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Modulation Level-Controlled Multicarrier CDMA System
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ABSTRACT

In this paper, we propose multicarrier CDMA system using the concept of the modulation level-controlled system in order to make the
system robust to the frequency selectivity and to provide a maximum data rate maintaining an acceptable transmission quality over various
channel environments. This system selects higher data rate when the channel experiences the low delay spread and slow fading. On the other
hand, when the fading changes very fast and the delay spread is very long, the system selects lower data rate. In both cases, the system controls
the number of serial-to-paratlel converted streams and the number of fed streams. This system has the fixed number of sub-carriers. So the
product of the number of serial-to-paralle]l converted streams and the number of fed streams is always kept constant. With the same data fed at
different sub-carriers, the frequency diversity is achieved. And a RAKE receiver also is utilized to achieve path (time) diversity.

719

multicarrier CDMA, Rake receiver, diversity, modulation level control

I. Introduction high-bit-rate data transmission to realize such multimedia
services like video, audio, speech and data transmission in
There has been a great deal of demand for various wireless communication system [1]. In order to achieve
multimedia services and also increasing interest in high-bit-rate data transmission for satisfactory wireless
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multimedia services, it is indispensable to employ higher
modulation level transmission. One of the most promising
modulation schemes is quadrature amplitude modulation
(QAM). Multilevel QAM has good bandwidth efficiency,
so that this technique can increase the system capacity and
achieve high-bit-rate transmission using a limited
frequency bandwidth [2,4]. Unfortunately, QAM,
however, requires higher energy per bit-to-noise spectral
density ratio (Eb/No) to achieve the same quality as
quaternary phase-shift keying (QPSK){5] and QAM
transmission over Rayleigh fading mobile radio channel
are subjected to error bursts due to deep fades ,even when
the channel signal-to-noise (SNR) ratio is high[6].

Wireless transmission channel condition dynamically
changes according to operating environments. Several
papers have proposed modulation level-controlled
modulation systems in which the proper modulation levels
are selected according to the channel conditions and the
traffic or received signal levels, and have shown that the
modulation level-controlled modulation is effective in
achieving higher bit rate with higher quality. When the
receiver is not in a fade the number of constellation points
are increased, and as the receiver enters a fade it is
decreased down to a value which provides an acceptable
bit error rate (BER) but maintaining a constant transmit
power throughout. In frequency-selective fading (FSF)
channels, however, theses systems cannot adequately
improve delay-spread immunity because delay-spread
immunity is closely related to the symbol rate, not
modulation level.

In order to solve this disadvantage and apply the
concept of modulation level-controlled modulation system
to CDMA system, a modified multicarrier CDMA system
is proposed in this paper. A number of MC-CDMA
systems have already been proposed [7,8]. These systems
solve the ICI problem by transmitting the same data
symbol over a large number of narrow band orthogonal
carriers, without spectrum spreading per carrier. The
proposed system uses the multicarrier modulation scheme
and the concept of the modulation level-controlled system

in order to make the system robust to the frequency

selectivity and to provide a maximum data rate
maintaining an acceptable transmission quality over
various channel environments. In the proposed
multicarrier system, the transmitted data stream is setial to
parallel converted to a number of lower rate streams. Each
stream feeds some parallel streams with the same rate. The
system can controls the number of serial-to-parallel
converted streams and the number of fed streams
according to the channel conditions. With the same data
fed at different sub-carriers, the frequency diversity is
achieved. And a RAKE receiver can also be utilized to
achieve path (time) diversity. This system can work as an
adaptive modulation level-controlled system. It informs
the transmitter of the quality of the link which is perceived
by the receiver. The transmitter can then respond by
changing the number of serial-to-parallel converted data
according to the channel condition. This system selects
higher symbol rate when the channel condition is not good.
On the other hand, when the channel condition is good,
lower symbol rate is selected in order to keep a certain
transmission quality such as BER. Successful variable rate
transmission requires that the fast fading channel changes
slowly compared to a number of symbol periods. If this
condition is not met, then the frequent transmission of
quality control information will significantly increase the
bandwidth requirements of the system. CDMA system
allows the transmission of more chips before the channel
changes significantly through data spreading using a PN

code and avoids this problem.

II. Modulation level controlled Multi-Carrier
CDMA System

In DS-CDMA system, the signals have a wide
bandwidth and may be subject to frequency selective
multipath fading. In order to solve this problem, the RAKE
receiver can be utilized to achieve path diversity.
However, the RAKE receiver results in the increase of the
complexity of the receiver structure as well as the need of

the significant signal processing. And if the channel delay
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spread exceeds the symbol duration, the conventional
DS-CDMA system, in high data-rate application, is
subject to severe inter symbol interference (ISI). Besides,
even if the data rate is low and ISI is negligible, multipath
fading causes severe degradation due to inter chip
interference (ICI). A number of multi-carrier (MC)
CDMA systems have already been proposed [9] to acquire
benefits such as higher rate data transmission, bandwidth
efficiency, frequency diversity, and interference reduction.
MC-CDMA systems cannot only reduce the effect of ISI
but also solve the ICI problem by transmitting the same
data symbol over a large number of narrow band
orthogonal carriers without spectrum spreading per catrier
for high data rate applications. Each carriers is subject to
nonselective fading and with the reception of the same
data symbol on different carriers frequency diversity also
can be achieved. But unless the chip duration is longer
than the channel delay spread, this system suffers from
severe inter symbol interference. MC-DS-CDMA system
is robust to multipath fading and requires lower chip rate
since the entire bandwidth of the systems is divided into
equi-width frequency bands. But this system cannot
achieve frequency diversity since sub-carriers have
different data. Other multi-carrier based DS-CDMA
scheme, which transmits the same data using several
sub-carriers, was proposed in [10].

The proposed MC-CDMA system in this uses the
multicarrier modulation scheme and the concept of the
modulation level-controlled system in order to make the
system robust to the frequency selectivity and to provide a
maximum data rate maintaining an acceptable
transmission quality over various channel environments.
The initial data stream is serial to parallel converted to a
number of lower rate streams. Each stream feeds some
parallel streams with the same rate. Before this, data bit on
each serial-to-parallel converted stream is repeated the
number of fed streams times in order to keep bandwidth
fixed for any selection of the number of serial-to-parallel
converted streams and the number of fed streams. Each
stream is spread using a PN code with a 1.2288Mcps chip

rate and modulate orthogonal carriers with a successively
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overlapping bandwidth. BPSK modulation is utilized to
simplify the presentation of the new system. But other
modulation techniques are equally applicable. This system
has the fixed number of sub-carriers. So the product of the
number of serial- to-parallel converted streams and the
number of fed streams is always kept constant. When the
channel experiences the low delay spread and slow fading,
the system selects higher data rate. On the other hand,
when the fading changes very fast and the delay spread is
long, the system selects lower data rate. In both cases, the
system controls the number of setial-to-parallel converted
streams and the number of fed streams. With the same
data fed at different sub-carriers, the frequency diversity is
achieved. And a RAKE receiver can also be utilized to
achieve path (time) diversity.

A. Transmitter Structure

In the transmitter structure, the bit stream with bit
duration T} is serial to parallel converted into M parallel
streams. The new symbol duration on each stream is
T=MT,. Each stream feeds S parallel streams such that the
same data stream exists on § branches (subcarriers), and
thus the frequency diversity can be acquired. Before each
stream feed S parallel streams, the symbol repetition must
be needed in order to keep the bandwidth fixed for any
selection of the number of serial-to-parallel converted
streams, M, and the number of fed streams, S. So, the
symbol duration on each stream becomes T°=MST), and
always constant. These all MS parallel streams are spread
by the same PN sequence, Ci , which is the K" user’s
specific sequence with length N and chip duration 7. And
then all the spread symbols are transmitted using different
subcarriers. This transmitter modulates all the subcarriers
using BPSK modulation. In order to achieve frequency
bandwidth efficiency, it would be desirable to space the
subcarriers as closely together as possible. The closest
possible spacing between subcarriers is I/T.. With this
particular spacing, the modulation structure of the system
is exactly the same that of orthogonal frequency division
multiplexing (OFDM). The k" user’s transmitter structure
of the proposed system in this is shown in figure 1.
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Fig. 1. Transmitter for the proposed multi-carrier
CDMA

In figure 1, the channel coding and the interleaving
process are omitted for simplicity. But they are very
essential processes in the system. Especially, even if we
assume that each subcarrier is subject to nonselective
fading, when there exists fading over each subcarrier, and
thus these subchannel fading parameters vary differently
due to frequency selectivity of the entire transmission
channel, a role of the interleaving process becomes crucial
to combat a long burst of errors over each subcarrier. And
the channel coding is also needed in order to enhance the
system performance.

Assuming K wusers, all employing the proposed
multi-carrier CDMA system with equal selection of M and
S and the same power for all carriers, the k" user’s

transmitted signal is given by

MS
5:(0)=> N2P b, (C,(H)cos@,i +,,) 0

where p is the branch number of the serial to parallel
converter and p=1+[(m-1) mod M] such that b ,(t) is the
bit stream on the identical-bit branches fed from the py
branch, p=1,2, --- , M, of the serial to parallel converter as
shown in figure 1.The transmitted data bit by ,(t) takes the

values of +1 with equal probability. In (1), P is the
transmitted power per each subcarrier. The bit and chip
waveforms are rectangular. And the orthogonal

frequencies, o, , is related as follows.

o, =, +{(m— 1)2l
T, @)
wherem=1,2,--MS and @ =27,

The subcarriers are spaced apart from their neighboring
subcartiers by 1/7.. In other words, the frequency spectrum
of successive carriers is allowed to overlap as shown in
figure 2. the MS frequencies are assigned to the MS streams
such as, given the number of serial-to-parallel conversion,
M, the frequency separation between any two successive
carriers with the same data bit stream is maximized.
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Fig. 2. Frequency spectrum of the transmitted signal

(the same data bit stream is expressed with the
same pattern)

The proposed transmitter system consists of MS
oscillator banks, that is, one oscillator bank for each
subcarrier. In the above system it should, however, be
noted that the multi-carrier CDMA signal shares the same
signal structure as OFDM. The analysis of OFDM has
shown that the discrete-time version of the OFDM
transmitter is simply a Discrete Fourier Transform (DFT).
Thus, the transmitter model for multi-carrier CDMA in
figure 1 may simply be replaced by Fast Fourier
Transform (FFT) operation which is the minimum

frequency spacing between adjacent subcarriers.

B. Receiver Structure

The k™ user’s receiver structure of the proposed system
is shown in figure 3. The receiver employs MS RAKE
receivers and the detector of each subcarrier employs a
RAKE receiver. The RAKE receiver structure at each

subcarrier is shown in figure 4. In figure 4,
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multi-carrier COMA

In multipath fading channel, time or path diversity gain
is achieved with RAKE receiver. The RAKE receiver
output signals of the identical-bit carriers, which are
frequencies carrying the same data bit stream, are
combined and then the decision statistic is formed through
the threshold device. This process is called post-detection
equal gain combining. In addition to path diversity gain,
frequency diversity gain can also be achieved by the
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combining of the signals modulated by § identical-bit
carriers. After decision, the M signals, Zy 1, Zy 2, =+, Zxm are
parallel to setial converted to get the desired signal
sequence.

In the receiver scheme, equal gain combining (EGC)
technique is used to reduce the effect of the fading and the
interference while not enhancing the effect of the noise on
the decision of what data symbol was transmitted. EGC
technique does not attempt to equalize the effect of the
channel distortion in any way.

In the proposed system, the number of serial-to- parallel
conversion, M, and the number of fed data, §, is the most
important design parameters to determine the BER
performance and the frequency diversity gain. Therefore,
it is crucial to optimize the proposed system and to choose
the optimized system parameters in accordance with the
given channel.

If the proposed system is for an asynchronous CDMA
system with K users and the power control is applied such
that without fading, all user signals would arrive at the
intended receiver with equal power, the received signal
takes the form

K M8 L
o= @sz,mbk.p(t 1, —TIGEt, T, )005{”&3 + P }“”7(’) (3)

k=l ] It

where M) is AWGN with zero mean and
two-sided power density Ny2,

Gt = B+ Vimy — Bty — 0,7, ymod 27 . The ky

spectral

user’s propagation delay is 7+ and The set {7 andlo.. fare
iid. uniformly distributed random variables with the

values in [0,T]. Even if {7k.m} are correlated for the same

k and!and different m, @in.} is assumed to be ii.d. %n

for all k, m, |. Without loss of generality we assume that

user one (k=1) is the intended receiver and let 7, =0 and
when a sufficiently large amount of the frequency
separation with respect to the coherence bandwidth of the
channel, the amount of correlation may be ignored. The
RAKE receiver output of user one k=1, catrier m=q and
path [=n is given by
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f, , +MST,
=]

r(@)C, (t-t‘.n)cos(a)qt+(plw)dt @

The receiver of user one consists of M groups, one per
bit of the paralle] transmitted bits. Each group consists of S
RAKE receivers, on for each of the S identical-bit carriers.
Each RAKE receiver consists of 4 Matched Filters (MFs)
that lock to the firstApaths, 1SA<L. For a bit
transmitted on group p, p=1,2,*+,M, the decision statistics

of the SA MFs are added to form the final decision
statistic

S 4
Zlp=3>2Z,,=n+D+I
v=l n=l ’ (5)

where v represents the relative carrier number within
group p, and g is the corresponding absolute carrier

number, so the following equation is acquired.

g=p+M(y-1) (6)

whete v=1,2,---,S. D is the desired output signal by
setting k=1, I=n, and g=m.”lis a Gaussian random
variables with zero mean and the variance of SANOT /4.
And A is the number of Rake branches. I is the interference
component. We can employ the Gaussian approximation
known to provide good results for large numbers of users
and long codes. So all the interference components can be
assumed to be Gaussian random variables with a zero
mean and a variance. It contains four types of interference
and the details are introduced in[10].

M. Simulation and Results

The channel model for evaluation of the proposed
system refers to the Recommendation ITU-R M.1225.
This recommendation provides guidelines for both the
procedure and the criteria to be used in evaluating
candidate Radio Transmission Technologies (RTTs) for a
number of test environments which, defined herein, are

chosen to simulate closely the more stringent radio
operating environments. A central factor of mobile radio
propagation environments is multi-path propagation
causing fading and channel time dispersion. The fading
characteristics vary with the propagation environment and
its impact on the communication quality (i.e. bit error
patterns) is highly dependent on the speed of the mobile
station relative to the serving base station. These
environments are described in Recommendation ITU-R
M.1034. The following sections provide a brief
description of the conditions that might be expected in the
identified environments. We consider three types of
channel model such as indoor office, pedestrian and
vehicular channel.

Channel model includes the parameters such as relative
delay and average power for indoor office, outdoor to
indoor (or pedestrian), and vehicular test environment. To
accurately evaluate the relative performance, it is
desirable to model the variability of delay spread as well
as the worst case locations where delay spread is
relatively large. In order to evaluate the proposed system,
it is assumed that the offset frequency between the
subcarriers and the local oscillator is negligible, and the
coarse frame timing and frequency synchronization is
perfectly taken. The proposed system has two- fingers
RAKE receiver in order to get the path diversity gain. As
for the spreading code to detect multi users, the PN
sequence is used. This sequence is taken from the 6, order
code generator function. The product of the number of
serial- to-parallel converted data, S, and the number of fed
data, M, is 32, and always kept constant. As many
subcarriers are needed. The chip duration, T, is also
constant. this means that the number and the bandwidth of
subcarriers is always fixed regardless of the change of S
and M. For computer simulation, we consider the case that
the number of serial-to-parallel converted data, M, is 1, 2,
4,8, 16, 32. Alternatively, the number of the fed data, S, is
32, 16, 8, 4, 2, 1 respectively. In case of M=64 (S=1), the
system can be considered as the conventional
MC-DS-CDMA. No channel coding and no interleaving

are considered.
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IV. Conclusions

The proposed MC-CDMA system in this paper uses the
multicarrier modulation scheme and the concept of the
modulation level-controlled system in order to make the
system robust to the frequency selectivity and to provide a
maximum data rate maintaining an acceptable
transmission quality over various channel environments.
This system selects higher data rate when the channel
experiences the low delay spread and slow fading. On the
other hand, when the fading changes very fast and the
delay spread is very long, the system selects lower data
rate. In both cases, the system controls the number of
serial-to-parallel converted streams and the number of fed
streams. With the same data fed at different sub-carriers,
the frequency diversity is achieved. And a RAKE receiver
also is utilized to achieve path (time) diversity. This
system can work as an adaptive modulation
level-controlled system. It informs the transmitter of the
quality of the link which is perceived by the receiver. The
transmitter can then respond by changing the number of
serial-to-parallel converted data according to the channel
condition.
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