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Radio Signal Propagation

INTRODUCTION

This document is provided to explain and smplify many of the terms rlating to antennas and RF (Radio
Frequency) used when dedling with an RF ingallation system.

The following diagram depicts atypicd radio system:

Transmitting Receiving
Antenna Antennz
Media
— Transmitter Receiver [
Information
(DatalVoics)
to be transmitted

Figure 1: A Typical Radio System

A radio system tranamits information to the trangmitter. The information is trangmitted through an antenna
which converts the RF sgnd into an eectromagnetic wave. The tranamission medium for electromagnetic
wave propagation is free space.

The dectromagnetic wave is intercepted by the receiving antenna which converts it back to an RF signd.
Idedly, this RF sgnd isthe same as that origindly generated by the tranamitter. The origind information is
then demodulated back to its origina form.

RF Terms and Definitions

dB
The dB convention is an abbreviation for decibds. It is a mathematical expression showing the rdationship
between two values.
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RF Power Level
RF power leve at either transmitter output or receiver input is expressed in Wetts. It can also be
expressed in dBm. The relation between dBm and Waitts can be expressed as follows:

paem = 10 X Log Pmw

For example: 1 Watt = 1000 mW; paem = 10 X Log 1000 = 30 dBm

100 mwW; PdBm = 10 x Log 100 = 20 dBm

For link budget cdculations, the dBm convention is more convenient than the Watts convention.

Attenuation
Attenuation (fading) of an RF signd is defined as follows:

P.

Fai
- Attenuation |

Figure 2: Attenuation of an RF signal

Pinistheincident power leve at the attenuator input

Pout is the output power level at the attenuator output

Attenuation is expressed in dB asfollows:PdB = 10 x Log (Pout/Pin)

For example:

If, due to attenuation, haf the power islost (Pout/Pin = 2), attenuationin dB is10 x Log (2) = 3dB

Path Loss
Peth lossistheloss of power of an RF signd travelling (propagating) through space. It is expressed in dB.
Path |oss depends on:

m The distance between transmitting and receiving antennas.
m Lineof sght clearance between the receiving and tranamitting antennas.
= Antennaheight.

Free Space Loss
Attenuation of the eectromagnetic wave while propagating through space. This attenuation is calculated
using the following formula

Free space loss = 32.4 + 20xLog F(MHZz) + 20xLog R(Km)
Alvarion, Inc. 1890 Rutherford Road, Carlshad, CA 92008 760.517.3100 www.alvarion.com

BreezeCOM and Floware unite




—
]
alvarlon\

We're on your wavelength.

F isthe RF frequency expressed in MHz.

R isthe distance between the transmitting and receiving antennas.
At 2.4 Ghz, thisformulais. 100+20xLog R(Km)

Antenna Characteristics

Isotropic Antenna
A hypotheticd, losdess antenna having equd radiation intensity in dl directions. Used asazero dB gain
reference in directivity caculation (gain).

Gain

Antennagain isameasure of directivity. It is defined as the ratio of the radiation intengity in agiven

direction to the radiation intensity that would be obtained if the power accepted by the antenna was radiated
equdly in dl directions (isotropicdly). Antennagain is expressed in dBi.

Radiation Pattern
The radiation pattern is agraphica representation in either polar or rectangular coordinates of the
gpatia energy digribution of an antenna.

Side Lobes
The radiation lobesin any direction other than that of the main lobe.

Omni-directional Antenna
This antenna radiates and recaives equdly in dl directions in azimuth. The following diagram showsthe
radiation pattern of an omni-directiond antennawith its Sde lobesin polar form.

Main Lobe

Side Lobe
Figure 3: Side View

Figure 4: Top View
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Directional Antenna
This antenna radiates and receives most of the signd power in one direction. The following diagram shows
the radiation pattern of adirectiond antennawith its Sde lobesin polar form:

Main Lobe
" SideLobe

Figure 5: Radiation Pattern of Directional Antenna

Antenna Beamwidth

The directiveness of adirectiond antenna. Defined as the angle between two half-power (-3 dB) pointson
dther Sde of the main lobe of radiation.

System Characteristics

Receiver Sensitivity
The minimum RF ssgna power leve required a the input of areceiver for certain performance (eg. BER).

EIRP (Effective Isotropic Radiated Power)
The antenna transmitted power. Equd to the transmitted output power minus cable loss plus the transmitting

antennagain.

Pout Output power of transmitted in dBm

Ct Trangmitter cable attenuation in dB

Gt Trangmitting antenna.gain in dBi

Gr Recelving antennagain in dBi

A Peth lossin dB

Cr Receaiver cable attenuation isdB

S Receaived power level at receiver input in dBm
Ps Recaver sengtivity isdBm

S=Pout-Ct+Gt-H +Gr-Cr
EIRP = Pout - Ct + Gt
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Example:

Link Parameters:
Frequency: 2.4 Ghz
pout = 4 dBm (2.5 mW)
Tx and Rx cable length (Ct and Cr) = 10 m. cable type RG214 (0.6 dB/meter)
Tx and Rx antennagain (Gt and Gr) = 18 dBi
Distance between sites=3 Km
Recaver sengtivity (Ps) =-84 dBm

Link Budget Calculation

EIRP = pout - Ct + Gt = 16 dBm
Pl =324 + 20xLog F(MHz) + 20xLog R(Km) @ 110 dB
S =EIRP-PHA + Gr- Cr=-82dBm
In conclusion, the received signd power is above the sengtivity threshold, so the link should work. The

problem isthat thereisonly a2 dB difference between received sgnd power and sengtivity. Normaly, a
higher margin is desirable due to fluctuation in received power as aresult of sgnd fading.

Signal Fading
Fading of the RF signd is caused by severd factors.

= Multipah

The tranamitted sgnd arrives at the recaiver from different directions, with different path lengths,
attenuation and delays. The summed signd at the receiver may result in an attenuated sgnd.

Transmitter Receiver
Multipath Reception

Figure 6: Multipath Reception
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Bad Line of Sight

Anopticd line of 9ght exigs if an imaginary straight line can connect the antennas on ether Sde of the
link.

Radio wave clear line of 9ght exigtsif a certain area around the opticd line of sight (Fresnd zone) is clear
of obgtacles. A bad line of sight exigtsif the first Fresnel zone is obscured.

m Link Budget Calculations

m Weather conditions (Rain, wind, etc.)
At high rain intengty (150 mmvhr), the fading of an RF sgnd a 2.4 Ghz may reach a maximum of 0.02
dB/Km.
Wind may cause fading due to antenna motion.

= Interference
Interference may be caused by another system on the same frequency range, externa noise, or some other
co-located system.
The Line of Sight Concept
An opticd line of Sght exigsif an imaginary sraight line can be drawn connecting the antennas on ether
sdeof thelink.
Clear Line of Sight

A cdlear line of Sght exists when no physica objects obstruct viewing one antenna from the location of the
other antenna.

A radio wave clear line of Sght exidsif a defined area around the opticd line of sght (Fresnel Zone) is clear
of obstacles.

Fresnel Zone
The Fresnd zoneisthe area of acircle around the line of sight.

The Fresnd Zoneis defined as follows:
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(Site A)

R1 =% O(l xD)
R: radius of the firdt fresnd zone
| : wavelength

D: distance between stes

Figure 7: Fresnel Zone
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Receiver
(Site B}

Figure 8: Fresnel Zone Clear of Obstacles

When at least 80% of the first Fresnel Zoneis clear of obstacles, propagation lossis equivaent to that of free

space.

Alvarion, Inc.

BreezeCOM and Floware unite

1890 Rutherford Road, Carlshad, CA 92008

760.517.3100 www.alvarion.com




