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ÅThis portion of slides have been made from 
Simon Saunders Book 

ÅI have put all related material on the slides to 
help eliminate the need to read from book

ÅI think the slides should suffice however you 
can get chapter photocopied from me if you 
face any problem

Propagation Models for Microcells
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Propagation Models for Microcells

ÅSmaller cells for increasedcapacity

ÅBase station height is typically about that as lamp posts in a 
street(3-6 m above ground level)

ÅCoverage is typically few hundred meters and is determined 
mostly by specific locations and electrical characteristics of 
surrounding buildings

ÅDominant propagation mechanisms are:
ïFree space propagation + multiple reflection+scattering+diffraction 

around vertical edges of buildings and rooftops
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Dual Slope Empirical Model

Microcells

ÅTo model path loss in microcells, empirical models can be used

ÅMeasurements indicate that simple power loss model cannot fit 
measurements with good accuracy

ÅA better empirical model is dual slope model
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Dual Slope Empirical Model

Microcells

ÅTwo separate path loss exponents are used to characterise the 
propagation, together with a breakpoint distance of a few 
hundred meters between them where propagation changes from 
one regime to other

Åwhere L1 is the reference path loss at r=1m,

Å rb is breakpoint distance,

Å n1 the path loss exponent for 

Å n2 the path loss exponent for 
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Å n1 =the path loss exponent for short distances 

Å n2 = the path loss exponent for larger distance

Dual Slope Empirical Model
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Dual Slope Empirical Model

ÅTypical values for path loss exponents are found by 
measurements to be n1= 2 and n2 =4,with breakpoint 
distances of 200-500m

ÅBut, it should be emphasized that these values vary 
greatly between individual measurements

3/8/2009 SEECS 11



Physical Models

Å In creating physical models for microcell propagation, it is useful to 
distinguish two situations:

ïLine-of-sight (LOS)

ïNon-line-of sight(NLOS)

ÅFor LOS case, it is possible to make some reasonable generalizations

ÅNLOS case requires more site specific information
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Practical Measurement Example

Routes A,B and C are 
radial streets, often with 
a line of sight present

Route D is a traverse 
street with most 
locations obstructed

Lets see path loss 
profile!!!
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Practical Measurement Example

Route D measurements vary over almost 45dB,despite range 
being almost constant at around 30m3/8/2009 SEECS 14



Practical Measurement Example

Route D measurements vary over almost 45dB,despite range 
being almost constant at around 30m

Obstructed path suffers far greater variability at a given range 
than others. Such effects must be accounted for explicitly in 

models!!!
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Line of Sight Models
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Non-Line-of-Sight Models

ÅPossible Mechanisms
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Non-Line-of-Sight Models
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Non-Line-of-Sight Models
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Non-Line-of-Sight Models
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Non-Line-of-Sight Models
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Non-Line-of-Sight Models
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Recursive Model

( )1 1 1j j j jk k d qq- - -= + ³

1 1j j j jd k r d- -= ³ +

( ) 90

90

v

j

j

q
q

q
q

å õ
=æ ö
ç ÷

Microcells

ÅFind illusory distance

ÅDistance increases with turning angle

where q90=0.5 and v=1.5
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Recursive Model
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Microcells

ÅPath loss has dual slope behaviour
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Recursive Model
Microcells

ÅThis model is intermediate between an empirical model and a 
physical model

ÅEffective sources are introduced for non-line-of-sight 
propagation at the street intersection where diffraction and 
reflection points are likely to occur

ÅThe model breaks down the path between the base station and 
the mobile into a number of segments interconnected by nodes

ÅThe nodes may be placed either just at the street intersections
or else at regular intervals along the path, allowing streets 
which are not linear to be handled as a set of piecewise linear 
segments
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Recursive Model
Microcells

ÅAn illusory distance for each ray path considered is calculated 
according to recursive expressions

Åwhere dn is the illusory distance  calculated for the number of n 
of straight segments along the ray path(in above slides we saw 
example of n=3) and rj is the physical distance[m] for the line 
segment following the jth node.

ÅThe angle through which the path turns at node j is j̒ [degrees]
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Recursive Model
Microcells

ÅAs this angle increases, the illusory distance is increased 
according to 

ÅPath loss is calculated as

ÅThe equation of path loss creates a dual slope behaviour with a 
path loss exponent of 2 for distances less than the breakpoint r b

and 4 for greater distances. 
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Recursive Model
Microcells

ÅThe overall model is simple to apply and accounts for the key 
microcell propagation effects, namely dual slope path loss 
exponents and street corner attenuation with an angle 
dependence which incorporates effects encountered with real 
street layouts
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Recursive Model
Microcells

ÅThe equation of path loss creates a dual slope behaviour with a 
path loss exponent of 2 for distances less than the breakpoint r b

and 4 for greater distances. The overall model is simple to apply 
and accounts for the key microcell propagation effects, namely 
dual slope path loss exponents and street corner attenuation, 
with an angle dependence which incorporates effects 
encountered with real street layouts
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Conclusion
Microcells

ÅPropagation in microcells can be modelled using either 
empirical or physical models

Å In either case, the clutter surrounding the base station has a 
significant impact on the cell shape and this must be 
accounted for to avoid serious prediction errors

ÅA simple path loss exponent model is inadequate and a dual 
behaviour must be accounted for
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Propagation Models for Picocells

ÅThis part of slides has been made from Rappaport 
Book from page 157-167.Please read from book.

ÅYou do not need to do Log-distance Path Loss Model 
from your book on page 161

ÅEricsson Multiple Breakpoint Model is also presented 
from Simon Saunders Book for better insight. 
Relevant equations and text are included in slides



Propagation Models for Picocells
Å Indoor radio propagation is dominated by same mechanisms 

as outdoor:reflection,diffraction and scattering

ÅHowever ,conditions are much more variable.

ÅExample:

ïSignal levels vary greatly depending on whether interior 
doors are open or closed inside a building

ïWhere the antennas are mounted(at desk level or ceiling)

ÅSmaller propagation distances make it more difficult to insure 
far-field radiation for all receiver locations and types of 
antennas



Partition Losses(same floor)
Picocells

ÅBuildings have wide variety of partitions and obstacles which 
form the internal and external structure

ÅPartitions formed as part of the building structure are called 
hard partitions

ÅPartitions that may be moved and which do not span to the 
ceiling are called soft partitions

ÅPartition vary widely in their physical and electrical 
characteristics, making it difficult to apply general models to 
specific indoor installations
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Partition Losses between Floors
Picocells

ÅThe losses between floors are determined by

ïExternal dimensions of building

ïMaterials of the building

ïType of construction used to create floors

ïExternal surroundings
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Partition losses

It can be seen that for all three buildings, 
attenuation between one floor is greater 
than the incremental attenuation caused 
by each additional floor



Partition losses


