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A wireless communication technology that allows multiple users to communicate in real
time Is strongly required to support various needs, such as high performance remote control
system to controlling many control units at the same time and mobile wireless network
systems to link each user dynamically. As an effective technique, code division multiple
access (COMA) schemes that multiple users can communicate over the same frequency band
simultaneously is considered. There are direct sequence COMA (DS-CDMA) and multicarrier
CDMA (MC-CDMA) including multicarrier direct sequence COMA (MC-DS—CDMA) as important CDMA
schemes with the advantages of effective frequency utilization and high tolerance to
multipath fading.

In general, DS-CDMA that original data symbols are spread by a high—rate sequence in
time domain, has been adopted to synchronous and asynchronous communications, which have
been adopted to downlink and uplink for third generation (3G) cell phones, respectively.
The downlink uses an orthogonal code corresponding to a Hadamard matrix referred io as
a spreading sequence set to cancel the inter symbol interference (ISI) due to multipath
fading and multiple access interference (MAI) from adjacent multiple users. The uplink
uses a spreading code with good auto and cross—correlation properties such as a
pseudo—random (PN) sequence set and the Gold sequence set, etc. to suppress ISI and MAL
DS-CDMA with a quasi-synchronous technique and a zero correlation zone (7C7) code including
a complementary code, which is called DS-ZCZ-CDMA collectively, achieves ISI and MAI free
performance and synchronization capability with fast frame acquisition. DS-ZCZ-CDMA can
be applicable flexibly In not only Infrastructure mode but also Ad—hoc mode, because
two—way communication without MAT is possible over the same frequency channel. On a large
delay spread channel caused by high data rate transmission, the influence of MAI, ISI and
synchronization gap deteriorates the communication performance. As a solution, DS-7CZ7-CDMA
based on a block spreading technique called DS-BC—ZCZ7-CDMA has been pruposed successfully,
which uses ZCZ code and the minimum mean square error (MUSE) Rake receiver with the
pilot-symbol-aided channel estimation.

On the other hand, MC-CDMA based on a combination of the orthogonal frequency division
multiplexing (OFDM) using the Fourier transform technique with DS-CDMA has been adapted
to synchronous communication, that an original data symbol is spread by a sequence In an




orthogonal code over different subcarriers in frequency domain. MC-DS-CDMA with spreading
in time domain, that an original data symbol multiplied by a sequence I1s allocated to each
subcarrier, has been discussed. In general, the bit error rate (BER) performance of
MC-DS—-CDMA 1s worse than that of MC-CDMA, since the influence of ISI and Inter carrier
interference (ICI) due tomultipath fading is large. It is known that the required frequency
band of MC-CDMA and MC-DS-CDMA is smaller almost half than that of DS-CDMA. However, in
high data rate transmission, the system performance is still limited by MAI, ISI and ICI.

In order to remove these Interferences, MC-CDMA and MC-DS—-CDMA using ZCZ code have been

discussed. However, some are affected by the interferences even in the case of one chip
delay spread, and in others the delay length without MAI depends on the size of zero
correlation zone, that is, the family size of sequences decreases. Thus, there is a
trade—off of the BER performance and the number of multiple users in the above conventional
CDMA schemes.

This dissertation proposes a novel multicarrier CDMA without Interferences over a
multipath Rayleigh fading channel with large delay spread, which can be characterized by
a block coding technique using a ZCZ code with low correlation property and the MUSE Rake
receiver with a pilot-symbol-aided channel estimation to remove MAI and ICI, and to reduce
the ISI, respectively.

Chapter 1 describes the background and purpose of this research and layout of the
dissertation. In chapter 2, some necessary fundamental knowledge of digital
communication schemes is presented to help understand the main intention of the research.
The basic structure of the wireless communication channels and modulation schemes are
introduced. An intensive explanation Is given to singlecarrier and multicarrier CDMA
schemes including DS—CDMA, OFDM and MC-CDMA.

In chapter 3, MC-ZCZ-CDMA is investigated. A ZCZ code with low correlation properties
is given and its orthogonality for time domain and frequency domain on the Fourier transform
Is mathematically verified and clarified for one chip delay. A general DS-ZCZ7-CDMA and
a MAI—free DS-BC-ZC7-CDOMA are introduced and their problems for high data rate transmission
are depicted. A MC-ZCZ-CDMA scheme without GI technique is presented and its problem is
depicted.

In chapter 4, to sole above problem, a MC-ZCZ-CDMA scheme in large delay spread is
investigated. At first, a basic MC-ZCZ-CDMA scheme is given to combat these interferences
by using the correlation properties of ZCZ code for one chip delay even the transmitted
data symbols increases. Then, a novel MC-ZCZ-CDMA scheme without the interferences called
BC-MC-ZC7-CDMA based on the above scheme is proposed. BC-MC-ZC7-CDMA is characterized by
use of a block coding (BC) technigue using ZCZ code to remove MAI and ICI in very large
delay spread, and the MMSE Rake receiver with a pilot-symbol-aided channel estimation to
utilize a delay wave and to reduce ISI. The Iength of delay chips is related to only block
size and does not depend on the size of the zero correlation zone. It does not have the
trade—off mentioned above, and does not need the frequency domain equalization technique
which has been used in multicarrier communications generally, since MAI and ICI are free.

In order to demonstrate the improved BER performance of the proposed scheme by comparing
with conventional schemes In a large delay spread channel, a computer simulation is applied
Iin Chapter 5. It is shown that proposed BC-MC-ZCZ-CDMA can remove these interference in
large delay spread. Chapter 6 summarizes the results derived by this dissertation and gives
topics for further study.
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