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It is often intuitive to think of wireless communication to be comprised of one
transmit and one receive antenna, and the signals be sent from the transmit antenna to
the receive. In fact, such concept can be safely applied to most of existing wireless
communication equipments beside you. Take a look at your cellular phone or the
access point of your wireless LAN equipment. You will find there is only one antenna
appearing in your cellular phone. Yes, it is true that sometimes there are two antennas




available at your wireless access point. But don’t be fooled by that. These two
antennas have different functions; one is for transmitting signal and the other is for
receiving. However, things are about to change in the next few years.

During the last decade, communication researchers have come to realize that by
placing more antennas at both transmitter and receiver ends, one can communicate not
only at a much higher rate, but also in a much better signal quality. Such advantage is
more and more pronounced when the demand of data communication has quickly
risen in our daily life. Imagine that, how many times you have complained about the
slow speed of your wireless network when you want to access information from either
your cellular phone or your laptop. To resolve such dilemma, the usage of multiple
antennas is a must and has proven to be the right cure. In fact it has been adopted for
use in most of the latest wireless communication standards, for example, the IEEE
802.11n for wireless LAN, and the WIMAX for next generation mobile
communication.

My research has focused on of the design of error correcting codes for
multiple-antenna environments, and in particular, for the next generation wireless
communication systems. Such codes are often coined the name “space-time codes”
due to the information coding is applied across both space (multiple antennas) and
time. The space-time codes | have proposed are optimal in the information theoretic
sense, and are so far among the very few known optimal designs in the world. By
optimal I mean that given the desired transmission rate, these codes can achieve the
minimal possible error performance, or equivalently, can achieve the largest possible
diversity gain advantage. Hence, it follows that the multi-antenna communication
systems equipped with these optimal codes would be able to yield the best possible
performance, not only in transmission rate, but also in reliability. Below I will briefly
describe the major contributions made in some of my papers.

In the first article, several constructions of space-time codes with AM-PSK
constellations are presented. The first construction, termed P-radii construction, is
obtained by extending Hammons' dyadic dual-radii construction to the cases when the
size of the constellation is a power of a prime P. The resulting code meets the
rate-diversity tradeoff and has an AM-PSK constellation. Also contained in this paper
is the identification of rich classes of nontrivial optimal subset-subcodes of the newly
constructed space-time codes. The exact number of distinct subset-subcodes is given
and is related to the Dobinski-type sum in combinatorics.

The second article contains an explicit construction of space-time codes that is
optimal with respect to the diversity-multiplexing gain (D-MG) tradeoff proposed by
Zheng and Tse. The construction is based on the left-regular representation of
elements in some cyclic division algebra. The resulting codes possess the



non-vanishing determinant property and are shown to achieve the D-MG tradeoff for
any number of transmit and receive antennas. Our result also improves greatly the
D-MG tradeoff by showing that the tradeoff is exact up to the minimal delay case.
This is the first known universal D-M optimal construction in the world.

Finally, in the third article we present two constructions of space-frequency
codes (SFCs) for MIMO-OFDM systems. It is known that SFCs having larger rank
and minimum column distances achieve better performance. Following this principle,
the first construction is obtained by right-multiplying the code matrices in a maximal
rank distance (MRD) code by some fixed nonsingular matrix. The resulting codes are
called linearly transformed MRD (LT-MRD) codes whose minimum column distance
is shown to meet the Gilbert-Varshamov bound. For the case of constructing
fully-diverse (2x256) QPSK-modulated SFCs, the LT-MRD codes can provide a
minimum column distance at the value of >= 50, compared to the values of 3, 5, or 6
obtained by other codes in the literature. The second construction, termed cyclotomic
construction, is reminiscent of the construction of the Reed-Solomon codes. Exact
minimum rank distances of these codes are presented and are shown to be
asymptotically optimal in terms of rate-diversity tradeoff. Bounds on the minimum
column distances of these codes are also given.



