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A Decorrelating RAKE Receiver
for CDMA Communications Over
Frequency-Selective Fading Channels

Hui Liu, Member, IEEE,and Kemin Li, Student Member, IEEE

Abstract—Recent studies show that multiuser detection in to multipath induced interchip interference (ICI), leading to
code-division multiple-access (CDMA) communications can be increased cross correlation between users’ effective signature
performed without explicit knowledge of users’ channel char- waveforms! When this occurs, signal reception using matched

acteristics in a frequency-selective fading environment [1], [2]. filt f, f d dation due t tual
However, the computations of these blind approaches are an liters sufiers severe periormance degradation due 1o mutua

order of magnitude higher than existing adaptive minimum interference. Although a standard RAKE receiver [7], [8]
output energy (MOE) receivers [3], [4] which require at least can be employed to combine multipath components for a
knowledge of the desired user's channel response. Although desired user, it is inherently a single-user receiver and thus
the high-complexity problem can be alleviated by constrained is ineffective in a near—far situation [6].

adaptive filtering [5], the tradeoff is a significant drop in re- Multiuser detection provides a fundamental solution to
ceiver performance, especially when the multipath pattern is . . e
time varying. In this paper, we present an adaptive receiver for the mutual interference problem in CDMA communications
CDMA communications over frequency-selective, and possibly [9]-[14]. While existing multiuser receivers, such as the decor-
time-varying, wireless channels. A salient feature of the new relating receiver and the minimum mean square error (MMSE)
receiver is that it has complexity and performance comparable 0 eceiver, offer superior performance with linear complexity,
that of the well-known MOE receivers [3], [4], and yet requires . o . .
no knowledge of the desired user’s channel characteristics. their proper operation is prem|s-ed upon explicit khowlgdge of
the users’ (or at least the desired user’s) effective signature
waveforms, which vary with the multipath channel character-
istics. Although probing signals can be used to estimate the
effective signature waveforms periodically, such methods may
not be affordable due to the large numbers of cochannel users
and the fast varying nature of the channels. In these scenarios,
ODE-DIVISION multiple access (CDMA) is seen as onghere is an evident need for blind multiuser reception which
of the generic next-generation signal access strategiggapable of suppressing interference and recovering message
for wireless communications. In addition to its interferenceymbols without the use of training sequences.
immunity and bandwidth efficiency, CDMA has shown real The feasibility of blind effective signature waveform esti-
promise for personal communications system (PCS) appligiation has been shown recently by several researchers [1],
tions due to its adaptability to dynamic traffic patterns in p]. However, most blind estimation algorithms proposed to
mobile environment. If all mobile radio signals arriving atate involve computationally intensive operations such as the
the base station are synchronized to within a fraction Ofﬁ/D and thus may be prohibitive in practice_ To overcome
chip-time interval, synchronous CDMA (S-CDMA) systemshis difficulty, Tsatsanis [5] developed a constrained adaptive
can enhance the bandwidth efficiency to a greater degreeffér based on a minimum output energy (MOE) criterion
employing orthogonal codewords [6]. developed in [3] and [4]. Compared to the subspace meth-
Despite its promises, S-CDMA systems have fundamegds, the algorithm significantly reduces the total complexity
tal difficulties when utilized in a frequency-selective fadingyithout requiring additional information. Its disadvantage, on
environment. In particular, all CDMA signals are subjedhe other hand, is that its performance hinges upon energy of
the direct path signal and thus may not be reliable when used
in time-varying channel.
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user’'s spreading code but not its channel characteristics. Teeovery can be achieved by simply despreading the chip-rate
self-adaptive receiver combines the advantages of [3]-[8&mples ofy(¢) with the users’ code words. In the presence
and overcomes their limitations. The new receiver is termed multipath, however, the active users’ effective signature
the decorrelating-RAKE (D-RAKE) receiver for its ability inwaveforms are functions of the propagation channels and thus
decorrelating multiuser interference and combining desirb@écome unknown to the receiver. In particular, the effective
signals stemmed from the same source [15]. Main featursignature waveformu;(t) is related to the user’s spreading
of the D-RAKE receiver include: 1) low complexity; 2)code and the channel impulse response as follows [1]:
high performance—comparable to that of the adaptive MOE
receivers [3], [4]; and 3) blindness in the sense that it does not
require knowledge of the desired user’s channel characteristics. ai(t) = ) _ ci(Dhi(t —IT) 2)
Its extension to antenna array CDMA systems is straight- L
forward. . :

It should be noted that some of the results presented herW'herehi(t) here is the unknowompositechannel response

in : ) . i o
parallel those of [16]. The improved MOE receiver proposeﬁ(%‘,at characterizes the prppagatlon e_ffects mcludllng. the timing
by Tsatsanis and Xu operates within the subspace definoedc'et’ delays, and multipath reflections, etc. Within a short

by the desired user’s spreading waveform and guaranteegeé'Od‘ it is generally plausible to modéi(t) as a time-

constant response of the signal of interest. Similar to t variant finite impulse response (FIR) filter with support:

algorithm in the present paper, the receiver in [16] tak LT]_,dfor the proper ;]/alue ofLCé?\]/l.AFor tS|mpI|cr:ty, I
advantage of signals from all paths and provides strong 1‘adiE'1V?(§I consider a quasi-syncnronous System where a

resistance in a frequency-selective environment. Howeval [tipath signals arrive within several chip durations. In this
the cost function in [16] involves a matrix inversion. Thus(,:ase'L < Le. . : .
compared with our proposed algorithm, the receiver in [16”1 Und_er the apove copdmons,_ it has been §hoyvn in [1] that
has a higher implementational cost. the chip rate discrete-time equivalent of (2) is given by

The rest of the paper is organized as follows. Section s
I presents a data' formu'latlon with which the self—adaptllve y(n) = Z a;5:(n) + v(n)
reception problem is studied. The proposed D-RAKE receiver P

~

<

o~

is introduced in Section Ill, and its performance is analyzed in s1(n)
Section IV. The efficacy of the new receiver is demonstrated in )
Section V with simulation results. The paper is then concluded =l o ar]| +v(n) (3)
in Section VI. def sp(n)
def
=s(n)
ll. PROBLEM FORMULATION where y(n) = [y1(n) --- yr._(n)]T is comprised of the

As a general notational convention, matrices (in capitadl, — L ~ L. intersymbol interference (ISl) free samples
letters) and vectors (in lower case) will be in boldface. Thgithin a symbol periodyv(n) is the noise vectora; is the
symbolsE[], ()%, ()T, and® denote expectation, Hermitian,ith user’s discrete-time effective signature waveform; #nd
transpose, and convolution, respectively, while the symbghds(n) denote the effective signature waveform matrix and
I(0) denotes the identity (zero) matrix or vector with propesignal vector, respectively. From (2), it is not difficult to see

dimension. that a; can be expressed as the product of a code médyix
The baseband received signal for CDMA communicationg,q the sampled channgh;(1) def hi(®)li—-1yr}
can be represented as -

o ci(L) - (1) hi(1)
C; L —|— 1 st C; 2 v
=3 S stmatt—mTytu) @) g [FETY o a® T e
=1 m=—oco . . .
(L) e e(Le—1)) M)
where (4)
P number of active users;
T, symbol period; Equation (4) suggests that thih user's effective signature
v(t)  additive white noise; . waveforma; is uniquely determined by tHenowncode matrix
si(m) information-bearing symbol from thh user; C; and the unknownchannel vectorh;. This observation
a;(t) its associate@ffective signature waveform simplifies the effective signature waveform estimation problem

In an ideal situation (no channel effect), thth user's by reducing it to a channel vector estimation problem with
spreading waveform is merely the convolution of its assignedduced parameters.
code word{c;(1)} =, and the pulse shaping filtg(t): a;(t) = Under the above framework, a subspace effective signature
EIL;I ¢i(Dg(t — nT). Here, T denotes the chip period andwaveform estimate algorithm was developed in [1]. It is shown
L. is the code length. When orthogonal code words arldat by exploiting the structure of (4), an overdetermined
the Nyquist pulse-shaping filter are employed, perfect sigrialear equation set can be constructed so #iat}” ;, and
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consequently{a;}{~;, can be uniquely estimated. Once thé. Constrained Blind Reception
{a;}[., are available, zero-forcing and perfect signal recovery To recovers(n)
becomes feasible in the absence of noise. In particular,
pseudoinverse ofA, Af, can be used to decorrelate th

from y(n), one should intuitively utilize
r£\?signal energy, while at the same time suppressing the in-
: ) - ferference and noise. Although this is also the underlying idea
rece!ved 5|gnalb aATY(”_) :_S(”)' In n0|§y caQSes,lthe MMSE ot a conventional RAKE receiver, where multipath combining
receiver for theith user is given b AA™ +o;1) " a;. Here, cefficients can be estimated from the covariance matrix of
We assume thaF the.S|gnaIs a;e L.i.d. with unitary power a'a@spread signals without using training sequences [18], [19],
the noise is white with powes;,. the low performance barrier of a RAKE receiver is difficult
to overcome.
From (5), it is seen that the desired signal can be decom-
IIl. DECORRELATING RAKE RECEIVERS posed into a linear combination of signals projected onto a

The subspace approach, although capable of determinings&ft of delayed code vectorge;}/—,. Taking advantage of
effective signature waveforms blindly, may be computationaltpis structure, we will show below that the selfadaptive two-
prohibitive in practice. In this section, we study the feasibistage receiver depicted in Fig. 1 can provide near optimum
ity of low complexity blind reception suitable for real-timeestimate ofs(n) directly fromy(n) without introducing undue
implementation. complexity.

Notice that (3) can be fit into an antenna array framework The new receiver has two stages, with stage-1 comprised of
by regardingy(n) as the array output vector amg the array a set of adaptive weight vectofsv; } and stage-2 a coherent
response vector (or spatial signature) associated withitthe combiner. The idea is the following. Since only the channel
user. If the desired user’s array response vector is availablecagfficients {2(I)}/=, that combines the code vectors are
the receiver, as assumed in [3] and [4], then minimum meawAknown, we can first construct a special set of weight vectors
square error (MMSE) reception can be performed using tk@ extract the desired signal alorigdividual code vectors
well-known minimum output energy criterion in array signawhile suppressing all interference, and then constructively
processing [17]. This is exactly the underlying idea behingbmbine the extracted signals to achieve near-optimum signal
the MOE receiver proposed in [3] and [4]. In practidey;} estimation.
can be estimated using the subspace approach or traininghe extracting operation in stage-1 can be mathematically

sequences. represented as
Notice that unlike the antenna array system in which the
array response vector is totally unknown to the receivers, C"w, = 0 1. ()]T def 1, I=1,---,L

there is abundant prior knowledge of the effective signature

waveforms in CDMA. In particulara; = C;h; whereC; is  where1l, is a vector with all elements 0’'s except 1 at tiie
knowna priori. In the antenna array context, this is analogoysosition. Referring to Fig. 1, the output of th filter (or the
to the situation where each direction-of-arrival (DOA) of theth arm) is given by
desired user is known within a complex scalar. Therefore,
in principle one can extract the desired signal one by one zi(n) =wly(n)
from. each dlrectlo_n without c.:ausmg.3|gnal capcela}non. The —was(n) + wiu(n)
receiver proposed in the ensuing sections exploits this structure I P
information and accomplishes decorrelating reception without = wi Chs(n) +w; u(n)
explicit knowledge of{a;} or {h;}. 17

Let s;(n) be the signal of interest. We rewrite the data
vector (3) as

{

(D)s(n) + e(n) (6)
y(n) = ausi(n) +uln) wheree;(n) denotes the effective noise and interference after
, filtering. Clearly,w; picks up the desired signal aloegwith-
qut considering the signals alorg, -- -, ¢;—1, ¢i41, - -, €r..
The use ofL weight vectors allow us to extract all signals at
different delays.

With a total of L arms, the signal power after the first stage
is 2, |h(D)|? = ||| To obtain the best signal estimate,
one should maximize the signal-to-interference-and-noise ratio

where u(n) = 25;2 a;s;(n) + v(n) denotes other users
interference plus noise. For simplicity, we shall drop th
subscript and consider only

h(1) (SINR) at the output of each arm defined as
Tl ©pmEee O POREst)s )] _ AP
SINRy Elci(n)er(n)] WHR yuw;

in the remainder of this paper. The objective herein is to
develop a low complexity/high performance receiver whicNote the output signal power is fixed #(I)|?, maximiz-
can recover(n) from y(n) without channel information. ing SINR; is equivalent to minimizing the output power
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/

Fig. 1. The proposed D-RAKE receiver.

Elzi(n)z}(n)]. Therefore, the constrained MOE receiver de- Step 1: Extract the desired signal along each of the delayed
veloped in [3] and [4] is readily applied code vectors using the constrained adaptive MOE
receivers (7).
w; = argminw) Ry, w; subject toCow; =1; (7) Step 2: Coherently combine the first stage filter outputs
b to further enhance the SINR of the final signal

whereR,, is the autocovariance matrix g{n). The adaptive estimate.

rules will be outlined in the next section. It has been shown Step 2 is critical in mobile communications. By doing so,
that the batch-mode MOE receiver is equivalent to an MMS®e overcome the major difficulty of the algorithm in [5], which
receiver under the constraintef’ a = 1. Sincea is unknown, is essentially a single-arm receiver relying solelywn. Due
each arm in the proposed receiver only provides the cdf-channel variations, performance of the single-arm receiver
strained MOE (C-MOE) estimate of the signal. Nevertheless, susceptible to shifts of the dominant multipath component
w; is capable of eliminating all interference and perfectlgnd thus lacks the robustness for practical applications. The

recovering the signal in the absence of noise [2]. scheme proposed here constructively combines signals from
Stacking the filter outputs from all arméz;(n)}~ ,, in a all L arms, hence offering strong resistance against fading
more compact vector form as and timing ambiguity. Theworst caseoutput SINR, which

usually determines the capacity of a wireless system, is greatly
improved? Relative to the existing MOE approaches [3], [4]

z1(n) which require explicit knowledge of, the proposed method
x(n) def : has slightly higher complexity, depending on the maximum
z1(n) spread of the wireless channel. The fact that a long-delay
e1(n) multipath reflection is substantially weaker than a short-delay
signal permits the use of a limited number of arms in the
=hs(n)+ | receiver without sacrificing performance.
er.(n) It is worth pointing out that by replacingy; with c;, the
def hs(n) + e(n) (8) receiver in Fig. 1 reduces to a conventional RAKE receiver.

Although resembling the RAKE in structure, the proposed
method is fundamentally different from the well-known RAKE

the second stage of the proposed receiver coherently combiff&giver which coherently combines desired signals at multiple
the outputs from all arms to further enhance the SINMNgers. The major difference is the fact that the proposed
In principle, construction of the optimum combining vectofeceiver is decorrelating in nature. After convergence to op-
RzLh requires explicit knowledge of the channel coefficientdimum values, each arm serves as a decorrelating receiver in
However, because of the interference decorrelation and noi8eé absence of noise. In other words
suppression in the first stage, the total signal powex(n)
becomes significantly higher than that efr). In this case, wilplar ax - apl=[h(l) 0 - 0
R,x = hh + R, ~ hh''. This enables us to approximate
the optimum combining vector using the principal eigenvegrovided thatP? + L — 1 < L. — L. Thena;(n) = wiy(n) =
tor of Rux, which can be obtained blindly using standarg(i)s(n), which means that the signal can be perfectly re-
decomposition techniques [20]. stored. This is certainly not possible for a single-user RAKE
The approximation here is a common tradeoff betwegBceiver. In the presence of noise, each arm is a constrained
optimality and complexity. The same technique is used WMOE receiver and thus provides performance far superior to a
practical RAKE receivers. Note in an interference-limitedegular RAKE receiver. To differentiate, we shall refer to the
CDMA environment, the performance loss suffered by theew receiver as the decorrelating-RAKE (D-RAKE) receiver
present receiver should be far less than that of the conventiopathe remainder of this paper.
RAKE receiver.
In summary, the proposed blind receiver restores the d(:"Sir(:""jFurther results on [5] can be found in [16], where an improved algorithm
user’s signal from the CDMA output in two steps. is presented.
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B. Adaptive Implementation A. Receiver Optimality

Both the weight vectors in the first stage and the coherentThe analysis here only provides a performance bound for the
combining coefficients in the second stage need to be estimapedposed algorithm in the batch-mode. The exact performance
from the received signals. When utilized in a nonstationary edepends on the distribution of the interfering users’ power,
vironment, it is necessary to implement the D-RAKE receivahannel characteristics, and noise statistics. For simplicity, we
adaptively in order to track the time-varying channels. assume that the estimation errors in the first step dominate the

The constrained receiver vectodsv;}&, are obtained errors in the second step, which allows us to ignore the overall
via standard LMS algorithms. The adaptive rules are briefigterference+ noise correlation in the process of combining.
reviewed below. The readers are referred to [14], [17], and The closed-form optimum weight vector for th& arm can
[21] for more discussion. be obtained via Lagrange multipliers [17]

Denote the output power of thith arm as .

—1H —1~HY—
Irion = Wi Ryywi. Wi opt = Ry C (CRyyC ) 1. (12)

It is not hard to show that in the batch mode the weight
§Ector in each arm will converge to its optimum value with
probability 1, as the number of data observations approaches
infinity. In the D-RAKE receiver, outputs from multiple arms
are coherently combined. The optimum output of the D-RAKE
receiver is thus given bElel h(l)*WfoptY(”)- In effect, one
can model the two-stage receiver using one receiving weight
Cector below:

The objective herein is to adaptively search for a receiv
vector, w;, that minimizes/yior Subject toCHw, = 1,.
The gradient of the cost function is given by

VWZ (']MOE) = ZRyyWI, l = ].7 T, L (9)

Approximating the autocorrelation matrix by the outer produ
of instantaneous received vectpfr) yields

L
Vw (Jvor) ~ 2yy"wi,  I=1,---, L (10)  wppake= > MD)W opt = R,}C(CYR}C) 'h.
=1

In order to restrict our search direction in the constrained (13)
subspace, we need to find the projection of the gradigh@rrespondingly, the maximum SINR that can be achieved by
of the output energy onto the subspace orthogonalCto the D-RAKE receiver is given by

Upon defining the orthogonal projection matdxs = I —

cH(ccHy—1c, we arrive at the following recursive rule: SINR. _ E[wi-raxpas(n)s®(n)a” wp-raxr]
D-RAKE —
. . E[Wh-paketW Wp-rAKE]
wi(n + 1) =wi(n) — uPEy(n)y " (n)wi(n) [fl*
= - uPEy(myT(n)wi(n). (1) Wl pakeRuuWoraKE o
It is easy to show if we are using;(0) = C'1;, where C' Similarly, it can be derived that the output SINR correspond-

denotes the pseudoinverse ©f as the initial weight vector, ing to the MMSE receiverwyse = Rola = RZLCh, is
the constraint is satisfied in each iteration. The choice of stefiyen by Yy Yy
size i represents a compromise between rate of convergence
and steady-state excess error.

Both standard and fast adaptive eigendecomposition tech- SINRMMSE = —57 R
niques [22] can be employed to estimate the principal vector Wamsp i WMMSE
gifn?exz Zrzihﬁlr:r::to%?&?;;gga:r Ctgset s[zf %‘g&fgﬁ'g?ﬁz th\?v%ereas the maximum output SINR corresponding to the

second stage is negligible relative to that of the first Stage_smgle—arm FECEIVEIW1, opt, 1S

2
|WMMSEa| (15)

AL

W1, opt Ruuwl, opt

IV. PERFORMANCE ANALYSIS SINR; = (16)

Several issues regarding the performance of the D-RAKE
receiver are addressed in this section. While misadjustment andhe SINR’s in (14)—(16) provide the MSE upper bounds
convergence are among the most important ones in adapfige the D-RAKE receiver, the single-arm receiver, and the
algorithms, it is theoretically interesting to investigate thadaptive MMSE receiver, respectively.
performance limit of the proposed receiver and compare itProposition 1: When the system SNR is high
with that of the true MMSE receiver. In this section, we
first evaluate the optimality of the D-RAKE receiver using SINRaymvsk = SINRp-rakr = SINR;.
the output SINR as a performance measure. The steady state
behavior of the D-RAKE receiver is then studied. The results In the noise-free cases, all three receivers are zero-forcing
will reveal the efficacy of the new method and providafter converging to their corresponding optimum values, and
important insight into system implementation. thus give the same asymptotic performance. In the presence
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Single-arm receiver
D-RAKE receiver
MMSE receiver

output MSE

5 10 15 20 25 30 35 40
SNR [dB]

Fig. 2. SINR bound for three types of receivers.

of noise, bothSINRp-gaxe and SINR; are clearly upper on the final steady state SINR is then derived. Our analysis
bounded bySINRynvse. On the other hand, since the principahere follows standard steps, which is common in the study of
vector of Ry, is the optimum combining vector when theadaptive LMS algorithms.
system SNR is highSINRp-rakr must be higher than For thelth arm, defineAw,;(n) = w;(n) — wy_opt, and
SINR;. The gaps betweeBINRp-gaxr and SINRywvsr,  subtractw; o, from both sides of (11), we obtain

nd SIN nd SINRp-r r rmin he angl
between tho weight vedre, e Y A A1 1) = (= Py )y () Awi(n)

Since the single-arm receiver only uses signal output from — uPEY(m)y (M)Wi . (17)

one arm and discards the others unless there is no mumpamlowing the steps used in [3] and noticing that the same

components and the system is perfectly synchronized, "gdaptation rules are used here except their projection vector

— e T i - . H .
h N [h(.l)’ (I) 0]. f the Fe;ﬁ)r:nafntcr? (g lt?erémgle amMs now replaced by an orthogonal projection matftg, we
receiver is always inferior to that of the D- receweri%g[ain the excess MSE expression as

The degradation in performance can be significant when t

wireless system is dynamic. ﬁtr(PéRyy)
For illustration, we simulated a ten-user CDMA system Tt ex 2 &1, min —2 7 n (18)
with frequency-selective channels and numerically calculated 1- bl tr(PERyy)

MSE’s of the symbol estimates for the three approaches
namely, the MMSE receiver, the proposed D-RAKE receivel
and the singlg—arm receiv,er. The resultg are illustrated in & minIWf{omRysz,opt _ 1F(CHR;;C)_111. (19)
Fig. 2 under different SNR’s. As shown, in the batch-mode ’

the D-RAKE receiver significantly outperforms the single- Because the output signal power is fixed |afl)|?, the
arm receiver. Relative to the MMSE receiver, the proposewnstrained MOE at th&h arm output is given by
scheme eliminates the need for training sequences without

here&y min 1S the minimum output energy given by

2
compromising system performance and simplicity. Jt,min = & min = (R (20)
Therefore, the steady-state MSE and the steady-state output
B. Steady-State Behavior SINR are
In adaptive filtering, we are more interested in the steady- MSE.c.; = J1, min + 1, ex)
state behavior and especially the excess MSE of an adaptive (D)2
algorithm. To derive the excess MSE of the proposed receiver, SINRgs,; = A (21)

we first use the results in [3] to analyze the performance of the
receiving filter at each arm. The effect of coherent combiningspectively.
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Fig. 3. Performance comparison: D-RAKE versus MOE and single-arm receivers.

To obtain the steady-state MSE of the D-RAKE receiver V. SIMULATIONS
output, we again assume that the poweef) in x(n) after  computer simulations have been conducted to examine
the first st_age outputs is small relative to_ the signal st_rengme efficacy of the proposed reception scheme. In all of the
The combining vector can thus be approximatebRewrite  to)16ing examples, the channel responses were generated
the output from theith arm as using the well-known multiray model [21], and the pulse
function was raised-cosine with a roll-off factor of 0.5. For
zi(n) = MDsi(n) +efn), 1=1,---, L (22) each user, the multipath delay and the number of multipath
components were uniformly distributed withié 37] and

Here ¢;(n) denotes the overall error anBije;(c0)e} (o0)] = [1 10], respectively. The number of first-stage weight vectors
Ji, min+J1, ex. The output of the coherent combiner is given bin the proposed D-RAKE receiver was thus fixed at three. The
I I spreading factor is set to be 32 and power control within 3 dB
2(n) = Z h2(1 = 1)s(n) + Z h(Deu(n) was assumed. The MSE, i.&{|s(n) — 3(n)|?}, is used as
o P the performance measure.
The first case involves ten almost-synchronized CDMA
= ||h|®s(n) + Z R(l)ey(n). (23) users. Performance of three types of receivers, namely, the pro-
—1 posed D-RAKE receiver, the single-arm receiver [2], and the

%OE [3], [4], were compared and the results are illustrated in
Fig. 3# The MSE’s of the D-RAKE receiver outputs are nearly
identical to that of the MOE receiver, whereas the MSE’s
of a single-arm receiver are consistently higher. It is also

For analytical tractability, we further assume that the exce
errors at different arms are independ&ttign the final steady
state SINR is given by

h|* X
SINR.., proakr = — ||| (24) Observed that all three approaches converge rapidly at almost
the same rate. After 3000 iterations, all three receivers reached
Z |RDI? (1, min + 1, ex) the steady-state and the gap between the performance of the
=1

D-RAKE receiver and the MOE receiver almost vanished.

whereJ; . andJ; mi, are given in (18) and (20), respectively. Fig. 4 compares the performance of the conventional RAKE
Although several seemingly strong assumptions are invokegteiver to that of the MOE and the D-RAKE receivers in a 15-
in the above derivation, the final result in (24) matchedser setup. Not surprisingly, both multiuser receivers offer sig-
well with our simulation results under different setups. Theificantly better signal estimates than the conventional RAKE
expression of the steady-state SINR provides an importaateiver. Further, the performance of the D-RAKE receiver is
guideline in the design and implementation of the D-RAKIEonsistently close to that of the MOE receiver. The results indi-
receiver. cate that by exploiting the structure information of the effective
4For our simulation of the MOE receiver it was assumed that the receiver

3This is certainly not valid in general, but is frequently used in théad perfect knowledge of the effective signature waveftam) of the desired
performance analysis of adaptive filtering. user.
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Fig. 4. Performance comparison: D-RAKE versus MOE and conventional RAKE receivers.
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Fig. 5. Excess MSE’s.

signature waveform, it is possible to approach the performanmember of users is under ten. As the number of users becomes
of the MOE receiver whera; is known explicitly. large, the theoretical values tend to overpredict the excess
Numerical studies were also conducted to verify the theordttSE.

ical steady-state performance predicted in Section IV. UnderAlso examined were the steady-state MSE'’s after coherent
3-dB SNR, we observed the excess MSE of a single-arm outpoimbining. We plot the simulation results versus theoretical
for a particular user and gradually increased the number\ailues in Fig. 6 under the same setup as Fig. 5. The two curves
total users in the system. As shown in Fig. 5, where the solidatched quite well, even when the number of users was large.
line and “0”s represent the theoretical predictions in Sectidhimplies that the deviation in the theoretical prediction for
IV-C, whereas the dotted line and “x”s represent the simulati@nsingle-arm filter was overcome by the averaging effect of
results, the two curves match extremely well when the totebherent combining.
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Interference to signal power ratio (dB)

In the last example, we compare the near—far resistanmedios. It can be seen that the proposed D-RAKE receiver
of the proposed D-RAKE receiver with the near—far resistaand the MOE receiver possess similar near—far resistance
MOE receiver. A ten-user CDMA system was simulated. \Weroperties.
fixed the signal strength for the desired user and adjusted the
power level of all the other interfering users. The SNR is VI. CONCLUSION
set to be 3 dB. Fig. 7 plots the theoretical output MSE’s of A decorrelating RAKE receiver for CDMA communications
the two receivers for a range of interference to signal powever frequency-selective fading channels has been developed
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in this paper. The new blind receiver possesses importamn]
features such as low complexity and high performance, which
makes it particularly useful in mobile communications. The 7
asymptotic optimality and the steady-state behaviors of the
proposed algorithm have been investigated. Our results shB®!
that the proposed receiver significantly outperforms the exist-
ing single-arm adaptive approach [5] and offers performan&él
comparable to the MOE approaches without significant in-
crease in complexity.

[20]
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