SPACE-TIME TRELLIS CODES FOR ULTRA-WIDEBAND
MULTIPLE-INPUT MULTIPLE-OUTPUT (MIMO)
COMMUNICATIONS

by
ANSHUL TYAGI
DEPARTMENT OF ELECTRICAL ENGINEERING

Submitted
t of the requirements of the degree of

Doctor of Philosophy

INDIAN INSTITUTE OF TECHNOLOGY, DELHI

INDIA
‘October 2005



g N}'Y'cf._g?;,;;,
(Q ’ O é\)\ /t&

L L T. DELMM. |
LI ARY

Am. NolH:22£02




Dedicated to my beloved parents



Certificate

This is to certify that the thesis titled “Space-Time Trellis Codes for Ultra-
wideband Multiple-Input Multiple-Output (MIMO) Communications” being
submitted by Anshul Tyagi to the Department of Electrical Engineering, Indian
Institute of Technology, Delhi, for the award of the degree of Doctor of Philosophy, is
a record of bona-fide research work carried out by him under my guidance and
supervision. In my opinion, the thesis has reached the standards fulfilling the
requirements of the regulations relating to the degree.

The results contained in this thesis have not been submitted either in part or in full

to any other university or institute for the award of any degree or diploma.

Koo 55

Dr. Ranjan Bose

Associate Professor
Department of

Electrical Engineering

Indian Institute of Technology

New Delhi-110 016



Acknowledgements

With humility, I thank God whose grace and mercy has enabled me to start and
complete this work satisfactorily.

I owe an immense debt of gratitude to my advisor Prof. Ranjan Bose for his
constant support, able guidance and persistent encouragement during the entire course
of my PhD program. I am indebted to him in particular for spending his precious time
on discussing at length the issues concerning my research work and helping me out
with them.

I am very grateful to my committee members Prof. Surendra Prasad, Prof. Arun
Kumar and Prof. Ranjan Mallik for sparing their valuable time out of their busy
schedules to be on my committee. Their helpful suggestions and enriching
discussions, pertaining to my research topic, are gratefully acknowledged.

I took a lot of courses during my PhD program and I am grateful to all the faculty
members of the Department of Electrical Engineering for the knowledge that they
have given to me through coursework.

A special word of thanks and gratitude is due to Prof. J. K. Chatterjee, Prof.
Surendra Prasad and Prof. H. M. Gupta for their inspiring words of encouragement
and motivation to me to- do my best.

I wish to thank the staff at computer services centre as well for their cooperation
in enabling me to access the computing facilities.

I wish to thank my colleagues and friends from Communication Lab and

elsewhere in IIT Delhi for their cooperation during the course of my studies. I am

vii



particularly thankful to my colleague and friend Mr. Lava Bhargava for the help
rendered by him and his very supportive gestures during the phase of preparation of
this manuscript.

I wish to thank my family members for their love, support and encouragement
throughout the PhD program. I am ineffably thankful to my sister Dr. Anjali and
brother-in-law Anuj for their love and constant encouragement which always
rejuvenated my spirit to pursue my PhD work with greater enthusiasm.

I express my deep sense of gratitude and indebtedness toi my mother Smt.
Kamlesh Tyagi and father Prof. D. V. S. Tyagi for their blessings, support and

undefined inspirations on the way of my life to come to this stage.

34’7«9«;_,

New Delhi Anshul Tyagi

viii




Abstract

Wireless systems continue to pursue even higher data rates and better quality.
Ultra-wideband (UWB) and multiple-input multiple-output (MIMO) systems are two
promising techniques to achieve this objective. Because of their unique advantages,
like, low power, high rate, immunity to multipath propagation, less complex
transceiver hardware and low interference, UWB systems have been considered as a
physical layer solution for very high rate, short range wireless personal area networks
(WPANSs). Similarly, MIMO systems with space-time (ST) coding have made large
performance gains possible in practical wireless systems.

Under the coexistence pﬁnciple, UWB systems face severe restrictions on the
peak transmitted power. In order to boost the error performance of UWB systems, the
use of space-time coded MIMO systems in combination with UWB systems has
recently attracted the attention of researchers in wireless communications.

Space-time coding, a new coding paradigm, aims at extracting the total available
spatial diversity in the MIMO channel. Of the two kinds of space-time coding
schemes, namely, space-time block codes (STBC) and space-time trellis codes
(STTC), STTC hold the potential of much better performance than STBC.

In this thesis, we investigate the design and performance of STTC for UWB
MIMO systems. More specifically, we derive the design criteria for optimal STTC for
UWB MIMO systems for three different modulation schemes, viz. M-PAM (pulse
amplitude modulation), M-PPM (pulse position modulation) and MN-ary PPAM

(pulse position amplitude modulation: a combination of M-PAM and N-PPM). The
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design criteria are deduced from upper bounds on average pairwise error probability,
obtained through performance analysis. For M-PPM and MN-ary PPAM, new
communication distance notions are introduced and novel design criteria are
developed.

Based on the design criteria, an optimal STTC is handcrafted for binary-PAM and
binary-PPM. For 2,2-ary PPAM, an STTC is constructed using set partitioning based
on the new distance notion introduced.

Simulations of the handcrafted STTC are carried out in a UWB communication
system for both slow fading and fast fading multipath channels. Significant
improvement in BER performance of the handcrafted STTC is observed vis-a-vis

uncoded SISO system and also vis-a-vis previous ST coding schemes for UWB.
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