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Propagation models
 Use transmitter-receiver & propagation mechanisms parameters. 

 Useful to calculate the range of a wireless comm. system.

 They vary from simple (ideal) models to more complicated (more realistic) models.

 Based on type classifications:

 Basic models: path loss, free-space path loss, two-ray (earth plane) reflection.

Diffraction models (Knife-edge) : obstructions block signals (for terrestrial links).

Macrocells modesl: Empirical (measurement + curve fitting) models (e.g. Clutter factor, 
Okumara-Hata,…), Physical (e.g. Allsebrook, Ikegami,.. ) , ITU-R models,…

Shadowing.

Models for Microcells.

Models for Piccells. 
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Propagation models
Note on decibls:
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Propagation models
Isotropic Antenna:

Non real antenna used as reference.

 Spread power equally over the surface of a sphere.

Has unit gain (0 dBi).

Ex: Gain of half-wave dipole is 2.15 dBi.

Ex: 12 dBd antenna has actual gain of 14.15 dBi.
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Propagation models
Basic propagation models: 1- Path loss

 Includes all of the possible elements of loss associated with interactions between the 
propagating wave and any objects between Tx and Rx.

 The simplest mathematical model.

 Takes into account the main basic parameters.

 Useful for preliminary link-budget calculations. 

 Ratio of EIRP (      )  to the effective received power (    )   .
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Propagation models
Basic propagation models: 1- Path loss

 In dB:

 Note1: If       is the Rx sensitivity then the calculate path loss L is maximum acceptable.

 Note2: Use antenna gain unit in dBi
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Propagation models
Basic propagation models: 1- Path loss

 Example
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Propagation models
Basic propagation models: 1- Path loss

 Solution:
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Propagation models
Basic propagation models: 2- Free Space Loss & Friis Formula
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Propagation models
Basic propagation models: 2- Free Space Loss & Friis Formula
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Propagation models
Basic propagation models: 2- Free Space Loss & Friis Formula

 In dB
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Propagation models
Basic propagation models: 2- Free Space Loss & Friis Formula
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Propagation models
Basic propagation models: 2- Free Space Loss

Actual received 
power is much 
less than that. 
Because in 
practice other 
loss sources 
exist and affect.
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Propagation models
Basic propagation models: 2- Free Space Loss & Friis Formula

 The fields of an antenna can broadly be classified in two regions, the far field and the near 

field. 

 The Friis equation is used only beyond the far field distance, df , which is dependent upon 

the largest dimension of the antenna as

 Also we can see that the Friis equation is not defined for d=0. For this reason, we use a 

close in distance, do, as a reference point. The power received, Pr(d), is then given by:
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Propagation models
Basic propagation models: 2- Free Space Loss & Friis Formula
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Propagation models
Basic propagation models: 2- Free Space Loss & Friis Formula
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Propagation models
Basic propagation models: 3- Long distance path model

 Empirical models (field measurements + fitting curves) valid for the environment in which 
measurements were taken.

 So, long distance path model is used to predict average large-scale coverage for mobile 
communication systems with arbitrary T-R separation .

 The received power at d :

 The path loss at d :

n is the path loss exponent: indicates the rate at which the path loss increases    with 
distance, 

d0 is the close-in reference distance: is determined from measurements close to the 
transmitter.

• In large coverage cellular systems, 1 km reference distances are commonly used, 
whereas in microcellular systems, much smaller distances (such as 100 m or 1 m) are 
used.
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Environment Path Loss Exponent, n

Free space 2

Urban area cellular radio 2.7 to 3.5

Shadowed urban cellular radio 3 to 5

In building line-of-sight 1.6 to 1.8

Obstructed in building 4 to 6

Obstructed in factories 2 to 3
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Propagation models
Basic propagation models: 4- two-ray reflection model

 Received power:

 Two-ray loss:

 L: is the system hardware losses (L ≥ 1) are usually due to:
transmission line attenuation, filter losses, and antenna losses in the communication 

system. A value of L = 1 indicates no loss in the system hardware
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Thank you
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