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Propagation Models for Microcells
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Propagation Models for Microcells

A Smaller cells foincreaseccapacity

A Base station height is typically about thatlasip postdn a
street(3-6 m above ground level)

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

A Dominant propagation mechanisms are:

I Free space propagation + multiple reflection+scattering+diffraction
around vertical edges of buildings and rooftops
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Geometry
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Microcells

Dual Slope Empirical Model

A To model path loss in microcells, empirical models can be use

A Measurements indicate thatimple power lossodelcannot fit
measurements with good accuracy

A A better empirical model is dual slope model
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Microcells

Dual Slope Empirical Model

A Two separate path loss exponemie used to characterise the
propagation, together with areakpoint distancef a few
hundred meters between them where propagation changes frc
one regime to other

10mn, logr + L, forr<rm,

L= [dB]

10n, logL +10n,logn, + L, forr>rn
! T

A where L IS the reference path Ioss at r=1m,

A 1, is breakpoint distance,

A n, the path loss exponent for 7 <1

A n, the path loss exponent for "~ 7;

Simple, but discontinuous at the breakpoint
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Dual-slope Empmcal Models
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Dual Slope Empirical Model

Continuous approach

L=1L, +10n logr+10(1, —n, )log(l + iJ
b
0B}

A n, =the path loss exponent for short distances
A n, = the path loss exponent for larger distance



Dual Slope Empirical Model

A Typical values for path loss exponents are found by
measurements to ben2 and n =4,with breakpoint
distances of 2000m

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



Physical Models

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

I Lineof-sight (LOS)

I Nonline-of sight(NLOS)
A For LOS case, it is possible to make some reasopabkzalizations
A NLOS case requires marige specific information



Practical Measurement Example
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Practical Measurement Example
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« High variability between routes at a given distance (see
-100  route D)
» Need to account for physical effects for greater accuracy
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Route D measurements vary over almost 45dB,despite rangt
being almost constant at around 30m



Practical Measurement Example
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Line of Sight Models

Street Canyon Models

<—>db

2NN

« Extend two ray
model to four,
SiX or more
rays
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Non-Lineof-Sight Models

APossible Mechanisms
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Non-Lineof-Sight Models

» Diffraction-dominated
case

Base station
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Non-Lineof-Sight Models

+ Reflection-dominated case
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Non-Lineof-Sight Models
Rooftop Diffraction

« Key mechanism for interference situations

, /_\\\
/




Non-Lineof-Sight Models

D > Buildings

* A,B strong paths, dominated by diffraction or reflection

Base Site

* C involves multiple reflection so weak relative to D
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Non-Lineof-Sight Models

Cell Shape
|
|
L
J'; :J ff’llx ‘h‘\\
11 Equal path loss
A = contours
P 7 ":}«:‘::z
- X
- "': -z . :";;_-... — _::__";_-:.:..:- i

"« Greater path loss

across streets
(diffraction)
compared to along
streets (reflection)



. Microcells
Recursive Model

AFind illusory distance /=0

J,
K=k, 10 él(qi 1—)
di =K %, &,

ko=1  d,=0

A Distance increases with turning angle

'é’lC] j Goo V€
& 90 ¢

a(a,) 5

where q,,=0.5 andv=1.5
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Recursive Model

A Path loss has dual slope behaviour

L =20logé——

D(r)= 4
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. Microcells
Recursive Model

A This model isntermediatebetween an empirical model and a
physical model

A Effective sourcs are introduced for no#ine-of-sight
propagation at the street intersection where diffraction and
reflection points are likely to occur

A The model breaks down the path between the base station ar
the mobile into a number of segments interconnected by node

A The nodes may be placed either just at #ie=et intersections
or else at regular intervals along the pagéllowing streets
which are not linear to be handled as a set of piecewise lineal
segments



. Microcells
Recursive Model

A Anillusory distancdor each ray path considered is calculated
according to recursive expressions

d;' - k.f‘ X T T df'—l
ki=k_ +d,_xql6,)
ky =1 d, =0
A where d, is the illusory distance calculated for the numbenof
of straight segments along the ray path(in above slides we sa

example of n=3) and rs thephysical distanden] for the line
segment following the jth node.

A The angle through which the path turns at node'j;iglegrees]



. Microcells
Recursive Model

A As this angle increases, the illusory distance is increased
according to [0_5 6, Jl.s

'53(9; ):

A Path loss is calculated as

Ill' -
n rir, forr >,
. D(r)=1" .
i 1 forr<r,

J=1

90

L= ZOIOg{ 4'?;6;” D

(=]

A The equation of path loss creates a dual slope behaviour with
path loss exponent of 2 for distances less than the breakpgint
and 4 for greater distances.



. Microcells
Recursive Model

A 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



Site-specific Ray Model

+ GTD/UTD based

« Complex in terms N
of input data,
computation time

-155 276 -397 512 638 -759 -BRO -100.1 -112.1 -1242 -200.0 dBm

3/8/2009 SEECS 29



_ Microcells
Conclusion

A Propagation in microcells can be modelled using either
empirical or physical models

A 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

A A simple path loss exponent model is inadequate and a dual
behaviour must be accounted for



Propagation Models for Picocells

A This part of slides has been made from Rappaport
Book from page 15167.Please read from book.

A You do not need to do Leagdjstance Path Loss Model
from your book on page 161

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



Propagation Models for Picocells

A Indoor radio propagation is dominated by same mechanisms
as outdoor:reflection,diffraction and scattering

A However ,conditions are much more variable.
A Example:

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

I Where the antennas are mounted(at desk level or ceiling)

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



o Picocells
Partition Losses(same floor

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

A Partitions formed as part of the building structure are called
hard partitions

A Partitions that may be moved and which do not span to the
celling are calledoft partitions

A Partition vary widely in their physical and electrical
characteristics, making it difficult to apply general models to
specific indoor installations



Partition losses

Table 4.3 Average Signal Loss Measurements Reported by Various Researchers for
Radio Paths Obstructed by Commaon Building Material

Material Type Loss (dB) Frequency Reference
Al menral 26 =15 MHe |ConEEh|
Aduminum siding b4 K15 MH» [Coxsih|

_lm;nxul;niurl - - o 35 HI1E MM [ on s3]
Concrete block wall 13 I 3000 M IRap91c¢]
Losss frommn org Flawsr 2i1-ALh 1AW MH |Raptic]
Lavss fromm o Flowsr and ome wall S 20)-500 I 3HN MHe [Rapalc]
|'.I\.|c'_\.‘l-|1-';'l‘.L".i :'..iE-I-r_.;hIHHk'I turmed @ right angle cormer ina | 1-15 -I:_'HH:I MH- [Rapic]
worrdor
Light tesole inventory -5 I3 MIH . |Rap2ic)
Chain-like fenced i srea 2000 high contaiming wols, inventory, 5: I l:- o - I?-t;h-.":'I‘I Ir | Raparic |

and people

Maetal Blanker 12 =g I 4-7 1300 MM |Rapic|

Metallic Boppers which hold wru; |-|;|.:|..ITI.1.-|. r...'..'.g.\'lln_-_' 14F =y £ 3B 1 30HF MH 2 | Rap |
Small mwetal pole — 67 diameler 1 1 30 MH# | Reagpt |
:'ﬁ-'.l\.'l:]-[‘lli]t} sy stems wsed to hobst it imvengors, 4w o (3] 1 3060 M. | Rapt |
Laght machinery < [ =g 0 o |---l.. S -i:'llﬂ;!l _;glii.- -I {_._]1':r-|1-_-|“ o
Gieneral machinery 10k = 20b sy 01 o 5-111 13060 MH- | Reaptd 1|
Heavy machinery ‘;\-E':I-:LTH_- S 14112 13060 MH, | Rt ]
_ii_u:ll;x[ catwalkfstairs | 5 13000 MHL, |Rapt ]
Light texrile .‘ 15 1300 MHe - [Rapic|
Heavy textile inventory o | .}-;.]-I_- o 13N M Hr IRepYile)
Avrea where workers inspect meetal finished products for defects 112 130Ky MH- [Rapa ¢
Maetallic inventory 1-7 1300 MH- TRap@ ¢
Large |-beam — 16 - 2007 H-liy 1300 MM [Rap1c]
Metallic inventory racks — 8 sq It ' 3y 1300 MHz [Rap@1c]
Empay cardboard inventory boxes 36y 1 300 BMH [Rap@ic]
Concrete block wall | 3= 24} 1 300 MAH - [Rap2ic]
Ceiling duci '|-H-_.-. - B | 50H} 11|_{,: T | Rupsic]
5 mstorage rack with small metal pars (loosely packed) 4t 1 50 MM | Rapsric]
4 mommetal box slormge 12 | ZiM WIH ¢ | Rapric]




Partition losses

Table 4.3 Average Signal Loss Measurements Reported by Various Researchers for
Radio Paths Obstructed by Common Building Material (Continued)

Material Type Loss (dB) Frequency  Reference
5 m storage rack with paper prodocts (loosely packed) 24 1 3061 MH- |Raptlc|
5 m storage rack with large paper prodoects (ightly packed) tx 13061 MH - |Rapc|
5 m sworage rack with Large metal parts dtightly packedy ) 1306 MH- |Rapic)
Typical MNAC machine L[] 13000 MH- IRapiic|
Semi-auomated assembly line 5.7 13K MH= [Raple]
0.6 m sguuere reinforced concrete pillar 12-14 13406 MIHL, [Rap |
Stainless steel piping for coak-conl process 15 1300 MH- [Rap9lc]
Congrete wall B-15 134000 MH= [Raplc]
Concrele ﬂm;-rl---h_ ) - [ [}] I 300 MH [Rap<ic]
Commercial absorber R ] Gun GHe | WicHE]
Commerial absorbe 51 288 GHx | Vioss]
Commercial absorber | S0 S5T.6 GiHz | WinHs]
Shectrock (W8 in) — 2 sheets 2 Q. GHs | Wioss]
Shectrock (358 ing 2 shects 2 2HEGH | WinsE]
Shectrock (308 in) 2 sheeis 5 ST GHe IIGE] |
Dry plywood (W4 in1 — 1 sheat o 1 b Gl |WindE]
Diry plywosod (304 in) — 1 sheet L IHEGHS | WiosE]
I)r} p|_'-"“.n-nq,| {304 im) I skt | o) AT 6 GHs | VinsE]
Dy plywosod (374 in) 2 sheets 4 ety GiHLe | Vinsg]
Dy plywosd (3/4 in) — 2 sheeis fy IR GHe [ VinsK]
Dy plywoond (304 ind Y chevcis 14 ST 60 0Hs | WinakE]
Wi plywood (304 in) 1 shwet 1% NN 2 | ViaEx]
W plvwesond (304 In) — 1 shwet 32 IE.N CGiHx I Viaskx]
Wit plyvwosod {304 ind 1 sharct it 57.6 GHz [ ViekE]
Wit plyvwosond {304 in 2 shecis ki Qi GHe | WiokE ]
Wit plywosnd (304 in) 2 sheects by RN GHe | Vioss]
Wit plywoswd (304 in) — I sheets ST ST.H GiHz | Wianss |
AJumrinuwm | I in) I sheet 47 G GH s | Wi ]
Alusinum (178 in) I sheet T 2REGHe | WiosE]
Adurminum 158 in) I sheet 53 ST.6GHe . .-|'~.|.-.HH|




N Picocells
Partition Losses between Floors

A The losses between floors are determined by
I External dimensions of building
I Materials of the building
I Type of construction used to create floors
I External surroundings



Partition losses

Table 4.4 Total Floor Attenuation Factor and Standard Deviation o (dB) for Three
Buildings. Each Point Represents the Average Path Loss Over a 204 Measurement
Track [Sei92a]

915MHz 1900 Number
FAF Number of MHz of
Building (dB) o (dB) locations FAF (dB) o (dB) locations
Walnut Creek
One Floor 33.6 3.2 25 31.3 4.6 I 10
Two Floors 44.0 4.8 39 38.5 4.0 29
SF PacBell
One Floor 13.2 Q.2 16 26.2 10.5 21
Two Floors 8.1 8.0 10 334 9.9 21
Three Floors 240 3.6 10 35.2 59 20
Four Floors 27.0 6.8 10 384 34 0
Five Floors 27.1 6.3 10 46.4 319 17
San Ramon
One Floor 2401 5.8 93 354 .4 74
Two Floors 36.6 6.0 b 33.6 3.9 41
Three Floors 3.6 6.0 70 35.2 3.9 27




Partition losses

Table 4.4 Total Floor Attenuation Factor and Standard Deviation o (dB) for Three
Buildings. Each Point Represents the Average Path Loss Over a 204 Measurement
Track [Sei92a]

915 MHz 1900 Number
FAF Number of MHz of
Building (dB) o (dB) locations FAF (dB) o (dB) locations
Walnut Creek =
o It can be seen that for all three buildinks
Two Floors 4.0 attenuation between one floor is greater
SF PacBell _“ than the incremental attenuation caused
One Floor <__ by each additional floor
Two Floors
Three Floors 5.6 10 352 3.9 R}
Four Floors .4 10 384 34 "
Five Floors .3 10 46.4 R 17
San Ramon -
One Floor 291 5.8 03 354 .4 74
Two Floors RIGHA H.10) ol 56 549 41

Three Floors RAV NN 1) T 15.2 3.9 Ly




Partition losses



