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KEY WORD: DS-CDMA / MULTIRATE / BIORTHOGONAL / MULTIUSER DETECTION /

ADAPTIVE
NATTAPORN RASRIKRIANGKRAI : APPLICATION OF ADAPTIVE FILTER FOR
BIORTHOGONAL MULTIRATE DS-CDMA  RECEIVER. THESIS ADVISOR:
ASSOC. PROF. SOMCHAI JITAPUNKUL, Dr.Ing., 105 pp. ISBN 974-03-1518-6.

This thesis presents an application of the adaptive filtering technique to improve the performance
of biorthogonal multirate DS-CDMA systems. This thesis exploits the least mean square algorithm for
estimating the received signal at the receiver. In the following step, the filter coefficient from blind
adaptation is used to obtain data bits by biorthogonal scheme. The proposed algorithm considering tri-rate
biorthogonal synchronous DS-CDMA system transmitting over an AWGN channel with and without

Rayleigh flat fading.

Due to using the blind adaptive algorithm, the training sequences have not to be sent, so the
bandwidth utilization is more efficiency. Simulation results show that adaptive filter improves the
performance of multirate biorthogonal DS-CDMA system. In addition, the computational process does

not have to determine the inverse cross-correlation matrix of spreading code so the complexity could be

further reduced.
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Average BER of High-rate User
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Abstract

This paper aims to improve the performance of
the parallel interference cancellation detector (PIC) for
code division multiple access (CDMA). Adaptive
decorrelating detector has been proposed to be an initial
stage for PIC to solve the problem of the inversion of a
singular cross-correlation matrix and to reduce the
complexity. Although adaptive decorrelator has less
complexity than that of the classical decorrelator, it still
requires training sequence causing inferior bandwidth
utilization. Consequently, in this paper, a blind adaptive
decorrelating detector using bootstrap algorithm as an
initial stage of PIC (BAD/PIC), which does not require a
training sequence, is proposed to replace conventional
adaptive decorrelating detector. Therefore, this algorithm
has a superior view of utilizing bandwidth. The
simulation result shows that this detector provides better
performance than that of the standard PIC.

Keywords. DS/CDMA, PIC, decorrelating detector,
blind adaptive, bootstrap algorithm

1. Introduction

Direct sequence code division multiple access
(DS/CDMA) is the method of multiplexing wireless
users by distinct signature waveforms. There are many
interests in DS/CDMA technology in recent years.
Multiple access interference (MAI) caused by the non-
zero cross-correlations of each wuser’s signature
waveform and the near-far effect are the factors which
limit the capacity and performance of DS/CDMA
system.

The matched filter receiver (MF), often called
conventional receiver, does not eliminate MAI but treats
it as noise. Therefore, the multiuser detection DS/CDMA
[1,2] is introduced to reduce the MAL. Since the optimal
multiuser receiver introduced by Verdu [1] is too
complex to be implemented in a practical system, two
groups of the sub-optimal multiuser receiver have been
proposed; linear detector and non-linear detector (or
subtractive interference cancellation).

In the class of interference cancellation, it can
be divided into parallel interference canceller (PIC) and
successive interference canceller (SIC). Not as PIC, SIC
has a delay time. As PIC has inferior bit error rate (BER)
performance, the goal of this paper is to improve its
performance. One of the techniques [2] investigated in
the past was to use the decorrelating detector
(decorrelator) as the initial stage of PIC instead of the
bank of matched filter in order to increase reliability of

estimation of the MAI at the initial stage. However,
decorrelator requires computation of the inversion cross-
correlation matrix. If the cross-correlation matrix is
singular, its inverse matrix cannot be obtained. Thus,
adaptive decorrelator [3-5] is proposed to solve this
problem and reduce the complexity. Although adaptive
decorrelator has less complexity than that of the
decorrelator, it still requires a training sequence causing
inferior bandwidth utilization. The blind adaptive
multiuser detection is explored in [6] for eliminating the
requirement of training sequence. So that the proposed
technique using a blind adaptive multiuser detection
(BAD) using bootstrap algorithm [7-10] as the initial
stage of PIC has been considered in this paper because it
can find a solution adaptively without the requirement of
the training sequences.

2. System model [3]

Consider a synchronous DS/CDMA system
with K users. Over the interval [0,T], the received signal
can be written as

K

r(t) = 2 bgaysg () + n(t) (D
k=1

where bye {-1,1} is the k™ user received bit, ay is the
amplitude for the k™ user. Signal is transmitted over an
additive white Gaussian noise (AWGN) channel, which

has zero-mean with covariance G2 . sk(t) is the signature
sequence of duration T. It is normalized so that

<
[sm®)*dt=1 ; m=1,..,K 2)
0

The sampled output of the k™ user’s matched filters can
be written as

-
Yk = [rt)s (t)dt 3)
0
The sampled output in vector form is

y=TAb+N 4)



where

p = [ bl s b23 .
A= dlag [a]_ , Aoy ..
correlation matrix with

AN =Esj(t)sk(t)dt s kie,2,.. K  (5)

-7bK]’ N:[nls n23 ey nK ]9
, a]" and T is the cross-

3.Standard Parallel Interference Cancellation [3]

The structure of the receiver is shown in Fig.1.
The received signal of the k™ user’s PIC stage can be
written as

fk(t)zr(t)—ZK: X (1) (6)

j=1
#k

where X; (1) =b,a;s;(t) , b; is the decision bit of

the j™ user’s an initial stage of PIC.
The sampled output of the k™ user’s matched filters at
PIC stage can be written as

;
Yk = | Sk (H)F (tdt (7)
0

The decision bit of PIC is

by =sgn(yx) (8)

4. Decorrelating detector [1,2]

From equation (4), y is decorrelated by

applying the transformation I tw yield

;=F‘IX=AQ+N )

where N is a zero-mean Gaussian vector with the

covariance matrix 62",

The decision rule is
b=sgn(2) (10)

Since the decorrelating detector has a better performance
than that of the matched filter receiver, so matched filter
can be replaced by the decorrelating detector as the
initial stage of PIC (DD/PIC), as shown in Fig.2.

5. Bootstrap Algorithm

In the first stage of the PIC, received signal is
decided by a blind adaptive bootstrap decorrelator (BS).
So, the inverse cross-correlation matrix is proposed to be
generated with a blind adaptive bootstrap algorithm [6-
10]. Let

101

z=Vy (1n
Form equation (4)
z=V(TAb+N)=VIAb+N (12)
So, the new transformation matrix is
V=I-W (13)
where [ is an identity matrix and
0wy Wk W |
Wi 0 Wok-1  Wok
wh=f : o : (14)
Wi Wk-12 0 00 Wk
| Wk Wk ot WKK- 0
The output of this detector is
-
Zi = Xy — Wy Xy 15)

where 2z is zwithout the k" element, w, is the k"
column of W without Wy and X, is the vector Xwith

X taken out.
With the bootstrap algorithm, the element of W must be

chosen to satisfy
E[zb,1=0 s k=1,...K (16)

To obtain an adaptive bootstrap algorithm for solving
equation (14), the update formula is

Wy (i +1) = wy (i) +pzy sgn(zy) a7

Since a blind adaptive decorrelating detector using the
bootstrap algorithm has a lower complexity than that of
the decorrelating detector, so matched filter in the initial
stage. of PIC can be replaced by a blind adaptive
decorrelating = detector using bootstrap algorithm, as
shown in Fig.3.

6. Simulation result

Consider the proposed receiver, a 2-stage
receiver consisting of a stage of a blind adaptive
decorrelating detector followed by a stage of a PIC, as
shown in Fig.3.

For numerical comparisons of the BAD/PIC
and other detectors, let us consider a DS/CDMA system,
which supports 5 users, each user transmits 6000 bits.
The spreading codes are the random generated binary
codes of length 15. In this simulation, stepsize of



BAD/PIC is searched by adapts 1000 bits, bit error rate
(BER) count 5000 bits after.

For a perfect power control system in Fig.4, the
average BER of 5 users over 10 experiments is plotted as
a function of its signal-to-noise (SNR). The power of
each user is set to 8 dB. From this figure, it can be seen
that the BAD/PIC has lower BER than that of the
standard PIC for every SNR values.

Fig.5, 6 and 7 show the near-far effect. The
powers are set to 1 dB, 8 dB and 18 dB in Fig.5, 6 and 7,
respectively. In Fig.5, the average bit error rate (BER) of
the lowest-power user over 10 experiments is plotted as
a function of its signal-to-noise (SNR). The result shows
that the BAD/PIC has a higher BER than that of the DD.
It is because that the lowest-power user has near-far
effects. Therefore, the BAD/PIC must adapt more than
1000 bits to converge to the lowest BER. However, the
BAD/PIC has lower BER than that of standard PIC for
every SNR values.

In the case of medium-power user in Fig.6, it is
shown that the proposed detector has better BER than
that of the standard PIC. While the highest-power user in
Fig.7, it is shown that all receivers almost have the same
performance.

7. Conclusion

In this paper, a blind adaptive decorrelating
detector for PIC (BAD/PIC) is proposed in order to
improve the performance of a standard PIC and reduce
the complexity of the DD/PIC while maintaining good
performance. Furthermore, in near-far situation, the
performance of the BAD/PIC is still better than that of
the standard PIC.
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Fig.5 BER of the lowest-power user in near-far situation



104

N H i i
LS R e R L e g et e TP TRr ey, seatibugarnangrnlonnnsaznaen

a
ENR of User (4B)

a
ENR of User (4B)

Fig.6 BER of the medium-power user in near-far

situation / —

e highest-power user in near-far situation

AONUUINYUINNS )
RN ITNINENAY



105

A Y A a a ¢
Usz InpaeIneninus
UNAAUFNT 531950389 105 1AATUN 21 NTNYIAY WA, 2520 NNFUNNUNIUAT
Y o = [ a o a a [ J = =
Wsumsanu lurdngasdfngsumaastiada un1Ineaenasmans lualnsany
[ < =2 a aa % a a a
2538 dusamisany1lSygiasininssumaasiuga da1w1313ans5u vl
a @ 4 1 Y a
nnuINedanasmedas Tuilmsany 2541 wazdidnyiae lundangasinanssumens-

o a a A 4 a o = =2 U
U1y auUnNna ﬁ"IGUTJﬂ’JﬂiﬁJU],V\I‘IﬂT 1/1ﬁgwmqmmuwnmmaﬂuﬂmmnm 2543 Tusegnang

9
~

msAnpszauLTuga il A5 UNUEANUIILITININNU NI ING1AY



	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บัญชีคำ
	บทที่ 1 บทนำ
	1.1 ความรูเบื้องตนเกี่ยวกับระบบ CDMA
	1.2 เครื่องรับแบบดั้งเดิม (Conventional Receiver หรือ Match Filter: MF)
	1.3 เครื่องรับสําหรับผูใชหลายคน (Multiuser Detection: MUD)
	1.4 วิธีการเขาถึงระบบ CDMA แบบหลายอัตรา [2,21-23]
	1.5 ปญหาของเครื่ องรับแบบดั้งเดิมที่ ใชวิธีไบออรทอกอนัลสําหรับระบบ DS-CDMA แบบหลายอัตรา
	1.6 แนวทางของวิทยานิพนธนี้
	1.7 วัตถุประสงคของวิทยานิพนธ
	1.8 ขอบเขตของวิทยานิพนธ
	1.9 ประโยชนที่คาดวาจะไดรับ

	บทที่ 2 ทฤษฎีที่เกี่ยวข้อง
	2.1 รหัสแผ (Spreading Code)
	2.2 ปจจัยที่มีผลกระทบตอสมรรถนะของเครื่องรับในระบบ DS-CDMA
	2.3 การแผและการรวมกลับ
	2.4 ระบบ DS-CDMA แบบอัตราเดียว
	2.5 ระบบ DS-CDMA แบบสามอัตราที่ใชวิธีไบออรทอกอนัล
	2.6 ปญหาของเครื่องรั บแบบดั้งเดิมที่ใชวิธีไบออรทอกอนัลสําหรับระบบ DS-CDMA แบบหลายอัตรา
	2.7 วิธีการวัดสมรรถนะและความหมายของคาตาง ๆ

	บทที่ 3 การประยุกตใชวงจรกรองแบบปรับตัวไดในเครื่องรับ DS-CDMAแบบหลายอัตราที่ใชวิธีไบออรทอกอนัล
	3.1 แบบจําลองระบบ DS-CDMA แบบสามอัตราที่ใชวิธีไบออรทอกอนัล
	3.2 ระเบียบวิธี LMS ที่นํามาประยุกตใชในวิทยานิพนธน
	3.3 การประยุ กต ใช วงจรกรองแบบปรับตั วไดในเครื่ องรับ DS-CDMA แบบสามอัตราที่ ใช วิธีไบออรทอกอนัล

	บทที่ 4 ผลการวิจัย
	4.1 วิธีการจําลองระบบ
	4.2 การลูเขาของคาสัมประสิทธิ์ของวงจรกรองในเครื่องรับที่ประยุกตใชวงจรกรองแบบปรับตัวได
	4.3 อัตราความผิดพลาดบิต เมื่ออัตราสวนสัญญาณตอสัญญาณรบกวนเปลี่ยนไป
	4.4 อัตราความผิดพลาดบิตเมื่ ออัตราสวนสัญญาณตอสัญญาณรบกวนเปลี่ยนไปกรณีส งผานชองสัญญาณที่มีการลดทอนจากเฟดดิงชนิดราบเรียบแบบเรยลี่
	4.5 อัตราความผิดพลาดบิตเมื่อจํานวนผูใชเพิ่มขึ้น
	4.5 อัตราความผิดพลาดบิตเมื่อจํานวนผูใชเพิ่มขึ้น
	4.6 ความตานทานตอปรากฏการณใกล-ไกล (Near-far Resistance)
	4.7 สรุปผลการวิจัย

	บทที่ 5 สรุปผลการวิจัย และขอเสนอแนะ
	รายการอางอิง
	ภาคผนวก
	ประวัติผูเขียน

