ITW2002, Bangalore, India Oct. 20-25, 2002

On the Capacity L oss dueto Separ ation of Detection and Decoding
in Large CDMA Systems

Ralf R. Muller
Forschungszentrumelekommunikationwien
(ftw.),

Vienna,Austria.
e-mail:nuel l er @t w. at

Abstiact — The performance loss due to separation
of detection and decoding on the binary-input Gaussian
CDMA channd is calculated in the large system limit. It
is shown that a previous result in [1] found for Gaussian
input alphabet holds also for binary input alphabet.

|. INTRODUCTION

Separatiorof detectionanddecoding thoughsuboptimum
in general,is wide-spreadin communicationstechnology
This is dueto the hugecompleity which is requiredby the
optimumjoint approach.Here, we analyzethe lossincurred
by this suboptimumapproacton the real-valuedbinary-input
symbol-synchronou§aussianrCDMA channelwith random
spreadingandflat fadingwith arbitrarydistribution.

Il. RANDOM CDMA

Proposition 1 (Tanaka[2]}) Let the symbol alphabetof all
usersbe {+a(t); —a(t)} with E; a®(t) < P, thesignaturese-
guencede independentdentically distributed (i.i.d.) Gaus-
sianrandomvariables,the frequeng flat fading of useri be
gi € R with E; g? = 1, andthe numberof userskK andthe
spreadingfactor N grow to infinity, but theload 8 = K/N
remainfixed. Moreover, assumehatthe replicamethodmay
beapplied andthe capacityfor joint decodingcorvergesto a
non-randomimit. Then,in presenceof AWGN of unit vari-
ance the multiuserefficiency of theindividually optimumde-
tectoris a solutionto thefixed pointequation

1
5 =1+Pp [1— E g°tanh (y/Png;c+Png2)] (1)
w,g

with z ~ N(0, 1) andthe capacityfor joint decodingin nats
is givenin termsof the multiuserefficiency as

n-1-logn _ E log cosh(\/Pngw+Png2)
2B z’g

In casethe fixed point equation(1) hasmultiple solutions,the
correctoneis thatsolutionfor which Cj is smallest.

C3(P) = Pn+

Considemow separatedietectionanddecodingwherede-
tectionis performedwithout knowledgeof the codelaws but
individually optimumuwithin the limits of this contraint. That
is, the subsequenk independentlecodersreprovidedwith
memorylesson-lineartMMSE estimates.

1Thegeneralizatiorio flat fadingis dueto [3].
2See[2, 4] for furtherdetailsaboutthis condition.
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Figure 1: Capacitywithout fad- Figure2: Spectralefficiengy w.f.
ing (w.f.) over signal-to-noisea- vs. load for E,/No = 10 dB,
tio in linear scale. The dashed binary (solid lines) vs. Gaussian
line refersto the corvex hull. (dashedines)inputalphabet.

Proposition 2 (new) Consider the same conditions as in
Propositionl. Then,the capacityfor separatedietectionand

decodingn natsis
C -
A LI

Cs = n(p) — 1 —logn(p) } '

26

This s a striking analogyto TheoremlV.1 in [1] which states
the samelossdueto separatiorof detectionanddecodingfor
Gaussiannsteadof binaryinputs.

It is illustratedin Fig. 1 thatwith constantpower capacity
is not a concave function of the signal-to-noiseatio. The ca-
pacityfor optimumschedulingof the signalpoweris givenby
thecorvex hull of the capacityfor constanpower.

It is alsoremarkableto obsene from Fig. 1 that without
power schedulingchannelcapacityis not a continuousfunc-
tion of the signal-to-noisegatio. Sucheffectsarewell-known
in statisticalmechanicsand called phasetransitions In con-
text of CDMA, thediscontinuitycanbe understoodconsider
ing thatthereis awaterfll regionin thebit errorrate[2].

It is alsoinsightful to comparethe spectralefficiency of
binary signalingto that of Gaussiarsignaling. An example
is givenin Fig. 2.
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