Mo BIL €

T¢aDio

HALWEL



2 Avltomma Eumda Mﬂm{a& @
BQSI'C. (om c.a,zl(_(

ISoon ic Souncn: ® J;M P
er‘aﬂ d chf‘iojf«n aad a MM?Y

/170\/1'!'03 Voefm - Powsrn D.omsf\(y:

pouss [aa

’Ro.c[:‘a,{"ea(’t?ouu« '{"L\Aouact Qwv..{aw

W = fj'l-;.d? - //?.J_s
S

" Isa&opc'c Cnca
X/: PUld*®

Fn.!.n S[mc«. 74a445/n4/'s$iov) meﬂc‘

T M
qird’®

fl?aolc‘afo‘m/ Im tﬂmc o{y (?Ow*‘/w(lc( M?é)
Isotro{w’c ()o - ‘4&”_ - el F



(l?aC[(a- (ow 1?“-&9/‘““ . G-Mg‘rtfi»f?(\.c'co\.o @
sl(éf',u'é/&{lam 0—{- ’POW J‘?.CI-CL.*O!»M
b\/ G Socns ( aJc'Mu.H.&o ,.e(e,w&é“au)

Tso"/a,‘u'c Scece cw,Qg baﬂa Iz.a.%
Rﬂap AM&MMQ: clt'/uc.(‘c’o«J

(F 23

rm
(Om,m'o(a'mc\(c'o«aﬂ T hwaowﬁﬂ

Dane Ji vil(y @

D - mtaximyvm Aaclc’a(iu/ ;’Mt’M ge £ y
Jzac{:'a‘c‘o«n JmtoMcc”(y N

zso{/oru’c Aom® N ""f"”'J

. W i ,;‘%Hs < Soli dawm
B L < Boamwidth o J:le y



5. [7ds _ [Jlut)ds ©
) Um - U

,'I .Z% dsiwe Je dé

Um

[ Ud=
U

& xom /:er
( wch mo(;'a{/au 7>aﬂ~24~.

W= J,l” [OUM Ssar®’ c[a’c[p: 2 (l-¢o36 ) Unm
o 0

L

B -

N o2 = swé de c(¢

'D: ()M - Z .
2T ([~ c38) Um (- cos O
qa

O:ﬂ = D:"i y 9: Fﬁ =» D:Z




P

Element of
Area ds

FIG3-1 200%






ﬂp{')noxa‘/wzq A‘a/v
B~ Ae A¢ @
A6, AQ ho‘p-(rodlh La/vc{w:'c(ﬂ,_,

) QMF& | ( racliancs )
U= Omcotd

A/ = fuT[nh
| . Im s 6 .
swo dod¢ - TUn~

‘ H:=0

/D:‘f( o7 T

_/v/ \WW-W%—
yir

Gras
7AiM . amfp«m« L,[[‘W
é? = /({_U_’.'.’. - N
Uo N 7'D O‘(”lé(



%007 £€HI




QPMt‘W OMtvmm (/lw.s t.QArvmmq,‘,‘Mi @
swefudomca + smbudmsic 4 ponfa dice

termumal "MJ ,0006{ MCQAMM Fﬂu{ﬂ,

A'MLA‘MSC'C. : ﬂ“% ( ‘MJN#G (w'v)

A M"‘w e Ammmened sm J[LG(Aa-
| Mﬂ.am‘o‘c V[CJGI

Az Dowsm Joss  (.0y
’70‘4)“ dgMu}(’

) €f/« frae Moot - oot Srn: ope

Touwsn olprase ‘y
b) ULess A-’u«ﬁua “Yous dc“c’paéo(au bt

9 A;M 1"’—“‘-’“ afhcbid bock

d) (o Lao\(c‘/\q Afw‘ s @avbec




“Pouan ,w('/!nc.bJ '&ow /Wtaqp«,cffc @
Jc'f.oJ AMCLargy wcﬂn e e{iwfy

D=kHR

Tsobwopic . A= A Am ; D=o




Fm:{.s FM‘SPO"“ (';lazns/mt:ﬂ'ad/ ’Fmrvmﬂq@
é;“ifﬂ %Wétf é t




MOBILE RADIO PROPAGATION MODEL

INTRODUCTION

PROPAGATION PATH LOSS

léW/\V
r t
In dB

L = -10logl = —IOIogWr + lologWt

Free-Space Path Loss

L = -10logG_ - 10logG_ - 20logA + 20logd + 21.98

Cam«pb:
Lz 16N
L = 20logf + 20logd + 32.44 dB de 10 bhomn
e [l?.“‘f

G =G =1;finMHz; dinkm) % L
t r o

Plane Earth Path Loss
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where

Ad = (ll + 12) - (dl - dz)

2 1/2 2 1/2
Ao = 2nd ht * hr ht - hr
v =X d M B | e | B

Using the approximation (1 + % = 1+ x/2, for small x
For small Agp, sln—;'— = g’ . Then {': “i . JOM
bhog b5 o

d: 1 [ PO
Cols 1238

L = -lOloth - lologGr - ZOIog(hthr) + 40logd

Rayleigh criterion for smoothness

4nco

X , S < 0.1, then smooth; S > 10 then routh

S =

Knife Edge Diffraction Loss

E = EOFejA'

S(x) + 0.5
vV 2 sin(Ap + n/4)

-1 S(x) + 0.5 x
B = - [C(x)+0.5] "3

C(x) = rcos [—;_“2] du
0

12



iS(x) = J)sln[%uz] du

0
2[4+ 9,
x=-h A dd
172

L = 10log|E/E |* = 20logF

Multiple Knife Edge Diffraction Loss

a) Bullington'siModel ( ‘tw 0-0 L:LA‘: (l'o‘"&)

b) Epstein - Peterson’s Model ( Com e {I'GQ o “ {,W e {1'0«4 )
c) Deygout’s Model ¢ OQW‘M 1 0‘ ng e (I'”! )

Path Clearance Conditions

Loss Due to Reflection/Refraction

2[4 *% ]
h /A 31d2 >v 2

Therefore,

Avoiding Nulls at the Reception

2h h
d= t r

13
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3.3.5.1 Loss Due to Diffraction

A measure of path clearance for propagation over hilly terrain
may be given by the Fresnel zone radii. Consider a plane placed
perpendicularly at an arbitrary point O between transmitter T and
receiver R. Let d, = TO and d, = OR be the respective distances.
Draw concentric circles of radii h, n = 1, 2, ..., such that the
indirect path from T to R via each circle is nA/2 greater than the
direct path d, + d,. Using an approach similar to that carried out in
Section 3.3.2, it is straightforward to show that

nidd,
- |—11 3.46
h, | +d, ( )

Equation 3.46 defines the radius of the nth Fresnel zone. The
segments delimited by adjacent circles are the Fresnel zones. It is
recognized that the first Fresnel zone (radius h,) bounds the volume
contributing significantly to wave propagation. Therefore, path
clearance is obtained if L

Add,
d +d,
From Equation 3.42, it can be noted that the condition h > h,

corresponds to x > J2*, implying a negligible loss (refer to Figure
3.7) due to diffraction.

h>h = (3.47)

»
3.3.5.2 Minima and Maxima at Keception :

Analysis of the plane earth propagation conditions leads to some
interesting conclusions. Referring to Equation 3.32, it is readily seen
that the field strength may pass through minima and maxima
depending on the phase difference between direct and indirect
waves. Minima will occur when the argument Ag@/2of the sine
function equals n7t, where n is an integer. In the same way, maxima
will occur for this argument equal to (2n-1)n/2. Using these
conditions in Equation 3.31, the distances of minima, dmin_, and of
maxima, dmax , are, respectively

dmin, = Zhh,
ni

* Note that in Figure 3.11 the height h corresponds to -h in Figure 3.6.



4hh

1 r

(2n-1)A

d max, =

Note that, as n increases, both dmin, and dmax, decrease. Hence,
for distances

d>dmm,=—2—’-:f1—’ (3.48)
minima will no longer occur. In the same way, for
d >dmax, = 4}2},’ (3.49)

maxima will cease to occur. In such a region, the loss due to

reflection exceeds the free space loss when d >12hh, /A, where
Equation 3.33 (or, equivalently, Equation 3.34) can be used.
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Prediction Models

1) Egli Method

L =139.1 - 20 logl'lt + 40 logd

2) Blomquist - Ladell Method

L = Lo + Max(Lp. Lk)

L

L=L +v/L2+L
0 P

3) Longley - Rice Method

20 MHz= Frequency = 40 GHz
0.5 m = Antenna height = 3 km

1 km = Distance =< 2000 km

Ab’ = Ah[l - exp(-0.02 d)]

4) Okumura Method

Gain G(ht) of 6 dB per octave for base station antenna height
G(h) = 20log(h /200), h > 10 m.
Gain G(hr) of 3 dB or 6 dB per octave for mobile station antenna height depending
on the range, i.e.,
G(hr) = lolog(hr/3). hr < 3m

G(n) = 20Iog(hr/3), 3m = hr =10 m

L=L +A(f,d -G -G() - Gh)
0 area t r

14
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Median Attenuation, A(f,d) (dB)
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Correction Factor, GARga (dB)
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5) Hata’s Formula

L = 69.55 + 26.16logf - 13.82logh - A(h) + (44.9 - 6.55logh )logd dB

where 150 MHzs f = 1500 MHz
30m = ht = 300 m
1km s d = 20 km

For small or medium size city
A(h) = (11logf - 0.Dh_- (1.56logf - 0.8) dB
where 1m = hr =10 m
For a large city
Ath) = 8.2910g’(1.54h ) - 1.1 dB (f = 200 MHz)
and

Ah) = 3.2l0g’(11.75h ) - 4.97 dB (f = 400 MHz)

6) Ibrahim - Parsons Method

A Simplified Path Loss Model

w x=1 for h < 3m
r ”hx r
Wt r ’ x =2 for 3mshr510m
w 1
w'u , 2sas4
¢ da“*
wr 1
~ 5 2sys3
wt 2
w G G h’n*
f'K e R il
" a%e’
WGG hh”
ti ti ori tiori
Wﬂ-K
air

(s
bk 1/




where
2 X -y
W G G h h f
B = tj tj rj tj rj j
i WGG h h f
ti ti ri ti ri i
w d \“
i _ j
W d
ri i
w d
10log wrj = -alOlog qj—-
ri i
w [ d Vax
rl - 1
w d
rd . 0 )
4 T
Wr2 ) d2 2
w
rl L 1 )
W d _al
rn - n
W d
rn-1 a-1
Then
W n d —ai
ra i
w_ -
r0 i=1 i-1
W d 1%
rn - n C
w d 1
r0 0
where
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Considerations on Other Effects

1) Atmospheric Conditions f‘..;“%:" '“.‘.jt"g"‘”' w‘b ﬂ"’w
2) Foliage .Q"J J‘ .‘OG N2 .NQ’M

‘I{ua&f
» S hofar

L = 16370 + SXRCZO/Dlog + £/2000 g/, elsant, fy

L = 1637¢ +

and

v Sasom ‘
Conductivity of various types of foliages 'i y
loxs low
Foliage ¢ (x 10°°) Dry ¢ (x 107°) Wet (“ Low VN £

Bare tree, branches 0.5 -1 2 -10 ,.’,’ ‘ .("
Deciduous, full leaf 1 5 -20 UHF
Evergreen forest 2 -5 5-20
Thin jungle scrub 1 -10 3 -20 ‘o Clg
Dense rain forest 10 - 50 50

ok!

3) Street Orientation wave cy“bs ne CL. ,
4) Tomnel W‘Aﬁd" ] 10-%0 4R f

STATISTICAL DISTRIBUTIONS OF THE MOBILE RADIO SIGNAL

Log-Normal Distribution :Dl ‘P‘t‘ “m MJQ [ ‘ l‘c'ﬂ( M'MU"}
Me ie FAW&‘O’J,

6/*
y=Vie + jue)jup =a + §8 8’ OP. ak

ol: O‘“’Owu'u‘lq ab ot e
17 Pk.g C.& MJ/{:;

E = t:oet o




where

R [m+1]

E=E 0e)(p(-a.l')

Log-Normal Distribution

E = Ei_lcxp(-alArl)

Then

= exp(x)

<
[}
m

p(Y)|dY| = p(x)|dx|

1
vV 2r crxloge

p(Y) = —B-;T p(x) -

Therefore,

18
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1 2
Y - M
p(Y)=————!————exp— 1[ Y]

p(y)

In the same way, if R = logr then

In’(r/m )
1 r
p(r) = ——— exp |- e ———
YV 2r o 20
X X
The cumulative distribution is
Y

0
P(Y,) = prob(Y = Y,) = I p(Y) dY

Rayleigh Distribution

s = aexp( )uot)

——

, aicxp[j(uot + 91)

2 [ Zapes)] 2P fuet)

Equivalently,
a
s = rcxp[j(uot + 0)]

where

&

n
rexp(je) Z a'cxp( Jei)
i=1

But

19
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Then

where

where

n n
rexp(je) = z acose + | Z asing, 4y Jy
=1 i=1

p(r,8) = |J|p(x,y)

ax/ar  0x/d@ |
;8

ay/dr dy/ e

2
p(r,8) = 2:‘_ exp r2
r 20‘r

2
p(r) = [p(r,e)de
0
' 2
—r—exp - J , rz0
2 2
o 20
r r
= 4
0 , otherwise
\
"o 2
o
P(r ) = prob(r = r ) = Ip(r)dr =1- cxp[— ]
0 0 2
2¢r
0

20
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Ricean Distribution

scattered waves direct waves

s_ = rcxpzjwot + 65‘+‘aexpijwot)

or, equivalently

s_ = [(x +a) + jy]cxp(juot)

Note that, in this case,

2 2
r=(x+a)2+y
X + a = rcos@

y = rsin®

2 2
r r’ +a ar
p(r) = exp|- I
o, [ 20, ] °l o’ ]

r

n
ar 1 arcosé
'o[ z] = r°‘P[‘—z——]d°
o o

Suzuki Distribution

2
_r N
p(r|R) = 3 exp[ = ]

o 20
r r

Therefore
ZOlog[E[rlk]] = 2010g[ n/2 a‘r] = R

or, equivalently

o‘r =v 2/x 10“/20

21
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2
_ nr B nr
p(r|R) = 5 10R/10 e’(p[ 4 10”10 ]

p(r) = [ p(r|R)p(R)dR

-

2 R-M
p(r) = / .z ;/10 2 "R/lo e ; - -
&rl 10 4 10 R
-

2

drR

SIGNAL COVERAGE AREA (CELL AREA)

e

k(1/L)™

4
"

2 10logm_ = K - 10alog(l/L)

where K = 10logk.

Proportion of Locations at Distance L

B B prob(w = W') = I p(w)dw

w
0

or

B & probw = W) = I p(W)dW
w
0

where W = 10logw and WO = lologwo.
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Proportion of Locations Within the Area Defined by L

__1 >
u = A [ prob(w = Wo)dA

A

where A = nL? and dA = Idlde. Therefore

2"
we—s r[ prob(w = w )ldide

00

- JAprob(w z w)ldl
Ll 0

If W and W0 are expressed in dB

rprob(w z WG)ldl

“:
L
0
Log-Normal Fading Case
2
w - M
p(W)=—l———cxp- ; = =
vV 2r 0" w
WO—
B = prob(W =2 W) = —|1 - erf
0 —
V2 o

00
§e 21 rl 1 exp(-u®)duld]
L v
u

where

W - K + 10« |l og(l/L)
vV 2 a'w
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and

W, - K+ 10« | 0og(1/L)

2 1 1 11
B Sy r[ = = =3 erf(uo)] Idl = s & asagoe rcﬁ(uo)ldl
8 L
0 0
Wo - K
i v1e, W, - K vie, W72
H="3 " 10a loge e 10« loge I exp 10aloge crf(uo)duo

2(K - W )10aloge + 200

1 R~ W,
M= 1 +erf|l—— | + exp
w

v2 o 100a’10g’e

2
(K - W )10aloge + 2¢
1 - erf[ 2 hd ]

(10aloge) vV 2 -

Rayleigh Fading Case

p(w) = ; exp[— :; ]

w w

w
B = prob(w = wo) = cxp[- mo ]

w



where

y
r(xy = [ t* exp(-t)dt

0

Some Examples

1) Let the mean signal strength at 1 = L be M' = K = - 100 dBm* in an environment
where @ = 3.5. We want to estimate the probability that the received signal exceed a
threshold v, = -105 dBm a) within the circular area delimited by L and b) at the

perimeter of the corresponding circumference.

Log-Normal Fading Case

Assume that ¢ = 5 dB. Hence (W_-K)/foe = (W _-M )/eo = -1
w 0 w 0 w w

a) From Figure 3.22 u = 96%

b) From (3.102) B = 84.13%

Rayleigh Fading Case

Since Wo - K =-5dBm

a) From Figure 3.23 p = 90%
b) From (3.110) B = 73%
2) Let the mean signal strength at 1 = 10 Km be M = - 100 dBm in an environment

where @ = 3.5. We want to estimate the cell radius L such that the mobile stations
receive a signal power above Wo = - 110 dBm 90% of the time a) within the circular

area delimited by L and b) at the perimeter of the corresponding circumference.

Log-Normal Fading Case

Assume that v - 5 dB.

a) From Figure 422 with p = 90% we find (Wo - K)/o" = -0.47, yielding
K = -107.65 dBm. Since M_ - K = - 10alog(l/L), then L = 16.5 Km.

b) From (3.102) with B = 9% we find (W_ - K)/o" = - 1.28, yielding

0
K = - 103.6 dBm. Then L = 12.7 Km.
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Rayleigh Fading Case
a) From Figure 4.23 with p = 90% we find Wo - K = - 52 dBm, yielding
K = -104.8 dBm. Then L = 13.7 Km.

b) From (3.110) with B8 = 90% we find WG - K = - 100 dBm. Then L = 10 Km.

BOUNDARIES BETWEEN CELLS

Joint Rayleigh Fading

o -r:
p(ri) = — exp =
m, 2-i

] i=1,2

p(rl,rz) = p(rl)p(rz)

o
1
8| B

B = 20logb

A = 20loga

C = -IOlog(czl m m 2)

2 2 cZ 1
exp|- —= |1 + — exp|- —
2 2 2,2
2m a 2m a" b
. . L
P(a,b,c) = 3 + - exp|- 3~ —2+——2-
l+b—2 1+ ;2 1 2
a a'b
2 1
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3.1 AMBIENTE LOG-NORMAL

Resultado obtido por Reudink

)= (5]

®e,
®e,
.....
e,
®e
.

1 2ab+1
n=—231+erf(a) + ex (——
M 2{ ( ) P b2
a=(K—-Wg)/\20ow
b = 10alog(e)/v2 ow
1,0 pu
K&
08 |
0.6 +
04 |
oy =desvio padrao ‘ b
coeficiente de perda de XS
percurso (o) o, =8dB™<
02f === 30
- 23
weeee 40 oy =15dB
0,0 ' : :
-1 0

(limiar - potencia media)/desvio padrao



Joint Log-Normal Fading

R-M
p(Ri) =9 v

2
p(u) = I - exp(— L]
(2m)'? ‘

¢(u) = [ p(x)dx

-0

R=RZ-R1

B=M2—Ml

M=M -M =B
2 1

and

2 2 2
o =a~l+a‘2—2p¢rc

SR

(2] o222

p(A)

P(A)

The Geographical Distribution of the Mean Power Ratio

m, )? x, ¢
b2 - mz - xl
1 2
X
h = . b2/¢

X
2
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where

_ area OBED
~ Tarea OBA

2h +1
2fTYB=-
h+1

The Geographical Distribution of Instantaneous Power Ratio

T = J"d(x)P(a,x)dx

0

Proportion of the Cell Area With Three Alternative Paths

The Geographical

Distribution g Mean Power Ratie

5 areca OBEG
arca OBA
23 Y’ 5 3 Y(’;
d=1+ -v 3 CD°|sin |———
hz -1 CD

4 tan(o)[v’ YB(hz =1} = 3]

(h? - 1D (V3 - tan(y)

28
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CD

]



N st L X

o 2(h? - 1)
Vs'[-1+v/4h2-3 )
Y’ =
9 2(h% - 1)
CD = z2h
h -1
Y
tan(¢) = =
7 o2
v cp Y,
h=zv 3 .

In a similar way

_ _area BEG
areca OBA

s5=1+ 12 tan(e) - V3 ol sin—l[

33

(V3" - tan(8)) (h? - 1)?

4 tan(¢)[\/ YE(hz “ 1§ = 3]

- -3-w3 Y(’;)[l-

(h? - )2 (V3 - tan(¢))

where Y., CD and tan(¢) are given by (3.129b), (3.129d) and (3.129¢) respectively, and

. h[v’—fh—v/4—h2 ]

Y' =
» 2h% - 1)

tan(e) =

29

Y’
CcD

4 tan(e)

(h*- 1) ¥/ 3" - tan(e))

|



Joint Log-Normal Fading

2 2 2
1 -1
p(R,R_,R) = exp [R—M] +[R-M] +[R—M]
1 2 3 V—z—FO_S 2‘2 1 1 2 2 3 3

P(R,R R) = ”[ p(R R ,R)dR dR dR,
' s

where S is the solid determined by

IR, -R,| =A
IR, -R,| sA
IR, -R | =A

The Geographical Distribution of the Instantaneous Power Ratio

1

1 1,
Ax Ax
5 = A;‘,Ay ) W{—iAx,j o }P[—mx,j - ]
i=0 j=0 V3 V3
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