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An Overlapping Window Decorrelating Multiuser
Detector for DS-CDMA Radio Channels
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Abstract—A new multiuser detector for direct-sequence code- was proposed, whose performance can be arbitrarily close to
division multiple-access communication systems is described. Thethat of the ideal decorrelating detector if the window length
proposed detector divides the received signal stream into a number is sufficiently large. Another interesting window-based decor-

of overlapping windows and decorrelates them window by window. lating detect d I d usi hi ¢ h
This scheme s justified by an analysis on the convergence and'®'aliNg detector was developed using a chip-raté approach,

decay rate of the impulse response. Based on the results, a signalWhich leads to an exact finite-duration impulse response (FIR)
adapted criterion is developed which enables one to determine the solution and avoids the edge effects [8]. Note, however, that
window length according to the near—far situation of a practical the bit-rate approach has been widely adopted in the literature
system. A performance analysis and simulation results show that ¢ hroplems where user codes are known. This is because
a small to moderate window length is usually sufficient to yield a . - L.
performance that is close to or even better than that of the ideal an exaCt decorrelating solution 0_'°es not neces§arlly 'mP'y
decorrelating detector. a satisfactory performance and issues concerning practical
implementation are easier to handle in the bit-rate approach.
The various approaches entail similar problems concerning
practical implementation. These include (a) a matrix of large
I. INTRODUCTION size needs to be inverted and (b) an appropriate window (or
HE prohibitive computational complexity of the Optimalfilter) length ngeds to be determined. to assure a ;atisfactory
B_erformance with moderate computational complexity.

multiuser detector [1] has motivated the search for su . .
IIn this paper, we propose a new window-based detector, re-

optimal multiuser detectors with much reduced computationg dt th lanD: indow d latinfOWD) d
complexity. As a result, a large number of suboptimal multius frred to as theverlapping window ecorrelatinfWD) de-

egtor in which the aforementioned problems are easier to solve.
Qr'thermore, an analysis of the convergence and decay prop-
ties of the ideal decorrelating impulse response is given. Al-
ough some of our analysis results have been noted in the past
, [6] and can be related to those in [9], they provide further

sight to the problem at hand and lead to a signal-adapted cri-

require a considerable amount of computation. FurthermoFStf'or:_ for V\fn?hdow-lingth ?(_at;armlrlailrc])n. Bas?d gn tthedne?r—far
the detection delay of the ideal decorrelating detector o u:;llon 0 ¢ eds3t/s em Otrl1n erest, the S|gnda -alap ?h cn e'rlocri\
asynchronous systems is unacceptally large. enables us to determine the minimum window length require

To achieve a practical detection delay, a window approaﬁ{ ;atisfactory p_erformancg. An analysis and computer sim-
for implementing the ideal decorrelating detector was fir ations are carried out which show that a small to moderate

suggested in [4], and a number of window-based decorrelatwdow length is sufficient to provide performance close to or

detectors were developed recently [5]-[7]. A problem relat en better than that of the ideal decorrelating detector.
to these window-based decorrelating detectors is the edge

effect caused by the multiple-access interference (MAI) from Il. SYSTEM MODEL AND MULTIUSER DECORRELATING
the transmitted signals outside the working window, where DETECTION

the working window is the window that is currently being \ye consider multiuser transmission through an additive white

processed. In [5] and [7], the edge effect is corrected at the, sgjan noise (AWGN) channel shared Kyasynchronous
expense of bandwidth efficiency or complexity of network man;sars in a DS-CDMA system. For the sake of simplicity, binary

agement. In [6], the so-called truncated decorrelating detecﬁ?{ase-shift-keying (BPSK) modulation is assumed but the re-
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Among these, the ideal decorrelating detector [3] achieves t'ﬁ
near—far (NF) resistance of the optimal multiuser detecti
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wherer = [rT(1) rT(2)---
ro(k) - (K)]T, b = [bT(1)

rt (NI, r(k) [r1 (k)
bt(2) -+ BN, (k) =

[bi(k)  ba(k)---bx(B)]", E = diag{E(1), ---, E(N)},
E(k) = diag{\/e1(k),/ea(k), ---, +ex(k)}, andn

is the AWGN vector with zero mean and covariance matrix *

NoR /2. The correlation matrixRy, given in (2) at the
bottom of the page, is iV x N)-block 3-band matrix. In (2),
eachH,, (k) form = 0,1 is a K x K matrix whose(, j)th
entry is given by

oo

P i (k) = /_

whereg’(¢) denotes the normalized signature signal oftre
bit of theith user and is zero outside interj&) 7], andr; de-
notes the transmission delay for tile user. Without loss of gen-
erality, we arrange the transmission delays in ascending or

gkt — Ti)g]’?_l(t +mT — 7;)dt,

for m=0,1

i.e.,0 <71 <--- < 7K < T,s0astoobtain an upper triangular

matrix Hy (k) for 1 < & < N. In the rest of the paper, we will
refer to a system asme invariantor time dependerdepending
on whether the correlatioH,,,(%) in the system remains con-
stant or not with time.

Note that the above model also applies to a multirate system

in which the largest permissible spreading factor is a multiple
all other smaller allowable spreading factors. In this case, a u

with a smaller spreading factor can be deemed to be a numbe
virtual users. The virtual users associated with a real user have

identical signature signals but occupying different time slots
one symbol interval.
A decorrelating multiuser detector can be described by

b=Eb+Ry'n (3)

with the final bit estimates taken asgn[b]. Evidently, the
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where

by = [P¥(i—p) - BT(0)- b +p)]

ri= B - p) (@) i )]
vy = {[Hi(i —p~ DEG —p— Db(i —p— D]T 0---0}"
re=1[0-0b (i +p+ DE{+p+ DH G +p)]"
E; =diag{E(i —p), ---, E(4), ---, E(i +p)}.
In (4), n; represents Gaussian noise &gy € RMExMK jg g
submatrix ofR 5/, which is also given by (2) except that index

in H,,,(k) assumes values froin- p to ¢ + p instead of from 1
to V. It follows that within the window)p,; can be estimated as

Bi = RX;(I‘Z‘ — Iy — I‘e)

®)

d/grr]ich requires knowledge af, andr.. The MAI at the begin-

nirig of the windowr; can be approximated by using the soft
outputsb(i — p — 1) whereas the MAI at the end of the window
r. is notavailable within the window. The OWD detector is de-
duced from (5) by neglecting term and estimating the user

information bits as

of b; = RJTllf'i (6)
ser
i

f‘i =TIr; —Iy. (7)

in
In order to avoid an inaccurate estimate caused by neglecting
r., we take an approach whereby a window is overlapped by
the next window irp transmission intervals. Consequently, only
the firstp + 1 bits in a working window need to be detected. As
will be shown below, the impulse response of the ideal decorre-
lating detector usually decays very quickly; hence if the window

ideal decorrelating detector requires no information about thégth A7 is sufficiently large, the effect from the MAI term.
received amplitudes and achieves optimal near—far resistaggghe detection of user information bits at the fiyst 1 trans-

[4]. The estimateb is the exact decorrelated data plus nOisgjssion intervals is negligible. Moreover, if an incorrect esti-
and the MAI is completely eliminated. An undesirable featurgate ofr, is used in (7), the effect of the resulting left-edge

of this detector is that noise is always enhanced.

I1l. OVERLAPPING WINDOW DECORRELATING DETECTOR
A. OWD Detector
Within a window of lengthV/ = 2p + 1, (1) can be written as

correction on the detection df(:) is also negligible. Since only
b(i) is used for the left-edge correction in the next working
window, the error caused by an incorrect left-edge correction
will not propagate.

For efficient implementation of the proposed detector as well
as later analysis, the Cholesky decomposition

r,—r,—r.=RyEDb;, +n; (4) Ry =LL" (8)
Ho(1) HI(1) 0 0
H;(1) Hy(2) H(2) 0 0
Ry = : : : : : : ()
0 0 0 H (N -2) Ho(N-1) HI(N-1)
0 0 0 0 H (N -1) Hy(N)
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whereL is a lower triangular matrix, will be used. From (2) andvindow-length determination can also be used for the selection

(8), it can be verified thaL has the form of the length of the FIR decorrelator.
The proposed detector offers some advantages over an
C; exact FIR decorrelator. First, the OWD detector needs only one
D; G, 0 matched filter for each user while the latter needs three. Second,
L= D, C; (9) the OWD detector uses detected information bits to subtract

the left-edge effects and treats the interference from the right

edge as Gaussian noise. Consequently, the noise enhancement

effect of an exact decorrelating solution is, to some degree,

whereC; is aK x K lower triangular and; is aK x K upper reduced and the performance of the OWD detector is expected

triangular matrix. From (8) and (9), the following recursive reto be slightly better than that of an exact FIR decorrelator for

lations can be deduced the same window length. This will become apparent from our
analysis and simulation results in Section IV.

0 K
Dy_1 Cpn

C:C{ =Ho(1) (10a)

C,Df =H[(i), forl<i<N-1 (10b) W y veis o the d e of the imou
T . T . 'e now provide an analysis on the decay rate of the impulse
Ci+1Ci4y =Ho(i + 1) — DiD7, forl<i<N-1. response of the ideal decorrelating detector, which facilitates
(10¢)  the determination of the required window length for the OWD
detector.

As for Ry, the Cholesky decompositioRy, = LyLy;  Consider the ideal decorrelating detector as a multiple-input
exists, wherel,; has the same structure Bsexcept for the  muyltiple-output (MIMO) discrete-time system with impulse re-
size and ha€’; andD,(1 < j < M — 1) as thejth blocks on - sponsef(m,n) € RE*E whose(i, j)th entry is the impulse
its main diagonal and the first lower subdiagonal, respectivefgsponse that relates theh user to theth user [12]. For the
Consequently, recursive relations similar to those in (10a)—(gkal decorrelating detectdk(m, n) is the (m, n)th block of
hold for C;, D;, and the corresponding blocks Riy;. Using  the linear mappingag,l. SinceL is lower triangularL—! =
these recursive formulas, efficient algorithms for updating tl'{epij € R¥*K 1 <4, j < N}is also lower triangular. From

Cholesky factors and user detection can be found [10]. (9) and the fact that—'L = I, the(%, j)th blockP;; with ¢ > j
Itis noteworthy to point out that the Cholesky-factorizationcan be recursively found and is given by

based algorithms for the OWD detector could also be used to

B. Decay Rate of Impulse Response

solve the implementation problems of an exact FIR decorrelator. o i—j

Assume that the decision delay of an exact FIR decorrelator is P, =(-1)y~/c;t HMH“ fori > 5  (11)
p = (M — 1)/2 whereM is the window length. Within a pro- k=1

cessing window, each information bit can be deemed to origi- o i ) L .
nate from a different synchronous user. In doing so, an asyfere M = D;C; . Equation (11) in conjunction with

o ) 1 _ -7y -1
chronous system is interpreted as an equivalent synchrondlis = L~ L7 leads to
system. LetS be the matrix collecting all the user codes (dis-

. . . L N T
crete signature signals) of virtual synchronous users within a Ej:rn P Pin form =n
processing window. If all the user codes are linearly indepedt(m,n) = ¢ (=1)""F(m,m)[ [y Mm_s form >n
dent of each other, an exact decorrelating solution exists and (=1)n—m Z;rlnM;fF(”v”) forn > m.
the coefficient vector of the FIR decorrelator for thi user (12)

is the (Jp + j)th column of matrixSR™', whereR = STS. Note thatM; = H,(i)K;* andH, (¢) may vary randomly
Clearly, updating the coefficient vector directly is computatiorwith i, whereK; = C,;CY. Although the exact decay rate of the
ally not feasible. Note thaR is equivalent tdR » as defined in impulse response of the ideal decorrelating detector for time-de-
(2) with N equal toM. This suggests an efficient implemenpendent systems is rather difficult to obtain, it was shown in [6]
tation as follows. Instead of using one long FIR decorrelatirtat the impulse response in a time-dependent system decays
filter, we can employ three short-length matched filters for eadmn the average faster than in a time-invariant system, given that
user at the front end, which are matched to the entire user cotthes two systems have similar cross-correlation properties among
the earlier portion of the user code, and latter portion of the ugbe signature signals. A similar observation was also made on
code, respectively. An immediate advantage of doing so is thhe impulse response of the noise whitening filter for a CDMA
the updating of the receiver due to changes of the system psgstem [9]. Consequently, one can obtain an approximate upper
file becomes easier. If the changes are due to user activationfoednd of the decay rate of the impulse response in a time-de-
activation, the matched filters do not need to be updated. Cpkndent system by analyzing a time-invariant system. In what
lecting the outputs of the matched filters in a column vestor follows, we analyze the decay behavior of time-invariant sys-
the soft output of the detector can then be writterRas'x. tems.

Hence Cholesky-factorization-based algorithms can be used té-or a time-invariant system, it was shown in [3] that'ds—
efficiently update and invef®. Moreover, the performance of oo, the ideal decorrelating detector tends to assume the form of a
an exact FIR decorrelator can be related to the decay ratefofinput K-output linear time-invariant (LTI) IIR filter. There-

the impulse response of the IIR decorrelator and the method fore, asi — o, C;, D;, andK; = C;CT converge to their
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limits C, D, andK, respectively. A necessary and sufficienthe decay rate of the impulse response of the OWD detector is
condition for the stability of the LTI lIR filter was obtained via aapproximately equal te(M) for a sufficiently large window
frequency-domain approach in [4]. For the purpose of our an&ngth A4.

ysis, we give a necessary and sufficient condition for the sta-

bility in terms of the Cholesky factors & » as follows: C. Determination of Window Length

Proposition 1: The ideal LTI decorrelating filter is stable if  \ne now turn our attention to the determination of the window
and only if the limitingC is nonsingular and the spectral radiu$ength. Denoting the first elements of vectoy as|y]., then
of M =DC™, denoted ap(M), is strictly less than 1. [b;]1kx contains the estimates of the user information bits

Proof: Assuming thatC is nonsigular, therC™* exists ithin the firstk transmission intervals ib;. The difference
and the impulse response of the LTI decorrelating filter can lB%tween[Bi]lz(pH)K in (6) and [Bi]l:(p-i—l)K in (5) can be

written as written as
Ay = (A1) = lim F(n+k,n) = (-1)* A.MP*, _ - .
k ( k) g,l_l)go (71 + 71) ( ) 0 [R]wlre]l:(p—i—l)ls’ — [F(l,M)X]T [F(Z,M)X]T
fork >0 (13) ) T
[F(p + LM)x]T} (18)
where
o0 ‘ ‘ wherex = H,(i +p + 1)"E(i + p 4+ 1)b(i + p + 1) and
Ao =Y [(CT'MH)T(C™IMY)] . (14) F(n,M) € RE*K is the (n, M)th block of R}}, and can
i=0 be interpreted as the impulse response of the OWD detector.

Since||C~}|| is bounded, there exist positive constantsand ReplacingV'in (12) with M, we have

co such that M—1

F(n, M) = (-1)"" ( II ME) Ky (19
ky . —Ingky. . ky. .
e, pax, (MP)iy < mnax, (CT M)y < e, mmax, (M) h=n
(15) where M; = DiC;! and K, = CiC]. Denoting
F(n, M)H] (i + p + 1) asF,, then (19) in conjunction with

where(-);; stands for théi, j)th entry of the matrix inside the My = H; (i +p+ DK, ! leads to

bracket. For a given > 0, there is a constamtsuch that

M
[(M¥)ij] < c(p(M) + €)* (16) F, = ()M My (20)
k=n

forall £ > 0andi,j = 1,2,..., K [11, pp. 298-299]. From

(15) and (16), it can be shown thal, is finite if and only if The right-edge effect. can be neglected ifF,, ||, for n <

p(M) < 1. Assuming thap(M) < 1, by (16) we have p + 1is sufficiently small, wherd - ||.. denotes the maximum
infinity norm [11]. Since the impulse response of the detector

< ca[p(M) + €]* (17) decayq|F; 1]l isingeneral larger thak', || for p+1 > n;
hence the window length can be determined as the smallest

for any &k > 0, wherecs andc, are positive constants. sinceSuch that

p(M) < 1, (17) implies that the impulse respor{s4;,),; of the [ 1)
(i, 7)th subsystem is absolutely summable. The sufficiency now ptiiloo
follows from the fact that a MIMO system is stable if and onlyyherec > 0 is a prescribed tolerance. In the next section, it

if every subsystem is stable. To prove the necessity, we assyihe shown that in a practical system can be selected such
that the LTI filter is stable. If so, matri&C must be nonsingular ihat ¢, /i < 1, wherer is the maximum difference among the
and (15) holds. Sincgl, is finite for a stable filterp(M) must  (gceived user energies.

be lessthan 1. u For systems with constant correlations within the working
As an immediate consequence of (17), we can state the f@kngow and for sufficiently large, the fast convergence I,

lowing proposition. o _ implies thatM;, ~ M,,,, if & > p + 1. Hence, (20) leads to
Proposition 2: If the LTI decorrelating filter is stable, its im-

pulse response decays with an asymptotic decay(&E). ||;|§‘p+1||C><> < c[p(Mp+1)]p+1. (22)

It follows that if p(M) < 1 is small, then the impulse re-
sponse of the LTI decorrelating filter decays rapidly. Indeed, & a practical implementation, constanih (22) can be simply
will be demonstrated by our numerical examples in Section \taken ag|M,,+ 1 ||oo/p(M,11), andp(M,,, ;) can be estimated
p(M) is usually much smaller than 1 for systems with moderatesing various numerical methods such as the power method
cross-correlation properties among the signature signals. 1{14]. For slowly varying systems where correlations remain ap-
also interesting to note that the convergence raofo K is proximately unchanged within a working window, the criterion
linear withp? (M) as shown in Appendix . By (10a)—(10c), fastin (21) in conjunction with (22) can be used to determine the
convergence oK; implies fast convergence ®;. Therefore, window length when the OWD detector needs to be updated.

c3p®(M) < | max (Ap)ij

1<ii<K
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D. Performance Analysis This can serve as a guide for the selection of tolerarfoethe

In order to determine the window length, or equivalentiff€t€rmination of the window length. _ _
the tolerance: in (21), we need two performance measures We conclude this section with an observation concerning the
namely theasymptoti,c multiuser efficiencfAME) and the performance of the OWD detector relative to that of the ideal

near—far (NF) resistance. However, an exact performan%cc_)rrelating detector. It can be seen from (23) and (27) that
formula is difficult to obtain because the OWD detector usdk € S Selected such that/x < 1, then the AME and the
the reconstructed information bits to correct the left-edg¥®Wer-limited NF resistance of the proposed detector is approx-
effect (i.e., the MAI at the beginning of the window). HencdMately 1/dyc-tr. In [3], thg(al AIME of the ldealgeg:orrelatmg
we assume a perfect left-edge correction. This assumptidftector was derived as/d(;*Y, . ., wherel/di’** denotes
leads to accurate estimates for the exact performance meastiteék, k)th entry of R\*. SinceRyy, is a principal submatrix
since the error due to a wrong left-edge correction does ftR~, we havel/d,xix > 1/did*Y) ., [11]. This shows
accumulate, as discussed before. Since the most inaccutB@ in some cases the performance of the OWD detector can
estimate of user bits usually occurs in the central transmissi@yen be better than that of the ideal detector. This feature is a
interval of a working window, we only discuss the user bits igonsequence of the fact that the output of the OWD detector is
this interval as a worst case study. independent of the MAI from outside the working window and
The AME characterizesthe performance degradation due tofighce an improved signal-to-noise ratio is achieved.
MAI in a vanishing noise case [1]. Based on the above assump-
tions, the AME of theth bit of thekth user can be deduced as IV. NUMERICAL EXAMPLES

1 We first consider a two-user time-invariant system. The sim-
on() plicity of the system allows us to carry out an analysis on issues
. . such as the convergencel§f and the system performance in an
o min V(i) + '/[b('L+P+1)]}. explicit manner. Assuming th&aHy )1, = 7, and(Hy )15 = 7,
b(it+p+1)e{-1,1}% VApK+k then|ri| + |r2| < 1. By (10a)—(c), the spectral radius M;,

Ui (i)=1 23) denoted ap;, can be computed by using the recursive formula
23

(i) = max 2{0,

The NF resistance of thgh bit of thekth user is defined as its T2
worst case AME over all possible energies of the other informa- pi= m
tion bits. According to this definition, the OWD cannot be NF ’
resistance in the strict sense. However, given that the received

power is finite in practice, the concept of thewer-limited NF - wherez;; = 1 — 3 /(z; — r{) andz; = 1. This leads to
resistancantroduced in [6] applies, and the power-limited NF

(28)

Ti

resistance of théh bit of thekth user is given by v = lim o = 1+7f—r3+ \/(12+ rf—r3)? — 47’? (29)
@)= ol () (24) o
_(117;);(222; ’ Lettingi — oo in (28) and substituting (29) into (28) gives
‘ ‘ p = 2lrirel /(T + /72 — 2r{r3) with 7 = 1 — r# — r2. Note
whereeyax(j) = max (). It follows that thatp = 1if |r;| 4 |r2| = 1, which corresponds to an unstable
T realization of the ideal decorrelating detector. The plot shown in
emax(i +p +1) Fig. 1 depictg versusr; andrs. It can be seen thatis usually
L=p T al) quite small. Specifically, we have < 0.4 if |r1| + |r2] < 0.9
e (4) = max? {0, (25) whereagp < 0.25if |r1| + |r2| < 0.8. The convergence rate of
dprc+ i, given by the smallest value obuch thatp; — p|/p < 0.01,

and the smallest window length given by (21) with= 0.01
. are given in Table I. We see that even in the cases where the
wherey is thel, norm [11] of thekth row of F(p+1, M)H, (i+  cross-correlation properties are much poorer than what is often
p+1)". In mobile CDMA communications, the received powegncountered in practice, the convergence rate mains high

imbalance, which is defined as and the window length required is moderate.
max(7) We now consider systems with multiple users. To demon-
k= 1nax (26)  strate the performance of the proposed detector, extensive

1<<N Cm'n(j) . . . .
' computer simulations were conducted. In all the simulations,

whereeyin(j) = min _c(j), serves as a performance measurspreading signals with a rectangular chip waveform were

of power control._lf||_F(p +1L,MH (i +p+ 17T < 6 a selected from a family o_f the 127-chip Gold code.

lower bound forj = mmin 7.(i) can be deduced as To stud_y the NF resistance of the OWD detector, the en-
ki ergy received from the desired user was assumed tg,he

The power-limited NF resistance achieved for time-invariant
7> max240 1— eV ) (27) systems under various conditions is illustrated in Fig. 2. It is
B ’ dprc+k observed that the loss in the NF resistance increases with the
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Fig. 1. Spectral radius d¥1 in a two-user system. 085 _ x owp EM:S; *
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G —© OWD (M=9) ~J
TABLE | 0'65 10 1I5 2Io 2'5 3|o 3'5 40
CONVERGENCERATE OF p;/SMALLEST WINDOW LENGTH GIVEN Number of active users
BY (21) WITH € = 0.01 IN A TWO-USER SYSTEM (a)
0.86 T T T T T T T T T
rm\r 0.1 02 03 04 05 06 07 08 ====%==——= g____i____i‘
0.1 [2/5 2/5 2/5 2/5 2/5 2/5 3/5 3/7 X oY
02 |2/5 2/5 2/5 2/7 2/7 37 3/11 Y |
03 |2/5 2/5 2/1 2/T 3/7 3/11 R
04 |2/5 2/7 2/T 3/9 3/11 A
05 |2/5 2/7 2/9 3/11 g <
06 |2/5 2/7 3/11 3 0820 N 1
0.7 |2/7 3/11 8 N
0.8 |2/9 5 x
I N
§ 0.8} N i
. . . N
number of users and the received power imbalance. The simL 8 AN
lation results indicate that for a system with 20 users and a re% N
ceived power imbalancg,,,x/emin Of 10 dB, a window length §0-78 F No.ofusers K=20 \ ]
of 3 or 5 is usually sufficient to yield a performance close to that £ \
of the ideal decorrelating detector. \

The overall bit-error probability (BEP) of the OWD detector  o.7s} IDEAL DECOR. RN
for time-invariant systems over an AWGN channel is plotted % Swd \
in Fig. 3. Here, the user received energies were uniformly dis- $I2 o '
tributed on intervalemin, emax]- The performance of the de- 074 . . . ; . . . . ,
tector under two conditions, i.e., using correct bits as feedbacl © % Received power imbalance ema17e1(dB1§3 820

and using detected bits as feedback, is also compared in the fig )
ures. As is expected, no apparent differences in the performance
are observed under these two conditions. It can also be observed . . o

. . Fig. 2. Power-limited NF resistance for user 1 in a time-invariant system (a) as
form the figure that. the performance of the OWD deteCth W"‘E‘function of the number of active users and (b) the received power imbalance.
a window-length 5 is close to that of the ideal decorrelating de-

tector and sometimes it can even be slightly better. ] )
length, and hence the smallest processing delay, to achieve a

prescribed NF resistance under a given near—far situation. A
theoretical analysis as well as simulation results have demon-
The convergence of the ideal decorrelating detector to its lirstrated that the proposed OWD detector with a small to mod-
iting IIR filter and the decay of its impulse response have beenate window length offers performance close to or even better
studied. Based on these two useful properties, an efficient oviéran that of the ideal decorrelating detector.
lapping-window decorrelating detector for DS-CDMA systems The proposed detection scheme and analysis on the behavior
has been proposed. Then, a signal-adapted criterion for the diethe ideal decorrelating detector can be easily extended to the
termination of the window length has been developed. This cdase of the linear minimum mean-squared error multiuser de-
terion enables the OWD detector to select the smallest windéector.

V. CONCLUSIONS
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By repeating (A.2) in conjunction with (10a)—(c), we obtain

p—1

i1
K1 —-K; = HMi—j'(Ki-I-l—p_Ki—p)' H M,. (A.3)

7=0 n=i—p
Hence
—1 7—1
1K1 — K| p
< M,_; M, | . A.4
Koy Ko = LM ) 11 (A4)

3=0 n=¢—p

Now if ¢« — p is sufficiently large such thaK,;_, ~ K and
M;_, = M, we have

p—1 1—1
1M | || TT M| = v (A5)
j=0

n=it—p

It can be shown that there exists a constasuch that| M?|| <
c[p? (M) + €] for a givene > 0 [11], which in conjunction with
(A.4) and (A.5) gives

IK — Koy

HK_&H_QMMHA? (A.6)

This implies thafK; converges linearly witp?(M) whenK;
is close toK.

(1]

[2]
(3]

(4]

(5]

Fig. 3. Comparison of bit-error probabilities under the conditions of using
correct bits as feedback (CBFB) and using detected bits as feedback (DBFB]6]
over an AWGN channel. (a) Received power imbalanggs/e..:» = 0 dB.

(b) Received power imbalaneg, ./ ¢m:» = 10 dB.

APPENDIX
CONVERGENCE OFK;;

(71

(8]

For systemswithtime-invariantcorrelations, (10c)impliesthat [9]

K, =Ho - H,K;'HT,

forl<i< N-1

(A.1)

whereK; = H, andK; is positive definite. It follows that

K1 - K; = K, (K, - K; 1)K, H.

(A.2)

(20]
[11]

(12]
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