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Summary 

Several users may independently access a common communication channel using code 

division multiple access (CDMA) modulation. This multiaccess scheme does not use time- 

or frequency-allocation, and users may transmit without the delays iiiherent to multiaccess 
prol.ocols. In  the direct-detcv. t,ion opt icnl Cl) MA clii~ti I t c l ,  i t  if,erfcrc.iicc* i I 111111 t iii ty is achievctl 

I)y the a.ssigiinic:nt of rapidly varyitig. 011-of[ wavc~l‘o~~~tis. ‘I’ltc~so wii,v~~I’o~*~ii~,  o r  sigtiatitrc: s e  

quences, are modulated by tlic. data. ol‘ ca.( . l i  user il .lItl C O I I C X I I ~ ~ ~ L ~ C ’  t l i c  t,i.i~.iisn-iit,tc:(l eiici.gy 

into rela.tively short timc. intcwa.ls i t 1  ci\.cl\ syiii1)ol i)criotJ. ‘ I ’ l i ( 1  t,i.a.iistiiit,l.c.tl signals frotii i , l i c  

users are then combined on a. comiiion opt,iwI fibcr. Siiigle-iiscr tlcirtotlulilt.ioii i s  (suboptli- 

mally) achieved by correlating the aggregatc signal aiid the signature sequence of the desired 

user. As a result, the correlator output is the desired signal in additive interference, which is 

reduced through the use of signature-sequence sets with low cross-correlation. A correlator 

receiver of this type must know only the timing epoch of the desired user, and a common 

timing reference need not be sent to all transmitters. -LO 6 ~ < , u t  
/--. ’ CAa (.f Q, 

In this work we derive@e exact error r a t e h r  the noncoherent, optical matched-filteu 

CDMA receiver, which decides for the data. of a. single user by compa,riiig a photoelectroii 

count to  a threshold. Thc results differ froiii I)revious work wiii thil.t, tlicy adliere fully to 

the semiKlassica1 model of light niid (lo tiot, tlepeiicl 011 limit theorciris for  large uscr groups 

or strong received optical fields. Tlie aiinlysis is va.litl for arbitrary clmritum cfliciciicics, 

hi1ii1,ry signature scquenccs, rnntloiri ga.iii clist,t.ibiitioiis, anc l  darlc ciirrciitjs, imtl is broatl 

i i i  application. We tloscril)e i i o i i c . o l i c . l o i i ( , ,  o j ) t , i c . ; i . l  C!I)MA 1i10duIiLtioiI atid cotisidcr@ngl(!- . 
user demodulation based on a contlitioiially coiiil’oiiiitl-Poissoii ohscrvation We derive t l i c r  

probability mass function (PMF) of the observation under each hypothesis, and use them 

to determine the optimal threshold a.nd niiniinuni probability of error. What makes the 
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analysis particularly interesting is the fact, tliat whilc tlic: forriia.l rc~rc.sc.iitii.t.ioit 01 t . h c .  I’M I(’ 
for a doubly-stochastic compound Poisson count is readily derived v i a  coiidi tioiiiiig, cxplici 1. 

forms are not common. Due to  the particular nature of the MA1 distributioii, we a.re able to 

show that the PMF may be expressed as a straightforward summation. This expression is 

derived for independent and identically-distributed (iid) interferers having a distribution that 

includes the cases of user asynchronism and chip synchronism. It will be seen that the error 

rate expression is simplified when the distribution of the MA1 is discrete. We take advantage 

of this fact to derive arbitrarily-tight bounds on the error rate which are considerably easier to 

(w1ipilte than thc cxnct, wror rate. We IISC tlic sii,iiie I)oiiiiiliiig t,(!clti~i(~~io 1,o (l(;i.iv(> i ~ . i ~ l ) i ~ , t ~ i ~ ~ t ~ i l , y -  

tight bounds on the error rate when the interferers’ energies are not identical. Wc focus 011 the e.,: spccial case of prime codes, equal energies, and unity-gain ~,~~otodc?tc:ct.t)rs i i i  orct(\i. 1 . 0  cotiil)ii.i’(’ 

L l i ( *  optinial threshold a 1 i d  minirni~ni (war i’ii,t,(> 1.0 t,Itosc- <>I)tiI,iti(~(l iisitig kit+: ii,l)l)l.oxitti:it ioirs 

. .  
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r\ 
tliscusscd above -2 1- Air: al>proxiiiiat,ioit of l ) ( ~ i ~ I c c ~ ~ ,  o l ) t i c ~ ; ~ . l - t , o - t ~ l ( ~ ~ ~ t i . i c ~ ~ ~ l  (x)iiv(-rsiotr yic.ltls 1)ooi’ (f- -? 

c:stitiiates of the error rate and optiiiid tlirc~sltoltl at, i i ioderii .tc! i i i c i ( l ( , i i t ,  ~ ) l ) t , i ( ‘ i i l  iiitrc:iisilic~s 

i1.tld dark currents. Further, the coinbiiietl ~ i , i ~ ~ ~ ~ ~ o ~ i i i i ~ , t i o i ~ s  o l  pc~ t~1(v t  ol)tic.ii.I-(.o-c~lect,t.i(.~~l 

conversion and Gaussian-distribu tcd M A  I togctlier y ielcl a 1 1  uiitlcm:s t i i i  iitt,c. ol’ 1, I i c  op 1, i i i i a l  

threshold and an error rate that is lieither a,ii i ip i ) cr  iior ii. Iowc~ Imiiiid. 

that when prime sequences are employed, tlic: cliip-syiicliroiious ~ i . 1 ) ~ t ‘ o ” i i i i a t , i o i i  I c d s  to a,ii 

overestimate of the error 

is also discussed. 
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The validity of these approxiiiiations for larger optical powers 
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