N e O 9 Ld.al 47% @ 1:00 PM
21191889 - Read-only

¥

Read Only - You can't save changes to t... v

Mobile Radio Propagation:
Large-Scale Path Loss

The mobile radio channel places fundamen-

tal limitations on the performance of wireless communication systems. The
transmission path between the transmitter and the receiver can vary from sim-
ple line-of-sight to one that is severely obstructed by buildings, mountains, and
foliage. Unlike wired channels that are stationary and predictable, radio chan-
nels are extremely random and do not offer easy analysis. Even the speed of
motion impacts how rapidly the signal level fades as a mobile terminal moves in
space. Modeling the radio channel has historically been one of the most difficult
parts of mobile radio system design, and is typically done in a statistical fashion,
based on measurements made specifically for an intended communication sys-
tem or spectrum allocation.

3.1 Introduction to Radio Wave Propagation

The mechanisms behind electromagnetic wave propagation are diverse, but
can generally be attributed to reflection, diffraction, and scattering. Most cellu-
lar radio systems operate in urban areas where there is no direct line-of-sight
path between the transmitter and the receiver, and where the presence of high-
rise buildings causes severe diffraction loss. Due to multiple reflections from var-
ious objects, the electromagnetic waves travel along different paths of varying
lengths. The interaction between these waves causes muliipath fading at a spe-
cific location, and the strengths of the waves decrease as the distance between
the transmitter and receiver increases.

Propagation models have traditionally focused on predicting the average
received signal strength at a given distance from the transmitter, as well as the
variability of the signal strength in close spatial proximity to a particular loca-
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tion. Propagation models that predict the mean signal strength for an arbitrary
transmitter-receiver (T-R) separation distance are useful in estimating the radio
coverage area of a transmitter and are called large-scale propagation models,
since they characterize signal strength over large T-R separation distances (sev-
eral hundreds or thousands of meters). On the other hand, propagation models
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3.2 Free Space Propagation Model

The free space propagation model is used to predict received signal strength
when the transmitter and receiver have a clear, unobstructed line-of-sight path
between them. Satellite communication systems and microwave line-of-sight
radio links typically undergo free space propagation. As with most large-scale
radio wave propagation models, the free space model predicts that received
power decays as a function of the T-R separation distance raised to some power
(i.e. a power law function). The free space power received by a receiver antenna
which is separated from a radiating transmitter antenna by a distance d, is
given by the Friis free space equation,
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Figure 3.1
Small-scale and large-scale fading.
P,G,G\
P (d) = 5 (3.1)
(4n)°d’L

where P, is the transmitted power, P_(d) is the received power which is a func-
tion of the T-R separation, G, is the transmitter antenna gain, G, is the receiver
antenna gain, d is the T-R separation distance in meters, L is the system loss
factor not related to propagation (L 2 1), and A is the wavelength in meters. The
gain of an antenna is related to its effective aperture, A, , by

4nA,
%
The effective aperture A, is related to the physical size of the antenna, and
A is related to the carrier frequency by

G = (3.2)

A= = 206 (3.3)
[ o

where f is the carrier frequency in Hertz, w, is the carrier frequency in radians
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1)
dr= 33 ~6m
Example 3.2

If a transmitter produces 50 watts of power, express the transmit power in
units of (a) dBm, and (b) dBW. If 50 watts is applied to a unity gain antenna
with a 900 MHz carrier frequency, find the received power in dBm at a free
space distance of 100 m from the antenna. What is P_( 10 km) 7 Assume unity

gain for the receiver antenna.

Scolution to Example 3.2
Given:
Transmitter power, P, = 50 W.
Carrier frequency, f, = 900 MHz

Using equation (3.9),
(a) Transmitter power,

P,(dBm) = 10log [P, (mW) /(] mW)]|
= 10log[50 x 10°] = 47.0 dBm.

(b) Transmitter power,
P,(dBW) = 10log [P,(W) /(1 W)]
= |0log [50] = 17.0 dBW.

The received power can be determined using equation (3.1).
(AT , 2
p,=—tt7r” DDA _35,50%W=35x10" mw
(4n)°d°L  (4m) (100)° (1)
P_(dBm) = |0logF, (mW) = IDIngLJ.Sx 10 mWJ = —24.5 dBm.

The received power at 10 km can be expressed in terms of dBm using equation
(3.9), where d, = 100 m and d = 10 km

P (10 km) = P_(100) + zulug[%] = - 24.5 dBm - 40 dB
= - 64.5 dBm.

3.3 Relating Power to Electric Field

The free space path loss model of Section 3.2 is readily derived from first
principles. It can be proven that any radiating structure produces electric and
magnetic fields [Gri87], [Kra50]. Consider a small linear radiator of length L,
that is placed coincident with the z-axis and has its center at the origin, as

shown in Figure 3.2.
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