
• Introduction to Radio Wave Propagation
• Factors Affecting Radio Wave Propagation
• Introduction to Various Propagation Models
• Practical Applications in Spectrum Engineering

Session 2: Technical 
Fundamentals of 
Radio Propagation



Basics of Radio Wave 
Propagation
• What is radio wave propagation?

⚬ The behaviour of radio waves as they move 
through a medium (often air).

• Key Components
⚬ Transmitter: Generates the radio frequency (RF) 

signal
⚬ Transmission Medium: The space the signal travels 

through (air, water, vacuum, etc.)
⚬ Receiver: Captures and interprets the RF signal

• Electromagnetic Waves
⚬ Radio waves are a type of electromagnetic 

radiation similar to light and heat.



Factors Affecting Propagation
• Frequency

⚬ Higher frequencies generally mean shorter wavelengths
⚬ Wavelength influences how radio waves interact with obstacles and the atmosphere

• Terrain
⚬ Hills, buildings, and other physical obstacles can cause reflection, scattering, and diffraction 

of radio waves.
• Atmospheric Conditions

⚬ Temperature, humidity, and pressure influence refraction and absorption of signals
⚬ Especially important for long-range and high-frequency communications

• Antennae
⚬ Antenna type and orientation impact the directionality and efficiency of signal transmission



• What are Propagation Models?
⚬ Mathematical tools that predict radio wave behaviour under 

specific conditions
⚬ Help engineers design and optimise wireless networks

• Types of Propagation Models
⚬ Empirical Models: Based on observations and measurements 

(e.g., Okumura-Hata Model, ITU-R P.1546)
⚬ Theoretical Models: Based on physical principles (e.g., Free-

space path loss, Ray-tracing)
⚬ Hybrid Models: Combine theoretical and empirical 

approaches

Introduction to Propagation 
Models



Efficient Spectrum Management 
and Audit

•  Frequency Allocation and Planning
⚬  Models predict potential coverage and interference
⚬  Ensures efficient use of limited spectrum resources

•  Site Selection
⚬  Models help determine optimal locations for 

transmitters and receivers, maximizing coverage and 
minimizing interference

•  Network Optimization
⚬  Models assess link budgets and aid in network capacity 

planning, troubleshooting, and fine-tuning 
performance

•  Regulatory Compliance
⚬  Helps engineers meet national and international 

spectrum regulations (ITU) through accurate power and 
coverage predictions



•  Basic principles of spectrum engineering
•  Designing spectrum for efficiency and effectiveness
•  Spectrum alloca@on strategies and techniques
•  Case studies on innovative engineering solutions

Session 4: Spectrum 
Engineering 
Principles



Basic Principles of Spectrum 
Engineering

• Spectrum scarcity: Radio spectrum is limited, and demand is 
high.

• Interference management: Wireless systems must coexist 
without causing harmful interference to each other.

• Efficiency: Spectrum must be used effectively to support the 
maximum number of services and users.

• Flexibility: Spectrum policies must adapt to technological and 
market changes.

• International coordination: Radio waves don't stop at borders – 
international cooperation is crucial (ITU-R).



Designing Spectrum for 
Efficiency and Effectiveness
• Technology-neutral approach: Where possible, avoid 

overly restrictive regulations tied to specific 
technologies.

• Service-based licensing: Focus on the intended 
service rather than the specific technology.

• Dynamic spectrum access: Facilitate opportunistic 
and more efficient spectrum-sharing technologies.

• Cognitive radio systems: Allow intelligent sharing and 
adaptation of spectrum based on real-time needs (ITU-
R work on this)



Spectrum Allocation 
Strategies and Techniques
• Exclusive licensing: Grants a single user/service rights to a 

specific spectrum band.

• Shared licensing: Multiple users share a band under specific 
rules or with coordination.

• Spectrum auctions: Assign licenses via a competitive bidding 
process.

• Unlicensed spectrum: Open for use by devices following 
certain technical rules (i.e., WiFi).

• ITU-R Recommendations: ITU provides guidelines on 
spectrum allocation strategies (e.g., ITU-R M.1036)



• Small cells: Increase capacity and efficiency within urban 
areas.

• MIMO (Multiple Input Multiple Output): Uses multiple 
antennas to improve data rates and reliability.

• Beamforming: Focuses signal strength in specific 
directions, improving coverage and reducing interference.

• TV White Space: Utilize unused spectrum in television 
bands for rural broadband (ITU-R has studies on this).

Case Studies on Innovative Engineering 
Solutions



Q & A Session


