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Abstract — The performance loss due to separation
of detection and decoding on the binary-input Gaussian
CDMA channel 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.

I . INTRODUCTION

Separationof detectionanddecoding,thoughsuboptimum
in general, is wide-spreadin communicationstechnology.
This is dueto the hugecomplexity which is requiredby the
optimumjoint approach.Here,we analyzethe lossincurred
by this suboptimumapproachon thereal-valuedbinary-input
symbol-synchronousGaussianCDMA channelwith random
spreadingandflat fadingwith arbitrarydistribution.

I I . RANDOM CDMA

Proposition 1 (Tanaka [2]1) Let the symbol alphabetof all
usersbe

���������
	���
������
	��
with ��� �������
	����

, thesignaturese-
quencesbe independentidentically distributed(i.i.d.) Gaus-
sianrandomvariables,the frequency flat fadingof user � be� �"!$# with � ��� ��&%(' , andthe numberof users) andthe
spreadingfactor * grow to infinity, but the load + % )-,.*
remainfixed. Moreover, assumethat the replicamethodmay
beapplied2 andthecapacityfor joint decodingconvergesto a
non-randomlimit. Then,in presenceof AWGN of unit vari-
ance,themultiuserefficiency of theindividually optimumde-
tectoris asolutionto thefixedpointequation'/ %0' �1� + 2 ' 
 �3 4 5 � ��6�7�8:9<;�= � /���> �1� /�� ��?�@ (1)

with >BADC �FE:G ' 	 andthecapacityfor joint decodingin nats
is givenin termsof themultiuserefficiency asHJI ���K	 % � / � / 
 ' 
"LNM�O /P + 
 �3 4 5 LQM OJRSM�T 9 ; = � /��U> �V� /�� � ?
In casethefixedpoint equation(1) hasmultiple solutions,the
correctoneis thatsolutionfor which

HWI
is smallest.

Considernow separateddetectionanddecodingwherede-
tectionis performedwithout knowledgeof the codelaws but
individually optimumwithin the limits of this contraint.That
is, thesubsequent) independentdecodersareprovidedwith
memorylessnon-linearMMSE estimates.

1Thegeneralizationto flat fadingis dueto [3].
2See[2, 4] for furtherdetailsaboutthis condition.
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Figure 1: Capacitywithout fad-
ing (w.f.) over signal-to-noisera-
tio in linear scale. The dashed
line refersto theconvex hull.
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Figure2: Spectralefficiency w.f.
vs. load for XJY�Z\[�]$^`_�a dB,
binary (solid lines) vs. Gaussian
(dashedlines)inputalphabet.

Proposition 2 (new) Consider the same conditions as in
Proposition1. Then,thecapacityfor separateddetectionand
decodingin natsisHcb % d 7fegfh ��iFj k l gfm�n � �po H I �rq�	s
 / �tqu	s
 ' 
vLQM O / �tqu	P + w<x
This is a striking analogyto TheoremIV.1 in [1] which states
thesamelossdueto separationof detectionanddecodingfor
Gaussianinsteadof binaryinputs.

It is illustratedin Fig. 1 thatwith constantpower capacity
is not a concave functionof thesignal-to-noiseratio. Theca-
pacityfor optimumschedulingof thesignalpower is givenby
theconvex hull of thecapacityfor constantpower.

It is also remarkableto observe from Fig. 1 that without
power schedulingchannelcapacityis not a continuousfunc-
tion of thesignal-to-noiseratio. Sucheffectsarewell-known
in statisticalmechanicsandcalledphasetransitions. In con-
text of CDMA, thediscontinuitycanbeunderstoodconsider-
ing thatthereis awaterfall region in thebit errorrate[2].

It is also insightful to comparethe spectralefficiency of
binary signalingto that of Gaussiansignaling. An example
is givenin Fig. 2.
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