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Abstract—In this paper, a cross-cumulant based blind multi- step imposes some computational complexity. At the end of

user detection scheme is proposed for an uplink CDMA system. detection, the user ambiguity due to the position rotation is
By imposing a code-aided constraint on each user’s receiver and still unavoidable in those approaches.

minimizing the cross cumulant of the output signals from all . . .
receivers, we show that the proposed approach is capable of In this paper, a code-constrained cross-cumulant based blind

detecting all users’ signals in parallel without user ambiguity. Multiuser detection criterion is proposed to jointly detect all
The global convergence of the proposed algorithm is established. users’ signals simultaneously for an uplink CDMA system.
The resulted detectors.are proven to be zero-forcing ones. |y the proposed scheme, each user’s detector is linearly
Furthe.rmore, tlje.constr.amts are trgated as unKnown parameters .., oirained by the user’s spreading codes to some preselected
and jointly optimized with the receivers to achieve performance .
gain. Adaptive implementation is discussed. Simulation results vector. Then the total cross-cumulant of all detectors’ output is
verify the satisfactory performance of the proposed approach in minimized under the constraints. It is proven analytically that
typical communication scenarios. each user’s receiver globally converges to that user’s zero-
forcing receiver, irrespective of Gaussian noise, and all users’
signals can be detected in parallel without user ambiguity.
In the field of blind source separation for multiple inputfo achieve performance gain, the constraints are proposed
multiple output (MIMO) systems, considerable recent researgh be treated as unknown parameters and further optimized.
has been focused on higher order statistics (HOS) basgglptive implementation is discussed for joint optimization
solutions, since second-order statistics (SOS) criteria in megtthe detectors and constraints. Simulation results are finally
cases do not suffice for the complete separation of the sourpessented to verify the effectiveness of the proposed scheme.
due to the existence of a unitary matrix ambiguity [1]. Those
HOS approaches are based on either maximizing the cumulant
[1], [2], [3], [4], [5], or minimizing the cross cumulant of the
output signals [6], [7]. Consider a direct sequence (DS) CDMA system with
A CDMA system can be viewed as a special class ofsers. Usey is assigned a periodic spreading sequer¢é)
MIMO systems. When the HOS based techniques are appligd= 0,..., P — 1). Let the chip sequence be transmitted
to multiuser detection, they can be divided into two categoriethrough a multipath channel with unknown coefficiegién).
One is to consider only the user of interest, such as in downlifiken the received chip-rate discrete-time sigmal) has the
CDMA systems. With the given spreading codes of the desirémtm [10]
user, the detector is forced to satisfy a set of linear constraints
such that the signal of the desired user is detected [8], [9],
[10]. The other one is to design a bank of detectors to recover
all users’ signals, such as in base stations. In the second
category, to ensure that each detector detects the signal affere h;(n) = > °_ __ g;(m)c;(n — m), w;(n) is an
distinct user, multistage successive cancellation (MSC) [2], [Bhuiproble+1 random variable, and(n) is assumed to be
or Gram-Schmidt orthogonalization on the detectors [1], [Zero-mean additive white Gaussian noise (AWGN). Without
must be implemented. However, the MSC approaches midbss of generality, we may assume that the délay 7; < P.
suffer from error accumulation in the final solution, due tdVe also assume the maximum channel order for all useys is
imperfect subtraction of the detected signals in previous stagégpically ¢ << P in many applications). If we colled? + ¢
while the Gram-Schmidt orthogonalization performed at easlamples ofy(n) in a vector and similarly define the noise

I. INTRODUCTION

Il. SYSTEM MODEL

J oo
y(n) = Z > wiDhi(n—7;—IP) +o(n), (1)



vectorv(n), then the received signaj(n) becomes [1l. CONSTRAINED CROSSCUMULANT BASED
MULTIUSER DETECTION

J
yn) = Z[éj,lgjwj(n) + E‘j729jwj(n -1) Our objective is tg designJ linear detectorsE =
J=1 [fi, ..., Ff;] to blindly detect the.J users’ signals
+ éjyggjwj(n +1)]+3(n), ©) [wy(n), ..., wy;(n)]T simultaneously, where thgh detector
f; is designed for thgth user. Based on (7), the output vector
whereg; = [g;(0), ..., g;(¢)]” is the multipath channel is found to be
vecto.r of userj, andC; 1, C; ., C; 3 have following struc- 2(n) A [2(n), ... zg(n)]T
tures: H e H
= F'yn)=F"Hwh)+F v(n). (9
[ c;(1 0 . . .
ng ) In the absence of noise, if and only#” H = I whereT is
~ : ~oci(1) a permutated identity matrix, the outputn) will be exactly
C;= (p : ’ ®) the input sequences(n) and the corresponding’ is said to
¢j(P) . . .
_ be a set of zero forcing (ZF) receivers. In the case of unknown
L O ~oc(P) channel matrixH, to obtain optimal receivers whose output
vector z(n) is a good approximation ai(n), we propose to
_ minimize the sum of the cross-cumulant of the output signals,
E—;j L= = 07, % (g+1) 4) subject to a set of constraints dn
Ci(l:P+q—my,:)
B Ininj = Z ‘CquQ(ZiZj)‘
F e
1>
~ ; Hpy~ _ ~H o .
& Ci(P+q—1;:P+q,) ) subjectto f;"C, =g,;", i,j=1,...,J (10)
j,2 — 5
! 0(Ptg—r;—1)x(g+1) where
cumaa (2, 2;) = cum(zi(n), z; (n), z;(n), 25 (n)),
Cis= [ Oprj)x(a+1) ] ) (6) andg;(i =1, ..., J)is a pre-selected constraint vector to
Ci(l:q—15:) ensure no cancellation of;(n) in the ith outputz;(n). Here

we explicitly use the&th user’s spreading sequence to constrain

For r:: onvemenc«i, we hrestrlct ]c;urc attg(;mond t? a _qtuastheith receiverf,. In the next analysis, we will show that the
sync Nronous system, whe 5<_< - Lonsidery data points - ., \siraints are essential for separating all users’ signals and
from y(n) and formulate a partial data vectg(n) = [y(nP+ removing user ambiguity

P—v-1), ..., y(nP+P)|T with P—v = max(q+7;)(j =
1, ..., J) to eliminate an intersymbol interference (ISI) IV. CONVERGENCEANALYSIS

e.ffe.ct, whgre_ .the .maX|mem chip delay is asgumed. known. ATo facilitate the analysis, we simply consider BPSK signal
similar definition is applied to the new partial noise vecto

Lources and make the following assumptions:

v(n). Then, from (2), we obtain the input/output relationship _ _ ) )
AS1) Each user’s information sequence is non-Gaussian,

J mutually independent and temporally i.i.d. with unit
y(n) =Y Cig;w;(n) +v(n) = Hw(n) +v(n), (7) power;
j=1 AS2) Channel noise,, is white Gaussian and independent
of input signals;
_ AS3) Matrix H has full column rank.
Cj=Cju(P—v+1:P), We first express (10) explicitly as a function of detectors.
Based on (9) and the definitions &f and H, the ith output
w(n) =[w—1(n), ..., w;(n)]7, is given by z;(n) = Zleffhlwl(n). Using the property
of cumulant and applying AS1-AS2, the cross-cumulant
and betweenz;(n) and z;(n) is derived as

H =[hy, ..., hj], h; =Cjg;. (8) cumaa(z, z;) = cum(zi(n), 2] (n),z;(n), 25 (n))
J

Z(fiThl)Q(ijhl)QCUmzx(wl(n))

=1

where



Applying the BPSK source assumption, the optimization i®bviously, F° is a set of ZF receivers. Moreover, eq. (16)

(10) becomes suggests that7 (F°) = 0. Considering7 (F') > 0, one can
conclude thaf™ is a minimum point. Using eq. (4.7), one can
min J(F) = QZ Z fTh)? Thl)2 further obtain the optimal output, denoted &4n), of theith
F =7 =1 optimal receiver
subject to fC; =g/ (11)

() = (F) *y(n) =g gawi(n) + flo(n), (A7)
Directly applying the constraints ofi;, the above constrained

optimization can be transformed into the following unconwhere g/ g, is a scalar. Therefore, the separation of the

strained one multiuser signals with only scalar ambiguity is achieved in
= the absence of noise.
manJ = 2) [( G:9)°(fThi)*+ (G, 9,)°(fT hy)?
i>7
The constraints can be further optimized to achieve perfor-
+ Z(f?hm(f?m)?]. (12) S Since. at any minimum ot the outout
e mance gain. Since at any minimum poin e output power

of the ith receiver, according to (17), is given lﬁyZ g:)% +
We are now ready to derive the stationary points of the co;in II2. 1t is immediately observed that the signal power

function (12). Taking derivative of (12) with respectfo (i = gepends on the pre-selected constraint vegtorTo achieve
1, T J), and rear_rang_mg_terms accordingftph;, one can performance gain, it is desirable to maximize only the signal
verlfy that the gradient is given by power (g; g;)%. Meanwhile, at any minimum point, based on

B Ty 21 gTh \p (15) and the constraints oR°, the auto-cumulant of théh
42 9j gﬂ o+ Z(fl hi)(fi i)k (13) receiver, irrespective of Gaussian noise, is given by

J#i I#i,5
Zeroing the gradient and expressing it in a matrix form, we lcumy(22)] = |cuma(w:)| (@) g;)*
then have
) o ) o .
4G g,)% + Zl¢1(ffh1)2]f?hl Wh|c_h is related to the square of the s_lgnal power of ithe
receiver. Therefore, to maximize the signal power of ithe
T’ ) : . - receiver after removing interference, we propose to maximize
i, 4[(9?191-71) + Zl;éi—l(f,lrh’ifl) ]f%hifl the cumulanicumy(z¢)| at the minimum point. Noticing that
A(9i119i41)° + Xisir (F1 Rit1)?1f i hisa the norm of the constraint will not affect the performance, a
: norm constraint is imposed on the constraint vegtoio avoid
~T T T infinite solutions. Therefore, the constraint vector is optimized
L A@590)7 + X (F R TRy o e tolowin P
—0 (14) g
where H; denotes the remained matrix after removing ithe max |cumy(z])| subject to ||g,|| = 1.
user’s signature vectal; from H. According to AS3), H 9
has full column rank, thereforél; (i = 1,...,.J) has full

column rank too. It then follows that the rlght column vectog[ollsu tlsgnalaTrsr:V:I:;TSLOaShg::egagst|matH f\v\w!; Lhnel O;z::rl
in (14) is a zero vector, which implies that P o y

ambiguity. Once the optimal constraints are obtained, they

gj g;) +Z (fih))fFfh; =0 fori,j=1,...,J, j#i. can be used back to (10) to obtain a new set of zero-forcing
15 receivers. To conclude, by jointly optimizing the constraints,
It is then straightforward to show that if the constraint vectdP9ether with the detectors, the maximum signal power as well
g, is properly pre-selected such th@.j g;)? # 0 for j = as minimal interference can be achieved for each detector,
1, ..., J, the following results can be obtained irrespective of Gaussian noise. As a by-product, a perfect
channel estimate with only a scalar ambiguity for each user

f;fphj =0, ¢j=1,...,J andj #i. (15) can be obtained, irrespective of Gaussian noise.

Let the optimal receivers corresponding to the stationary points
be denoted a¥™® = [f], ..., f%]. According to the above V. IMPLEMENTATION
analysis,f? (i =1,...,J) satisfies eq. (15). Further applying

the code constraint off?, we arrive at Since the proposed optimization criterion is highly nonlin-

ear, it is impossible to derive closed-form solutions for both
(F)"H = diag{g. g,, ... 79} (16) receivers and constraints. We will seek adaptive solutions by



jointly optimizing both receivers and constraints simultanes the following

ously for all users as the following,
fj,n-&-l = :l_‘I:JC_J (fj,n — Uy Z ij |Cum2,2(zja ZZ)D
max |cumy(z;)| and minz |cumasa(ziz;)| i£]
9; f; i>j + CjAjg;,- (24)
H H ~H .o
subjectto f;’Ci=g;, i,j=1,....J.  (18) Taking B, = 1, B> = 0 for optimizing g; according to (21),

Eq. (18) involves two different cost functions for optimizingWe update the constraints by

I; and g, which are then connected by the constraint. It is B N @(I B gjmgfn)A'( e
also difficult to derive the adaptive solution for (18) directly. Jint1 = Iin [if gfngj e Gj.n j Jimn
Ins'Fea_ld, we f|r§t d_erlve the adaptive solution for a generalized T Cfvf lcuma (z;))). (25)
optimization criterion: j

VI. SIMULATION
max min 31 Z |cuma(z;)| + ﬁzz |cumasa(z;2;)|
9, F j i>j
subjectto fHC, =g, i,j=1,...,J (19

In this section, we verify the effectiveness of the proposed

) approach. We consider a synchronous uplink CDMA system
with spreading factor of 16. Each user in the system is assumed

Then, the adaptive solution faF can be obtained by takingto experience a multipath fading channel with 4 paths. Each
f1 =0 andg, = 1, and the solution fog; can be obtained user's spreading sequence and channel vector are randomly

by taking3; =1 and3; = 0. generated. All simulation results below are based 100
Following similar procedures in [10], gradient based recuMonte Carlo runs.

sions for both receivef; andg;, j = 1,...,J for (19) can We first verify the convergence of the proposed approach
be obtained as, and compare it in two cases: (1) the constraint vectors are
N generated randomly and then fixed over the iterations for
fins1 = g (fj,n Ky (ﬁlvfj|cum4(zj)| all users, (2) the constraint vectors are initially randomly
+ B va |cums 2(Zj7271)|)) generated and then jointly optimized with the receivers. Two
oy J ’ active users and5dB noise are assumed for the system. The
+ CjAjg;, (20) average output SINR is plotted in Fig. 1. It is observed that

the proposed approach converges for both users in both cases.
However, with the constraint vectors jointly optimized with

H
9jn+t1 = YGjnt+ @(I — %)A(gm — Cffj’n the receivers, the proposed approach can achieve significantly
HM 99 better performance, as shown by the much higher SINR levels.
+ oG (ﬁlvfj leuma(z;)] In all the next simulations, we focus on the proposed approach
T By va |lcumy (25, Zi)l)) (21) with constraint vectors jointly optimized with the receivers.
iz ' We then examine the performance of the proposed approach

in the presence of different input SNRs frobdB to 20dB

at a step ofbdB. Two users are assumed for the system.
A= (Cij)‘l, Hé]. —I_ CjAij As a reference, the ideal zero-forcing receiver build up on
the perfect channel and code information is employed for
comparison. Since the optimzed constraint vectors in the

wherepy, andy,, are step sizes,

Vi Jeuma(z)l = sign(euma(z)) 2E{|z1*zjy} proposed approach can be viewed as channel estimation, the
- 4E{\zj|2}E{z;‘y} estimated ZF receivers built up on the estimated channels are

— 4E{Z]2,}E{ij}) (22) also tested. Fig. 2 plots the output SINRs for each inspected

SNR. It is found that the estimated ZF receivers are almost

and overlapped with the ideal ZF receivers, which suggests that
v lcuma (2, 2)| the proposed optimized constraint vectors converge to the

f; 22\ channels very well. The proposed receivers, which are adjusted

= sign(cuma (2, z)) (2E{|zi[* 2y} adaptively at each step, show satisfactory performance with

_ 4E{|zi\2}E{z;y} slight gap from the ideal ZF receivers. The small gap may be

_ 4E{Z?}E{ij}). (23) caused by the nontrivial step size. The sample size may also

be a factor.

Then takings; = 0, 32 = 1 for optimizing f; in (20), we Next, we inspect the performance of the proposed approach
immediately obtain the adaptive rule for the proposed receiMey assuming different number of users in the system. Each



subplot in Fig. 3 shows the output SINR for a system with
2 users,3 users, and! users, respectively. It is observed that
each user’s output SINR converges to a satisfactory level. On s
the other hand, we have shown that the constraint vector for
each user can be viewed as its channel estimate. We then plot  *
channel estimation mean-square-error (MSE) for each user in
Fig. 4. As expected, each user’ constraint vector converges to
its channel vector very well with a MSE below the level of
1073, 3
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Fig. 1. SINR comparison for the approaches with constraint vector fixed
and further optimized. Fig. 4. Channel estimation mean-square-error in different loadings.



