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Abstract— Macroscopicspace-timecoding, whereeachsingle-
antennabasestation acts as one of the antennasin a space-time
coding scheme,is an attractive method to improve the perfor-
manceof wir elesssystemsparticularly for applicationsrequiring
at leastpartial broadcast. However, becausethe usersto whom
the signalsare broadcastcan be spreadacrossa wide geographi-
calregion,the time of arri val of a signalfr om onebasestationrel-
ative to that of a signal arri ving from another basestation varies
greatly, thus complicating systemdesign.In this paper, this novel
macroscopicspace-timecoding problemis clearly motivated, and
then a performance criterion, optimal recever, and family of
codedesignsare presented A matched Iter bound analysiswith
supporting numerical and simulation results demonstratesthe
improvementin bit error rate of the proposedcodedesigns. Fi-
nally, the matched Iter bound analysisis extendedto demon-
strate signi cant improvementsin coverage for such a system
over currently employed systemsand standard space-timecod-
ing approachesapplied acrossthe samesetof basestations.

|. INTRODUCTION

Space-timecoding offers a methodto provide diversity against
multipathfadingonadownlink transmissiorirom amultiple-antenna
basestationto a simple single-antennanobile [1, 2, 3]. In stan-
dard space-timecoding, the antennasat the transmitterare located
in suchclosegeographicaproximity thatthe propagatiordelayfrom
onetransmitantennato the receve antennas similar to the propa-
gationdelayfrom ary othertransmitantennao thereceve antenna,
in the senseahatthe differencein thesepropagatiordelaysis negli-
gible comparedo the symbolintenal. In contrast,interesthereis
onwhenthe differencein suchpropagatiordelaysis on the orderof
thesymbolintenal, whichwewill termthe“macroscopicpace-time
coding” problem.

Considerpublic safetyradio systemge.g. thoseusedby police
of cers), wherethe usersarebrokeninto “talk groups’ In eachtalk
group,onepersonspeaksat a time andthe restof the grouplistens.
Whereaghis resultsin only a smallamountof uplink trafc, thereis
signi cant identicaldownlink trafc thatcanspanmary cellsin the
commonly-emplged cellulararchitectureln this casethemostef -
cientresourcallocationmethod(in termsof supportinghemosttalk
groups)s oftento broadcasbn asinglefrequeng acrosghenetwork
toagiventalk group,hencenotrequiringfrequeng reusefor thattalk
groupandyielding up to a sevenfoldincreasen talk groupcapacity
if the membersof eachtalk group are uniformly spreadacrossthe
network.

1This work wassupportedy a grantfrom M/A-COM, Inc., NationalSci-
enceFoundatiorCAREERAward CCR-9875482andNationalScienced-oun-
dationGrantEIA-0080119.
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Figure 1. Two basestationsbroadcastingo three usersin
a given “talk group” on a single frequeng channelthrough
broadcast. Note, in particular how the relative propagation
delay of the transmissiongrom the two basestationsvaries
widely amongusers.

In Figure 1, an example of a small region of sucha systemis
shavn. Becausef theresourcallocationargumentsabore, systems
often emplg/ “simulcasting”, wherethe samesignalis sentfrom
eachof the basestations.However, in the sameway thata standard
space-timedoesnot achiere diversity if the samething is sentoff
eachantennaat the sametime, simulcastingdoesnot provide diver-
sity in the importantcenterof the region on frequeng-nonselectie
Rayleighmultipathfadingchannels.

Thelogical rst solutionto this problemis to employ oneof the
standardpace-timeolutionsacrossthemultiple basestations How-
ever, thesehave severelimitations. In public safetyradio systemap-
plications, the distancebetweenbasestationscan be on the order
of 20 to 40 miles, which can causethe signalsfrom differentbase
stationsto experiencepropagatiordelaysthat differ by morethana
symbolintenal if the useris notin the centerof the cell (e.g.User
1). Althoughonesignalwill besigni cantly wealer thanthe otherin
generaldueto the disparatepath-loss this intersymbolinterference
is a major problemin simulcastingsystems,andit will be clearly
demonstrateth SectionV for asystemexperiencingpath-lossshad-
owing, andmultipathfadingthatthis is indeeda critical factor Tim-
ing the transmission®f the two transmittedsignalsso that the cor-
respondingsymbolsarrive at User1 at the correcttime immediately
comesto mind, but this is not attractve becausehe resourceallo-
cation schememandatedroadcast andthuswe desireto support
geographicallydisparateuserson the sameradio channel. This mo-
tivatesthe designof space-timecodesthat are robust to differences
in the propagatiordelaysfor the signalsfrom differenttransmitan-
tennas;however, therehasbeenalmostno researchwork (only the
analysisn [4]) ontheanalysisand/ordesignof alink wheremultiple
antennaghat are not co-locatedare transmittingto a singlereceiver
in aspace-timdashion.



Il. SYSTEM MODEL AND OPTIMAL RECEIVER

PerFigure 1, let be the dis-
tanceof the userfrom the basestation, and let be the
proportionalpropagatiordelay Using a single systemchannel(i.e.
broadcasimode),it is desirableto designthe signaltransmittedrom
theantennaateachof thebasestationsandthereceversemploedat
the mobile units suchthat B _isminimized,where is
themetricof interest(say frameerrorrateor bit errorrate)of thesys-
temgiven_ ,and isthesetof all possible
distancevectorsfor a givensystemcon guration.

Let be the complex basebandepresentatiomf the signal
transmittedromthe  basestationof theform

where s the codevord length, is the pulseshapingfunction,
is the symbolperiod,and isthe symbolof the  code-
word sentfrom basestation . In particular the symbol will be

the elementof the row of the macroscopispace-
time codevord matrix selectechsthe  transmittedcodevord

from thecollection of macroscopispace-timeodavord matrices.
Then, assuminga frequeng-nonselectie Rayleighfading channel
from eachbasestationto the mobile, the complex basebandepre-
sentatiorof therecevedsignalfor the  useris givenby

1)

where is the averagereceved signalenegy atthe  recever
from the basestation,which includesthe effectsof path-lossand
shadwing, is a zero-mearcomplex Gaussiarrandomvariable
representinghe multipathfadingfromthe  basestationto the
mobile,and is astationaryGaussiamandomprocesswith power
spectraldensity —. It is importantto notethat (1) looks similar to
a standardntersymbolinterferencgISI) channelmodelin a single-
antennasystem andthatsimilarity will suggestvenuesf research;
however, it is alsoimportantto notethat, sincethetransmittedsignal
from eachof the two basestationsis different, the receved signal
cannotbe written asthe convolution of a single signalanda linear
Iter , which makessystemdesignchallenging.

As seenfrom (1), the delay betweenthe arrival of signalsfrom
different basestationscausesboth intersymboland inter-codevord
interferencethusgreatlycomplicatingrecever design.However, re-
ceiver analogsfrom multi-userdetectionandequalizatiorcanbe ap-
plied, with therecever type dependingstronglyon the type of pulse
shapingassumedlIf thepulseshape  only hassupporton
(e.g. rectangulapulseshapes)andthe maximumdifferentialdelay
betweentwo arriving signalsis assumedo be , the ideasfound
in [5] canbe extendedto this scenario. As shawn in [6], the max-
imum likelihood sequencesstimator(MLSE) recever consistsof a
bankof  matchedlters followedby a Viterbi algorithmoperating
ona -statetrellis. In contrastto [5], eachstatetransitioncor
respondgo anentirecodevord (asopposedo a singlesymbol),and
thusthe metric on eachbranchof thetrellis consistsof a correlation
of the receved signalwith the “expected”codeavord for thatbranch

in additionto a periodic* x ed” componentA simpli ed versionof
this recever that correspondso differentialdelaysin

will be givenin the next sectionto aid in codedesignandwill help
elucidatethe key differencedrom [5].

For pulseshapesghat are band-limited(hence,not time-limited)
andfor which the differential delaysdo not fall on multiples of the
symbolintenal, recever designis greatlycomplicated Recever de-
sign and performancefor this importantcasewill be consideredn
SectionlV.

I1l. CoDE DESIGN

In this section,the problemof macroscopispace-timecodede-
signis considered.For easeof exposition, it will be assumedhat
thereareonly two basestationsandthatthe differencein the propa-
gationdelaysfrom the two transmitterdo the recever is lessthana
singlesymbol(i.e. in theintenal ). Theinterestedeadelis
referredto [6] for generalizationso highernumbersof basestations
andalargerintenval for the possiblerelative signaldelays.

Furthermore,in the code designprocess,two assumptionsare
made:

1. The averagereceved enegy from the two basestationsis
identical.

2. Therelative propagatiordelay
implying
Notethatboth of theseassumptionsresimply to aid the designpro-
cess- the derived codeswill be testedon the general(1) below, so
the effects of relative enegy andary relative propagationdelayin
will be consideredor the performanceharacterization.

It is instructive to considewhatthe optimal receizer would look
like for standardspace-timecodingsolutions. Assumethat the sys-
temis employing a pulseshape thatsatis esthe zerolSlI crite-
rion. First, supposehata simulcastingsystemis employed; thatis,
the systemtransmitsthe samesignalfrom the two antennas.Then,
the problemreducesgo the standardSI problem[7], and,underthe
assumptionsf the previous paragraptwith  known attherecever,
a symbol-spacednatched Iter followed by the standardforward
Viterbi algorithmyields the optimal recever [8]. In fact, standard
equalizationresultsof all typesarereadily appliedto the simulcast
problem. However, per Sectionl, sucha systemdoesnot provide
diversity to the geographically-disadntagedusersdirectly between
thetwo basestationsandthusis not desirablgaswill be SectionV).

Next, considerthe casewhenthe transmissiongrom the two an-
tennasare different; in particular supposean Alamouti schem¢g2]
is employed. To simplify the discussion(and, moreimportantly the
resultingdiagrams) it is assumedhat binary phase-shiftingeying
(BPSK)is employed, but theresultsgeneralizeeasily[d. Underthis
assumptionthe Alamouti schemefor transmittingtwo information
bits and is de ned by thetransmittedcode-
word matrix:

isamultipleof

wherethe rst row is transmittedfrom the rst basestation, the
secondrow is transmittedfrom the secondbasestation,and
. Underarelative propagatiordelayof asinglesym-
bol, it canbe shavn thatthe optimal recever consistsof a matched
Iter followedby a symbol-spacedampleranda forward Viterbi al-
gorithm with modi ed pathmetrics. To obsere such,considerthe
trellis shavn in Figure2 for representingheeffectivetransmittedsig-
nal,whichis de ned asthetransmittedsignalafter therelative delay
is appliedbut befoe thefadingandnoiseareaddedjn asystemwhere



Figure2: Trellis diagramfor theeffectivetransmittedsignalin

theAlamoutischemeavhenthesignalof thesecondransmitter
is delayedone symbolrelative to that of the rst transmittey
assumingBPSK modulation(the generalizatiorto higheror-

dermodulationsimply addsmorestatedo thetrellis diagrams
[6]). Thelossin diversityof the Alamouti schemeor this de-
lay is immediatelyobsened - ary pair of parallelpathsleads
to arankoneresult.

thesignalfrom basestationtwo is delayedonesymbolrelative to the

signalfrom basestationone. As in standardcodedmodulationand
equalizationary effective transmittedsequenceés representedby a

paththroughthetrellis, andary paththroughthetrellis hasa corre-
spondingeffective transmittedsequence Thus, the latter portion of

the optimalrecever is easilyrealizedasa two-stateforward Viterbi

algorithm,but, moreimportantlyfor thetransmittedesignresultsbe-

low, performanceesultscanbederivedfor thesystemby considering
pathsthatdiverge at a givenstateandlaterremegein thetrellis.

PerFigure 2, the lossin rank of a standardAlamouti schemes
easily obsered whenthe relative delayis equalto one symbol pe-
riod. Not surprisingly sincethiswasnotpartof theirdesigncriterion,
otherschemeslesignedassumingno relative delaybetweerthe sig-
nalsfrom the transmittedantennaften suffer a similar fate, since
mary have structuralsimilarities to the Alamouti schemeat some
level. For example,a simplevisualinspectionrevealsthatthe three
codesdescribedn Figures4 and5 of [1] becomerank one when
the signalfrom the secondantennaarrives one symbol period after
thatfrom the rst antennabecausé¢hey have aspect®f the Alamouti
codesembeddedn them.

Now supposehatit is desirableto designa codethat works for
all relative delaysin theset . Althoughit mightbean-
ticipatedthatthis morerestrictive conditionnecessitatean inability
to maintainfull rate, it is possibleto nd BPSK orthogonaldesigns
thatarefull-rate macroscopispace-timeodemappedo BPSKthat
maintaingull rankin suchascenario An exampleof sucha codefor
therelative delaysin the set is givenby:

Figure3: Trellis diagramfor theeffective transmittedsignalin
the proposedschemewhenthe signalof the secondransmit-
teris delayednesymbolrelativeto thatof the rst transmitter
assumingBPSK modulation(the generalizatiorto higheror-
dermodulationsimply addsmorestatego thetrellis diagrams
[6]). The proposedschemeaetainsranktwo differencematri-
cesfor ary two possiblepathsthroughthetrellis.

whichis two interleaved Alamouti codes.Thetrellis for the effective
transmittedsignalfor sucha codeis givenin Figure3. OtherBPSK
orthogonaldesignsof length lcm , Wherelcm s
the leastcommonmultiple of the elementsin the setthat form its
amgument, have beenfound for larger delay sets

[6]. Thesimulatedperformanceof
the Alamouti andproposedschemess shavn in Figure4.

V. PERFORMANCE CHARACTERIZATION

To considerrelative delaysthatarenot equalto aninteger multi-
ple of symbolintenals, it is importantto rst considerthe optimal
recever designin sucha scenario.If the transmittedpulseshapeis
time-limited (hence not bandlimited),it is straightforvard to extend
Verdus MLSE recever[5] targetedfor code-dvision multiple-access
(CDMA) to this caseasdiscussedn Sectionll. However, sinceit is
of more practicalinterestto considerbandlimited(hence,not time-
limited) signalsthemaingoalis to considetherebandlimitedsignals
with arbitraryrelative delay betweenthe arriving signals. In this
case the form of the optimal recever becomesomplicated;hence,
thepracticalrecever will likely beageneralizatiorof a fractionally-
spacedequalizer Thelatteris complicatedn the macroscopispace-
time formulation, since(1) doesnot allow the receved signalto be
expresseasimply asthelinear ltering of asingletransmittedsignal.
Thus, ratherthan designand analyzetheserecevers, their perfor
manceis estimatedhroughothertechniquesn this section.

To characterizethe performanceof well-designedpractical re-
ceiversfor the caseof a band-limitedpulseshapeattentionis turned
to thematchedIter bound[9, 10, 11], which studiesthe “one-shot”
performanceof the systemwith perfectchannelestimationand no
I1SI, andhencdower boundssystemerrorprobabilities.Considerthe
probability of choosingthe space-timecodavord correspondingo
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where is the“received” Euclideandistancebetween
the fadedwaveformscorrespondingo and conditionedon the
compl« fadingvalues  and , andthe secondline above ex-
ploits the alternateform of the function[12]. The quantities

and aretheeigemvaluesof thematrix  with
entries:

The above is the necessaryvaveform generalizatiorof the discrete-
time pairwiseerror probabilityderivedin [1] for standardspace-time
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Figure4: Simulatedperformancg200-bitframes)of the stan-
dardAlamoutischemendtheproposedchemeversussignal-
to-noiseratio pertransmittingbasestation. Eachdatapoint is
theresultof the simulationof 100,000frames. The Alamouti
schemdosesrank whenthe relative offset of the signalsre-
ceived from the two basestationsis positive or negative one
symbol period, whereasthe proposedschemedisplaysonly
theslightestperformancealegradation.

thematrix ,where isthe symbolsentfromthe basesta-
tion, whenthe space-timecodevord correspondingo the matrix
wassent. Becauseherelative delaysconsideredvill bein fractions
of asymbolintenal, simplespace-timanatricesmustbe abandoned
in favor of waveforms. Thus, let the 2 by 1 matrix of waveforms,
wherethe row correspondgo the waveform sentfrom the
basestation,for thetransmitteccodevord be givenby

and,for thecodevord to which theerroris madebe

where is the pulse-shapingvaveform. Now, the matched lter
boundto the pairwiseerrorprobabilityfor agiven is derivedas:
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Figure5: Thematchedlter boundto thepairwiseerrorproba-
bility of variouscodevord pairsfor (from left to right): (a) the

Alamouti scheme(b) the proposedschemeand(c) ascheme
which concatenatestwo Alamouti codavordstogether The

averagerecevedsignal-to-noiseatio (SNR)is 15dB perbase
station,andrectangulapulseshapingis emplosed. Note that
for eachdelay the effective codein eachof the threecasesds

geometricallyuniform, andthusit hasbeenassumedhatthe

codavord correspondingo informationbits thatareall zeros
hasbeensent.

Althoughinteresthereis mainly in bandlimitedpulseshapesthe
matched lter boundis plotted in Figure 5 for rectangularpulse
shapedor veri cation belov. In Figure6, the matchedlter bound
is plotted for raisedcosinepulse shaping. From Figures5 and 6,
it is clearthat the lossin rank of the Alamouti schemeat a rela-
tive delay of one symbolis symptomaticof wealenedperformance
over a much broaderrange. The robustnessover the delaysin the
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Figure6: Thematchedlter boundto thepairwiseerrorproba-
bility of variouscodevord pairsfor (from left to right): (a) the
Alamouti scheme(b) the proposedschemeand(c) a scheme
which concatenatesvo Alamouti codevordstogether The
averagerecevedsignal-to-noiseatio (SNR)is 15dB perbase
station,andraisedcosinepulseshapingwith 50%excesshand-
width is employed. Notethatfor eachdelay theeffective code
in eachof the threecaseds geometricallyuniform, andthus
it hasbeenassumedhatthe codevord correspondingo infor-
mationbits thatareall zeroshasbeensent.

set for the proposedschemedoesin fact guarantee
robustnessover the intenal (resultsfor only half of the
interval aredisplayed,but everythingis symmetric). Also, the per
formancegainof the proposedschemas higherfor theraisedcosine
pulseshapehanfor the rectangulapulseshapewhichis promising
sinceband-limitedpulse shapesare usedin practice. The increase
in the matched Iter boundfor relative delaysgreaterthan  for
the proposedschemeis expected,sincethis is beyond its designed
range.In each gure, the matchedlter boundresultsfor a scheme
which concatenatetsvo Alamouti codesogetherthisis to shav that
the displayedbroadgainin robustnessof the proposedschemeover
the Alamouti schemads not anartifactof applyingthe matchedlter
boundtechniqueto two codesof differentlengths.

Next, thematchedlter boundresultsof Figures5 and6 areveri-
ed throughsimulation.For eachtransmitteccodevord in the Alam-
outi schemethereis oneothercodavord for which thepairwiseerror
correspond$o thepoorperformingcurve in Figure5 or 6. Thus,it is
anticipatedhatthesimulatedbit errorrateperformancef the Alam-
outi schemeshouldbeone-halfof theworstpairwiseerrorprobability
cune. Thisis indeedwhatis obseredthroughsimulationasshavn
in Figure7? for the caseof rectangulapulses By asimilaragument,
it is anticipatedthatthe bit error probability of the proposedscheme
shouldmatchthat of thetop curve in Figure5 closely which is also
obsered. Note thata simulationresultfor the caseof raisedcosine
pulseshapings notshawvn. Sincetheraisedcosinepulseshapés not
time-limited, therecever describedn Sectionl cannotbeemplo/ed,
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Figure7: Simulatedperformancg200-bitframes)of the stan-
dard Alamouti schemeand the proposedschemeversusrel-

ative delay betweenthe arrival timesof the signalsfrom the
two basestations. The receved SNR is 15 dB per per base
station,and eachdatapoint is the resultof the simulationof

100,000frames.Rectangulapulseshapings employed;thus,
the optimalrecever derivedin [6] anddescribedn Sectionl

is simulated Notethe closeagreementvith whatthe matched
Iter boundof Figure5 predicts.

and,asdiscusse@bove, the optimalreceveris very comple.

V. COVERAGE RESULTS

Next, considercoverageresultswith parametersiravn from pub-
lic safetyradio - 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 basestationstransmittogetherto mobiles over
the one-by-onesquarewith cornersat -coordinates
and , with the basestationsat the locations
and Considercoveragein the rectanglewith corners

and , which is the mostdif cult coveragere-
gionin suchsystems.

Thefour systemshatwill be considerediregivenasfollows: (1)
SelectionMacrodiveisity: The mobile associatesnly with the base
stationwith which it achievesthe highestaverage signal-to-noisea-
tio. (2) Simulcast:Thebasestationstransmitexactly the samesignal
atexactlythesametime. (3) Alamouti: Thebasestationgransmitus-
ing the Alamouti schemeexceptthatonerow of the space-timeode
matrix is sentfrom a given single-antennaasestaion.(4) Proposed:
The basestationstransmitwith the schemeproposedabore, where
onerow of the space-timecodematrix is sentfrom a given single-
antennabasestaion. Coverageresultsobtainedthroughpredictions
from thematchedlter boundtechniqueareshavn in Tablel, where



duplicatelocationsarisingfrom symmetryhave beenremoved. Note
therobustperformancef the proposedscheme.

V1. CONCLUSIONS

In this paper the macroscopicspace-timecoding problem has
beenintroduced. In particular the relative differenceof the arrival
times of the signalsfrom the multiple basestationsis a critical fea-
turethatcannotbeignored,particularlyin systememplo/ing partial
broadcastA family of space-time&odeswhereeachcodeconsistof
codevordswith orthogonafows, hasbeenintroducedandit hasbeen
demonstratedhat such schemegreatly outperformprevious solu-
tions: standardselectionmacro-dversity;, simulcastingandstandard
space-timecoding. This is dueto the fact that standardspace-time
codesftendemonstrateeducedoftenno) diversitywhenemplo/ed
in suchanervironment.
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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| 030 0.71| 0.20 | 0.09 | 0.08
0.45| 040 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 given point, whereoutage
is de ned asthe bit error rate beingabove threshold(which,
per Figure 4, roughly translatedo frame error ratesthat are
equalfor the comparedsystemsY¥or eachof the four consid-
eredschemedor variouslocations in the normalized
region. The table goesroughly from locationsfurther from
the centerof the cell at the top to locationsroughly between
thetwo basestationsat the bottom. The pathlossexponentis
, andthe standarddeviation of the log-normalshadaeving
dB. Eachpointis the resultof 5000trials, where
eachtrial requiresanindependengeneratiorof thelog-normal
shadaeving for thatpoint. Theaveragereceved SNRfor aunit
in the middle of the region per basestationis 22.65dB and
thebit errorratethresholds . As expectedselection
macrodversity performsthe worst of the systems.Simulcast
performspoorly in the centerof the cell, but improvesasit
movesaway from the center The Alamouti schemds excel-
lentin the middle of the cell despitethe low received average
SNR,butit degradesaway from thereasexpectedrrom Figure
6. The proposedschemeshaws robustperformancecrosshe
region.



