
Chapter 6“

,

Propagation Effects Due to Cross
Polarization, Gain, and Space
Diversity

6.1 Background

Threequestionsare broachedin thischapter,namely:

1.

2.

3.

Duringconditionsunderwhichfading occurs, are LMSSsystemsemployingsimulta-
neoustransmissionsat two polarizations(right hand circularand left hand circular)
viable?

What arethe relativefadingeffectsfor low and highgain antennas?

Do space diversitysystemsemployingspaced dual antennason a vehicleprovide an
advantagein reducingthe likelihoodof fading?

The above questionshave been addressedby the authorsthrough the analysisLMSS
measurementsat 1.5 GHz in Australia[Vogelet al., 1991].
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Figure6.1: Cross-polarizationisolation(CPI)as afunction of co-polarizationfade atequi-
probabilitylevels.
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DiversityOperation 56

Questionswhichhavebeen broachedare:

What is the increasein ‘signal accessdistance”as a functionof antennaspacingalong
the drivingdirection?

What is the improvementin terms of reducedfading (enhancedsignal) for a given
‘signal accessdistance”as a functionof antennaspacing?

The first question
DIF” and the second
paragraphs.

is addressedemployingthe
‘diversity gain,DG,” both

6.4.1 Joint Probabilities

concept of ‘diversity improvementfactor,
of whicharecharacterizedin the following

\ .

In Figure 6.3 are shown a family of cumulativefade distributionfunctions derived from
the above mentionedsimulation. The curve labeled d = O representsthe single terminal
cumulativefade distributioncorrespondingto data acquiredfrom over 400 km of driving
in Australia. The curveslabeled d = 14010 m representthe individualjoint probability
cumulativefadedistributionfor theindicatedantennaseparations(in the directionof vehicle
motion). Such a distributionrepresents‘the joint probabilitythat two antennasspaced a
distanced mutuallyexceedthe abscissavalueof fade.” We note that the joint probabilities
tend to coalescewith increasingantennaseparation.
and 10m separationsshowinsignificantdifferences.

That is, the fade distributionsfor 8 m

6.4.2 Diversity Improvement Factor, DIF

The DIF is definedas
PO(A)

DIF(A, d) = ~

—
&

(64)●

wherePO(A)representsthe singleterminalprobabilitydistributionat the fade depth A, and
Pal(A)representsthe joint probability distributionfor an antennaspacing d assumingthe
sameattenuationA is exceeded. ThX probabilitiesmay be obtained from Figure6.3. We
note, for example, that DIF(8,1) x 3 impliesthat when the antennasare separated1 m,

.

.-



6.4 DiversityOperation 57

100 $) -------------------- -------- =:C:c:c= c=c=czczczc=c=c =C:c= c-1
7
e

h

-r–r–r-r-r-r-r-r-r-r–r -r–r:~:l

s, :~:~:~:~:~:~:~:~:~:~:~:~:~ -L–l
4 L–L–L-L–L-L-L-L-L–L-L-L–L-L –1

9 1111111 11111111—---————————————-—-——-——— ———.
Ill Ill 1111111 I

a L–L–L-L–L-L–L-L–L–L-L–L–L–I
1111111 1111111

1log z
7-
6-
6–

4-

s-

2-

1

0.l

L-
L-
1-—
I
L–
I
I

Ill

\\\

‘ d ~ l~ml I‘d+()~m[ ,
Ill I

+

L-L-L–L–L- _ L-L–L– -L–L-I
B =K-c-c-c-c- C-czc :EEc- :C=l
: ‘rzrzrlrlrzr-
6 ‘r-r-r-r r-l-------------
s– L-L-L-L-L-L-L ‘––:~:~:~:~:1
4- L-L-L-L_L-L-L_ L- -L–L–L-I

3- “
111111 II

\\

11111-------—--——-—-——
1111111 II

-——----
Ill

2- -- L-L_L_L_L_L_L_L_L– L- –L–l
111111 1111 Ill
II @ * 101 8,15, 4, ~, 21--- 1 II
1 I I I I 1I I I I I I I I I I

O 1 2 3 4 5 6 ‘7 8 9 10 11 1’2 13 14 15

FadeDepth(dB)

--

r

L

.
L

Figure6.3: Singleand joint probabilityfade distributionsfor mobile communicationsoper-
atingin a space diversitymode with antennasseparatedby the distance,d.
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,
L,

the distanceover whichthe signalis receivedabovenoiseis threetimesgreaterfor diversity
operationrelativeto the singleterminalcaseassumingan 8 dB fade margin.

Employingthe above results,a leastsquareestimateof DIF was derivedgivenby,

DIF(A, d) = 1+ [0.2X in(d)+ 0.23]X A (65)●

whered is the antennaseparationexpressedin m and A is the fade depth in dB.

In Figure6.4 areplotted a familyof curvesof DIF as a functionof fade depthfor antenna
separationsbetween1 and 10 m. We note that at the largerseparationsfor any givenfade
depth, the rate at whichDIF increasesdiminishesrapidly.

—

6.4.3 Diversity Gain

The diversitygainis a conceptdefinedby Hedge [1978]for anearth-satellitecommunications
systeminvolvingtwo spacedantennasoperatingin a diversitymode in the presenceof pre-
cipitation. This conceptmay alsobe appliedto separatedantennasatop a vehiclefor LMSS
scenarios.The diversitygain is definedas the fadereductionexperiencedwhileoperatingin
the diversitymode at a givenprobability. It is equalto the differencein fadesbetweenthe
singleterminalandjoint probabilitydistributionsat a fixed probabilitylevel. For example,
for 1% of the time (Figure6.3) a fade depth of 12 dB will be encounteredwith no diversity
(d= O)and 8 dB with diversityassuminga 1 m separation(d = 1). Hence,operationin the
diversitymode with a 1 m separationyieldsa diversitygain of 4 dB.

In Figure 6.5 are plotted the diversitygainsversusantennaseparationsfor a family of
singleterminalfade levels. Each single terminalfade uniquelydefinesa probability level.
For example,an 8 dB fade occurs at a probabilitylevel of 3% as is noted from Figure6.3
(for d = O). Figure 6.5 shows that the effect of the antennaseparationis dramatic the
first2 meters,whereasat largerspacings,relativelylittle additionalfade reductionensues.
It might be suggestedthat at antennaspacingsgreaterthan the canopy width (e.g., 8 to
10 m), the diversitygain would show a noticeableimprovementsince one antennawould
have an associatedunshadowedline-of-sightduringthe time the lineof-sight for the other
antennais shadowed.This wouldbe the casefor a singletreescenario.However,the results
depictedin Figure6.5 correspondto caseswheremultipletreesexist along roads suchthat
the canopiesform a continuumof shadowing.Hence,the singletree model no longerholds.
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Figure6.4: DiversityImprovementFactors(DIF) as a functionof fade depthfor a family of
antennaseparationdistances.
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Figure6.5: Diversitygain versusantennaseparationdistancefor a familyof singleterminal
fade levels.
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