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# # 4370596621 : MAJOR ELECTRICAL ENGINEERING

KEY WORD: MULTIRATE / MULTICODE / BIORTHOGONAL / MULTIUSER DETECTION /

CDMA
SEREE WANICHPAKDEEDECHA : APPLICATION OF BIORTHOGONAL SCHEME
ON HIGH-RATE USERS WITH INTERFERENCE CANCELLATION FOR MULTICODE
MULTIRATE DS-CDMA SYSTEMS. THESIS ADVISOR : ASSOC. PROF. DR.SOMCHAI

JITAPUNKUL, Dr. Ing. 127 pp. ISBN 974-03-1519-4.

This thesis proposed multicode tri-rate CDMA systems using biorthogonal or biorthogonal
multicode scheme on high-rate users for the objective of improving the up-link performance. This
applyment reduces high-rate signal’s peak power that might cause a nonlinear distortion problem at
power amplifiers. By biorthogonal schemes, the peak power of a signal can be fixed to a constant,
different from multicode scheme’s case where the peak power of a signal increases with data rate.
Moreover, interferences occuring from signal using biorthogonal or biorthogonal multicode scheme
are lower than those occuring from signal using multicode scheme. This characteristic increases
reliability in bit detections. Groupwise parallel interference cancellation that tends to cancel
interference for high-rate users is used to be a receiver of the system that uses biorthogonal or
biorthogonal multicode scheme on high-rate users. With this receiver, reliable estimated multicode
low-rate and medium-rate’s data will be fed back to cancel the interferences for biorthogonal or
biorthogonal multicode high-rate users

The results of multicode tri-rate CDMA systems using biorthogonal or biorthogonal multicode
scheme on high-rate users with the groupwise parallel interference cancellation, comparing with tri-
rate CDMA systems that use. multicode scheme at all. users-with parallel interference cancellation,
show that the proposed systems give higher performances on low-rate and medium-rate users and on

high-rate users with-rather high SNR.
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Abstract

A dual rate synchronous DS-CDMA system
which is composed of two different data rates is
considered. Up till now, a multirate multicode scheme
and multi-spreading factor scheme are the two most
interest schemes for supporting multi data rate systems.
However, conventional receivers of both schemes are
easily suffered from multiple access interference (MAI).
Low-rate decorrelator (LRD) is previously proposed to
the multi-spreading factor scheme to reduce MAI. This
paper applies a decorrelator to multicode scheme, which
has a same level in complexity as that of LRD but has a
trend to yield better performance than that of LRD.
Simulation results show that the multicode decorrelator
outperforms the LRD.

Keywords : DS-CDMA, multiple access interference
(MAI), multirate, multicode, multicode
decorrelator, multi-spreading factor, low-rate
decorrelator (LRD)

I. Introduction

In terms of multiple access techniques, direct
sequence code-division multiple access (DS-CDMA) has
gained worldwide attention in recent years as a
promising technology for providing multiuser access in
wireless mobile networks. Unfortunately, conventional
CDMA easily suffers from multiple access interference
(MAI) which has much influence in the case with a
difference in power of each user (called near-far effect).
This effect significantly degrades the capacity of CDMA
systems. For this reason, multiuser detectors (MUD)
[1,2] were developed for reduction in MAI.-One of the
most popular MUD, decorrelator, is focused in this paper
because of the ability in MAI reduction.

The third generation mobile communication
system is expected to integrate several kinds of
communication services such as voice, data, and video.
Therefore, it needs to support a wide range of user data
rates. Many multirate CDMA schemes are introduced
[3]. Among these, multi-spreading factor scheme and
multicode scheme have gained the most interest in that
their ability in supporting multirate [4]. In the first
scheme, only one code is used for each user. Thus, if the
data rate of high-rate user’s signal is M times that of
low-rate user’s, the spreading factor of a high-rate user is
M times lower than that of a low-rate user. This results
in degradation in performance of this scheme, especially
in the system which has a wide range of data rate. In
later scheme [5-6], many codes are used for each user.

mslszadmmsmaimanssu i

The number of codes used in high rate user is equal to a
ratio of data rate of high rate user to that of low rate user.
Therefore, spreading factors of high-rate users are equal
to those of low-rate-user. However, the additive codes
(channels) in this scheme are make an influence as the
addition in users in the system. This drawback degrades
the capacity of the system.

In this paper, the decorrelator for multicode
scheme is proposed to improve the performance in
multirate  multicode scheme. Besides, low-rate
decorrelator (LRD) [7], a great performance decorrelator
in multi-spreading factor scheme, is reviewed to
compare the performance with. This paper is organized
as follows. The conventional multicode scheme and
multi-spreading factor scheme are summarized in
Section Il. The LRD is mentioned in Section IlI. In
Section 1V, the proposed multicode decorrelator is
introduced. Finally, simulation results of bit error rate
comparing multicode decorrelator with LRD and a
conventional multicode receiver in dual-rate system and
the conclusion are given in Section V and Section VI,
respectively.

Il. Multirate scheme

For simplicity, this paper will consider a dual-
rate system, which is composed of only two-data-rate
streams: high-rate streams and low-rate streams, and a
results are expected to be the same in any n-rate systems.
In dual-rate CDMA system, low-rate users transmit one
bit while high-rate users transmit M bits.

A. Multicode scheme

In-a spreading process, a data stream of a high-
rate user is split into M _sub data streams (M channels)
which have a bit rate equal to that of low-rate data
streams. Then, each of them is spread with a different
code, which generally is an orthogonal code. After that,
all of them are spread with a user division code, which
usually is a long PN code, for dividing the data streams
of this user from those of other users [5-6], and summed
together and transmitted. Note that the length of long PN
code and orthogonal code should be relatively prime [6].
The mth spread signal of a kth user for high-rates users
and the spread signal for low-rate users are expressed as

Sk.L ®= Ak,Lakj,L (t)bkj,L

. . 1)
Skm,H = Ak,H akJm,H (t)kamH
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where A, represents the signal amplitude of kth
user of each data rate. by, and byn 4 represent data bit of
kth low-rate user and data bit of mth channel in kth high-

rate user, respectively. akij is jth interval of a code
a,, which is the code of kth low-rate user. a/,,, is jth
interval of a code a,, ,; thatis projected on jth bit of mth

channel of kth high-rate user. The a,,, results from

multipling a kth user’s PN code with a mth channel’s
orthogonal code. Where there are K users, composed of
K. low-rate users and Ky high-rate users, in the system
and M sub data streams for a high-rate user, the received
signal which is composed of desire signal with additive
white gaussian noise (AWGN, n(t)) can be written as

(=23 5mu O+ 25,0400 @

A matched filter is used to detect desired data
bits in each data stream. The output data bits of matched
filters are defined as

y :[y:LLl"'lyKL,L! Yisre Yamn oo Ykoan ""’yKHM,H]T 3)

with the output bit for code ayy, is

(J+D)T

Yo = Jr®al (adt
T

(J+)T, . (4)
Yimu = J.r(t)akjm,H (t)at

im

where T is low rate bit interval. In-matrix form,
the output is in term of cross correlation of spreading

code a/ (t) () as

y =TAb+N (5)
where
low_rate_user high_rate_user U
—_
D= by By D, o BBy oD 1yt sB s | (6)

[om1

A is a diagonal amplitude matrix which has diagonal
elements as

(AL AKL,L’ At s A e AKH,H e AKH‘H I (7)

M M

Finally, data bits are detected by

b =sgn(y) (8)

mslszadmmsmaimanssu i
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B. Multi-spreading factor scheme

In this scheme, a high-rate data bit is spread by
a code which has Ty interval, 1/M times the interval of
low-rate spreading code. The receive signal with
considering on one low-rate interval is

F(t)= 3 A, by 0 () +
= ©)
z”(z A b (4 (M=DT, )Gy (t)j+n(t)

k=1\m=1

where A, represents the received amplitude for
kth user of each rate. by and by, are T, interval low-
rate bit and mth Ty interval high-rate bit, respectively.
CkL and cxy are the spreading code of kth user of each
rate.

The matrix form of output signal after
despreading at matched filter is
Y=TAb +N (10)

The cross correlation matrix is involved with
spreading code ¢, and ¢y and data bit matrix is

T

low_rate_user high_rate_user

> A
D =By, b B B B Do Buan | (D)
[T OT]  [M-)T, MT,] [0T,] [(M-1)T,, MT,]

111. Low-Rate Decorrelator (LRD)

In the multi-spreading factor scheme, in one
low-rate interval high-rate users can transmit M bits in
one stream. When using LRD receiver, M bits in the data
stream are equivalent to M virtual low-rate users. The
spreading code for mth virtual user of kth high-rate user
is

Cit (1) = Cp g (1) 1 (M-1) Ty <t <mTy
=0 :elsewhere (12)

From equation (5), I is replaced by I' grp Which

is
1 2 Ky
I_‘LL rlf}j 1—‘IEH) 1—‘ISH )
rgrio .. 0
Iiro = F}Eﬁ_) 0 rk(ﬁ—% 0 (13)
rfho oy
where
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[FLL] ij :}Ci,L(t)Cj,L(t)dt (14)
r&]in= Jc. LOF s Odt=[[9] i (15)
[189] o = [ OB (O (16)

Let Z be the output of LRD ,yielded from
multiply T' /%, to both sides of equation (5)

= LRDy Ab+l"|__é,DN (17)

By replacing y in (8) by Z, data bits are

detected.

With the MAI cancellation in equation (17), the
LRD has great performance with rather high complexity
due to high dimension of correlation matrix. In next
Section, the decorrelator is introduced in multicode
scheme.

IVV. Multicode Decorrelator (MCD)

As mentioned in Section Il, the output matrix of
multicode matched filter is term of the cross correlation
matrix (5) which results in reduction in performance of
system. With the same method as LRD in finding the
inverse correlation metrix, to eliminate cross correlation
term, correlation metrix for multicode is defined as

~[ro o
FMCD(J)z LIT L'_ﬂ (18)
| L
where
(i) T 0 rya (i
[fo]ii=" amal) @t (19)

T
. ()T |
r@]imenm= | 8@ ®ald, @t

i

= [F,SjL) M (k—1)+m,i

(j+)T. .
[F ,(4’,: M(p-D+nM(K=D+m = _[ aE,’,{H (t)a&n{H ®dt (21)

i

After multiplying T,,t,(j) to both sides of
equation (5), the output of multicode decorrelator is

MCD(J)y Ab+Tyep (J)N (22)

123

By replacing y in (8) by z, data bits are

detected.

The multicode decorrelator yields the same
level of complexity as LRD with advantage in
performance because of its longer non-zero spreading
code in high-rate user and equality in power of different
data-rate signal. Moreover, the fact that the correlation
matrix in multicode decorrelator has almost all non-zero
elements makes it provides more ability to reduce MAI
better than LRD whose matrix has many zero elements.

V. Simulation Results

The results comparing bit error rate (BER)
among the system receiver as conventional multicode
receiver, conventional multi-spreading factor receiver,
LRD and multicode decorrelator are presented in this
section. We consider a small system that has two low-
rate users and two high-rate users with 4 times more in
data-rate (M=4). BER is measured in 5,000 data bits for
a low-rate user, which 20,000 data bits are transmitted
for a high-rate user. For simplicity, 16 bits short random
codes are generated to be used as signature codes and the
perfect power control is held in the system. The
simulation is carried in multipath fading with an additive
white gaussian noise environment.

For low-rate users (fig. 1), even just a little
better in conventional multicode receiver performance
conpared with conventional multi-spreading factor
receiver, the performance of multicode decorrelator is
clearly greater than that of LRD, especially in high SNR
(low noise environment). However, for high-rate users
(fig. 2), the performance of multicode decorrelator and
LRD are almost identical.

V1. Conclusion

In this paper, we have proposed a multicode
decorrelator to reduce MAI in the multirate multicode
system. Besides, LRD which is the great performance
receiver ‘in multi-spreading facter scheme, another
appreciating. multirate ‘scheme, is compared with. The
simulation results illustrate that multicode decorrelator
has an outstanding performance when compared with the
conventional multicode. Besides, multicode decorrelator
outperforms the LRD-in MAI reduction with an equal
level in complexity.
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