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Abstract— Macroscopicspace-timecoding,whereeachsingle-
antennabasestation actsasoneof the antennasin a space-time
coding scheme,is an attracti ve method to impr ove the perfor-
manceof wir elesssystems,particularly for applicationsrequiring
at least partial broadcast. However, becausethe usersto whom
the signalsare broadcastcan be spreadacrossa wide geographi-
cal region,the time of arri val of a signal fr omonebasestation rel-
ative to that of a signal arri ving fr om another basestation varies
greatly, thus complicating systemdesign.In this paper, this novel
macroscopicspace-timecodingproblemis clearly motivated,and
then a performance criterion, optimal receiver, and family of
codedesignsare presented.A matched�lter bound analysiswith
supporting numerical and simulation results demonstratesthe
impr ovement in bit error rate of the proposedcodedesigns.Fi-
nally, the matched �lter bound analysis is extendedto demon-
strate signi�cant impr ovements in coverage for such a system
over curr ently employed systemsand standard space-timecod-
ing approachesapplied acrossthe samesetof basestations.

I . INTRODUCTION

Space-timecoding offers a methodto provide diversity against
multipathfadingonadownlink transmissionfrom amultiple-antenna
basestation to a simple single-antennamobile [1, 2, 3]. In stan-
dardspace-timecoding, the antennasat the transmitterare located
in suchclosegeographicalproximity thatthepropagationdelayfrom
onetransmitantennato the receive antennais similar to the propa-
gationdelayfrom any othertransmitantennato thereceive antenna,
in the sensethat thedifferencein thesepropagationdelaysis negli-
gible comparedto the symbol interval. In contrast,interesthereis
on whenthedifferencein suchpropagationdelaysis on theorderof
thesymbolinterval, whichwewill termthe“macroscopicspace-time
coding”problem.

Considerpublic safetyradio systems(e.g. thoseusedby police
of�cers), wheretheusersarebroken into “talk groups.” In eachtalk
group,onepersonspeaksat a time andthe restof thegrouplistens.
Whereasthis resultsin only a smallamountof uplink traf�c, thereis
signi�cant identicaldownlink traf�c that canspanmany cells in the
commonly-employedcellulararchitecture.In thiscase,themostef�-
cientresourceallocationmethod(in termsof supportingthemosttalk
groups)is oftento broadcastonasinglefrequency acrossthenetwork
to agiventalk group,hencenotrequiringfrequency reusefor thattalk
groupandyielding up to a sevenfold increasein talk groupcapacity
if the membersof eachtalk groupareuniformly spreadacrossthe
network.

1This work wassupportedby agrantfrom M/A-COM, Inc.,NationalSci-
enceFoundationCAREERAwardCCR-9875482,andNationalScienceFoun-
dationGrantEIA-0080119.
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Figure 1: Two basestationsbroadcastingto three usersin
a given “talk group” on a single frequency channelthrough
broadcast.Note, in particular, how the relative propagation
delayof the transmissionsfrom the two basestationsvaries
widely amongusers.

In Figure 1, an exampleof a small region of sucha systemis
shown. Becauseof theresourceallocationargumentsabove,systems
often employ “simulcasting” , wherethe samesignal is sent from
eachof thebasestations.However, in thesameway thata standard
space-timedoesnot achieve diversity if the samething is sentoff
eachantennaat thesametime, simulcastingdoesnot provide diver-
sity in the importantcenterof the region on frequency-nonselective
Rayleighmultipathfadingchannels.

The logical �rst solutionto this problemis to employ oneof the
standardspace-timesolutionsacrossthemultiplebasestations.How-
ever, thesehave severelimitations. In public safetyradiosystemap-
plications, the distancebetweenbasestationscan be on the order
of 20 to 40 miles, which can causethe signalsfrom differentbase
stationsto experiencepropagationdelaysthatdiffer by morethana
symbol interval if the useris not in the centerof the cell (e.g.User
1). Althoughonesignalwill besigni�cantly weaker thantheotherin
generaldueto the disparatepath-loss,this intersymbolinterference
is a major problemin simulcastingsystems,and it will be clearly
demonstratedin SectionV for asystemexperiencingpath-loss,shad-
owing, andmultipathfadingthatthis is indeeda critical factor. Tim-
ing the transmissionsof the two transmittedsignalsso that the cor-
respondingsymbolsarrive at User1 at thecorrecttime immediately
comesto mind, but this is not attractive becausethe resourceallo-
cation schememandatesbroadcast- and thus we desireto support
geographicallydisparateuserson thesameradiochannel.This mo-
tivatesthe designof space-timecodesthat arerobust to differences
in thepropagationdelaysfor thesignalsfrom differenttransmitan-
tennas;however, therehasbeenalmostno researchwork (only the
analysisin [4]) on theanalysisand/ordesignof a link wheremultiple
antennasthatare notco-locatedare transmittingto a singlereceiver
in a space-timefashion.



I I . SYSTEM MODEL AND OPTIMAL RECEIVER

PerFigure1, let ����� �! #"%$'&( �)�)*)� ,+- /.0$'&( �)*)�)� #132 be the dis-
tanceof the "/4�5 userfrom the .!4�5 basestation,and let 6���� � be the
proportionalpropagationdelay. Using a singlesystemchannel(i.e.
broadcastmode),it is desirableto designthesignaltransmittedfrom
theantennaateachof thebasestationsandthereceiversemployedat
themobileunitssuchthat 798�:�; <>=@?BA>C�� D is minimized,where ?EA is
themetricof interest(say, frameerrorrateor bit errorrate)of thesys-
temgiven �

�

$FC�� ��� G  #� ��� H  �)*)�)� #� ��� I!J D , andK is thesetof all possible
distancevectorsfor a givensystemcon�guration.

Let L � CNM#D be the complex basebandrepresentationof the signal
transmittedfrom the .O4N5 basestationof theform
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where c is thecodeword length,
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Cji D is thepulseshapingfunction,
g h is thesymbolperiod,and
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is the 134�5 symbolof the aN4�5 code-

word sentfrom basestation. . In particular, thesymbol
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will be
the 1 4�5 elementof the . 4�5 row of the 1 2`k c macroscopicspace-
time codeword matrix
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selectedasthe a 4�5 transmittedcodeword
from thecollection l of macroscopicspace-timecodeword matrices.
Then, assuminga frequency-nonselective Rayleighfading channel
from eachbasestationto the mobile, the complex basebandrepre-
sentationof thereceivedsignalfor the "

4�5 useris givenby
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where
p

��� � is the averagereceived signalenergy at the "
4N5 receiver

from the .
4�5 basestation,which includestheeffectsof path-lossand

shadowing, q
�b� � is a zero-meancomplex Gaussianrandomvariable

representingthemultipathfadingfrom the .
4N5 basestationto the "

4�5

mobile,and 1uCNM,D is astationaryGaussianrandomprocesswith power
spectraldensity

V3y

H

. It is importantto notethat (1) looks similar to
a standardintersymbolinterference(ISI) channelmodelin a single-
antennasystem,andthatsimilarity will suggestavenuesof research;
however, it is alsoimportantto notethat,sincethetransmittedsignal
from eachof the two basestationsis different, the received signal
cannotbe written as the convolution of a singlesignalanda linear
�lter , whichmakessystemdesignchallenging.

As seenfrom (1), the delaybetweenthe arrival of signalsfrom
different basestationscausesboth intersymboland inter-codeword
interference,thusgreatlycomplicatingreceiver design.However, re-
ceiver analogsfrom multi-userdetectionandequalizationcanbeap-
plied,with thereceiver typedependingstronglyon thetypeof pulse
shapingassumed.If thepulseshapê CNM#D only hassupporton z {� jg

h}|

(e.g. rectangularpulseshapes),andthemaximumdifferentialdelay
betweentwo arriving signalsis assumedto be gfh , the ideasfound
in [5] canbe extendedto this scenario.As shown in [6], the max-
imum likelihoodsequenceestimator(MLSE) receiver consistsof a
bankof 1f2 matched�lters followedby aViterbi algorithmoperating
on a ~

I
J

U

G -statetrellis. In contrastto [5], eachstatetransitioncor-
respondsto anentirecodeword (asopposedto a singlesymbol),and
thusthemetricon eachbranchof thetrellis consistsof a correlation
of the receivedsignalwith the “expected”codeword for thatbranch

in additionto a periodic“�x ed” component.A simpli�ed versionof
this receiver that correspondsto differentialdelaysin •!_€g h  ,{� #g h�•

will be given in thenext sectionto aid in codedesignandwill help
elucidatethekey differencesfrom [5].

For pulseshapesthat areband-limited(hence,not time-limited)
andfor which the differentialdelaysdo not fall on multiplesof the
symbolinterval, receiver designis greatlycomplicated.Receiver de-
sign andperformancefor this importantcasewill be consideredin
SectionIV.

I I I . CODE DESIGN

In this section,the problemof macroscopicspace-timecodede-
sign is considered.For easeof exposition, it will be assumedthat
thereareonly two basestationsandthat thedifferencein thepropa-
gationdelaysfrom the two transmittersto thereceiver is lessthana
singlesymbol(i.e. in theinterval z‚_€g h  jg h}| ). Theinterestedreaderis
referredto [6] for generalizationsto highernumbersof basestations
anda largerinterval for thepossiblerelative signaldelays.

Furthermore,in the code designprocess,two assumptionsare
made:

1. The averagereceived energy from the two basestationsis
identical.

2. Therelative propagationdelay 6���� GZ_ƒ6���� H is a multiple of gfh ,
implying 6���� Gx_ƒ6���� H…„†•O_€g3h� #{� #g3h

• .

Notethatbothof theseassumptionsaresimply to aid thedesignpro-
cess- the derived codeswill be testedon the general(1) below, so
the effects of relative energy andany relative propagationdelay in

z‚_€g3h� #g3h
| will beconsideredfor theperformancecharacterization.

It is instructive to considerwhat theoptimal receiver would look
like for standardspace-timecodingsolutions.Assumethat the sys-
tem is employing a pulseshapê CNM,D that satis�esthezeroISI crite-
rion. First, supposethata simulcastingsystemis employed; that is,
the systemtransmitsthe samesignal from the two antennas.Then,
theproblemreducesto thestandardISI problem[7], and,underthe
assumptionsof thepreviousparagraphwith ‡ known at thereceiver,
a symbol-spacedmatched�lter followed by the standardforward
Viterbi algorithm yields the optimal receiver [8]. In fact, standard
equalizationresultsof all typesarereadily appliedto the simulcast
problem. However, per SectionI, sucha systemdoesnot provide
diversity to thegeographically-disadvantagedusersdirectly between
thetwo basestationsandthusis notdesirable(aswill beSectionV).

Next, considerthecasewhenthe transmissionsfrom the two an-
tennasaredifferent; in particular, supposean Alamouti scheme[2]
is employed. To simplify thediscussion(and,moreimportantly, the
resultingdiagrams),it is assumedthat binary phase-shiftingkeying
(BPSK)is employed,but theresultsgeneralizeeasily[6]. Underthis
assumption,the Alamouti schemefor transmittingtwo information
bits ˆ

W

„w•�{� �&
• and ˆ

G
„t•�{� �&

• is de�ned by thetransmittedcode-
word matrix:
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where the �rst row is transmittedfrom the �rst basestation, the
secondrow is transmittedfrom the secondbasestation,and

Ž

�‘$

Cj_’&�Dj“/”� #"E$•{– �& . Undera relativepropagationdelayof asinglesym-
bol, it canbeshown that theoptimal receiver consistsof a matched
�lter followedby a symbol-spacedsampleranda forwardViterbi al-
gorithm with modi�ed pathmetrics. To observe such,considerthe
trellis shown in Figure2 for representingtheeffectivetransmittedsig-
nal,which is de�ned asthetransmittedsignalafter therelative delay
isappliedbutbeforethefadingandnoiseareadded,in asystemwhere
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Figure2: Trellis diagramfor theeffectivetransmittedsignalin
theAlamoutischemewhenthesignalof thesecondtransmitter
is delayedonesymbolrelative to that of the �rst transmitter,
assumingBPSK modulation(the generalizationto higheror-
dermodulationsimplyaddsmorestatesto thetrellis diagrams
[6]). Thelossin diversityof theAlamouti schemefor this de-
lay is immediatelyobserved- any pair of parallelpathsleads
to a rankoneresult.

thesignalfrom basestationtwo is delayedonesymbolrelative to the
signalfrom basestationone. As in standardcodedmodulationand
equalization,any effective transmittedsequenceis representedby a
paththroughthe trellis, andany paththroughthe trellis hasa corre-
spondingeffective transmittedsequence.Thus,the latter portion of
theoptimal receiver is easilyrealizedasa two-stateforward Viterbi
algorithm,but,moreimportantlyfor thetransmitterdesignresultsbe-
low, performanceresultscanbederivedfor thesystemby considering
pathsthatdivergeat a givenstateandlaterremergein thetrellis.

PerFigure2, the loss in rank of a standardAlamouti schemeis
easilyobserved whenthe relative delay is equalto onesymbolpe-
riod. Not surprisingly, sincethiswasnotpartof theirdesigncriterion,
otherschemesdesignedassumingno relative delaybetweenthesig-
nalsfrom the transmittedantennasoften suffer a similar fate,since
many have structuralsimilarities to the Alamouti schemeat some
level. For example,a simplevisual inspectionrevealsthat the three
codesdescribedin Figures4 and 5 of [1] becomerank one when
the signal from the secondantennaarrivesonesymbolperiodafter
thatfrom the�rst antenna,becausethey haveaspectsof theAlamouti
codesembeddedin them.

Now supposethat it is desirableto designa codethat works for
all relativedelaysin theset ¯!°€±f²�³#´�³]µ¶±3²*· . Althoughit mightbean-
ticipatedthat this morerestrictive conditionnecessitatesan inability
to maintainfull rate,it is possibleto �nd BPSK orthogonaldesigns
thatarefull-rate macroscopicspace-timecodemappedto BPSKthat
maintainsfull rankin suchascenario.An exampleof suchacodefor
therelativedelaysin theset ¯!°€±

²
³,´–³j±

²
· is givenby:
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Figure3: Trellis diagramfor theeffectivetransmittedsignalin
theproposedscheme,whenthesignalof thesecondtransmit-
teris delayedonesymbolrelativeto thatof the�rst transmitter,
assumingBPSK modulation(the generalizationto higheror-
dermodulationsimplyaddsmorestatesto thetrellis diagrams
[6]). Theproposedschemeretainsranktwo differencematri-
cesfor any two possiblepathsthroughthetrellis.

which is two interleavedAlamouti codes.Thetrellis for theeffective
transmittedsignalfor sucha codeis given in Figure3. OtherBPSK
orthogonaldesignsof length ÉrÊ lcm ËÍÌO³,Î�³�Ï*Ï�Ï�³,ÐZÑ , wherelcm ËjÒ Ñ is
the leastcommonmultiple of the elementsin the set that form its
argument, have beenfound for larger delay sets ¯O°ÓÐ�±f²�³�Ëj°ÓÐÔµ

Õ

Ñ/±
²

³�Ï�Ï�Ï*³�°€±
²

³,´–³#±
²

³�Ï*Ï�Ï�³,Ð�±
²

· [6]. Thesimulatedperformanceof
theAlamouti andproposedschemesis shown in Figure4.

IV. PERFORMANCE CHARACTERIZATION

To considerrelative delaysthatarenot equalto an integermulti-
ple of symbol intervals, it is importantto �rst considerthe optimal
receiver designin sucha scenario.If the transmittedpulseshapeis
time-limited(hence,not bandlimited),it is straightforward to extend
Verdu'sMLSE receiver[5] targetedfor code-divisionmultiple-access
(CDMA) to this caseasdiscussedin SectionII. However, sinceit is
of morepracticalinterestto considerbandlimited(hence,not time-
limited) signals,themaingoalis to considerherebandlimitedsignals
with arbitrary relative delay Ö betweenthe arriving signals. In this
case,the form of theoptimal receiver becomescomplicated;hence,
thepracticalreceiver will likely bea generalizationof a fractionally-
spacedequalizer. Thelatteris complicatedin themacroscopicspace-
time formulation,since(1) doesnot allow the received signal to be
expressedsimplyasthelinear�ltering of a singletransmittedsignal.
Thus, ratherthan designand analyzethesereceivers, their perfor-
manceis estimatedthroughothertechniquesin this section.

To characterizethe performanceof well-designedpractical re-
ceiversfor thecaseof a band-limitedpulseshape,attentionis turned
to thematched�lter bound[9, 10, 11], which studiesthe“one-shot”
performanceof the systemwith perfectchannelestimationand no
ISI, andhencelower boundssystemerrorprobabilities.Considerthe
probability of choosingthe space-timecodeword correspondingto
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Figure4: Simulatedperformance(200-bitframes)of thestan-
dardAlamoutischemeandtheproposedschemeversussignal-
to-noiseratio pertransmittingbasestation.Eachdatapoint is
theresultof thesimulationof 100,000frames.TheAlamouti
schemelosesrank whenthe relative offset of the signalsre-
ceived from the two basestationsis positive or negative one
symbol period, whereasthe proposedschemedisplaysonly
theslightestperformancedegradation.

thematrix × , whereØ(ÙbÚ Û is the Ü!Ý�Þ symbolsentfrom the ß/Ý�Þ basesta-
tion, whenthe space-timecodeword correspondingto the matrix à

wassent.Becausetherelative delaysconsideredwill bein fractions
of a symbolinterval, simplespace-timematricesmustbeabandoned
in favor of waveforms. Thus, let the 2 by 1 matrix of waveforms,
wherethe ß

ÝNÞ row correspondsto the waveform sent from the ß
Ý�Þ

basestation,for thetransmittedcodeword begivenby
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is the pulse-shapingwaveform. Now, the matched�lter
boundto thepairwiseerrorprobabilityfor a given ÷ is derivedas:
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is the“received” Euclideandistancebetween
the fadedwaveformscorrespondingto à and × conditionedon the
complex fading values
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Theabove is thenecessarywaveformgeneralizationof thediscrete-
time pairwiseerrorprobabilityderivedin [1] for standardspace-time
systems.
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Figure5: Thematched�lter boundto thepairwiseerrorproba-
bility of variouscodewordpairsfor (from left to right): (a) the
Alamouti scheme,(b) theproposedscheme,and(c) a scheme
which concatenatestwo Alamouti codewords together. The
averagereceivedsignal-to-noiseratio(SNR)is 15dB perbase
station,andrectangularpulseshapingis employed. Notethat
for eachdelay, theeffective codein eachof thethreecasesis
geometricallyuniform, andthusit hasbeenassumedthat the
codeword correspondingto informationbits thatareall zeros
hasbeensent.

Althoughinteresthereis mainly in bandlimitedpulseshapes,the
matched�lter bound is plotted in Figure 5 for rectangularpulse
shapesfor veri�cation below. In Figure6, thematched�lter bound
is plotted for raisedcosinepulseshaping. From Figures5 and 6,
it is clear that the loss in rank of the Alamouti schemeat a rela-
tive delayof onesymbol is symptomaticof weakenedperformance
over a muchbroaderrange. The robustnessover the delaysin the
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Figure6: Thematched�lter boundto thepairwiseerrorproba-
bility of variouscodewordpairsfor (from left to right): (a) the
Alamouti scheme,(b) theproposedscheme,and(c) a scheme
which concatenatestwo Alamouti codewords together. The
averagereceivedsignal-to-noiseratio(SNR)is 15dB perbase
station,andraisedcosinepulseshapingwith 50%excessband-
width is employed.Notethatfor eachdelay, theeffectivecode
in eachof the threecasesis geometricallyuniform, andthus
it hasbeenassumedthatthecodewordcorrespondingto infor-
mationbits thatareall zeroshasbeensent.

set >@?�A7B�CED�CEFGA7B�H for the proposedschemedoesin fact guarantee
robustnessover the interval IJ?�A/B,C�A7BLK (resultsfor only half of the
interval aredisplayed,but everythingis symmetric). Also, the per-
formancegainof theproposedschemeis higherfor theraisedcosine
pulseshapethanfor therectangularpulseshape,which is promising
sinceband-limitedpulseshapesareusedin practice. The increase
in the matched�lter boundfor relative delaysgreaterthan A

B for
the proposedschemeis expected,sincethis is beyond its designed
range. In each�gure, the matched�lter boundresultsfor a scheme
whichconcatenatestwo Alamouticodestogether;this is to show that
thedisplayedbroadgain in robustnessof theproposedschemeover
theAlamouti schemeis not anartifactof applyingthematched�lter
boundtechniqueto two codesof differentlengths.

Next, thematched�lter boundresultsof Figures5 and6 areveri-
�ed throughsimulation.For eachtransmittedcodeword in theAlam-
outi scheme,thereis oneothercodeword for which thepairwiseerror
correspondsto thepoor-performingcurve in Figure5 or 6. Thus,it is
anticipatedthatthesimulatedbit errorrateperformanceof theAlam-
outi schemeshouldbeone-halfof theworstpairwiseerrorprobability
curve. This is indeedwhat is observedthroughsimulationasshown
in Figure7 for thecaseof rectangularpulses.By asimilarargument,
it is anticipatedthat thebit errorprobabilityof theproposedscheme
shouldmatchthatof the top curve in Figure5 closely, which is also
observed. Note thata simulationresultfor thecaseof raisedcosine
pulseshapingis notshown. Sincetheraisedcosinepulseshapeis not
time-limited,thereceiverdescribedin Section1 cannotbeemployed,
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Figure7: Simulatedperformance(200-bitframes)of thestan-
dard Alamouti schemeand the proposedschemeversusrel-
ative delaybetweenthe arrival timesof the signalsfrom the
two basestations. The received SNR is 15 dB per per base
station,andeachdatapoint is the resultof the simulationof
100,000frames.Rectangularpulseshapingis employed;thus,
theoptimal receiver derivedin [6] anddescribedin Section1
is simulated.Notethecloseagreementwith whatthematched
�lter boundof Figure5 predicts.

and,asdiscussedabove, theoptimalreceiver is verycomplex.

V. COVERAGE RESULTS

Next, considercoverageresultswith parametersdrawn from pub-
lic safety radio - basestation separationof 30 miles and symbol
period of 0.05 milliseconds. Consideragain Figure 1. Normal-
izing the distancebetweenthe basestationsto unity, we will as-
sumethat the two basestationstransmit togetherto mobilesover
theone-by-onesquarewith cornersat M�NOC!PRQ -coordinatesMSD�T D�CLDUT DVQ

and M�WVT DUC�WVT D@Q , with the basestationsat the locations MSD�T DUCLD�T XVQ

and M�W�T D�CLD�T X�Q . Considercoveragein the rectanglewith corners
MSDUT Y�D�CZD�T DVQ and MSDUT [\D�C�W�T DVQ , which is the mostdif�cult coveragere-
gion in suchsystems.

Thefour systemsthatwill beconsideredaregivenasfollows: (1)
SelectionMacrodiversity: Themobileassociatesonly with the base
stationwith which it achievesthehighestaverage signal-to-noisera-
tio. (2) Simulcast:Thebasestationstransmitexactly thesamesignal
atexactly thesametime. (3) Alamouti:Thebasestationstransmitus-
ing theAlamoutischeme,exceptthatonerow of thespace-timecode
matrix is sentfrom agivensingle-antennabasestaion.(4) Proposed:
The basestationstransmitwith the schemeproposedabove, where
onerow of the space-timecodematrix is sentfrom a given single-
antennabasestaion. Coverageresultsobtainedthroughpredictions
from thematched�lter boundtechniqueareshown in Table1, where



duplicatelocationsarisingfrom symmetryhave beenremoved. Note
therobustperformanceof theproposedscheme.

VI. CONCLUSIONS

In this paper, the macroscopicspace-timecoding problem has
beenintroduced. In particular, the relative differenceof the arrival
timesof the signalsfrom the multiple basestationsis a critical fea-
turethatcannotbeignored,particularlyin systemsemploying partial
broadcast.A family of space-timecodes,whereeachcodeconsistsof
codewordswith orthogonalrows,hasbeenintroduced,andit hasbeen
demonstratedthat suchschemesgreatly outperformprevious solu-
tions: standardselectionmacro-diversity, simulcasting,andstandard
space-timecoding. This is dueto the fact that standardspace-time
codesoftendemonstratereduced(oftenno)diversitywhenemployed
in suchanenvironment.
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X Y Slct Simul Alam Prop

0.30 0.00 0.85 0.21 0.41 0.20
0.30 0.10 0.78 0.15 0.44 0.15
0.30 0.20 0.69 0.10 0.49 0.10
0.30 0.30 0.60 0.06 0.22 0.06
0.30 0.40 0.53 0.04 0.11 0.04
0.30 0.50 0.47 0.04 0.09 0.04
0.35 0.00 0.85 0.26 0.29 0.22
0.35 0.10 0.79 0.17 0.23 0.15
0.35 0.20 0.72 0.11 0.19 0.10
0.35 0.30 0.66 0.07 0.18 0.06
0.35 0.40 0.59 0.04 0.17 0.04
0.35 0.50 0.58 0.04 0.18 0.04
0.40 0.00 0.86 0.30 0.23 0.20
0.40 0.10 0.81 0.22 0.18 0.15
0.40 0.20 0.74 0.14 0.13 0.10
0.40 0.30 0.69 0.11 0.11 0.08
0.40 0.40 0.64 0.07 0.07 0.05
0.40 0.50 0.62 0.06 0.07 0.05
0.45 0.00 0.87 0.47 0.21 0.20
0.45 0.10 0.81 0.36 0.15 0.15
0.45 0.20 0.76 0.26 0.11 0.11
0.45 0.30 0.71 0.20 0.09 0.08
0.45 0.40 0.67 0.14 0.06 0.06
0.45 0.50 0.65 0.13 0.06 0.05
0.50 0.00 0.87 0.84 0.21 0.21
0.50 0.10 0.82 0.79 0.14 0.14
0.50 0.20 0.76 0.74 0.11 0.11
0.50 0.30 0.72 0.67 0.07 0.07
0.50 0.40 0.68 0.64 0.06 0.06
0.50 0.50 0.66 0.62 0.06 0.06

Table1: Probabilityof outageat a givenpoint, whereoutage
is de�ned asthe bit error ratebeingabove threshold(which,
per Figure4, roughly translatesto frameerror ratesthat are
equalfor thecomparedsystems)for eachof the four consid-
eredschemesfor variouslocations ]_^a`Zbdc in the normalized
region. The table goesroughly from locationsfurther from
the centerof the cell at the top to locationsroughly between
thetwo basestationsat thebottom.Thepathlossexponentis

e%f g

, andthe standarddeviation of the log-normalshadowing
is h�ikjml dB. Eachpoint is the resultof 5000trials, where
eachtrial requiresanindependentgenerationof thelog-normal
shadowing for thatpoint. TheaveragereceivedSNRfor aunit
in the middle of the region per basestationis 22.65dB and
thebit errorratethresholdis nporq

g7s/t

. As expected,selection
macrodiversityperformstheworstof thesystems.Simulcast
performspoorly in the centerof the cell, but improvesas it
movesaway from thecenter. TheAlamouti schemeis excel-
lent in themiddleof thecell despitethelow receivedaverage
SNR,but it degradesawayfrom thereasexpectedfrom Figure
6. Theproposedschemeshowsrobustperformanceacrossthe
region.


