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Abstract - A family of multiuser detectors is ana- 
lyzed which require neither matrix inversions nor oth- 
er operations with significant complexity. The time 
complexity per bit of most of them is independent of 
the number of users. Nevertheless, their spectral ef- 
ficiency for random spreading sequences is shown to 
be not far behind that of linear MMSE detection. 

I. INTRODUCTION 
Recently, the performances of well-known linear and nonlinear 
multiuser detectors in random environments were analyzed in 
[l, 2, 31 revealing important gains over the spectral efficiency 
of the single-user matched filter. The price for those improve- 
ments is receiver complexity. 

An important class of multiuser receivers with lower com- 
plexity is based on the idea of approximate decorrelation (AD) 
[4] (a generalization to approx. MMSE detectors is straightfor- 
ward): Matrix inversion in approximated via Lth order poly- 
nomial expansion M-' % E,"=, w [ M e ,  see e.g. [5], with prop- 
erly chosen weights we. 

11. MAIN RESULTS 
Let y = SH(Sx + n)  denote the vector notation of a syn- 

chronous K user Gaussian CDMA channel with x, y denoting 
the transmitted and received symbols, respectively, n the com- 
plex additive white Gaussian noise of variance a2 and S the 
L x K matrix of complex signature sequences. In this sum- 
mary, we restrict attention to equal received powers and we 
assume that the diagonal elements of the matrix R = SHS 
equal unity. 

Theorem 1 Let  K ,  N -+ 03, but 0 < p = $ < 03 and the 
random components of S be andependent wath finzte vanance. 
Then ,  the sagnal-to-anterference-and-nozse ratao at the output 
d = T y  of any lanear equalazer descrzbed by a matrax T = 

we(@, a)RC converges almost surely t o  a determanzstac 
scalar f o r  arbatrary wezght functaons w~(p, a), 0 5 d 5 L,  and 
arbatrary order L .  

Theorem 1 allows to give explicit expressions for the S I R  
of Lth order approximation to the MMSE multiuser detector. 
The iesults for L = 1,2,3 are the following: 

The Oth order approx. is equivalent to the conventional 
matched filter. The first order appKoximation (cf. [4, Prob. 
5.28.d] is better than the approximate decorrelator analyzed 
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in [4, p. 2811, where the weights were based on a Taylor expan- 
sion and not optimized with respect to the maximum achiev- 
able SIR. The optimum weights can be expressed as Lth order 
polynomials in /3 and a2 and calculated, recursively. Thus, 
their computation is very simple in real-time applications. 

For a fair comparison to the performances of the decorrela- 
tor, the MMSE detector, and the matched filter, the spec- 
tral efficiency r = pC = plog,(l + SIR) and power ef- 
ficiency 2 = a2C are calculated as in [I, 21. Averaging 
capacity results over the load, our results are extended to 
re-encoded successive cancellation (SC) receivers [l, 21 via 
&(p) = s," log2(l + SIR(P'))dp'. Fig. 1 shows the spectral 
efficiency for fixed &,/No as a function of the load p = K I N .  
At low p simple linear receivers noticeably outperform the 
single-user matched filter. At high ,8 simple nonlinear receivers 
noticeably outperform the exact MMSE receivef. 
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Fig. 1: Spectral efficiency vs. system load for several multiuser de- 
tectors and fixed 10lOglo(Eb/ivo) = 10 dB. 

111. CONCLUSION 
Increasing spectral efficiency by multiuser detection need not 
involve significant increase in receiver complexity even with 
long spreading sequences. 
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