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Abstract  Successive Interference Canceller is a multistage approach that sequentially recovers each user from the re-
ceived signal. Each stage provides an estimate using the MF detector. The re-modulated signal is subtracted from the original 
signal and the difference signal becomes the input. Bit Error Rate expressions are derived to evaluate performance of the SIC 
and its algorithm. 
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1. Introduction 
Multiuser Detection is developed for CDMA uplink sys-

tems and other environments in which the receiver has 
knowledge of the signature waveforms for K users. Subspace 
techniques are used to estimate the interference from the 
unknown users and the interference estimate is subtracted 
from the received signal. It can be difficult to recover CDMA 
signals, primary because the received power levels may be 
spread over a wide range among the users. We focus on a 
multistage algorithm called the successive interference 
canceller (SIC) which uses a single antenna element to se-
quentially recover CDMA signals according to their power 
levels[2]. Bit error rate (BER) expressions are derived to 
evaluate the performance of the SIC for near-far scenarios[5]. 
We also examine a parallel interference canceller (PIC) 
which is similar to the SIC except that all users are estimated 
simultaneously in each stage. 

2. Multiuser Detection 
Consider a DS/CDMA system where K active users 

transmit their information asynchronously over a common 
additive white Gaussian noise (AWGN) channel[4]. The 
received signal impinging on a single antenna element at the 
base station can be modeled as 
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Where jA =  recived apmplitude of the jth user, ( )jb i =  
transmitted symbol ( ± 1) of the jth user, ( )js t =  signature  
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waveform of the jth user, T =  symbol interval, j  = τ  time 
delay of the jth user, and ( ) = AWGN n t  with zero mean and 
a two-sided power spectral density. 

A signature waveform can be represented by 
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Multiple access interference (MAI) is caused by nonzero 
cross-correlations between the signature waveforms; it is the 
limiting factor in a DS/CDMA system[13]. The (k, j)th 
component of the cross-correlation matrix R(l) for time- 
shifted versions of the signature waveforms of the kth and jth 
users is given by 
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3. Conventional and Optimum Detector 
The sampled output of the matched filter of the jth user in 

the mth symbol interval is 
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The optimum detector employs maximum likelihood se-
quence estimation (MLSE) to jointly estimate all users 
(JMLSE)[14]. The Viterbi algorithm replaces the conven-
tional decision devices, which uses the signal cross- corre-
lations to choose the globally optimal transmitted data se-
quence for each user[2]. It can be useful to employ JMLSE as 
a benchmark to evaluate the performance of suboptimum 
approaches. 

4. Successive Interference Canceller 
(SIC) 

Successive interference cancellation is a multistage ap-
proach that sequentially recovers each user from the received 
signal[15]. Each stage provides an estimate of one source by 
using the conventional MF detector[14].  

The transmitted symbol of the jth user in the mth symbol 
interval can be determined by 
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Where ˆ
kA is the estimated amplitude of the kth user. 

For the case of synchronous channels, 
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5. Parallel Interference Canceller (PIC) 
The PIC is another multistage nonlinear receiver that can 

be used to separate and demodulate co-channel signals in a 
DS/CDMA system[11,12].  

The decision variables in the mth stage can be written as: 
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Consider the estimate in the first stage: 
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The probability of error in decoding the user in the first 
stage is: 
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6. Group-Blind Detector for 
Asynchronous CDMA 

The received signal due to user k (1< k < K) is given by 
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The total received signal is given by 
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The nth matched filter output during the ith symbol in-
terval is 
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Substitutes (5.1) into (5.3), then we have 
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7. Numerical Results 
We consider a DS/CDMA system with ten users and 

spreading codes of length N=64. Ten million events were 
generated using Monte-Carlo simulations to estimate the 
error probabilities. 

The below table shows the Correlation Values ijρ  of the 
spreading codes for a Ten- User DS / CDMA system. 

1 -0.06 -0.13 -0.06 0.25 0.06 -0.19 0.25 0 0 
-0.06 1 0.19 0 0.06 0 -0.13 0.31 -0.19 -0.06 
-0.13 0.19 1 0.31 0.13 0.19 0.06 -0.13 0 0 
-0.06 0 0.31 1 0.19 -0.13 -0.25 -0.31 0.19 0.19 
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0.25 0.06 0.13 0.19 1 -0.06 0.06 0 0.25 0.13 
0.06 0 0.19 -0.13 -0.06 1 -0.13 -0.06 0.19 -0.06 
-0.19 -0.13 0.06 -0.25 0.06 -0.13 1 -0.06 -0.44 0.06 
0.25 0.31 -0.13 -0.31 0 -0.06 -0.06 1 -0.38 0 
0 -0.19 0 0.19 0.25 0.19 -0.44 -0.38 1 0.13 
0 -0.06 0 0.19 0.13 -0.06 0.06 0 0.13 1 

As a result, estimates of the error probabilities on the order 
of 10As a result, estimates of the error probabilities on the 
order of 10-5 (or higher) are quite reliable. Note that most of 
the cross-correlation coefficients are in the range (-0.2, 0.2); 
the noise variables are approximately uncorrelated. 

8. Conclusions 
In this paper, we described SIC and PIC algorithms for 

DS/CDMA signals, and analyzed their BER performance 
using conditional probability methods. An analysis of the 
BER performance of the SIC for a two-user DS/CDMA 
system illustrated the effects of erroneous cancellation and 
amplitude mismatch. With reference to single path, a robust 
multiuser detector for non-coherent detection signals has 
been implemented. A novel blind multiuser detector is de-
rived for joint multiuser detection and differential decoding, 
which can be efficiently implemented using Monte Carlo 
procedure. 

 

REFERENCES 
[1] W. Lu and R. Berezdivin, “Technologies on fourth-generatio

n mobile communications,” IEEE Wireless Commun., Vol. 40, 
no. 10, 2002 

[2] M. Honig, U. Madhow, and S. Verdu, “Blind Adaptive mul-
tiuser detection” IEEE Trans. Info. Theory, Vol. 41, pp. 
944-960, July 1995 

[3] V. Garg, IS-95 CDMA and CDMA2000.  Prentice Hall, New 

Jersey, 2000 

[4] S. Verdu, Multiuser Detection. Cambridge Univ. Press, New 
York 1998 

[5] H. Liu and K. Li, “A decorrelating RAKE receivers for 
CDMA communications over frequency-selective fading 
channels,” IEEE Trans. Commun. Vo. 47, pp.  1036-1045, 
July 1999 

[6] D. Johnson and D. Dudgeon, Array Signal Processing: 
Concepts and Techniques. Prentice Hall, NJ, 1993 

[7] M. Tsatsanis, “Inverse filtering criteria for CDMA systems,” 
IEEE Trans. Signal Processing, Vol. 45, pp. 102-112, 1997 

[8] J. Schodorf and D. Williams, “Array processing techniques 
for multiuser detection,” IEEE Trans. Commun., Vol. 45, pp. 
1375-1378, Nov. 1997 

[9] M. Tsatsanis and Z. Xu, “Performance analysis of minimum 
variance CDMA receivers,” IEEE Trans. Signal Processing, 
Vol. 46, pp. 3014-3022, Nov. 1998 

[10] Z. Tian, K. Bell and H. Van Trees, “Robust constrained linear 
receivers for CDMA wireless systems,” IEEE Trans. Signal 
Processing, Vol. 49, pp. 1510-1522, July 2001 

[11] Z. Xu, “Blind adaptive algorithms for minimum variance 
CDMA receivers,” IEEE Trans. Commun., Vol. 49, pp. 
180-194, Jan. 2001 

[12] D. Pados and G. Karystinos, “An interactive algorithm for the 
computation of the MVDR filter,” IEEE Trans. Signal 
Processing, Vol. 49, pp. 290-300, Feb. 2001 

[13] H. Li, X. Lu and G. Giannakis, “Capon multiuser receiver for 
CDMA systems with space-time coding ,” IEEE Trans. Sig-
nal Processing, Vol. 50, pp. 1193-1204, May 2002 

[14] X. Wang and H. Poor, “Blind multiuser detection: A subspace 
approach,” IEEE Trans. Inform. Theory, Vol. 44, pp. 677-690, 
Mar. 1998 

[15] M. Honig and W. Xiao, “Adaptive reduce-rank interference 
suppression with adaptive rank selection,” IEEE Trans. In-
form. Theory, Vol. 47, pp. 1928-1946, July 2001

 


	1. Introduction
	2. Multiuser Detection
	3. Conventional and Optimum Detector
	4. Successive Interference Canceller (SIC)
	5. Parallel Interference Canceller (PIC)
	6. Group-Blind Detector for Asynchronous CDMA
	7. Numerical Results

