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Okumura-Hata Model

Microcellular areas span a few Kms.

Okumura in 1968 drew some path-loss curve In
the range of 100MHz to 1920 MHz

Masaharu Hata developed empirical path-loss
model based on measurement of Okumura
known as Okumura-Hata model.

Here separation between BS and MS Is greater
that 1Km.



L (Urban)(dB) =69.55+26.16(log f.) —13.82(log h,. ) —a(h,,s)
+(44.9-6.55loghg)logd

For large city,

ah. ) = 8.29(log1.54h,,)* —-1.1dB; for f_ <300MHz
"7 13.2(log11.75h, )> 4.9 dB; for f. > 300MHz

For small and medium city,

a(h,;)=(x.1log f. —0.7)h,,; —(1.56log f. —0.8) dB



For suburban and open rural area,
L_(Suburban)(dB) = L (Urban)(dB) - 2[(log( f, / 28)]° —5.4 dB
L_(rural)(dB) = L_(Urban)(dB) —4.78{log( f,)}* +18.33log f_—40.94 dB

The model is suitable for a distance above 1 Km. The model does
not support path specific correction

Coverage

Frequency: 150 MHz to 1500 MHz

Mobile Station Antenna Height: between 1 m and 10 m
Base station Antenna Height: between 30 m and 200 m
Link distance: between 1 km and 20 km.
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Walfish—Ikegami model is suitable for frequencies 800MHz to 2000
MHz where distance can be very small like 200m. Range of BS
antenna height 4 to 50m and that of MS is 1 to 3m. Distance in the
range of 20m to 5Km.
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For LOS case,

L (db) = 42.6 +26log(d) + 20log(fc); d >20m

For NLOS case, we have to consider,

H, .+ = Height of roof-top

Ahgs = hgs = Nygor

Ahps = Proor = s

w: width of street in meter

b: Building separation in meter along the radio path

¢: Road orientation w.r.t. the direction of radio propagation in
degrees incident angle relative to the street).



NLOS path loss composed of three terms,
LP(DB) = I—O T Lrts T I—msd

The model works best for the BS much taller than the surrounding
buildings.

L,: Free space path loss = 32.4 + 20log(d) + 20log(fc)
Lrts: roof-street diffraction and scatter loss =

-16.9 -10log(w) + 10log(f,) + 20log(Ah,,) + L

L. IS the street orientation loss:

(—10+0.354¢; 0<¢<35°
L. (#) =<2.5+0.075(¢—35); 35° < ¢ <55°
4.0-0.114(4—55); 55° < ¢ <90°
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18; hge <h

roof

K, =+ here — N
d 18—15 BTS roof ’ hBTS N hroof
L roof  ''MS
0. 7(% — j medium city and suburban centers

K =4+

1.5 L — urban centers
l 025

The parameter Ka increases the path loss in case the BTS is below
the rooftop. The parameters K; and K; are for adjusting the
correction between the distance and frequency with multiscreen

diffraction.
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Example:1

Find cell radius for the following parameters.

f. =1800MHz

Street width (w) = 20m

Spacing between buildings (b) = 40m
Average roof height (h..,,¢) = 40m
Mobile antenna height (h,) = 2m

BS antenna height (h,) = 40m

Street orientation ¢ = 90°

Allowable path loss =140dB
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Ahgs=hge—h =40-40=0

Ahys=hs— hys=40—-2=38m

Orientation loss,

L, = 4-0.114(p - 55) = 0.001

L, = -18log(11) + (hgs- h,.) =-18.75dB

K, =54

K. =4 + 1.5(fc/925 -1) = 5.42

The roof street diffraction and scatter loss,

L. =-16.9 -10log(w) + 10log(fc) + 20log(AhMS) + L,
=-16.9 -10log(20) + 10log(1800) + 20log(38) + 0.001
=34.25dB
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Free space path loss,

L,=32.4 + 20log(r) + 20log(fc) = 97.5 + 20log(r) dB

Multi screen diffraction loss,

L..s= L+ K+ Kiog(fc) - 9log(b) = 38.47 + 18log(r) dB
Allowable path loss,

140=L,+ L+ L= 97.5+ 20log(r) + 38.47 +18log(r) + 34.25
Or, 38log(r) = -30.23

Or,r=0.16Km = 160m
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Propagation model that predict the mean signal strength (not
rapid change in amplitude of signal) for an arbitrary transmitter-
receiver (T-R) separation distance are useful in estimating the
radio coverage area of a transmitter are called large-scale
propagation models. Since they characterize signal strength over
large T-R separation (several hundreds or thousands of meters).

On the other hand, propagation model that characterize the
rapid fluctuations of the received signal strength over very short
travel distance (few wavelengths) or short time duration (on the
order of seconds) are called small-scale or fading models.
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The three Basic Propagation
Mechanisms




Diffraction

Diffraction occurs when the radio path between the transmitter and
receiver is obstructed by a surface that has sharp irregularities
(edges). The secondary waves resulting from the obstructing
surface are present throughout the space and even behind the
obstacle, giving rise to a bending of waves around the obstacle,
even when the LOS path does not exist between T and R.
Diffraction depends on the geometry of the object as well as the
amplitude, phase and polarization of the incident wave at the point
of diffraction.
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Scattering

Scattering occurs when the medium through which the wave
travels consists of objects with dimension that are small
compared to the wavelength and where the number of obstacles
per unit volume is large. Scattered waves are produced by rough
surfaces, small objects or by other irregularities in the channel.

Absorption

Attenuation by solid material (for example wall)
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Diffraction
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Diffraction

« Phenomena: Radio signal can propagate around the curved
surface of the earth, beyond the horizon and behind
obstructions.

« Although the received field strength decreases rapidly as a
receiver moves deeper into the obstructed ( shadowed )
region, the diffraction field still exists and often has
sufficient strength to produce a useful signal.

- The field strength of a diffracted wave in the shadowed
region is the vector sum of the electric field components of
all the secondary wavelets in the space around the obstacles.
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Knife-edge Diffraction Model

- Huygen’s
SE ondary source

Knife edge
obstruction

When shadowing i1s caused by a single object such as a hill or
mountain, the attenuation caused by diffraction can be estimated by
treating the obstruction as a diffracting knife edge. This is the
simplest of diffraction models and the diffraction loss in this case
can be readily estimated using the classical Fresnel solution for,the
filed behind a knife edge.



Huygen’s secondary|

source \ I

Figure 4.13 lllustration of knife-edge diffraction geometry. The receiver Ris located in the shadow
region.

Consider a receiver at point R in the shadow region (also called
the diffraction zone). The field strength a point R in above fig is a
vector sum of the fields due to all of the secondary Huygen’s
sources in the plane above the knife edge.
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The electric field strength, E, of a knife edge diffraction wave Is,

L,

B F(v)—l+] [ exp(—2 )dz‘

Where E, Is the free space field strength in the absence of both
the ground and the knife edge and F(v) is the complex Fresnel

Integral. The Fresnel integral F(v) iIs a function of the Fresnel-
Kirchoff diffraction parameter v.

2d,+d,) _ [ 2dd,

V= h —
Add, Ad. +d,)
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The diffraction gain due to the presence of a knife edge, as
compared the free space E-field.

G,4(dB) = 20log|F(Vv)|.

An approximate solution of above equation Is,

z
]
E G,(dB) =0 v<—1
O
.g Gd {dB} = 20103{[}.5—0‘620) -lsuv <0
'E G, (dB) = 20log (0.5exp {(—0951)) Oso=i
)
el
; G,(dB) = 20103[0.4—.;’0.:134— (0.38—0.]0}2J 1<v<24
Z
G,(dB) = 201og(9-'i£) v>2.4
30 i i i 1 i i i
3 2 1 0 1 2 3 4 5

Fresnel Diffraction Parameter v

Figure 4.14 Knife-edge diffraction gain as a function of Fresnel diffraction parameter v.
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Example 4.7

Compute the diffraction loss for the three cases shown in Figure 4.12,
Assume A = 1/3 m, d, = 1km, d, = 1 km, and (a) h = 25 m, (b) h = 0,
(c) h = =25 m. Compare your answers using values from Figure 4.14, as
well as the approximate solution given by Equation (4.61.a)—(4.61.e). For
each of these cases, identify the Fresnel zone within which the tip of the
obstruction lies,

Given:

A=13m

d, =1 km

d, =1 km
(a)h=25m

Using Equation (4.56), the Fresnel diffraction parameter is

obtained as
o, Rldy+dy) (1000 + 1000)  _
v ”ﬁ, hdyd, 25373 % 1000 % 1000 ~ =

From Figure 4.14, the diffraction loss is obtained as 22 dB.
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Using the numerical approxamation in Equation (4.61.e), the diffrac-
tion loss is equal to 21.7 dB.

The path length difference between the direct and diffracted rays is
given by Equation (4.54) as

h°(dy+ds)  25°(1000 + 1000) _

Y2740, - 2 1000xi000 oM

To find the Fresnel zone in which the tip of the obstruction lies, we
need to compute n which satisfies the relation A = ni/2. For
A=1/3m, and A = 0/625 m, we obtain

2A 2x0.625

* % " oassas o>

Therefore, the tip of the obstruction completely blocks the first
three Fresnel zones.

n
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(byh=0m
Therefore, the Fresnel diffraction parameter v = 0.
From Figure 4.14, the diffraction loss is obtained as 6 dB.
Using the numerical approximation in Equation (4.61.b), the
diffraction loss is equal to 6 dB,
For this case, since h = 0, we have A = 0, and the tip of the
obstruction lies in the middle of the first Fresnel zone.
(c)h=-256m
Using Equation (4.56), the Fresnel diffraction parameter is
obtained as -2.74.
From Figure 4.14, the diffraction loss is approximately equal to 1 dB.
Using the numerical approximation in Equation (4.61.a), the
diffraction loss is equal to 0 dB,
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< Redrawing the geometry
B\ subtracting the height of

Tt >m . the smallest structure

10Km 2Km

The wavelength,
e 3x100 1

ﬂ/:—: —_
f 900x10° 3

B = tan1(75_ 25) =0.2865° y =tan EE =2.15°
10000 2000

a=pLF+y=2434° =0.0424rad

37



Now Fresnel-Kirchoff diffraction parameter,

©_00doa | 2x10000x2000
(1/3) x (L0000 + 2000)

The diffraction gain due to the presence of a knife edge,
0.225 0.225
G,(dB) =20logl —— |=20logl ——— |=-25.5dB
o (dB) g( v ) g(4.24}

") For 6dB diffraction loss, v =0,

V:h 2(d1+d2) :O
d.d,

—>h=0
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Therefore the knife edge obstruction just touch the LOS. The
geometry will take the form,

T
=
25m
10Km 2Km
H 25
2000 12000

— H =4.16m
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Scattering

Recelved signal strength Is often stronger than that
predicted by reflection/diffraction models alone

The EM wave Incident upon a rough or complex
surface Is scattered in many directions and provides
more energy at a receiver

— energy that would have been absorbed is instead reflected to
the Rx.

Scattering Is caused by trees, lamp posts, towers, etc.
flat surface — EM reflection (one direction)
rough surface — EM scattering (many directions)
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