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T1lsunsuas19 Gold code AMuNENa 31 B4l [23]
function gold seq = Gold_code;
global gold_seq
connections1=[10 1 0 0];
connections2=[1 110 1];
sequencel=ss_mlsrs(connections1);
sequence2=ss_mlsrs(connections2);

L=2"length(connections1)-1;

for shift_amount=0:L-1,

temp=[sequence2(shift_amount+

gold_seq(shift_amount+1,d=( s i o gice1+temp)./2).*2;

end; 7 7

for I=1:length(gold_seq)

for j=1:length(gold_seq(1,d

if gold_seq(l,j)==

gold_seq(l,j)=-1;

else gold_seq(l,j)=1;

end;
end;

end,

function [seq]=ss_mlsrs(conneétions;

global seq
m=length(connections);
L=2"m-1;

o491 3 ) El'ﬂ‘i‘w 8113

seq(1 reglsters(nql

rQ WARIHIN NN INYA Y

new_reg_cont(j)=registers(j-1)+connections(j)*seq(l-1);
end,
registers=new_reg_cont;
seq(l)=registers(m);
end,

%% %% Y%END%%%%%
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ABSTRACT

In this paper, a new objective function for
Adaptive Parallel Interference Cancellation (B

Receiver is proposed. Instead of the Mean o
Energy (MOE) of the receiver, the receiver’ s
Output Energy (VOE) is used as the new ob_;ecnv
for receiver-weight-control criterion; whick
Steepest Descent Algorithm (SDA). It is obwi

proposed objective function can achieve
Rate (BER) than the conventional recc
Filter), the decorrelating receiver and the B2
that utilizes the MOE as the objective fi
found that the transient behavior of the propos
superior to that of the one using the MOE a§
function.

Keywords: DS-CDMA, Blind Adaptive
Interference Cancellation, Variance of Outp
(VOE)

1. INTRODUCTIO!
Code Division Multiple Acce
considered to be one of the promising € acce
methods proposed for mobile communication systems
There are serveral kinds of CDMA schemgl e. Frequene:
Hopping CDMA (FH-CDMA), Time pping CDMA
(TH-CDMA) and Direct Sequence CDMA.;'(mCDMA)
[1]. However, the most popul
commercially exploited, is DS-
potential capacity and other desir

soft handoff capability,
In DS-CDMA,

Verdu [5] proposed an optimum receiver that counts
istence of other active users in the system. Inspite
1 rformane of this receiver, unfortunately, its
increases exponentially with the number of
implementation is impractical.
ult, the following researches in this area are
optimal receivers that are feasible to
those is a DeCorrelating (DC) receiver
nd Verdu [5]. Although the DC
vantages, such as the MAI free output,

need tolc culat thé"verse of correlation matrix and the °
cement of mnoise. Varanasn and Aazhang ploposed

s and amplitude estimations to cancel the
. from the MF’s output.
wo-stage blind adaptive versions of [7] that has
ive canceller, and having no need to estimate the
al am e, at the second stage are proposed
itput Energy (MOE) as the objective
escent Algorithm or in [9] using
g Algorithm for controlling the
hls The receivers in [8] (MOE-DC-
a better performance than the MF

erw

BA-PIC) and [9] hd

and receiver, espeually in high interfering signals

ver sllghtly better performance

w nr E} e'to the aforementioned complexity

er $: such as uni y Do'[10 posed to use an Approximate

frequency reuse factor, resistance to multlpath fading andy DeCorrelau %(ADC) rec,erver [L1] instead of the DC

band: as in Frequency D
or an orthogonal time slot; as in Time Division Multiple
Access (TDMA), each user is multiplied by a distinct code.
Hence the received signal at the receiver is the sum of all
users’ signal, which overlaps in frequency and time. The
performane and capacity of the conventional DS-CDMA
system, using a Matched Filter (MF) that treats other users’
signal as Additive White Gaussian Noise (AWGN), is
limited by Multiple Access Inerference (MAI) arises from
the non-zero cross-correlations existing among active users.
Especially in near-far situation which comparatively weak
users are interfered by strong users, the detected
informations of those weak users are unreliable.

mmn i

e other components
sa MOE-DC-BA-PIC
foun th C-BA-PIC receiver

can achives the same performance as that of MOE-DC-BA-
PIC receiver, especially when the interfering level is high.
However, it is found that when the number of users
increases, the Bit Error Rate (BER) of the MOE-ADC-BA-
PIC receiver increases rather dramatically. Besides, the
convergent rate of this receiver is quite slow.

In this paper, the Variance of Output Energy (VOE)
of the receiver is proposed as another objective function
instead of the MOE used in the MOE-DC-BA-PIC and
MOE-ADC-BA-PIC receivers. It is obviously seen, from
the simulation results, that the proposed receiver, VOE-
ADC-BA-PIC, gives better performance than that of the



MOE-ADC-BA-PIC receiver not only in BER aspect but
also in trancient behavior aspect.

This paper is organized as follows. In section 2, the
system model is presented. The Blind Adaptive PIC (BA-
PIC) is described in section 3. The simulation results and
conclusions are presented in section 4 and section 5,
respectively.

2. SYSTEM MODEL
Assuming that there are K users in a synchronous
single-path Binary Phase Shift Keying (BPSK) uplink DS-
CDMA channel and there are no intercell interference, the
baseband received signal, r(t), can be expressed as

t)= 3 A, (t)+n(t)

where A, is the received amplitude of
b, € {-1,+1}; Efp, }=0. is the k-th user’
is the k-th user signature waveform which is
outside the interval [0, Tb] ; where T

n (t) is Additive White Gaussion Noise (
mean and variance G°.
2.1 Matched Filter (MF)

The sampled outputs of the bank of
expressed in the vector form as

138

2.2 Decorrelating Receiver (DC)
The DC receiver transforms the output of the bank
of MFs with the inverse matrix R”

2 =R'x=Ab +R'n (6)

Note from (6) that the DC receiver can completely
eliminate the MAI but with noise enhancement.

2.3 Approximate Decorrelating Receiver (ADC)
Typically, the cross-correlations between each of the
signature-waveform pair is very low compared to their
energy, thus R is strongly diagonal matrix. Clearly, R can
ressed in the form of R = I + P where I is K-
identity matrix and P is the modified cross-
trix, of whu;h all diagonal elements are zero.
(I+dL) =I-3L+ o(8), where
1 ®)

1

Kx K

mber and 0(8) is the higher order
s of (I + L) ' and considering only
ation, R™' can be approximated as [11]

S (7)

7) 1s exact in two-user case. The output of the
Ver is thus

&b +Sn =SRAb +n  (8)

x =RAb +n
where x = [XI,XZ, ,XK]T A=diag(A 1:A2'
b,,b,,:.,b, I [y, ny i,
covariance matrix equals E{gg =Rgo

> APAPTIVE PARALLEL
ENCE CANCELLATION (BA-

1 py Pk IC) RECEIVER
R=|Pxn 1 - px fa O Q,
U INU N WEIIND
Pri Pk2 3 2oy
/ T
is the symmetric cross-corre at 4 nqu T .
e TS 0l A IV TR

jsk (t)s, (t)dt k jel,
1 k=j

Kandk=j (4

From (2), the MF output of the k-th user can be
expressed as the sum of desired signal, MAI and noise
terms. respectively, as

. =b,A, +Zb Apy + Ny 5)

]:k

Figure 1. The general structure of the BA-PIC receiver

3.1 Structure

The general structure of the BA-PIC receiver is
shown in Figure 1. This receiver uses the blind adaptive

canceller (W), where W is

0 wp,
w, 0

Wik

W = Wk (9)

We Wy, - 0



to estimate the MAI term in (5); and then subtract it from
MF output. The BA-PIC receiver’s output for the k-th user
is expressed as

A

Y =X, — W, by (10)

W, is column vector taken from the k-th row of W. Note
that the diagonal elements of W are set to zero in order to
avoid desired-signal cancellation. The input of adaptive
canceller is estimated data bit vector, which its

k-th element is set to zero, from a Multiuser Separator
(MS). The estimated data bit vector can be expressed as

by = [b1,b2,... brct 0, Brot . b7

—

where by =sgn(z, ). The MS in [10] isper
while that in [12] and this paper is the ADM ?

By substituting (5) in (10), the B ¥
output for the k-th user can be rewritten as

K
Y = Db A, +Z(bjAjpjk - Wy by
I
K
=b,A, + Y err +n,

=1
}:k

=b,A, +Erm, +n,

N a
where err; and Err, are the approximation error“ef

J-th user’s interfering signal and the approxnmatlon.t‘gg_lz‘yf_.__-_

the MAI that
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(15)

Vvor, =Efi VBB

Using the SDA, the optimum weights are obtained
by an iterative search:

1
Wy [n+1]=ﬂk [n]_:illvouavgk--lvoek (16)

In the same way to get (14), (16) becomes
,’n +1]= w, [n]- PVOE(E{Yi}E{Yka} = E{Y:Dk}} (7
// t, by using (12) one can rewrite (15) as the
functie ig)ce and mean of square error as

+4(A2 + o2 )E{Er? }+ 4A2% (18)

(18) that by minimizing the variance
ut energy, not only the Mean Square
I estimation but also its variance is

LATION RESULTS
, the synchronous single-path BPSK

1 is considered. The performance of the
VOE-ADC-BA-PIC, is compared to
Ak E-ADC-BA-PIC receiver, the MF, the DC
id the Single Users Bound (SUB). The results is
vith an ensemble of 1000 trials; and 1000 data

respectively.

3.2 Blind Adaptive Canceller Weight Agptation
In [8] and [10] the MOE the receiver,

exists in the k-th wser’s® MF output,
CX el

nlation  of statistic average that is
' 'nﬂ/eraging is used instead [12].

e perfor e of the proposed receiver in power
control envirornment is shown in Figure 2. It is seen from

Joee, = E{(yk iy } , is used as the objective fun€tion for the Figufe2 (ai that not only the proposed receiver converges

SDA in the blind adaptive canc i ﬂaﬂtiﬂﬁ ﬁ‘ﬁ
means. for the k-th output, r ights ‘a R g

iteratively searched by

- WIAIN 30

Substituting gradient of J (V. ] ), (13) becomes
MOE, * ¥ w, < MOE,

/\T A A
Wy [n + 1] =W, [n]‘ Hwmoe E{Qk Wy [n]bk = X Qk} (14)

In this paper, the Variance of Output Energy (VOE)
of the receiver is proposed as a new objective function for
BA-PIC receiver instead of the MOE. This can be
expressed as

ﬂﬁm-mc receiver does but it also
lo than the MOE-ADC-BA-PIC
receiver. As a result, it could expect the improvement in
BER of the giteposed receiver over that of the MOE-ADC-

, ﬂmﬂﬁl}ﬂ in Figure 2 (b). From
gure 3, althg R osed receiver is very

close to that of the DC receiver when the number of users is
low, the proposed receiver’s superiority to the DC
receiver’s is clearer as the number of users increases. Note
from Figure 3 that the BER of the DC receiver is worse
than that of the MF receiver when there are a lot of users
(nearly 31 users). This could be the result of: 1) the very
low cross-correlation property of gold sequences used in
the simulation 2) the power control environment and 3) the
fact that when the number of users increases, the dimension
of cross-correlation matrix is increased; which results in the
increasing of noise enhancement property of the DC
receiver. So, when there is no near-far effect and the



number of users reaches some point that the noise
enhancement dominates the cross-correlation, it might
possible that the MF receiver would have lower BER than
the DC receiver does.
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Figure 5. BER of the receivers (at E,/Ny =7 dB) in no

power control environment

In no power control environment, the ratio of desired

user’s Ey/Nj to that of the interfering users is set to 10 dB.

Figure 3. BER of the receivers (at Ey/No =7 dB) in power It could be seen, from Figure 4 and 5, that the simulation
control environment results in no power control environment are similar to those



in power control environment except that in no power
control environment the superiority of the MF’s BER to
that of the DC receiver at the high level of users does not
occur.

At last, it is found, from the simulation results, that
the steady state MSEs of the MOE-ADC-BA-PIC receiver
in power control and no power control environment are
almost the same and are those of the VOE-ADC-BA-PIC
receiver; the latter, however, gives the lower steady state
MSE than the former. As a result, one could expect that the
BER of both receivers when the power of interferers are
varied should be unvarying; besides, the BER of the VOE-
ADC-BA-PIC receiver should be lower than that of the
MOE-ADC-BA-PIC receiver. This expectation corresponds
to the simulation result which is shown in Figure 6.
seen that the proposed receiver could tolerate t e
range of near-far effect. ‘
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