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Performance of Decorrelator for Multirate Multicarrier DS/CDMA
System
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Abstract In this paper, a performance of a decorrelating detector for a multirate MC(multi-carrier) DS/CDMA
system is analyzed and simulated in a frequency selective Rayleigh fading channel. The performance is
compared with that of single rate MC-DS/CDMA system in term of bit error probability. Variable Spreading
Length (VSL) is employed for MC-DS/CDMA system as multirate transmission scheme. From simulation result,
it is shown that Decorrelator for multirate MC-DS/CDMA achieves high BER performance as well as that of

single rate case.
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is  divided
equi-width frequency bands. And then each M carrier

I . Introduction multicarrier CDMA — system into M

4G wireless communication system may support  frequency which is orthogonal each other in term of
various service such as data, voice and video. To  frequency domain is modulated by spreading sequence
transmit these various service, multirate transmission with a chip duration which is A times as long as that
and large bandwidth are requiredm.

Multicarrier DS/CDMA which is a combination of

of a single—carrier CDMA system.

By combing decorrelating detector and multicarrier

OFDM and CDMA scheme is expected to support 4G

communication system[1]. The entire bandwidth of the
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DS/CDMA system, the complexity of decorrelating
detector is reduced. And also the robustness to partial
narrow band interference since a multicarrier system
has a narrowband interference suppression effect®
The multirate signals cause MAI to the other user due
to their different signal energy services. To support a
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multimedia service, multirate system is essential
requirement. There are two widely used multirate
system strategies such as multicode access (MC) and
variable spreading length(VSL) access. In this paper a
VSL scheme is employed by several spreading codes to
distinguish each user with constant chip rate.

In this paper, decorrelating detector for multirate
multicarrier DS/CDMA system with VSL algorithm is
analyzed and simulated in frequency selective Rayleigh
fading channel. By using VSL algorithm to multicarrier
DS/CDMA  decorrelating  detector, we can support
multirate transmission to multicarrier DS/CDMA
system. And also maintain the complexity of the
conventional multicarrier DS/CDMA decorrelator. This
paper is organized as follows. In section II, system
model and channel model are analyzed. In section III,
performance analysis is described. In section 1V,
numerical and simulation results are presented. Finally,

we conclude in section V.

II. System Model

In this section, the proposed transmitter, receiver
and channel model are described. And in this paper, &
users are considered and Synchronous multicarrier
DS/CDMA system and BPSK data modulated

transmission are assumed.

1. Transmitter Model
The fig. 1 shows a block diagram of a proposed
rate, high and low,

BPSK-modulated signals of & low rate user, b s and

transmitter. The two

jth high rate user, by, are spreaded by different length
of spreading code, ¢, (¢), ¢z;(t), each other.
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Fig. 1. Block diagram of the proposed multirate
multiuser  multicarrier DS/CDMA  detector
transmitter.

The chip rate of the low rate data is denoted /V, and
the chip rate of the high rate data is denoted V. It is
assumed that the high rate is 2 times of the low rate.

And N, =2Ny, is assumed. So each user has a same

rate, different signature waveform. After spreading,
each spread signal is serial to parallel converted. And
the signals are modulated by A4 multicarrier. And then
are transmitted. The transmitted signal is given by

K M
s(t) = D /2wy e (b Y cos (2nfit+1h,.,)
k=1 i=1
K~ K

M
+ > \/ﬁjc}g(t)b[{jz cos (2mft+;,)
i=1

Jj=1

(M

where A, is total number of users, Ais total

number of the low rate users, wjand w; are transmit

power of k" low rate user, ;"

high rate user. So low
rate carrier frequency i1s modulated by a spreading
sequency with chip rate N, =2V, And the low high

rate carrier frequency is modulated by a spreading
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sequency with the chip duration which is A/ times as

long as that of a single carrier system.

2. Channel Model

In this paper, a slow frequency selective Rayleigh
fading channel model is used. We denote that its delay
spread, the chip duration of proposed detector and the
chip duration of the conventional single -carrier
decorrelating  detector are 7, 7. and 7
(T.=m « T)).

For the conventional single carrier decorrelating
detector, the frequency selective fading channel for the
k" user can be represented as a tapped delay line. The

number of resolvable paths in hat model is given by
L=|1T,/T | +1, ©)
is the integer part of x. The complex

where |z |

lowpass equivalent impulse response of the channel of

the k™ user is given by

L—1

h(t) = 3 Be™s(t—1T)), 3)

=0

where (3, and p,, are modeled as zero-mean

complex valued stationary Gaussian random variable
and uniform random variable over [0,27).
For proposed detector, the coherence bandwidth of

the channel model is given by

1

(Af)c:?,

“)

Providing that the number of subband multicarrier,

M, meets the following condition,

m m
- = <
T. M+ T — L )

Each subband of the proposed detector has no

selectivity, and besides, if bandwidth of each subband
is larger than the coherence bandwidth, all sub—bands
are subject to independent fadingm.

Then, the complex lowpass equivalent impulse

h

response of the " subcarrier channel of A" user is

given by
By = o e85 (t) i =1,2,-, M. 6
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Fig. 2. Block diagram of the proposed multiuser
detector receiver.

where «;,; and ¢, are iid Rayleigh random
variable with a unit second moment and 1.i.d uniform

random variable over [0,27).

3. Receiver Model

The received signal is given by

K

M
r(t) = 2 V2w a e (Db cos(2mfit+0,,) .
k=1 i=1

KK M
+ 2 V2w; ozHKch(t)bH,-Z cos (2mft+ 0.7‘,2')
j=1 i=1
(7N

where 0, =V, T, 0, =Vt n(t) is
AWGN with a variance o and double-sided power
) N . .

spectral density of - and n,(t) is partial

narrow-band interference with a p.s.d (power spectral
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density) of S (f).

ny
Fig. 2 shows a block diagram of the proposed
receiver. The received signal is parallel to serial
converted and then coherently demodulated for each
carrier and passes through the matched filter bank. Its
outputs are decorrelated by decorrelating filter. And
each decorrelated signals are processed at the energy

compensation device.

II. Performance Simulation

To analyze a performance of the proposed detector
in term of BER (Bit error rate), followings are

assumed.

1) perfect carrier, code and bit synchronization.

T
2) G= ?L is integer where 77 is the bit interval
H
of the low rate user and 77 is the bit interval of

high rate user.

According to VLS access, in the interval [0,77],

each high rate user is equivalent to "virtual low rate
users’at the receiver. The other words, when the
received signals which have difference spreading code
length (low and high) are despread each other at the
receiver, the high rate user who has M times bit rate
of the low rate user’s one can be considered as M
virtual low rate users. Therefore, the spreading
sequences for the m th virtual user of high rate user

can be represented by

) - {Fk,,p for(m=1)Ty <t<mTy o
0, elsewhere

The total number of the user can be represented as
K, =K, + GK,, )

where K is a number of the low rate users and A

is a number of the high rate users. The matched filter

h

out put for i"" subband carrier branch is given by

following matrix form,
y, =I'WCb+n,, (10)
where

— G &
D= [By,1 A b 0L AsDi s W AU A0 s ALy

(11)

}T

is data bit sequence, signal power is given by

W= diag| /W, 1, A WKL,L7 VVI(IL) A, 3% W1<\]1,)H T,
AW AN Wy AN W AW,

(12)
fading matrix is given by
[y 0 A 0
0 o
Qg L
(1)
_ ar
C= M o M| (13)
04%3,,51
o
| 0 A Oé([gj}[_

the cross correlation matrix of normalized signature

waveform is given by,

[ Fiong Dippr K Fl(,'i/l, ad Fl(,lg/K?»H A 0
Ioynr o M
M T 1,1
C= Fl(.lgl/l,L A Fl(.l;{/l,H

M o

r 19,3 H/1, L I [(‘111 H/ K, H
M 0 M

r ziﬁ)m], L A A AT IE';,,, H/K, H

(14

where, and n; is Gaussian zero—mean A vector with

covariance matrix equal to 021" .
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The matched filter outputs pass through the
decorrelating filter to reduce MAI by matrix inversion.
The output of the decorrelating filter for the ith

-th
"

subband carrier branch, it is assumed that user”

can mean either high rate user data or low rate user

data, is given by
Y, =TIy, = WCb, +n,, (15)

where the noise vector n, is Gaussian zero-mean
. . . 25—T7
with covariance matrix o; R ".

From [1], the probability of the & the user is
obtained as

[

where Q(z) =1/+/27 f T o,

Wiy

(y)dr, 16
T I, (y)dy (16)

From [1], v and the p.d.f of ~ is given by

M
v=Mla et (17)
j=1

£, =F o, (5)}

where, « 1s 11d Rayleigh random variable and

@, (s) is the moment-generating function of -,

2

i

5
8+0j

g

L
o,(s)=]1 (18)
j=1

IV. Simulation

In this section, for simulation example, the number
of low rate users are L =4 and high rate users are
H=1. Infig. 3, BER of the proposed detector and the
conventional single rate decorrelating detector are
compared under a frequency selective Rayleigh fading
channel. The proposed multirate decorrelating detector

as a equivalent performance to conventional single rate
decorrelating dtector.

It verify that the proposed decorrelating detector can
be used at multirate transmission systems. In this
simulation, a 4 rate user who has a 4 times spreading

code as fast as basic rate user has 4 virtual users.
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Fig. 3. Bit error probability of the single rate
MC-CDMA decorrelator and 4—rate
MC—-CDMA decorrelator.
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Fig. 4. Bit error probability of the
2—rate 4-rate and 8-rate
decorrelator.

single rate
MC—-CDMA

In fig. 4, BER of proposed decorrelating detectors
which have difference rates each other is compared. By
increasing the number of virtual users, the performance
of the system is decreased. In other words, the system

performance is depend on a gap of rate between low
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rate data and high rate data.
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Fig. 5. Bit error probability of low rate data and
high rate data.

In fig. 5, BER of low rate data and high rate data is
compared under the same rate and same the number of
users. The high rate users data have more bad
influence than low rate users data when they are

transmitted simultaneously.

V. Conclusions

The new multirate decorrelating detector combining
multicarrier CDMA was proposed and analyzed in term
of BER performance in a frequency selective Rayleigh
fading channel. The proposed multirate decorrelating
detector has equivalent system performance to single
rate  decorrelating detector. So, the proposed
decorrelating detector can be considered as promising a
multirate multi users detection scheme. But when the
gap of the rate between low rate data and high rate
data is increased, there is a problem which the
complexity of the decorrelating detector also increased.
The one of the future works of this research can solve

this problem.
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