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## 4270519221 : MAJOR ELECTRICAL ENGINEERING

KEYWORD: ADAPTIVE / FEEDBACK / MULTIUSER DETECTION / MULTIRATE / CDMA
VORAVIT KAWEEVAT : BLIND ADAPTIVE DECORRELATING DECISION FEEDBACK
MULTIUSER DETECTION FOR MULTIRATE DS/CDMA COMMUNICATIONS. THESIS
ADVISOR : ASSOC. PROF. DR.SOMCHAI JITAPUNKUL, Dr.Ing. 106 pp. ISBN 974-
13-0060-9

This thesis presents the blind adaptive decorrelating decision-feedback detector
(BADF) that uses the blind adaptive algorithm for reducing the complexity of the
decorrelating decision-feedback detector (DDFB). The BADF has been used to eliminate
multiple access interference (MAI) at the base station in the tri-rate CDMA system. Bootstrap
algorithm was used at feed forward filter to eliminate some interferences from high-rate and
medium-rate users, and the bootstrap algorithm was used to cancel the remaining MAI at
the feedback filter. A transmitting synchronous system is considered over an AWGN
channel.

The blind adaptation does not have to send the training sequence, so the bandwidth
utilization is good. From the simulation result, the BADF can reduce time delay for high-rate
users and keep the good performance for low-rate users. Moveover, the BADF does not find

the inverse cross-correlation matrix of the code, so it can reduce the complexity of the

receiver.
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L Lﬂ?m%'mmuﬁﬂa%mm (Decorrelating Detector : DD)
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1.4.3 Lﬂ?:m%'uﬁm%'uQ’L%umﬂﬂuﬁﬁmsﬂ?uﬁﬂﬁ (Adaptive Multiuser Detection)
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1.7 Asunilgymnlasunisiaua §11sUsUU CDMA LUUEBIBASN
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Low-rate

Medium-rate

High-rate
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Sh Z, J— d,
X, Z, = az
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. V=I-W .
Xk Zx = aK

717 3.2 wisesuandtyryiamanisliusuuuuentaa s danasynaunsy
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& EINx) = (I—W)g (3-6)
Tnel

1 Vi Vik
\% 1 \%

f E 21 2K (3-7)
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Wri Wgo 0
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Toe d,. A nnwestaysresldmnaunldldaun k ssaluwnnwes d Aludann@n d, e
Aaflaundu (K —1)*1 sail
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e p A AMaering (Step Size)

3.3 imsassuuuLAnadsanninislsuaalaaldszidaudsyunsuwnsy (Adaptive Bootstrap

Decorrelating Detector : ABDD) #1155z CDMA WULARASILAL [43-45]
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unsnaanangliauau lussuy COMA wuudmsines  laglddynyunesnainiezesduuu
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1
o =

WUINANNT (3-18) RANHULNAR8ALANNT (3-5) Ad
x = Gd+n (3-14)

7 o
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MF, il B
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'
o A

A o dl 1 dl o ¥ o
Tnel Cy AB ZQQ_,IE‘LINWM?UﬂQuVIN’]u’ﬂ‘ﬂﬂﬂ’]@’]ﬂLﬂ?‘ﬂﬁ?ﬂﬂﬂﬂ@“ﬁ@’]ﬂuw k
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3.4 wsassuuuurayanapauiaNitaunauninislsusauuuuan (Blind Adaptive
Decorrelating Decision-Feedback Detector : BADF) 114915211 CDMA WULATNDAS)
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[l

] o

l{M
R, A8 8R9d0usEnInednaingesiadnaninnans

v
o

1 v
Tngazfansuaniznaiinie Ry, Ry, Waz Ry, usiuowsiuminui

() (2) 3) 4
bl-l bli bl—l bH

HB® HB® HB® ------

LB
r(t)
HB( HB® HB®
b b b{Y by > b
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(h-1)Ty
W y™ = [yfh),y;h),...,y}f’]r WAZUNUANNTT (3-1) A9lugnnag (3-21)
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Tuas feduagld v * 10 Juawindiendnenl  widwiuieesiuuunindeyaifeduuds
wntleunguiitinisUsusuuuyen (BADF) avidanl VO *® Lﬂuw?ﬂsr‘fml,mgmvhﬁu
Ine VO lsiqfludeadluunindaudins (Symmetric Matrix)
AINANNIT (3-25) %mmmﬁauﬁmmwmﬁ'ﬂ@mmLﬂ?ﬁlﬂﬁmmﬁﬁs’ﬁﬁwﬁuﬁ k londlu
2 o= [y <wdy (3-27)
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Abstract

A dual rate synchronous DS/CDMA system
provides service to low bit rate and high bit rate users,
and both kinds of user have the same chip rate.
Previously, two types of decorrelators have been
proposed: a high-rate decorrelator (HRD), and a low-rate
decorrelator (LRD). It has been observed that the LRD
provides better performance than the HRD for all users
at the expense of higher complexity and longer
demodulation delay for high-rate users. To improve the
performance and reduce the demodulation delay, a
decorrelating decision-feedback detector (DF) has been
proposed. Although the DF has less complexity than that
of the LRD, the complexity of DF is still high. This
paper presents a blind adaptive decorrelating decision-
feedback detector (BAD) which uses bootstrap algorithm
to decrease the complexity of DF and reduce the
singular-matrix problem of decorrelator. The simulation
results show that this detector provides better
performance than that of the DF.

Keywords : DS/CDMA, multiuser detection, multirate,
blind adaptive, decision-feedback

1. Introduction

Direct sequence code division multiple access
(DS/CDMA) is being considered to support multimedia
traffic in third generation mobile radio system, such as
Future Public Land Mobile Telecommunication System
(FPLMTS) and Universal Mobile Telecommunication
System (UMTS) [1].

The multiuser detections [2] for  single-rate
DS/CDMA gain a lot of attention because of their
performance against strong mnterference which overcome
a weakness of conventional receiver (so called matched
filter: MF). In order to avoid a high computional
complexity of _multiuser -detections, the —adaptive
multiuser detections [3], which find a solution adaptively
by using training sequence, are investigated. The blind
adaptive multiuser 'detection is explored in [4] for
eliminating the requirement of training sequence that
leads to more efficiency bandwidth utilization.

To provide integrated voice and data
communication over cellular networks, several access
strategies [5] have been proposed for multirate
DS/CDMA system. These include (a) variable
processing gain scheme ,(b) variable chip rate scheme,
(c) multi-code method, and (d) multi-modulation
scheme. This paper consider a dual rate synchronous
DS/CDMA system that uses the variable processing gain

(spreading length) scheme because it needs simple
hardware. For this scheme, the chip rate of all users is
fixed and the spreading length of each users is
proportional to the data rate. Recently, multiuser
detections for multirate DS/CDMA are investigated.
Saquib proposed two decorrelators [6]: a high-rate
decorrelator (HRD) and a low-rate decorrelator (LRD).
While the LRD shows improved performance for both
high-rate and low-rate users, it does incur additional
complexity as well as a processing delay. To improve
performance and reduce the demodulation delay, Chen
proposed a decorrelating decision-feedback detector
(DF) [7]. Although the DF has less complexity than that
of the LRD, the complexity of DF is still high.

This paper presents a blind adaptive
decorrelating decision-feedback detector (BAD) for
decreasing the complexity of DF. The proposed detector
uses the blind adaptive decorrelators which apply
bootstrap algorithm [8] to decode the high-rate data bits
except those in the last sub-interval. After subtracting the
interference due to the decoded high-rate data bits from
the received signal, a LRD is applied to the low-rate data
bits and the high-rate data bits in the last sub-interval.
From the simulation results, BAD provides better
performance for low-rate users than that of the LRD and
better performance for high-rate users than that of the
DF. Because of using adaptive algorithm, it reduces the
singular-matrix problem of decorrelator which uses
inverse correlation matrix of spreading code.
Furthermore, in near-far situation, the performance of
BAD is still better than that of the DF.

2. Dual Rate Synchronous System

In-a synchronous dual-rate DS/CDMA system,
a_low-rate user transmits 1 bit while a high-rate user
transmits M bits. The bit interval of the low-rate and
high-rate users is denoted as T and Ty, respectively.
Over the interval [0,T,], the received baseband signal

can be written as

Ky Ky M
r(t)y = A;b; S () + Z{ZA@ b{msm (t)} +n(t) Q@
j=1

k=1 (m=1

where A; and b, represent the received amplitude for
j™ low-rate user and its received bit. Similarly, A{Tand

b{T) are the received amplitude in the m™ sub-interval for

the k™ high-rate user and its received bit. Signal is sent
over an additive white Gaussian noise (AWGN) channel

in which the noise n(t) has power spectral density o?.



The spreading codes for low-rate and high-rate users
are denoted by S; (t) and S{T(t), respectively.

Each user’s spreading code is normalized over its
bit interval so that

TQ
[[sng®fdt=1 )

where g=L,H and n =1,...,Kq
The K =K, + MKy bits transmitted in the interval [0, T, ]
can be written as the K bit vector

group P users
1

group II—I users

T T 1
= — @ @ (M) M) T
b=[b,.b,,....b I=b,, ..o, ,bE.. b, ,....b%. . b" ] (3)
P D D Dy oo Da-- Do
[0.T] [0.T,] [(M-D)T, ., MT, ]

The sampled output of correlators for the spreading code
Sn(t)is the vector y = [ys,Y,,....yx]" with

T
Yo = [r()S,(dt ;n=1,...K 4)
0
The output of matched filters can be written as

y=TAb+N (5)
where Ais a diagonal matrix with A, =A and T is the

K * K cross-correlation matrix with

TL
[[] = [ S;(®) S () dt (6)
0

3. Decorrelating Detector
3.1 Low-Rate Decorrelator (LRD) [6]
In the interval [0, T, ], each high-rate user is

equivalent to M virtual low-rate users. The spreading
codes for the m™ virtual user of high-rate user k is

—(m)
Skn(t) = |: S(t) (M-=DT, <t<mT,

0 :else 7
Therefore, the dual-rate system with K, low-rate users
and K, high-rate users is equivalent to a single-rate
system with K users (K =K, + MK,).

The cross-correlation matrix of ~the- virtual low-rate
system is

T FL(}:-li) FI.(S) FL(}T)
. Lo0 - 0
Tro =| TP 00 TR 400 (8)
iy o o . T
where
T
[Cdmn = [ S (V) Sp (0) dt ©9)
0
‘ T ~(k)
[T Tnn = [ S (t) San(t) dt (10)
0

T (k) —(k)
080 Tmn = | Sman(t) Snn(t) dt (11)
0
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From equation (5), yis decorrelated by applying the
transformation T}z, to yield
z=Toy =Ab+N (12)

where N is a zero-mean Gaussian vector with the
covariance matrix c°Ijqp .
The decoding rule is

b =sgn(2) (13)
The LRD has certain disadvantages. First, the LRD still
requires inversion of the matrix T}z, so its complexity
grows in order of M. Second, for each high-rate user,
the M sampled correlator outputs in [0, T, ] are stored
and decoded simultaneously at time T, incurring a M

bits processing delay.

3.2 High-Rate Decorrelator (HRD) [6]

This decorrelator matches to each sub-interval
[(-1)T,,iTy]. In the i™ sub-interval, each of the Ky
high-rate user transmits 1 bit, b, , while each of the K

low-rate user transmits a portion of the signal due to bit,
b; . The users in the sub-interval can be regarded as

K, + Ky virtual high-rate users.

The cross-correlation matrix of the virtual high-rate

system is
LY
1—‘HRD _|:1—'_(‘i2 FH(3:| (14)
where
. iy
C0Tnn = [Smu(®) Sy (1) dt (15)
(-DTy

For the high-rate users, the received bits are the output of
the decorrelator -applied in each sub-interval.
Dissimilarly, the low-rate user bits are estimated by
using a soft decoding rule :

- M 1 i .
b =sgn|d|———|z0] :1<j<K (16)
{E[mom} ! :
The HRD has a great disadvantage which is its low
performance.

3.3 Decorrelating Decision Feedback Detector (DF)[7]

In order to reduce the decoding delay of the
high-rate data bits and maintain good performance for
low-rate users, a DF is proposed. In the first stage, each
high-rate user’s bit except the one in the last sub-interval
is decoded by a HRD. Then, those first stage estimates
are used for reconstructing the signals of the high-rate
users in the first M-1 sub-intervals. In the second stage,
the reconstructed signals are subtracted from the
received signal and a LRD is applied to the high-rate
users’ bits in the last sub-interval and all the low-rate
users’ bits. This scheme incurs no demodulation delay
for each high-rate user’s bits and improves the



performance for low-rate users by eliminating the
interference from the high-rate data bits in the first M-1
sub-intervals. Although the DF has less complexity than

that of the LRD, the complexity of DF is still high.

4. Blind Adaptive Decorrelating Decision-Feedback
Detector (BAD)
The concept of BAD is similar to that of DF.
The proposed detector is illustrated in Fig. 1.

bL
b | bf b b
 BSD  BS® RSO

LRD

r(t)
»| BS | BS® | BS®

HD H@ H®
b b b

Y A A
>
LRD
—>
bL

Fig. 1 Abstract view of BAD operation.

Signal Reconstruction

For the BAD, each HRD in the first stage of DF
is replaced by a blind adaptive bootstrap decorrelator
(BS). The BS can eliminate the need of correlation
matrix inversion in HRD which is a high complexity
operation. So, [[%71* (i=1,...,M-1) is proposed to be

generated with a blind adaptive bootstrap algorithm [8] -
[10]. Let

z=V0y (17)
From equation (5),
2 =VO(TAb +N)= VOrAb + N (18)
So, the new transformation matrix is
vO =1 -w® (19)
where I is a K*K identity matrix (K=K +Kj;), and
0 W2 Wik Wik
Waa 0 Wok-1  Wok
wo' —| : (20)
Wiag Wgaz 0 Wik
Wi 1 Wy 2 W k-1 0

Note that W is not necessarily a symmetric matrix.

The structure of blind adaptive bootstrap decorrelator

(BS) is shown in Fig. 2. The output of this detector is
Zy = X = Wy X,

1)

100

4}’1_» 4ZI_>
L Yy g L%
1(t) Matched Transform
Filters V=I-W
yK ZK
K X

Fig. 2 The structure of BS

where z,is zwithout the k™ element, w,is the k"
column of W without w,, and X, is the vector x with

X, taken out.
With the bootstrap algorithm, the element of W is
chosen to satisfy
Elzb =0  ik=1...K(22)
To obtain an adaptive bootstrap algorithm for solving
equation (22), the update formula is
w, (i+1) = w, () + pz, sgn(z,) (23)
In the second stage, the LRD of BAD is similar
to one of DF. From equation (8), the cross-correlation

matrix is reduced to
M
FLRD _ |: 1—‘LL 1—‘L(H):|

M M

5. Simulation Results
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Fig. 3 BER of Low-Rate User in perfect power control
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Fig. 4 BER of High-Rate User in perfect power control



For numerical comparisons of the BAD and the
other detectors, let us consider a small CDMA system
which supports eight users, K;=4, Ky=4. A high-rate

user transmits M=4 bits while a low-rate user

transmits 1 bit. In this simulation, each low-rate
user transmits 1000 bits ,so each high-rate user can
transmit 4000 bits in the same interval. The spreading
codes ,using in each sub-interval, are the random
generated binary codes of length 15. In Fig. 3, the
average bit error rate (BER) of low-rate user over 50
independent experiments is plotted as a function of
signal-to-noise ratio (SNR). From this figure, it can be
seen that the BAD has the lowest BER for every SNR
values. For high-rate users, the performance of BAD is
better than that of the DF, see Fig. 4.

In Fig. 5, the average BER of the low-rate user
over 50 independent experiments is plotted as a function
of the increasing SNR of the high-rate users. The SNR of
low-rate user is fixed (8 dB). Under the MF, the BER of
the desired users deteriorates as the interfering users
increase their transmitted power, while the BER of the
desired users is fixed for the other detectors including
BAD. Moreover, the BAD gives the lowest BER at
every values of interferers’ power. In Fig. 6, the BER of
the high-rate user for the BAD increases as the
interfering users transmit with higher power but it is still
below the level of the DF.

o,
s

—A- BAD ||

BER of Low Rate User

2 3 4 5 6 7 8 9 10
SNR of High Rate User - SNR of Low Rate User (dB)

Fig. 5 BER of Low-Rate User in near-far situation
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~ N
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Fig. 6 BER of High-Rate User in near-far situation
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6. Conclusion

In this paper, we have proposed a blind adaptive
decorrelating decision-feedback detector (BAD) in order
to further reduce the complexity and delay while
maintaining good performance. The decision-feedback
structure ensures no significant delay for demodulating
high-rate users and better performance than that of the
LRD for low-rate users. Furthermore, in near-far
situation, the performance of BAD is still better than that
of the DF.
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Abstract - A three-rate synchronous
DS/CDMA system provides service to low, medium
and high bit rate users, and all kinds of user have
the same chip rate. Previously, two types of
decorrelators have been proposed: a high-rate
decorrelator (HRD), and a low-rate decorrelator
(LRD). It has been observed that the LRD provides
better performance than the HRD for all users at
the expense of higher complexity and longer
demodulation delay for high-rate users. To
improve the performance and reduce the
demodulation delay, a decorrelating decision-
feedback detector (DF) has been proposed.
Although the DF has less complexity than that of
the LRD, the complexity of DF is still high. This
paper presents a blind adaptive decorrelating
decision-feedback detector (BADF) which uses
bootstrap algorithm to decrease the complexity of
DF and eliminates the singular-matrix problem of
decorrelator.

I. Introduction

Direct sequence code division multiple access
(DS/CDMA) is being considered to support
multimedia traffic in third generation mobile radio
system, such as Future Public Land Mobile
Telecommunication System (FPLMTS) and Universal
Mobile Telecommunication System (UMTS) [1].

The multiuser detections [2] for single-rate
DS/CDMA gain a lot of attention because of their
performance against strong interference which
overcome a weakness of conventional receiver (so
called matched filter: MF). In order to avoid a high
computational complexity of multiuser detections, the
adaptive multiuser detections [3], which find a
solution adaptively by using training sequence, are
investigated. The blind adaptive multiuser detection is
explored in [4] for eliminating. the requirement. of
training sequence -that leads to more efficiency
bandwidth utilization.

To provide integrated voice, video and data
communication over cellular networks, several access
strategies [5] have been proposed for multirate
DS/CDMA system. These include a) variable
processing gain scheme, b) variable chip rate scheme,
¢) multi-code method, d) multi-modulation scheme.
This paper  considers a three-rate synchronous
DS/CDMA system that uses the variable processing
gain (spreading length) scheme because it needs
simple hardware. For this scheme, the chip rate of all
users is fixed and the spreading length of each users is

proportional to the data rate. Recently, multiuser
detections for multirate DS/CDMA are investigated.
Saquib proposed two decorrelators [6]: a high-rate
decorrelator (HRD) and a low-rate decorrelator
(LRD). While the LRD shows improved performance
for all users, it does incur additional complexity as
well as a processing delay. To improve performance
and reduce the demodulation delay, Chen proposed a
decorrelating decision-feedback detector (DF) [7].
Although the DF has less complexity than that of the
LRD, the complexity of DF is still high.

This paper presents a blind adaptive decorrelating
decision-feedback detector (BADF) for decreasing the
complexity of DF. The proposed detector uses the
blind adaptive decorrelators which apply bootstrap
algorithm [8] to decode the high-rate and medium-rate
data bits except those in the last sub-interval. After
subtracting the interference due to the decoded high-
rate and medium-rate data bits from the received
signal, an adaptive decorrelating detector [9] using
LMS algorithm is applied to the all low-rate data bits
,and the high-rate and medium-rate data bits in the last
sub-interval. In the low signal-to-noise ratio, the
simulation results show that BADF provides better
performance for low-rate users than that of the LRD
and better performance for high-rate and medium-rate
users than that of the DF.

I. Three-Rate Synchronous System
In a synchronous three-rate DS/CDMA system,
each K; low-rate user transmits 1 bit while each Ky,
medium-rate and Ky high-rate user transmits My, and
My bits, respectively. Over the low-rate interval,
[0, T, 1, the received baseband signal can be written as
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where A, and b, represent the received amplitude for
i™ low-rate user and its received bit. A{}) and b)) are

the received amplitude in the m™ sub-interval for the
j™ medium-rate user and its received bit. Similarly,

A® and b are the received amplitude in the h" sub-

interval for the k™ high-rate user and its received bit.
Signal is sent over an additive white Gaussian noise
(AWGN) channel in which the noise n(t) has power

spectral density o?. The spreading codes for low-rate,
medium-rate and high-rate users are denoted by



S, (1), S (t) and S{"\(t), respectively. Each user’s

spreading code is normalized over its bit interval so
that

jg [s,.4®dt =1 Q)
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where g=L,M,H and n=1,...,K,

The K=K, +MK, +MK,bits transmitted in the

interval [0, T, ] can be written as the K bit vector
b=[b,.b,...0,]" (3)

The sampled output of correlators for the spreading

code S, () is the vector y = [yy,y,,...,yx]" with

T
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The output of matched filters can be written as
y=TAb+N (5)
where Ais a diagonal matrix with A, =A,and T'is

the K *K cross-correlation matrix with
T,

[[lix = [S;(®S (B dt (6)
0

III. Decorrelating Detector for

Dual-Rate CDMA
A. Low-Rate Decorrelator (LRD) [6]
In the interval [0,T,], each high-rate user is

equivalent to M virtual low-rate users. Therefore, the
dual-rate system with K, low-rate users and K, high-
rate users is equivalent to a single-rate system with K
users (K =K, +MKy).

The cross-correlation matrix of the virtual low-rate
system is I}q,. From equation (5), y is decorrelated by

applying the transformation Tg;, to yield
z=Troy = Ab+N (7
where N is a zero-mean Gaussian vector with the
covariance matrix oI}, .
The decoding rule is
b =sgn(2) ®)

The LRD has certain disadvantages. First, the LRD
still requires inversion of the matrix T zp SO its

complexity grows in order of M. Second, for each
high-rate user, the M sampled correlator outputs in
[0, T,] are stored and decoded simultaneously at time

T, incurring a M bits processing delay.

B. High-Rate Decorrelator (HRD) [6]
This decorrelator matches to each sub-interval
[(i-1)T,,iT,]. In the i™ sub-interval, each of the K,

high-rate user transmits 1 bit, b),, while each of the
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K, low-rate user transmits a portion of the signal due
to bit, b;, . The users in the sub-interval can be

regarded as K| +K, virtual high-rate users.

The HRD has a great disadvantage which is its low
performance.

C. Decorrelating Decision Feedback Detector (DF)
(7]

In order to reduce the decoding delay of the high-
rate data bits and maintain good performance for low-
rate users, a DF is proposed. In the first stage, each
high-rate user’s bit except the one in the last sub-
interval is decoded by a HRD. Then, those first stage
estimates are used for reconstructing the signals of the
high-rate users in the first M-1 sub-intervals. In the
second stage, the reconstructed signals are subtracted
from the received signal and a LRD is applied to the
high-rate users’ bits in the last sub-interval and all the
low-rate users’ bits. This scheme incurs no
demodulation delay for each high-rate user’s bits and
improves the performance for low-rate users by
eliminating the interference from the high-rate data
bits in the first M-1 sub-intervals. Although the DF
has less complexity than that of the LRD, the
complexity of DF is still high.

IV. Blind Adaptive Decorrelating Decision-

Feedback Detector for Three-Rate CDMA
The concept of BADF is similar to that of DF. The
proposed detector is illustrated in Fig. 1.
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Fig. 1. Abstract view of BADF operation.

Signal Reconstruction

In the first stage, each high-rate and medium-rate
user’s bit except the one in the last sub-interval is
decoded by a blind adaptive bootstrap decorrelator
(BS). Therefore, each HRD in DF is replaced by a BS.
Then, those first stage estimates are used for



reconstructing the signals of the medium-rate users in
the first My-1 sub-intervals and the high-rate users in
the first My-1 sub-intervals. The BS can eliminate the

need of correlation matrix inversion in HRD

which is a high complexity operation. So,
inverse cross-correlation matrix is proposed to be
generated with a blind adaptive bootstrap algorithm
[8]. Let

z=V®"y )
From equation (5),
z=V®(Ab+N) = VOTAb + N (10)
So, the new transformation matrix is
VO =1 -w® (11)

where I is a K*K identity matrix (K=K +Ky+Ky).
The structure of blind adaptive bootstrap decorrelator
(BS) is shown in Fig. 2. The output of this detector is

T
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Fig. 2. The structure of BS

where z,is zwithout the k™ element, w, is the k"

(h)

column of W™ without wy, and x, is the vector x with

X, taken out.

With the bootstrap algorithm, the element of W™ is
chosen to satisfy
Elzb =0  :k=1..K (13)
To obtain an adaptive bootstrap algorithm for solving
equation (22), the update formula is
w, (i+1) = w, () + pz, sgn(z,) (14)
In the second stage, the reconstructed signals are
subtracted from the received signal and a adaptive
decorrelating detector (ADD) is applied to the high-
rate and medium-rate users’ bits in the last sub-
interval and all the low-rate users’ bits. So, a' LRD in
DF is replaced by a ADD. The ADD, in [9], uses
recursive least square (RLS) algorithm which needs
matrix inversion so this paper presents ADD which
uses least mean square (LMS) algorithm instead. The
structure of ADD is shown in Fig. 3.
s s,
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Fig. 3. The structure of ADD
From the Fig. 3, the estimated signal is
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To- Y rs) (15)

where S, is a spreading code of i™ user and c,is a filter
coefficient of i user (i=1,..., K; +Ky+Kpy)

The error between received signal and estimated signal
is

e) = r(-rQ (16)
The update weight equation using LMS algorithm is
c(i+) = o) +neds’ a7
Using hard decision, the received data bit is
b, = san(c) (18)

V. Simulation Results
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Fig. 4. Low-Rate User in Perfect Power Control
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Fig. 5. Medium-Rate User in Perfect Power Control
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Fig. 6. High-Rate User in Perfect Power Control



For numerical comparisons of the BADF and the
other detectors, let us consider a CDMA system which
supports nine users, K;=3, Ky=3, and Kyz=3. A low-

rate user transmit 1 bit while a medium-rate and

high-rate user transmit My=2 bits and My=4
bits. In this simulation, each low-rate user transmits
5000 bits, so each medium-rate and high-rate user can
transmit 10000 bits and 20000 bits. The spreading
codes are the random generated binary codes of length
15, 30, and 60 for high-rate, medium-rate, and low-
rate users, respectively.

In Fig. 4, the average bit error rate (BER) of low-
rate user over 50 independent experiments is plotted as
a function of its signal-to-noise ratio (SNR). From this
figure, it can be seen that the BADF has the lowest
BER for every SNR values because of eliminating the
interference from previous medium-rate and high-rate
data bits. For medium-rate and high-rate users, the
performance of BADF is better than that of the DF in
low SNR (0-14 dB) because the DF uses conventional
decorrelator which increases noise to system, see Fig.
5 and Fig. 6.
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Fig. 7. Medium-Rate User in Near-Far Situation

BER of High Rate User
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Fig. 8. High-Rate User in Near-Far Situation

In Fig. 7, the average BER of the medium-rate user
over 50 independent experiments is plotted as a
function of the increasing SNR of the low-rate user.
The SNR of medium-rate user is fixed (10 dB). Under
the MF and BADF, the BER of the desired users
deteriorates as the interfering users increase their
transmitted power, while the BER of the desired users
is fixed for the other detectors. However, the BER of
the BADF is lower than that of the DF if the difference
of SNR is less than 10 dB. Similarly, in Fig. 8, the
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BER of the high-rate user for the BADF increases as
the low-rate users transmit with higher power but it is
still below the level of the DF.

VI. Conclusion

In this paper, we have proposed a blind adaptive
decorrelating decision-feedback detector (BADF) in
order to further reduce the complexity and delay while
maintaining good performance. The decision-feedback
structure  ensures no  significant delay for
demodulating high-rate and medium-rate users, and
better performance than that of the DF for all users in
low SNR (0-14 dB). Furthermore, in near-far situation
(less than 10 dB), the performance of the BADF for all
users is still better than that of the DF.
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