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ABSTRACT

Vast research was recently performed on signal detection
of multiuser Code Division Multiple Access (CDMA). Par-
ticularly for uplink (users to base station) the signals are
asynchronous and the near-far problem is an important is-
sue to deal with. All near-far resistant detectors, adaptive
or non-adaptive, assume knowledge of the relative delays of
the different users’ signals. Among these are the one-shot
detectors suggested by Verdu. In this paper we suggest an
adaptive algorithm to decorrelate the outputs of the one
shot matched filters that assumes no knowledge of the rel-
ative delay. The performance of this approach is shown to
be better than the non-adaptive “zero-forcing” method pre-
viously used and which implements linear transformation
via the inverse of matched filters’ output cross-correlation.
For simplicity a two-user case is presented. Extension to a
higher number of users is relatively simple.

I. INTRODUCTION

CDMA is considered to be a promising multiplexing method
for multiuser personal, mobile and indoor communications.
One of the problems a designer of such a system is faced with
is the so called “near-far problem,” resulting from exces-
sive Multiple Access Interference (MAI) energy from nearby
users, compared with the desired user’s signal energy. Power
control, that is, adjustment of transmitter power, depend-
ing on its location and the signal energies of the other users,
has been suggested as a solution to this problem. But it re-
quires a significant reduction in the signal energies of the
strong users in order for the weaker users to achieve reli-
able communication. This results in an overall reduction in
communication ranges.

An optimum near-far resistant multiuser detector, with-
out a need for power control has been proposed by Verdu[1].
Its complexity, however, is exponential in terms of the num-
ber of users, which makes it unsuitable for practical situa-
tions. Later, a sub-optimum detector whose complexity is
linear was proposed[2]. However this detector, like Verdu’s
optimum detector, needs the knowledge of user signal ener-
gies.
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Adaptive near-far resistant CDMA detectors that do not
need the knowledge of the received signal energies have been
developed at NJIT in recent years{3—6]. All these detectors
assume a non-fading multiuser environment.

All asynchronous detectors {except [6]), adaptive or non-
adaptive, assume knowledge of the different users signals’
relative delays.

In this paper we propose to use the decorrelation al-
gorithm for separation of the user signals obtained at the
outputs of Verdu’s one-shot bank of matched filters. For
this we do not require knowledge of the relative delays.

In the next section we present the system model and
drive the relation between the matched filters’ output and
the users data. Since the delays are not known, the cross-
coupling matrix is considered unknown. The decorrelating
algorithm and the decorrelator’s steady-state weights and
outputs are given in Section IIL. In Section IV. we discuss
performance evaluation and in Section V. we present an
example and results.

II. SYSTEM MODEL

For the asynchronous multiuser, the equivalent low-pass sig-
nal at the input of the matched filter bank is given by,

K

r®) =) b)Var@Dsx(t+T = m) +n(t), (1)

k=1 ¢

where K is the number of users, ag,8k,bk,sx and 7 are
the signal amplitude, carrier phase shift, user bit, signature
waveform and the relative delay of the kth user. n(t) is the
zero mean AWGN, with a two-sided power spectral density
of N ) / 2.

For the sake of simplicity we will restrict ourselves to
two users only. Extension to a higher number is relatively
simple.

Representing the signal of Eq. (1) in one-shot of the ith
bit of user one, and without loss of generality, letting i = 0,
we write,

r(t) = \/aTsl(t)ln (0) + +/az¢€2 %S’f;(t)bz(_l)

+ 57 ()52(0) + n(t), (2)
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where 0 < 72 < T is considered unknown or estimated with
an error, and;
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As shown in Fig. 1, we apply r(t) to a bank of filters
by using as a second input s;(t), s-f'(t), sfl(t), respectively,
the signature function of Eq. (3) extended to r; instead of
2, normalized by ¢ instead of e2.

The output of the first filter,

21(0) = v/a1b1(0) + Vaze2p12b2(0) +11(0),  (4)

where n,(0) = j;T n(t)s1(t)dt is a zero-mean Gaussian vari-
able with variance of Ny/2, and
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P12 = 31 (t)32 (t - T‘z)dt (5)
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The subscript in z’(0) indicates that we are using zero bit
of user one in our one-shot.
The output of the second filter is given by,

T
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The output of the third filter is given by,

z3(0) = r(t)sy (t)dt
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where
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Combining, Egs. (4), (6) and (8) in matrix form,
x'(0) = PTADb(0) + n(0), (10)
where
1 P21 P12
PT = Pél Pé"z,L P%’zR , (11)

I R'L R'R
P12 P22 P22

A = diag[+/a1, /a2€2, v/62(1 — €2)] and
b(0) = [b1(0), 52(—1),52(0)]T . n(t) is zero-mean Gaussian
vector with covariance,

1 pn P12 N,
Ro=1{py 1 0 -5‘1 (12)
Pz O 1

2.1. Known Delay

If the relative delay 7, is known then we choose m = 7,

[ ')
amli as a r?sult P21 = p21,pl2 = prz, Pt = pHT =1,
o5l = p5® = 0 and €, = €2 = 1. The matrix Pp is

known. If |p21] + |p12] < 1 then Pp is invertible. A simple
linear transformation by Pp' results in,

z(0) = Ab(0) + P; n(0), (13)

where Pp is the modified cross-coupling matrix. Since the
components of b(0) are assumed uncorrelated then the com-
ponents of z(0) are also so.

III. THE DECORRELATING ALGORITHM
3.1. Unknown Delay
For this case the matrix P is unknown. We propose to use

an adaptive algorithm to decorrelate the outputs of bank of
matched filters (see Fig. 2). From this figure we have

2'(0) = x'(0) — WTx'(0), (14)
where
0 w2 wis
W= w21 0 w23 . (15)
w31 W32 0

The kth output of the decorrelator can be expressed as,

2k = Tk — Wi Xk (16)
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where wi is the kth column of W with the element wxx
deleted and xx is the vector obtained from x by deleting
Tk.

The multidimensional decorrelator is the same as that
frequently used in neural networks and other applications
of signal separation[7-8].

For controlling the weights, we use the steepest descent
algorithm which simultaneously reduces the absolute value
of the correlation between the outputs of the decorrelator
and the decision on all other outputs. That is, the weight,
wyk is controlled by the recursion,

1<l,m<3, I#m. (17)

Recursion in Eq. (17), reaches steady-state in the mean
when E{zisgn(zm)} = 0. Note that wzi, for example, is
used to cancel residue of bz(—1) at the output of z;. It
will settle down only when that residue (being correlated
with b2(—1)) is zero. But any reduction of by(—1) at z, will
improve b1(0) (smaller error) and hence, will be more effec-
tive in reducing the residue of b1(0) at z; and z3 through
the control weights w2 and wis. Therefore, the process of
residue cancellation is enhanced successively which justify,
using the name “bootstrap” in the past.

In the notation of Eq. (16), we write Eq. (17) in vector
form,

Wit — Wmt — p(z15g8(z2m)),

Wi — Wk — p(2ksgn(zx)), (18)
where again zj is obtained from the column of z by deleting
zx. The steady state is reached if E{zisgn(zx) = 0 for
k=1,2,3. i

Now, sgn(zx) = bk, and if we assume the SNR’s are
large enough such that the main contribution to the decorre-
lator output error is the multiuser interference, then E{zxbx}
can be approximated by,

E{zxbi} = E{zxbi}(I - 2Pr(bs in error))
= E{zbi}(I—2P). (19)

Equating (19) to zero and using (16) together with (10) we
get,

E{zxbr} = E{pxraxdr + pi Axbr + nk — Wi xx}bx = 0,

(20)
where pii is the kth term at the diagonal of P, axx is the
kth diagonal of A, p, is the kth column of P with its kth
element deleted and so is Ax.

3.2. Steady-State Weights and Decorrelator
Output

Solving Eq. (20), we show in the Appendlx that E{w{xxbx} =

Ay p, We also show that, E{wixxbr} = AxPxWj. There-
fore, the steady-state welght resulting from the decorrelat-
ing algorithm is given by,

Wk = Pltlpk’ (21)

Substituting Eq. (21) in (16) with (A-2), we drive in the Ap-
pendix; Eq. (A-4), the decorrelator’s steady-state outputs,

2k = axk(prk — pr Py Tr)by + nk — pr Py ny. (22)

where Py is obtained from P by deleting the kth row and
column, while r¥ is the kth row without its kth element

IV. PERFORMANCE EVALUATION

From Eq. (22) for user one, after combining the noise terms,

we have,
it e

(23
Note that the decorrelating detector perfectly cancels th()a
interfering signa.l energy. On the other hand, the desired
user bit energy is modified by (1—p; P r1), and the noise
variance is given by

z1 = \/(I.](l - p;rPI_TI&)bl -+ [ 1

ok =p"RTR.R™p 1‘;", (24)
where p, = [ 1 o] ]T,R_l = 3 _I(,);-T and R, is

the noise covariance matrix given in Eq. (12).
Let,
(1 —h P1 1'1)2“1

(25)

TN
The BER for binary PSK as a function of SNR is given by
Q(2v1), where Q(z) = 712_; f;o =212 4.

V. EXAMPLE AND RESULTS

In our numerical calculation and simulation, we assume €2 =
0.4, p21 = 0.2//0.4, p12 = 0.6//0.6. If 75 < 72, then €5 < €2
(assumed 0.35) and hence the overlap of sfl with s; is larger
than that of sf. Therefore we take p3, = 0.25/4/0.35. With
the same argument, p3, = 0.55/4/0.35r, pé‘él‘ = \Je)fer =
V035/0.4 and pB% = \/(1—e2)/(1 - ¢;) = /0.6/0.65.
Finally, ng = 0.05/4/(0.65)0.4. In summary,
1 0.3162 0.7746

PT =] 03101 0935¢ 0 . (26)
0.9297 0.0981 0.9608

Using matrix (26) the BER performance of both conven-
tional and adaptive one-shot detectors is depicted in Figs. (3)
and (4) for fixed interference, variable desired user energy
and variable interference, fixed desired user energy respec-
tively. In both figures, it can be observed that especially
for high interfering energy the adaptive decorrelator, out-
performs the conventional one.

Appendix

Itis easy to show that, E{bsbir} =0,
E{(pT Axbi)bi} = Akpk, E{nxbi} =0, so that

E{(Wk xk)bk} = Arpy. (A— 1)
From (10)
Xk = [pT rk][Ak agk]{;"].f.nk(A—Z)

= P7Aibi +rrarabs +ny,
Therefore,

E{wixibi} = AxPrwy. (A—-3)
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From Eq. (16) together with Eq. (21),

PricGrkbk + pt Axby + nk
—pr Py T(PT Axbg + rrarxbe + nk)
axk(pxk — oy P Trr)be + nx — pr P T ng.

Zk

(A-49)
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