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B Introduction:

This course provides a comprehensive understanding of 5G wireless communication
technologies and explores the evolution toward future generations like 6G. It highlights the
paradigm shift in network design, performance, and application that 5G introduces over
previous technologies such as 4G LTE.

Description:

Participants will delve into the architecture, protocols, and key technologies enabling 5G—
including mmWave, Massive MIMO, network slicing, and URLLC. Additionally, the course
addresses security challenges, integration with 10T, and the anticipated future of 6G networks
empowered by Al and edge intelligence. Through hands-on labs and real-world case studies,
learners will gain the technical competence to analyze and design modern wireless
communication systems.

@© Obijectives:
By the end of this course, participants will:
« Understand the foundational principles and architecture of 5G networks.
o Analyze key enabling technologies such as mmWave and Massive MIMO.
o Explore applications of 5G in 0T, URLLC, and eMBB use cases.
« Investigate security strategies and privacy protocols in 5G.
o Examine future trends and emerging concepts beyond 5G (6G).

o Develop basic simulations for 5G performance and network planning.

B Module 1: Introduction to 5G and Beyond
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e 1.1 Evolution of Mobile Networks
¢ From 1G to 5G: Key Milestones
¢ Comparison between 4G LTE and 5G (latency, bandwidth, mobility)

e 1.25G Use Cases and Applications
¢+ eMBB (Enhanced Mobile Broadband)
¢ URLLC (Ultra-Reliable Low Latency Communication)
¢ mMTC (Massive Machine-Type Communication)

< Module 2: 5G Network Architecture

e 2.1 Core Network and RAN Overview

¢ 5G NR (New Radio) architecture
+ Split architecture and user/control plane separation

e 2.2 Network Slicing
¢ Concept and implementation

¢ Slicing for different QoS requirements

e 2.3 Edge Computing and MEC (Multi-access Edge Computing)

+ Role in reducing latency

¢ Use cases in autonomous systems and AR/VR

f) Module 3: Key 5G Enabling Technologies

¢ 3.1 mmWave Communication

+ Benefits and challenges (e.g., penetration, range)

¢ Deployment strategies

e 3.2 Massive MIMO and Beamforming

+ Antenna array configuration and spatial multiplexing
¢ Digital vs. hybrid beamforming
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e 3.3 Full Duplex and OFDMA
¢ Advanced modulation and resource allocation
¢ Interference management techniques

+ Module 4: Security and Privacy in 5G

4.1 Threat Landscape in 5G Networks
¢ New attack vectors and vulnerabilities
¢ Potential risks in 10T and smart infrastructure

4.2 Security Protocols

¢ 5G Authentication and Encryption (5G-AKA, SUCI/SUPI)

¢ Role of Blockchain and Zero Trust architectures

4.3 Privacy Challenges and Solutions

+ Data integrity, confidentiality, and user location privacy

Module 5: 5G Applications and Integration

5.15G in loT Ecosystems
+ Smart Cities, Industrial 10T (11oT), and Healthcare
¢ Connected Vehicles (V2X)

5.2 Integration with Al and Big Data
¢ Intelligent network management
+ Predictive maintenance and traffic optimization

5.3 Real-World Use Cases

+ Case studies from telecom providers and enterprise 5G solutions

% Module 6: Beyond 5G — Introduction to 6G
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6.1 What is 6G?
+ Vision, objectives, and early research

* Expected breakthroughs (THz communication, quantum security)

6.2 Al-Native Networking
+ Autonomous and self-optimizing networks
+ Role of federated learning and edge Al

6.3 Sustainable and Green 6G
* Energy-efficient designs

+ Environmental impacts and policy direction

< Module 7: Practical Workshops and Simulations

e 7.1 Network Planning and Simulation Tools

¢ Introduction to NS-3, MATLAB, or 5G simulators

¢ Setting up mmWave scenarios

7.2 Beamforming and MIMO Simulations
¢ Antenna pattern visualization
¢ Throughput vs. distance analysis

7.3 Security Testing in 5G Scenarios
+ Penetration testing basics
+ Attack-response modeling

® Final Project and Evaluation

o Capstone Project:

Design and simulate a 5G-based communication system for a smart campus or city.
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o Deliverables:
¢ System architecture design
¢ Technology stack description
¢ Simulation results and performance analysis

[y What You Will Learn:
o 5G architecture and its differences from previous generations
o mmWave spectrum usage and limitations
e Massive MIMO and beamforming strategies
e 5G core network and network slicing
o Applications in smart cities, autonomous vehicles, and AR/VR
e 5G security risks and mitigation techniques

o Future concepts: Al-driven 6G, quantum networking, and beyond

@ Target Audience:
e Wireless communication engineers
o Network designers and planners
e Telecommunications researchers and students
e 10T and smart systems developers

« Professionals interested in 5G deployment and next-gen connectivity

< Materials Provided:

o Course slides and technical manuals
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o Simulation templates (MATLAB/NS-3)
o 5G case studies and whitepapers

e Access to relevant IEEE and ITU reports

Instruction Methods:
e Interactive lectures
e Simulation-based workshops
e Group projects and discussions
o Practical case studies

o Real-world scenario analysis

Time Frame:

Total Duration: 40 hours (blended theory + hands-on practice)
Delivery Options: Weekly sessions (5 hours/week) or intensive bootcamp format

* Course Format:
e On-site or virtual classroom
e Live sessions and recorded modules
o Practical labs with performance assessments

« Final project presentation and evaluation

Learning Outcomes:

Upon successful completion, participants will be able to:
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o Design and analyze advanced wireless systems based on 5G.

« Evaluate the impact of 5G in industrial and consumer domains.

« Integrate secure communication protocols for future wireless networks.

e Prepare for the next generation of connectivity with insights into 6G technologies.
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