(217 3)

NSC92-2213-E-002-038-
92 08 01 93 07 31

93 5 21



O O ogo

NSC 92 2213
92 8 1

E 002
93 7

(217 3)

038
31

929109



(213)

Beyond 3G Receivers Design
: NSC 92-2213-E-002-038-92c¢9109

: 92/08/01 ~ 93/07/31

impulsive
noise multipath effect

orthogonal frequency
division multiplexiting

digital audio broadcasting
digital video terrestrial

broadcasting |[EEE 802.11a

|[EEE 802.119g

multi-rate multi-carrier
code division multiple access

(Multi-Code)
(Variable-Spreading-Length)
(Code Division
Multiple Access)

(Multi-Tone Code Division
Multiple Access)
(frequency-selective-fading
channel)

(matched filter)

(Multi-Tone Code Division Multiple
Access
(Multi-Tone Code
Division Multiple Access)
(Multi-Code)
(Variable-Spreading-Length)

(Variable-Spreading-Length)
(DS-CDMA)
(Multi-Code)
(BER)
(Multi-Tone Code Division Multiple

Access)

Winer phase noise

(Wiener phase noise)
(common phase

error) (inter-carrier
interference)
(OFDM) B3G
(OFDM)

(maximum

likelihood criterion)



(common phase
noise estimator)

(maximum likelihood

approach)
(subcarrier)
(independent identically
distributed)
(covariance function)
(weighting)
(autocovariance function)
(pilot-aided)
(decision-directed)

Beyond Third Generation (B3G)
wireless communications systems aim to
support high-rate multimedia services in
the mobile environment which makes a
highly distorted radio channel. In order
to combat multipath effects and make
better use of the system avalable
bandwidth i.e. high spectral efficiency
orthogonal frequency division
multiplexing  (OFDM)  multicarrier
modulation technique which has been
widely used for many communication
systems such as digital audio
broadcasting (DAB), digital video
terrestrial  broadcasting (DVB), IEEE
802.114a, IEEE 802.11g, etc. In addition,

we proposed multi-rate multi-carrier
CDMA receiver structure which shares
the similar concepts with OFDM
modulation to meet multi-user service
and variable data rate transmission.
Multi-Code (MC) and
Variable-Spreading-Length (VSL) are
two widely used schemes in CDMA
systems to support multiple rates
services. In the second year of the
project, we investigate the applications
of these two concepts to Multi-Tone
Code-Division-Multiple-Access
(MT-CDMA) for efficient multi-rate
transmission over
frequency-selective-fading channels.
The resulted signa properties and
transmission performance with the
receiver based on matched filters are
studied and compared for selecting the
appropriate
MT-CDMA. Since the
orthogonality among sub-carriers is
inherently altered in MT-CDMA, we

analyze the involved interference effect

multi-rate  scheme in

chip-level

on MC and VSL schemes and identify
Although VSL
concept is known advantageous in
DS-CDMA, MC scheme
favorable in the concerns of BER and
in MT-CDMA

the key problems.

is shown

spectrum  utilization
systems.

Besides, we study the Weiner phase
noise effect in OFDM system and
propose a  correction method.



Performance degradation due to Wiener
phase noise which causes both common
phase error (CPE) and inter-carrier
interference (ICl) is a crucia challenge
to the implementation of OFDM systems,
especialy in B3G systems. We propose
a common phase error estimator based
on maximum likelihood criterion.
Different from conventional maximum
likelihood approach which assumes the
inter-carrier interferences observed on
different subcarriers to be independent
identically distributed, we investigate
the covariance matrice among carriers
by autocorrelation function of the ICI
weighting and combine pilot-aided and
decision-directed approaches to yield a
generalized maximum likelihood
estimation scheme. The performance
degradation caused by ICI is accurately
anayzed and justified with simulation.

Index terms. Multi-Tone-CDMA,
Multi-carrier, CDMA, OFDM,
Variable-Spreading-L ength, Phase
noise, Maximum likelihood

estimation.

In the communications systems
beyond the third generation (B3G)
mobile communications, the primary
concept leads to develop the efficiently
utilization of spectrum to provide the
higher data rate services than IMT-2000
and to develop the programmable
systems adaptive to multiple
communications systems, such as the

wide-band CDMA in IMT-2000, OFDM
in IEEE 802.11a and IEEE 802.119, the
Bluetooth technologies.

It was in 1993, that three types of new
multiple access schemes based on a
combination of code divison and
OFDM techniques were proposed, such
as “multi-carrier (MC-)
CDMA,” "multi-carrier DS-CDMA,”
and “multi-tone (MT-) CDMA.” These
signas can be easily transmitted and
received using the fast Fourier transform
(FFT) device and have attractive feature
of high spectral efficiency due to
minimally densely sub-carrier spacing.
They inherently suit for asynchronous
multimedia data transmission. But they
suffer from intersymbol interference
(ISI), multiple access interference (MAI)
and intercarrier interference (ICI) which
cause performance degradation.

An important feature of future
wireless  communication is to
accommodate many types of traffic,
which require multi-rate transmission
and large bandwidth. From viewpoints
above, this year we focus on multi-rate
multi-tone CDMA and study phase noise

in OFDM to enhance system
performance.
Although OFDM can combat

impulsive noise and robust to frequency
selective fading channel, it has several
disadvantages such as difficulty of
sub-carrier synchronization and
performance sensitivity to phase noise
and frequency offset.

To know how phase noise affects



system performance, we study it and try
to propose a correction scheme. Phase
noise effects introduced by local
oscillator in any receiver, which can be
interpreted as a parasitic  phase
modulation, can only be ameliorating by
improving the performance of the
oscillator itself, with associated cost
increase. So it must be carefully
considered when dealing with any of
these communication systems since an
accurate prediction of the tolerable
phase noise can allow the system and RF
designersto relax specifications.

Wireless multimedia
communications  require  efficient
multi-rate physical-layer transmissions.
Lots of research extensively studied the
multi-rate transmissions over
direct-sequence Code-
Divison-Multiple-Access (DS-CDMA)
systems [1] for multimedia
communications, where multi-code (MC)
and variable-spreading-length (VSL) are
the two most widely applied multi-rate
concepts. MC scheme assigns multiple
spreading codes for data multiplexing
and VSL scheme adjusts the spreading
factor respectively to achieve multi-rate
transmission. Comparatively, VSL was
shown advantageous due to its better
interference  pattern  and  lower
implementation complexity in
DS-CDMA [2]. However, with the
increasing demand of wideband
high-speed communications, research

attentions have been changed to
multi-carrier systems in recent years,
which provide efficient transmissions
over broadband wireless channels [3].
Hence, it is natural to apply MC concept

to MT-CDMA.
In [7], it is shown that the OFDM is

in orders of magnitude more sensitive to
carrier frequency offset and phase noise
than single carrier systems. And it is
also proved that the Wiener phase noise
IS a much more complex phenomenon
than carrier frequency offset. The effects
of phase noise are the well-known
common phase eror (CPE) and
inter-carrier interference  (ICI). The
primary source of phase noise in a
receiver is the local oscillator in the
mixer. Components with ultra-low phase
noise specifications are readily available,
but are often large and expensive,
therefore, meeting the phase noise
requirements for an OFDM system may
add cost to the mixer especialy for
systems with a large number of
subcarriers. Hence, the significance of
phase noise suppression algorithmsis to
transfer the effort from analog to digital
part to simultaneously lower the cost
and preserve the required performance.

Applying MC  concept to
MT-CDMA is dtraightforward as
transmitting multiple basic-rate

MT-CDMA signals. However, ssmply
assigning codes of variable length to
users of different symbol rates cannot



simultaneously keep constant bandwidth
and symbol-level orthogonality in
MT-CDMA. It is because the sub-carrier
separation in MT-CDMA depends on
the symbol rate instead of chip rate,
athough the bandwidth a each
sub-carrier is fixed. Hence, in addition
to MC scheme, we propose two varieties
of VSL schemes to respectively hold
constant bandwidth and symbol-level
orthogonality. = To  evaluate the
performance of MT-CDMA receptions
in different multi-rate schemes, the
suffered interferences, including
multiple-access interference (MAI) and
ICI, are the most important factors to be
considered [6]. Besides comparing basic
signal properties, we focus on analyzing
the characteristics of the three multi-rate
schemes about interference immunity in
the recelver based on matched filters and

identify their challenging problems.
Qusi-synchronous reception IS
considered for fundamental

investigations as a necessary precursor
to asynchronous uplink. With BER
comparison in simulations, application
suggestions are given in the conclusion.
Then we present the phase noise
corrupted OFDM signal model and the
phase noise model respectively. Based
on that, first investigate the statistical
characteristics of the sufficient statistics,
it then proceed to derive the maximum
likelihood estimator for CPE. Afterward,
the analysis of the effect ICI is given.
Performance evaluations via computer
simulation are addressed as shown as

follow. Finaly, we make some

discussions in year’s project.

We studied MC and VSL multi-rate
transmissions of MT-CDMA, including
interference analysis and performance
comparison, where the MC scheme is
shown more appropriate for applications.
Showing constant bandwidth, the major
detection chalenge of MC scheme is
Intra-carrier MAI and can be easly
mitigated by orthogonal codes such that
users of any rate can achieve the best
performance compared to using the
other schemes. VSL-O scheme is good
for users of higher data rates but it
occupies wider bandwidth and the
rate-varying bandwidth makes the
spectrum utilization a serious concern.
VSL-FB scheme shows the best PAPR
condition and its constant spectrum
profile identical to MC scheme makes
their transceiver architectures easier
integrated like that in DS-CDMA system
[2]. However, the performance of
non-basic-rate users in VSL-FB is poor
due to severe Sdf-I1CI, even though
basic-rate users perform well.

In contrast to MC-CDMA [5] and
MC-DS-CDMA [4], where frequency
diversity and MAI pattern respectively
dominate the transmission performance
of a multi-rate scheme, the evaluation of
multi-rate schemes in MT-CDMA is
dominated by the resistance against ICI
and the gpectrum utilization. MC
scheme is superior in terms of both BER



and spectrum efficiency, although
adequate PAPR reduction may be

necessary due to amplifier restrictions.
Then we propose a common phase

error estimator based on maximum
likelihood criterion to effectively
remove the complex gain caused by
phase noise on the frequency domain
transmitted symbols. Different from
conventional  maximum likelihood
approach which assumes the
inter-carrier interferences observed on
different subcarriers to be independent
identically distributed, we combine
pilot-aided and decision-directed
approaches and investigate their
covariances to yield the generalized
maximum likelihood estimation scheme.
By the autocorrelation function of the
ICl weighting function, the effect of ICI
is analyzed and verified with numerical
results. The effectiveness of the
proposed algorithm is manifested by
simulations and is shown to outperform
the conventional |east-squared approach.
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