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UNIT-2 

Content:  Mobile radio propagation: free space propagation model, Ground reflection propagation model, Long term 
fading, Small scale multipath propagation, Time dispersion parameters, Coherence bandwidth, Doppler spread and 
coherence time, types of small scale fading, Clarke’s model for flat fading, level crossing and fading statistics. 
 
Mobile radio propagation: 
The mobile radio channel places fundamental limitations on the performance of wireless communication systems. 
The wireless transmission path may be of two types: 
1. Line of Sight (LOS) 
2. Non Line of Sight (NLOS): Obstructed by buildings, cars, bridges etc. 
Radio Channels are random and often time varying. 
Modeling has been one of the difficult parts of the mobile radio design. 
 
Propagation Basics: 
When electrons move, they create electromagnetic waves that can propagate through space. By attaching antenna of 
the appropriate size to an electrical circuit, the electromagnetic waves can be broadcast efficiently and received by a 
receiver some distance away. The radio, microwave, infrared, and visible light portions of the electromagnetic 
spectrum can all be used to transmit information. Information can be sent by modulating the amplitude, frequency or 
phase of the waves. 
 
Properties of Radio Waves: 
Radio waves are easy to generate, Can travel long distances, Can penetrate buildings, May be used for both door and 
outdoor communication, are Omni-directional – can travel in all directions, Can be narrowly focused at high 
frequencies (greater than 100MHz) using parabolic antennas (like satellite dishes). 
Frequency-dependence, behave more like light at higher frequencies, difficulty in passing obstacles, more direct paths 
(straight line paths), absorbed by rain, behave more like radio at lower frequencies, can pass obstacles, power falls off 
sharply with distance from source and are subject to interference from other radio wave sources. 
 

Mobile Radio Propagation:  At VLF, LF, and MF bands, radio waves follow the ground. AM radio broadcasting uses MF 
band.                
                
     

 

 

 

At HF bands, the ground waves tend to be absorbed by the earth. The waves that reach ionosphere 
(100-500 km above earth surface), are refracted and sent back to earth. 
 
 
 
 
 
 
 
VHF Transmission: In this kind of radio wave transmission directional antennas are used and also. Waves follow more 
direct paths. The type of communication is LOS: Line-of-Sight Communication. 
Reflected wave interfere with the original signal. 
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Modeling the radio channel is typically done in statistical manner. The statistical modeling is usually done based on 
measurement data made specifically for the intended communication system the intended spectrum. However, for 
higher frequencies (>10 GHz), deterministic modeling is used as statistical modeling starts failing. By playing with the 
antenna (tilting and changing the height), coverage area can be controlled. 
 
Propagation Models: We are interested in propagation characteristics and models for waves with frequency in range: 
few MHz to a few GHz. 
Modeling radio channel is important for: 
1>Determining the coverage area of a transmitter, 
2>Determine the transmitter power requirement, 
3>Determine the battery lifetime, 
4>Finding modulation and coding schemes to improve the channel quality, 
5>Determine the maximum channel capacity. 
 
Radio Propagation Models: 
Transmission path between sender and receiver could be: Line-of-Sight (LOS) or obstructed by buildings, mountains 
etc. 
 
Free space propagation model: 
 Free space propagation model is used to model the LOS path loss incurred in a free space environment, devoid of any 
objects that create absorption, diffraction, reflections, or any other characteristic-altering phenomenon to a radiated 
wave. It is valid only in the far field region of the transmitting antenna and is based on the inverse square law of 
distance which states that the received power at a particular distance from the transmitter decays by a factor of 
square of the distance. The Friis equation for received power is given by: 
 

Pr(𝑑) = 𝑃𝑡
𝐺𝑡𝐺𝑟

𝐿

λ2

4𝜋𝑑2             … … (1)  

where, Pr(d) is the received signal power in Watts expressed as a function of separation distance (d meters) between 
the transmitter and the receiver, Pt is the power of the transmitted signal’s Watts, Gt and Gr are the gains of 
transmitter and receiver antennas when compared to an isotropic radiator with unit gain, λ is the wavelength of 
carrier in meters and L represents other losses that is not associated with the propagation loss. The parameter L may 
include system losses like loss at the antenna, transmission line attenuation, loss at various filters etc. The factor L is 
usually greater than or equal to 1 with L=1 for no such system losses. 
 
 
The Friis equation can be modified to accommodate different environments, on the reason that the received signal 
decreases as the nth power of distance, where the parameter n is the path-loss exponent (PLE) that takes constant 
values depending on the environment that is modeled (see Table below} for various empirical values for PLE). 
 

Pr(d) =
𝑃𝑡

𝐿

𝐺𝑡𝐺𝑟

4𝜋2

λ2

𝑑𝑛
                 … … (2) 
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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 

Inside a building - line-of-sight 1.6 to 1.8 

Obstructed in building 4 to 6 

Obstructed in factory 
 

2 to 3 

 
The propagation path loss in free space, denoted as PL, is the loss incurred by the transmitted signal during 
propagation. It is expressed as the signal loss between the feed points of two isotropic antennas in free space. 
  

                                                     PL(dB) = -10log10
λ2

(4𝜋𝑑)2= +20log10[
4𝜋𝑑

λ
]          … … (3) 

  
The propagation of an electromagnetic signal, through free space, is unaffected by its frequency of transmission and 
hence has no dependency on the wavelength λ. However, the variable λ exists in the path loss equation to account for 
the effective aperture of the receiving antenna, which is an indicator of the antenna’s ability to collect power. If the 
link between the transmitting and receiving antenna is something other than the free space, penetration/absorption 
losses are also considered in path loss calculation. Material penetrations are fairly dependent on frequency. 
Incorporation of penetration losses require detailed analysis. 
Usually, the transmitted power and the receiver power are specified in terms of dBm (power in decibels with respect 
to 1mW) and the antenna gains in dBi (gain in decibels with respect to an isotropic antenna). Therefore, it is often 
convenient to work in log scale instead of linear scale. The alternative form of Friis equation in log scale is given by: 
 
[Pr(d)]dBm=[Pt]dBm+[Gt]dBi+[Gr]dBi+20log10(λ)−20log10(4πd)–10log10(L) … … (4) 

What is Decibel (dB): 
A logarithmic unit that is used to describe a ratio. Let say we have two values P1 and P2. The difference (ratio) 
between them can be expressed in dB and is computed as follows: 
10 log (P1/P2) dB 
Example: transmit power P1 = 100W, 
Received power P2 = 1 W 
The difference is 10log(100/1) = 20dB. 
 
dB: 
dB unit can describe very big ratios with numbers of modest size. 
See some examples: 
1>Tx power = 100W, Received power = 1W 
Tx power is 100 times of received power 
Difference is 20dB 
  
2>Tx power = 100W, Received power = 1mW 
Tx power is 100,000 times of received power 
Difference is 50dB 
 
3>Tx power = 1000W, Received power = 1mW 
Tx power is million times of received power 
Difference is 60dB 
 
dBm: 
For power differences, dBm is used to denote a power level with respect to 1mW as the reference power level. 
Let say Tx power of a system is 100W. What is the Tx power in unit of dBm? 
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Solution: 
Tx_power(dBm) = 10log(100W/1mW) = 10log(100) = 20dBm 
 
dBW: 
For power differences, dBW is used to denote a power level with respect to 1W as the reference power level. 
Let say Tx power of a system is 100W. What is the Tx power in unit of dBW? 
Solution: 
Tx_power(dBW) = 10log(100W/1W) = 10log(100) = 20dBW. 
 
Two ray ground reflection model: 
 
Friis propagation model considers the line-of-sight (LOS) path between the transmitter and the receiver. The 
expression for the received power becomes complicated if the effect of reflections from the earth surface has to be 
incorporated in the modeling. In addition to the line-of-sight path, a single reflected path is added in the two-ray 
ground reflection model, as illustrated in Figure below. This model takes into account the phenomenon of reflection 
from the ground and the antenna heights above the ground. The ground surface is characterized by reflection 
coefficient – which depends on the material properties of the surface and the type of wave polarization. The 
transmitter and receiver antennas are of heights and respectively and are separated by the distance of meters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                           Two ray ground reflection model 
 
The received signal consists of two components: LOS ray that travels the free space from the transmitter and a 
reflected ray from the ground surface. The distances traveled by the LOS ray and the reflected ray are given by: 
 
 
 
 
 
Depending on the phase difference (φ) between the LOS ray and reflected ray, the received signal may suffer 
constructive or destructive interference. Hence, this model is also called as two ray interference model. 
 
 
 
Where, λ is the wavelength of the radiating wave that can be calculated from the transmission frequency. Under 
large-scale assumption, the power of the received signal can be expressed as: 
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Where √𝐺𝑙𝑜𝑠𝑠 = √𝐺𝑎𝐺𝑏 is the product of antenna field patterns along the LOS direction and  √𝐺𝑙𝑜𝑠𝑠 = √𝐺𝑐𝐺𝑑 is 
the product of antenna field patterns along the reflected path. 
 
Long term fading: 
The time variation of received signal power due to changes in transmission medium or paths is known as fading. 
Fading depends on various factors as mentioned above. In fixed scenario, fading depends on atmospheric conditions 
such as rainfall, lightening etc. In mobile scenario, fading depends on obstacles over the path which is varying with 
respect to time. These obstacles create complex transmission effects to the transmitted signal.  Long term fading 
includes path loss and shadowing effects. 
 
Small scale multipath propagation: In wireless telecommunications, multipath is the propagation phenomenon that 
results in radio signals reaching the receiving antenna by two or more paths. Multipath causes multipath interference 
including constructive and destructive interference, and phase shifting of the signal. Small-scale fading, means rapid 
fluctuations of the amplitudes, phases, or multipath delays of a radio signal over a short period or short travel 
distance. This might be so severe that large scale radio propagation loss effects might be ignored. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Time dispersion parameters: The time dispersive properties of wideband multipath channels are most commonly 
quantified by their mean excess delay and rms delay spread. 
The mean excess delay: The delays are measured relative to the first detectable signal arriving at the receiver at t=0 
(To). The maximum excess delay (X dB) of the power delay profile is defined to be the time delay during which 
multipath energy falls to X dB below the maximum. 
The maximum excess delay sometimes called excess delay spread, which can be expressed Tx-To as Where Tx is the 
maximum delay at which a multipath component is within X dB of the strongest arriving multipath signal and is the 
first arriving signal. 
 
The mean excess delay:  
 
 
 
Where ak , Pk are amplitude and power respectively rising at receiving end at time instant τk. 
The rms delay spread is the square root of the second central moment of the power delay profile and it is calculated 
by: 
 
 
 
 
 
 
 

 

 

 

Downloaded from www.rgpvnotes.in

Page no: 5 Get real-time updates from RGPV

https://www.rgpvnotes.in
https://alerts.rgpvnotes.in/
https://www.rgpvnotes.in/


Coherence Bandwidth: Coherence bandwidth Bc is a statistical measure of the range of frequencies over which the 
channel can be considered “flat”. Flat fading is a channel which passes all spectral components with approximately 
equal gain and linear phase. The coherence bandwidth can be expressed as: 
                                  Bc =1/50 x rms delay           (above 90% correlation) 
                                  Bc =1/5 x rms delay             (above 50% correlation) 
 
Doppler Spread and Coherence Time: 
Doppler spread (Bd) is a measure of spectral broadening caused by the time rate of change of the mobile radio 
channel and is defined as the range of frequencies over which the received Doppler spectrum is essentially nonzero. 
In communications systems, a communication channel may change with time. Coherence time is the time duration 
over which the channel impulse response is considered to be not varying. Such channel variation is much more 
significant in wireless communications systems, due to Doppler effects. 
 
Types of small scale fading: 
 
 
 
 
 
 
 
 
 
 
 
Small Scale Fading: Small scale fading is concerned with rapid fluctuations of received signal strength over very short 
distance and short time period. Based on multipath delay spread there are two types of small scale fading viz. flat 
fading and frequency selective fading. These multipath fading types depend on propagation environment. 

A) FLAT FADING: The wireless channel is said to be flat fading if it has constant gain and linear phase response over a 
bandwidth which is greater than the bandwidth of the transmitted signal. In this type of fading all the frequency 
components of the received signal fluctuate in same proportions simultaneously. It is also known as non-selective 
fading. 
• Signal BW << Channel BW  
• Symbol period >> Delay Spread  
The effect of flat fading is seen as decrease in SNR. These flat fading channels are known as amplitude varying 
channels or narrowband channels. 
 
B) FREQUENCY SELECTIVE FADING: It affects different spectral components of a radio signal with different 
amplitudes. Hence the name selective Fading. 
• Signal BW > Channel BW  
• Symbol period < Delay Spread  
Based on Doppler spread there are two types of fading viz. fast fading and slow fading. These Doppler spread fading 
types depend on mobile speed i.e. speed of receiver with respect to transmitter. 
 
C) FAST FADING: The phenomenon of fast fading is represented by rapid fluctuations of signal over small areas (i.e. 
bandwidth). When the signals arrive from all the directions in the plane, fast fading will be observed for all directions 
of motion. Fast fading occurs when channel impulse response changes very rapidly within the symbol duration. 
• High Doppler spread  
• Symbol period > Coherence time  
• Signal Variation < Channel variation  
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This parameters result into frequency dispersion or time selective fading due to Doppler spreading. Fast fading is 
result of reflections of local objects and motion of objects relative to those objects. In fast fading, receive signal is sum 
of numerous signals which are reflected from various surfaces. This signal is sum or difference of multiple signals 
which can be constructive or destructive based on relative phase shift between them. Phase relationships depend on 
speed of motion, frequency of transmission and relative path lengths. Fast fading distorts the shape of the baseband 
pulse. This distortion is linear and creates ISI (Inter Symbol Interference). Adaptive equalization reduces ISI by 
removing linear distortion induced by channel. 
 
D) SLOW FADING: Slow fading is result of shadowing by buildings, hills, mountains and other objects over the path. 
• Low Doppler Spread  
• Symbol period <<Coherence Time  
• Signal Variation >> Channel Variation  
Slow fading results in a loss of SNR. Error correction coding and receiver diversity techniques are used to overcome 
effects of slow fading. 
 
Clarke’s model for flat fading: 
Clarke developed a model where the statistical characteristics of the electromagnetic fields of the received 

signals of the mobile are deduced from scattering.  The model assumes a fixed transmitter with a vertically 
polarized antenna. The field incident on the mobile antenna is assumed to be comprised of N azimuthal 
plane waves with arbitrary carrier phases, arbitrary azimuthal angles of arrival, and each wave having equal 

average amplitude. It should be noted that the equal average amplitude assumption is based on the fact 
that in the absence of a direct line-of-sight path, the scattered arriving at a receiver will experience similar 
attenuation over small scale distances. Clarke’s model and the statistics for Rayleigh fading are for that 
fading conditions and do not consider multipath time delay.  In modern mobile communication systems 

with high data rates, it has become necessary to model the effects of multipath delay spread as well as 

fading.  A commonly used multipath model is an independent Rayleigh fading two-ray model. It includes; 
Rayleigh fading model, assumes isotropic scattering, assuming linear relationship between input and output, 
generating Rayleigh Channel model using two different Gaussian distributions, Gans developed a spectrum 
analysis for Clarke's model to include the Doppler Effect. 
Defining Tc(t) and Ts(t) be Gaussian random processes. 

 At any time, Tc and Ts are uncorrelated zero mean Gaussian random variables. 

 The channel response envelope, r(t), has a Rayleigh pdf. 

 As derived by Gans, Doppler shift can be included into this channel model by passing r(t) through the filter 

s(t) given by: 

r (t )=√Tc(t)2+Ts(t)2 

S ( f )=1.5/(π∗Fd∗√1−( f −Fc/Fd )2)  

 

 

 

 

 

 

 

Level crossing rate: 

 

Downloaded from www.rgpvnotes.in

Page no: 7 Get real-time updates from RGPV

https://www.rfwireless-world.com/Terminology/ISI-vs-ICI.html
https://www.rgpvnotes.in
https://alerts.rgpvnotes.in/
https://www.rgpvnotes.in/


The level crossing rate is a measure of the rapidity of the fading. It quantifies how often the fading crosses some 
threshold, usually in the positive-going direction. For Rayleigh fading, the level crossing rate is: 

𝐿𝐶𝑅 = √2𝜋Fdμe
- μ*μ 

Where Fd is the maximum Doppler shift and μ is the threshold level normalized to the root mean 
square (RMS) signal level: 

μ= 
𝑹𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

𝑹𝑟𝑚𝑠
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 
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