
Practical Link Budget Design using Path Loss Models

• Most radio propagation models are derived using a combination of 
l ti l (f f d d ) d i i l th d

g g g

analytical (from  a set of measured data) and empirical methods.
(based on fitting curves)

• all propagation factors through actual field measurements are 
included. 

l i l ti d l d t di t l•some classical propagation models are now used to predict large-
scale coverage for mobile communication systems design. 

•Practical path loss estimation techniques are presented next.



Free Space Propagation Model n=2

Next model is generalized model for any value of n
Log-distance Path Loss ModelLog-distance Path Loss Model



average received signal power decreases logarithmically with distance, 

1 Log-distance Path Loss Model
g g p g y ,

(theoretical and measurments), whether in outdoor or indoor radio channels. 

The average large-scale path loss for an arbitrary T-R separation is expressedThe average large scale path loss for an arbitrary T R separation is expressed 
as a function of distance (d) by using a path loss exponent, (n).

h i h h l d i th l i f di twhere :n is the path loss exponent, d0 is the close-in reference distance
(determined from measurements close to the transmitter), d is the T-R separation 
distance.

•Bars denote the ensemble average of all possible path loss values for a given d. 

O l l l l t th d l d th l i t i ht li ith l l t 10 dB• On a log-log scale plot, the modeled path loss is a straight line with a slope equal to 10n dB 
per decade. 



Path loss at a close-in reference distance

• (d0) :free space reference distance that is appropriate for the propagation 
environment. In large coverage cellular systems, 1 km reference distances are g g y
commonly used whereas in microcellular systems, much smaller distances (such 
as 100 m or 1 m) are used. 

• The reference distance should always be in the far field of the antenna so that 
near-field effects do not alter the reference path loss. 

• The reference path loss is calculated using the free space path loss formula given 
by friis free space equation or through field measurements at distance d0. 



TableTable 33..22 lists typical path loss exponents obtained in various mobile radioTable Table 33..22 lists typical path loss exponents obtained in various mobile radio 
environments.

n : depends on the specific propagation environment. 
For example, in free space, n is equal to 2, and when obstructions are p , p , q ,
present, n will have a larger value.



The log distance path loss model does not consider the fact that the

2. Log-normal Shadowing
The log distance path loss model does not consider the fact that the 
surrounding environmental clutter may be vastly different at two different 
locations having the same T-R separation.

Measurements have shown that at any value of d, the path loss PL(d) at a 
particular location is random and distributed log-normally (normal in dB)

i iabout the mean distance dependent value That is



log-normal shadowing. Simply implies that measured signal levels 
at a specific T-R separation have a Gaussian (normal) distributionat a specific T R separation have a Gaussian (normal) distribution 
about the distance-dependent mean of (3.68),

• d0, n, σ (the standard deviation),

t ti ti ll d ib th th l d l f bitstatistically describe the path loss model for an arbitrary 
location having a specific T-R separation. 

• This model may be used in computer simulation to 
id i d l l f d l ti iprovide received power levels for random locations in 

communication system design and analysis.



• In practice, the values of n and σ are computed from 
measured data using linear regression such that themeasured data, using linear regression such that the 
difference between the measured and estimated path 
losses is minimized in a mean square error senseq
over a wide range of measurement locations and T-R 
separations. 

• PL(d0) is obtained from measurements or free space ( ) p
assumption (friis) from the transmitter to d0. 



An example of how the path loss exponent is determined 
f d d f llfrom measured data follows. 

Fi 3 17 ill l d d i lFigure 3.17 illustrates actual measured data in several 
cellular radio systems and demonstrates the random 

i i b h h l (i dB) dvariations about the mean path loss (in dB) due to 
shadowing at specific T-R separations.










