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w Introduction

Unmanned Aerial Vehicles (UAVs) have already established a significant presence in real
world applications, going beyond entertaining activities and use.

e Shift to BVLoS Operations:

Current challenges in UAV connectivity drive the need for authorizing Beyond Visual Line of
Sight (BVLoS) operations.

BVLoS allows remote control of UAVs from a central location.

* End-to-End Connectivity Requirement.

BVLoS and mission automation require a comprehensive end-to-end connectivity solution
based on network infrastructure.

* Role of 5G and Beyond Cellular Networks:

5G and beyond cellular networks are a promising technology to unlock the full potential of
UAVs in various applications.

Integration of UAVs into cellular networks benefits both cellular network operators and UAV-
related sectors by opening new business opportunities and improving communication in 3D
wireless networks, including 6G Networks
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w Introduction

e QOperational Challenges in 5G-Enabled UAV Missions - QoS Implications:
* Large-scale experiments identify operational challenges related to Quality of Service (QoS) in 5G-
enabled UAV missions.

 The challenges arise from 5G signal quality variations during UAV flight and multiple handovers between
5G cells

~

The purpose of the paper is to propose a concept utilizing a Native-Artificial Intelligence (Al) approach
that leverages 3rd Generation Partnership Project (3GPP) core network data to optimize UAV control
decisions, mitigate potential service interruptions, and ensure the best possible Quality of Service (QoS)
during UAV missions
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1 3GPP and UAVs

Release 17

e Separation of Aviation Characteristics

 To accommodate UAV requirements, the release separates aviation characteristics from technical 3GPP

details.

* This separation allows for the necessary connectivity without extensive changes for local regulations

* Connectivity and Interfaces

 Further work on 3GPP system to establish connectivity between UAS components and UAV Traffic

Management (UTM) for both LoS and BVLoS

 Two separate interfaces are introduced to link 3GPP systems and UAV-related applications

 Network Exposure Function (NEF) interface (UAS NF)
* Higher level interface more generalized interface to 3GPP network capabilities
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1 3GPP and UAVs

Release 18

*5G Advanced (3GPP Release-18):

* 5@ specifications provided by 3GPP enhanced system performance and enabled new scenarios across
various industry verticals.

» Release-18, known as "5G Advanced," is a major step toward 6G, introducing improvements in network
architecture, physical layer, new services, security, and automation.

*UAV Compatibility with 5G NR:

e 3GPP Release-18 includes compatibility for 5G New Radio (NR) devices carried by Unmanned Aerial
Vehicles (UAVs).
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w Native Al in 6G Networks

6G and Pervasive Intelligence with Al:

e Distributed Al at the Edge:

* QOperating distributed Al at the edge is seen as a way to optimize performance, address data ownership
concerns, and adhere to regulatory requirements.

* Networked Al, different from current "Cloud Al," will be integral to the 6G network, providing native Al
capabilities.
e Embedded Mobile Edge Computing for Enhanced Privacy:

* 6G networks will support and enhance Al capabilities by distributing Al and machine learning tasks across
numerous network components.

Distributed native-Al in 6G networks is ideal candidate for enhancing the trajectory of autonomous flying drones



1 Distributed architectural approach for QoS prediction

Release 17 -Decomposition of NWDAF logic into two distinct components: the Model Training Logical
Function (MTLF) and the Analytics Logical Function (ANLF).

e Characteristics of Logical Functions in NWDAF:
 ANLF performs inference, derives analytics information, and exposes analytics services based
on Analytics Consumer requests.
e MTLF trains Machine Learning (ML) models and provides new training services, including
trained ML models.

» NWADAF acts as an aggregator, collecting analytics data from other NWDAF instances enabling more
informed and proactive decision-making
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1 Proposed Approach for UAV trajectory optimization

5G Initialization of UAV Mission:

The UAV mission begins with the UAV controller initiating the mission, indicating
the need for a flight path from takeoff to landing.

Input Gathering from NWDAF:
* The UAV controller receives inputs from the Network Data Analytics Function

(NWDAF).
* These inputs are derived from data collected from various sources:
e Core network data 5G CORE
* Radio Access Network (RAN) data ‘ "“""‘F ‘ PTF 5"|"F ‘_
° i I
Network Exposure Function (NEF) data . —

e UAV controller inputs (takeoff and landing locations), | —]
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1 Proposed Approach for UAV trajectory optimization

Data Modeling:
* The received data from different sources is then modeled to create a
comprehensive representation.
Application of Native-Al Prediction Algorithm:
* A native-Al prediction algorithm is applied to the modeled data.

Optimized Flight Path Generation:
* The output of the prediction algorithm is an optimized flight path.
* This flight path takes into account:

* QoS (Quality of Service) provisions of the various cells through which the
UAV will fly.
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1 Validation of the proposed method

For the experimental validation an emulated testbed was used:

 cell topologies, i
| | » @®

* UAV trajectories, »e @
* 3GPP standardized APIs (QoS relevant data) ‘ ’ 2

®» @ ¥ = @ . AN
Characteristics of the scenario and data ® 5@
o Cell topology with two different paths @
o Active subscriptions of the UEs, enabling the monitoring of ®

congestion within each cell.

o AsSessionwithQoS API and the QoS flows that correspond to
a list of standardized 5Ql values

https://github.com/medianetlab/NEF emulator



https://github.com/medianetlab/NEF_emulator
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Iterations with and without the ML/AI trained model inputs:
Cell topology cell (1,1) to cell (1,5), with two different paths:

. The direct path goes through cells with not-guaranteed QoS
" (grey cells) or even degraded QoS (red cell).

"gl'he alternate path is available via cells (2,2), (3,3) and (2,4),
which offer a guaranteed QoS to the UAV

Al-enabled flight maintains consistently high QoS levels across
Cells 2, 3, and 4

A simple flight scenario produces moderate QoS levels, with
significant degradation in Cell-3
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uture Work and Conclusion

['n

v" A PoC implementation with the use of native Al/ML capabilities within the core network to
enable prediction and optimization of UAV flight paths in 5G and B5G networks, considering
QoS characteristics.

v’ Experimental validation through an emulated tool

v The validation confirms the applicability of the approach and its potential in generating
reliable results.

v The findings after the validation process underscore the significant potential of leveraging
core openness as an enabler for delivering native Al functionalities

Future work

o Incorporation of time series analysis and conducting a comparative analysis of various Al
models and sophisticated .approaches (e.g., decision trees, Long Short-Term Memory
(LSTM))

o Explore other features of the NWDAF expanding the scope of the concept’s research

o Integration of NEF emulator with Opensource 5GS
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