of a custom Python framework for future NTN IoT performance 
studies.

• Submission of one or more scientific publications:

◦ Conference papers in reputable venues (e.g., IEEE ICC, IEEE Globecom, IEEE 
VTC).

◦ A journal article in an international peer-reviewed journal with a significant Impact 
Factor (e.g., IEEE Internet of Things Journal, IEEE Access, Elsevier Computer 
Communications).
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