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In 1948, Claude Shannon published ,,A Mathematical Theory of Commu-
nication* which laid the theoretical foundation of reliable communications. Al-
most seventy years later, engineers are still working to implement his blueprint.

The lego blocks on the cover illustrate the key idea of a recent invention
at the LNT: Shannon’s channel coding converse dictates that every symbol of
a capacity-achieving code must have the capacity-achieving distribution. For
many practical channels (cable, wireless, optical) a fairly accurate model is
the additive white Gaussian noise channel where the transmitted symbols are
corrupted by Gaussian noise. Shannon showed that the capacity-achieving
distribution for this class of channels is Gaussian, i.c., the transmitted sym-
bols should be chosen with a Gaussian distribution. Generating such a distri-
bution is called ,,shaping®, and a new scheme called probabilistic amplitude
shaping (PAS) for amplitude-shift-keying (ASK) works as follows.

The amplitude and the sign of the capacity-achieving distributions for bi-
polar ASK are independent and the sign is uniformly distributed. PAS maps
data bits to shaped amplitude sequences, which are then encoded by a sys-
tematic encoder of a linear forward error control (FEC) code. The check bits
are used as sign bits. The problem of indexing shaped code words is thus
solved by a layered architecture.

The shaped amplitude sequences can be generated by, e.g., a constant com-
position distribution matcher (CCDM) that puts out sequences that all have
the same empirical distribution. The entropy of this distribution can be adjust-
ed as shown on the cover page: the number of symbols with a given amplitude
can be assembled and modified by putting the right number of “lego blocks”
in the right place. We can thereby adjust the transmission rate which is the
product of the FEC code rate and the CCDM rate. For a fixed FEC code, the
PAS rate is adapted by changing the CCDM rate.

For more information about PAS, please see p. 8. The illustration on the
cover is by Patrick Schulte.
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Liebe Freunde, Partner und Mitarbeiter des

Lehrstuhls fiir Nachrichtentechnik,

der “Tatigkeitsbericht 2014-2016”
des Lehrstuhls fiir Nachrichtentech-
nik (LNT) ist druckfrisch. Ich hoffe,
dass Thnen das Durchblittern des
Heftes Freude bereitet. Er bietet ei-
nen sehr guten Uberblick iiber unse-
re jiingsten Tétigkeiten. Ich mochte
Professor Giinter Soder danken, der
einmal mehr einen sehr schonen Be-
richt zusammengestellt hat.

Ich beginne mit zwei runden Ge-
burtstagen. Im Februar 2015 feierte
der frithere Lehrstuhlinhaber Profes-
sor Hans Marko seinen 90. Geburts-
tag und viele seiner Freunde, Kolle-
gen und Doktoranden nahmen am
Festkolloquium iiber das Berufsle-
ben von Hans Marko teil. Professor
Joachim Hagenauer vollendete im
Juli 2016 sein 75. Lebensjahr; zu sei-
ner Feier am LNT kamen auch ei-
nige ehemalige Mitarbeiter, die ihn
schon langer als 25 Jahre kennen.

Leider muss ich auch einen Trauer-
fall vermelden. Im Februar 2016 ver-
starb Professor Horst Mittelstaedt,
ehemals am Max-Planck-Institut fiir
Verhaltensphysiologie in Seewiesen
und einer der ersten interdiszipliné-
ren Partner des LNT sowie Hono-
rarprofessor von 1977 bis 2004.

Wie an Universititen {iblich, gab
es auch am LNT wieder einige per-
sonelle Veranderungen. Mehrere Mit-
arbeiter fanden als frische ,,Dr.-Ing.*
interessante Aufgaben aulerhalb der
TUM, aber alle in Miinchen. Ende
2015 hat Joschi Brauchle als letzter
der von Ralf Kétter eingestellten Dok-
toranden promoviert.

Daneben hat Ende 2014 der Sys-
temadministraor Manfred Danzer
den LNT verlassen. Fiir ihn kam im
Februar 2015 Robert Schetterer, der
inzwischen den LNT-Rechnerpool
neu organisiert und die gesamte In-
frastruktur modernisiert hat. Wir
sind sehr froh, dass er am LNT ist,
auch deshalb, weil Martin Kontny
2017 in Ruhestand gehen wird. Nach
langjdhriger famoser Arbeit wird das
ein groB3er Verlust fiir alle am LNT.

Die Fakultdt EI hat zum Oktober
2016 die neue Tenure Track Profes-
sorin Antonia Wachter-Zeh berufen
und ihre Professur Codierung fiir
Kommunikation und Datenspeiche-
rung (COD) verwaltungstechnisch in
den LNT eingegliedert. Sie war vor-
her mehrere Jahre am Technion in
Israel und hat als Emmy-Noether-
Stipendiatin der DFG sowie der
Aufnahme in das Rudolf-Mo6Bbauer-
Programm des TUM Institute for
Advanced Study an der TUM her-
vorragende Startbedingungen. Wir
wiinschen ihr viel Freude und Erfolg
in Forschung und Lehre!

Das Jahr 2015 brachte viele nette
Uberraschungen mit sich. Mehrere
Doktoranden und Postdocs erhielten
renommierte Preise: Humboldt- and
Schrédinger-Stipendien, einen hoch-
dotierten Preis von Nokia Bell Labs,
Dozentenpreise von unseren Studie-
renden sowie Auszeichnungen fiir
Masterarbeiten und Projekte.

Auch 2015/2016 hatten wir wie-
der viele Besucher, manche linger als
ein Jahr wie Professor Negar Ki-

VVorwort

yavash und Professor Fady El-Nahal,
die beide mit einem Humboldt Fel-
lowship for Experienced Resear-
chers ausgezeichnet wurden. Andere
Giste kamen nur fiir wenige Tage zu
Vortridgen und Diskussionen, inner-
halb oder auBlerhalb von Workshops.
In den beiden letzten Jahren orga-
nisierten wir sehr viele solcher Ver-
anstaltungen. Insbesondere erwahnen
mochte ich hier zwei Munich Work-
shops on Information Theory of
Optical Fiber (MIO) mit zuerst 30,
dann 100 Teilnehmern, und einen
Munich Workshop on Coding and
Modulation (MCM) mit 70 Gésten.
Ein weiteres wichtiges Ereignis war
die vom LNT mitorganisierte Claude
Shannon 100™ Birthday Celebration
im Mai 2016 in Paderborn, das 70
Mitglieder der europdischen Infor-
mation Theory Community fir zwei
Tage zu Vortrdgen und Erinnerungen
zusammenbrachte. Auch 30 Bache-
lor- und Masterstudenten der TUM
lernten hier Shannon genauer kennen.
Zum Abschluss danke ich allen
Mitarbeiterinnen und Mitarbeitern
unserer Lehr- und Forschungseinheit
(COD, LNT, LUT, NAV) fiir ihre Un-
terstiitzung, die harte Arbeit und das
Engagement fiir unsere Institution.

Miinchen, November 2016

J Ferer

(Prof. Gerhard Kramer)



Yorwort

Dear Associates and Friends of the
LNT,

Another two years have passed and
the biannual LNT “Tétigkeitsbericht”
is hot off the press. I hope that you
will enjoy browsing the booklet, it
provides an excellent overview of
our recent activities. I would like to
thank Giinter Soder for once again
creating a superb Bericht.

I will begin by highlighting two
birthdays. First, our former head
Hans Marko had his 90" birthday in
February 2015, and many friends,
colleagues and former students at-
tended a workshop celebrating his
life and work. Next, Joachim Ha-
genauer celebrated his 75" birthday
in July 2016 with the current mem-
bers of the LNT, including staff
members who have known him for
over 25 years.

Unfortunately, in February 2016
Horst Mittelstaedt passed away. Pro-
fessor Mittelstaedt worked at the
Max Planck Instutite for Behavioral
Physiology in Seewiesen, he was one
of the first interdisciplinary partners
of the LNT, and an honorary profes-
sor at TUM from 1977-2004.

As usual, there were several per-
sonnel changes at the LNT. Perhaps
the most important were that several
new Dr. Ing. completed their disser-
tations and found good jobs. Interest-
ingly, every new Doktor decided to
stay in Munich. And by the end of
2015 the LNT reached a milestone:
all of Ralf Kétter’s doctoral hires
had graduated.

A major recent development at
the LNT and the TUM Department
of Electrical and Computer Engin-
eering, as we are now called, is that

we gained a new Tenure Track Assis-
tant Professor. Antonia Wachter-Zeh
joined us from the Technion in Israel
in October 2016 and began her Pro-
fessorship for Coding for Commu-
nications and Data Storage (COD).
She certainly had a fantastic start,
winning both DFG Emmy Noether
funding and a TUM Institute for Ad-
vanced Study Rudolf MéBbauer po-
sition. We wish her much joy and
success in research and teaching!

One important departure in late
2014 was Manfred Danzer, and this
led to hiring Robert Schettererin early
2015. Robert has been re-organizing
our computer services and mod-
ernizing our infrastructure. We are
very happy to have him at the chair!
An upcoming departure in 2017
will be Martin Kontny who will re-
tire after many years of service. This
will be a great loss for us.

The year 2015 had many nice
surprises. Several postdocs and doc-
toral candidates received prestigious
awards, including Humboldt and
Schrodinger Fellowships, a Nokia
Bell Labs Prize, teaching awards
from the TUM ECE Student Associa-
tion, and thesis and project awards.
We had many visitors, including Fady
El-Nahal and Negar Kiyavash who
were awarded Humboldt Fellowships
for Experienced Researchers.

The last two years were especially
busy with events and workshops,

perhaps most prominently two Mu-
nich Workshops on Information
Theory of Optical Fiber (MIO) that
grew from 30 to 100 attendees, and
a Munich Workshop on Coding and
Modulation (MCM) with 70 guests.
A fourth major event was a Claude
Shannon 100" Birthday Celebration
in May 2016. This event brought to-
gether 70 members of the European
Information Theory Community for
two days of talks and reminiscences.
About 30 TUM bachelor and mas-
ter students attended to learn about
Shannon.

The year 2015 was my final year
on the IEEE Information Theory So-
ciety Board of Governors. There are
two accomplishments that I wish to
highlight. First, the Society now has
an award that recognizes young fac-
ulty and teaching, the James L. Mas-
sey Research & Teaching Award for
Young Scholars. Second, the Society
expanded internationally: two new
Schools of Information Theory were
founded in Australia and East Asia
(Hong Kong), and an existing School
in India is now part of the School
program. The other two Schools
continue to thrive. The next two Eu-
ropean Schools are planned for Ma-
drid, Spain, and Bertinoro, Italy. In
North America, the 10" School will
take place at Georgia Tech in Atlanta
in 2017. This event represents a per-
sonal milestone: I co-organized the
first three North American Schools
at Penn State, Northwestern, and
USC in 2008-2010. At the time, I
did not expect the concept to work
as well as it did.

Finally, and as always, I would
like to thank all members of our
research and teaching unit (COD,
LNT, LUT, and NAV) for their sup-
port and hard work, and for their and
your dedication to this institution.

Miinchen, November 2016

Y P

(Gerhard Kramer)



2.1 Wissenschaftliches Personal am Lehrstuhl fiir
Nachrichtentechnik (LNT)

Prof. Dr. sc. techn. Gerhard Kramer, Lehrstuhlleitung
Prof. (i.R.) Dr.-Ing. Dr.-Ing. E.h. Joachim Hagenauer
Prof. (em.) Dr.-Ing. Dr.-Ing. E.h. Hans Marko

Dr.-Ing. Georg Bocherer, Akademischer Rat. a.Z., Senior Researcher
Dr. Vladimir Sidorenko, Senior Researcher (seit 01.01.2015)

Dr. Shirin Saaedi Bidokhti, Postdoc

Dr. techn. Bernhard Geiger, Postdoc (seit 01.11.2014)

Dr. Youlong Wu, Postdoc (seit 01.01.2015)

M.Sc. Amir Ahmadian Tehrani, Doktorand bei Nokia (seit 01.09.2015)
M.Sc. Rana Ali Amjad, wiss. Angestellter

Dipl.-Ing. Hannes Bartz, Akademischer Rat. a.Z.

Dipl.-Ing. Stefan Dierks, Akademischer Rat. a.Z.

M.Sc. Felix Engelmann, Doktorand bei EURECOM (seit 01.09.2016)
M.Sc. Onur Giinlii, wiss. Angestellter

M.Sc. Thomas Jerkovits, Doktorand bei DLR (seit 01.09.2016)
M.Sc. Andrei Nedelcu, Akademischer Rat. a.Z.

M.Sc. Lars Palzer, wiss. Angestellter

M.Sc. Marcin Pikus, Doktorand bei Huawei (seit 01.09.2015)

M.Sc. Tobias Prinz, wiss. Angestellter (seit 01.07.2016)

M.Sc. Patrick Schulte, wiss. Angestellter (seit 15.11.2014)

M.Sc. Markus Staudacher, wiss. Angestellter (seit 01.10.2014)
M.Sc. Fabian Steiner, wiss. Angestellter (seit 01.09.2016)

Dr.-Ing. Markus Stinner, Akademischer Rat. a.Z.

M.Sc. Peihong Yuan, wiss. Angestellter (seit 01.11.2015)

Im Berichtszeitraum ausgeschieden:

Dr. Luca Barletta, Postdoc (zum 15.12.2015)

Dr. Roy Timo, Postdoc (zum 05.05.2016)

Dr. Mansoor Yousefi, Postdoc (zum 31.01.2016)

Dr.-Ing. Joschi Brauchle, Akademischer Rat. a.Z. (zum 30.09.2015)

Dr.-Ing. Marwa El Hefnawy, Doktorandin bei DoCoMo (zum 30.09.2015)
Dr.-Ing. Michael Heindlmaier, Akademischer Rat. a.Z. (zum 28.02.2015)

Dr.-Ing. Onurcan iscan, wiss. Angestellter (zum 31.03.2015)

Zur Wahrung der Listenform ist hier der akademische Grad ,,Ph.D.* (Doctor
of Philosophy) durch den dquivalenten Titel ,,Dr.“ ersetzt. ,,Master of Science*
wird einheitlich mit ,,M.Sc.* abgekiirzt und ebenfalls vor dem Namen gesetzt.

Personelles

2.1 Wissenschaftliches
Personal (LNT)

2.2 Wissenschaftliches
Personal (LUT)

2.3 Mitarbeiter in den Labors

24 Mitarbeiterinnen in Biiro
und Verwaltung

2.5  Lehrbeauftragte

2.6 Wissenschaftliche und
Studentische Hilfskrifte

2.7  Ehrungen und Preise

2.8 New Tenure-Track
Professor Antonia Wachter-
Zeh

Die Zusammenstellung bezieht sich
auf den Stichtag 30.09.2016. Auf den
beiden ndchsten Seiten folgen die
Biografien der zehn im Berichtszeit-
raum neu hinzu gekommenen Kolle-
gen am LNT und des neuen Kollegen
bei LUT, die vor dem 01.08.2016 be-
gonnen haben

Gastwissenschaftler sind in dieser
Liste nicht berticksichtigt. Sie finden
deren Biografien und den Zeitraum
des jeweiligen Gastaufenthaltes am
LNT im Kapitel 10.2.



Personelles

Hier finden Sie Kurzbiografien der
elf neuen Kollegen zu Fragen wie:
Woher kommen sie? Was machen sie
am LNT/LUT und in der Freizeit?

Robert Schetterer was born 1966 in
Munich. Since 1995 he worked as an
[ electrician and tech-
nician for various or-
ganizations, e.g., Mu-
nich Laser Systems
and Zettler. During
this time he modern-
ized the electricity
system of our building N4 at TUM.
In 2000, he joined Razorfish Munich
as lead sysadmin, then he worked
as IT/Mail/Server admin for Media
Professionals Munich, Infinion, and
other companies.

Robert Schetterer is co-founder of
the mail and security company SY S4
AG and writes technical blogs. Be-
fore he started as sysadmin at LNT
in 2015, he gathered ten years of
experience in standalone business,
mostly as mail admin for LINUX
systems with open source software
like apache, mysql, dovecot, postfix
and spamassassin.

Robert is married and has two
children. His private interests are as-
tronomy, physics, paleontology, ar-
chaeology, science fiction movies
and literature.

<

Amir Ahmadian Tehrani, M.Sc.,
was born in Tehran, Iran. He received
his master’s degree in
Communications En-
gineering at Tampere
University of Tech-
nology (TUT), Tam-
pere, Finland, with
distinction in 2015.
To complete his master’s degree
he joined the W.IN.T.E.R group un-
der the supervision of Prof. Koucher-

B\ >

Our new colleagues at LNT

yavy at TUT as a Research Assistant
in 2014. His master’s thesis was on
Modeling Contention-based Beha-
vior of Machine-to-Machine (M2M)
devices over LTE Cellular Networks.

Since August 2015, Amir has been
working towards his Dr. Ing. at LNT
under the supervision of Prof. Kram-
er. His current research interests are
mainly concentrated on Massive
MIMO (mMIMO) systems design
and implementation for future 5G
networks, see p. 60. The research
is done in co-operation with Nokia
Bell Labs, Munich.

Hiking in the Alps, playing foot-
ball with friends as well as watching
movies are Amir’s main priorities to
spend his free time.

Dr. Bernhard C. Geiger was born in
Graz, Austria, in 1984. He received
the Dipl.-Ing. degree
in Electrical Engi-
neering (with distinc-
tion) and the Dr.
techn. degree in Elec-
trical and Information
Engineering  (with
distinction) from Graz University
of Technology, Austria, in 2009 and
2014, respectively. In 2014 he re-
ceived the Award of Excellence of
the Austrian Federal Ministry of Sci-
ence, Research and Economy.

In 2009 he joined the Signal Pro-
cessing and Speech Communication
Laboratory, Graz University of Tech-
nology, as a project assistant and
took a position as a research and
teaching associate at the same lab in
2010. He joined the LNT as a post-
doctoral researcher in November
2014. His research interests cover
information theory for signal pro-
cessing, information-theoretic model
reduction for Markov chains and hid-
den Markov models, and informa-
tion-theoretic clustering, see p. 56.
Since 2015 Dr. Geiger is responsible
for the Bachelor/Master Seminar,
and since summer 2016 Dr. Geiger
teaches the lecture Information-theo-
retic System Analysis and Design.

In his leisure time (and during
work) Bernhard enjoys the challeng-
ing game of Go.

Tasnad Kernetzky, M.Sc., was born
in Marosvasarhely (nowadays Targu
Mures, Romania) in
1987. He received his
master’s degree in
Electrical and Com-
: puter Engineering at
; j the Technical Uni-
versity of Munich in
2014. In his thesis, he focused on
Powerline Communication (PLC)
systems and their transmission pro-
perties.

Since December 2014, Tasnad is
deepening his knowledge on PLC as
a doctoral candidate at the Depart-
ment for Wireline Transmission Tech-
nology (LUT) with Prof. Hanik and
in collaboration with SIEMENS AG.
His focus lies on optimizing PLC
technology in industrial applications,
see p. 74.

In the winter terms Tasnad is res-
ponsible for the tutorial to the lecture
Grundlagen der Informationstechnik
(LB) from Prof. Hanik, and in sum-
mer 2015 and 2016 he organized the
Hauptseminar Digitale Kommuni-
kationssysteme.

Tasnad’s hobbies are playing bass
guitar, snowboarding, bouldering and
programming.

Marcin Pikus, M.Sc., was born in
Kielce, Poland, in 1989. He received
his M.Sc. degree in
Communication En-
gineering in 2014 at
Technical University
of Munich (TUM).
. < The title of his mas-

& /h ter’s thesis under the
supervision of Dr. Bocherer was
Communication over Rayleigh Block
Fading Channels.

Since February 2015, Marcin is
with Huawei Technologies Diissel-
dorf GmbH and the Institute for
Communications Engineering (LNT)
as an external Dr. Ing. candidate un-
der the supervision of Prof. Kramer.
His current research areas involve
non-coherent communication, mod-
ulation and coding for 5G, see p. 67.

Apart from professional life Mar-
cin is a keen mountain biker, sky-
diver and he loves dogs.




Tobias Prinz, M.Sc., was born in
Kempten, Germany, in 1989. He re-
ceived the B.Sc. and
M.Sc degree in Elec-
trical Engineering at
Technical University
of Munich (TUM) in
2013 and 2016, re-
. spectively. His mas-
ter’s thesis under the supervision of
Dr. Bocherer was on Polar Codes
for Higher-order Modulation and
Probabilistic Amplitude Shaping.

In July 2016, he joined the LNT
as a research assistant of Prof. Ger-
hard Kramer. His research interests
are in the field of coding theory, with
emphasis on polar codes and coded
modulation, see p. 68.

In his leisure time Tobias plays
clarinet in the Munich International
Orchestra.

Dr. Vladimir Sidorenko was born in
Krasnoyarsk, Russia, in July 1949.

F He received the M.S.
degree in Electrical
Engineering in 1972
and the Ph.D. degree
in Mathematics in
1975, both from the
Moscow Institute for
Physics and Technology. From 1975
to 1983 he was with Computer center
of 4th Department of Russian Health
Ministry, first as a Senior Engineer
and then as the Vice Director of the
Computer center.

In 1983 Dr. Sidorenko joined the
Institute for Information Transmis-
sion Problems (IITP), Russian Acad-
emy of Sciences, Moscow, as a Sen-
ior Research Fellow. From 2003 till
2014 he was a Senior Researcher of
the Institute of Communications En-
gineering, Ulm University, where he
received In centi award for the best
lecturing. From January 2015 he is
a senior researcher at LNT, on leave
from IITP. As invited researcher he
worked at the University of Lund,
Sweden, the Technical University of
Darmstadt, Germany, the University
of Lancaster, UK, and the University
of Aveiro, Portugal.

His research interests include cod-
ing theory, telecommunications, sig-
nal processing, cryptology, and appli-
cations. He has published more than

140 research papers in these fields.
At LNT he is working with Dr. Ing
students and supervising master’s
thesis students performing research
in coding theory, see p. 58 and p. 62.

Patrick Schulte, M.Sc., was born in
Dachau in 1990. He received his
M.Sc. degree in Elec-
trical Engineering in
2014 at Technical
University of Munich
(TUM). His master’s
thesis at LNT under
L the supervision of Dr.
Bocherer investigated Methods for
Fixed Length Distribution Matching.

Since November 2014, he works
as a research assistant at LNT. His
current research interests are iterative
channel coding and probabilistic
shaping, see p. 69. Patrick is the teach-
ing assistant for the course Nach-
richtentechnik 1 for bachelor students.

From July to September 2016 he
was a summer intern at Bell Labs in
Crawford hill. His task was to find
upper bounds on the capacity and
spectral efficiency for optical fiber
transmission systems.

Patrick is a passionate table tennis
player.

Markus Staudacher, M.Sc., was
born in Munich, Germany, in 1987.
He received his M.Sc.
degree in Electrical
Engineering in 2015
at Technical Univer-
sity of Munich. His
master’s thesis (un-

! der his previous
name Markus Jager) was developed
with a focus on distributed power
control for nomadic relay networks
at BMW, Munich.

Since October 2014, he works as
a Research Assistant at LNT under
the supervision of Prof. Kramer. The
current research area is focusing on
the implementation of massive
MIMO for future mobile radio sys-
tems together with Nokia Bell Labs,
in Munich, see p. 70.

Since October 2014 Markus is or-
ganizing the Communications Lab-
oratory and since April 2015 he is a
teaching assistant for the lecture Mo-
bile Communications.
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Youlong Wu, Ph.D., was born in Hu-
bei, China, in 1986. He obtained his
B.S. degree in Elec-
trical Engineeering
from Wuhan Univer-
sity, Wuhan, China,
in 2007. He received
~the M.S. degree in
L « Electrical Engineer-
ing from Shanghai Jiaotong Univer-
sity, Shanghai, China, in 2011. In
2014, he received the Ph.D. degree at
Telecom ParisTech, in Paris, France.
The title of his Ph.D. thesis was
New Ways of Exploiting Feedback
in Memoryless Broadcast Channels.
Prof. Kramer was “rapporteur” of
Youlong’s doctorate procedure.

Since December 2014, Dr. Wu
has been a postdoc at LNT. His re-
search interests include information
theory and wireless communication,
see p. 59. In summer 2016 Dr. Wu
was one of the lecturers for Multi-
user Information Theory.

Youlong likes playing ping pong
and tennis.

Peihong Yuan, M.Sc., was born in
Shanghal China, in 1988. He re-
/ ceived his M.Sc. de-
1 ] gree in Electrical En-
d gineering and Infor-
%2~ mation Technology
; from Technische Uni-
versitdit ~ Miinchen
(TUM), Germany in
2015. During his master’s thesis he
worked on rate-matched coded mod-
ulation in wireless communication.

In November 2015 he joined the
LNT as a research assistant of Prof.
Kramer. His current research area is
polar coding and polar coded modu-
lation, see p. 71.

In his free time Peihong is often
playing basketball and he is a freak
for Rubik’s Cube.




2.2 Wissenschaftliches Personal der Professur
Leitungsgebundene Ubertragungstechnik (LUT)

Prof. Dr.-Ing. Norbert Hanik, Extraordinarius
Personelles . ,
— Dipl.-Ing. Tobias Fehenberger, Akademischer Rat. a.Z.
M.Sc. Tasnad Kernetzky, Akademischer Rat. a.Z. (seit 01.12.2014)
M.Sc. Ginni Khanna, wiss. Angestelte

M.Sc. Amita Shrestha, Doktorandin bei DLR (seit 01.09.2016)

Im Berichtszeitraum ausgeschieden:
Dr.-Ing. Yingkan Chen, wiss. Angestellter (zum 31.05.2016)
Dipl.-Inf. Elisabeth Oberleithner, wiss. Angestellte (zum 31.05.2016)

2.3 Mitarbeiter in den Labors

Martin Kontny, Elektromaschinenbauer, Elektroniklabor
Robert Schetterer, Systemadministrator (seit 01.02.2015)

Im Berichtszeitraum ausgeschieden:
Manfred Danzer, Systemadministrator (zum 31.12.2014)

2.4 Mitarbeiterinnen in Biiro und Verwaltung

Doris Dorn, Verwaltungsangestellte

Rita Henn-Schlune, Sekretirin

Erika Herian, Offiziantin

Nicole RoBmann, Verwaltungsangestellte

2.5 Lehrbeauftragte

Dr. Gianluigi Liva, DLR Oberpfaffenhofen (seit 2014)

Apl. Prof. (i.R.) Dr.-Ing. habil. Giinter Soder (seit 2011)

Dr. -Ing. Ingo Viering, Nomor Research GmbH, Miinchen
(seit 2007)

Im Berichtszeitraum ausgeschieden:

Prof. Dr. Matthieu Bloch, Georgia Tech, Atlanta, GA/USA (SS 2015)

Prof. Dr. Mari Kobayashi, Department of Telecommunications at Supélec,
Gif-sur-Yvette, France (SS 2016)

Prof. Dr. Gernot Kubin, TU Graz, Austria (SS 2015)

Prof. Dr. Pierre Moulin, UIUC, Urbana-Champaign, IL/USA (SS 2016)

Prof. Dr. Andrew C. Singer, UIUC, Urbana-Champaign, IL/USA (SS 2016)

2.6 Wissenschaftliche und Studentische Hilfskriifte

Wissenschaftliche Hilfskrdfte (B.Sc.-Studienabschluss vorausgesetzt):

Ankur Agarwal, Muhammad Umer Anwaar, Sushmit Bhattacharjee, Clemens
Blochl, Zhaoqgi Chu, Abhijith Chikrapla Danappa, Bilal Hammoud, Hussein
Hammoud, Christoph Horlebein, Andreas Lang, Sadra Mostashar, Taylan Sa-
hin, Ghassen Zafzouf, Jianwei Zhang.

Studentische Hilfskrdfte (fir Projekte, Praktikumsbetreuung, und Bibliothek):
Abdul Rafey Aftab, Asad Ahmed Ansari, Abid Anjum, Muhammad Umer An-
waar, Ajay Kumar Beesetti, Muhammed Efe, Timothée Felicio, David Ginthor,
Albert-Constantin Iepure, Ekin Igdir, Huixian Jiang, Dhanush Krish-na, Vijay
Pravin Maharajan, Ahmed Khalid Malik, Chethan Ningaraju, Sai Kireet Pat-
ri, Matthias Pfeuffer, Anna Ricke, Dhananjay Shah, Selina Xin Sia, Stefanie
Wirtz, Jiawei Yan, Ahmad Zohaib.



2.7 Ehrungen und Preise

Giinter Soder und Gerhard Kramer

Aufgefiihrt sind alle Angehorigen
von LNT und LUT, die im Berichts-
zeitraum fiir hervorragende Leistun-
gen in Lehre, Forschung oder Ver-
waltung ausgezeichnet wurden. Wir
gratulieren herzlich.

Einige der Auszeichnungen fiir Gerhard Kramer in den Jahren 2014-2016

(1) Bavarian Academy of Sciences
and Humanities

Die Bayerische Akademie der Wis-
senschaften, die grofite und eine der
altesten Akademien in Deutschland,
hat 2015 Gerhard Kramer aufgrund
seiner wissenschaftlichen Leistungen
als einen von elf Wissenschaftlern
als neues Mitglied gewéhlt. Auch
Joachim Hagenauer, LNT Chef von
1993-2006, ist Akademiemitglied.

(2) Highly Cited Researcher

Gerhard Kramer wird in den von
Thomson Reuters erstellten Listen
Highly Cited Researcher fiir die Jah-
re 2014-2016 als einer der vielzitier-
testen Forscher auf dem Gebiet der
Computerwissenschaften aufgefiihrt.
Aufnahmekriterium ist, wie oft Ver-
offentlichungen eines Kandidaten in
den letzten zehn Jahren von anderen

This chapter lists all individuals
from LNT and LUT who received
awards for teaching and/or research
in the period 10/2014-09/2016. Con-
gratulations to our colleagues for
their accomplishments.

zitiert wurden. Genannt werden fiir

jedes Fachgebiet die oberen 1%.

(3) IEEE ITSoc Distinguished
Lecturer

Die IEEE Information Theory So-
ciety ernennt jéhrlich finf Disting-
uished Lecturer fiir zwei Jahre. Ger-
hard wurde fiir 2015-2016 gewéhlt.

(1) Bavarian Academy of Sciences
and Humanities

In 2015 Gerhard Kramer was elected
to the Bavarian Academy of Sci-
ences and Humanities as a Member
of the Class for Mathematics and the
Natural Sciences.

(2) Highly Cited Researcher

Gerhard Kramer was listed by Thom-
son Reuters as a Highly Cited Re-
searcher for the years 2014-2016, as

Personelles

one of the most influential research-
ers in Computer Science. Influence is
determined by analyzing citation da-
ta to identify those who published
the highest-impact work during the
last ten years. Highly cited papers
rank in the top 1% by citations for
their subject field and year of publi-
cation. Ralf Kotter, head of the LNT
from 2007-2009, is also included in
the list for the years 2014-2015.

(3) IEEE ITSoc Distinguished
Lecturer

The IEEE Information Theory Socie-
ty Distinguished Lecturer Program
promotes interest in information the-
ory by supporting chapters who wish
to invite prominent scientists to give
talks at their events. Gerhard Kramer
was elected a Distinguished Lecturer
for the period 2015-2016.

G. Bocherer, P. Schulte und F. Steiner gewinnen einen der renommierten Bell Labs-Preise

Georg Bocherer, Habilitand am LNT,
und die beiden Doktoranden Patrick
Schulte und Fabian Steiner, die mit
ihm schon seit ihrem Master-Studi-
um zusammenarbeiten, haben Ende
2015 einen der renommierten Alcatel-
Lucent Bell Labs-Preise gewonnen.
Das LNT-Team um Dr. Bocherer teilt
sich mit einer anderen Forschergrup-
pe den dritten Platz in einem welt-
weiten Wettbewerb zur Informa-
tions- und Kommunikationstechno-
logie. Dieser personliche Preis ist mit
$25,000 dotiert. Die anderen Preise
gingen an je einen US-Professor der
Carnegie Mellon University und der
University of California, San Diego.

Die Wissenschaftler konnten zei-
gen, dass mit ihrer RateX-Architek-
tur und einem ,,Distribution Matcher”

Von li.: F. Steiner, G. Bocherer, P. Schulte
bei der Preisiibergabe vor der Statue von
Claude E. Shannon, dem Begriinder der
Informationstheorie

die Shannon-Grenze erreicht wird.
Thre Methode macht digitale Kom-
munikationssysteme flexibler und die
Entwicklungskosten niedriger, ob
drahtlos, drahtgebunden, glasfaser-
basiert oder satellitengestiitzt. Auf
der néchsten Seite erfahren Sie im
Beitrag von Patrick Regan in den
TUM News mehr iiber diese For-
schungsarbeit. Wir bedanken uns
beim Autor fir die Erlaubnis zum
Nachdruck.

Von den bis April eingereichten
250 Projekten wurden von einer Jury
zwanzig ausgewihlt, die ihre Arbeit
im Juni bei den Bell Labs personlich
vorstellen durften. Sieben erreichten
das Finale in New Jersey, drei von
ihnen wurden schlielich ausge-
zeichnet. Herzlichen Gliickwunsch!



Personelles

Three young researchers from the
Technical University of Munich
(TUM) have won a prestigious Bell
Labs Prize, tied for third place in a
global competition in informationand
communications technology. They
showed how a single type of trans-
ceiver could be used across the full
range of digital communications sys-
tems, ensuring in each instance that
its transmission rate will approach the
theoretical limit. Their method could
enhance flexibility and reduce costs in
the engineering of wireless, wireline,
optical fiber, and satellite systems.

Dr. Georg Bocherer is a postdoctoral
researcher in the Department of Elec-
trical and Computer Engineering at
TUM; Patrick Schulte and Fabian
Steiner are doctoral candidates who
began working with Bocherer as mas-
ter's students. The three share equal-
ly in the prize, a personal award of
$25,000 from Alcatel-Lucent Bell
Labs. The other prizes awarded went
to a professor at Carnegie Mellon
University and a professor at the
University of California, San Diego.

Seeking Business Breakthroughs
through Science

The competition called for innovative
proposals “that have the potential
to change the way we live, work,
and communicate with each other.”
From more than 250 ideas submitted
in April, the field was narrowed to
20 teams. These were matched with
Bell Labs researchers and business
managers to further develop their
proposals. Seven finalists presented
their ideas at Bell Labs’ headquar-
ters in the U.S. The criteria on which
they were judged included innova-
tion potential, technical merit, feasi-
bility, and business impact. One first
prize was awarded; the TUM team

RateX: TUM team wins a Bell Labs Prize

Patrick Regan, TUM-IAS and TUM Corporate Communications Center

tied for third place, and no second
prize was given.

“Nothing brings out the creative
power of research better than com-
peting to transform society and grow
industries,” says Marcus Weldon,
president of Bell Labs and chief
technology officer of Alcatel-Lucent.
“The Bell Labs Prize celebrates the
interplay of science and engineering
that has flourished here for 90 years,
allowing us to dream up the future
and create the ideas that will build the
technology necessary to get us there.”

RateX — a Universal Method
Information theory determines the
upper limit to how much data can
be transmitted reliably over a given
channel, taking into account char-
acteristics such as the signal-to-noise
ratio. Over the past few decades,
engineers have developed informa-
tion coding and modulation schemes
that seek to optimize performance
for specific types of systems, but two
serious challenges remain: There’s al-
ways a gap between what theory pre-
dicts and what the technology can de-
liver, and no approach is universal-
ly applicable. The TUM researchers
claim to have overcome both of
these limitations.

Their “RateX” method brings to-
gether three essential functions for
the first time, in a way that offers the
industry an unprecedented level of
flexibility. “It's an elegant solution,”
says Prof. Gerhard Kramer, Chair for
Communications Engineering, “creat-
ing a clean layering of signal shaping,
encoding, and modulation within the
physical layer of the Open Systems
Interconnection model. This is a
universal method that could become
the de facto way of doing things in
the future.”

Many components used in diverse
communications systems today could
be replaced by a single chip imple-
menting the RateX algorithm. Not
only would such a chip be less com-
plex and more power-efficient than
today's technology, but it also could
offer cost and reliability advantages

associated with economies of scale.
Within ten or fifteen years there
could be billions of such chips in
use if, as Kramer expects, the RateX
method becomes standard for 5G
wireless, optical, satellite, DSL, and
other communications technologies.
The key to closing the capacity
gap, Georg Bdocherer says, was to
add one special device, a distribution
matcher. “The only thing this device
is doing,” he explains, “is transform-
ing bits with a uniform distribution
into a sequence of symbols with non-
uniform distribution. This mapping
is reversible, so from the sequence
of symbols we can recover the bits.”
Combining the distribution mat-
cher and a novel coding design with
existing tools should push practical
transmission rates to the theoretical
limits — and the first experimental
studies with optical fiber and wireline
DSL systems appear to confirm this.
The practical consequences should
include higher data rates, a longer
reach, and lower power consumption
for all kinds of systems. Because Ra-
teX adapts easily to the actual chan-
nel, it should be as well suited for the
short-range wireless links that will
be a ubiquitous feature of the “In-
ternet of Things” as for the world's
long-haul fiber-optic backbones.
This research has been supported
by the German Federal Ministry of
Education and Research (BMBF) in
the framework of an Alexander von
Humboldt Professorship and by the
TUM Institute for Advanced Study.

Publications

[1] Bocherer, G.; Steiner, F; Schulte, P.:
Bandwidth Efficient and Rate-
Matched Low-Density Parity-Check
Coded Modulation. In: IEEE Trans.
on Comm., vol. 63, no. 12, Dec. 2015

[2] Schulte, P.; Bocherer, G.: Constant
Composition Distribution Matching.
In: IEEE Trans. Inf. Theory, vol. 62,
no. 1, Jan. 2015

[3] Buchali, F. et al.: Capacity Increase
and Rate-Adaptation by Probabilisti-
cally Shaped 64-QAM. In: Proc. of
ECOC, Sept. 2015



Dozentenpreise 2015 fiir Gerhard Kramer und Tobias Fehenberger

Beim Tag der Fakultét fiir Elektro-
technik und Informationstechnik am
30. Oktober 2015 wurde Gerhard
Kramer mit dem Dozentenpreis in
der Kategorie ,,Bester Dozent* ausge-
zeichnet. Am gleichen Tag erhielt
Tobias Fehenberger (LUT) den
Preis als ,,Bester Assistent™ fiir die
Betreuung der Ubung zu Leitungsge-
bundene Ubertragungstechnik. Wir
sind stolz, dass 2015 beide Dozen-

tenpreise an unsere Lehr- und For-
schungseinheit gegangen sind.

Den Dozentenpreis vergibt die
Fachschaft Elektrotechnik und Infor-
mationstechnik jahrlich an Professo-
ren und wissenschaftliche Mitarbei-
ter. Alle Studierenden der Fakultét EI
konnen Vorschldge einbringen. Eine
Jury, die von der Studentenvollver-
sammlung gewéhlt wird, trifft dann
nach mehrmaligem Besuch aller vor-
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geschlagenen Lehrveranstaltungen
die endgiiltige Auswahl.

G. Kramer, T. Fehenberger und die Studierenden-Jury

N. Rossmann und TUM-Vizeprisident Diepold am 08.12.2014

Nicole Rossmann wurde mit der Karl Max von Bauernfeind-Medaille der TUM ausgezeichnet

Der TU-Prasident Prof. Wolfgang A.
Herrmann hat Nicole Rossmann die
Karl Max von Bauernfeind Medaille
verlichen, benannt nach dem ersten
Direktor der Polytechnischen Schule
in Miinchen, Vorlduferin der heuti-
gen TUM. Damit werden Personlich-
keiten geehrt, die sich durch beson-
deres Engagement innerhalb der
Hochschule verdient gemacht ha-
ben. In der Urkunde heifit es: ...
in Wiirdigung ihres herausragenden
Engagements fiir das internationale
Studienprogramm Master of Science

in  Communications Engineering
(MSCE) der Fakultat fiir Elektrotech-
nik und Informationstechnik, wodurch
die Technische Universitdt Miinchen
einen neuen Weg zur ErschlieBung
junger internationaler Talente be-
schritten hat™.

Nicole Rossmann war seit Mai
2003 als ,,Administrative Assistant™
fiir alle das MSCE betreffenden or-
ganisatorischen Fragen zustindig.
Sie bearbeitete jedes Jahr mehr als
700 Bewerbungen, organisierte ein
MSCE-Welcome Eventund eine Gra-

duiertenfeier und hielt Kontakt zu
vielen ehemaligen Absolventen, die
inzwischen in Industrie und Hoch-
schulen Karriere machten. Thre wich-
tigste Aufgabe aber war die Betreu-
ung der 50 ausgewdhlten Studenten
(meist aus Asien) im neuen Umfeld,
also: Zuhoren, Beraten, Trosten und
Probleme 16sen.

Zum September 2016 hat Frau
Rossmann ihre MSCE- Aufgaben an
die Fakultdt tibergeben. Wir sind aber
sehr froh, dass sie dem LNT erhalten
bleibt.

Humboldt Fellowship fiir Negar Kiyavash, Fady EI-Nahal, Roy Timo und Youlong Wu

Prof. Negar Kiyavash from the Uni-
versity of Illinois at Urbana-Cham-
paign received a
Humboldt  Fellow-
ship for Experienced
Researchers from the
Alexander von Hum-
boldt  Foundation.
The fellowship pro-
vided funding for Negar’s sabbatical
stay at Munich in 2015 and 2016.

Die Alexander-von-Humboldt-Stif-
tung, eine gemeinniitzige Stiftung der
Bundesrepublik Deutschland zur For-
derung der internationalen Zusam-
menarbeit, ermoglicht ausldndischen
Wissenschaftlern  Aufenthalte in
Deutschland und unterstiitzt so wis-
senschaftliche und kulturelle Verbin-
dungen. Prof. Kiyavash, Prof. EI-Na-
hal, Dr. Timo und Dr. Wu profitierten
2015/2016 von dieser Forderung.

Prof. Fady El-Nahal from the Isla-
mic University of Gaza, Palestine,
received a Humboldt
Fellowship for Ex-
perienced Research-
ers from the Alex-
ander von Humboldt
Foundation. Since
June 2014, Fady is
an Alexander von Humboldt Georg
Forster Research Fellow.
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Dr. Roy Timo, guest scientist from
Australia, received a Humboldt Fel-
lowship  for Post-
doctoral Researchers
from the Alexander
von Humboldt Foun-
dation. The fellow-
ship provided fund-

: ing for Roy’s stay at
TUM and LNT from May 2014 until
May 2016.

Dr. Youlong Wu, guest scientist at
LNT since January 2015, also re-
ceived a Humboldt
Fellowship for Post-
doctoral Researchers
from the Alexander
von Humboldt Foun-
dation. The fellow-
ship provided fun-
ding for an additional year of
Youlong’s stay at TUM and LNT.

Award of Excellence & Erwin Schrodinger Fellowship fiir Bernhard C. Geiger

Dr. Bernhard C. Geiger, Postdoc
am LNT seit November 2014, erhielt
im Berichtszeitraum zwei Ehrungen:

(I) 2014 erhielt er einen der
Awards of Excellence des dsterreichi-
schen Bundesministeriums fiir Wis-
senschaft, Forschung und Wirtschaft
(bmwfw). Seit 2008 werden damit die
besten in Osterreich verfassten Dis-
sertationen eines Studienjahrs aus-
gezeichnet. Fiir das Studienjahr 2013/
2014 wurden 40 Auszeichnungen
verliehen, eine davon ging an Bern-
hard Geiger.

(IT) 2015 erhielt Bernhard Geiger
das Erwin-Schrédinger-Auslandssti-
pendium des Osterreichischen Wis-
senschaftsfonds (FWF). Dieses wird
jahrlich an ca. 60 Bewerberlnnen aus
allen Wissenschaftsdisziplinen ver-
geben und dient der Mobilitétsfor-
derung junger und hochqualifizierter

Wissenschaftler aus Osterreich. Mit
diesem Stipendium finanziert Bern-
hard seinen Aufenthalt am LNT fiir
18 Monate.

Mag. Elmar Pichl (bmwfw) iibergibt die
Urkunde an Bernhard Geiger

Dr. Bernhard Geiger, who has been
senior scientist of the LNT since No-
vember 2014, received two awards
in the report period 2014-2016:

Fabian Steiner erhielt den Professor-Ralf-Kotter-Gedichtnispreis 2016

On April 16, 2016, the “Prof. Dr.
Ralf Kotter Gedéchtnispreis® was
awarded for the seventh time in the
City Hall of Kronberg/Taunus. The
prize of 500 € was initiated 2009
and is endowed by Ruth and Hubert
Kotter, the parents of Ralf Kotter,
head of the LNT 2007-2009. The
keynote speaker of the award cere-
mony was Prof. Wolfgang Utschick.

The 2016 awardee is Fabian
Steiner who was nominated for his
master’s thesis on the topic “Low
Density Parity Check Code De-
sign for Bit Metric Decoding”. This
work provided building blocks for
an innovative transceiver design
that won a 2015 Bell Labs Prize
(see pages 8/9).
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(I) Bernhard Geiger received one
of the Awards of Excellence from
the Austrian Federal Ministry of Sci-
ence, Research and Economy. Since
2008 this award is given to the best
dissertations each year, nominated
by the presidents of the Austrian uni-
versities. In the academic year
2013/ 2014, the award was granted
to 40 candidates, including Bern-
hard Geiger.

(IT) In 2015 Bernhard received the
Erwin Schrodinger Fellowship from
the Austrian Science Fund (FWF).
This fellowship is granted to ap-
proximately 60 applicants annually
across all fields of research to facili-
tate international mobility of young
and highly qualified Austrian scien-
tists. The fellowship provides fund-
ing for 18 months of Bernhard’s stay
at TUM and LNT.

Von links: Prof. Kramer, Ruth Kétter, Biirgermeiser Temmen, Fabian Steiner, Hubert
Kétter, Prof. Utschick und Prof. Hagenauer (Foto: W. Stietzel)



Am 16. April 2016 wurde in der
Kronberger Stadthalle unter der
Schirmherrschaft der Stadt Kronberg
zum siebten Mal der Professor Dr.
Ralf Kotter-Geddchtnispreis verlieh-
en. Im Kastenbeitrag finden Sie alle
wichtigen Informationen iiber den
von Ruth und Hubert Kétter 2009
ausgelobten Preis, der seit 2010 jahr-
lich vergeben wird.

Der Preistrager 2016 ist Fabian
Steiner, dessen Masterarbeit mit dem
Thema Low Density Parity Check
Code Design for Bit Metric Deco-
ding ausgezeichnet wurde. Fabian
Steiner hat seine Abschlussarbeit am
LNT unter der Betreuung von Dr. Bo-
cherer angefertigt. Die Arbeit stellt ei-
nen unverzichtbaren Baustein fiir das
neue, dullerst effiziente Verfahren zur
Informationsiibertragung nahe der
Shannon-Grenze dar, woflir Georg
Bocherer, Patrick Schulte und er einen
der renommierten Bell Labs Awards
erhalten haben (siche Seite 8/9).

Rund 80 geladene Giste nahmen
an der mit Stiicken von Offenbach,
Bach und Rossini musikalisch um-

rahmten Preisverleihung teil, darun-
ter die TUM-Professoren Joachim
Hagenauer, Gerhard Kramer und
Wolfgang Utschick. Diese standen
mit Ralf Koétter in einem sehr en-
gen und freundschaftlichen Kontakt,
teilweise schon zu der Zeit, als Ralf
noch in den USA forschte.

Nach der BegriiBung durch Ruth
Kétter ging Kronbergs Biirgermeis-
ter Klaus Temmen in seinem GruB3-
wort nicht nur auf die von der Fami-
lie Kotter gegriindete Stiftung ein,
aus deren Vermogen der ,,Professor
Dr. Ralf Kotter-Gedéchtnispreis™
finanziert wird, sondern hob auch das
Wirken des Vereins ,,Professor Dr.
Ralf Kétter-Freundeskreis® und des-
sen Bedeutung fiir die Stadt Kron-
berg hervor.

Prof. Utschick, der schon den
Studenten Fabian Steiner als dessen
Mentor im Rahmen der bayerischen
Begabtenforderung kannte und an
dessen Lehrstuhl Methoden der Sig-
nalverarbeitung F. Steiner nach sei-
ner Masterarbeit als wissenschaftli-
cher Mitarbeiter tdtig war, hielt die
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Laudatio. Er bezeichnete Fabian Stei-
ner als idealen Preistriger, der bin-
nen kurzer Zeit zwei unterschiedli-
che Bachelorstudiengénge an der TU
Miinchen jeweils mit Bestnote abge-
schlossen habe und so wortlich ,,wie
viele der spiter ganz Grofien zeigt er
eine ausgepriagte Unerschrockenheit
vor jeder mathematischen und auch
sonstigen Hiirde, die sich ihm in den
Weg stellen mag. Ich bin mir ganz
sicher, dass Ralf Kotter seine grof3e
Freude mit ihm gehabt hatte.

In seiner Laudatio erinnerte Prof.
Utschick auch an Ralf Kotter, der
»eine auflergewohnliche Personlich-
keit“ gewesen sei. ,,Seine Hingabe

Dieser jahrlich zu vergebende Preis
mit einer Dotierung von jeweils
500 € wurde 2009 vom Ehepaar
Ruth und Hubert Koétter in groBher-
ziger Weise ins Leben gerufen. Die
Auszeichnung erinnert an ihren
Sohn, den erfolgreichen Wissen-
schaftler Professor Dr. Ralf Kotter,
der wegweisende Forschungen auf
dem Gebiet der modernen Mobil-
kommunikation betricben hat, zu-
letzt als Leiter des Lehrstuhls fiir
Nachrichtentechnik an der TU Miin-
chen. Zuvor studierte er an der TU
Darmstadt, promovierte 1996 an
der Linképing University in Schwe-
den und war danach in den USA an
der University of llinois at Urba-
na—Champaign (UIUC), zuletzt als
Professor. Ralf Kotter verstarb im
Februar 2009 Jahren nach schwerer
Krankheit im Alter von 45 Jahren. Er
leitete den Lehrstuhl nur 18 Monate.

Der Preis wird jahrlich im Wech-
sel flir innovative Forschung auf
dem Gebiet der Nachrichtentechnik
und in den Jahren dazwischen fiir

Uber den Professor Dr. Ralf Kotter Ged:ichtnispreis

aullergewohnliches Engagement in
verschiedenen gesellschaftlichen Be-
reichen und fiir humanitare Hilfen
vergeben. Er ist zeitlich begrenzt
bis 2023, dem Jahr, in dem Ralf sein
60. Lebensjahr vollendet hatte.

In den geraden Jahren werden
von einem Komitee aus Professoren
des LNT mehrere Kandidatinnen
und Kandidaten nominiert, die fiir

ihre Forschungen geehrt werden
sollen. Dabei werden junge Wis-
senschaftler bevorzugt, die heraus-
ragende Arbeiten am Lehrstuhl fiir
Nachrichtentechnik (LNT) oder der
Professur Leitungsgebundene Uber-
tragungstechnik (LUT) verfasst ha-
ben. Die endgiiltige Auswahl tref-
fen Ruth und Hubert Kétter. Stei-
ners Vorginger in dieser Kategorie
waren Johannes Lenz (LNT, 2010),
Hannes Bartz (LNT, 2012) und
Tobias Fehenberger (LUT, 2014).
In den Zwischenjahren gingen die
Preise fiir soziales Engagement an
Pfarrer Olaf Lindemann (2011),
Dr. Thomas Kauffels, Direktor des
Opel-Zoos Kronberg (2013) und
die Okomenische Diakoniestation
Kronberg (2015).

Die feierliche Preisiibergabe fin-
det jahrlich im Stadtsaal unter der
Schirmherrschaft der Stadt Kronberg
im Taunus statt, dem Ort, in dem
Ralf aufgewachsen ist und wo er
auch seine letzte Ruhestitte auf dem
Friedhof Thalerfeld gefunden hat.
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Personelles

an seine Forschungsarbeit und nicht
weniger an die Menschen, mit denen
er zu tun hatte, haben mich tief ge-
pragt und werden mir immer in Er-
innerung bleiben®, so der Laudator.
In seiner Dankesrede -erinnerte
sich Fabian Steiner an das erste und
leider letzte Mal, an dem er Prof.
Kotter kennenlernen konnte, als er
im Rahmen einer Schnupperstunde
fiir Schiiler an der TU Miinchen eine
Vorlesung zu Nachrichtentechnik 1
besuchte. Obwohl es ihm zur dama-
ligen Zeit nicht leicht fiel, dem Inhalt
und den Erkldrungen zu folgen, war

2.8 Die neue Professorin am LNT stellt sich vor

Antonia Wachter-Zeh

Das kleine Welcome-Event, welches
anmeinem ersten offiziellen Tag statt-
fand, liegt iberraschenderweise ge-
rade erst zwei Wochen zuriick. In
diesen zwei Wochen hat sich sehr
viel ereignet: ich habe die Mitarbei-
ter am Lehrstuhl fiir Nachrichten-
technik kennen und schitzen gelernt,
meine erste Vorlesung an der TUM
gehalten und mich mit der ein oder
anderen organisatorischen Fragestel-
lung auseinandergesetzt. Des Weite-
ren bin ich nun ausgesprochener Fan
von Siebtrigermaschinen-basiertem
Kaffee.

Ich freue mich sehr, die Stelle als
Rudolf Mofibauer Tenure Track As-
sistant Professor erhalten zu haben.
Die Einbettung meiner Gruppe ,,Co-
ding for Communications and Data
Storage™ in den LNT und die Hilfs-
bereitschaft aller Mitarbeiter war und
ist eine grofe Hilfe, um meine Grup-
pe aufzubauen. Diese Gruppe wird
nun bald wachsen: Ende dieses Jah-
res wird Andreas Lenz als Doktorand
anfangen und sich mit Codes zur
Korrektur von Insertions und Deleti-
ons beschéftigen. Im Mérz wird Lu-
kas Holzbaur als zweiter Doktorand
beginnen. Er fertigt momentan seine
Masterarbeit am LNT an, betreut von
Hannes Bartz und mir.

Es ist sehr schon fiir mich und mei-
ne Familie (mein Mann Alexander
und unsere 2-jahrige Tochter Amira),
in Miinchen zu leben. Gar nicht weit
von hier (in Traunstein) habe ich Abi-
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tur gemacht und kenne somit das
Miinchner Umland recht gut. Nach
meinem Abitur habe ich zunachst ein
duales Studium in Elektrotechnik an
der DHBW Ravensburg gemacht. Da
mir die theoretischen Inhalte dieses
dualen Studiums nicht tief genug gin-
gen, habe ich daran ein Masterstu-
dium an der Universitdt Ulm ange-
schlossen. Dort habe ich auch 2013
bei Martin Bossert promoviert, co-
betreut von Pierre Loidreau von der
Universitdt 1 in Rennes, Frankreich.
Das Institut fiir Nachrichtentechnik
in Ulm gehort zur Fakultit fiir Elekt-
rotechnik, wohingegen das Institut in
Frankreich ein Mathematik-Institut
ist. Es hat mich fachlich sehr weiter-
gebracht, verschiedene Probleme der
Codierungstheorie sowohl von inge-
nieurwissenschaftlicher als auch von
mathematischer Seite zu beleuchten.

Nach meiner Promotion habe ich
drei Jahre in Haifa/Israel am Tech-
nion als Postdoc verbracht. Dies war
eine sehr spannende Zeit, sowohl fach-
lich als auch personlich. Ich forsch-
te dort am Department of Computer
Science; mein Host war Tuvi Etzion.
Ich hatte die Gelegenheit, mit eini-
gen herausragenden Wissenschaft-
lern auf dem Gebiet der Codierungs-
und Informationstheorie zusammen-
zuarbeiten. Die anspruchsvollen
Diskussionen und Seminare haben
mich wissenschaftlich sehr geprégt
und beeinflussen auch meine aktuel-
le Forschung.

diese Erfahrung einer der Griinde, ein
Studium der Elektrotechnik zu begin-
nen und sich insbesondere im Bereich
der Signalverarbeitung und Kommu-
nikation zu spezialisieren. Steiner
dankte seinen Kollegen Dr. Bocherer
und Patrick Schulte fiir die hervor-
ragende Zusammenarbeit, die unter
anderem zu diesem Preis gefiihrt hat.

Die Preisverleihung wurde mit ei-
nem Imbiss und der intensiv genutz-
ten Gelegenheit zu Gesprichen be-
endet. Viele Giste besuchten Ralfs
Grab und machten einen Rundgang
durch die Kronberger Altstadt.

In dieser beschiftige ich mich
hautpséchlich mit Codierungstheorie
und deren Anwendungen. Ohne Feh-
lerkorrekturmechanismen wiirden die
wenigsten modernen technischen
Anwendungen zuverldssig funktio-
nieren. Ob Telefongespréche, zuver-
lassige Datenspeicherung auf Fest-
platten, Solid-State-Drives (SSDs)
oder Speicherung von Daten in der
Cloud. Alle diese Anwendungen be-
ndtigen Codierung, um auftretende
Fehler erkennen oder korrigieren zu
konnen. Auch in Zukunft wird die Be-
deutung der Codierungstheorie ste-
tig steigen, zumal die Masse der zu
verarbeitenden Daten unaufhorlich
zunimmt.

Ich freue mich, hier am LNT die-
se Forschung durchfiihren und eine
Gruppe aufbauen zu kdnnen und bin
sehr gespannt, welche zukiinftigen
Zusammenarbeiten sich ergeben
werden.

Abschliefend mochte ich noch an-
merken, dass es fiir mich als junge
Wissenschaftlerin in der Codierungs-
theorie eine besondere Ehre ist, an
Ralf Koétters ehemaligem Lehrstuhl
arbeiten zu diirfen und nun die auch
von ihm gehaltene Vorlesung Chan-
nel Coding zu halten.

Miinchen, im Oktober 2016

(Woes 7ok

Antonia Wachter-Zeh)



Gerhard Kramer, Antonia Wachter-Zeh, Markus Stinner, Fabian Steiner, Norbert Hanik
und Georg Bocherer

The small welcome event which took
place on my first official day sur-
prisingly took place only two weeks
ago. During these two weeks, a lot
has happened: I have met and gotten
to know the members of the LNT, I
held my first lecture at TUM, and I
dealt with one or the other organiza-
tional issue. Furthermore, I am now
a big fan of sieve carrier machine-
based coffee.

I am very happy to have received
the position of a Rudolf Méssbauer
Tenure Track Assistant Professor. The
embedding of my group Coding for
Communications and Data Storage
into the LNT and the helpfulness of
all the employees was and is a great
help to build up my group. This
group will soon be growing: At the
end of this year, Andreas Lenz will
start as a doctoral candidate and will
deal with codes for correcting inser-
tions and deletions. In March, Lukas
Holzbaur will start as a second doc-
toral student. He is currently work-
ing on his master’s thesis at the LNT,
supervised by Hannes Bartz and my-
self.

It is very nice for me and my fam-
ily (my husband Alexander and our
two year old daughter Amira) to live
in Munich. Not far from here (in
Traunstein) I graduated from high
school and thus know the Munich
surroundings quite well. After com-
pleting my high school diploma, I be-
gan my studies in electrical engineer-
ing at DHBW Ravensburg. Since the
theoretical content of this dual study
did not go deep enough, I continued
my studies with a master’s degree at
Ulm University. I obtained my Ph.D.
in 2013 from Ulm University under
the supervision of Martin Bossert, co-
upervised by Pierre Loidreau from
the University 1 in Rennes, France.
The Institute of Communications En-
gineering in Ulm is part of the Fac-
ulty of Electrical Engineering, while
the institute in France is a math-
ematical institute. My research has
substantially strengthened by study-
ing various probems of coding the-
ory from both an engineering and a
mathematical point of view.

After my doctorate, | spent three
years in Israel at the Technion as a

Personelles

postdoctoral researcher. This was a
very exciting time, both professsio-
nally and personally. I was affiliated
with the Department of Computer
Science, where my host was Tuvi
Etzion. During this time, I had the
opportunity to discuss and co-oper-
ate with outstanding scientists in the
area of coding and information the-
ory. These challenging discussions
and the seminars at the Technion still
influence my current research.

My research mainly deals with
coding theory and its applications.
Without error-correcting codes, not
many modern technical applications
would function reliably. Whether it
is telephone conversations, reliable
data storage on hard disks, SSDs, or
storage of data in the cloud. All these
applications require coding to detect
or correct errors. The importance of
coding theory will continue to in-
crease steadily in the future, also be-
cause the mass of the processed data
increases steadily.

I am very happy to carry out this
research at the LNT, and I am look-
ing forward to future colloborations.

Finally, I would like to say that it
is a great honor for me as a young re-
searcher in coding theory to work at
Ralf Kétter’s former chair and teach
Channel Coding.

Miinchen, October 2016

(hlBes e,

Antonia Wachter-Zeh)
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3.1 Einige allgemeine Bemerkungen

On following pages you will find a
list of courses offered by our institute
for students of the TUM Department
of Electrical and Computer Engin-
eering (EI) during the report period
2014 —2016. Chapter 3.2 and Chap-
ter 3.3 describe the courses of Pro-
fessor Kramer (LNT) and his staff for
— Bachelor students (BSEI),

— Master students (MSEI) and the
students of the MSCE program.
The courses of Professor Hanik (LUT)
and his staff for master students
(MSEI, MSCE) are summarized in
Chapter 3.4. In Chapter 3.5 you will
find the courses for students for Lehr-
amt an Beruflichen Schulen (LB).

The abbreviations in the list are
Vorlesung (Lecture),

Ubung (Tutorial),
Praktikum (Laboratory),
Seminar,

F: Pflichtfach (Mandatory Course),
WA: Wabhlfach (Elective Course).
Chapters 3.6 — 3.8 include

— Courses at other universities,
— Talks in the MSEI seminar,

— Talks in the MSCE seminar.

T LY G

Aufgefiihrt sind alle Lehrveranstal-
tungen des Lehrstuhls fiir Nachrich-
tentechnik (LNT) und der Professur
Leitungsgebundene Ubertragungs-
technik (LUT). Nach den letzten Stu-
dienreformen werden alle Lehrveran-
staltungen (Vorlesungen incl. Ubung,
Praktika, Seminare) mit (mindestens)
5 ECTS (European Credit Transfer
& Accumulation System) bewertet:

Gerhard Kramer und Giinter Soder

— 1im Bachelorstudiengang (BSEI),

— im Masterstudiengang (MSEI),

— fiir Master of Science in Commu-
nications Engineering (MSCE)

— fiir Studierende des Lehramts an

Beruflichen Schulen (LB).

An den angebotenen Vorlesungen und
den Vorlesenden hat sich seit dem
letzten Bericht 2014 wenig geéndert.
Neu hinzu kamen 2016 die Vorle-
sungen von

— Dr. Geiger: Information-theoretic

System Analysis and Design,

— externenLehrbeauftragten(Kubin,

Moulin/Singer): Advanced Topics

in Signal Processing 1 (2015/2016

temporédr vom LNT betreut).
Geindert haben sich auf Grund der
iiblichen Fluktuation der Doktoran-
den allerdings oft die Ubungsassis-
tenten und auch Inhalt und Umfang
einiger Veranstaltungen. Die Vor-
lesungen von Professor Kramer um-
fassen nun mindestens vier Semes-
terwochenstunden, also ,3V + 1U*
oder ,,2V + 2U* statt der frither iib-
lichen ,,2V + 1U%, was fiir die Mitar-
beiter (und auch fiir ihn) eine Mehr-
belastung bringt. Die Grundlagen-
vorlesung Nachrichtentechnik 1 im
B.Sc.-Studiengang mit mehr als 300
Studierenden wurde sogar auf ,,3V +
20U erhoht.

Es soll noch erwédhnt werden,
dass Prof. Giinter Soder 2015 seine
letzte Lehrveranstaltung gehalten
hat, mehr als 40 Jahre nach seiner
ersten Ubung zu den Statistischen
Methoden der Nachrichtentechnik.

Lehr-

veranstaltungen

3.1

3.2

33

34

3.5

3.6

3.7

3.8

Einige allgemeine
Bemerkungen

LNT-Lehrveranstaltungen
fiir BSEI

LNT-Lehrveranstaltungen
fiir MSEI und MSCE

LUT—Lehrveranstaltungen
fiir MSEI und MSCE

Studiengang Lehramt an
beruflichen Schulen (LB)

Lehrveranstaltungen
aullerhalb der TUM

Hauptseminar Digitale
Kommunikationssysteme

Seminar on Topics

in Communications
Engineering
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Lehr-

I
veranstaltungen

Nachrichtentechnik 1

PF fir BSEI 4

SS 2015 und SS 2016:
Kramer mit Schulte

Nr. EI0308: 3V +2U, 5 ECTS

Nachrichtentechnik 2

WA fir BSEI 5

WS 2014/2015 und WS 2015/2016:
Kramer mit Dierks

Nr. EI0635: 2V +2U, 5 ECTS

Basic Laboratory Course
on Telecommunications
WA fiir BSEI 5/6

jedes Winter- und Sommersemester:

Kramer mit Nedelcu, Stinner
Nr. EI0679: 4P, 5 ECTS

Mobile Communications
WA fiir BSEI 6

SS 2015 und SS 2016:
Kramer mit Staudacher

Nr. EI0697: 2V + 2U, 5 ECTS

Information Theory

WA fiir MSEI 1 und MSCE-CS 1
WS 2014/2015 und WS 2015/2016:
Kramer mit Palzer

Nr. EI7431: 2V +2U, 5 ECTS
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3.2 LNT-Lehrveranstaltungen fiir BSEI

Quellensignale und ihre Spektren. Abtasttheorem, Quantisierung. Basisband-
tibertragung: Impulsformen und ihre Spektren, Nyquist-Bedingung, Augen-
diagramm. Ubertragungskanal, Detektion im Rauschen, Matched-Filter, Feh-
lerwahrscheinlichkeiten bei antipodischer und orthogonaler Ubertragung.
Lineare digitale Modulationsverfahren (PSK, QAM), GauB-Kanal (AWGN),
diskreter Kanal (BSC), PCM mit Fehlern, korrelative Codierung.

Die Struktur des optimalen Empfangers: Signale und Vektorraume, Maxi-
mum a posteriori Entscheider, Theorem der Irrelevanz, Entscheidungsregi-
onen und Fehlerwahrscheinlichkeit. Bandpass-Signale und —Systeme: Tief-
pass-Darstellung von Bandpass-Signalen und Bandpass-Systemen. Digitale
Modulationsarten: Verfahren, die kohdrente Demodulation erfordern (OOK,
BPSK, ASP, PSK, QAM, FSK, MSK), nichtkohédrente Demodulationsverfah-
ren (OOK, FSK, DPSK). Entzerrung: Optimaler Empfanger, lineare Entzer-
rer (Zero-Forcing-Ansatz, Lineares Minimum Mean-Square-Error (LMMSE)
Kriterium), nichtlineare Entzerrer (Decision-Feedback-Entzerrer, Tomlinson-
Harashima Precoding), Maximum-Likelihood Entzerrung. Multiplexverfah-
ren: Frequenz—Multiplex (FDM), Orthogonales Frequenzmultiplex (OFDM).
Informationstheoretische Grundbegriffe: Elemente der Quellencodierung und
der Kanalcodierung, Shannon-Grenze fiir AWGN und BSC.

The laboratory consists of the following experiments: Image Coding (COD),
Digital Baseband Transmission (DBT), Diversity in Mobile Communica-
tions (DMC), Digital Modulation Schemes (DMV), Pulse Code Modulation
(PCM), Code Division Multiple Access (CDMA). The purpose of this labo-
ratory is the enhancement of topics of Nachrichtentechnik 1 and Nachrich-
tentechnik 2.

Introduction to mobile communication systems. Models for mobile radio
channels: path loss models, slow fading (shadowing), fast fading channels,
frequency and time selective channels, delay and Doppler spread, multipath
propagation. Derivation of error probabilities due to fading and noise. Equal-
ization for mobile communication systems: maximum ratio combining, zero-
forcing, MMSE equalizer, Viterbi algorithm. Channel and noise estimation.
The physical layer of UMTS and LTE, associated with an introduction of
CDM(A), OFDM(A), MIMO and scheduling techniques.

3.3 LNT-Lehrveranstaltungen fiir MSEI und MSCE

Review of probability theory. Information theory for discrete and continuous
variables: entropy, informational divergence, mutual information, inequali-
ties. Coding of memoryless sources: rooted trees with probabilities, Kraft in-
equality, entropy bounds on source coding, Huffman codes, Tunstall codes.
Coding of stationary sources: entropy bounds, Elias code for the positive in-
tegers, Elias-Willems universal source coding, hidden finite-memory sources.



Channel coding: memoryless channels, block and bit error probability, ran-
dom coding, converse, binary symmetric channel, binary erasure channel,
symmetric channels, real and complex AWGN channels, parallel and vector
AWGN channels, source and channel coding.

This course gives an introduction to the design of algebraic codes. Concepts
from abstract algebra are introduced successively. Topics covered: commu-
nication channel model, block-based transmission, MAP and ML detection.
Rate, reliability, delay. Linear block codes: vector spaces, Hamming geom-
etry, syndrome decoding. Cyclic codes, cyclic encoder. Reed-Solomon codes,
finite fields. BCH codes, decoding. Design of Reed-Solomon and BCH codes.

Fundamental concepts of Multi-user Information Theory. Topics: source cod-
ing; rate-distortion; the Slepian-Wolf problem (distributed source coding);
the Wyner-Ziv problem (rate-distortion with side information); the Gelfand-
Pinsker problem (coding for channels with state); the broadcast channel; the
multi-access channel; the relay channel.

Es werden verschiedene Themen aus den Gebieten der Digitalen Kommunika-
tionstechnik ausgewahlt, die von den Studenten selbsténdig bearbeitet werden,
zum Beispiel Sprach- und Videocodierung, Multimedia-Ubertragung, AdHoc-
Netzwerke, optische Ubertragungstechnik sowie Informationstheorie und Ka-
nalcodierung. Jeder Student fasst die Ergebnisse schriftlich zusammen und hélt
einen wissenschaftlichen Vortrag. Themenliste sieche Kapitel 3.7.

The aim of the course is to learn methods of wireless communications.
The participants will create a digital radio receiver according to the DAB-
standard. They will use the “software-defined-radio” principle. The follow-
ing topics are considered in detail: Time and frequency synchronization.
Orthogonal Frequency-Division Multiplexing (OFDM) modulation. Differ-
ential modulation. Channel coding. Filter design. Comparison with analog
transmission schemes. Matlab and GNUradio will be used as programming
languages.

What is considered as modern coding theory today deals with iterative in-
formation processing. This course focuses on binary block and convolution
codes, soft-input soft-output decoding, product codes, turbo codes, low-den-
sity parity-check codes, and LT/Raptor codes.

A digital modulation system provides the interface between a physical me-
dium serving as a communication channel and a coding system for error cor-
rection. In this course, we develop design rules for digital modulation systems
using tools from information theory. Topics covered: Capacity of the AWGN
channel, asymptotic limits for reliable communication. Constrained input:
uniform input distribution, finite input constellations. Probabilistic shaping:

Lehr-

I
veranstaltungen

Channel Coding

WA fiir MSEI 1 und MSCE-CS 1
WS 2014/2015 und WS 2015/2016:
Bocherer mit Bartz

Nr. E17316: 3V + 1U, 5 ECTS

Multi-user Information Theory
WA fiir MSEI 2 und MSCE-CS 2
SS 2015: Kramer mit Saeedi, Amjad
SS 2016: Bocherer mit Amjad, Wu
EI7353: 2V +2U, 5 ECTS

Hauptseminar Digitale
Kommunikationssysteme

WA fiir MSEI 2/3

WS: Kramer, Hanik mit Brauchle,
Geiger

SS: Kramer, Hanik mit Kernetzky
Nr. EI7762: 3S, 5 ECTS

Wireless Communications
Laboratory

WA fiir MSEI 2

SS 2015 und SS 2016:
Kramer mit Giinli, Nedelcu
Nr. EI7426: 4P, 5 ECTS

Channel Codes for

Iterative Decoding

WA fiir MSEI 2 und MSCE-CS 2
SS 2015 und SS 2016:

Liva mit Matuz, Stinner

EI7411: 3V + 1U, 5 ECTS

Coded Modulation

WA fiir MSEI 2 und MSCE-CS 2
SS 2015 und SS 2016:

Bocherer mit Fehenberger
EI7412: 3V + 1U, 5 ECTS
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Lehr-

I
veranstaltungen

Information-theoretic System
Analysis and Design

WA fir MSEI 2

SS 2016: Geiger mit Palzer

Nr. EI7484: 2V + 1U, 5 ECTS

System Aspects in
Communications
WA fiir MSEI 3 und MSCE-CS 3

WS 2014/2015 und WS 2015/2016:

Viering mit Nedelcu
Nr. EI7432: 2V + 1U, 5 ECTS

Praktikum Simulation digitaler
Ubertragungssysteme
WA fiir MSEI 1

WS 2014/2015 und WS 2015/2016:

Soder
Nr. EI7367: 4P, 5 ECTS

Communications Laboratory
WA fiir MSCE-CS 1

WS 2014/2015: Kramer mit Iscan,
Staudacher

WS 2015/2016: Kramer mit Giinlii,
Staudacher

Nr. EI5032: 4P, 6 ECTS
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capacity-achieving input distributions. Code taxonomy, Gray labeling of con-
stellations, binary encoding for capacity-achieving distributions. Bit-metric
decoding, soft demapping, L-values. Receiver quantization.

Information measures including information loss, information dimension, in-
formation rate, differential entropy. Behavior of information measures when
subject to nonlinear transforms. Information loss in simple linear and non-
linear transforms: full-wave and half-wave rectifier, quantizer, linear filter.
The problem of relevance: Information Bottleneck Method and signal en-
hancement. Principal components analysis and anti-aliasing low-pass filters:
optimality regarding mean squared-error, criteria for information-theoretic
optimality.

Cellular systems: cell layout, antenna pattern, pathloss, shadowing, link bud-
gets, mobility/handover/cell selection. Radio access systems: WCDMA, dis-
tributed/localized OFDM/OFDMA, single carrier FDMA duplex methods.
TDD/FDD interference: intracell interference, self-interference, intercell inter-
ference, methods for interference mitigation. PHY mechanisms: power con-
trol, loading, adaptive modulation and coding. MAC scheduling: channel
dependence, QoS impact, frequency dependence, impact on physical layer.
MAC/RLC/PDCP: IP convergence, robust header compression, segmenta-
tion. HARQ MIMO: diversity techniques, achievable gains, single/double
stream, open/closed loop techniques. X-layer: OSI model, shared channels.
Packet switched/circuit switched system architecture: mobile stations, base
stations, central nodes, gateways, interfaces. Existing systems: UMTS/HS-
DPA/HSUPA/HSPA evolution, LTE (long term evolution), WiMAX. Coex-
istence: problems with neighboring bands services/applications/higher layer,
codecs, broadcast services, bearers, QoS transfer.

Erarbeiten der charakteristischen Eigenschaften von Nachrichteniibertra-
gungsverfahren mit Hilfe interaktiver Grafikprogramme, insbesondere: Ana-
loge Modulationsverfahren (AM, PM, FM), digitale Modulationsverfahren
(ASK, FSK, PSK), Impulsinterferenzen und Entzerrung (Nyquistsysteme,
Entscheidungsriickkopplung, Korrelations- und Viterbi-Empfanger), digitale
Kanalmodelle und deren Anwendung auf Multimediadateien, Mobilfunkka-
nal, Bandspreizverfahren und CDMA-Systeme, wertdiskrete Informations-
theorie (Quellencodierung, Kanalkapazitit, Huffman-Algorithmus).

Introduction to digital communication systems based on computer simula-
tions: signal properties, signal processing (filtering, sampling, quantization).
Principles of source and channel coding, channel properties, optimal receiver
filters, baseband transmission, intersymbol interference. Nyquist criteria.
Digital modulation schemes via carrier frequency. Time/frequency/space-
diversity schemes.



This seminar is an elective course for the students in the 3rd semester of the
Master of Science in Communications Engineering (MSCE) program. Each
participant of the seminar is assigned a current topic from the areas of Mul-
timedia Communications over the Internet, Coding and Signal Processing for
Sources, Channels and Equalization, Network Coding and Network Informa-
tion Theory or Optical Communications. The aim of the seminar is that the
students use scientific literature to gain a good understanding of the assigned
topic, and that they convey the main ideas in the form of a brief report and a
presentation (see Chapter 3.8).

The objective of this course is to cover the fundamental information-theo-
retic and coding-theoretic aspects of physical-layer security. The premise of
physical-layer security is to exploit the noise inherently present in most com-
munication systems to provide security enhancements, including authentica-
tion and confidentiality. The course will provide a unified perspective on both
theoretical and more practical aspects of physical-layer security. In particular,
the concepts of channel resolvability and channel intrinsic randomness will
be introduced as “building blocks” to analyze the fundamental limits of phys-
ical-layer security and develop explicit error control coding scheme.

This course aims at providing the theoretical and practical background in
wireless multiple-input multiple-output (MIMO) orthogonal frequency divi-
sion multiplexing (OFDM) communications relevant to the current and future
cellular systems (e.g., LTE, 4G, and 5G). First part (single-user scenario): Ca-
pacity of MIMO-OFDM channels under different channel state information
(CSI) assumptions; tradeoff between multiplexing gain and diversity. Second
part (multi-user scenario): Capacity of Gaussian multi-user downlink/uplink
channels; multi-user diversity; opportunistic transmission strategies; duality
between the MIMO uplink and the MIMO downlink; presentation of a num-
ber of linear/non-linear precoding schemes. Third part: practical designs for
channel training and feedback; extensions such as network MIMO-OFDM
and massive MIMO-OFDM.

Theory and applications of nonlinear signal processing with the following
topics: memoryless nonlinearities: limiters, quantizers, classifiers. Nonlinear
dynamical systems: nonlinear filters and oscillators, chaos theory. Nonlinear
statistics: higher-order statistics and information theory. Parallel distributed
processing: neural networks and learning theory. Modeling of natural signals
with nonlinear systems. Algorithms for time series analysis and signal synthe-
sis. Nonlinear devices in digital communications systems.

Probability review: probability, conditional probability, conditional expecta-
tion, iterated expectation; covariance matrices; Gaussian random variables,
vectors, and processes; linear operations and filters on random vectors. Linear
minimum mean squares errors estimation: scalar, vector, infinite dimensional
settings; orthogonality and MMSE estimation; Kalman filter. Nonlinear es-
timation: Bayesian estimation, Maximum a Posteriori (MAP) and MMSE,
Maximum Likelihood (ML) estimation, application to estimation of mean or

Lehr-

I
veranstaltungen

Seminar on Topics in
Communications Engineering
WA fiir MSCE-CS 3

WS 2014/2015 und WS 2015/2016:
Kramer, Hanik mit Amjad

Nr. EI5083: 3S, 6 ECTS

Advanced Topics in
Communications Engineering
WA fiir MSEI 2 und MSCE-CS 2
SS 2015: Bloch, Kramer mit Giinlii
EI5082: 2V + 1U, 5 ECTS

Advanced Topics in
Communications Engineering
WA fiir MSEI 2 und MSCE-CS 2
SS 2016: Kobayashi mit Giinlii
EI5082: 2V + 1U, 5 ECTS

Advanced Topics in

Signal Processing

WA fiir MSEI 2 und MSCE-CS 2
SS 2015: Kubin mit Barletta
EI7601: 2V + 1U, 5 ECTS

Advanced Topics in

Signal Processing

WA fiir MSEI 2 und MSCE-CS 2
SS 2016: Moulin, Singer mit Stinner,
Yuan

E17601: 2V + 1U, 5 ECTS
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Lehr-

I
veranstaltungen

Leitungsgebundene
Ubertragungstechnik
WA fiir MSEI 1

WS 2014/2015 und WS 2015/2016:

Hanik mit Fehenberger
Nr. EI7346: 2V + 1U, 5 ECTS

Optical Communication Systems
WA fiir MSEI 2 und MSCE-CS 2
SS 2015 und SS 2016:

Hanik mit Chen

Nr. EI5075: 3V + 1U, 6 ECTS

Simulation of Optical
Communication Systems
Laboratory

WA fiir MSEI 2 und MSCE-CS 2
SS 2015, WS 2015/2016 und

SS 2016:

Hanik mit Khanna

Nr. EI5030: 4P, 6 ECTS
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variance of Gaussian vectors, case of many independent observations, ML
estimation of probabilities (e.g. parameters of Bernoulli or Poisson laws),
Cramer Rao lower bound on parameter estimation, Fisher information; hid-
den Markov models. Detection: binary hypothesis testing; Bayes and Ney-
man Pearson optimality criteria; Gaussian and Poisson examples; composite
hypothesis testing; signal detection in noise.

3.4 LUT-Lehrveranstaltungen fiir MSEI und MSCE

Struktur des Kommunikationsnetzes: Zugangsnetz, Regional-/Fernnetz, glo-
bales Netz. Sendesignalformen und Leistungsdichtespektren digitaler Ubertra-
gungssysteme: NRZ, RZ, AMI, Duobinir, HDB3, 4B3T, QAM, CAP. Uber-
tragungsmedium Kupfer-Doppelader: Leitungsgleichungen, Démpfungs- und
Phasenfunktion, Reflexionen, Nebensprechen. Eigenschaften von Koaxialka-
beln. Digitale Ubertragung: Augenmuster, Intersymbol-Interferenz, Augendff-
nung, Rauschen, Bitfehlerwahrscheinlichkeit. Lineare und nichtlineare Entzer-
rung, optimale Empfinger. Ubertragungssysteme iiber Kupferkabel: analoge/
digitale Sprachiibertragung, ISDN, xDSL, Kabel-TV. Das Ubertragungsmedium
Glasfaser: Laser, Standardfaser, Photodiode, optische Verstérker, Dispersions-
kompensation. Optische Signaliibertragung: Dispersion, Polarisations-Moden-
dispersion, Rauschakkumulation, Bitfehlerrate. WDM-Technik, optisches Netz.

General Structure of optical Wavelength-Division-Multiplexed-Transmission
Systems. Optical Transmitters and Modulators: LED, Laser, Direct Modula-
tion, Mach-Zehnder-Modulator. Physical properties of standard single mode
fibers: attenuation, chromatic dispersion, polarization mode dispersion. Physi-
cal origin and impact of fiber nonlinearities: Four-Wave Mixing, Raman
Scattering, Self- and Cross-Phase Modulation. Optical amplifiers. Optical
filters. Optical receiver. Generation and detection of various optical modu-
lation schemes: NRZ/RZ intensity modulation, suppressed carrier RZ, RZ-
DPSK, RZ-DQPSK, multi-level modulation schemes. Direct detection, dif-
ferential detection, coherent detection. Modelling optical signal propagation
using the Nonlinear Schroedinger Equation (NLS). Numerical solution of the
NLS. Performance evaluation of optical transmission systems: bit error ratio,
system margin, system penalty. Optical/electrical equalization of signal dis-
tortions. Optimized system design. High-channel WDM systems, ultra-long-
haul systems, soliton systems.

This Lab course offers an introduction to modelling, simulation and physical
optimization of optical communication systems. The course employs a com-
mercial photonic system design software (Optiwave Photonic Design Tools)
that is used world-wide. In the first session the transmitter and receiver com-
ponents, i.e., laser, external modulator and photo detector are described and
analyzed in the simulation. The following sessions are dedicated to linear and
nonlinear fiber effects and the degradation of signal quality they cause. The
last experiments deal with optical amplifiers and the optimization of the link
design of optical communication systems.



3.5 Studiengang Lehramt an Beruflichen Schulen (LB)

Klassifizierung von Signalen, Abgrenzung Datenverarbeitung — Dateniiber-
tragung. Grundlegende Elemente der Datenverarbeitung: Beschreibung von
Schaltnetzen, Boolesche Algebra, Schaltfunktionen, disjunktive und kon-
junktive Normalform, Minimierung von Schaltfunktionen. Zahlensysteme,
Rechnen im Dualsystem. A/D-und D/A-Umsetzung. Schaltwerke. Grundle-
gende Elemente der Dateniibertragung: deterministische und stochastische
Signale, periodische Signale (reelle und komplexe Darstellung), Fourier-Rei-
henentwicklung. Grundlagen der Statistik: Wahrscheinlichkeitsdichte, Vertei-
lungsfunktion und Momente, stationire und ergodische Prozesse.

Signale und Spektren: stochastische, periodische, aperiodische Signale. Fou-
rierreihe, Fourierintegral und Fouriertransformation. Systemtheorie linearer
zeitinvarianter Systeme: Ubertragungsfunktion, Impulsantwort, lineare Ver-
zerrungen, Faltung.

Grundlagen der Modulation: ZSB- und ESB-Amplitudenmodulation und
zugehorige Modulatoren/Demodulatoren. Winkelmodulation. Verzerrungen
durch Modulation und Demodulation. Einfluss von Rauschstérungen. Prin-
zip der digitalen Modulationsverfahren: Zeitdiskrete Signaldarstellung, Puls-
codemodulation. Grundlagen der Digitalsignaliibertragung.

Typische Versuche aus dem Gebiet der Nachrichtentechnik: Signale und
Spektren, Wahrscheinlichkeitsrechnung und Statistik, Pulscodemodulation, Am-
plitudenmodulation, Frequenzmodulation, Digitalsignaliibertragung.

Eigenschaften von Nachrichtensystemen und deren Komponenten, vorwieg-
end aus dem Bereich der Mobilfunksysteme: Zeitvariante Kanéle, Vielfach-
zugriffsverfahren. Bekannte Systeme: GSM, GSM2+, CDMA, Grundlagen
von UMTS und HSPA.

Lehr-

I
veranstaltungen

Grundlagen der Informations-
technik (LB)

PF fiir LB-BSc 1 und BWL-BSc 3
WS 2014/2015:

Hanik mit Oberleithner

WS 2015/2016:

Hanik mit Kernetzky

Nr. EI2981: 2V + 1U, 5 ECTS

Signaldarstellung (LB)

PF fiir LB-BSc 3 und BWL-BSc 5
WS 2014/2015 und WS 2015/2016:
Hanik

Nr. EI2985: 2V + 1U, 5 ECTS

Modulationsverfahren (LB)
PF fir LB-BSc 6, WA fiir BWL-
BSc 6

SS 2015 und SS 2016:

Hanik

Nr. EI2987: 2V + 1U, 5 ECTS

Praktikum Nachrichtentechnik
(LB)

WA fiir LB-BSc 6

SS 2015: Soder

SS 2016: Hanik

Nr. EI2191: 3P, 5 ECTS

Nachrichtensysteme —
Kommunikationssysteme (LB)
WA fiir LB-MSc 2

SS 2015 und SS 2016:

Bocherer

Nr. EI2183: 2V + 1U, 5 ECTS
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Lehr-

I
veranstaltungen

Codierung mit variabler Léinge:
Datenkompression und
Verteilungsanpassung

Bocherer

Vorlesung am CDHK

Tongji University Shanghai
30.03. - 03.04.2015
07.03.-11.03.2016

Coding and Modulation for
Communication at the Ultimate
Shannon Limit

Bocherer und Steiner

Tutorial at ISWCS 2016

Poznan University of Technology,
Poland

20.09.2016

Optische Kommunikation fiir
Flugzeuge, UAVs und Satelliten
Hanik und DLR-Mitarbeiter
Kompaktkurs DK 1.14 an der
Carl-Cranz-Gesellschaft e.V.
Oberpfaffenhofen

26.04. —27.04.2016

Digital Communications 1
Kramer mit Stinner
Vorlesung fiir TUM-Asia
Singapur

23.02. - 06.03.2015

15.02. - 26.02.2016
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3.6 Lehrveranstaltungen aufierhalb der TUM

Das Chinesisch-Deutsche Hochschulkolleg (CDHK) wurde 1998 als Koope-
rationsprojekt der Tongji-Universitit Shanghai und des Deutschen Akademi-
schen Austauschdienstes (DAAD) gegriindet und ist seitdem das erfolgreichste
Projekt im Wissenschaftsaustausch zwischen China und Deutschland. Studie-
rende aus China erlangen in zwei bis drei Jahren einen Masterabschluss, u.a.
an der Fakultdt Elektrotechnik. Gut die Halfte der CDHK-Studenten erhélt ein
Stipendium fiir ein Semester oder ein Praktikum in Deutschland. Es besteht
die Moglichkeit, an der TU Miinchen oder der Ruhr-Universitidt Bochum einen
Doppelmasterabschluss (Chinesisch-deutscher Doppelmaster) zu erlangen.

Die Vorlesungen werden in deutscher Sprache gehalten. Zur Lehre tragen
auch mehr als zwei Dutzend deutsche Gastprofessoren mit Blockvorlesungen
bei. Bereits seit 1998 sind Dozenten vom Lehrstuhl fiir Nachrichtentechnik
dabei. Die LNT-Vorlesungen werden seit dem Frithjahr 2013 von Dr. Boche-
rer gehalten und sind wie folgt gegliedert: Wahrscheinlichkeitsrechnung und
Informationsmafle, Wurzelbdume mit Wahrscheinlichkeiten, Verteilungsan-
passung, Daten-Kompression, Codierung fiir rauschfreie Kanile.

Following over ten years of tradition, the Thirteenth International Symposium
on Wireless Communication Systems (ISWCS’16) brought together experts
from various research and industry fields of wireless communications, as well
as representatives of standardization and regulatory bodies.

Our tutorial gave an introduction to Probabilistic Amplitude Shaping. After
attending the tutorial, the participant is able to use off-the-shelf components
to design coding and modulation systems that can operate for any desired
spectral efficiency within 1 dB of log,(1 + SNR). The tutorial follows a lec-
ture style with interactive participation by examples and code snippets, which
can be accessed via the website and can be used with an ordinary smart phone.

Die Carl-Cranz-Gesellschaft (CCG) bietet jahrlich tiber 100 Seminare fiir
hochkaritige technisch-wissenschaftliche Weiterbildung an. Die Veranstal-
tungen in deutscher und englischer Sprache haben eine Dauer von ein bis fiinf
Tagen. Sie sind alle aktuell, zukunftsorientiert und praxisnah ausgerichtet.

Der zweitiigige Kurs DK 1.14 gibt einen Uberblick iiber die Sende- und
Empfangssysteme optischer Freiraumiibertragungssysteme iiber lange Distan-
zen in mobilen Szenarien wie Satellit-Boden-Verbindungen. Vermittelt wer-
den die wichtigsten Modulationsformate und die wesentlichen Kanaleigen-
schaften (atmosphérische Effekte, Streuung, Brechungsindexturbulenz, usw.)
und deren Auswirkungen auf das Ubertragungssystem.

TUM-Asia began in Singapore in 2002 as an affiliate of the Technical Univer-
sity of Munich (TUM). As the first German academic venture abroad, TUM-
Asia is supported by the Singapore Government through the Economic De-
velopment Board (EDB), and by the German Government through the Ger-
man Academic Exchange Service (DAAD). The Bachelor of Science in the
Electrical Engineering and Information Technology program offers the same
courses by the same teachers as the bachelor courses taught in Munich.

The lecture Digital Communications 1 covers the same topics as the lec-
ture Nachrichtentechnik 1 in Munich.



The European School of Information Theory (ESIT) is an annual educational
event organized by the IEEE Information Theory Society. The objective of
the school is to provide graduate students with the opportunity (i) to learn
from distinguished lecturers, (ii) to present their own work to obtain feedback
and to start collaborations, (iii) to hear about industrial applications of infor-
mation theory, and (iv) to participate in a stimulating and inviting forum of
scientists.

The IEEE Information Theory Society organizes summer and winter
schools in Europe and North America since 2008, and in East Asia, India, and
Australia since 2014. Gerhard Kramer was advisor for the European Schools
in The Netherlands (2015) and Sweden (2016).

St B T
Participants of ESIT 2015 in Zandvoort, The Netherlands

The course covered information theory for two problems: wiretap channels
and biometric (or physical) identifiers. For wiretap channels, a security
measure called “effective” secrecy was considered that includes the concept
of stealth in addition to secrecy.

This course reviewed basic information-theoretic quantities such as entropy,
informational divergence, mutual information, and typical sequences. The
multi-terminal problems treated include distributed source coding, multi-
access channels, and interference channels.

The course reviewed basic information-theoretic quantities such as entropy,
informational divergence, and mutual information. The first advanced topic
was data compression, including rate-distortion theory and distributed source
coding. The second advanced topic dealt with channel coding, including
multi-access and broadcast channels. The third advanced topic dealt with ran-
domness and secrecy.

Lehr-

veranstaltungen

2015 European School of
Information Theory (ESIT 2015)
Kramer

Zandvoort, The Netherlands
20.04. —24.04.2015

2016 European School of
Information Theory (ESIT 2016)
Kramer

Gothenburg, Sweden

04.04. - 08.04.2016

2015 Indian School of
Information Theory

Kramer

Indian Institute of Science (IISc)
Bangalore, India

20.07. -23.07.2015

Advanced Information Theory
Kramer

Graz University of Technology
Graz, Austria
16.03.-10.04.2015
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Lehr-
|

veranstaltungen

Information-theoretic
Foundations of Distributed
Compression

Kramer

Infotech Oulu Doctoral Program &
RESCUE Project Summer School
Oulu, Finland

24.08. —27.08.2015

Modern Channel Coding —
Theory and Applications

Kramer, ten Brink, Huber, Liva mit
Schulte

Kurs 7 bei der Ferienakademie 2015
Sarntal, Stidtirol, Italien

20.09. -02.10.2015

Massive Multiple-Input, Multiple-
Output Communication

Kramer, ten Brink, Huber, Miiller
mit Steiner

Kurs 8 bei der Ferienakademie 2016
Sarntal, Stidtirol, Italien

18.09. —30.09.2016
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The course reviewed basic information-theoretic quantities such as entropy,
informational divergence, and mutual information. The second part of the
course covered topics of distributed source coding, including lossless and
lossy source coding with side information. The third part of the course dealt
with networks, including multiple description source coding, compress-and-
forward relaying, and noisy network coding.

Die Ferienakademie bietet seit 1984 jedes Jahr ein Kursprogramm an, um be-
gabte und interessierte Studierende der veranstaltenden Universitdten zu for-
dern. Die Kurse finden in Berggasthofen im Siidtiroler Sarntal statt. Sie werden
durch Spenden von Firmen und von Fordervereinen der beteiligten Universita-
ten (FAU Erlangen-Niirnberg, Uni Stuttgart, TU Miinchen) finanziert, wodurch
insbesondere die Fahrt- und Aufenthaltskosten der Teilnehmer abgedeckt wer-
den. Ein typischer Ferienakademiekurs besteht aus etwa 14 Studierenden und
zwei Professoren, das Programm ist meistens seminardhnlich mit Vortragen der
Teilnehmer. In einigen Kursen wird gemeinsam an einem Projekt gearbeitet.
Ein Freizeitprogramm, bei dem Bergwanderungen natiirlich eine grofle Rolle
spielen, ist wesentlicher Bestandteil der Ferienakademie.

2015 wurde der Kurs 7 fiir Studierende der Fachrichtungen Elektrotech-
nik, Informations- und Kommunikationstechnik, Informatik, Mathematik so-
wie Physik gemeinsam von Prof. Johannes Huber (FAU Erlangen) und Prof.
Gerhard Kramer (TUM) geleitet. Als Gastdozenten wirkten Dr. Gianluigi
Liva (DLR) und Prof. Stephan ten Brink (Universitdt Stuttgart) mit.

An den gleichen Horerkreis richtete sich der Kurs 8 im Herbst 2016. Er
wurde gemeinsam von Prof. Ralf Miiller (FAU Erlangen) und Prof. Gerhard
Kramer geleitet. Als Gastdozent wirkte Prof. Stephan ten Brink mit.

Die Teilnehmer der Ferienakademie 2016 bei den ,,Stoanerne MandIn* mit den
Professoren Stephan ten Brink (vorne, 2.v.li.) Ralf Miiller (hinten li.) und Gerhard
Kramer (hinten in der Mitte).



3.7 Hauptseminar Digitale Kommunikationssysteme

Wintersemester 2014/2015

27.11.2014

27.11.2014

27.11.2014

27.11.2014

11.12.2014

11.12.2014

11.12.2014

11.12.2014

18.12.2014

18.12.2014

18.12.2014

Erich Heimerl — Betreuer: Dr. Timo
Finite Blocklength Information Theory

Erich Pengyao Chen — Betreuer: M. Jager
Energy Minimization for Load Coupled Wireless Networks

Jianghua Xu — Betreuer: M. Jager
Resource Sharing Optimization for Device-to-Device

Communication Underlaying Cellular Networks

Qiping Shao — Betreuer: O. Iscan
Instantaneous Relaying

Yishuang Sun — Betreuer: H. Bartz
List Decodable Subspace Codes

Li Chen — Betreuer: J. Brauchle

Decodierung von (Interleaved) Reed-Solomon Codes mit dem

Coppersmith-Sudan Algorithmus

Yijing Shao — Betreuer: T. Fehenberger
Comparison of Split-Step Fourier Schemes for Solving the
Nonlinear Schrodinger Equation

Andreas Greiner — Betreuer: S. Dierks
Parallel Computing Toolbox in MATLAB

Clemens Blochl — Betreuer: L. Palzer
Coding for the Gaussian Channel with Active Feedback

Boxiao Ma — Betreuerin: E. Georg (jetzt: Oberleithner)
Modeling and Mitigation of Impulse Noise in Power line
Communication Systems

Peihong Yuan — Betreuer: M. Heindlmaier
LDPC-Code fiir Quellencodierung

Sommersemester 2015

11.06.2015

11.06.2015

Bannour Houda — Betreuer: M. Jager
Power Control in LTE and Beyond

Johannes Herdegen: — Betreuer: S. Dierks
Carrier Aggregation in LTE Advanced

Lehr-

I
veranstaltungen

Dieses Hauptseminar ist eine ge-
meinsame Wahlpflichtveranstaltung
des Lehrstuhls fiir Nachrichtentech-
nik (LNT) und der Professur Lei-
tungsgebundene Ubertragungstech-
nik (LUT), wobei alle Mitarbeiter
in die Betreuung eingebunden sind.
Das Seminar findet im Winterseme-
ster und im Sommersemester statt.
Die Vortrige konnen in deutscher
oder englischer Sprache gehalten
werden. Die Organisatoren waren
— Joschi Brauchle (WS 2014/2015),
— Tasnad Kernetzky (SS 2015 und
2016),
— Dr. Bernhard Geiger (WS 2015/
2016).
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I
veranstaltungen
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11.06.2015

11.06.2015

18.06.2015

18.06.2015

18.06.2015

18.06.2015

18.06.2015

25.06.2015

25.06.2015

25.06.2015

25.06.2015

25.06.2015

Liu Xiaotong — Betreuer: A. Nedelcu
Basic Operations of MIMO in LTE Downlink

Marcus Vitzthum — Betreuer: P. Schulte
LTE - Authentication and Security

Bogdan Balauta — Betreuer: O. Giinli
Channel Estimation in LTE Downlink

Julian Emmert — Betreuerin: E. Oberleithner
LTE Positioning of Mobiles

Li Bowen — Betreuerin: G. Khanna
Long Term Evolution: System Architecture and
Protocols

Julian Renner — Betreuer: T. Fehenberger
OFDM versus Filter Bank Multicarrier

Myran Borge — Betreuer: T. Kernetzky
LTE Link and System Level Simulation

Karl Budweiser — Betreuer: R. A. Amjad
Relaying in LTE Advanced

Li Shan — Betreuer: Y. Chen
Orthogonal Frequency Division Multiple Access (OFDMA)
and Synchronization

Manuela Meier — Betreuer: H. Bartz
Channel Coding in UMTS and LTE

Martin Schmidhammer — Betreuer: M. Stinner
Channel Models

Tobias Schneider — Betreuer: L. Palzer
HD Voice for LTE Speech Transmission

Wintersemester 2015/2016

10.12.2015

10.12.2015

10.12.2015

Tobias Maucher - Betreuer: T. Kernetzky
Power Line Communications

Kairen Liu — Betreuer: Dr. Geiger
Information Dimension

Kai Akselrad — Betreuer: H. Bartz
Sudoku Codes



10.12.2015

17.12.2015

17.12.2015

17.12.2015

Yingying Shi — Betreuer: S. Dierks
EIRP-Constrained Precoding

Zhongyao Zhang - Betreuer: P. Schulte
Distribution Matching

Ghassen Zafzouf — Betreuer: M. Staudacher
Massive MIMO

Qiupeng Gan — Betreuer: M. Staudacher
MIMO Channels

Sommersemester 2016

09.06.2016

09.06.2016

09.06.2016

16.06.2016

16.06.2016

16.06.2016

Hiba Arnout — Betreuer: T. Kernetzky
Receiver Synchronization Methods with Focus on OFDM
Systems

Stephanie Dangl — Betreuer: P. Yuan
The Construction of Polar Codes

Daniel Schwab — Betreuer: M. Staudacher
Massive MIMO with Hardware Impairments

Thilo Garbe — Betreuer: H. Bartz
Repairing Reed-Solomon Codes

Julia Kolbinger — Betreuer: T. Fehenberger

Analysis of Gaussian Noise Models for Signal Propagation in

Optical Fiber Systems

Wassim Zaouali — Betreuer: S. Dierks
EIRP Constraints and Measurement

3.8 Seminar on Topics in Communications Engineering

Wintersemester 2014/2015

10.01.2015

10.01.2015

Pedram Amini Rad — Betreuer: O. Giinlii
Error Correction for Cryptographic Primitives

Ginni Khanna — Betreuer: Y. Chen

Comparison of Memory and Memoryless Behavioral Models

for High Bandwidth Nonlinear Driver Amplifiers in Optical
Communication Systems

Lehr-

I
veranstaltungen

This lecture is a mandatory course
of the Master of Science in Com-
munications Engineering program in
the 3™ semester. The MSCE students
are obliged to prepare a report and
give a presentation on recent topics
of the Communications Engineering
field. Organization by Rana Ali Am-

jad, M.Sc.
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10.01.2015

10.01.2015

17.01.2015

17.01.2015

17.01.2015

Anastasios Dimas — Betreuer: M. Stinner
An Application of Lattice Codes

Wagqar Akhtar — Betreuer: M. Stinner
Irregular Repeat Accumulate LDPC Codes

Anastasios Kakkavas — Betreuer: A. Nedelcu
MIMO Communications with Reconfigurable Antenna Arrays

Boushra Kanj — Betreuer: A. Nedelcu
Multi Objective Signal Processing Optimization: The Way to
Balance Conflicting Metrics in 5G

Ana Pavlovic — Betreuer: Dr. Barletta
Capacity of a Nonlinear Optical Channel with Finite Memory

Wintersemester 2015/2016

09.01.2016

13.01.2016

13.01.2016

13.01.2016

Yunhong Ju — Betreuer: T. Fehenberger
Geometric and Probabilistic Shaping for the AWGN Channel

Eduardo Ocete — Betreuer: A. Nedelcu
Magnetic MIMO

Mustafa Cemil Coskun — Betreuer: R. A. Amjad
Application of Polar Codes for Information-theoretical
Secrecy

Sean Rohringer — Betreuer: L. Palzer
Feedback Control under Data Rate Constraint



4.1 Einige allgemeine Bemerkungen

Bernhard C. Geiger und Giinter Soder

During the period 10/2014-09/2016
the professors and assistants of the /ns-
titute for Communications Engineer-
ing (LNT) and Wireline Transmis-
sion Technology (LUT) supervised a
number of theses and projects:

— Master’s theses: 32

— Bachelor’s theses: 33

—  “Forschungspraxis™: 13
— MSCE Internship: 3

—  “Ingenieurspraxis”: 32.

Im Berichtszeitraum vom 01.10.2014
bis zum 30.09.2016 wurden an un-
serem Lehrstuhl 32 Master’s Theses
(LNT: 25, LUT: 7) abgeschlossen,
die im Kapitel 4.2 aufgefiihrt sind.
Die Mehrzahl dieser Abschlussarbei-
ten wurden im reguldren Masterstu-
diengang unserer Fakultit (MSEI)
angefertigt. Hier wird die Master’s
Thesis mit 30 Credits gewertet, was
einer Vollzeittatigkeit von 24 Wo-
chen entspricht. Sie trigt somit zur
Gesamtnote zu einem Viertel bei. Die
Zeit zwischen Anmeldung und Ab-
gabe darf 52 Wochen nicht {iber-
schreiten. Im Normalfall sollte die
Arbeit allerdings innerhalb von sechs
Monaten abgeschlossen werden.

In der Liste von Kapitel 4.2 sind
auch die Master’s Theses innerhalb
des englischsprachigen Studiengangs
Master of Science in Communica-
tions Engineering mit beriicksichtigt.
Es gelten vergleichbare Bedingun-
gen wie im Studiengang MSEI, doch
ist hier die Bearbeitungszeit streng
auf sechs Monate limitiert.

Einige Arbeiten wurden gemein-
sam mit Forschungspartnern betreut,
unter anderem mit BMW, Huawei,
Intel, Siemens, dem Deutschen Zen-
trum fir Luft- und Raumfahrt (DLR),
Rohde & Schwarz (R&S) und Nokia
Solutions and Networks (NSN).

Die 33 betreuten Bachelor Theses
(LNT: 26, LUT: 7) sind in Kapitel
4.3 zusammengestellt. Die Bachelor-
arbeit ist Teil des sechssemestrigen
Bachelorstudiengangs (BSEI). Sie
wird mit 12 Credits gewertet und soll
in neun Wochen bearbeitbar sein.

Die so genannte Forschungspra-
xis (fir MSEI) und das MSCE In-
ternship sollen bereits im Masterstu-
dium einen Einblick in die aktuellen
Forschungsthemen ermoglichen. Die
Module umfassen jeweils eine Zeit-
spanne von neun Wochen (Vollzeit)
und werden mit 12 Credits bewertet.
Von LNT und LUT wurden im Be-
richtszeitraum 16 solcher Arbeiten
betreut (LNT: 14, LUT: 2, siche Ka-
pitel 4.4). Die drei als MSCE Intern-
ship durchgefiihrten Arbeiten sind als
»(MSCE)* markiert

Das Kapitel 4.5 listet die 32 Stu-
dentinnen und Studenten auf, die ihre
Ingenieurspraxis unter der Aufsicht
von Prof. Kramer (20) bzw. Prof.
Hanik (12) abgeleistet haben. Diese
ist fiir den Studiengang BSEI ob-
ligatorisch. Sie wird meist durch eine
Firma direkt betreut, dauert neun Wo-
chen und z&hlt mit 12 Credits. Be-
wertet wird sie nur mit Bestanden/
Nicht bestanden.

Viaster's Theses

|
Bachelor’s Theses

4.1

4.2

4.3

4.4

Einige allgemeine
Bemerkungen

Master’s Theses
(MSEI, MSCE)

Bachelor’s Theses

Forschungspraxis &
MSCE Internships

Ingenieurspraxis
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4.2 Master’s Theses fiir MSEI und MSCE

30.10.2014 Marcin Pikus - Betreuer: Dr. Bocherer
Communication over Rayleigh Block Fading Channels

30.10.2014 Patrick Schulte - Betreuer: Dr. Bocherer
Zero Error Fixed-to-Fixed Length Distribution Matching

02.11.2014 Neha Baheti - Betreuer: A. Nedelcu, S. Dierks, Dr. Panzner
(NSN)
Antenna Failure Analysis of Massive MIMO Arrays

02.11.2014 Prashanth Raju - Betreuer: A. Nedelcu, Dr. Braun, A. Frech
(Gauss Instruments)

Design and Implementation of Analog and Digital Signal Demodulation in
Real Time on FPGA for Evaluation of EMI

02.11.2014 Arthur Smolorz - Betreuer: A. Nedelcu, Dr. Jost (DLR)
Using GNSS for Satellite-to-Earth Channel Sounding Applications

07.12.2014 Fabian Steiner - Betreuer: Dr. Bocherer, Dr. Liva (DLR)
LDPC Code Design for Bit-metric Decoding

06.01.2015 Julian Schiele - Betreuer: Dr. Hou, R. A. Amjad, Prof. Kim
(UCSD)
Analytical and Numerical Studies on the Capacity Region for Index Coding

20.01.2015 Markus Jiger (jetzt: Staudacher) - Betreuer: M. Heindlmaier,
Dr. Fertl, R. Zhe (beide BMW Forschung und Technik)

Advanced Concept for Enhancing Nomadic Relay Network Performance in
5G Systems

20.01.2015 Gwenael Kosider - Betreuer: M. Stinner
Network Coding for Wireless Communications

12.04.2015 Tobias Fiille - Betreuer: O. Giinlii, M. S. Rodriguez (AED
Engineering)
Preamble Detection on NC-OFDM for Dynamic Synchronization

21.04.2015 Jonas Eichler - Betreuer: S. Dierks, Dr. Harteneck (R&S)
Device-to-Device Communication in LTE Mobile Systems

27.05.2015 Thomas Jerkovits - Betreuer: Prof. Kramer, Dr. Liva, Dr.
Matuz (beide DLR)
Design of Short Turbo Codes

11.06.2015 Mark Sagi - Betreuer: M. Stinner, M. Miick (Intel)
Joint Channel Coding for Heterogeneous Radio Environments

04.09.2015 Stefan Thiel - Betreuer: O. Giinli, L. Korsmeier, M. Gerth
(beide R&S)

Analysis of AM Demodulation for Speech-based Airborne Communications
under Multipath Propagation

09.09.2015 Li Chen - Betreuer: Dr. Geiger
Greedy Aggregation Methods for Markov Chains

29.09.2015 Qiping Shao - Betreuer: P. Schulte, Dr. Bécherer
Probabilistic Amplitude Shaping for OFDM



29.09.2015 Peihong Yuan - Betreuer: Dr. Bocherer, P. Schulte, M. Stinner
Rate-matched Coded Modulation for Wireless Transmission

13.10.2015 Anastasios Dimas - Betreuer: M. Stinner
Peeling Decoding Analysis of Non-binary LDPC Codes

Master’s Theses
|

15.03.2016 Frank Low - Betreuer: Dr. Wu, Dr. Saeedi, P. Alber (Hekatron Bachelor’s Theses
Vetriebs GmbH)

Identification, Development, and Simulation of Protocol Concepts for a
Battery-driven Backbone-router

15.04.2016 Yuchen Wu - Betreuer: Dr. Geiger
Higher-order Kullback-Leibler Aggregation of Markov Chains

07.06.2016 Tobias Prinz - Betreuer: Dr. Bocherer, P. Yuan
Polar Codes for Higher-order Modulation and Probabilistic Amplitude Shaping

07.06.2016 Andreas Ditler - Betreuer: A. Nedelcu
Numerical Evaluation of Capacity for Phase Noise Channels

07.06.2016 Nicolas Blum - Betreuer: A. Nedelcu, Y. Chen, J. Biedermann
(R&S)

Blind Symbol Rate and Timing Synchronization Estimators for a Non-
cooperative Multitone Receiver

02.09.2016 Sirui Zhang - Betreuer: P. Yuan
Non-Asymptotic Complexity of Polar List Decoding

02.09.16 Zeng Fan - Betreuer: P. Yuan
Soft-output Decoding of Polar Codes

19.11.2014 Tasnad Kernetzky - Betreuer: E. Oberleithner, Dr. Zhang LUT
(Siemens AG)
Powerline Communications for Industrial Applications

19.11.2014 Martinez Laura Pastor - Betreuer: E. Oberleithner
SDR-based Experimental Setup for Evaluating System Performance with
QAM and Differential PSK

04.09.2015 Zhaoqi Chu - Betreuer: Y. Chen
Preamble-based Channel Estimation in Coherent Spatial Division
Multiplexing OFDM Transmission Systems

27.10.2015 Arun Sattanathan Gothandaraman - Betreuer: Prof. Hanik,
Dr. Ramirez (DLR)

Firmware Development and Testing for Optical Communication
Transceivers

15.01.2016 Vijay Pravin Maharajan - Betreuer: Prof. Hanik, C. Anriquez
(Telefonica)

Radio Network Demand Management and Traffic Forecasting using
Network Data

29.01.2016 Boxiao Ma - Betreuer: Prof. Hanik, C. Gentner (DLR)
Multipath Assisted Positioning: Mapping of Virtual Transmitters

01.08.2016 Sara-Lee Steffan - Betreuer: Prof. Hanik, Dr. Putzer (OHB

System AG)
Development and Design of an Optical Transceiver Module
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4.3 Bachelor’s Theses

07.12.2014 Sahiti Akella - Betreuer: Dr. Yousefi
Optical Fiber Channel

12.01.2015 Julian Leyh - Betreuer: Prof. Kramer, T. Bichlmaier (R&S)
Video over IP

12.04.2015 Ekin Alican Igdir - Betreuer: O. Giinlii, Dr. Iscan
Cooperative Communication using Software Defined Radio

31.05.2015 Hiba Arnout - Betreuer: Dr. Geiger
Implementation of an Efficient Lumping Algorithm

19.06.2015 Firat Beytemiir - Betreuer: A. Nedelcu
Implementation of an ADS-B Receiver

06.07.2015 Said Ben Bouzid - Betreuer: M. Staudacher, S. Dierks
Antenna Selection in Massive MIMO

16.07.2015 Arda Can Ozensoy - Betreuer: Dr. Geiger
First-fit Approach to the Parking Problem

16.07.2015 Franziska Poller - Betreuer: S. Dierks, M. Staudacher
Hybrid Beamforming for Massive MIMO

23.08.2015 Dina Khaled Sayed Abdel-Hadi - Betreuer: Dr. Yousefi
Information Theory of Multi-mode Optical Fiber

13.10.2015 Stephanie Dangl - Betreuer: H. Bartz, Dr. Sidorenko
A Soft-information Model for Random Linear Network Coding

13.10.2015 Achraf Kamoun - Betreuer: Dr. Geiger
An Information-theoretic Take on the Oddball Problem

18.12.2015 Jun Jian Tay - Betreuer: M. Stinner
Performance Analysis of Spatially Coupled LDPC Codes

31.12.2015 Georg Maringer - Betreuer: Dr. Timo
Computing Error Bounds for the Tracking of an Unstable Linear System
over a Discrete Memoryless Channel

09.02.2016 Mohamed Aziz Ben Slimane - Betreuer: A. Nedelcu
DVB-T Transmission with GNURadio and USRP

15.03.2016 Muhammed Efe - Betreuer: Dr. Geiger, A. Nedelcu,
Prof. Barletta
Candy Crush Codes

15.03.2016 Daniel Kiilzer - Betreuer: S. Dierks
Interference Coordination in Cellular Networks

01.07.2016 Mohamed Chennoufi - Betreuer: P. Schulte, H. Weigold
(R&S)
Raptor Codes for IP Video and Audio Transmission

01.07.2016 Emna Ben Yacoub - Betreuer: Dr. Geiger, P. Schulte
Community Detection Methods for Play Analysis



06.07.2016 Mohamed Amine Hadiji - Betreuer: M. Stinner, C. Martini
(Airbus Group)
Examination of Automated Tests

09.08.2016 Ilhem Brayek - Betreuer: M. Staudacher
Massive MIMO Uplink System with Low-resolution ADCs

09.08.2016 Simon Heine - Betreuer: Dr. Geiger
Markov Aggregation via Clique-Partition

02.09.2016 Wafa Labidi - Betreuer: Dr. Bocherer
Resynchronization of Variable Length Coding

02.09.2016 Anes Belkacem - Betreuer: O. Giinlii, Dr. Geiger
Reliability Analysis for Secret-key Binding for Physical Identifiers

02.09.2016 Rami Ezzine - Betreuer: L. Palzer
Lossy Source Coding Performance of One-Bit Compressive Sensing

02.09.2016 Aya Ben Salha - Betreuer: P. Schulte, Dr. Geiger
Markov Melody Generator

16.09.2016 Amine M’Charrak - Betreuer: L. Palzer
Clustering Alorithms for Lossy Data Compression

18.12.2014 Diego Lentner - Betreuer: T. Fehenberger
Blind Mutual Information Estimation Techniques

05.02.2015 Michael Kobschiitz - Betreuer: Prof. Hanik
Development of a Demonstration Program for Analog and Digital
Amplitude Modulation based on GnuRadio

12.04.2015 Lukas Baumbauer - Betreuer: T. Fehenberger
Phase Noise and its Memory in Fiber-optic WDM Systems

16.07.2015 Torsten Ohlenforst - Betreuer: T. Fehenberger, H. Scholz, C.
Muschelknautz (beide Bayerischer Rundfunk)

Generierung eines AES67 Audiostreams aus Audiokanélen auf einer
Embedded Plattform

13.04.2016 Tobit Klug - Betreuer: E. Oberleithner

Modelling and Mitigation of Impulsive Noise in PLC Transmission System

28.07.2016 Tim Heinlein - Betreuer: T. Kernetzky
Development of a Powerline Communication PHY Layer and Channel
Simulator

30.09.2016 Robert Markl - Betreuer: T. Kernetzky
Development of an OFDM Physical Layer on a Zynq FPGA

4.4 Forschungspraxis und MSCE Internships

14.01.2015 Bilal Hammoud - Betreuer: A. Nedelcu

Frequency Domain Adaptive Filtering with Applications to GNSS Receivers

26.01.2015 Tobias Schneider (jetzt: Prinz) - Betreuer: H. Bartz
Distributed Reed-Solomon and Gabidulin Codes

Master’s Theses
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LNT
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12.04.2015 Mu He - Betreuer: Prof. Kramer, Dr. Pauli (NOMOR Research)
Link Adaptation Improvement for B4G (MSCE)

31.05.2015 Onur Ayan - Betreuer: A. Nedelcu, S. Bayer, P. Eberl (beide R&S)
Automated Test and Software Processes for Radio Controllers

31.05.2015 Atif Javed - Betreuer: A. Nedelcu, L. Forster (Telefonica Germany)
GSM and 3G CCS7 Signaling and Roaming Platforms

31.05.2015 Yuchen Wu - Betreuer: Dr. Geiger
Belief Propagation Strategies for Sudoku Codes

16.11.2015 Dinesh Manobar Gandhinathan - Betreuer: Dr. Geiger
Maximally Redundant Communication Channels (MSCE)

09.12.2015 Yunhong Ju - Betreuer: O. Giinlii
Model Selection for Real Data (MSCE)

09.12.2015 Houda Bannour - Betreuer: A. Nedelcu, A. Elefsiniotis, S.
Hahn (beide Airbus Group)
Shielded Twisted Single Pair Cable Approximated Characterization

15.03.2016 Edvarts Berzs - Betreuer: S. Dierks, F. Schlembach (R&S)
Waveforms for Air Interface of 5G

15.04.2016 Delcho Donev - Betreuer: Dr. Bécherer, Dr. Liva (DLR)
Constellation Shaping for Satellite Communication

15.04.2016 Julian Renner - Betreuer: Dr. Bocherer, T. Fehenberger
High-dimensional Probabilistic Shaping for Optical Communication
Systems

07.06.2016 Hussein Hammoud - Betreuer: L. Palzer
Lossy Compression of the Bernoulli-Gaussian Spike Source in the Finite
Blocklength Regime

01.07.2016 Lukas Holzbaur - Betreuer: H. Bartz, Dr. Sidorenko
Error-trapping for the Operator Channel

09.08.2016 Diego Lentner - Betreuer: Dr. Bocherer, Dr. Iscan, Dr. Xu
(beide Huawei)
Rate Adaptation Schemes for Polar Codes

02.09.2016 Michael Wedrat - Betreuer: Dr. Bocherer
Ordered Statistics Decoding

30.04.2015 Erich Heimerl - Betreuer: T. Fehenberger, S. Greef (Fa. Lantiq)
DSL Firmware Development and Verification

04.09.2015 Andreas Lang - Betreuer: T. Fehenberger
Implementing the Split-Step Fourier Method

4.5 Ingenieurspraxis

12.01.2015 Susanne Bernhofer - Betreuer: Prof. Kramer, W. Fengfei
(Fa. Hepa Wash GmbH)
Usability Engineering - Entwicklung eines Prozesses zur Analyse der
Nutzungsanforderungen



12.01.2015 Eghbal Darius Alexander Ketabtchi - Betreuer: Prof. Kramer,
M. Schonberger (Fa. TERACUE AG)

Technischer Support und Kundenservice im Bereich IPTV und
Durchfithrung von Produkttests mit Dokumentation

Master’s Theses

13.04.2015 Michael Koller - Betreuer: Prof. Kramer, Fa. R&S —
Integration von Referenzkurven in eine Messung eines Broadcast Signal BACHEIONS Theses
Analyzers

05.05.2015 Tamara Fiedler - Betreuer: Prof. Kramer, H. Clemens
(Fa. BSH Bosch u. Siemens Hausgerdte GmbH)
Planung und Umsetzung von innovativen AR-Apps fiir alle BSH-Marken

05.05.2015 Martina Kiechle - Betreuer: Prof. Kramer, C. Riedelbauch
(Siemens AG)

Entwicklung eines Kapazititsplanungstools und Erstellung einer SharePoint
2013 ShowCase Plattform

05.05.2015 Omer Tan - Betreuer: Prof. Kramer, E. Zerlach (BMW Group
Miinchen)

Zusammenstellen einer Messtechnikapplikation aus Standard HW/SW-
Komponenten

27.05.2015 Alexander Jesipow - Betreuer: Prof. Kramer, O. Gonschorekt
(Fa. ARRI)
Sensoranalyse anhand ALEV 11 und ALEV Il

06.07.2015 Ulrich Patrick Sandoval - Betreuer: G. Kramer, H Lippmann
(Infineon Technologies)

Weiterentwicklung des Netzwerkanalysetools (NAT) mit Schwerpunkt auf
Testfille

27.10.2015 Muhammed Efe - Betreuer: Prof. Kramer, A. Amjad,
M. Stinner
Improving Lab Experiment for Pulse Coded Modulation

27.10.2015 Mohamed Salah Ben Slimen - Betreuer: A. Nedelcu
SDR-Digital Modulation Real Time Receiver in Simulink

16.11.2015 Simon Heine - Betreuer: Prof. Kramer, Fa. R&S
Softwareentwicklung fiir Hochfrequenz- und Taktische Funkgerite

07.01.2016 David Ginthor - Betreuer: M. Stinner
An Alternative CMS for LNTwww

07.01.2016 Tobias Hirschmann - Betreuer: Prof. Kramer, Fa. Infineon
Technologies
Development of Success Measures for Special-purpose Order Re-promising

27.01.2016 Andrea Nicholas Beretta - Betreuer: Prof. Kramer,
Fa. Telemotive AG
Unterstilitzung des Teams Testmanagement im Bereich Automotive

29.01.2016 Mohamed Chennoufi - Betreuer: P. Schulte
WIKI zur Evaluierung der Leistungsfahigkeit moderner Codes

20.04.2016 Dominik Fienko - Betreuer: Prof. Kramer, Fa. Fujitsu

Technology Solutions
Integration der BS2000 SE Serie in das Enterprise System Management
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20.04.2016 Burak Tas - Betreuer: Prof. Kramer, Fa.Telemotive
Analog- und Digital-Radio: Konzeption und Automatisierung von
Testspezifikationen

07.06.2016 Amine Limem - Betreuer: Prof. Kramer, A. Baumann (SYXOS
GmbH)
Mail Tracking Project

01.07.2016 Matthias Engelhard - Betreuer: Prof. Kramer, Dr. Kelbeck
(Continental Automotive GmbH)

Erstellen von Spezifikationen und Testplédnen sowie Dokumentation fiir
Skriptprogramme

20.10.2014 Sebastian Requena-Witzig - Betreuer: Prof. Hanik, Fa.
Fraunhofer ESK
Entwicklung von Fahrerassistenzsystemen basierend auf Car2X-Daten

10.11.2014 Daniel Klimsa - Betreuer: Prof. Hanik, Dr. Blume (Siemens AG)
Integrated Spare Part Identification and Ordering

18.01.2015 Shu Liu - Betreuer: Prof. Hanik, R. Kuhn (Infineon Technologies)
Aufbau eines Evaluationsboards mit Vermessung durch einen Multiport-
Netzwerk-Analyser

18.01.2015 Linus Reitmayr - Betreuer: Prof. Hanik, Fa. BRAIN
Testmanagement FDDB

11.05.2015 Christian Lenk - Betreuer: Prof. Hanik, Dr. Heni (Fa. Silver
Atena Electronic Systems Engineering GmbH)

Erstellung einer Simulationsumgebung fiir eine UAV (Unmanned Air
Vehicle)

31.07.2015 Michael Hani - Betreuer: Prof. Hanik, E. Oberleithner
Characterisation of In-Car Powerline Communication Channels and
Evaluation of Noise Optimized Coupling Methods

23.11.2015 Tim Heinlein - Betreuer: Prof. Hanik, T. Rosner (R&S)
Datentest fiir Communication Tester

23.11.2015 Jonas Zucker - Betreuer: Prof. Hanik, S. Loffler (Fa.
IPETRONIK Eichstitt GmbH)
Kalibrierung/Justage der Ipetronik internen Datenerfassungsmodule

11.01.2016 Christian Bogner - Betreuer: Prof. Hanik, Fa. Intel Deuschland
Labor-Support und Hot-Spot-Kalibrierung gem. ISO9001

13.01.2016 Ahmet Burakhan Koyuncu - Betreuer: Prof. Hanik, T. Hopfner
(MVTec Software GmbH)
Aufbau eines Hardware-Testers fiir Bildeinzugs- und 10-Geriate

15.01.2016 Lei Zhang - Betreuer: Prof. Hanik, S. Quicel (Vodafone GmbH,
Miinchen)

Optimierung und Qualitétssicherung des Vodafone GSM-, UMTS- und LTE-
Mobilfunknetzes

08.07.2016 Jonathan Roth - Betreuer: Prof. Hanik, Fa. Rohde & Schwarz
Referenz-PLL mit umschaltbarer Zeitkonstante



5.1 Abgeschlossene Promotionsverfahren

Gerhard Kramer, Norbert Hanik und Giinter Soder

Inthe period 10/2014—-12/2016, seve-
ral members of LNT and LUT com-
pleted their Dr. Ing. dissertations.
Prof. Kramer was the doctoral ad-
visor of O. i§can, M. Heindlmaier,
J. Brauchle, M. El Hefnawy and
M. Stinner. Two doctoral candidates
from LUT - S. Hellerbrand and
Y. Chen — were supervised by Prof.
Hanik. In the following you can find
the abstracts of the dissertations and
biographies of our new doctors.

The current count of all com-
pleted Dr. Ing. dissertations at LNT,
LUT, and their predecessor institutes
going back to 1906, is 220.

Finally, Prof. Kramer and Prof.
Hanik thank their colleagues Polina
Bayvel, Stephan ten Brink, Giuseppe
Caire, Frank Kschischang, Michael
Lentmaier, Petar Popovski, Werner
Rosenkranz and Chi-Chun Wang for
serving as co-examiners. The repu-
tation of these outstanding scientists
puts a stamp of quality on the disser-
tations.

Professor Gerhard Kramer war in
den beiden letzten Jahren Doktor-
vater bei folgenden Promotionsver-
fahren:

— Dr. Onurcan Iscan (S. 38),

Dr. Michael Heindlmaier (S. 39),

— Dr. Joschi Brauchle (S. 40),

— Dr. Marwa El Hefnawy (S. 41),

— Dr. Markus Stinner (S. 42),

Die Seitenzahlen beziehen sich auf
die Kurzbeschreibungen der Disser-
tationen in diesem Heft. Ab S. 44

folgen noch Curricula vitae unserer
Doktoranden.

Marwa war seit Ende des Master-
studiums an der Universitit Ulm
(2011) als Doktorandin bei den
DOCOMO Communications Labo-
ratories Europe GmbH in Miinchen
tatig. Gerhard Kramer war von Be-
ginn an der fachliche Betreuer dieser
Promotion. Die Doktoranden Onur-
can, Michael, Joschi und Markus wa-
ren alle seit ihrem Studienende wis-
senschaftliche Mitarbeiter am LNT,
auch noch zum Zeitpunkt ihrer miind-
lichen Priifung.

Professor Norbert Hanik war seit
Oktober 2014 zweimal Erstgutachter
eines Promotionsverfahrens unserer
Fakultét:

— Dr. Stephan Hellerbrand,

— Dr. Yingkan Chen (S. 43).
Stephan und Yingkan waren lange-
zeit LUT-Mitarbeiter, zum Zeitpunkt
ihrer Promotion aber schon ausge-
schieden. Stephans Dissertation wur-
de bereits im Tatigkeitsbericht 2012—
2014 (auf S. 43) beschrieben. Ying-
kan ist aufgefiihrt, obwohl sein Pro-
motionsverfahren erst nach dem
30.09.2016 abgeschlossen wurde.

Seit Oktober 2014 hat sich die An-
zahl der vom LNT und seinen Vorgén-
gerinstitutionen insgesamt betreuten
Doktoranden (seit 1906) von 214
auf 220 erhoht. Gerhard Kramer war
seit seinem Amtsantritt im Jahr 2010
Erstgutachter bei zehn Promotions-
verfahren. Norbert Hanik hat seit
2004 zehn Doktorarbeiten betreut.

5.1

5.2
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5.4

Abgeschlossene

Promotionsverfahren

— Dissertation Iscan

— Dissertation Heindl-
maier

— Dissertation Brauchle

— Dissertation Hefnawy

— Dissertation Stinner

— Dissertation Chen

Curricula Vitae unserer
Doktoranden

Weitere
Promotionsverfahren mit

LNT-Beteiligung

Vortrige im
Doktorandenseminar

Doktorhutgalerie
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Die Nachfrage nach hoheren Daten-
raten erhoht den Bedarf fiir effiziente-
re Kommunikationssysteme. Vor al-
lem in der drahtlosen Kommunikation
sind die Ressourcen wertvoll und
die Gestaltung effizienter Systeme
ist von grofler Bedeutung. Wegen
dieser Herausforderung haben For-
scher eine Vielzahl von Losungen
fiir neue Kommunikationsstandards
entwickelt. Zum Beispiel wurden in
dem aktuell neuesten Standard Long
Term Evolution-Advanced (LTE-A)
Relais-Knoten eingefiihrt, die im
Grunde kleine Basisstationen sind,
welche mit geringer Leistung betrie-
ben werden und dazu beitragen, dass
sowohl die Reichweite als auch der
Durchsatz des Systems verbessert
werden.

Obwohl die theoretischen Unter-
suchungen von Relais-Systemen
bereits in den 1970er Jahren begon-
nen haben, hat es iiber 40 Jahre ge-
dauert, bis Relaisknoten in den mo-
dernen Standards verwendet werden.
Insbesondere etwa ab dem Jahr 2000,
nachdem Netzwerkcodierung ein ak-
tives Forschungsgebiet geworden ist,
wurde das Interesse am so genannten
Relaiskanal und seinen Erweiterun-
gen in der Forschungsgemeinschaft
erhoht.

In dieser Arbeit untersuchen wir
mit dem Zweiwege-Relaiskanal
(Two-way Relay Channel, TWRC)
eine Erweiterung des herkémmlichen
Relaiskanals. Ein TWRC beschreibt
eine bidirektionale Kommunikation
zwischen zwei Teilnehmern, in dem
ein dritter Knoten, der Relaiskno-
ten, den Benutzern hilft, ihre Nach-
richten gegenseitig zu iibermitteln.
Zum Beispiel bilden zwei mobile
Benutzer, die iiber eine gemeinsame
Basisstation kommunizieren, oder
zwei geografisch getrennte Boden-
stationen, die ihre Nachrichten {iber
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Dr.-Ing. Onurcan iscan

Design of Communication Systems for

Two-Way Relaying

Vorsitzender: Univ.-Prof. Dr.-Ing. Wolfgang Utschick
1. Berichter: Univ.-Prof. Dr. sc. techn. Gerhard Kramer
2. Berichter: Prof. Petar Popovski, Ph.D. (Aalborg University)

Tag der miindlichen Priifung: 11.12.2014

einen Satelliten austauschen, einen
solchen TWRC.

Als kleines Netzwerk eignet sich
der TWRC sehr gut, um verschiede-
ne Relaissysteme sowie Netzwerk-
codierungskonzepte zu studieren.
Dartiber hinaus beinhaltet der TWRC
als Komponenten einen Kanal fiir
Broadcast (BC) und einen weiteren
fiir Vielfachzugrift (Multiple Access,
MAC) und stellt komplizierte Prob-
leme zur Fehlerkorrektur fiir den BC,
fiir den gemeinsamen Netzwerkcode
sowie fiir die Codierung mit Seiten-
information bereit.

Ausgangspunkt dieser Arbeit war
das Forschungsprojekt NEXT (Net-
work Coding Satellite Experiment),in
dem ein Zwei-Wege-Satelliten-Kom-
munikationssystem entworfen und
implementiert wurde. Einige der in
dieser Dissertation vorgestellten Er-
gebnisse wurden wéhrend des drei-
jahrigen NEXT-Projekts entwickelt.
Die anderen Ergebnisse sind natiirli-
che Erweiterungen des Systems auf
verschiedene Konfigurationen.

Die Dissertation wurde 2015 in
der Reihe ,,Informationstechnik* im
Verlag Dr. Hut verdffentlicht.
ISBN:978-3-8439-1961-6.

The demand for higher data rates
drives the need for more sophisti-
cated communication systems. Espe-
cially in wireless communications,
resources are scarce and designing
efficient systems is of great impor-
tance. This challenge made commu-
nication system designers develop
a variety of solutions for new com-
munication standards. For instance,
in Long Term Evolution-Advanced
(LTE-A) relay nodes were introduc-
ed which are basically small base
stations that operate at low power
and help to enhance coverage and
increase throughput.

Althoughthe theoretical investiga-
tion of relaying began in the 1970s, it
took about 40 years for that research
to reach modern standards. Especial-
ly after network coding became an
active research topic in 2000 the
interest in the relay channel and its
extensions increased in the research
community.

In this thesis we investigate an
extension of the traditional relay
channel, namely the two-way relay
channel (TWRC). A TWRC descri-
bes a bidirectional communication
between two users where a third
node, the relay node, helps the us-
ers to convey their messages to each
other. For example, two mobile users
communicating via a base station or
two geographically separated earth
stations exchanging messages over a
satellite form a TWRC.

As a small network, the TWRC
is a good example to study different
relaying schemes, as well as network
coding concepts. Moreover, the
TWRC has as components a broad-
cast (BC) and a multiple access
(MAC) channel and incorporates
challenging problems in coding for
the BC and MAC, including joint
network-channel codes and coding
with side information.

The starting point of this the-
sis was the research project NEXT,
where a two-way satellite communi-
cation system was designed and im-
plemented from scratch. Some of the
results presented in this work were
obtained during the three year period
of this project. The other results are
natural extensions of the system to
different setups focusing on theoreti-
cal aspects rather than implementa-
tion issues.

This thesis was published in 2015
by Dr. Hut Verlag, Miinchen, in the
series ‘Informationstechnik’.
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Die Arbeit behandelt zwei verwandte
Themen aus dem Bereich der Mehr-
benutzer-Kommunikationssysteme,
nidmlich den Zwei-Wege Relais-Ka-
nal sowie den Broadcast-Auslo-
schungskanal mit Riickkopplung
und gedéchtnisbehafteten Kanélen.

Fiir das erste Szenario werden
Strategien untersucht, die auf Quan-
tisierung am Relais basieren. Vor-
geschlagen wird ein neues sub-
optimales Codierverfahren, das den
Decodieralgorithmus am Empfanger
vereinfacht und bei symmetrischen
Kanalbedingungen nahezu optimal
ist. Fiir das vorgeschlagene und wei-
terer solcher Codierverfahren wird
die Abhingigkeit der erreichbaren
Datenraten von der Wahl des Quan-
tisierers analysiert. Daraus ergeben
sich Algorithmen fiir den Entwurf ge-
eigneter praxisrelevanter Quantisie-
rer beim Relais. Diese Algorithmen
haben Ahnlichkeit mit dem klassi-
schen Blahut-Arimoto-Algorithmus
und lassen sich sowohl fiir Vek-
torquantisierer als auch fiir skalare
Quantisierer anwenden.

Die verschiedenen Codierverfah-
ren erfordern unterschiedliche itera-
tive Decodieralgorithmen. Die Ver-
fahren werden mittels eines Gesamt-
Faktorgraphen auf praktische Codes
abgebildet und die entsprechenden
Berechnungsvorschriften fiir den ite-
rativen Decoder hergeleitet. Zuletzt
werden die unterschiedlichen Ver-
fahren in numerischen Simulationen
miteinander verglichen.

Der zweite Teil der Arbeit unter-
sucht die Kapazititsregion des Zwei-
Benutzer Broadcast-Ausloschungs-
kanals mit Riickkopplung und Kanal-
geddchtnis. Das Kanalgedéchtnis
wird mit Hilfe von Markov-Ketten
modelliert.

Fiir dieses Szenario werden dulle-
re Schranken fiir die Kapazititsre-

gion hergeleitet. Diese konnen von
praktischen Codierverfahren erreicht
werden und beschreiben somit die
Kapazitdtsregion. Dabei zeigt sich,
dass bei geddchtnislosen Kanélen die
Kapazitdtsregion durch Riickkopp-
lung signifikant vergrof3ert wird.

Die optimalen Codierverfahren
konnen mit vernetzten Warteschlan-
gen modelliert werden. Dieses Mo-
dell wird auch verwendet, um heu-
ristische Verfahren mit geringer
Komplexitdt herzuleiten.

Die Dissertation ist 2015 im Ver-
lag Dr. Hut, Miinchen, in der Reihe
JInformationstechnik® erschienen.
ISBN: 978-3-8439-2391-0.

The thesis addresses two multi-user
communication scenarios that share
common ground: The Two-Way Re-
lay Channel and the Broadcast Pack-
et Erasure Channel with feedback
and channel memory.

For the first scenario, we focus on
Quantize-and-Forward strategies. We
propose a novel suboptimal coding
scheme that simplifies decoding at
the receivers and that is close to op-
timal for symmetric channel condi-
tions. The achievable rates for the
proposed and other coding schemes
depend on the choice of the quan-
tizer at the relay. We analyze this
dependency and design algorithms
to optimally choose the quantizer
for both vector and scalar quantiz-
ers. These algorithms have a similar
structure as the classic Blahut-Ari-
moto Algorithm.

The various coding schemes re-
quire different iterative decoding al-
gorithms. We design practical codes
and iterative message passing de-
coding with an overall system factor
graph. The special structure of the
factor graph requires novel message
passing rules. The different schemes

onen

are implemented and evaluated in
numerical simulations.

The second part deals with the
Two-Receiver  Broadcast Packet
Erasure Channel with feedback and
channel memory. The channel me-
mory is modeled with a finite-state
Markov chain representing a channel
state.

The capacity region of this chan-
nel without memory shows that feed-
back can increase the rate regions
significantly. However, many prac-
tical communication systems have
bursty packet losses. Feedback ena-
bles the transmitter to predict packet
losses in the upcoming transmissions
and to improve the overall perfor-
mance.

We distinguish if the transmitter
has access only to the acknowledge-
ments of the receivers, or if it can
additionally observe the channel sta-
te strictly causally. We derive outer
bounds on the capacity region for
both cases. The outer bounds can
be achieved and hence describe the
capacity region. The coding schemes
can be modelled with a system of net-
worked queues. Queueing analysis
methods such as max-weight back-
pressure scheduling and Lyapunov
drift theory are used to analyze the
setup and to establish the capacity
result.

The optimal algorithms require
large worst-case queue sizes. Based
on the optimal coding scheme, we
design suboptimal heuristic coding
mechanisms with guaranteed worst-
case queue size and low complexity.
We observe that these algorithms per-
form almost as well as the optimal
schemes.

This thesis was published in 2015
by Dr. Hut Verlag, Munich, in the
series “Informationstechnik”. ISBN:
978-3-8439-2391-0.
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Die Arbeit behandelt zwei Themen
aus der algebraischen Codierungs-
theorie. Im ersten Teil wird die
multivariate  interpolationsbasierte
Listen-Decodierung (MID) von Reed-
Solomon (RS) und verwandten Feh-
lerkorrekturverfahren untersucht. Zu
den betrachteten Fehlerkorrekturver-
fahren zéhlen verallgemeinerte und
verschachtelte RS-Codes, Parvaresh-
Vardy-Codes und die davon abgelei-
teten gefalteten RS-Codes, welche al-
lesamt eine Listen-Decodierung jen-
seits ihrer halben Mindestdistanz er-
lauben. Es werden die Struktur und
Eigenschaften sowie insbesondere
die Gemeinsamkeiten der genannten
Verfahren erldutert und diese in eine
universelle Darstellung iiberfiihrt.
Anschlieend wird die linear-al-
gebraische MID vorgestellt, die voll-
standig durch lineare Gleichungssys-
teme beschrieben und geldst werden
kann. Die Anzahl der korrigierbaren
Fehler (Decodierradius) wird sowohl
fir die universelle Darstellung als
auch fiir die einzelnen Verfahren her-
geleitet. Fiir die Berechnungskom-
plexitit der MID ist die GroB3e des Lo-
sungsraums (Listengrofle) maligeb-
lich. Es wird gezeigt, dass sich die
ListengroBe und deren Verteilung
tiber die Gewichtsfunktion von RS-
Codes bestimmen und abschétzen las-
sen. Decodierradius, Fehler- und Aus-
fallwahrscheinlichkeit sowie Kom-
plexitit des MID-Verfahrens werden
theoretisch beschrieben und durch
Computersimulationen bestétigt.
Der zweite Teil der Arbeit beschif-
tigt sich mit der Generalized-Mini-
mum-Distance (GMD) Decodierung.
Hierbei wird Zuverldssigkeitsinfor-
mation liber die Empfangssequenz-
symbole, die in algebraischen Feh-
lerkorrekturverfahren oft verworfen
wird, durch das gezielte Einbringen
von Ausldschungen und die mehrfa-
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che Anwendung eines Decodieralgo-
rithmus nutzbar gemacht. Verschie-
dene Strategien zur Einbringung der
Ausloschungen werden vorgestellt
und die jeweils optimale Anzahl und
Verteilung der Ausloschungen im
Empfangswort hergeleitet.

Die Anzahl der benétigten Deco-
dierversuche, um einen bestimmten
Anteil von Fehlern im Empfangs-
wort zu korrigieren, ist von grolem
praktischem als auch theoretischem
Interesse. Der Zusammenhang zwi-
schen dieser Anzahl, der angewandten
GMD-Strategie sowie dem sogenann-
ten Fehler-zu-Ausldschungsverhalt-
nis des verwendeten Decoders wird
dargelegt. Es zeigt sich, dass insbe-
sondere die MID-Verfahren mit nied-
rigem Fehler-zu-Ausloschungsver-
héltnis aus dem ersten Teil der Arbeit
in Hinblick auf die GMD-Decodie-
rung positive Eigenschaften besitzen
und bereits nach einer geringen An-
zahl von Versuchen den maximalen
Decodierradius erreichen.

This thesis addresses two topics of
algebraic coding theory. The first
part of the work studies multivari-
ate interpolation-based list-decoding
(MID) of Reed-Solomon (RS) and
related codes. We consider general-
ized and interleaved generalized RS
codes, Parvaresh-Vardy codes and
two versions of folded RS codes that
are all decodable beyond half their
minimum distance using list-decod-
ing. The construction and properties
of the aforementioned codes are pre-
sented and embedded into a univer-
sal code description. Linear-algebra-
ic MID is introduced, which is de-
scribed and solved by linear systems
of equations.

The number of correctable errors,
or decoding radius, of MID is de-
rived in a general form for the uni-

versal code construction and speci-
fied explicitly for the codes under
consideration. The size of the solu-
tion space, i.e., the output list size, is
the main contributor to the computa-
tional complexity of linear-algebraic
MID. We relate the size to the weight
enumerator function of RS codes
and use this relationship to quantify
and bound its value. Numerical and
simulation results on the codeword
error rate, probability of decoding
failure and the complexity of linear-
algebraic MID are presented.

The second part of this thesis stud-
ies generalized minimum distance
(GMD) decoding, which allows to
make use of reliability information
on the received symbols by applying
an algebraic error-erasure decoder in
a multi-trial manner. An algebraic de-
coder can correct more erasures than
errors, where the ratio between these
numbers is called the error-erasure
tradeoff of the decoder. In each de-
coding trial, a certain number of low
reliability symbols are erased and the
modality of erasing these symbols
is of critical importance for the suc-
cess of the decoding procedure. We
investigate different erasing strate-
gies based on either erasing a frac-
tion of the symbols or erasing all
symbols below a certain reliability
threshold, and these strategies may be
either static or adapt to the received
sequence. The optimal fraction or
threshold and the position of the eras-
ures is determined, and the maximum
achievable decoding radius after a
certain number of decoding trials is
derived for all considered strategies.
It is shown that the number of trials
is reduced significantly for decoders
of low error-erasure tradeoff, which is
especially the case for interpolation-
based list-decoding considered in the
first part of the work.



Dr.-Ing. Marwa El Hefnawy

Spectral Efficiency and Spectral Shaping of Faster-than-

Nyquist Signals

Vorsitzender: Univ.-Prof. Dr.-Ing. Klaus Diepold

1. Berichter:

Univ.-Prof. Dr. sc. techn. Gerhard Kramer

2. Berichter: Univ.- Prof. Dr.-Ing. Stephan ten Brink (Universitét Stuttgart)

Tag der miindlichen Priifung: 11.12.2015

Die Arbeit untersucht Eigenschaften
der sog. Faster-than-Nyquist (FTN)
Signalisierung. Dieses nicht orthogo-
nale Ubertragungsverfahren konnte
fiir zukiinftige Ubertragungssysteme
von Interesse sein. FTN erhoht die
Datenrate gegeniiber dem Nyquist-
kriterium. Dadurch kommt es beim
Sender zu Intersymbolinterferenzen
(ISI), die durch geeignete Mafinah-
men am Empfinger bekdmpft wer-
den miissen. Interessant ist dieses
Verfahren fiir Anwendungen, die
Kosten beim Sender einsparen sollen
und wenn eine adaptive Datenanpas-
sung erwiinscht ist.

In der Arbeit werden Kapazitétsbe-
rechnungen fiir FTN-Anwendungen
prasentiert, wobei von Interferenzen in
benachbarten Frequenzbindern aus-
gegangen wird. Beim Multi Access
Channel (MAC) ergibt sich die ma-
ximale spektrale Effizienz fiir den
sinc-Impuls. Dieser ist ein Sonderfall
des Root Raised Cosine (RRC) Im-
pulses mit dem Rolloft-Faktor 0.

Bei niedrigem S/N-Verhiltnis wird
die spektrale Effizienz durch FTN
weder verbessert noch verschlech-
tert. Bei groBem SNR sollten dage-
gen Impulsinterferenzen moglichst
vermieden werden.

Im letzten Teil der Arbeit wird un-
tersucht, ob und mit welchem Auf-
wand man bei FTN-Signalisierung
die Datenrate durch Spectral Sha-
ping erhohen kann Der bestmdgliche
Spektralformer hinsichtlich Informa-
tionsrate hingt davon ab, ob man als
Nebenbedingung die Eingangsleis-
tung des Shapers begrenzt oder die
Ausgangsleistung. Beide Varianten
werden behandelt.

Durch Simulation wurde gezeigt,
dass sich der maximale Durchsatz
fiir eine Konfiguration mit Adaptiver
Modulation, Codierung und FTN
(AMCEF) ergibt. Der Durchsatz ist

groBer als bet AMC-OFDM (Ortho-
gonal Frequency-Division Multiple-
xing).

Die Dissertation erschien 2016
im Verlag Dr. Hut, Miinchen, in der
Reihe ,,Informationstechnik®. ISBN:
978-3-8439-2492-4.

Although LTE and LTE-Advanced
can accommodate the rapid increase
of wireless user access for some
years, demand to increase the system
capacity continues to grow dramati-
cally. The total traffic of wireless ac-
cess is expected to increase beyond
500-fold in 2020 as compared to
2010. Considering the increasing use
of smart phones and tablets, further
development of new radio access
techniques is indispensable to en-
hance the system capacity as well as
user data rate for future mobile com-
munication systems beyond LTE-Ad-
vanced.

For mobile radio systems, the
transmission signal waveform and
multiple access methods are repre-
sentative core techniques. To improve
system performance, non-orthogonal
transmission schemes are being con-
sidered that may improve power spec-
tral efficiency as compared to orthog-
onal transmission.

In this work, we studied Faster-
than-Nyquist (FTN) signaling which
is a non-orthogonal transmission
scheme. FTN increases the data rate
by sampling faster than the Nyquist
intersymbol interference (ISI) crite-
rion rate. In this way, an intentional
ISI is induced at the transmitter and
is combated at the receiver. FTN
may be interesting for applications
that need low cost transmitters and
flexible rate adaptation.

Capacity computations were pre-
sented for FTN signaling in the pres-
ence of interference from neighbor-

ing frequency bands. It was shown
that sinc pulses maximize the spectral
efficiency for a multi-access channel,
where spectral efficiency is defined
as the sum rate in bits per second
per Hertz. Comparisons using Root
Raised Cosine (RRC) pulses showed
that the spectral efficiency decreases
monotonically with the roll-off fac-
tor. FTN neither improves nor de-
grades the spectral efficiency at low
SNR. At high SNR, it is best to avoid
interference. Also at high SNR, the
RRC pulses have an additive gap to
capacity that increases monotonical-
ly with the roll-off factor.

Spectral shaping is applied to FTN
signaling to improve information
rates. Under a transmit power con-
straint, the best shape is an inverse
filter but for RRC pulses this re-
quires infinite power at the shaper
input. Both input and output power
constraints at the shaper were thus
proposed as a solution to maximize
the information rate while still guar-
anteeing practicality.

An FTN-OFDM (Orthogonal
Frequency-Division — Multiplexing)
system is developed that implements
spectral shaping and treats the ISI
generated by the FTN efficiently.
The shape of the effective channel in
the frequency domain that resulted
from this ISI differs according to the
FTN rate.

The performance of the FTN-
OFDM system was evaluated through
simulations. To achieve a maxi-
mized system throughput, we pro-
posed using Adaptive Modulation,
Coding and FTN (AMCF) which
achieves higher normalized through-
put than AMC-OFDM.

This thesis was published in 2016
by Dr. Hut Verlag in the series “In-
formationstechnik”. ISBN: 978-3-
8439-2492-4.
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Die Arbeit analysiert das Verhal-
ten endlich langer Spatially Coupled
Low-Density  Parity-Check  (SC-
LDPC) Codes, basierend auf Proto-
graphen. Da viele Konstruktionen
Thresholds nahe der Kapazitit und
gleichzeitig niedrige Error Floors
zeigen, Ubertrifft keines im asymp-
totischen Bereich die anderen. Ab-
héngig von der Anwendung sind je-
doch weitere Kriterien zu betrach-
ten, wie zum Beispiel die Korrektur-
leistung bei Window Decoding, die
Robustheit bei Puncturing sowie die
Korrekturleistung in der Waterfall-
Region fiir kurze bis mittlere Block-
langen.

Fiir die Analyse wird oft Peeling
Decoding (PD) angewendet. Es wur-
de zwar gezeigt, dass verschiedene
iterative Decodierer dasselbe Resul-
tat erreichen, nicht bekannt ist aber,
welche Decodierer verglichen wur-
den. Auch nicht klar ist, ob das Ver-
halten von PD und Belief Propaga-
tion (BP) wihrend des Decodierens
identisch ist.

In der Dissertation wird die Aqui-
valenz von PD und BP fiir LDPC-
Codes untersucht, wobei vom Binary
Erasure Channel (BEC) ausgegangen
wird. Durch ein modifiziertes Sche-
duling fiir PD wird gezeigt, dass PD
in jeder Iteration exakt gleiche Vari-
able Nodes (VNs) wie BP 10st.

Anschlieend wird der Decodier-
vorgang als stochastischer Prozess
modelliert, um Prognosen fiir die Kor-
rekturleistung in der Waterfall Region
zu erhalten. Basierend auf dem Pro-
tographen, der das jeweilige Ensem-
ble des SC-LDPC-Codes generiert,
charakterisieren Scaling-Parameter
das Verhalten fiir endliche Léngen
in der Waterfall-Region. Es wird ge-
zeigt, dass die Korrekturleistung von
strukturierten SC-LDPC-Codes ei-
nem Scaling Law &hnlich dem weni-
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ger strukturierter, vielmehr zufillig
konstruierter SC-LDPC-Codes folgt.

Relevante SC-LDPC-Protograph-
Strukturen werden verglichen. Es
zeigen sich signifikante Unterschiede
in threm Finite-Length Scaling-Ver-
halten, was mit Simulationsergebnis-
sen belegt wird. In der Waterfall-
Region schlagen Spatially Coupled
Repeat-Accumulate Codes andere
Strukturen gleicher Rate und besse-
ren asymptotischen Thresholds.

AbschlieBendwirdanstelleder An-
zahl losbarer Gleichungen die Ab-
nahme von geldschten Jariable
Nodes wihrend des Decodierprozes-
ses untersucht. Diese messbare Grofie
kann auch mit Density Evolution mit
deutlich reduzierter Komplexitit be-
rechnet werden. Schlielich wird ein
Scaling Law fiir LDPC-Codes basie-
rend auf dieser Grofle vorgeschlagen
und mit Simulationen verifiziert.

Die Dissertation wird in der Reihe
,Informationstechnik® im Verlag Dr.
Hut verdffentlicht.

The finite-length performance of spa-
tially coupled low-density parity-
check (SC-LDPC) codes constructed
from protographs is analyzed. Since
many of these constructions show
thresholds close to capacity and low
error floors, no ensemble clearly out-
performs the others from an asymp-
totic point of view. Depending on the
application, other criteria are taken
into account, e.g., the performance
of sliding window decoding, robust-
ness against puncturing to obtain
high-rate codes, and the SC-LDPC
performance in the waterfall region
for short to moderate block lengths.
These aspects remain open research
problems.

For analysis, often peeling deco-
ding (PD) is used. It is known that
different iterative decoders obtain the

same result, but it was not stated
which decoders were applied. It is
also not clear if the behavior of PD
and belief propagation (BP) during
decoding is the same.

In this work, the equivalence of
PD and BP for LDPC codes over the
binary erasure channel (BEC) is exa-
mined. Modifying the scheduling for
PD, it is shown that exactly the same
variable nodes (VNs) are resolved in
every iteration as with BP.

The decoding process is then
modeled as a random stochastic pro-
cess to obtain estimates for the error
probability in the waterfall region.
Given the protograph used to gener-
ate a SC-LDPC code ensemble, a set
of scaling parameters is computed to
characterize the average finite-length
performance in the waterfall region.
The error performance of structured
SC-LDPC code ensembles is shown
to follow a scaling law similar to that
of unstructured randomly-construct-
ed SC-LDPC codes.

Several SC-LDPC protograph
structures are compared. The analy-
sis reveals significant differences in
their finite-length scaling behavior,
which is corroborated by simulation.
In the waterfall region, spatially-cou-
pled repeat-accumulate codes out-
perform other SC-LDPC codes that
have the same rate but better asymp-
totic thresholds.

The decrease in the number of
erased VNs during the decoding pro-
cess is analyzed instead of the num-
ber of resolvable equations. The
former quantity can also be tracked
with much less complexity using
density evolution. Finally, a scaling
law using this quantity is established
for SC-LDPC codes.

This thesis will be published in
the series ,,Informationstechnik* by
Dr. Hut Verlag, Munich.
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In dieser Dissertation werden unter-
schiedliche Einsatzmdglichkeiten des
Orthogonalen Frequenzmultiplexver-
fahrens (Orthogonal Frequency Divi-
sion Multiplex, OFDM) in optischen
Ubertragungsnetzen untersucht, und
zwar theoretisch, mittels Computer-
simulation und experimentell. An-
wendungsmoglichkeiten im optischen
Zugangsnetz, in kohdrent-optischen
Polarisationsmultiplexsystemen (Po-
larisation Division Multiplex, PDM)
fiir so genannte Weitverkehrssyste-
me sowie der Einsatz in neuartigen
Mehrmodefasern  (Space-Division
Multiplex, SDM) werden ausfiihrlich
diskutiert.

Im optischen Zugangsnetz wer-
den bei Datenraten von 40 Gbit/s im
Downlink und 10 Gbit/s im Uplink,
sowohl fiir Direktdetektion als auch
fiir kohérente Detektion unterschied-
liche Methoden zur zeitlichen Syn-
chronisation, zur Kompensation der
Tragerfrequenzabweichung zwischen
unterschiedlichen Netzwerkeinhei-
ten, und zur optimierten Signalde-
tektion untersucht.

Ein mit Projektpartnern durchge-
fiihrtes Feldexperiment demonstriert
abschlieBend die Einsatzfahigkeit
derart optimierter optischer OFDM-
Systeme in einem realen Zugangs-
netz-Szenario im Raum Berlin mit
37,5 km Lénge mit dynamischer
Bandbreitenzuweisung.

Fir kohdrente PDM-OFDM-
Weitverkehrssysteme wurden eben-
falls umfangreiche Untersuchungen
durchgefiihrt. Hier wurden Algorith-
men zur Kompensation unterschied-
licher degradierender Effekte (Ab-
tastfrequenzversatz, Trigerfrequenz-
Offset, Laser-Phasenrauschen, Faser-
nichtlinearitat, lineare Kanalverzer-
rungen) theoretisch analysiert und mit
Hilfe numerischer Simulation vali-
diert.

Abschlie3end wurde das Einsatz-
potential der OFDM-Ubertragung in
neuartigen Few-Mode-Fasern unter-
sucht, die die gleichzeitige Nutzung
mehrerer Ausbreitungsmoden er-
lauben. In einem Laborexperiment
in Zusammenarbeit mit der Coriant
GmbH, Miinchen, wurde im opti-
schen C-Band mit zwolf Fasermo-
den eine Brutto-Datenrate von 41,6
Tbit/s tiber 74,17 km Few-Mode Fa-
ser libertragen.

Die Dissertation wird in der Reihe
,Informationstechnik* im Verlag Dr.
Hut veroffentlicht.

Optical transmission using orthogo-
nal frequency-division multiplexing
(OFDM) was extensively studied in
this work. Applications in optical ac-
cess networks, long-haul coherent op-
tical polarization-division multiplex-
ing (PDM) systems, and coherent
optical spatial-division multiplexing
(SDM) systems have been discussed
in the scope of the dissertation.

In order to meet the require-
ments of the growing demand in the
broadband access network, the opti-
cal community has been looking for
a solution for the next generation
passive optical network (NGPON),
which should provide 40 Gbit/s in
the downlink and 10 Gbit/s in the up-
link with lower operational and capi-
tal expenditure for carriers, and cost
effective receivers for the subscriber.
Among different modulation tech-
niques, OFDM-PON is regarded as
one of the candidates. In the first part
of the dissertation, OFDM-PON is
studied in detail.

In the downlink, supported power
budgets of direct detection and coher-
ent detection systems were investi-
gated, considering fiber nonlinearity
mitigation methods and optimized
signal detection, e.g. by using coded

nen

modulation. Comprehensive simula-
tions illustrated the necessity of
adopting coherent detection to sup-
port 1024 optical network units
(ONUs) per feeder fiber.

In the uplink, critical problems
such as uplink time synchronization,
carrier frequency offset among ONUs
and phase noise mitigation were in-
vestigated. DSP algorithms for the
OFDM subcarrier recovery in the op-
tical line terminal (OLT) were stud-
ied. With support from CAU-Kiel
and T-Labs, a field transmission ex-
periment was carried out in Berlin,
successfully demonstrating a 37.5 km
bidirectional urban OFDM access
network using cost effective, laser-
free, ONUs with dynamic bandwidth
allocation and trellis coded modula-
tion (TCM).

To address the coming “capacity
crunch” due to the ever growing
capacity demand, investigations in-
to multimode-division multiplexing
which enables the spatial dimen-
sion to be exploited were carried out
with the support from Coriant R&D
GmbH. Extensive research was con-
ducted in developing DSP algorithms
for compensating system distortions
including sampling frequency offset,
carrier frequency offset, laser phase
noise, fiber nonlinearity, and the pre-
amble-based MIMO channel equali-
zation. The effectiveness of these
methods was validated through nu-
merical simulations. Finally a lab ex-
periment of 41.6 Tbit/'s SDM OFDM
transmission (net data rate of 16.8
Tbit/s) over the full C-band through
12 spatial and polarization modes
over 74.17 km few mode fiber was
demonstrated to illustrate the feasibil-
ity of the developed system concept.

This thesis will be published by
Dr. Hut Verlag, Munich in the series
“Informationstechnik”.
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Dr.-Ing. Joschi Brauchle, 1982 in
Bad Reichenhall geboren, studierte
G an der TU Miinchen

/ von 2002 bis 2007
Elektrotechnik  und
Informationstechnik.
Nach Abschluss des
Vordiploms  absol-
_SE vierte er von 2005 bis
2006 ein einjahriges Masterstudium
am Georgia Institute of Technology
in Atlanta, Georgia, USA. In seiner
Diplomarbeit am LNT beschiftigte
er sich mit der Soft-Input-Decodie-
rung von Reed-Solomon-Codes in
verketteten Systemen und mit Soft-
Output Listen-Decodierung von in-
neren Faltungscodes.

Nach Abschluss seiner Diplom-
arbeit war Joschi Brauchle von Ende
2007 bis Mitte 2015 wissenschaftli-
cher Assistent von Prof. Kétter und
Prof. Kramer. Seine Forschungsar-
beiten beschiftigten sich vorwiegend
mit der algebraische Codierungs-
theorie und hier insbesondere mit den
Eigenschaften von bivariaten, inter-
polationsbasierten Decodierverfah-
ren fiir Reed-Solomon-Codes sowie
mit der Fehlerkorrekturleistung von
mehrdimensionalen Verfahren bei
verwandten Codekonstruktionen. Im
Winter 2013 verbrachte er einen drei-
monatigen Forschungsaufenthalt an
der University of Toronto, Kanada.

In der Lehre konzipierte und be-
treute Joschi Brauchle von 2008 bis
2013 die Ubung fiir die Vorlesung
Channel Coding im Masterstudien-
gang, wofiir ihm 2013 der von den
Studierenden vergebene Dozenten-
preis der Fachschaft fiir Elektro- und
Informationstechnik verlichen wur-
de. Er betreute wahrend seiner ge-
samten Assistentenzeit verschiedene
studentische Arbeiten im Hauptse-
minar sowie im MSCE-Seminar und
etliche Bachelor- und Masterarbei-
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5.2 Curricula Vitae unserer Doktoranden

Joschi Brauchle, Yingkan Chen, Marwa El Hefnawy, Michael
Heindlmaier, Onurcan iscan, and Markus Stinner

ten. 2015 organisierte er das Haupt-
seminar.

Neben Forschung und Lehre war
Joschi Brauchle von 2009 bis 2015
als Systemadministrator fiir Konzep-
tion und Wartung des Computernet-
zes und sdmtlicher IT-Systeme am
LNT mitverantwortlich. Zu seinen
weiteren administrativen Aufgaben
zdhlte die Verwaltung der Lehr-
stuhlbibliothek von 2008 bis 2013.

Dr.-Ing. Yingkan Chen wurde 1986
in Shanghai, China, geboren. 2009
schloss er den B.Sc.
an der Tongji Univer-
sitdt in Shanghai ab,
2011 denM.Sc. ander
TU Miinchen. Bei-
de Studienginge ge-
horten zum Bereich
Elektro- und Informationstechnik
mit dem Schwerpunkt Nachrichten-
technik.

Ende 2011 wurde Y. Chen wis-
senschaftlicher Mitarbeiter am LNT
im Fachgebiet Leitungsgebundene
Ubertragungstechnik (LUT). Bis Juli
2013 bearbeitete er im Rahmen des
BMBF-Projekts ATOB (Architektu-
ren, Technologien, Offene Netzinfra-
struktur fiir das Optische Breitband-
zugangsnetz) die Optimierung des
OFDMA-PON-Systems, DSP-Algo-
rithmen zur Entzerrung des gestorten
Signals sowie in Zusammenarbeit
mit T-Labs, der Christian-Albrechts-
Universitét zu Kiel, dem Fraunhofer
HHI und EICT die Feldmessung.

Von August 2013 bis Februar2015
war Yingkan Gastforscher bei der
Coriant R&D GmbH in Miinchen
und beschéftigte sich in dieser Zeit
im Rahmen des EU-FP7-Projekts
ModeGap, Schwerpunkt ,,Optische
Modemultiplexverfahren (MDM),
mit dem Forschungsthema ,,Opti-
sches Raummultiplexverfahren®. Da-
zu untersuchte er den Entwurf und
die DSP-Algorithmen fiir das opti-
sche MDM-WDM-OFDM-System.
Die Arbeit wurde durch ein Labor-
experiment mit 41.6 Tb/s iiber das
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gesamte C-Band erfolgreich zusam-
mengefasst. Die Ergebnisse wurden
im Journal of Lightwave Technology
als eingeladener Beitrag verdffent-
licht.

Yingkan Chen war iiber vier Jah-
re Ubungsassistent fiir die Vorlesung
Optical Communication Systems. Er
betreute verschiedene studentische
Arbeiten im Hauptseminar sowie
im MSCE-Seminar und etliche Ba-
chelor- und Masterarbeiten.

Am 01.09.2016 hat Dr. Chen bei
der Coriant R&D GmbH in Miin-
chen eine Stelle im Bereich optische
Ubertragungssysteme angetreten.

Dr.-Ing. Marwa El Hefnawy was
born in Cairo, Egypt. She studied
Electrical Enginee-
ring and Information
Technology (Major:
Communications En-
gineering) at the Ger-
man University in
Cairo (GUC) where
she was awarded her bachelor’s de-
gree in 2009 with highest honor. In
2008, she did her bachelor thesis
at the Institute of System Theory
and Signal Processing at Stuttgart
University. She proceeded with her
graduate studies and was awarded a
master’s degree in Communications
Engineering and Technology from
Ulm University in 2011. During her
master’s studies, she had a student
job at Nokia Siemens Networks con-
cerning Investigating and Analyzing
Frequency Error Correction Meth-
ods for the LTE Uplink.

After completing her master’s
studies, Marwa El Hefnawy joined
DOCOMO Euro-Labs GmbH in Mu-
nich as a Dr. Ing. candidate in the
wireless research group. Her research
areas were new waveforms, modula-
tionand coding techniques for 5G cel-
lular communications with a focus on
Faster-Than-Nyquist (FTN) signals.
She participated in the EU-FP7 fun-
ding project METIS working on 5G
radio access technologies.



In 2015, Marwa El Hefnawy re-
ceived her doctoral degree from
the Technical University of Munich
(TUM) under the supervision of
Prof. Gerhard Kramer.

Since February 2016, Dr. El Hef-
nawy is with Intel GmbH in Munich.

Dr.-Ing. Michael Heindlmaier, ge-
boren 1983 in Alt6tting, studierte von
2003 bis 2008 Elek-
trotechnik und In-
formationstechnik an
der TU Miinchen.
Nach Abschluss der
Bachelorarbeit absol-
e vierte er den Master-
studiengang ,,Systeme der Informa-
tions- und Multimediatechnik®, der
gemeinsam von der TU Miinchen
und der FAU Erlangen angeboten
wurde. Fiir ein Jahr war er an der
Universitdt Nizza-Sophia Antipolis,
mit dem Studienfokus auf Signalver-
arbeitung.

In seiner Masterarbeit am LNT
beschéftigte er sich mit optimierten
Schedulingverfahren fiir Multihop-
Kommunikationsnetze. Von 2008 bis
2014 war Michael Heindlmaier wis-
senschaftlicher Mitarbeiter bei Prof.
Kétter und Prof. Kramer. Er befasste
sich mit Inter-Session Network Co-
ding, Relayingverfahren mit geringer
Komplexitit, optimierten Quantize-
and-Forward Verfahren sowie mit
Broadcast-Ausloschungskanélen mit
Feedback und gedéchtnisbehafteten
Kanélen.

Im Herbst 2009 verbrachte er einen
dreimonatigen Forschungsaufenthalt
bei Prof. Muriel Médard am Mas-
sachusetts Institute of Technology
(MIT) in Cambridge, im Frithjahr
2013 war er als Gastwissenschaftler
bei den Alcatel-Lucent Bell Labs in
Murray Hill. Fiir seine Forschungs-
arbeiten wurde ihm 2013 die Qual-
comm Innovation Fellowship verlie-
hen.

In der Lehre betreute Michael
Heindlmaier die Grundlagenvorle-
sung Nachrichtentechnik 1, sowohl
an der TU Miinchen als auch an der
TUM Asia in Singapur.

Zu seinen weiteren Aufgaben am
LNT zihlte 2009/2010 die Bearbei-
tung des EU-Projekts Newcom++
und von 2012 bis 2014 in Kollabora-
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tion mit dem Deutschen Zentrum fiir
Luft- und Raumfahrt (DLR) das For-
schungsprojekt Munich Aerospace.

Seit April 2015 arbeitet Dr. Heindl-
maier bei der Firma Cadami in Miin-
chen, die Software fiir die effiziente
Auslieferung von Videoinhalten ent-
wickelt. Er hat diesen Spin-Off mit
zwei ehemaligen TUM-Kollegen mit-
gegriindet.

Dr.-Ing. Onurcan fscan was born
in Istanbul in 1983. He received his
B.Sc. degree in Tele-
communications En-
| gineering from Istan-
bul Technical Uni-
versity in 2006 and
his M.Sc. degree in
Communications En-
gineering from TUM in 2008. In
2009 Onurcan joined the LNT where
he worked as a research and teaching
assistant for Prof. Kramer. During
this time, he was responsible for the
Communications Laboratory and the
Wireless Communications Labora-
tory.

His main research direction was
coding for relay networks, joint chan-
nel and network codes, and coding
with side information. He also worked
on the research project NEXT, where
resource efficient communication
systems based on network coding
were designed and implemented for
a satellite environment.

In 2014 he spent two months at
the Institute for Telecommunications
Research in Adelaide, South Austra-
lia, where he worked on different
coding problems for broadcast chan-
nels with side information.

In April 2015, Dr. Iscan joined the
European Research Center of Hua-
wei Technologies Diisseldorf GmbH
in Munich.

Dr.-Ing. Markus Stinner wurde 1986
in Ulm geboren. Er studierte an der
Universtitidt Ulm von
2006 bis 2011 Elek-
trotechnik. Das Studi-
um beinhaltete 2008
auch ein Auslandsse-

mester an der Uni-
‘ b versity of Adelaide,
Australien. In seiner Diplomarbeit
am Institut fiir Telekommunikation
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und Angewandte Informationstech-
nik befasste er sich mit Partial Unit
Memory Codes basierend auf Gabi-
dulin-Codes.

Von 2011 bis 2016 war M. Stinner
wissenschaftlicher Assistent von
Prof. Kramer am LNT. Sein Schwer-
punkt lag dabei auf der Analyse von
Spatially Coupled Low-Density Pari-
ty-Check Codes fiir endliche Langen.

Im Juni 2012 war er zu einem
Forschungsaufenthalt an der ENSEA
in Cergy-Pontoise nahe Paris, im No-
vember 2015 an der Universitat Lund
in Schweden und im April 2016
an der EPFL in Lausanne.

In der Lehre betreute Markus viele
Jahre den Basic Laboratory Course
on Telelecommunications und seit
2014 die Ubungen zur Vorlesung
Channel Codes for Iterative Decod-
ing. Zudem war er 2015 fiir die Vorle-
sung Communications Technology 1
an der TUM Asia in Singapur zustén-
dig. Weiterhin betreute er im Rah-
men des Hauptseminars Digitale
Kommunikationssysteme sowie des
Seminars on Topics in Communica-
tions Engineering (fir MSCE-Stu-
denten) wihrend der gesamten As-
sistentenzeit studentische Arbeiten.

Zu seinen weiteren Aufgaben am
LNT zéhlte von 2011 bis 2012 die
Bearbeitung des Projekts CONE -
Coding for Networks in Zusammen-
arbeit mit Alcatel Lucent Bell Labs,
in dem effiziente Channel Codes und
Modulationen fiir kabellose Verbin-
dungen wie Backhaul- und 5G-Sys-
teme entwickelt und verglichen wur-
den. Seit 2015 organisiert Markus
mit einem Studententeam die Mo-
dernisierung des Web-Designs unse-
res Lerntutorials LNTwww.

Nach Abschluss seiner Promotion
im September 2016 ist Dr. Stinner
noch fiir einen tiberschaubaren Zeit-
raum weiterhin am LNT tatig.
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Der nebenstehenden Liste ist zu ent-

nehmen, dass Prof. Gerhard Kramer

bei zwolf Promotionsverfahren als

Zweitgutachter mitgewirkt hat:

— Technische Universitidt Miinchen
(dreimal)

— Télécom ParisTech, France
(zweimal)

— Chalmers University, Sweden

— EPFL Lausanne, Switzerland

— Linkoping University, Sweden

— Supélec, France

— Technische Universitit Dresden

— JAIST, Japan, und University of
Oulu, Finland

— University of South Australia
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5.3 Weitere Promotionsverfahren mit Beteiligung von
LNT-Professoren

Okt. 2014 Youlong Wu, Ph.D.
New Ways of Exploiting Feedback in Memoryless Broadcast Channels
Promotionsverfahren der Télécom ParisTech, France

Examiner: Prof. Dr. Michele Wigger, Télécom ParisTech
Rapporteur: Prof. Dr. sc. techn. Gerhard Kramer u.a.
Dez. 2014 Meryem Benammar, Ph.D.

Interference Management in Broadcast Networks: Channel Uncertainty and
Security Constraints
Promotionsverfahren der Supélec, France

Examiner: Prof. Pablo Piantanida, Supélec
Rapporteur: Prof. Dr. sc. techn. Gerhard Kramer u.a.
Mairz 2015 Dr.-Ing. Giuliano Garrammone

Non-Binary Codes with Applications to Satellite and Space
Communications

Promotionsverfahren der TU Miinchen

1. Berichter: Prof. Dr.-Ing. Erich Lutz, TU Miinchen

2. Berichter: Prof. Dr. sc. techn. Gerhard Kramer, TU Miinchen

3. Berichter: Prof. Dr. Marco Chiani, Universita di Bologna, Italy

Apr. 2015 Rajet Krishnan, Ph.D.

On the Impact of Phase Noise in Communication Systems — Performance
Analysis and Algorithms

Promotionsverfahren der Chalmers University, Sweden

1% Examiner: Prof. Dr. Thomas Eriksson, Chalmers University

Faculty Opponent: Prof. Dr. sc. techn. Gerhard Kramer

Apr. 2015 Martina Cardone, Ph.D.
Cooperation Strategies for Next Generation Cellular Systems
Promotionsverfahren der Télécom ParisTech, France

1** Examiner: Prof. Dr. Raymond Knopp, Télécom ParisTech, Eurécom
27 Examiner: Prof. Dr. Daniela Tuninetti, UIC, Illinois, USA
Rapporteur: Prof. Dr. sc. techn. Gerhard Kramer u.a.

Okt. 2015 Chien-Yi Wang, Ph.D.

Function Computation over Networks: Efficient Information Processing for
Cache and Sensor Applications

Promotionsverfahren der Ecole Polytechnique Fédérale de Lausanne

1% Examiner: Prof. Dr. Michael Gastpar, EPFL

Expert: Prof. Dr. sc. techn. Gerhard Kramer u.a.

Dez. 2015 Dr.-Ing. Amine Mezghani

Information-theoretic Analysis and Signal Processing Techniques for
Quantized MIMO Communications

Promotionsverfahren der TU Miinchen

1. Berichter:  Prof. Dr.-Ing. Josef A. Nossek, TU Miinchen

2. Berichter:  Prof. Dr. sc. techn. Gerhard Kramer, TU Miinchen

Apr. 2016 Dr.-Ing. Ivan Simoes Gaspar

Waveform Advancements and Synchronization Techniques for GFDM
Promotionsverfahren der Technischen Universitdt Dresden

1. Berichter:  Prof. Dr.-Ing. Gerhard Fettweis, TU Dresden

2. Berichter: Prof. Dr. sc. techn. Gerhard Kramer, TU Miinchen



Mirz/Juni 2016 Xin He, Ph.D.

Binary Information Sensing and Multiterminal Source Coding: Rate-
Distortion Analysis and Transmission Design

Promotionsverfahren der University of Oulu, Finland, und der Japan

Advanced Institute of Science and Technology (JAIST), Japan Promotionen
Supervisors: Prof. Markku Juntti, University of Oulu, and —
Prof. Tadashi Matsumoto, University of Oulu and JAIST
Reviewer: Prof. Dr. sc. techn. Gerhard Kramer u.a.
Mairz 2016 Qun Zhang, Ph.D.
Shannon Theory in Optical Fibre Communications
Promotionsverfahren der University of South Australia, Adelaide
Advisors: Prof. Terence H. Chan, University of South Australia
Prof. Frank R. Kschischang, University of Toronto, Canada
Prof. Shahraam Afshar, University of South Australia
Reviewer: Prof. Dr. sc. techn. Gerhard Kramer
Juni 2016 Antonios Pitarokoilis, Ph.D.
Phase Noise and Wideband Transmission in Massive MIMO
Promotionsverfahren der Linkdping University, Sweden
Advisor: Prof. Erik Larsson, Linkdping University
Faculty Opponent: Prof. Dr. sc. techn. Gerhard Kramer
Juli 2016 Dr.-Ing. Lennart Gerdes
Capacity Bounds and Achievable Rates for the Gaussian MIMO Relay Channel
Promotionsverfahren der TU Miinchen
1. Berichter: Prof. Dr.-Ing. Wolfgang Utschick, TU Miinchen
2. Berichter: Prof. Dr. sc. techn. Gerhard Kramer
2014 Dr. ir. Roy Gerardus Henricus van Uden Prof. Norbert Hanik war Koreferent
MIMO Digital Signal Processing for Optical Spatial Division Multiplexed bei drei Promotionsverfahren unserer
Transmission Systems Fakultit sowie bei einer Promotion an
Promotion an der Technische Universiteit Eindhoven, The Netherlands der TU Eindhoven.
1. Priifer: Prof. Dr. P. Poggiolini, Politecnico di Torino
2. Priifer: Prof. Dr. M. Karlsson, Calmers Tekniska Hogskola, Sweden
3. Priifer: Prof. Dr.-Ing. Norbert Hanik
Okt. 2015 Dr.-Ing. Fenqgqing Bao

Sparse Overcomplete Representation applied to FMCW Reflectometry for
Non-uniform Transmission Lines

Promotionsverfahren an der TU Miinchen

1. Berichter: Prof. Dr.-Ing. Dr.-Ing. habil. Jiirgen Detlefsen (i.R.)

2. Berichter: Prof. Dr.-Ing. Norbert Hanik

Dez. 2015 Dr.-Ing. Max Ralf Réfiner

Faseroptische Beschleunigungsmessung

Promotionsverfahren an der TU Miinchen

1. Berichter: Prof. Dr.-Ing. habil. Dr. h.c. Alexander W. Koch
2. Berichter: Prof. Dr.-Ing. Norbert Hanik

Juli 2016 Dr.-Ing. Thomas Gehrsitz

Entwurf und Evaluierung von Protokollen fiir die Powerline-
Kommunikation im Fahrzeug

Promotionsverfahren der TU Miinchen

1. Berichter:  Prof. Dr.-Ing. Wolfgang Kellerer, TU Miinchen

2. Berichter:  Prof. Dr.-Ing. Norbert Hanik
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Aufgefiihrt sind hier die Vortrdge,
die von Mitarbeitern des Lehrstuhls
fir Nachrichtentechnik (LNT) und
des Fachgebiets Leitungsgebundene
Ubertragungstechnik (LUT) im Rah-
men des Doktorandenseminars ge-
halten wurden.

Kursiv hervorgehoben sind dieje-
nigen Mitarbeiter, deren Promotions-
verfahren im Berichtszeitraum ab-
geschlossen wurden. Potenzielle
Kandidaten fiir den Abschluss ihrer
Promotion in néchster Zeit erkennt
man also daran, dass in der Liste
weder ein Titel vorangestellt ist noch
der Name in Kursivschrift erscheint.

Die Organisation des Doktoran-
denseminars oblag im Wintersemes-
ter 2014/2015 Dr. Georg Bocherer.

Das Doktorandenseminar im Som-
mersemester 2015 wurde als einti-
gige Blockveranstaltung am Lehr-
stuhl abgehalten und von Dr. Georg
Bocherer organisiert.

Beriicksichtigt ist auch ein Vor-
trag von Metodi Yankov von der
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5.4 Vortrige im Doktorandenseminar
Wintersemester 2014/2015

05.11.2014  Stefan Dierks (LNT):
Massive and Network MIMO in Local Area Scenarios

05.11.2014 Dr. Luca Barletta (LNT):
Upper bound on the capacity of discrete-time Wiener phase noise channels

12.11.2014  Onurcan Iscan (LNT):
Laboratory Courses am LNT

26.11.2014 Hannes Bartz (LNT):
List and Unique Decoding of Folded Subspace Codes

26.11.2014 Dr. Roy Timo (LNT):
Slepian-Wolf coding for Broadcasting with Cooperative Base-stations

17.12.2014  Onur Giinlii (LNT):
Secrecy with Physical Unclonable Functions (PUFs)

17.12.2014  Joschi Brauchle (LNT):
LNT Computer Network: Past, Present and Future

14.01.2015 Rana Ali Amjad (LNT):
Low Complexity Channel Resolvability Codes based on Sparse Linear Coding

14.01.2015 Tobias Fehenberger (LUT):
On the Gaussianity of Optical Fiber Systems without Memory

21.01.2015 Markus Stinner (LNT):
Finite-length Behavior of Protograph-based Spatially Coupled LDPC Codes

21.01.2015 Markus Staudacher (LNT):
Distributed Power Control for Nomadic Relay Network Performance
Enhancement in 5G Systems

21.01.2015 Andrei Nedelcu (LNT):
Shannon meets Maxwell on the Multiple Antenna Channel

29.01.2015 Elisabeth Oberleithner (LUT):
An Automotive FPGA-based PLC Demonstrator

29.01.2015 Lars Palzer (LNT):
Signaling over the Gaussian Channel with Intermittent Feedback

29.01.2015 Dr. Shirin Saeedi (LNT):
Capacity Regions of Two-Receiver Broadcast Packet Erasure Channels with
Feedback and Memory

Sommersemester 2015

26.05.2015 Prof. Gerhard Kramer (LNT):
Upper Bounds on the Capacity of Fiber Channels

26.05.2015 Lars Palzer (LNT):
Lossy Source Coding with General Distortion Measures



26.05.2015 Patrick Schulte (LNT):
Fixed Length Distribution Matching

26.05.2015 Hannes Bartz (LNT):
List and Probabilistic Unique Decoding of Folded Subspace Codes

26.05.2015  Onur Giinlii (LNT):
Practical Algorithm Design for PUFs

26.05.2015 Andrei Nedelcu (LNT):
Massive MIMO — Propagation Aspects

26.05.2015 Markus Staudacher (LNT):
Massive MIMO Transmitter Design: Modulation over the Air

26.05.2015 Tasnad Kernetzky (LUT):
First Steps towards an FPGA based (SDR) Transmitter

26.05.2015  Metodi Yankov (Technical University of Denmark):
Compensation of XPM Interference by Blind Tracking of the Nonlinear
Phase in WDM Systems with QAM Input

26.05.2015 Ginni Khanna (LUT):
Joint Linear and Nonlinear Adaptive Pre-Distortion of High Baud Rate
Transmitters for High Order Modulation Formats

26.05.2015  Yingkan Chen (LUT):
Full C-band SDM OFDM Transmission through 12 Spatial and Polarization
Modes over 74.17 km Few Mode Fiber

Wintersemester 2015/2016

17.11.2015  Stefan Dierks (LNT):
EIRP Constraints for Massive MIMO Arrays

17.11.2015 Lars Palzer (LNT):
Fixed-Length Non-Asymptotic Lossy Source Coding

24.11.2015 Dr. Georg Bocherer (LNT):
Closing the Ultimate Gap to Shannon Capacity

24.11.2015 Dr. Youlong Wu (LNT):
Rate Regions for Relay Broadcast Channels with Rate-limited
Feedback

01.12.2015 Dr. Luca Barletta (LNT):
The S-Aloha Capacity: Beyond the 1/e Myth

01.12.2015 Marcin Pikus (LNT):
Communication in the Wideband Regime

09.12.2015 Dr. Mansoor Yousefi (LNT):
Nonlinear Fourier Transform in the Defocusing Regime

09.12.2015 Amir Ahmadian Tehrani (LNT):
Complexity Reduction of Large CoMP Areas with Sparse Massive MIMO
Channel Matrices
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Technical University of Denmark in
Lyngby, der zu dieser Zeit Gast-
wissenschaftler am LNT war. Inzwi-
schen ist sein Promotionsverfahren
an der DTU abgeschlossen.

Im Rahmen dieses Doktoranden-
seminars hielt auch Federico Clazzer
vom DLR, Oberpfaffenhofen, einen
Vortrag, der aber nicht hier, sondern
im Kapitel 10.3 aufgefiihrt ist.

Das Doktorandenseminar im Winter-
semester 2015/2016 wurde von An-
drei Nedelcu organisiert.
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Das Doktorandenseminar im Som-
mersemester 2016 wurde Ende Au-
gust geblockt im Akademiezentrum
der TU Miinchen in Raitenhaslach
abgehalten. Das ehemalige Zister-
zienserkloster liegt im Siidosten
Bayerns nahe Burghausen und ist
malerisch in die Landschaft tiber der
Salzach eingebettet.

An drei Tagen gab es 26 Vortrige,
darunter drei von Prof. Ralf Miiller
(FAU Erlangen) und zweier seiner
Doktoranden. Weitere Géste waren
Dr. Gianluigi Liva und Dr. Balazs
Matuz vom DLR in Oberpfaffen-
hofen. Vier unserer Studenten haben
die Ergebnisse ihrer Masterarbeit
vorgestellt und Dr. Michael Heindl-
maier und Dr. Joschi Brauchle ha-
ben iiber ihre ersten Erfahrungen im
Berufsleben nach dem LNT berich-
tet. Abgerundet wurde das Seminar
durch einen Besuch bei der Firma
Wacker Chemie AG in Burghausen.

Organisator diese dreitdgigen
Events war Hannes Bartz, einer der
nichsten Promotionskandidaten am
LNT.
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05.01.2016  Patrick Schulte (LNT):
Limits of Fixed Length Distribution Matching

05.01.2016  Dr. Bernhard Geiger (LNT):
Informationstheoretische Reduktion von Markov-Ketten und Hidden
Markov Models

12.01.2016 Rana Ali Amjad (LNT):
Coding for Channel Intrinsic Randomness Extraction

12.01.2016  Andrei Nedelcu (LNT):
Broadband Coupled Antenna Systems, the Interplay of Antennas, Matching
and Amplifiers

21.01.2016 Tobias Fehenberger (LUT):
Improved Achievable Information Rates by Optimized Four-
Dimensional Demappers in Optical Transmission Experiments

21.01.2016  Ginni Khanna (LUT):
400G Single Carrier Transmission in 50 GHz Grid Enabled by Adaptive
Digital Pre-Distortion

26.01.2016  Yingkan Chen (LUT):
Preliminary Experimental Results on NFT

26.01.2016  Onur Giinlii (LNT):

Transform Coding for Security Primitives: Correlations, Modeling, Secrecy,
and Coding
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29.08.2016 Dr. Bernhard Geiger (LNT):
Hard Clusters Maximize Mutual Information — Some Results and an Open
Problem

29.08.2016  Lars Palzer (LNT):
Sparse Regression Codes

29.08.2016  Dr. Shirin Saeedi (LNT):
Noisy Broadcast Networks with Caching Receivers

29.08.2016 Mohammad Mahdi Mojahedian (Universitit Erlangen):
Perfectly Secure Index Coding



29.08.2016  Prof. Gerhard Kramer (LNT):
Phase Noise and High SNR

29.08.2016  Dr. Balazs Matuz (DLR):
LDPC Coded DPSK Modulation for Phase Noise Channels

29.08.2016 Edson Porto da Silva (LNT-Gast):
Widely Linear Adaptive Equalization for Optical Coherent
Receivers

29.08.2016 Tasnad Kernetzky (LUT, Poster):
Flexible Powerline Communications for Industrial Applications

29.08.2016  Julian Renner (LUT, MT, Poster):
Multidimensional Probabilistic Shaping for the Nonlinear Fiber Channel

29.08.2016 Lukas Holzbaur (LNT, FP, Poster):
Decoding Schemes for Staircase Codes

29.08.2016 Delcho Donev (LNT, MT, Poster):
Pulse Position Modulation with Polar Codes

30.08.2016  Prof. Ralf Miiller (Universitdt Erlangen):
Equivalent Single User Channels Revisited

30.08.2016 Manuela Meier (MT LNT):
Improved Syndrome Decoding of Interleaved Subspace Codes

30.08.2016 Hannes Bartz (LNT):
On List-Decoding Schemes for Punctured Reed-
Solomon, Gabidulin and Subspace Codes

30.08.2016 Rana Ali Amjad (LNT):
Error Exponent and Achievable Rates for Probabilistic Amplitude Shaping

30.08.2016  Tobias Prinz (LNT):
Polar Codes for Probabilistic Amplitude Shaping

30.08.2016 Peihong Yuan (LNT):
Punctured & Shortened Polar Codes

30.08.2016 Dr. Michael Heindlmeier (chemals LNT):
Coded Caching

30.08.2016  Dr. Joschi Brauchle (chemals LNT):
Life after Leaving LNT — the Next 35 Years

30.08.2016  Ebrahim Amiri (Universitit Erlangen):
On the Evaluation of Blind Pilot Decontamination

31.08.2016 Dr. Gianluigi Liva (DLR):
Raptor Codes: Performance Bounds

31.08.2016  Andrei Nedelcu (LNT):
Physics-based Circuit Models of MIMO Antennas and their Significance for
System Evaluation

31.08.2016 Tao Guo (LNT-Gast):
Multiple Descriptions with Erasure Distortions

Promotionen
|
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Nachdem am Ende dieses Kapitels
noch Platz ist, zeigen wir abschlie-
Bend die im Berichtszeitraum
2014-2016 neu hinzugekommenen
Exemplare unserer Doktorhutgalerie,

— zum einen als nette Erinnerung
fiir die neue Frau Doktor und die
sechs neuen Herren Doktoren,

— gleichzeitig aber auch als ein An-
sporn fiir die Kandidatinnen und
Kandidaten in nachster Zukunft.

Es ist eine lange Tradition an unse-
rem Lehrstuhl, aber auch an vielen
ingenieurswissenschaftlichen Fakul-
tdten in Deutschland, dass die Kolle-
ginnen und Kollegen zum Abschluss
der Promotion einen Hut bauen und
beim anschlieBenden Sektempfang
iibergeben. An anderen Fakultiten
und im Ausland, ist dagegen der se-
riosere schwarze schlichte Doktor-
hut der Standard, oft in Verbindung
mit dem obligatorischen Talar.

Ein gelungener Doktorhut sollte
nicht nur das Promotionsthema wie-
dergeben, sondern auch die Person-
lichkeit des Doktoranden, seine Vor-
lieben, seine Stirken und vielleicht
auch seine Schwichen (wohldosiert).

Dr.-Ing. Michael Heindlmaier (26.10.2015)
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31.08.2016  Onur Giinlii (LNT):
Quantizer and Code Design for Secret-key Binding to Physical Identifiers
with Performance Guarantees

31.08.2016 Dr. Vladimir Sidorenko (LNT):
Decomposition of Multidimensional Gray Codes

5.5 Doktorhutgalerie

Dr.-Ing. Yingkan Chen (28.09.2016)

Dr.-Ing. Marwa El Hefnawy (11.12.2015)

Dr.-Ing. Onurcan iscan (11.12.2014) Dr.-Ing. Stephan Hellerbrand (13.11.2014)



Uberblick iiber die Forschungsthemen am
Lehrstuhl fiir Nachrichtentechnik

Im Berichtszeitraum 10/2014-09/
2016 gab es bei den wissenschaft-
lichen Mitarbeitern des LNT viele
Verdnderungen, sowohl bei den Dok-
toranden als auch bei den Postdocs.

Ende 2014 kamen Bernhard Gei-
ger von der TU Graz und Youlong
Wu von der Télécom ParisTech als
neue Postdocs hinzu. Bernhard er-
hielt 2015 vom 6sterreichischen Wis-
senschaftsfonds ein Schrédinger-
Auslandsstipendium. Youlong kam
zu uns als TUM Foundation Fellow
und erhielt 2015 ein Humboldt Re-
search Fellowship. Im Januar 2015
folgte dann Vladimir Sidorenko als
Senior Researcher. Er unterstiitzt
unsere Arbeiten auf dem Gebiet der
algebraischen Codierung und der
Sicherheitscodierung, zwei Arbeits-
gebiete, die durch den Zugang unse-
rer neuen Tenure-Track Professorin
Antonia Wachter-Zeh auch am LNT
an Bedeutung gewinnen werden.

Drei unserer Postdocs haben uns
2016 nach einigen Jahren verlassen.
Luca Barletta und Mansoor Yousefi
wechselten als Assistant Professors
zum Politecnico di Milano bzw. zur
Télécom ParisTech. Roy Timo been-
dete sein Humboldt Research Fel-
lowship und forscht nun bei Ericsson
in Stockholm.

Zwei Senior Researchers bleiben
dem LNT erhalten. Georg Bocherer
arbeitet an seiner Habilitation, die
im néchsten Jahr abgeschlossen sein
sollte. Shirin Saeedi Bidokhti erhielt
2014 vom Schweizerischen National-

Gerhard Kramer

fonds ein Postdoc Fellowship und
verbrachte 2015/2016 mit dieser Fi-
nanzierung neun Monate an der Stan-
ford University.

Die Hauptarbeitsgebiete am LNT
bleiben weiterhin die Informations-
theorie und die Codierung fiir Multi-
user Systeme mit dem Fokus auf
— Code-Design incl. Shaping, alge-

braische und LDPC Codes;

— Informationstheorie fiir Netzwer-

ke und Sicherheit;

— MIMO-Kandile.

Im Berichtszeitraum haben fiinf mei-
ner Doktoranden ihre Promotion ab-
geschlossen. Im Folgenden werden
ihre Arbeiten kurz zusammengefasst.
Eine ausfiihrliche Beschreibung fin-
den Sie auf den Seiten 38 - 42:

Onurcan Iscan (S. 38) hatte seine
Doktorpriifung im Dezember 2014.
Um die Arbeit abzurunden, besuchte
er die University of South Australia
in Adelaide und entwickelte dort
Codes fiir Zwei-Wege-Relaying.

Michael Heindlmaier (S. 39) be-
arbeitete mit seinem Zimmernach-
barn Onur das Thema Relay Chan-
nels und gemeinsam mit Shirin das
Thema Broadcast Packet Erasure
Channels mit Riickkopplung. Seine
Priifung war im Oktober 2015.

Joschi Brauchle (S. 40) beendete
seine Arbeit iber Algebraic Decod-
ing of Interleaved and Folded Reed-
Solomon Codes im Dezember 2015.

Marwa El Hefnawy (S. 41) hatte
ihre Doktorpriifung im Dezember
2015. Thr Thema war Spectral Effi-
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ciency, Spectral Shaping, Adaptive
Coding and Modulation for Faster-
than-Nyquist Signaling.

Markus Stinner (S. 42) schloss
seine Doktorarbeit zum Thema De-
sign of Spatially Coupled Low-Den-
sity Parity-Check (LDPC) Codes on
the Binary Erasure Channel (BEC)
im September 2016 ab.

Anschlielend finden Sie Berichte
der Postdocs bzw. Senior Researchers:
— Georg Bocherer (S. 55),

— Bernhard Geiger (S. 56),

— Shirin Saeedi Bidokhti (S. 57),

— Vladimir Sidorenko (S. 58),

—  Youlong Wu (S. 59),

— Roy Timo (S. 80).

Danach folgen Beitrdge der internen
(am LNT) und externen Doktoran-
den mit Beginn vor dem 01.09.2016:
— Amir Ahmadian Tehrani (S. 60),
— Rana Ali Amjad (S. 61),

— Hannes Bartz (S. 62),

— Stefan Dierks (S. 63),

—  Onur Ginlii (S. 64),

— Andrei Nedelcu (S. 65),

— Lars Palzer (S. 66),

— Marcin Pikus (S. 67),

— Tobias Prinz (S. 68),

— Patrick Schulte (S. 69),

— Markus Staudacher (S. 70),

— Peihong Yuan (S. 71).

Ich mochte noch anmerken, dass die
wissenschaftlichen Mitarbeiter ne-
ben ihrer Forschung viele Aufgaben
in Lehre, Verwaltung sowie Vorbe-
reitung und Durchfithrung internati-
onaler Workshops (im Schnitt sechs
pro Jahr) tibernehmen miissen.
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October 2014 — September 2016 saw
many changes in the composition
of LNT, both in terms of senior re-
searchers and doctoral candidates.

In late 2014, we welcomed Bern-
hard Geiger from the Graz Universi-
ty of Technology and Youlong Wu
from Teélécom ParisTech as new post-
docs. Bernhard received a Schrodin-
ger Fellowship from the Austrian Sci-
ence Fund in 2015. Youlong joined
us as a TUM Foundation Fellow and
was awarded a Humboldt Research
Fellowship in 2015. In January 2015,
Vladimir Sidorenko joined us as a
senior researcher. He has been sup-
porting our work on algebraic and
security coding, which are two areas
that will become more important with
the addition of our new tenure track
Professor Antonia Wachter-Zeh (start-
ing at LNT in October 2016).

Three postdocs left us in 2016.
Luca Barletta and Mansoor Youse-
fi joined Politecnico di Milano and
Télécom ParisTech, respectively, as
Assistant Professors. Roy Timo com-
pleted his Humboldt Research Fel-
lowship and joined Ericsson in
Stockholm.

Two senior researchers continued
at the LNT. Georg Bocherer is work-
ing on his habilitation that should
be completed next year. Shirin Sa-
eedi Bidokhti received a Postdoc
Fellowship from the Swiss National
Science Foundation in 2014 and has
been spending several months at
Stanford University.

The main topics at the chair con-
tinued to be information theory and
coding for multi-user systems. There
was a focus on three topics:

— Code design, including shaping,

LDPC codes, and algebraic codes;
— Information theory for networks

and security;

— MIMO channels.
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Five doctoral candidates completed
their theses during the time of this re-
port, one in 2014, three in 2015 and
one in 2016. The following describes
their work briefly; you will find de-
tails on the following pages.

First, Onurcan Iscan (see p. 38)
had his Dr. Ing. exam in December
2014. To complete his thesis, he vi-
sited the University of South Aus-
tralia in Adelaide where he devel-
oped codes for two-way relaying.
Prof. Petar Popovski from Aalborg
University was the 2™ examiner.

Michael Heindlmaier (p. 39) was
Onur’s officemate and they worked to-
gether on relay channels. Michael al-
so collaborated with Shirin on broad-
cast packet erasure channels with
feedback. Michael’s defense was in
October 2015; Prof. Giuseppe Caire
from TU Berlin and Prof. Chih-Chun
Wang from Purde University served
as co-examiners.

Joschi Brauchle (p. 40) completed
his work on algebraic decoding of
interleaved and folded Reed-Solo-
mon codes. His thesis defense was
in December 2015 and Prof. Frank
Kschischang from the University of
Toronto served as the 2" examiner.

Marwa EI Hefnawy (p. 41) also
had her Dr. Ing. Exam in December
2015. Her thesis considered spec-
tral efficiency, spectral shaping, and
adaptive coding and modulation
for Faster-than-Nyquist Signaling, a
method invented by the late James
Mazo. Prof. Stephan ten Brink from
the University of Stuttgart was the
2 examiner.

Markus Stinner (p. 42) completed
his thesis in September 2016 shortly
before his 30" birthday. His thesis
considered the design of spatially
coupled low-density parity-check
codes on the binary erasure channel.
Many code classes were considered.
The 2™ examiner was Prof. Michael
Lentmaier from Lund University.

The other members of the LNT
mainly continued their work from
previous years. A selection of topics
the postdocs worked on is listed in
the following text.

— Georg Bicherer (p. 55): shaping,
coding and modulation.

— Bernhard Geiger (p. 56): Markov
lumpings, caching, polar codes.

— Shirin Saeedi Bidokhti (p. 57):
broadcasting with feedback.

— Viadimir Sidorenko (p. 58): sub-
space codes, security codes.

— Youlong Wu (p. 59): broadcast
channels with feedback.

— Roy Timo (p. 80): spike sources,
caching, and conferencing.

— Luca Barletta: phase noise chan-
nels.

— Mansoor Yousefi: the nonlinear

Fourier transform.

The doctoral candidates worked on

the following topics.

—  Amir Ahmadian Tehrani (p. 60)
simplified precoding for MIMO.

— Rana Ali Amjad (p. 61): theory
for resolvability and clustering.

— Hannes Bartz (p. 62): subspace
codes and list decoding.

— Stefan Dierks (p. 63): Massive

MIMO and network MIMO.

—  Onur Giinlii (p. 64): privacy and
security for PUFs.

— Andrei Nedelcu (p. 65): matching
circuits for MIMO.

— Lars Palzer (p. 66): rate-distor-
tion theory for spike sources.

— Marcin Pikus (p. 67): non-cohe-
rent block-fading channels.

— Tobias Prinz (p. 68): shaping, po-
lar codes, and modulation.

— Patrick Schulte (p. 69): matching
distributions to channels.

—  Markus Staudacher (p. 70): algo-
rithms for MIMO downlinks.

— Fabian Steiner (beginning 09/

2016): shaping and LDPC codes.
— Peihong Yuan (p. 71): polar

codes and list decoding.

The above list shows that we have
started to focus more on coding
in the past two years, but the LNT
continues to have a wide range of re-
search expertise.

As in the past, the doctoral stu-
dents must balance several respon-
sibilities in addition to their research
and teaching duties. For example,
since the last report in 2014 the LNT
organized about one major event
every two months, including eight
workshops with international scien-
tists. The productivity and accom-
plishments of our doctoral candi-
dates is ample evidence that informa-
tion theory, coding, and communica-
tions theory continue to be vibrant
topics.



Coding and Modulation for Challenging Channels

Eines unserer Ziele am LNT ist die
Entwicklung praktischer Kommuni-
kationssysteme, welche die informa-
tionstheoretischen Grenzen errei-
chen. Ein wichtiger Meilenstein war
die Entwicklung von Probabilistic
Amplitude Shaping, wobei die Ein-
gangswahrscheinlichkeitsverteilung
an den Kanal angepasst wird. Ver-
wendet wird zudem bitweise Deco-
dierung.

Fiir einige Modulationsverfahren,
z.B. Puls-Pausen-Modulation, kommt
es wegen der bitweisen Decodierung
zu Verlusten. Um solche zu vermei-
den und die informationstheoreti-
schen Grenzen zu erreichen, unter-
suchen wir Polar-Codierungsverfah-
ren mit Multi Level Coding und Mul-
tistage Decoding.

One LNT mission is to develop prac-
tical communication systems that
reach the information-theoretic limits.
A key milestone on this mission was
the development of Probabilistic Am-
plitude Shaping (PAS) [1], which is
now being comercialized for fiber-op-
tic transmission and is a strong can-
didate for future wireless standards.
On the additive white Gaussian
noise (AWGN) channel, PAS has two
remarkable properties. First, it re-
moves the shaping gap, and second,
it achieves this with bit-metric de-
coding (BMD), i.e., by using a bit-
wise demapper and a binary decoder.
This is illustrated in the figure. No
Turbo iterations between the demap-
per and the decoder are required. PAS
exploits channel state information
(CSI) at the transmitter: the chan-
nel input distribution and the con-
stellation scaling take into account
that BMD is used at the receiver.
Challenging Channels: For a fad-
ing channel where the channel cohe-
rence time is shorter than the block
length of the transceiver, the transmit-
ter does not know the instantaneous
CSI prior to transmission. Conse-
quently, the transmitter must use the
same distribution and constellation
scaling for different channel realiza-

Georg Bocherer

tions within a block, which may lead
to a significant loss when BMD is
used at the receiver [2]. Modulation
and coding for a fading environ-
ment becomes even more challeng-
ing when the transmitter and/or the
receiver use more than one antenna.

Mismatched Decoding: The goal
of mismatched decoding [3] is to ac-
quire a better understanding of BMD
losses. First, the losses can be artifi-
cal because the evaluated rate lower
bounds are loose. Second, it may be
possible to reduce losses by choosing
better bit-metrics. Third, the losses
may be fundamental, so that strate-
gies other than BMD must be used
to achieve the information-theoretic
limits.

Overcoming the BMD Gap: To
overcome a fundamental BMD gap,
multi-level coding (MLC) with mul-
tistage decoding (MD) has been pro-
posed in the literature. When LDPC
codes are used, the design of MLC-
MD systems is challenging, since
for each level a specific code must
be designed. Instead, LDPC coded
systems often resort to using Turbo
iterations between the demapper and
decoder [3, 4]. On the other hand,
Polar codes with successive cancel-
lation decoding inherently implement
MLC-MD. Our goal is to explore this

Arbeitsgebiete

property of Polar codes in our attempt
to reach the information-theoretic
limits of challenging channels.

Literature:

[1] Bocherer, G.; Steiner, F.; Schulte, P.:
Bandwith Efficient and Rate-match-
ed Low-density Parity-check Coded
Modulation. In: IEEE Trans. Comm-
un., vol. 63, no. 12, pp. 4651-4665,
Dec. 2015

[2] Fertl, P.; Jalden, J.; Matz, G.: Perfor-
mance Assessment of MIMO-BICM
Demodulators based on Mutual In-
formation. In: IEEE Trans. Signal
Process., vol. 60, no. 3, pp. 1366—
1382, Mar. 2012

[3] Ganti, A.; Lapidoth, A.; Telatar, E.:
Mismatched Decoding Revisited:
General Alphabets, Channels with
Memory, and the Wide-band Limit.
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no. 7, pp. 2315-2328, Nov. 2000
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Viele der Markov-Modelle, die in den
unterschiedlichsten Wissenschaftsdis-
ziplinen eingesetzt werden, leiden un-
ter der sogenannten Zustandsraum-
explosion: Die Anzahl der mdglichen
Zustande ist zu grof3, um das Modell
brauchbar zu machen. Im beschriebe-
nen Forschungsprojekt untersuchen
wir informationstheoretische Metho-
den zur Modellvereinfachung.

Unsere Ergebnisse zeigen Verbin-
dungen zu Methoden des maschinel-
len Lernens, zur Graphentheorie und
zur Zero-Error Information Theory.
Wir glauben, dass unsere Methoden
unter anderem in der theoretischen
Chemie gewinnbringend eingesetzt
werden konnen.

In many scientific disciplines, the
Markov chains used to model real-
world stochastic processes are too
large to admit efficient simulation or
estimation of model parameters. For
example, in natural language pro-
cessing and computational chem-
istry, the number of states the Mar-
kov chain can assume is related to the
number of words in a dictionary and
the number of molecules in a given
volume, respectively. It is therefore
important to simplify the model. Pos-
sible approaches include replacing
the model with a Markov chain with a
smaller alphabet, approximating the
transition probability matrix by a

Information-theoretic Simplification of Markov and Hidden

Markov Models
Bernhard C. Geiger

low-rank matrix or by a matrix with
finite-precision entries, or projecting
the Markov chain through a non-
injective function, yielding a non-
Markovian process with a smaller al-
phabet. Often, these approaches are
intricately connected. One may ap-
proximate the non-Markovian pro-
cess from the latter approach by a
Markov chain, and thus obtain a
Markov model with a smaller alpha-
bet. This is depicted in the figure.

In any of these approaches, there
are choices to make: How should we
choose the smaller alphabet? What
should the approximating matrices
look like? Which function should we
use for projecting? In our work, we
try to answer these questions with
information theory.

In one line of research we looked
for a non-injective function such that
the projected, non-Markovian pro-
cess on the smaller alphabet contains
the same information as the original
Markov chain. In other words, the
simplified process contains the sa-
me information as the original one.
We identified connections with zero-
error information theory and formul-
ated a graph-theoretical method for
finding those non-injective functions
that preserve information [1]. Pre-
liminary analyses suggest that this
method is particularly useful in com-
putational chemistry, where the
models are sparse and show a great
amount of regularity.

In another line of research we
employ the Kullback-Leibler diver-
gence rate, a quantity measuring the
dissimilarity of two stochastic pro-
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Illustration of the Markov Aggregation Problem
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cesses, to replace one Markov chain
with a (possibly higher-order) Mar-
kov chain with a smaller alphabet.
As depicted in the figure, the small
alphabet is obtained by clustering
states of the original chain. Depen-
ding on the precise formulation, this
approach chooses the clustering ei-
ther in a way that maximizes the pre-
dictability of the resulting simplified
model, or in a way that maximizes
the “Markov-ness” of the process ob-
tained by projecting the Markov chain
through the corresponding func-
tion [2]. We currently try to extend
this approach to the reduction of hid-
den Markov models, and we believe
that the search for a clustering of the
states, i.e., for an appropriate non-
injective function, can be performed
by using the information bottleneck
method [3].

Finally, we are investigating the
connection between simplifying a
Markov model and clustering data
points based on pairwise distances
or pairwise similarities, as proposed
in, e.g., [4]. Information theory may
yet again build a bridge between two
disciplines: model order reduction
and machine learning.
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Noisy Broadcast Networks with Caching Receivers

Dargelegt wird der Zusammenhang
zwischen Kapazitit und Speicher-
bedarf fiir verrauschte Broadcast-
Netze mit Caching-Empfingern. An-
gegeben wird eine allgemeine obere
Schranke fiir degradierte Broadcast-
Kanile, die oft sehr nahe an der
Kapazitit liegt. Ein gemeinsamer
Entwurf von Cache und Kanalcodes
fiihrt zu signifikant besseren Ergeb-
nissen als ein separates Design. Das
vorgeschlagene Konzept wird fiir
ein Broadcast-Netz mit Paketauslo-
schungen fiir zwei Beispiele analy-
siert, einmal mit schwachem Emp-
fanger und Cache-Speicher, zum an-
deren mit starkem Empfanger allein.

Caching is a technique to increase
throughput and reduce latency by
replicating and storing information
in local cache memories near users
at the network edge. This pre-place-
ment of information is called the
caching phase and is done during off-
peak hours when bandwidth is not a
limiting network resource. It is typi-
cally not known in this phase which
files the users will demand; hence a
small fraction of all (popular) files
are usually stored in the caches.

The information-theoretic aspect
of caching has recently received sig-
nificant attention. Maddah-Ali and
Niesen [1] considered a rate-limited
noiseless broadcast network where
users have individual caches of equal
sizes. They showed that a smart de-
sign of the content of the caches lets
the server send coded data in the de-
livery phase and simultaneously serve
multiple users. This scheme offers a
global caching gain that scales with
the total caches in the network, and is
beyond the traditional local caching
gain (due to individual caches).

We consider the scenario where
communication takes place over a
noisy broadcast channel (BC). The
transmitter has a library of D inde-
pendent messages, each of rate R,
and each receiver is equipped with a
cache memory. We study the capaci-
ty-memory tradeoff, i.e., we consider

Shirin Saeedi Bidokhti

the maximum achievable rate R as a
function of the cache sizes. In [2], we
establish an upper bound on the ca-
pacity-memory tradeoff of degraded
BCs and show that the bound is tight
in some examples. In [3], [4], we
propose a joint cache-channel cod-
ing scheme and show that it offers
substantial gain over separate cache-
channel coding schemes that design
the caches and messages based on
[1] and a channel code for the BC.
The idea behind our scheme is
best illustrated in the following set-
up. The channel is modeled by an
erasure BC with packet inputs of
size F and two disjoint sets of re-
ceivers: a set of K,, weak receivers
with all-equal erasure probabilities
0,, and equal cache sizes M and a
set of K strong receivers with all-
equal erasure probabilities J,; and no
cache memories. By jointly design-
ing the cache and the BC code, we
can encode parts of the messages of
the strong users jointly with the mes-
sages of the weak users for free. This
coding scheme offers new global
caching gains that are unbounded

0.8
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in the number of strong receivers.
The figure plots our lower and up-
per bounds on the capacity-memory
tradeoff of a packet erasure.

Literature:

[1] Maddah-Ali, M.A,; Niesen, U.: Fun-
damental Limits of Caching. In:
1IEEE Trans. Inf. Theory, May 2014

[2] Saeedi Bidokhti, S.; Wigger M.; Ti-
mo, R.: An Upper Bound on the Ca-
pacity-Memory Tradeoff of Degra-
ded Broadcast Channels. In: Proc.
Int. Symp. Turbo Codes & Iterative
Inf. Proc., Brest, France, Sep 2016

[3] Saeedi Bidokhti, S.; Wigger M.; Ti-

mo, R.: Erasure Broadcast Networks

with Receiver Caching. In: Proc. IEEE

Int. Symp. Inf- Theory, July 2016.

Saeedi Bidokhti, S.; Wigger M.; Ti-

mo, R.: Noisy Broadcast Networks

[4

—_

with Receiver Caching. Available
on: https://arxiv.org/abs/1605.02317

0.7

0.6

0.5

0.4

Capacity C(M)

0.3

0.2

0.1

, —e— Joint Cache-Channel Coding (Theorem 5)

Upper Bound of Theorem 8
-+~ Separate Cache-Channel Coding (Proposition 6)

0 5 10 15

20 25 30 35 40

Memory M

Bounds on the capacity-memory tradeoff of a packet erasure BC with K,, = K, =10,

F=50,D=505,=08,0,=0.2

57



Arbeitsgebiete

Punktierte Reed-Solomon-Codes (RS)
und Gabidulin-Codes (G) im Galois-
feld F;m mit Stiitzstellen aus dem Sub-
korper £, konnen im Vergleich zu her-
kommlichen RS-Codes bis zu dop-
pelt so viele Fehler korrigieren. Dies
macht punktierte Codes interessant
fiir praktische Anwendungen. Sie
konnen sowohl als Interleaving von
m Codes lber dem Korper Fy, als
auch als virtuelles Interleaving von
m Codes tiber dem Korper Fym dar-
gestellt werden.

Die m—interleaved oder m—vir-
tuell interleaved Codes konnen mit
einem probabilistischen Syndromde-
coder bis zu einem Decodierradius
von m/(m+1) - (d—1) decodiert wer-
den, wobei d die Hammingdistanz
der RS-Codes und die Rangdistanz
fiir G-Codes bezeichnet. Wir zeigen,
dass die jeweiligen Decoder {iber den
Subkoérper Fg sowie iiber den Korper
Fym dquivalent sind. Man sollte den
Decoder iiber den Subkorper ver-
wenden, da dieser effizienter ist.

Reed-Solomon (RS) and Gabidulin
(G) codes are widely used for error
correction in many applications in-
cluding telecommunications, net-
working, data storage, and cryptog-
raphy. Punctured codes over the field

On Syndrome Decoding of Punctured Reed-Solomon and

Gabidulin Codes
Vladimir Sidorenko

Fym are obtained by selecting code
locators from the subfield Fy, see de-
tails in [1]. The punctured codes cor-
rect 2m/(m+1) = 2 times more errors
than the nonpunctured ones.

The punctured codes can be re-
presented as interleaving (Scheme I,
see [2]) of m correspondent codes
over the subfield F; or can be con-
sidered as virtual interleaving of m
correspondent codes over the field
Fym (Scheme V, see [3] [4]).

In [1], we use the following Theorem:
For punctured RS and G codes, unique
probabilistic syndrome decoders of
Schemes I and V are equivalent, have
a decoding radius of £ = m/(m+1) -
(d-1) and decoding complexity of
O(mn*) operations in the field £, for
Scheme I and in Fym for Scheme V.
The decoding failure probability is
P <vq DT =0-1 where ¢ is the
error weight, 7=¢_ andy <3.5 (for
RS codes: y ~ 1). Here d is the code
distance in Hamming metric for RS
codes and in rank metric for G codes.
Using fast operations, decoding
can be accelerated to sub-quadratic
complexity. The results are directly
applied to correct errors and erasures.
Without establishing equivalence
it is not easy to estimate the failure
probability for Scheme V which can
lead to incorrect conclusions [4].

Example: We consider a punctured
[n, k, d] = [255, 127, 129] RS code
over Fym = F35610. The decoding rad-
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ius of the Berlekamp-Massey (BM)
algorithm is (d—1)/2 = 64, and of the
Guruswami-Sudan (GS) algorithm is
n[1- (k/n)""*] = 75. 1t follows from the
above Theorem that syndrome de-
coding (see Algorithm 2 in [2]) has
a decoding radius ¢ = 116.36 and
corrects up to ¢t = 115 errors with
probability of decoding failure P (7)
<107, The decoding complexity for
Scheme I is O (10n?) operations in
P56 (same for BM) and is m? = 100
times more for Scheme V.

In the figure we compare the per-
formance of three decoding algo-
rithms (BM, GS, and Alg. 2 in [2])
for the constructed punctured RS
code in a g"-ary symmetric chan-
nel with probability 1 — p of correct
symbol transmission. The gain of the
Algorithm 2 is substantial.

We conclude that in practice one
should use a decoder over the sub-
field (Scheme I) since it has less
complexity. Similar results are valid
for interpolation-based decoders too.

The project is a joint work with
Hannes Bartz (see p. 62).
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Cooperative Relay Broadcast Channels with

Es werden Codierverfahren fiir die
Ubertragung in diskreten und gedécht-
nislosen Multicast-Netzen mit raten-
limitierter Riickkopplung von den
Empfingern und Relais zum Sender
vorgeschlagen. Diese Verfahren lie-
fern bessere Ergebnisse als die von
Lim et al. [2] vorgeschlagene Co-
dierung. Fiir Kanile mit einem ein-
zigen Relais und Riickkopplung vom
Relais zum Sender ist unser Codier-
schema sogar besser als alle be-
kannten unteren Schranken fiir die
erreichbare Rate bei Systemen ohne
Riickkopplung.

Motiviert durch die obigen Ergeb-
nisse schlagen wir ein neues Codier-
verfahren fiir diskrete geddchtnislose
Multicast-Netze vor, bei dem der Sen-
der die Kompressionsindizes deco-
diert, statt sie direkt durch Riickkopp-
lung zu gewinnen. Dieses Verfah-
ren ist bei einigen Kanédlen besser
als Netzwerkcodierung und verteilte
decode-forward-Codierung.

The relay channel describes a 3-node
communication channel where the
transmitter sends a message to the re-
ceiver with the assistance of a relay.
Cover and El Gamal [1] proposed two
basic strategies: compress-forward
(CF) and decode-forward (DF) that
are based on block-Markov coding.

The CF strategy has the relay com-
press its outputs and send the com-
pression index to the receiver. The
DF strategy has the relay first decode
all or part of the message and then
send the decoded message to the
receiver. Both strategies have been
generalized to multi-relay channels.
The CF strategy was later extended
to multi-message multicast and mul-
ti-message networks, called noisy
network coding (NNC) [2]. Recently,
a distributed DF scheme (DDF) was
proposed for multicast and broadcast
relay networks [3].

A different line of work has con-
centrated on relay channels with feed-
back. It was known that perfect feed-
back from the receiver to the relay
makes the relay channel physically

Rate-limited Feedback

Youlong Wu

degraded, and DF therefore achieves
the capacity. For the case of feed-
back from the receiver or relay to the
transmitter the capacity is unknown
in general.

In our work, we consider the gener-
al discrete memoryless multicast net-
work (DM-MN) with feedback. This
network consists of N > 1 nodes
where the transmitter sends a source
message to different receivers with
the assistance of multiple relays and
in the presence of rate-limited feed-
back from the receivers and relays to
the transmitter as well. We propose
new coding schemes based on block-
Markov coding, superposition cod-
ing, joint backward decoding, and
hybrid relaying.

In our Scheme 1A, the relays and
receivers use CF and send the com-
pression indices to the transmitter
through the feedback links. After ob-
taining the compression indices, the
transmitter sends them together with
the source message. Each receiver
uses backward decoding to jointly
decode the source message and all
compression indices.

Our Scheme 1B is similar, except
that each relay uses not only CF, but
also partial DF [1]. Scheme 1C al-
lows the relays to decode different
parts of the source message, which
can potentially achieve higher rates
than Scheme 1A and Scheme 1B. For
some channels, such as the Gaussian
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relay channel and Z relay channels,
our coding schemes strictly improve
NNC, DDF, and all known lower
bounds on the achievable rate in the
absence of feedback.

Motivated by our feedback cod-
ing schemes, we propose a new
scheme for DM-MNs without feed-
back. We show that our non-feed-
back coding scheme still strictly im-
proves NNC and DDF lower bounds
for some channels.

The figure shows that for some
Gaussian relay channels our pro-
posed scheme strictly improves
NNC and DDF when the transmitter
can observe the channel outputs.
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Aufgrund der Féhigkeit, Interferen-
zen zwischen Funksignalen stark ab-
zuschwéchen, ist Joint Transmission
Coordinated Multi-Point (JT CoMP)
ein aussichtsreicher Kandidat fiir zu-
kiinftige 5G-Systeme. In Kombina-
tion mit massive Multiple-Input-
Multiple-Output (mMIMO) resultiert
daraus eine nur sparlich besetzte Ka-
nalmatrix mit relativ wenigen Ka-
nalkomponenten, wenn bei den Ba-
sisstationen ein festes Raster mit
verschiedenen  Abstrahlrichtungen
benutzt wird. Dadurch wird der Over-
head zur Ubertragung der Kanalzu-
standsinformation (CSI) deutlich ge-
senkt. Obwohl bei grof3en Zellen ,,JT
CoMP “ in Kombination mit massive
MIMO grof3e Herausforderungen hin-
sichtlich Precoding mit sich bringt,
wird diesem Forschungsgebiet eine
grofle Aufmerksamkeit gewidmet.

Recent years have seen a wide-spread
effort to maximize the spectral effi-
ciency, capacity and coverage of fu-
ture 5G mobile radio access systems

1 T T

Low Complexity Massive MIMO Zero Forcing Precoding in

Large CoMP Areas
Amir Ahmadian Tehrani

specifically for frequencies below
6 GHz [1].

A particular focus of 5G systems
is joint transmission coordinated mul-
tipoint (JT CoMP) over multiple sites
combined with massive multiple-in-
put-multiple-output (mMIMO). Such
systems have the potential to com-
bat interference and they have been
identified to support large multi-user
MIMO (MU-MIMO) gains [2]. Fur-
thermore, network clustering turns
a potentially interference-free sys-
tem (in case of network-wide co-
operation) into an interference-lim-
ited one due to the inter-cluster in-
terference and is an essential part
of CoMP. This clustered network is
called cooperation area (CA) in the
CoMP literature.

Since coordination in the spatial
domain relies on using multiple an-
tenna combining, there have been
few techniques for advanced beam-
forming. To reduce the complexity
of mMIMO antenna arrays in such
architectures, the number of anten-
nas is restricted to a set of essential
values by generating a narrow and
fixed grid of beams (GoBs) [3] at
the evolved node B (eNodeB). The
processing complexity of zero forc-
ing precoding for a joint coordinated
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cluster with up to 288 beams trans-
mitted in a group of nine clustered
small cells is on the order of 10° float-
ing-point operations per second using
a state-of-the-art algorithm of [3].

Computational complexity is thus
a challenging issue for eNodeB JT
CoMP which requires adjacent sites
to be synchronized by constantly
exchanging user data. A typical JT
CoMP channel matrix where the
fixed beams are “gridded” directly
to the users has a high percentage of
channel coefficients below a certain
power threshold (e.g. 25 dB). Such
coefficients can be set to zero with
minor impact on precoding perfor-
mance. Therefore, we focused on re-
ducing the processing complexity of
the Moore-Penrose inverse of sparse
channel matrices [4].

The spectral efficiency cumulative
distribution function (CDF) plot per
cell using our approach and apply-
ing different power thresholds is de-
picted in the figure. As can be seen,
setting the channel components per
user with respect to the strongest
component at -30 dB results in not
only a reasonable efficiency as com-
pared to the case where singular
value decompotion (SVD) is used
for the Moore-Penrose inverse of
the channel matrix, but also in a low
complexity precoding algorithm.
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Low Complexity Codes for Channel Resolvability

Die Sicherheit auf physikalischer
Ebene hat in den letzten Jahren mehr
und mehr an Bedeutung gewonnen.
Eines der fundamentalen Modelle
hinsichtlich dieser Sicherheit ist das
Wiretap-Kanalmodell. Obwohl die
guten Sicherheitseigenschaften des
Wiretap-Kanals schon 1975 nachge-
wiesen wurden, gab es seitdem nur
wenige Fortschritte bei der Entwick-
lung geeigneter Codes. Eine solche
Codierung muss zwei Komponen-
ten zusammenbringen, zum einen
die Zuverldssigkeitscodierung (man
spricht hier auch von Kanalcodie-
rung), zum anderen die Codierung
zur Kanalauflosung (Channel Resol-
vability).

Im Folgenden beschéftigen wir uns
ausschlieflich mit dem zweiten Pro-
blem, der Codierung hinsichtlich der
Channel Resolvability. Wir schlagen
in [5] eine Codierung vor, die wie in
der Grafik dargestellt aus zwei ver-
schachtelten linearen Komponenten
besteht. Der erste Komponentencode
hat hinreichend gute Eigenschaften
hinsichtlich der Minimaldistanz. Der
zweite Code ist an den ersten ange-
passt und wird durch eine Zufalls-
matrix mit nur wenigen Einsen cha-
rakterisiert.

Channel resolvability deals with the
problem of minimizing the input en-
tropy needed to approximate a target
distribution at the output of a channel
[1]. Various measures including nor-
malized informational divergence,
un-normalized divergence and total
variational distance have been used
in the literature to measure the quali-
ty of approximation. Channel resolv-
ability finds its application in physi-
cal layer security [2], identification
via channels [1] and coordination [3].

The minimum input entropy re-
quired was shown to be the mini-
mum mutual information between
the input and output for one channel
use subject to the constraint that the
output distribution matches the tar-
get distribution [1]. A simple proof
was presented in [4].

Rana Ali Amjad

The design of explicit codes for
the problem has been addressed only
recently. Polar codes and other code
classes that are asymptotically opti-
mal have been proposed in the litera-
ture. The lowest complexity of codes
is O(nlog n). In our work we focused
on designing codes for independent
and identically distributed input bits
to the encoder and discrete memory-
less channels (DMC).

A careful look at the proof in [4]
reveals that, for a random code en-
semble to be asymptotically optimal,
the important property it needs to
satisfy is the pairwise independen-
ce over the ensemble of codewords
assigned to different inputs. The ran-
dom linear code (RLC) ensemble
introduced by Gallager to prove the
channel coding theorem satisfies this
property, hence it is asymptotically
optimal for channel resolvability.
The encoding complexity is O(n?).

In our work [5], we proposed an
encoder consisting of two concate-
nated linear components. The struc-
ture of the encoder is shown in the
figure below. The first component is
a linear code satisfying certain mini-
mum distance properties. The second
component consists of a sparse ran-
dom matrix. The two components
are designed so that the concatenated
code approximates the pairwise inde-
pendence property closely enough so
that we can extend the proof in [4]
for our construction.

In the design of the encoder, one
can trade off the performance and
complexity of the two individual com-
ponents by choosing the required
minimum distance for the first com-
ponent and the sparsity of the second
component. By tuning the parame-
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ters carefully and using a channel
code with low encoding complexity
such as LDPC codes, one can guar-
antee an encoding complexity of O(n
log n).

In future work, we aim to com-
bine this coding technique for chan-
nel resolvability with the state-of-
the-art channel codes to design low
complexity capacity achieving se-
crecy codes for wiretap channels [6].
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Reed-Solomon (RS) Codes sind zur
Fehlerkorrektur in Ubertragungs- und
Speichersystemen weit verbreitet.
Punktierte RS-Codes konnen doppelt
so viele Fehler korrigieren als her-
kommliche RS-Codes. Zwei inter-
polationsbasierte Decoder flir punk-
tierte RS-Codes werden analysiert
und verglichen. Beide Decoder sind
aquivalent, was gleichermallen be-
deutet, dass bei gleicher Fehlerkor-
rekturleistung der weniger komplexe
Decoder verwendet werden kann.
Die Aquivalenz der Decodierverfah-
ren konnte ebenso fiir die verwand-
ten Gabidulin-Subspace-Codes ge-
zeigt werden.

Reed-Solomon (RS) codes over a fi-
nite field F;m are used in many ap-
plications. By choosing the code
locators from a subfield Fy a punc-
tured RS code is obtained. It has
been shown in [1] that punctured RS
codes can be seen as interleaving of
m codewords of an RS code over £y m
(Scheme 1). It is known that m-in-
terleaved RS codes can correct up to
t < m/(m+1) - (d—1) errors, where d
is the minimum distance of the code.

Analysis of List-Decoding Schemes for Punctured Reed-
Solomon, Gabidulin and Subspace Codes

Hannes Bartz

As shown in the figure this is almost
twice as many errors as standard al-
gorithms like Berlekamp-Massey for
a large interleaving order m.

Interpolation-based list-decoding
of m-interleaved RS codes consists
of two steps. In the interpolation step
a (m+1)-variate polynomial fulfill-
ing certain interpolation constraints
must be constructed. The list of can-
didate message polynomials is then
obtained in the root-finding step. The
computational complexity is at most
O(m’n*) operations in Fy, where n is
the code length.

A different list-decoding approach
for punctured RS codes was pro-
posed in [2]. Since the code locators
are from the subfield Fy, the ele-
ment-wise g-powers of a code-word
result in a codeword of the same
code. Hence, we can create a virtual
m-interleaved code over the big field
Fgm (Scheme V) at the decoder.

Applying the decoder for Scheme I
to this virtual interleaved code
gives the same error correction per-
formance as for Scheme I. The com-
putational complexity is at most
O(m*n*) operations in the big field
Fym. Using a straight-forward im-
plementation, one multiplication in
Fym requires m* multiplications in
the subfield F;, which implies that
Scheme 1 requires less operations
than Scheme V.
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We analyzed and compared
Scheme I and Scheme V, and showed
that during the decoding process the
same system of equations over Fy
is solved. Hence, the two decod-
ing schmes are equivalent, i.c., for
the same input the decoders return
the same output [3]. This allows to
choose the decoder with the lower
complexity. The following example
compares the complexity of Scheme |
and Scheme V.

Example: Consider a punctured
RS code over the field Fym = Fy»
with locators from the subfield £ =
Fg. This code can be seen as a 4-in-
terleaved code over the subfield £
and can correct up to t < 4/5 - (d—1)
errors. The complexity of Scheme I
is at most O(16n?) operations in the
subfield Fy. Using a standard im-
plementation of multiplications,
Scheme V requires at most O(256n2)
operations in the subfield £, which
is significantly more than Scheme I.

We analyzed Scheme 1 and
Scheme V for punctured Gabidulin
codes and showed that the two decod-
ing schemes are also equivalent. This
result applies directly to the decoding
of punctured Koetter-Kschischang
subspace codes, which are construct-
ed from punctured Gabidulin codes.

This project is a joint work with
Vladimir Sidorenko (see p. 58).
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Massive MIMO and Network MIMO in a

Unter Massive MIMO versteht man
die Nutzung einer grolen Menge von
Antennen bei den Basisstationen. Da-
mit ldsst sich auch mit einfachen
Sendeverfahren eine hohe spektrale
Effizienz und ein Durchsatz nahe der
Kapazitit erreichen. Ein guter Kom-
promiss zwischen Hardwarekosten
und Durchsatz ist die Bereitstellung
von zweimal so vielen Antennen an
den Basisstation wie Nutzern.

Wir vergleichen im 3GPP-Kanal-
modell fiir Bilirogebdude eine ein-
zelne zentrale Massive MIMO Ba-
sisstation mit einem Netzwerk aus
verteilten MIMO Basisstationen, die
iber den Backhaul zu einer virtuel-
len Basisstation zusammengeschlos-
sen sind. Dabei zeigt sich, dass mit
verteilten Basisstationen ein hoherer
Durchsatz moglich ist.

One goal of new mobile communi-
cation standards (e.g. 5G) is to in-
crease the spectral efficiency per unit
area or volume. One way to increase
spectral efficiency is by using mul-
tiple-input multiple-output (MIMO)
methods. MIMO allows one node
to transmit several streams to one
or more user equipments (UE) using
spatial degrees-of-freedom. Massive
MIMO, a vast over-provisioning of
base station (BS) antennas, lets sim-
ple transmission schemes achieve
large performance gains over today’s
systems [1].

Most massive MIMO studies con-
sider wide area outdoor deploy-
ments. However, most mobile traffic
is generated by indoor users [2]. We
analyze the performance of central-
ized and distributed deployments
with and without cooperation for the
3GPP two stripe office building.

We observe that a ratio of twice as
many BS antennas as UEs provides
most of the massive MIMO bene-
fits. We further find that this ratio is
a good trade-off between number of
antennas versus spectral efficiency.
Placing a single massive MIMO base-
station at the center of a building is in-
tuitively not an optimal choice as the

Local Area Scenario
Stefan Dierks

UEs suffer from large transmitter-to-
receiver distances and high wall pen-
etration losses. We compare this de-
ployment to distributed BSs with co-
operation. We observe that distrib-
uted BSs with cooperation achieve
a substantial performance gain at the
cost of a backhaul connection.

Suboptimal transmission schemes
approach a capacity upper bound with
an increasing number of BS anten-
nas. The upper bound uses a broad-
cast channel (BC) with a sum power
constraint. In other words, we al-
low all BSs of a deployment to co-
operate and to act as one BS with
distributed antennas, and relax the
per-BS power constraint to a sum
power constraint. We find the opti-
mal transmission policy with the al-
gorithms in [3].

In the figure, the average spectral
efficiencies and the capacity upper
bounds of a single central massive
MIMO BS and distributed network
MIMO BSs are shown. The number
of UEs is 24. For a ratio of two BS
antennas per UE the gap between
the capacity upper bound and our
schemes is already small and a good
trade-off between performance and
number of BS antennas is achieved.
Scheduling improves performance if
there are fewer than twice as many
BS antennas as UEs.

Arbeitsgebiete

In summary, the same performan-
ce is achieved by a single massive
MIMO BS or by distributed BSs
with cooperation and less anten-
nas. The costs of antenna elements
can be traded off with the costs for
a backhaul to achieve the same per-
formance. A ratio of twice as many
BS antennas as served UEs offers
many of the massive MIMO bene-
fits. A spectral efficiency close to the
capacity is achieved with a simple
transmission scheme.
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Untersucht werden Verbesserungen
Kapazititsregion
des Schliisselverlustspeichers durch

hinsichtlich der

Mehrfachmessung versteckter bio-
metrischer und physikalischer Iden-
tifikatoren. Sicherheitsliicken werden
fir den Fall veranschaulicht, wenn
die Quelle filschlicherweise als sicht-
bar betrachtet wird.

Biometric identifiers with unique ran-
dom features are used to authenticate
oridentify a user, or to generate secret
keys. Similarly, physical identifiers
such as fine variations of ring oscil-
lator (RO) or static random-access
memory (SRAM) outputs produce
device “fingerprints” that are used
for intellectual property protection,
device authentication, and secret-
key generation. Replacing biometric
or physical identifiers, e.g., if the
fingerprint is stolen, is often not pos-
sible or it might require reconfigu-
rable identifier designs. We study
information-theoretic limits for such
identifiers and propose lightweight
transform coding algorithms to
implement a key-binding scheme for
identifiers.

We investigate an identifier model
where two terminals observe depend-
ent random variables and use a pub-
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Privacy and Security with Hidden Biometric and

Physical Identifiers
Onur Giinlii

lic message to agree on a secret key
while an eavesdropper sees only
what is transmitted over the public
channel. The model is based on the
secret sharing concept introduced in
[1] and has two variants. Either a se-
cret key is conveyed to the decoder
(i.e. the chosen-secret model) or the
source is used to extract a key (i.e.,
the generated-secret model). For
both models, public communication
is limited to a single message called
“helper data”. Its size should be small
to minimize public storage and it
should leak a negligible amount of
information about the secret key
and as little information as possible
about the random source [2], [3].

The secret-key, privacy-leakage,
storage (key-leakage-storage) capa-
city regions for the two models are
obtained, where communication is
through a one-way, authenticated,
public and noiseless channel. The
capacity analysis requires optimizing
an auxiliary random variable U that
satisfies a Markov property. For ex-
ample, consider a doubly symmetric
binary source with symbols emitted
according to a probability distribu-
tion P, where X is the source output
and Y is the noisy measurement of the
source. We use Mrs. Gerber's lemma
to show that a binary symmetric chan-
nel (BSC) from U to X'is optimal, and
evaluate the key-leakage-storage ca-
pacity regions for multiple measure-
ments of an identifier.

0.6 0.8 1

Privacy-Leakage Rate (bits/source-bit)

The key-leakage region for the chosen-secret model with p = 0.1
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One obtains a diversity gain, cor-
responding to a gain in reliability,
from multiple measurements to com-
bat erroneous measurements. Diver-
sity increases reliability by averag-
ing over different channels. Diversity
gain in secrecy systems also lets one
substantially decrease privacy leak-
age and public storage since less side
information is required to reconstruct
the secret key at the decoder. One can
exploit the additional degrees of free-
dom by increasing the extracted se-
cret-key size. This gain can be viewed
as a multiplexing gain, in analogy to
multiple antenna systems.

We illustrate the gains from mul-
tiple measurements at the decoder by
considering P, as a BSC with cross-
over probability p. The figure below
plots the key-leakage regions for the
chosen-secret model. Consider p =
0.1 and M =1, 2, 3 independent de-
coder measurements. For a secret-
key rate of R,= 0.2 bits/source bit,
the minimum privacy-leakage rates
for M =2 and M = 3 are about 20%
and 31% less than the single-mea-
surement case, respectively. One can
even attain secret-key/privacy-leak-
age ratios close to 1 (the maximum
possible ratio for the chosen-secret
key-leakage region) by increasing M.
For the same crossover probability
p, the maximum secret-key rate in-
creases by about 42% for M = 2 and
66% for M = 3 as compared to the
single measurement case.
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Information Rates of Matching Circuits for Compact

Antennen-Arrays sollten aus Platz-
griinden moglichst kompakt gestal-
tet werden, aber zu kurze Abstinde
zwischen den Antennen bewirken
Kopplungen und Korrelationen, wo-
durch die Informationsrate begrenzt
wird. Durch Anpassungsschaltungen
beim Sender oder beim Empfinger
konnen die Antennen entkoppelt und
somit die gegenseitige Information
zwischen dem (abgetasteten) Sende-
signal und dem Empfangssignal ma-
ximiert werden. Wir betrachten hier
sowohl Schmalband- als auch Breit-
bandsignale.

Die Kommunikationskette wird
bei unseren Untersuchungen gemal
der Netzwerktheorie modelliert, und
es wird der Einfluss aller relevanten
Rauschquellen betrachtet. Fiir den
physikalischen (und stets stochasti-
schen) Kanal verwenden wir das
Kronecker-Modell [1], so dass die ge-
samte Kanalkorrelationsmatrix in un-
abhéngige Korrelationsmatrizen fiir
Sender und Empfinger aufgeteilt
werden kann.

Fazit unserer Untersuchungen ist,
dass das Anpassungsnetzwerk durch
eine Diagonalmatrix dargestellt wer-
den kann, wobei die Diagonalkoeffi-
zienten optimal an die Rauscheigen-
schaften angepasst sind. Es handelt
sich also um eine MIMO-Erweite-
rung der SISO-Konfiguration.

Weiterhin zeigt sich, dass diese
Multiport-Anpassung die Antennen
dekorreliert und durch das konju-
giert-komplexe Matching die maxi-
male Leistung und die maximale In-
formation von den Antennen zu den
rauscharmen Verstirkern gelangt

[2], [3].

Antenna arrays should be made com-
pact to save space, but antenna prox-
imity causes antenna coupling and
correlations, which may reduce in-
formation rates. Matching circuits
placed at the transmitter and receiver
antennas serve to de-couple the an-
tennas, or even better to maximize
the mutual information between the
transmitted and the received signals

Antenna Arrays
Andrei Stefan Nedelcu

after sampling. We investigate nar-
rowband and broadband signals.

The antenna array is matched to
subsequent RF amplifiers by means
of multiport circuits. Current work
focuses on lossless matching circuits
and determines conditions that these
optimal circuits should satisfy in or-
der to maximize information rates.

The communication chain is mod-
eled in detail from a circuit theory
perspective and the impacts of all
relevant random noise sources are
considered.

The physical channel is generally
stochastic and is modeled with the
widely known Kronecker model [1].
The Kronecker model assumes that
the full channel correlation matrix fac-
torizes into independent transmit and
receive correlation matrices. Further-
more, the channel coefficients are
Rayleigh distributed. This model is
used for simplicity as well as for
incorporating desired properties de-
spite the fact that it has known limi-
tations in predicting capacity in real
life scenarios.

The conclusion is that the optimal
source impedance as presented by
the matching network is a diagonal
matrix with the individual amplifiers’
noise matched impedance on the
diagonal (a MIMO extension of the
SISO case). This multiport matching
decorrelates the antennas and assures

Arbeitsgebiete

a conjugate match which enables
maximal power and information
transfer from the antennas to the low
noise amplifiers [2], [3].

The figure shows the information
rates achievable with different match-
ing strategies as a function of the
antenna spacing. Optimal matching
recovers all gains from multiplexing
even with very small spaces.

Further work aims at evaluating
and designing suboptimal match-
ing networks that offer lower circuit
complexity and larger operational
bandwidth.
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Compressed Sensing ist ein neuer An-
satz zur effizienten Messung und
Speicherung natiirlicher Signale. Dies
fiihrt unter anderem zu hochwertige-
ren und schnelleren Verfahren in der
medizinischen Bildgebung.

In dem DFG-Forschungsprojekt
,LInformationstheorie und Rekons-
truktionsalgorithmen flir quantisiertes
und verteiltes Compressed Sensing*
untersuchen wir gemeinsam mit dem
Lehrstuhl fiir Angewandte Numeri-
sche Analysis der Fakultdt fiir Ma-
thematik an der TUM die funda-
mentalen Grenzen der Effizienz der
Datenkomprimierung solcher analo-
ger Signale. Die Ergebnisse dienen
einerseits zur Auswertung prakti-

scher Verfahren, andererseits geben
sie Einblicke dariiber, wie diese

Grenzen erreicht werden konnen.

Compressed Sensing (CS) is a math-
ematical theory that addresses the
efficient acquisition and representa-
tion of natural signals that exhibit a
certain structure. Consider, for ex-

Information Theory for Quantized and Distributed

Compressive Sensing
Lars Palzer

ample, an image taken by a digital
camera. One way to represent this
picture is by storing the brightness
levels for each pixel in three different
colors. However, neighbouring pixels
are not independent and the bright-
ness of one pixel reveals information
about the pixels surrounding it.

A more efficient way of represent-
ing the image is by applying a trans-
form (such as the wavelet transform)
that reveals the structures contained
in the image and then storing this
information efficiently. The theory of
compressive sensing shows that it is
in fact not only possible to represent
the structured data efficiently, but that
one can directly measure only the
necessary information. This has led
to improvements in areas, such as
medical imaging, where measure-
ments are costly.

The classic CS literature is con-
cerned mainly with analog compres-
sion, i.e., taking a small number of
linear measurements from a signal of
large dimension. Any digital system,
however, must quantize the analog
signal to store the information.

Within the framework of the DFG
project Information Theory and Re-
covery Algorithms for Quantized and
Distributed Compressed Sensing, a
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joint project with Prof. Fornasier from
the TUM chair in Applied Numerical
Analysis, our goal is to explore the
fundamental limits of data compres-
sion for signals that fit into the com-
pressed sensing framework. That is,
we would like to provide insight into
questions such as “how many bits do
we need in order to store an image at
a given quality?”

Shannon’s seminal paper [3] char-
acterized the best coding rates for
lossy data compression. Unfortunate-
ly, this characterization does not
often lead to closed-form solutions
and one has to resort to upper and
lower bounds to gain insight.

We studied spike sources or Ber-
noulli-Gaussian information sources
that create a sequence of zeros and
Gaussian random variables. This class
of sources is a reasonable model for
the output of a wavelet transform
of an image. Since such a source
is neither discrete nor continuous
but rather mixed, many previously
derived results are not applicable. By
introducing additional constraints
and leveraging the results obtained
in this setting, we were able to derive
a new lower bound for all spike
sources, see the figure.

In the future, we plan to investi-
gate more general source setups
such as multiple correlated sources.
Furthermore, using the theoretical re-
sults we would like to explore
whether practical CS systems can
approach the theoretical limits.
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Discrete Signaling for Non-Coherent, Single-Antenna,
Rayleigh Block-Fading Channels

Betrachtet wird die Ubertragung iiber
den zeitdiskreten Rayleigh-Block-
Fading-Kanal (RBFC). Das heif}t,
dass alle Symbole eines Blocks das
gleiche Fading erfahren und dass das
Fading zwischen verschiedenen Bl6-
cken unabhingig ist.

Die hieriiber ohne Kanalzustands-
information (CSI) iibertragbare In-
formationsrate hdngt in starkem Ma-
e von der Struktur des Eingangssi-
gnals ab.

Wir haben eine verschachtelte
Monte-Carlo-Methode entwickelt,
die es uns ermdglicht, die Transinfor-
mation des RBFC bei diskretem Ein-
gangssignal zu bestimmen. Unser
Konzept ist bei mittlerem SNR den
aus der Literatur bekannten Ansatzen
Unitary Space-Time Modulation und
Gaussian IID deutlich tiberlegen. Zu-
dem ist sie auch bei Breitbandsys-
temen optimal hinsichtlich erster und
zweiter Ordnung. Wir schlagen ein
diskretes Signalisierungsschema in
Produktform vor, das jeden Block als
einen Nullvektor oder als Vektor ska-
lierter 4-PSK-Symbole sendet.

Block fading channels model wire-
less channels with high symbol rate
where the channel coherence time
is longer than the symbol duration.
The fading experienced by consecu-
tive symbols is thus correlated, i.e.,
the channel has memory. The Ray-
leigh Block Fading Channel (RBFC)
models memory via no fading with-
in a block of T consecutive symbols
and via independent block-to-block
fading. This model, with no chan-
nel state information (CSI) at the
transmitter and receiver, mimics wire-
less scenarios where the receiver
must estimate both the channel state
and the data from the received sym-
bols.

Despite extensive research, the
channel capacity remains unknown.
However, the structure of the capa-
city-achieving signaling is known
[1]: send discrete per-block power
modulation and, conditioned on the
block power, isotropically distribut-

Marcin Pikus

ed vectors. Various other signaling
strategies have been studied in the
literature.
— Pilot schemes in [2];
— Unitary Space-Time Modulation
(USTM) in [3]; and
— Gaussian signals in [4].
The information that can be trans-
mitted via the channel without CSI
is influenced by the structure of the
input signal. We propose a discrete
signaling scheme, called Discrete
Product Form, which mimics the op-
timal continuous product form dis-
tribution. The scheme transmits in
every block either a vector of 0’s or
a vector of scaled 4-PSK symbols.
We developed a nested Monte-Carlo
method for computing the mutual
information estimates over the Ray-
leigh Block Fading Channel (RBFC)
with discrete input constellations.
Our scheme achieves significantly
better power efficiency than the con-
tinuous Gaussian IID and USTM
input signals in the mid-to-low SNR
regime. The scheme is also first and
second order optimal in the wide-
band regime.
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Polarcodes erreichen fiir unendlich
lange Blocklidngen die Kanalkapazi-
tit [1]. Durch das Verwenden eines
nicht gleichverteilten Eingangs fiir
den Gauf}-Kanal kann die Sende-
leistung um bis zu 1.59 dB reduziert
Ein Ubertragungssystem
mit nicht gleichverteiltem Eingang
kann man zum Beispiel durch Pro-
babilistic Amplitude Shaping (PAS)
und Constant Composition Distribu-
tion Matching (CCDM) realisieren
[2].

Fiir Modulationsverfahren hoéhe-
rer Ordnung konnen sog. Compound
Polar Codes verwendet werden [3].
In [4] stellen wir ein Ubertragungs-
system mit Compound Polar Codes,
CCDM und PAS vor. Die konstru-
ierten Codes zeigen insbesondere fiir

werden.

Blockldngen zwischen 128 und 512
Symbolen pro Block eine sehr gute
Performance.

Polar codes are capacity-achieving
for a binary uniform input and pro-
vide low-complexity encoding and
decoding algorithms [1]. Polar codes

Polar Codes for Probabilistic Amplitude Shaping (PAS)

Tobias Prinz

are based on the polar transforma-
tion that generates polarized bit-
channels. The polarized channels are
either very good or very bad.

The capacity of the additive white
Gaussian noise (AWGN) channel can
be achieved by a Gaussian input dis-
tribution. In current standards, uni-
formly distributed inputs are used.
By using non-uniformly distributed
inputs, the transmission power can
be reduced by up to 1.59 dB.

A transmission system with non-
uniformly distributed channel inputs
can be realized by probabilistic am-
plitude shaping (PAS) and constant
composition distribution matching
(CCDM) [2]. At the transmitter,
a fixed-to-fixed length, invertible
CCDM and a binary linear block
code with a systematic encoder
combine probabilistic shaping and
channel encoding. At the receiver, a
demapper outputs bit metrics that are
used to perform bit-metric decoding
(BMD). The rate of the transmission
system can be adapted by varying the
input distribution or the code rate of
the binary code. We use the scheme
for amplitude shift keying (ASK) and
we consider 2™-ASK constellations.
The scheme can also be adapted for
quadrature amplitude modulation

(QAM).
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We use compound polar codes as
the binary code for our transmission
system [3]. In [4], we present an ef-
ficient way to construct such codes
for high-order modulation based on
Gaussian approximations and Gauss-
ian surrogate channels. Furthermore,
we use an efficient way of decoding
compound polar codes by using the
same decoders as for polar codes
for the binary input AWGN channel
with some modifications.

In order to construct a systematic
encoder for compound polar codes
and to optimize the codes for PAS,
we introduce an iterative construc-
tion method. We construct the codes
several times and after each itera-
tion we do some permutations on the
codeword bits.

Especially for block lengths be-
tween 128 and 512 symbols, our
codes show very good performance.
They outperform the state of the art
LDPC and Turbo codes for PAS and
they operate within 0.5-0.8 dB of
Shannon’s cone packing achievabili-
ty bound.

Thus, polar codes operate very
close to the theoretical limits for a
wide range of SNR values, see the
figure below.
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Practical Distribution Matching Schemes

Heutige Kommunikationssysteme,
die Modulationen héherer Ordnung
verwenden, nutzen die verfligbaren

Konstellationenpunkte mit gleich
grofler  Wahrscheinlichkeit.  Die

grofite spektrale Effizienz kann al-
lerdings nur dann erreicht werden,
wenn die Konstellationspunkte mit
einer kanalspezifischen empirischen
Verteilung gewihlt werden, die den
Transinformationsgehalt maximiert.
Dies entspricht im Allgemeinen nicht
einer Gleichverteilung. Mit der Ver-
offentlichung der Methode Probabi-
listic Amplitude Shaping ergibt sich
die Moglichkeit, die Kanalcodie-
rung und die Modulation so zu ver-
binden, dass die Verteilung der Kon-
stellationspunkte unabhédngig vom
gewdhlten linearen Code wird und
komplett durch ein Modul bestimmt
werden kann, das wir Distribution
Matcher nennen. Ziel der hier dar-
gelegten Forschungsarbeit war es,
einen praktischen Distribution Mat-
cher zu bauen, der die gewlinschte
Verteilung zufriedenstellend genau
annéhert.

The shaping gap is the difference be-
tween the channel capacity and the
information rate for uniform signal-
ing. Approches to overcome the
shaping gap can be divided coarsly
into two groups, namely

— probabilistic shaping, and

— geometric shaping.

Geometric shaping places constella-
tion points unevenly in order to form
a certain distribution at the channel
output. Probabilistic shaping tries to
adapt the statistics of evenly spaced
constellation points, i.e., QAM con-
stellations. Recently a new coded
modulation scheme was proposed in
[1] that modifies existing schemes
by adding a module that is called a
distribution matcher. The aim of a
distribution matcher is to transform a
uniformly distributed input sequence
of bits into a sequence of symbols
with a desired distribution. It there-
fore preselects a set of codewords
from the linear code that are used for

Patrick Schulte

error correction. Information about
the distribution helps at the decoder
to recover the original message.

We developed and implemented
a block-to-block constant composi-
tion distribution matcher (CCDM).
While adaptive arithmetic distribu-
tion matching (AADM) [3] mani-
pulates the output distribution using
entropy cost functions in the proba-
bilistic model of an arithmetic de-
coder, CCDM allows only output se-
quences of a certain type, meaning
that all output blocks have the same
empirical distribution. Allowing only
output sequences of one type seems
to violate the aim of approximating
a discrete memoryless source. How-
ever, it turns out that the normalized
informational divergence between
the sequence distribution and the tar-
get distribution approaches zero and
the rate reaches the entropy rate of
the corresponding DMS as the out-
put blocklength grows.

As shown in the figure below, the
number of types of a sequence grows
polynomially with the blocklength
while the number of possible output
sequences grows exponenttially with
the output length [2]. Thus, the num-
ber of elements with a certain type
must grow exponentially as well.
Indexing the output sequences of
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one particular type is done using
sequential arithmetic coding tech-
niques.

For future work, we want to in-
vestigate other algorithms to imple-
ment a distribution matcher. Here,
we have to consider the tradeoff be-
tween computational complexity and
accurate approximation. We hope
to obtain highly parallelizable algo-
rithms that can be implemented ef-
ficiently in hardware.
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Im Zuge der Nachfrage nach immer
grofleren Datenraten im Mobilfunk
sind Mehrantennensysteme mit tiber
hundert Antennen an der Basisstation
ein wichtiger Baustein. Mit steigender
Antennzahl steigen auch die Kosten
und der Energieverbrauch der Basis-
station. In einem gemeinsamen For-
schungsprojekt mit Nokia Bell Labs
werden Mehrantennansysteme unter-
sucht, deren Antennen deutlich verein-
fachte Radiofrequenz-Ubertragungs-
strecken besitzen. Konkret bedeutet
Digtial-zu-Anlog-
Wandler nur eine Auflosung von ei-
nem Bit besitzt und unter Umstéinden
noch einige Bits fiir die Phase des Si-

dies, dass der

gnals bereitgestellt werden. Jede An-
tenne hatalso eine feste Ausgangsleis-
tung. Ziel des Projekts ist die Evalu-
ierung und Optimierung des Systems.

Massive multiple-input-multiple-out-
put (MIMO) promises to deliver high
spectral efficiency with low energy
consumption [1]. The theory for
massive MIMO is studied in [2].
An uplink system with 1 bit analog-
to-digital converters (ADCs) at the
receiver approaches capacity when
using QPSK [3], [4]. Several ap-

Massive MIMO Transmitter Design

Markus Staudacher

proaches simplify the implementa-
tion while preserving some of the
gains. For example, a simple idea is
to use only one antenna at the base
station (BS) at each time instant to
transmit, so that the transmitter (TX)
needs only one radio frequency (RF)
chain. As another example, hybrid
beamforming reduces the total num-
ber of RF-chains to decrease the cost
and power consumption of the BS.
We propose a design where a large
number of low cost constrained
RF-chains (CRFs) cooperate with a
small number of full RF-chains
(FRFs). In the simplest case the
CRFs use on/off switching, thereby
requiring minimum functionality
like a single bit digital-to-analog con-
verter (DAC), a power amplifier
(PA) with relaxed linearity con-
straints to achieve high power-added
efficiencies (PAE), less stringent fil-
ter requirements, etc. One interesting
use case is to add booster arrays with
a large number of CRFs to existing
macro sites — the FRFs — to form a
hybrid RF (HRF) massive MIMO ar-
ray. An HRF system can compensate
for all the non idealities of the CRFs,
as long as the number of FRFs is
larger than the number of the served
data streams. Compared to hybrid
beamforming, one can avoid the
analog network and retain full pre-
coding flexibility, which is limited
for wideband analog beams.

Average MSE in dB
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MSE at the receiver with constrained RF-chains; m is the number of bits for the phase
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We propose to construct receive
signal points by turning on or off
selected antenna elements of a mas-
sive MIMO array, potentially in
combination with adapting the TX-
signal phase information (PS) per
antenna element. The desired RX-
values for multiple user equipments
(UEs) are generated via superposi-
tion of the TX-signals affected by
the antenna specific channel compo-
nents.

To generate the signals at the re-
ceiver with moderate complexity, we
developed a suboptimal algorithm
following the knapsack problem. The
aim is to minimize the mean square
error (MSE) at the receiver by ac-
tivating the antennas one by one. In
each step the antenna that minimizes
the error is activated until the error
stops decreasing. The resulting MSE
for 10 UEs and a different number of
phase bits (m) is depicted in the fig-
ure. Furthermore, we developed an
algorithm that minimizes the MSE
for a combination of CRF and FRF
antennas. We used a modified version
of the knapsack algorithm where in-
stead of the distance to one point the
distance to a subspace is minimized.
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Performance and Complexity of Short Polar Codes

Die Erfindung von Polarcodes [1]
war ein wichtiger Durchbruch in der
Codierungstheorie. Fiir unendliche
Blockldngen erreichen Polarcodes
die Kanalkapazitdt bereits mit sehr
niedriger Komplexitdt. Dagegen
funktioniert Polarcodierung bei re-
lativ kurzen Blockldngen (<2000),
deutlich schlechter als Turbo- und
LDPC-Codes.

Hierfiir gibt es zwei Griinde. Zum
einen ist der urspriinglich vorgese-
hene Successive Cancellation (SC)
Decoder suboptimal. In [2] wird ein
List-Decoder fiir Polarcodes vorge-
stellt, der die Maximum-Likelihood
(ML) Grenze bei hohem Signal-zu-
Storleistungsverhaltnis erreicht. Zwei-
tens ist die Hammingdistanz von
Polarcodes sehr klein. Wir haben drei
Methoden gefunden, um die Ham-
mingdistanz zu verbessern:

a) CRC-Aided Polarcodes [2],
b) RM-Polarcodes [3],
¢) eBCH-Polarcodes [4].

In [2], a SC-list decoding algorithm
for polar codes was proposed. Al-
though the original polar codes can
achieve the ML performance by us-
ing SC-list decoding, it still per-
forms much worse than Turbo and
LDPC codes due to a low minimum
distance.

The first idea to fix this distance
property is employing a serial con-
catenation of an error-detecting code
and a polar code [2]. We use cyclic
redundancy check (CRC) codes in
the LTE standard, and the list-de-
coder that chooses the most likely
codeword with a valid CRC. But for
CRC-Aided (CA) polar codes it is
not clear how the outer codes affect
the minimum distance of the con-
catenated codes.

The second idea is called RM-
polar codes [3]. Those codes are
constructed by combining the code
constructions of Reed-Muller (RM)
codes and polar codes. Both RM
codes and polar codes are obtained
from the same polarization matrix.
The RM codes select the information

Peihong Yuan

bits according to the row weight. The
bits with the largest weights of their
corresponding rows are selected as
information bits, and the other bits
are selected as frozen bits.

Polar codes select information bits
according to the bit error rate. The
bit error rate can be estimated by us-
ing Monto-Carlo simulation or com-
puted by using Gaussian approxima-
tion. The bits with the lowest bit
error rate are selected as information
bits. The construction of RM-polar
codes is half-RM half-polar: First,
the bits with small row weights are
frozen. Then, we choose the most
reliable bits as information bits. Due
to better distance properties, RM-
polar codes outperform the original
polar codes with a large decoding list
size. Unfortunately, RM-polar codes
are not very flexible, because the
minimum Hamming weight of RM
codes must be power of two.

The third idea is a code construc-
tion based on extended primitive nar-
row-sense BCH (eBCH) codes and
polar codes by using dynamic frozen
bits [4]. The “frozen” bits in eBCH-
polar codes are not always frozen
(not all zero). Some of them depend
on previous information bits. e BCH-
polar codes have better distance
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properties and are more flexible than
RM-polar codes.

The figure below shows that short
polar codes with fixed distance prop-
erties outperform the LTE Turbo
codes and WiMax LDPC codes with
lower decoding complexity.
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The last two years of my research
group have been mainly characterized
by continuity. Only one new research-
er, plus one external Ph.D. student,
have joined our group in this period.

Yingkan Chen and Elisabeth Ober-
leithner finished their work on Opti-
cal Orthogonal Frequency Division
Multiplexing and Power-line Com-
munications in Vehicles, respective-
ly. Additionally, Elisabeth gave birth
to her son in February 2016. Tobias
Fehenberger and Ginni Khanna have
successfully continued their work to
increase capacity of optical commu-
nication systems. Tasnad Kernetzky
joined our group in December 2014.
He is engaged in the development of
a PLC-System for industrial applica-
tions. Finally, Amita Shrestha, an ex-
ternal Ph.D. student at DLR, works
in the field of Optical Free Space
Communications.

Die letzten beiden Jahre waren fiir
das Fachgebiet (nach einem Be-
schluss unserer Fakultit nunmehr
,»die Professur) fiir Leitungsgebun-
dene Ubertragungstechnik weitge-
hend geprigt von der Fortfiihrung
frither begonnener Arbeiten. Uber
samtliche Projekte wird hier und auf
den folgenden Seiten kurz berichtet.

Yingkan Chen hat seine Arbei-
ten zu Einsatzmoglichkeiten von
Orthogonalem Frequenzmultiplex in
optischen Ubertragunssystemen ab-
geschlossen. Er arbeitet seit Septem-
ber 2016 bei der Coriant GmbH in
Miinchen, unserem langjdhrigen For-
schungspartner, auch weiterhin auf
dem Gebiet der optischen Kommu-
nikation. In seiner Dissertation (sie-
he S. 43), die er im April 2016 ein-
gereicht hat, untersuchte Yingkan (im
Rahmen eines vom BMBF geforder-
ten Projekts) optisches OFDM in
Weitverkehrssystemen im optischen
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Uberblick iiber die Forschungsthemen im Fachgebiet
Leitungsgebundene Ubertragungstechnik

Norbert Hanik

Zugangsnetz und abschlieend (in
Zusammenarbeit mit Coriant) neu-
artige Few-Mode-Fasern. Seine Ar-
beit besticht durch die sorgfiltige
Modellierung linearer und nicht-
linearer Storeffekte und durch die
Erarbeitung und Implementierung
unterschiedlicher Algorithmen zu
deren Kompensation. Die theoreti-
schen und simulativen Arbeiten wer-
den durch Laborexperimente und ein
Feldexperiment ergénzt, letzteres in
Zusammenarbeit mit Projektpartnern.

Elisabeth Oberleithner konnte
ihre Arbeiten zur Powerline-Kom-
munikation im KFZ ebenfalls er-
folgreich abschlieen. Das von ihr
konzipierte, und in einem FPGA im-
plementierte System wurde erfolg-
reich iiber mehrere Ubertragungs-
pfade in einem Fahrzeug bei BMW
getestet. Nach der Geburt ihres Soh-
nes im Februar 2016 ist Elisabeth
aktuell im Mutterschaftsurlaub. Wir
hoffen, dass ihre Mutterpflichten ihr
bald geniigend Zeit lassen, ihre Dis-
sertation fertigzustellen.

Tobias Fehenberger hat diec Ar-
beiten zur Unteruchung und Maxi-
mierung der Kapazitit kohérenter
optischer Systeme sehr erfolgreich
fortgefiihrt. Parallel zur Auswertung
verschiedener Varianten der Trans-
information in Systemen mit Hard-
oder Soft-Forward-Error-Correction
arbeitete er intensiv an Methoden
zur VergroBerung der Kapazitét, zum
Beispiel durch eine auf S. 73 be-
schriebene Verfeinerung der Model-
lierung der Kanalstatistik optischer
Systeme.

Weitere Arbeiten erfolgten auf dem
Gebiet der Reduktion des Einflusses
des Laserphasenrauschens sowie (in
Zusammenarbeit mit Dr. Georg Bo-
cherer) zum Einsatz von Probabilistic
Shaping in optischen Ubertragungs-
systemen. Auf diesen Forschungsge-
bieten bestehen enge Kooperationen
mit dem University College London
sowie mit der Chalmers University
of Technology in Goteborg.

Ginni Khanna hat ihre Arbeiten
zur Signal-Vorverzerrung zur Kom-

pensation linearer und nichtlinearer
Verzerrungen in optischen Sendern
erfolgreich fortgefiihrt. Das von ihr
(in Kooperation mit Coriant) im-
plementierte und optimierte Prinzip
der adaptiven linearen und nichtli-
nearen Vorverzerrung zur Kompen-
sation degradierender Effekte in
hochratigen optischen Sendern wurde
in Laborexperimenten und mehreren
Feldexperimenten erfolgreich einge-
setzt (siche S. 75). Seit Juli 2016 wer-
den ihre Arbeiten im Rahmen eines
BMBF-Verbundprojekts finanziert.

Tasnad KernetzKy, unser einzi-
ger Neuzugang seit Herbst 2014, be-
schiftigt sich im Rahmen einer Ko-
operation mit der Siemens AG mit
Einsatzmdglichkeiten von Powerline-
Datenkommunikation fiir industrielle
Anwendungen (siche S. 74). In die-
sem Projekt entwickelt und optimiert
er ein flexibles FPGA-basiertes PLC-
Modem, das an die Anforderungen
in der industriellen Kommunikation
optimal angepasst werden kann.

Amita Shrestha, meine externe
Doktorandin am Deutschen Zentrum
fir Luft- und Raumfahrt (DLR) be-
schiftigt sich mit der Optimierung
optischer Kommunikationssysteme
zwischen Erde und Weltraum, also fiir
Low-Earth-Orbit (LEO) Downlinks.

AbschlieBend noch einekleine An-
merkung zu den Publikationen unse-
rer Forschungsgruppe in den letzten
beiden Jahren. Neben unserer schon
obligatorischen Priasenz auf OFC
und ECOC, den zwei wichtigsten
internationalen Konferenzen auf
dem Gebiet der optischen Kommu-
nikation, wurden unsere Forschungs-
ergebnisse in zehn Artikeln im /EEE
Journal of Lightwave Technology,
den IEEE Photonics Technology Let-
ters sowie in Optics Express verof-
fentlicht (siche Kapitel 8).

Dies ist fiir unsere kleine For-
schungsgruppe eine beachtliche Zahl
und ausschlieflich dem Arbeits-
einsatz und Publikationseifer meiner
Mitarbeiter(innen) geschuldet. Ich
verfolge diese Entwicklung durch-
aus mit einem gewissen Stolz.



Impact of Demappers with Multidimensional Channel
Statistics in Optical Fiber Communications

Bei optischen Weitverkehrssystemen
gibt es einen steigenden Bedarf nach
hoheren Bitraten pro Kanal bei gleich-
bleibend groBen Ubertragungsstre-
cken. Bei hochstufigen Modulations-
verfahren kommt dem Demapper in
Kombination mit Fehlerkorrektur eine
Schliisselrolle zu. Am Empfanger
kann man mit geeigneten Kanalstatis-
tiken die Informationsraten abschit-
zen, die eine obere Grenze der Fehler-
korrektur darstellen. In Simulationen
zeigen wir, dass in einem Glaserfaser-
system mit Dispersionskompensation
und mehreren WDM-Kanélen (mit
jeweils beiden Polarisationen) eine
groflere Informationsrate moglich ist,
wenn die Kanalstatistiken vierdimen-
sional geschétzt werden.

Since the advent of coherent re-
ceivers with digital signal processing
(DSP), the combination of high-or-
der modulation formats, in particular
quadrature amplitude modulation
(QAM), with advanced forward er-
ror correction (FEC) has enabled
increased data rates [1]. Bit-wise de-
coders for these FEC schemes have
become the de-facto standard, main-
ly due to their excellent trade-off be-
tween performance and complexity.
For these decoders, the relevant
channel outputs are log-likelihood
ratios (LLRs), which are calculated
from the noisy symbols after DSP.
Calculating LLRs and estimating
achievable rates, such as generalized
mutual information (GMI), requires
assumptions on the channel model.
When residual memory after DSP is
neglected, at most four dimensions
(4D) must be considered in the case
of dual-polarization (DP). Restricting
the noise model to circularly sym-
metric (c.s.) two-dimensional (2D)
statistics is a common choice in op-
tics [2], and has been shown to
give virtually identical achieve-
able information rates, as compared
to more complex additive white
Gaussian noise (AWGN) statistics,
for long-haul fiber systems without
inline dispersion-management (DM).

Tobias Fehenberger

However, in the presence of resilient
phase noise, for example due to strong
nonlinear fiber effects, using non-c.s.
statistics instead of a c.s. Gaussian
model can improve performance.

To quantify this effect, we simu-
lated the transmission of 9 DP wave-
length division multiplexing (WDM)
channels spaced at 30 GHz, each
with root-raised cosine shaped (20%
roll-off) 16-QAM at 20 GBaud over
3000 km of standard single-mode fi-
ber (SSMF). After every SSMF span
of length 100 km, an Erbium-doped
fiber amplifier with 5 dB noise fig-
ure compensates for all loss and adds
noise, and a dispersion-compensating
module undoes all of the SSMF dis-
persion. Note that this dispersion
map is not optimized, yet serves as
a legacy fiber setup with strong fiber
nonlinearities. At the receiver, the
GMI is computed with three differ-
ent demapper statistics, two in 2D and
one in 4D. The 2D statistics are both
c.s., l.e., correlations between in-
phase and quadrature are neglected.
The reference 2D case has one noise
variance for all constellations points,
which we refer to as unconditional
2D c.s. estimate. For the second 2D
estimate, one variance is computed
for each constellation point, which is
called conditional 2D c.s. statistics.

Arbeitsgebiete

The 4D estimate has a full covari-
ance matrix that allows correlations
between all four dimensions.

In the figure below, the GMI in bits
per 4D-symbol is shown vs. launch
power per channel in dBm. GMI
gains are observed by using more
complex demapper statistics. While
the improvement of the conditional
2D estimate over the unconditional
2D statistics is small, using full 4D
covariance matrices gives GMI gains
of up to 0.15 bits/4D-symbol at the
optimal power. The inset of the figure
represents an illustration of the 4D
channel statistics, projected in 2D,
showing the non-c.s. distribution of
the received symbols. The GMI im-
provement is due to the better match-
ing of the auxiliary and true channels.
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Powerline Kommunikation (PLC) ist
eine nahezu 100 Jahre alte Techno-
logie, bei der Daten {iber vorhandene
Stromnetze parallel zur Energie tiber-
tragen werden konnen. Die dabei er-
reichten Datenraten waren jedoch bis
Anfang des 21. Jahrhunderts sehr ge-
ring. Dies dnderte sich erst durch die
Verwendung von orthogonalem Fre-
quenzmultiplex (OFDM) im Rahmen
des HomePlug Standards. Der Haupt-
zweck von HomePlug Modems ist
es, Ethernet und WLAN-Netzwerke
in Hausern zu ergédnzen bzw. zu er-
setzen. Dieses Ziel hat viele Ent-
scheidungen im Standard beeinflusst,
oft zum Nachteil anderer Einsatz-
szenarien. In letzter Zeit gibt es zu-
nehmendes Interesse an PLC-Tech-
nologie seitens der Industrie, bei-
spielsweise im Rahmen des Smart
Grids.

Da industrielle Anwendungen vdl-
lig andere Anspriiche an Powerline-
Kommunikation stellen als der Ge-
brauch in privaten Haushalten, ent-

Flexible Broadband Power Line Communication Solutions

for Industrial Applications
Tasnad Kernetzky

wickeln wir ein FPGA-basiertes und
flexibles PLC-Modem, das es uns er-
laubt, alle wichtigen Parameter zu va-
riieren. Zum FEinsatz kommen dabei
ein Xilinx ZC706 FPGA Evalua-
tionsboard und ein 4DSP FMC151
Analog Frontend, die zusammen eine
geeignete flexible Prototyping-Platt-
form darstellen (siche Foto). Das
Modem lauft auf einem XC7Z045
System-on-Chip, das eine leistungs-
fahige FPGA und zwei ARM-basier-
te Prozessorkerne beinhaltet.

Powerline Communication (PLC) is
a ubiquitous technology existing for
roughly 100 years. Its main purpose
is to transmit data on the existing
power grid in parallel to the electri-
cal current. Due to the poor quality
of the communication channel, data
rates were low until Orthogonal Fre-
quency Division Multiplex (OFDM)
PLC modems were introduced at the
beginning of the 21st century, with
HomePlug being the predominant
standard. People started to use PLC
as an easy-to-deploy and cheap al-
ternative to Wireless LAN and cable
Ethernet connections. Recently, in-
dustry gained interest in PLC for
e.g. fabric automation and reading of

The hardware platform consisting of a Xilinx ZC706 FPGA evaluation board and a 4DSP
FMC151 analog front end (addon board on top).
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power meters in the so-called Smart
Grid [1] [2].

HomePlug is optimized to work
best in in-home scenarios where few
devices are connected in a network
that need high data rates. However,
high throughput can often be sacri-
ficed for short round-trip times, in-
creasing the number of network par-
ticipants and high reliability.

We are working on an FPGA-
based PLC modem in order to go
beyond the HomePlug standard, e.g.
to tune any desired parameter and
to inspect the modem’s operation
down to the physical layer. A Xilinx
ZC706 FPGA evaluation board to-
gether with a 4DSP FMC151 analog
front-end serves as the development
platform that is shown in the figure
below. The modem runs on a Zynq
XC7Z045 System on Chip which
consits of a large FPGA and two
ARM Cortex-A9 processor cores.

The FPGA part provides enough
logic elements to implement virtu-
ally any prototyping algorithm of the
physical (PHY) layer without having
to optimize it for space. Furthermore,
the processor cores are perfectly
suited to implement the media ac-
cess (MAC) layer. The sophisticated
interconnection of FPGA logic and
processor with AMBA AXI buses
lends itself to hardware/software co-
design optimizations.

The DC coupled FMC151 analog
front-end, which provides sampling
rates of over 400 MS/s, lets us inves-
tigate communications in a broad
spectral range.
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Signal Pre-Distortion for Non-linear Components in Real-
time Optical Communication Systems

Optische Kommunikationssysteme
sind ein essentieller Bestandteil der
Transportinfrastruktur von Kommu-
nikationssystemen. Keines der Sende-
elemente ist ideal und jedes fiir sich
wird durch verschiedene lineare oder
nichtlineare Verzerrungen mit oder
ohne Gedichtnis beeintrachtigt. Um
deren Einfluss zu begrenzen, wurden
bislang digitale Signalverarbeitungs-
techniken (DSP) immer auf der
Empfingerseite implementiert.

Eine andere Moglichkeit, um die
Effekte mangelhafter Senderkompo-
nenten zu iiberwinden, ist die Imple-
mentierung von DSP-Techniken im
Sender in Form einer Vorverzerrung.
Ein solches vorverzerrtes Signal
erzeugt zusammen mit der nichtli-
nearen Komponente insgesamt ein
System von hoherer Linearitit be-
ziiglich des Senders und fiihrt zu ei-
ner besseren Systemleistung.

Optical communication systems are
an essential part of the transport in-
frastructure, which are capable of
providing high speed data services.
The demand for better fiber capaci-
ties has led to research on optical
communication systems with higher
spectral effiency and higher order
modulation formats such as 16 quad-
rature amplitude modulation (QAM)
and 32-QAM.

The transmitter of a typical opti-
cal communication system consists
of a digital signal processor, which
generates the digital data with a re-
quired modulation format for trans-
mission over the optical fiber. The
digital-to-analog converter (DAC)
converts the digital bits into analog
form. The driver amplifiers amplify
the incoming analog signals and are
responsible for providing a linear
peak-to-peak voltage to the Mach-
Zehnder modulator (MZM). After
modulating the light wave (from the
LASER), the modulated symbols are
transmitted.

State-of-the-art DACs, driver am-
plifiers and DP-MZM are far from
being ideal and present distortions

Ginni Khanna

in the form of bandwidth limitation,
transmitter 1/Q skew and nonlinear
effects. To mitigate the undesirable
linear and non-linear distortions a
new robust pre-distortion method
based on Volterra series and indirect
learning architecture [1, 2] was intro-
duced and investigated [3]. The per-
formance of the algorithm is assessed
experimentally across Dual Polariza-
tion (DP)-4-QAM, DP-8-QAM, DP-
16-QAM, DP-32-QAM, DP-64-
QAM up to signaling rates of 56
GBaud. Significant improvements are
demonstrated. The proposed method
is desirable for future optical trans-
ponders as it not only avoids the
need for factory characterization but
also delivers noticeable performance
improvements by compensating all
transmitter impairments at once.
From the figure we can observe
that at any symbol rate, high order
modulation formats exhibit a higher
gain in the presence of Digital Pre-
Distortion (DPD) because the linear
and non-linear distortions affect them
more severely than lower order
modulation formats. The proposed
method enables transmission of up to
56 GBaud with the available optical
communication systems components.
The proposed algorithm has also
been used to compensate for the
component imperfections in a field

Arbeitsgebiete

trial conducted in France [4]. Future
investigations involve compensation
of various fiber linear and non-linear
effects with the proposed method.
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7.1 Vorbemerkungen zu den Forschungsprojekten

Gerhard Kramer, Norbert Hanik und Giinter Soder

Wir beginnen bei der Auflistung der
drittmittelfinanzierten Projekte mit
dem Lehrstuhl fiir Nachrichtentech-
nik (LNT). Etliche LNT-Projekte
wurden 2015/16 mit Alexander-von-
Humboldt-Mitteln finanziert, u.a. zu
den Themen Fehlerkorrekturverfah-
ren, drahtlose Kommunikation,
Phasenrauschkanile, Verteilungsan-
passung und Netzwerkinformations-
theorie. Kapitel 7.6 und 7.7 beschrei-
ben solche AvH-Projekte.

Die schon seit lingerem laufen-
den Projekte mit der DLR (Kap. 7.2)
und Nokia (Kap. 7.3, frither Nokia
Siemens Networks, jetzt Nokia Bell
Labs) wurden fortgefiihrt. Neu hinzu
kamen zwei durch die Deutsche For-
schungsgemeinschaft (DFG) gefor-
derte Projekte (Kapitel 7.4 und 7.5)
sowie ein Projekt mit dem Huawei
European Research Center (Kap. 7.8).

Die Professur Leitungsgebundene
Ubertragungstechnik (LUT) bearbei-
tete die folgenden externen Projekte:
— Lineare und nichtlineare Vorver-

zerrung bei optischen Systemen,

gefordert durch Coriant und dem

BMBF (Kapitel 7.9 und 7.10),

— Industrielle Powerline/OFDM-An-

wendungen (Siemens, Kap. 7.11),
— Mutual Information als Perfor-

mance-Indikator bei optischen

Systemen (Cisco, Kap. 7.12).

This chapter lists externally-funded
research projects. The BMBF monies
from Gerhard Kramer’s Alexander
von Humboldt Professorship were

originally supposed to last until Sep-
tember 2015 but a no-cost extension
was granted until September 2017.
Many of the LNT projects in 2015-
2016 were supported by the Hum-
boldt Professorship, including work
on security, network information
theory, distribution matching, error
control coding, wireless communi-
cations, and phase noise channels.
During the time of this report, we
acquired two DFG grants, one on
security (physical unclonable func-
tions) and one on source coding (dis-
tributed compressed sensing). The
research projects with the German
Aerospace Agency (DLR) and Nokia
Siemens Networks (NSN) were con-
tinued in 2014-2016. Finally, we re-
ceived new funding from the Huawei
Research Center in Munich in 2016 to
work on short block length codes. We
hope to continue this project in 2017.
At LUT, research work has been
carried out in the framework of four
externally funded research projects.
Two projects are about linear and
nonlinear predistortion in optical sys-
tems, funded by Coriant and the
BMBF. Another project funded by
Siemens deals with OFDM over Pow-
erline for Industrial applications. Fi-
nally we established a cooperation
with Cisco about application of (ge-
neral) mutual information as perfor-
mance indicator in optical networks.
As only half a page is assigned to
most projects, the reader is kindly re-
ferred to Chapters 5 and 6 for details.
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DLR@Uni — Munich
Aerospace (LNT)

LNT-Projekt mit Nokia
(M. Staudacher et al.)

LNT-DFG-Projekt
(L. Palzer et. al)

LNT-DFG-Projekt
(0. Giinlii et. al)

AvH-Forderung R. Timo
AvH-Forderung Y. Wu

LNT-Projekt mit Huawei
(P. Yuan et al.)

LUT-Projekt mit Coriant
(G. Khanna et al.)

LUT-BMBF-Projekt
(G. Khanna et al.)

LUT-Projekt mit Siemens
(T. Kernetzky et al.)

LUT-Projekt mit Cisco
(T. Fehenberger et al.)
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Extern

geforderte
Projekte

Project Implementation:
Lehrstuhl fiir Nachrichtentechnik

Funding Period:
01.01.2012-30.09.2016

Reporting Period:
01.10.2014-30.09.2016

Funding Agency:
Helmbholtz Allianz

Project Partners:

Institute for Communications and
Navigation at the German Aerospace
Agency (DLR):

Dr. Berioli, Dr. Liva, Dr. Munari

7.2 DLR@Uni — Munich Aerospace

Fabian Steiner, Patrick Schulte, Georg Bocherer, and Gerhard Kramer

The goal of this project is to apply
recent results from information theo-
ry and coding to scenarios that relate
to aeronautical and satellite commu-
nications. The cooperation between
the Institute for Communications and
Navigation, German Aerospace Agen-
cy (DLR), and LNT allows both par-
ties to benefit from the experience
and knowledge of the other.

The main focus of the project was
the design of channel codes for
bandwidth efficient modulation with
probabilistic shaping. Most code de-
signs use uniformly distributed sym-
bols. Probabilistic shaping instead
assigns different probabilities to con-
stellation points to improve the pow-
er efficiency of the transmitted signal
and to approach the Shannon capac-
ity of the respective channel.

An important property of our pro-
babilistic shaping method is flexible

7.3 Cooperation Methods for Wireless Communications

Markus Staudacher, Amir Ahmadian, Stefan Dierks und Gerhard Kramer

Project Implementation:
Lehrstuhl fiir Nachrichtentechnik

Funding Period:
01.03.2011-31.12.2016

Reporting Period:

Projekt (1): 01.01.2014-31.12.2014
Analysis of Cooperating Schemes
and Massive MIMO in Local Area
Scenarios

Projekt (2): 01.01.2015-30.09.2016
Analysis of Massive MIMO Preco-
der Design and Indoor-Outdoor
Cooperation

Funding Agency:
Nokia Solutions and Networks. Um-
benannt in Nokia Bell Labs (2016)

Project Partners: alle Nokia

Dr. Wegmann, Dr. Redana, W. Zir-
was, Dr. Panzner, Dr. Ganesan
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Im Projekt Analysis of Massive
MIMO Precoder Design and Indoor-
Outdoor Cooperation wird seit 2015
untersucht, wie der Sender eines Mo-
bilfunksystems mit sehr vielen An-
tennen (Massive MIMO) stark ver-
einfacht werden kann, um Kosten
und Energie zu sparen.

Es wird von Anfang an daran ge-
arbeitet, die Ubertragung iiber den
Mobilfunkkanal grundlegend zu ver-
andern. Zu diesem Zweck wurden die
Digital-Analog-Wandler durch einen
simplen Schalter ersetzt, der eine An-
tenne entweder an- oder ausschalten
kann. Zusitzlich gibt es die Option,
Phasenschieber einzusetzen, um eine
hohere Genauigkeit zu erreichen. Um
die Daten zu {ibertragen, wird nicht
wie iblich ein Precoder benutzt.
Vielmehr wird bei diesem Projekt
durch die Kombination von ange-
schalteten Antennen, den Phasen-
schiebern und den Kanalkoeffizien-

rate adaptation without modifying
the forward error correction (FEC)
code. This property allows to use one
FEC engine and lets the transmitter
adapt to different SNR conditions by
modifying the input distribution and
thereby the transmission rate. To
achieve the best performance, the
code design should take this flexibil-
ity into account.
We developed optimization meth-
ods to design channel codes that per-
form well across wide ranges of rates:
— Steiner, F.; Bocherer, G. Liva, G.:
Protograph-based LDPC Code
Design for Shaped Bit-metric
Decoding. In: /EEE J. Sel. Areas
Comm., Feb. 2016

— Steiner, F.; Schulte, P.: Design of
Robust, Protograph based LDPC
Codes for Rate-Adaptation via
Probabilistic Shaping. In: Int.
Symp. on Turbo Codes, Sept. 2016

ten versucht, das gewiinschte Signal
direkt am Empfanger zu erzeugen.

Im Projekt wurde gezeigt, dass
der mittlere Fehler zwischen dem ge-
wiinschten und dem erzeugten Sig-
nal auch fiir eine groBe Anzahl von
Empfangern in einem Bereich liegt,
in dem z.B. ein 256 QAM-Signal mit
geringer Fehlerrate libertragen wer-
den kann. 2016 wurde fiir dieses Ver-
fahren ein Algorithmus entwickelt,
der das in der Mathematik wohlbe-
kannte Problem ,,Knapsack* benutzt,
um das Signal am Empfénger zu er-
zeugen.

Des Weiteren wurde die Kombi-
nation aus diesen sehr simplen Ra-
dio-Frequenz-Ketten und den ibli-
chen eines LTE-Systems betrachtet.
Durch diese Kombination kann das
System weiter verbessert werden
und zum Beispiel als Unterstiitzung
flir existierende Systeme verwendet
werden.



7.4 Information Theory and Recovery Algorithms for
Quantized and Distributed Compressed Sensing

The idea behind Compressed Sensing
(CS) is that many natural signals can
not only be compressed significantly
in the digital domain, but directly
measured in an efficient manner
through random projections, thereby
reducing hardware complexity.

One aspect of this project is infor-
mation theory limits for quantized CS
to understand the fundamental limits
of digital CS systems. For this pur-
pose, we introduced the per-letter
rate-distortion function, which de-
scribes the optimal tradeoff between
the compression rate and the quan-
tization errors for different parts of
the signal. We studied this function
for memoryless spike sources — a
frequently used probabilistic signal
model in CS — and were able to lev-
erage these insights to derive new
limits for the standard rate-distortion
function of spike sources.

Lars Palzer and Gerhard Kramer

A next step is to extend the re-
sults to the setting of distributed CS,
where several correlated signals are
compressed separately but recon-
structed together.

A second aspect of the project is
recovery algorithms for quantized
CS with one or more signals. Here,
we are collaborating with our project
partners from the Chair in Applied
Numerical Analysis at the TUM Fac-
ulty of Mathematics. The goal is to
investigate the achievable perfor-
mances of CS algorithms employing
low-complexity scalar quantization
schemes.

This project is part of the DFG
priority program Compressed Sens-
ing in Information Processing (SPP
1798) that includes more than 15 dif-
ferent projects aimed at developing
both theory and algorithms to bring
CS to practice.
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Project Implementation:
Lehrstuhl fiir Nachrichtentechnik

Funding Period:
01.01.2016-31.12.2018

Reporting Period:
01.01.2016-30.09.2016

Funding Agency:
Deutsche Forschungsgemeinschaft

Project Partners:

Lehrstuhl fiir Angewandte Numeri-
sche Analyis, TU Miinchen

— Prof. Fornasier

— J. Maly

7.5 A Holistic Approach to Key Generation using Physical Unclonable Functions

This project aims to develop efficient
and reliable bit extraction and error
correction schemes for physical un-
clonable functions (PUFs). By com-
bining the complementary research
experiences of a theory-oriented and
an implementation-oriented group,
the collaborative project will gene-
rate new insights inspired by both
groups. The LNT will perform re-
search on information and commu-
nications theory, with a focus on
PUF modeling, fundamental coding
limits, and algorithms. The Institute
for Security in Information Techno-
logy will perform research on new
algorithms for syndrome coding for
PUFs, on efficient implementations,
as well as on side-channel attacks.
In the first subproject called Mod-
eling and Analyses, we developed
statistical models for ring oscilla-
tor (RO) and static random access
memory (SRAM) outputs and for bit

sequences that are generated from
these outputs by using our previous-
ly proposed transform coding algo-
rithm. Asymptotically optimal cri-
teria, e.g., Akaike’s and Bayesian
information criteria, were used for
model selection.

We also derived accurate bounds
for the number of secret-key bits
that can be generated from a given
number of ROs by using the signal-
to-noise ratios at each transform-
domain coefficient according to real-
istic source and noise statistics for RO
outputs. Information-theoretic mod-
eling and analyses provided a foun-
dational view on the complete key-
binding scenario and let us develop
new concepts and evaluation criteria
for key binding using PUFs. Opti-
mal transform and key-binding al-
gorithm designs for RO and SRAM
PUFs will follow by using the cur-
rent findings.

Onur Giinlii and Gerhard Kramer

Project Implementation:
Lehrstuhl fiir Nachrichtentechnik

Funding Period:
01.01.2016-31.12.2018

Reporting Period:
01.01.2016-30.09.2016

Subprojects:

SP1: Modeling and Analyses
SP2: Algorithmic Concepts

SP3: Prototyping and Evaluation

Funding Agency:
Deutsche Forschungsgemeinschaft
(DFG)

Project Partners:

Lehrstuhl fiir Sicherheit in der
Informationstechnik, TU Miinchen
— Prof. Sigl
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7.6 Streaming, Multiaccess and Broadcast with Finite

Delays
Roy Timo and Gerhard Kramer

This project, funded by the Alexander
von Humboldt Foundation, involved
research on several different topics
in communications and information
theory, including fundamental limits
of real-time (zero delay) communi-
cations, data caching for compres-
sion and communications, finite-
blocklength information theory, and
cooperative transmissions in cellular
networks. The project also involved
new results on information theory
for compressive sensing.

For example, our paper [1] takes
a rate-distortion approach to cache-
aided communications. We charac-
terized the optimal tradeoffs between
the delivery rate, cache capacity and
reconstruction distortions for a sin-
gle-user problem and some special
cases of a two-user problem. Our
analysis considers discrete memory-
less sources, expected- and excess-
distortion constraints, and separable
and f-separable distortion functions.
We also established a strong converse
for separable-distortion functions,
and we showed that lossy versions of
common information (Gacs-Kdrner
and Wyner) play an important role in
caching. Finally, we illustrated and
evaluated these laws for multivariate
Gaussian sources and binary sym-
metric sources.

Our paper [2] studies noisy broad-
cast networks with local cache mem-
ories at the receivers, where the trans-
mitter can pre-store information. We
mostly focused on packet-erasure
broadcast networks with two disjoint
sets of receivers: a set of weak re-
ceivers with equal cache sizes and a
set of strong receivers with no cache
memories. We presented lower and
upper bounds on the capacity-mem-
ory tradeoff of this network. The low-
er bound is achieved by a new joint
cache-channel coding idea and sig-
nificantly improves on schemes that
are based on separate cache-channel
coding. This coding idea could be
extended to more general discrete
memoryless broadcast channels and

to unequal cache sizes. Our upper
bound holds for all stochastically
degraded broadcast channels. Our
bounds are tight when there is a sin-
gle weak receiver (and any number
of strong receivers) and the cache
memory size does not exceed a giv-
en threshold. When there are a sin-
gle weak receiver, a single strong
receiver, and two files, then we can
strengthen our upper and lower
bounds so that they coincide over a
wide regime of cache sizes. Finally,
we completely characterized the
rate-memory tradeoff for general dis-
crete-memoryless broadcast chan-
nels with arbitrary cache memory
sizes and arbitrary (asymmetric)
rates when all receivers always de-
mand exactly the same file.

Finally, our paper [3] reports a
converse bound for lossy source co-
ding in the finite blocklength regime.
The bound is based on d-tilted infor-
mation. When particularized to the
binary and Gaussian memoryless
sources, the new bound gives slight-
ly tighter results in certain block-
length regimes.

Roy Timo was also co-organizer
ofthe 17th Joint Conference on Com-
munications and Coding (Chapter 9.4),
the Munich Workshop on Massive
MIMO (MMM 2016, Chapter 9.6) and
the Bertinoro Workshop on Commu-
nications and Coding (BCC 2016,
Chapter 9.10).

Publications:

[1] Timo, R., Sacedi Bidokhti, S.; Wig-
ger M.; Geiger, B.: A Rate-Distortion
Approach to Caching. Submitted to
1IEEE Trans. Inf. Theory, 2016
Sacedi Bidokhti, S.; Wigger, M.;
Timo, R.: Joint Cache-Channel Cod-
ing over Erasure Broadcast Chan-
nels. Submitted to /EEE Trans. Inf.
Theory, 2016
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Lossy Source Coding in the Finite
Blocklength Regime. — In: Int. Zu-
rich Seminar on Commun. (I1ZS),
March 2016



7.7 New Ways of Exploiting Relay, Feedback and
Cooperation in Wireless Networks

In this project we investigate general
wireless networks that incorporate
relays, feedback links as well as co-
operation communication. Our goal
is to develop new coding strategies
that improve over existing coding
schemes for such networks, and es-
tablish the capacity of certain classes
of networks. We particularly focus
on the following two types of net-
works:
— relay broadcast channels (RBCs)
with feedback and
— discrete memoryless multi-mes-
sage multicast network (DM-
MNs).

(1) RBCs with Feedback

In this work, we consider the RBC
with feedback, where the transmitter
broadcasts dedicated information to
two receivers, and each receiver can
send feedback signals that help the
other receiver and the transmitter. We
first study the partially cooperative
RBC with one-sided feedback (only
one receiver sends feedback signals).
We propose a block-Markov cod-
ing scheme (Scheme 1) in which the
transmitter uses modified Marton
coding in each block to send source
messages and to forward feedback
messages. The receiver that acts as a
relay performs combined partial de-
code-forward and compress-forward
and sends the compression message
as feedback information. The other
receiver uses backward decoding to
jointly decode the compression mes-
sage and its private message. Based
on Scheme 1, we proposed a new
scheme (Scheme 2) for fully coop-
erative RBCs with two-sided feed-
back (both receivers send feedback
signals).

It is shown that when feedback
rates are sufficiently large, both sche-
mes improve on previous achievable
regions, including [1] for partially
cooperative RBCs without feedback,
and [2] for BCs with feedback. This
demonstrates that using feedback is
a powerful tool to improve the rate
performance of networks.

Youlong Wu

(2) DM-MNs

In this work, we consider general
DM-MNs with feedback. This net-
work consists of N > 3 nodes where
the transmitter sends a source mes-
sage to different receivers with the as-
sistance of multiple relays, and each
receiver or relay can send feedback
signals through a noiseless but rate-
limited feedback pipe to the transmit-
ter. We propose new coding schemes
based on block-Markov coding, su-
perposition coding, backward decod-
ing and hybrid relaying strategies.

It is shown that our coding
schemes generalize [3] for the relay
channel with relay-transmitter feed-
back. For some channels, such as the
Gaussian relay channel and Z relay
channels, our coding schemes strict-
ly improve all known lower bounds
on the achievable rate in the absence
of feedback.

Motivated by our feedback coding
schemes, we propose a new scheme
for the DM-MN without feedback.
The key idea is that in each block,
instead of obtaining compression
messages directly through the feed-
back pipes, the transmitter decodes
the compression messages based on
its observed channel outputs. It is
shown that our no-feedback coding
scheme strictly improves all pre-
vious known lower bounds for some
channels.

Literature:

[1] Liang, Y.; Kramer, G.: Rate Regions
for Relay Broadcast Channels. In:
IEEE Trans. Inf. Theory, vol. 53,
no.10, pp.3517-3535, Oct. 2007

[2] Wu, Y.; Wigger, M.: Coding Sche-
mes for Discrete Memoryless Broad-
cast Channels with Rate-limited
Feedback. In: Proc. I[EEE Int. Symp.
Information Theory, pp. 2127-2131,
Honolulu, HI, June 2014

[3] Gabbai, Y.; Bross, S. I.: Achievable
Rates for the Discrete Memoryless
Relay Channel with Partial Feedback
Configurations. In: /IEEE Trans. Inf.
Theory, vol. 52, no. 11, pp. 4989-
5007, Nov. 2006
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7.8 Low Latency Coded Modulation

Peihong Yuan, Marcin Pikus, Georg Bocherer, and Gerhard Kramer

The research project Low Latency

Coded Modulation focuses on inves-

tigating new coding methods for next

generation communication systems
that offer low latency, low complex-
ity, high reliability and high adapt-
ability. Sophisticated encoding and
decoding methods should be devel-
oped that are relevant to machine-
type communications.

Some challenges for short block
lengths are as follows.

1) Many conventional analysis and
design tools are suitable for large
block lengths only.

2) At short lengths, the rate loss due
to error detection (due to CRC
bits) may become significant.

3) Reliability degrades with decrea-
sing block length.

4) Decoder design, especially the
complexity, is as important as the
code design.

In the first stage of the project, we
studied requirements and evaluated
theoretical limits.

The second stage comprised an
overview of State-of-the-Art (SotA)
solutions including PolartCRC
codes and Non-binary Turbo/LDPC
codes. We further evaluated the SotA
solutions based on their complexity
and error performance, we compared
these to theoretical benchmarks, and
we identified the strong and weak
points of each code.

Next, we analyzed different code
design tools, e.g., tools for performing
Density Evolution and EXIT chart
analyses, Progressive Edge Growth
for Turbo- and LDPC codes, etc.

Finally, we designed short codes
and decoding algorithms fulfilling the
requirements. The performance and
complexity of the codes compared fa-
vorably to the SotA solutions.

7.9 Transmitter-based Equalization of Linear/Nonlinear Distortions of Optical Components

Ginni Khanna and Norbert Hanik
Project Implementation:
Professur Leitungsgebundene Uber-

tragungstechnik

Funding Period:
01.05.2013 —30.04.2016

Reporting Period:
30.09.2014 —30.04.2016

Funding Agency:
Coriant GmbH & Co KG

Project Partner:
— Dr. Spinnler, Coriant GmbH
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Digital-to-analog converters (DAC),
driver amplifiers (DA) and Dual Pol-
arization Mach-Zehnder-Modulators
(MZM) form an important part of
a high data rate optical commu-
nication transmitter. All these com-
ponents are not ideal and hinder the
system performance through various
linear and non-linear effects. It is
broadly recognized that high baud
rate systems (>32 Gbaud) are lim-
ited by the bandwidth of commer-
cial DACs. Additionally, the DA and
MZM impede the performance of
the transmitter by introducing non-
linear distortions.

Another transmitter impairment is
the 1/Q skew which is the differential
group delay between the in-phase and
quadrature channels of a complex
baseband signal and becomes critical
at higher modulation formats. This
can arise from unequal lengths of
physical wires used in the transmitter.

In this research project with Co-
riant project we introduced an
adaptive digital pre-compensation
(DPC) algorithm based on the in-
direct learning architecture (ILA) to
mitigate linear effects i.e., I/Q skew
and low pass frequency response of
the electrical transmitter components
without any extensive calibration.
The algorithm has been experimen-
tally validated and substantial im-
provement was shown in an electri-
cal back-to-back scenario for 37.41
GBaud rootraised cosine signals with
DP-128QAM and DP-256QAM. We
extended the DPC algorithm to an
adaptive digital pre-distortion (DPD)
algorithm that addresses also nonlin-
ear distortions and imperfections in
the optical components. The novel
solution is now able to further com-
pensate non-linearities in the DAC,
DA and DP-MZM without the need
for any factory calibration.



7.10 Flexible Infrastructure for Data Center Communica-
tion Providing Unique Security (Sendate-FICUS)

Zukiinftige optische Kommunika-
tionsnetze werden bei hochsten Ka-
naldatenraten {iber 100 Gigabit/s, fle-
xibel und automatisch gesteuert, um
unterschiedlichste Dienste mit mi-
nimaler Verzégerung und mit groft-
moglicher Sicherheit bereitzustellen.
Ziel dieses Projektes ist es, durch in-
novative, optimierte Signalverarbei-
tung im Sender eine sichere Ubertra-
gung zu gewihrleisten, die dynamisch
verdnderliche ~ Signalverzerrungen
kompensiert, maximale Robustheit
gegen additive Stérungen gewéhrlei-
stet und einen sicheren Schutz gegen
unerlaubtes Abhdren schon auf der
physikalischen Schicht sicherstellt.
Zur Kompensation der vielféltigen
zeitvarianten Verzerrungen wird ein
Verfahren zur elektrischen Vorver-
zerrung weiterentwickelt und opti-
miert, das die linearen und nichtli-
nearen Verzerrungen der Komponen-

Ginni Khanna und Norbert Hanik

ten des Senders, ausgewahlter Kom-
ponenten des Empfangers und ausge-
wihlter Komponenten der Ubertra-
gungsstrecke kompensiert. Es wird
also angestrebt, durch optimierte Vor-
verzerrung des digitalen Sendesig-
nals eine weitgehende Kompensation
der erwarteten Signalverzerrungen
des Ubertragungssystems zu errei-
chen, so dass am Empfanger bereits
ein moglichst verzerrungsfreies Sig-
nal vorliegt und nur noch geringe
Anstrengungen zur vollstdndigen
Signalentzerrung unternommen wer-
den miissen. Wird im sendeseitigen
Kompensationsalgorithmus ein vari-
abler Restfehler zugelassen, so wird
ein verzerrtes, fiir einen Abhorer vol-
lig unleserliches Signal erzeugt. So-
mit kann bereits auf dem Physical
Layer ein wirksamer Schutz gegen
unautorisiertes Abhoren integriert
werden.
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7.11 Flexible Broadband Power Line Communication Solutions

Power Line Communication (PLC)
enables sending data over existing
(power) cables, which can potentially
reduce costs or establish a link where
other solutions are not feasible.

One such scenario is the charging
of electrical vehicles via a combined
charging system plug, according to
the IEC 62196 standard. As the plug
does not offer pins for broadband data
communication, the existing signal
pin is used to establish a PLC link.

Off-the-shelf PLC solutions are
mainly optimized for in-home use,
rather than offering the possibility for
customization, which is often need-
ed in industrial scenarios. Therefore,
the goal of this project is to develop
a flexible FPGA-based PLC Modem,
which then can be used to explore
and test PLC parameters and tech-
nologies.

The FPGA design shall consist of
a Physical (PHY) and Media Access

for Industrial Applications
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(MAC) layer, with focus on flexible
function exploration and Hardware/
Software co-design optimizations.
We use a Xilinx ZC706 FPGA Eval-
uation Board together with an analog
front-end. While the FPGA part of
the XC7Z045 SoC is big enough to
perform the computationally inten-
sive tasks of the PHY (forward er-
ror correction, Fourier transforms,
A/D conversion, ...), the two pro-
cessor cores on the silicon are per-
fectly suited for sequential tasks in
the MAC layer (channel contention,
connection setup and control, ...) and
for running a Linux operating sys-
tem at the same time.

Once the modem’s transmission
path is working, the next step will be
to measure one particular setup like
the harsh channel during charging of
a vehicle and perform offline proces-
sing and transmission optimization
of the recorded and transmitted data.

Project Implementation:
Professur Leitungsgebundene
Ubertragungstechnik

Funding Period:
01.12.2014 —-30.11.2017

Reporting Period:
01.12.2014 —30.09.2016

Funding Agency:
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Project Partner:

— Dr. Heuer, Siemens AG Miinchen
— Dr. Zhang, Siemens AG Miinchen
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7.12 Generalized Mutual Information Estimation Tool

Tobias Fehenberger and Norbert Hanik

Optical fiber systems are the back-
bone of the Internet as effectively
all traffic is routed over fiber links.
A growing data throughput is facili-
tated by higher-order modulation for-
mats whose sensitivity to errors is
met with soft-decision (SD) forward
error correction (FEC). While the
deployment of SD FEC has reached
a very mature point in modern fiber
systems, the widely used perfor-
mance metrics date back to the times
of hard-decision (HD) FECs. The
uncoded BER (pre-FEC BER) is still
a common figure of merit, although
it does not have an information-theo-
retic relation to SD-decoders. Hence,
it is not surprising that pre-FEC BER
has been shown to be an inaccurate
predictor of the post-FEC BER.

The more natural metrics to con-
sider are mutual information (MI)

and generalized mutual information
(GMI), which are achievable rates
for practically relevant coded modu-
lation systems with SD FEC. In parti-
cular, MI and GMI are suitable per-
formance indicators for general SD-
FEC schemes and for bit-interleaved
coded modulation (BICM) with bi-
nary FEC and no demapper-decoder
iterations, respectively. These find-
ings were obtained in extensive
Monte Carlo simulations using per-
fect knowledge of the transmit sym-
bol sequence at the demapper. This is
obviously an unrealistic assumption
for a practical fiber system with live
data, where the channel input cannot
be fully known.

The objective of this project is to
investigate tools to estimate MI and
GMI as monitoring tools for real-
time optical fiber systems.



8.1 Uberblick aller Publikationen

Gerhard Kramer, Norbert Hanik und Giinter Soder

Im Zeitraum 10/2014-09/2016 gab es
folgende Publikationen des Lehrstuhls
fiir Nachrichtentechnik (LNT):

— Zwei Buchbeitrage,

— drei Dissertationen

— 20 Zeitschriftenbeitrage,

— 59 Konferenzbeitrége,

— 35 Poster auf Konferenzen,

— drei Patente,

— 66 Vortrige.

Die Publikationen der Professur Lei-
tungsgebundene Ubertragungstechnik
(LUT) fiir den gleichen Zeitraum sind
in den Kapiteln 8.2-8.7 stets nach den
LNT-Eintrdgen angegeben:

— Eine Dissertation,

— sechs Zeitschriftenbeitrage,

— 23 Konferenzbeitrége,

— vier Poster auf Konferenzen,

— sechs Vortrége.

8.2 Buchbeitrige und Dissertationen —
Book Chapters and Dissertations

Bossert, M.; Sidorenko, V.; Wachter-Zeh, A.: Coding Techniques for Transmit-
ting Packets Through Complex Communication Networks. - In: Communica-
tions in Interference Limited Networks. Springer International Publishing, 2016

El Hefnawy, M.: Spectral Efficiency and Spectral Shaping of Faster-Than-
Nyquist Signals. Dissertation, TU Miinchen. - In: Verlag Dr. Hut, Miinchen.
ISBN: 978-3-8439-2492-4, 2016

Heindlmaier, M.: Network Coding for Two-Way Relay Channels and Broad-
cast Erasure Channels with Feedback. Dissertation, TU Miinchen. - In: Verlag
Dr. Hut, Miinchen. ISBN: 978-3-8349-2391-0, 2015

Hou, J.; Kramer, G.; Bloch, M.: Effective Secrecy: Reliability, Confusion and
Stealth. - In: Boche, H.; Khisti, A.; Poor, H. V.; Schaefer, R. F. (Hrsg.): Infor-
mation Theoretic Security and Privacy of Information Systems. Cambridge
University Press, 2016

Iscan, O.: Design of Communication Systems for Two-Way Relaying. Dis-
sertation, TU Miinchen. - In: Verlag Dr. Hut, Miinchen. ISBN: 978-3-8349-
1961-6, 2015

Hellerbrand, S.: Electronic Predistortion for the Compensation of Trans-
mission Impairments in Fiber-optic Communication Systems. Dissertation,
TU Miinchen. In: Verlag Dr. Hut, Miinchen. ISBN: 978-3-8349-2058-2, 2015

Veroffentlichungen
|

Patente, Vortrige

The publications of the Chair of Com-
munications Engineering (LNT) and
the Wired Communications Technolo-
gy group (LUT) are listed in Chapters
8.2: Book Chapters and Dissertations,
8.3: Journal Publications,

8.4: Conference Publications,

8.5: Posters,

8.6: Patents,

8.7 Talks.

LNT

LUT

85



Veroffentlichungen
—

Patente, Vortrige

LNT

86

8.3 Zeitschriftenaufsitze - Journal Publications

Barletta, L.; Borgonovo, F.; Cesana, M.: A Formal Proof of the Optimal Fra-
me Setting for Dynamic-frame Aloha with known Population Size. - In: [EEE
Trans. Inf. Theory, vol. 60, no. 11, pp. 7221-7230, Nov. 2014

Bartz, H., Sidorenko, V.: Algebraic Decoding of Folded Gabidulin Codes. -
In: Designs, Codes and Cryptography, pp. 1-19, March 2016

Buchali, F.; Steiner, F.; Bocherer, G.; Schmalen, L.; Schulte, P.; Idler, W.:
Rate Adaptation and Reach Increase by Probabilistically Shaped 64-QAM:
An Experimental Demonstration. - In: J. Lightwave Technol., vol. 34, no. 7,
pp. 1599-1609, Apr. 2016

Dong, Z.; Hari, S.; Gui, T.; Zhong, K.; Yousefi, M.; Lu, C.; Wai, P.-K_;
Kschischang, F.; Lau, A.: Nonlinear Frequency Division Multiplexed Trans-
missions based on NFT. - In: IEEE Phot. Technol. Lett., vol. 27, no. 15,
pp. 1621-1623, Aug. 2015

Fehenberger, T.; Alvarado, A.; Bocherer, G.; Hanik, N.: On Probabilistic Sha-
ping of Quadrature Amplitude Modulation for the Nonlinear Fiber Channel.
- In: J. Lightwave Technol., vol. 34, no. 21, pp. 5064-5074, July 2016

Geiger, B. C.; Petrov, T.; Kubin, G.; Koeppl, H.: Optimal Kullback-Leibler
Aggregation via Information Bottleneck. - In: /EEE Trans. Automatic Con-
trol, vol. 60, no. 4, pp. 1010 - 1022, Apr. 2015

Geiger, B. C.; Bocherer, G.: Greedy Algorithms for Optimal Distribution Ap-
proximation. - In: Entropy, vol. 18, paper.262, July 2016

Goldfeld, Z.; Permuter, H.; Kramer, G.: Duality of a Source Coding Prob-
lem and the Semi-deterministic Broadcast Channel with Rate-limited Co-
operation. - In: IEEE Trans. Inf. Theory, vol. 62, no. 5, pp. 2285-2307, May
2016

Mueck, M.; Msallem, M.; Drewes, C.; Stinner, M.: Optimum Selection of
Radio Access Technologies in a 5G Heterogeneous Multicomm Environment.
- In: IEICE Trans. Comm., vol. E98.B, no. 10, pp. 1949-1956, Oct. 2015

Ong, L.; Timo, R.: A Multiway Relay Channel with Balanced Sources. - In:
IEEE Trans. Commun., vol. 63, no. 12, pp. 4809-4823, Dec. 2015

Pecorino, S.; Mandelli, S.; Barletta, L.; Magarini, M.; Spalvieri, A.: Boot-
strapping Iterative Demodulation and Decoding Without Pilot Symbols. - In:
J. Lightwave Technol., vol. 33, no. 17, pp. 3613-3622, Sep. 2015

Pikus, M.; Kramer, G.; Bocherer, G.: Discrete Signaling for Non-coherent,
Single-antenna, Rayleigh Block-fading Channels. - In: /EEE Commun. Lett.,
vol. 20, no. 4, pp. 764-767, April 2016

Puchinger, S.; Rosenkilde, J.; Li, W.; Sidorenko, V.: Row Reduction Applied
to Decoding of Rank-metric and Subspace Codes. - In: Designs, Codes and
Cryptography, pp. 1-21, Aug. 2016

Saeedi Bidokhti, S.; Prabhakaran, V.; Diggavi, S.: Capacity Results for Mul-
ticasting Nested Message Sets over Combination Networks. - In: [EEE Trans.
Inf. Theory, vol. 62, no. 9, pp. 4968-4992, Sept. 2016



Steiner, F.; Bocherer, G.; Liva, G.: Protograph-based LDPC Code Design for
Shaped Bit-Metric Decoding. - In: IEEE J. Sel. Areas Comm., vol. 34, no. 2,
pp. 397-407, Feb. 2016

Steiner, F.; Dempfle, S.; Ingber, A.; Weissman, T.: Compression for Quadra-
tic Similarity Queries: Finite Blocklength and Practical Schemes. - In: /EEE
Trans. Inf. Theory, vol. 62, no. 5, pp. 2737 - 2747, May 2016

Stinner, M.; Olmos, P. M.: On the Waterfall Performance of Finite-length
SC-LDPC Codes Constructed from Protographs. - In: /[EEE J. Select. Areas
Comm., vol. 34, pp. 345-361, Feb. 2016

Timo, R.; Wigger, M.: Slepian-Wolf Coding for Broadcasting With Coope-
rative Base-Stations. - In: /EEE Trans. on Communications, vol. 63, no. 5,
pp. 1850 - 1866, May 2015

Wachter-Zeh, A.; Stinner, M.; Sidorenko, V.: Convolutional Codes in Rank
Metric with Application to Random Network Coding. - In: /EEE Trans. Inf.
Theory, vol. 61, no. 61, pp. 3199-3213, June 2015

Wu, Y.; Wigger, M.: Coding Schemes with Rate-limited Feedback that Impro-
ve over the Nofeedback Capacity for a Large Class of Broadcast Channels.
- In: IEEFE Trans. on Information Theory, vol. 62, pp. 2009-2033, Apr. 2016

El-Nahal, F.: Wavelength Division Multiplexing Passive Optical Networks
(WDM PONs) with Downstream DPSK and Upstream Remodulated OOK
using Injection-locked Fabry-Perot Laser Diodes (FP-LDs) — Photonics Let-
ters of Poland, Band vol. 7 (4) , Apr. 2015

Eriksson, T. A.; Fehenberger, T.; Andrekson, P. A.; Karlsson, M.; Hanik, N.;
Agrell, E.: Impact of 4D Channel Distribution on the Achievable Rates in Co-
herent Optical Communication Experiments. - In: Journal Lightwave Techno-
logy, vol. 34, no. 9, pp. 2256-2266, May 2016

Fehenberger, T.; Alvarado, A.; Bayvel, P.; Hanik, N.: On Achievable Rates for
Long-haul Fiber-optic Communications. - In: Optics Express, vol. 23, no. 9,
Apr. 2015

Fehenberger, T.; Alvarado, A.; Bocherer, G.; Hanik, N.: On Probabilistic Sha-
ping of Quadrature Amplitude Modulation for the Nonlinear Fiber Channel. -
In: Journal Lightwave Technology, vol. 34, no. 22, pp. 5064-5074, Nov. 2016

Fehenberger, T.; Lavery, D.; Maher, R.; Alvarado, A. ; Bayvel, P. ; Hanik, N.:
Sensitivity Gains by Mismatched Probabilistic Shaping for Optical Commu-
nication Systems. - In: IEEE Photonics Technology Letters, vol. 28, no. 7, pp.
786-789, Apr. 2016

Yankov, M. P.; Fehenberger, T.; Barletta, L.; Hanik, N.: Low-Complexity
Tracking of Laser and Nonlinear Phase Noise in WDM Optical Fiber Sys-
tems. - In: Journal Lightwave Technology, vol. 33, no. 23, pp. 4975-4984,
Dec. 2015

8.4 Konferenzbeitrige - Conference Publications

Ahmadian, A.; Zirwas, W.; Siva Ganesan, R.; Panzner, B.: Low Complexity
Moore-Penrose Inversion for Large CoMP Areas with Sparse Massive MIMO
Channel Matrices. - In: /[EEE Int. Symp. Personal, Indoor and Mobile Radio
Commun. (PIMRC 2016), Sept. 2016

LUT

LNT

Veroffentlichungen
—

Patente, Vortriige

87



Veroffentlichungen
—

Patente, Vortrige

88

Amjad, R. A.: Variable-to-Fixed Length Resolution Codes for Approximate
Random Number Generation. - In: XV International Symposium on Problems
of Redundancy in Information and Control Systems, Sept. 2016

Barletta, L.; Kramer, G.: Upper Bound on the Capacity of Discrete-time Wie-
ner Phase Noise Channels. - In: /EEE Inf. Theory Workshop, Apr. 2015

Barletta, L.; Kramer, G.: Lower Bound on the Capacity of Continuous-time
Wiener Phase Noise Channels. - In: IEEE Int. Symp. Inf. Theory, June 2015

Bartz, H.: List and Probabilistic Unique Decoding of High-Rate Folded Gabi-
dulin Codes. - In: Ninth Int. Workshop on Coding and Cryptography (WCC),
Apr. 2015

Bartz, H., Sidorenko, V.: List and Probabilistic Unique Decoding of Folded
Subspace Codes. - In: IEEE Int. Symp. Inf. Theory (ISIT), June 2015

Bartz, H., Sidorenko, V.: On List-Decoding Schemes for Punctured Reed-
Solomon, Gabidulin and Subspace Codes. - In: XV International Symposium
“Problems of Redundancy in Information and Control Systems”, Sept. 2016

Baur, S.; Bocherer, G.: Arithmetic Distribution Matching. - In: International
ITG Conference on Systems, Communications and Coding, Feb. 2015

Brauchle, J.: On the Error-Correcting Radius of Folded Reed—Solomon Code
Designs. - In: Coding Theory and Applications (CIM Series in Mathematical
Sciences, vol. 3, Springer Science + Business Media, Apr. 2015

Brauchle, J.; Sidorenko, V.: On Asymptotic Strategies for GMD Decoding
with Arbitrary Error-Erasure Tradeoff. - In: Ninth Int. Workshop on Coding
and Cryptography (WCC), Apr. 2015

Buchali, F.; Bocherer, G.; Idler, W.; Schmalen, L.; Schulte, P.; Steiner, F.: Ex-
perimental Demonstration of Capacity Increase and Rate-adaptation by Pro-
babilisticaly Shaped 64-QAM. - In: 2015 European Conference on Optical
Communication (ECOC), Sept. 2015

Buchali, F.; Idler, W.; Schuh, K.; Schmalen, L.; Bécherer, G.; Schulte, P.; Stei-
ner, F.; Eriksson, T. A.: Study of Electrical Subband Multiplexing at 54 GHz
Modulation Bandwidth for 16QAM and Probabilistically Shaped 64QAM.
- In: European Conference on Optical Communication (ECOC), Sept. 2016

Bocherer, G.; Schulte, P.; Steiner, F.: Bandwidth Efficient and Rate-Matched
Low-Density Parity-Check Coded Modulation. - In: Coding and Transmissi-
on Schemes for High Rate Communications Systems, pp. 24, Apr. 2015

Bocherer, G.; Steiner, F.; Schulte, P.. Opportunities of Probabilistic Shaping
for Fiber-Optic Communications. - In: Latin America Optics and Photonics
Conference (LAOP), Aug. 2016

Dierks, S.; Zirwas, W.; Jaeger, M.; Panzner, B.; Kramer, G.: MIMO and Mas-
sive MIMO: Analysis for a Local Area Scenario. - In: EUSIPCO, Sept. 2015

Fehenberger, T.; Bocherer, G.; Alvarado, A.; Hanik, N.: LDPC Coded Mo-
dulation with Probabilistic Shaping for Optical Fiber Systems. - In: Optical
Fiber Conference (OFC), March 2015

Geiger, B. C.: Two Little(?) Problems. - In: /7th Joint Conf. on Coding and
Comm. (JCCC), March 2015



Geiger, B. C.: The Fractality of Polar Codes. - In: Int. Zurich Seminar on
Communications (1ZS), pp. 160-164, March 2016

Geiger, B. C., Hofer-Temmel, C.: Graph-Based Lossless Markov Lumpings. -
In: Proc. IEEE Int. Sym. on Information Theory (ISIT), July 2016

Goldfeld, Z.; Kramer, G.; Permuter, H.: Cooperative Broadcast Channels
with a Secret Message. - In: IEEE Int. Symp. Inf. Theory, June 2015

Goldfeld, Z.; Kramer, G.; Permuter, H.; Cuff, P.: Strong Secrecy for Cooperative
Broadcast Channels. - In: Int. Zurich Seminar on Communications, March 2016

Giinlii, O.; Iscan, O.: Transform Coding for Physical Unclonable Functions. -
In: 17th Joint Conf. on Coding and Comm. (JCCC), March 2015

Giinlii, O.; Iscan, O.; Kramer, G.: Reliable Secret Key Generation from Phy-
sical Unclonable Functions under Varying Environmental Conditions. - In:
IEEE Int. Workshop Inf. Forensics and Security, Nov. 2015

Giinlii, O.; Kramer, G.; Skorski, M.: Privacy and Secrecy with Multiple
Measurements of Physical and Biometric Identifiers. - In: /EEE Conf. Comm.
and Network Security, Sept. 2015

Heindlmaier, M.; Reyhanian, N.; Saeedi Bidokhti, S.: On Capacity Regions of
Two-Receiver Broadcast Packet Erasure Channels with Feedback and Memory. -
In: Allerton Conference on Communication, Control, and Computing, Oct. 2014

Heindlmaier, M.; Saeedi Bidokhti, S.: Capacity Regions of Two-User Broad-
cast Erasure Channels with Feedback and Hidden Memory. - In: /EEE Int.
Symp. Inf. Theory, June 2015

Heindlmaier, M.; Soljanin, E.: Isn’t Hybrid ARQ Sufficient? - In: Allerton
Conf. Comm., Control, Comp., Oct. 2014

Heindlmaier, M.; Staudacher, M.: Iterative Decoding for Noisy Network Co-
ding for Two-Way Relay Channels. - In: Int. Symp. Turbo Codes & Iter. Inf.
Proc. 2016, Sept. 2016

Hiller, M.; Pehl, M.; Kramer, G.; Sigl, G.: Algebraic Security Analysis of
Key Generation with Physical Unclonable Functions. - In: PROOFS: Security
Proofs for Embedded Systems, Aug. 2016

Iscan, O.; Land, I.; Lechner, G.: Repeat-Accumulate Codes for Broadcast
Channels with Side Information. - In: International ITG Conference on Sys-
tems, Communications and Coding, Feb. 2015

Kramer, G.: Capacity of Deterministic, Half-duplex, Line Networks with Two
Sources. - In: IEEE Inf. Theory Workshop, Apr. 2015

Kramer, G.: Coded Modulation and its Application to Fiber-Optic Communi-
cation Systems. - In: OSA4 Advanced Photonics Congress, July 2016

Kramer, G.; Yousefi, M. 1.; Kschischang, F.: Upper Bound on the Capacity
of a Cascade of Nonlinear and Noisy Channels. - In: IEEE Inf. Theory Work-
shop, Apr. 2015

Leinonen, M.; Codreanu, M.; Juntti, M.; Kramer, G.: Rate-distortion Lower
Bound for Compressed Sensing via Conditional Remote Source Coding. - In:
IEEE Inf. Theory Workshop, Sept. 2016

Veroffentlichungen
—

Patente, Vortriige

&9



Veroffentlichungen
—

Patente, Vortrige

90

Li, W.; Nielsen, J. S. R.; Puchinger, S.; Sidorenko, V.: Solving Shift Regi-
ster Problems over Skew Polynomial Rings using Module Minimisation. - In:

The Ninth International Workshop on Coding and Cryptography 2015, Apr.
2015

Napp, D.; Pinto, R.; Sidorenko, V.: Concatenation of Convolutional Codes
and Rankmetric Codes for Multi-shot Network Coding. - In: Network Coding
and Designs, Final Conference of COST Action IC1104, Apr. 2016

Nedelcu, A.; Kramer, G.: Sensitivity of Information Rates of Matching Cir-
cuits for Antenna Arrays. - In: Workshop on Smart Antennas, March 2016

Nguyen, K. N.; Timo, R.; Rasmussen, L.: Causal-CSIT Rate Adaptation for
Block-Fading Channels. - In: /EEE International Symposium on Information
Theory, June 2015

Palzer, L.: Signaling over the Gaussian Channel with Intermittent Feedback.
- In: IEEE Int. Symp. Inf. Theory, June 2015

Palzer, L.; Timo, R.: A Converse for Lossy Source Coding in the Finite Block-
length Regime. - In: International Zurich Seminar on Communications (12S),
March 2016

Palzer, L.; Timo, R.: Fixed-length Compression for Letter-based Fidelity
Measures in the Finite Blocklength Regime. - In: I[EEE Int. Symp. Inf. Theory
(ISIT), July 2016

Palzer, L.; Timo, R.: A Lower Bound for the Rate-distortion Function of
Spike Sources that is Asymptotically Tight. - In: IEEE Inf. Theory Workshop
(ITW), Sept. 2016

Panzner, B.; Zirwas, W.; Dierks, S.; Lauridsen, M.; Mogensen, P.; Pajukoski,
K.; Miao, D.: Deployment and Implementation Strategies for Massive MIMO
in 5G. - In: IEEE Globecom 2014 Workshop - Massive MIMO: From Theory
to Practice, Dec. 2014

Saeedi Bidokhti, S.; Kramer, G.: Capacity of Two-Relay Diamond Networks
with Rate-Limited Links to the Relays and a Binary Adder Multiple Access
Channel. - In: IEEE Int. Symp. Inf. Theory, July 2016

Steiner, F.; Schulte, P.: Design of Robust, Protograph Based LDPC Codes for
Rate-Adaptation via Probabilistic Shaping. - In: International Symposium on
Turbo Codes & Iterative Information Processing, Sept. 2016

Steiner, F.; Mezghani, A.; Swindehurst, L.; Nossek, J. A.; Utschick, W.: Tur-
bo-Like Joint Data-and-Channel Estimation in Quantized Massive MIMO
Systems. - In: Workshop of Smart Antennas, March 2016

Stinner, M.; Barletta, L; Olmos, P. M.: Finite-Length Scaling Based on Belief
Propagation for Spatially Coupled LDPC Codes. - In: /IEEE Int. Symp. Inf.
Theory (ISIT), July 2016

Thangaraj, A.; Kramer, G.; Bocherer, G.: Capacity Upper Bounds for Dis-
crete-time Amplitude-constrained AWGN Channels. - In: IEEE Int. Symp.
Inf. Theory, June 2015

Timo, R.: Tracking Unstable Linear Systems over Discrete Memoryless Chan-
nels. - In: Seminar at Huawei Technologies’ Mathematical and Algorithmic
Sciences Laboratory, Paris, Sept. 2015



Timo, R.; Wigger, M.: Slepian-Wolf Coding for Broadcasting with Coope-
rative Base-Stations. - In: IEEE International Symposium on Information
Theory, June 2015

Timo, R.; Wigger, M.: Joint Cache-Channel Coding over Erasure Broadcast
Channels. - In: I[EEE International Symposium on Wireless Communication
Systems, Aug. 2015

Wigger, M.; Timo, R.: Testing Against Independence with Multiple Decision
Centers. - In: International Conference on Signal Processing and Communi-
cations (SPCOM), June 2016

Wigger, M.; Timo, R.; Shamai, S.: Conferencing in Wyner’s Asymmetric In-
terference Network: Effect of Number of Rounds. - In: IEEE Information
Theory Workshop, May 2015

Wigger, M.; Timo, R.; Shamai, S.: Complete Interference Mitigation through
Receiver-caching in Wyner’s Networks. - In: IEEE Information Theory Work-
shop (ITW), Sept. 2016

Wu, Y.: Coding Schemes for Discrete Memoryless Multicast Networks with
and without Feedback. - In: 53rd Annual Allerton Conference on Communi-
cation, Control, and Computing, Sept. 2015

Wu, Y.: Coding Schemes for Discrete Memoryless Multicast Networks with
Rate-limited Feedback. - In: Information Theory Workshop - Fall (ITW),
2015 IEEE, Oct. 2015

Yousefi, M. L.; Kramer, G.; Kschischang, F.: Upper Bound on the Capacity of
the Nonlinear Schroedinger Channel. - In: Canadian Workshop on Informati-
on Theory (CWIT), June 2015

Yousefi, M. I.; Kschischang, F. R.; Kramer, G.: Upper Bound on the Capacity
of the Single-user Nonlinear Schroedinger Channel. - In: Can. Workshop Inf.
Theory, July 2015

Zaidi, A.; Moussa, M. A.; Timo, R.: Bounds on the Benefits of Interaction in
Distributed Source Coding for Function Computation. - In: /EEE Internatio-
nal Symposium on Wireless Communication Systems, Aug. 2015

Alvarado, A.; Szczecinski, L.; Fehenberger, T.; Paskov, M.; Bayvel, P.: Im-
proved Soft-decision Forward Error Correction via Post-processing of Mis-
matched Log-likelihood Ratios. - In: European Conference on Optical Com-
munication (ECOC), Sept. 2016

Eriksson, T. A.; Fehenberger, T.: Mutual Information Characterization of Non-
linear Fiber Channels. - In: European Conference on Optical Communication
(ECOC), Sept. 2016

Eriksson, T. A.; Fehenberger, T.; Hanik, N.; Anderson, P. A.; Karlsson, M.;
Agrell, E.; Four-Dimensional Estimates of Mutual Information in Coherent
Optical Communication Experiments. - In: European Conference on Optical
Communication (ECOC), Sept. 2015

Eriksson, T. A.; Lorences-Riesgo, A.; Johannisson, P.; Fehenberger, T.; An-
drekson, P. A.; Karlsson, M.: Achievable Rates Comparison for Phase-conju-
gated Twin-waves and PM-QPSK. - In: Optoelectronics and Communications
Conference (OECC), July 2016
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Fehenberger, T.; Bocherer, G.; Alvarado, A.; Hanik, N.: LDPC Coded Mo-
dulation with Probabilistic Shaping for Optical Fiber Systems. - In: Optical
Fiber Conference (OFC), March 2015

Fehenberger, T.; Eriksson, T.; Alvarado, A.; Karlsson, M.; Agrell, E.; Hanik,
N.: Improved Achievable Information Rates by Optimized Four-dimensional
Demappers in Optical Transmission Experiments. - In: Optical Fiber Confe-
rence (OFC), March 2016

Fehenberger, T.; Eriksson, T. A.; Johannisson, P.; Karlsson, M.; Hanik, N.:
On the Impact of Carrier Phase Estimation on Phase Correlations in Coherent
Fiber Transmission. - In: Tyrrhenian International Workshop on Digital Com-
munications (TIWDC), Sept. 2015

Fehenberger, T.; Hanik, N.: Analysis of Forward Error Correction and Achie-
vable Rates for Optical Fiber Systems. - In: International Conference on
Transparent Optical Networks (ICTON), July 2015

Fehenberger, T.; Hanik, N.: Multi-dimensional Demappers for Optical Fiber
Systems with Soft-decision Forward Error Correction. - In: International
Conference on Transparent Optical Networks (ICTON), July 2016

Fehenberger, T.; Mazur, M.; Eriksson, T. A.; Karlsson, M.; Hanik, N.: Expe-
rimental Analysis of Correlations in the Nonlinear Phase Noise in Optical Fi-

ber Systems. - In: European Conference on Optical Communication (ECOC),
Sept. 2016

Fehenberger, T.; Yankov, M.; Barletta, L.; Hanik, N.: Compensation of XPM
Interference by Blind Tracking of the Nonlinear Phase in WDM Systems with
QAM Input. - In: European Conference on Optical Communication (ECOC),
Sept. 2015

Gonzalez de Dios, O.; Casellas, R.; Paolucci, F.; Napoli, A.; Gifre, L.; An-
noni, S.; Belotti, S.; Feiste, U.; Rafique, D.; Bohn, M.; Bigo, S.; Dupas, A.;
Dutisseuil, E.; Fresi, F.; Guo, B.; Hugues, E.; Layec, P.; Lopez, V.; Meloni,
G.; Misto, S.; Morro, R.; Rahman, T.; Khanna, G.; Martinez, R.; Vilalta, R.;
Cugini, F.; Poti, L.; D’Errico, A.; Mufioz, R.; Shu, Y.; Yan, S.; Yan, Y.; Zer-
vas, G.; Nejabati, R.; Simeonidou, D.; Velasco, L.; Fernandez-Palacios, J.:
First Demonstration of Multi-vendor and Multi-domain EON with S-BVT
and Control Interoperability over Pan-European Testbed. - In: European Con-
ference on Optical Communication (ECOC), Sept. 2015

Khanna, G.; Calabro, S.; Spinnler, B.; De Man, E.; Hanik, N.: Joint Adap-
tive Pre-Compensation of Transmitter I/Q Skew and Frequency Response for
High Order Modulation Formats and High Baud Rates. - In: Optical Fiber
Communications Conference, March 2015

Khanna, G.; Rahman, T.; De Man, E.; Riccardi, E.; Pagano, A.; Piat Chi-
ado, A.; Spinnler, B.; Calabro, S.; Rafique, D.; Feiste, U.; de Waardt, H.;
Sommerkorn-Krombholz, B.; Drenski, T.; Bohn, M.; Napoli, A.; Hanik, N.:
Comparison of Single Carrier 200G 4QAM, 8QAM and 16QAM in a WDM
Field Trial Demonstration over 612 km SSMF. - In: European Conference of
Optical Communications (ECOC), Sept. 2016

Khanna, G.; Spinnler, B.; Calabro, S.; De Man, E.; Feiste, U.; Drenski, T.;
Hanik, N.: 400G Single Carrier Transmission in 50 GHz Grid Enabled by
Adaptive Digital Pre-Distortion. - In: /TG Workshop 5.3.1, Feb. 2016



Khanna, G.; Spinnler, B.; Calabro, S.; De Man, E.; Feiste, U.; Drenski, T.;
Hanik, N.: 400G Single Carrier Transmission in 50 GHz Grid Enabled by
Adaptive Digital Pre-Distortion. - In: Optical Fiber Communications Confe-
rence, March 2016

Kuschnerov, M.; Sleiffer, V. A. M. J.; Chen, Y.; De Man, E.; Chen, Y.; Liu, Z.;
Sandoghchi Seyad, R.; Jasion Gregory, T.; Bradley, T.; Numkam Fokoua, E.;
Hayes, J.; Wheeler, N. V.; Gray, D. R.: Data Transmission through up to 74.8
km of Hollow-Core Fiber with Coherent and Direct-Detect Transceivers. - In:
European Conference on Optical Communication (ECOC), Sep. 2015

Mabher, R.; Lavery, D.; Liga, G.; Paskov, M.; Alvarado, A.; Fehenberger, T;
Bayvel, P; : Capacity Approaching Transmission Using Probabilistic Shaping
and DBP for PFE Constrained Submarine Optical Links. - In: European Con-
ference on Optical Communication (ECOC), Sept. 2016

Napoli, A:, Rahman, T.; Khanna, G.; Berenguer, P.; Spinnler, B.; Calabro, S.;
Fischer, J.; Bohn, M.: Digital Pre-Distortion Techniques for Next Generation
Bandwidth Variable Transponders. - In: Signal Processing in Photonic Com-
munications (SPPCom), July 2016

Rafique, D.; Rahman, T.; Spinnler, B.; Pincemin, E.; Calabro, S.; De Man,
E.; Feiste, U.; Slovak, J.; Napoli, A.; Boue tte” Le, C.; Jauffrit, J.; Bordais,
S.; Khanna, G.; Hanik, N.; Okonkwo, C.; Kushnerov, M.; Konnen, M. J. A_;
Dourthe, C.; Raguenes, B.; Drenski, T.; Sommerkorn-Krombholz, B.; Waardt
de H., Bohn, M.: Multi-flex Field Trial over 762km of G.652 SSMF using
Programmable Modulation Formats up to 64QAM. - In: Optical Fiber Com-
munications Conference, March 2016

Rahman, T.; Rafique, D.; Spinnler, B.; Pincemin, E.; Bouétté, C.; Jauffrit,
J.; Calabro, S.; De Man, E.; Bordais, S.; Feiste, U.; Solvak, J.; Napoli. A.;
Khanna, G.; Hanik. N.; Waardt, H.: Record Field Demonstration of C-band
Multi-Terabit 16QAM, 32QAM and 64QAM over 762km of SSMF. - In: Op-
toelectronics and Communications Conference (OECC), June 2015

Spinnler, B.; Khanna, G.; Calabro, S.; De Man, E; Feiste, Uwe.; Bex, T.; von
Kirchbauer, H.: Joint Linear and Non-linear Adaptive Pre-Distortion of High
Baud Rate Transmitters for High-order Modulation Formats. - In: Optoelec-
tronics and Communications Conference (OECC) (invited), July 2016

Yankov, M. P.; Da Ros, F; da Silva, E. P.; Fehenberger, T.; Barletta, L.; Zi-
bar, D.; Oxenlewe, L. K.; Galili, M.; Forchhammer, S.: Experimental Study
of Nonlinear Phase Noise and its Impact on WDM Systems with DP-
256QAM. - In: European Conference on Optical Communication (ECOC),
Sept. 2016

8.5 Poster

Ahmadian, A.; Zirwas, W.; Siva Ganesan, R.; Panzner, B.; Kramer, G.: Com-
plexity Analysis of Large CoMP Areas with Sparse Massive MIMO Channel
Matrices. — In: TUM-COM Workshop on 5G Mobile Technology, March 2016

Amjad, R. A.: Algorithms for Distribution Matching and Resolution Coding.
- In: SP Coding and Information School, Jan. 2015

Amjad, R. A.: Sparse and Concatenated Codes for Channel Resolvability. -
In: Summer School on Information Processing for Large Networks, June
2015
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Amjad, R. A.: Information Theoretic Clustering. - In: European School of
Information Theory (ESIT), Apr. 2016

Barletta, L.: Bounds on the Capacity of Wiener Phase Noise Channels. - In:
TUM-IAS General Assembly 2015, Apr. 2015

Bartz, H., Sidorenko, V.: List and Probabilistic Unique Decoding of Folded
Subspace Codes. - In: 17th Joint Conf. on Coding and Comm. (JCCC), March
2015

Bocherer, G.; Schulte, P.; Steiner, F.: Probabilistic Amplitude Shaping: Rate-
Adaptive LDPC Coded Modulation. - In: Bell Labs Future X Days, Nov. 2014

Bocherer, G.; Schulte, P.: Probabilistic Amplitude Shaping: Rate-Adaptive
LDPC Coded Modulation. - In: /7th Joint Conf. on Coding and Comm.
(JCCC), March 2015

Brauchle, J.: An Introduction to Asymptotic Multi-Trial GMD Decoding with
Arbitrary Error/Erasure Tradeoff. - In: 17th Joint Conf. on Coding and Comm.
(JCCC), March 2015

Dierks, S.: MIMO and Massive MIMO - Analysis for a Local Area Scenario.
- In: 17th Joint Conf. on Coding and Comm. (JCCC), March 2015

Dierks, S.: MIMO and Massive MIMO - Analysis for a Local Area Scenario.
- In: Munich Workshop on Massive MIMO (MMM 2015), LNT/TUM, Oct.
2015

Dierks, S.: EIRP Constraints for Massive MIMO Arrays. - In: TUM-COM
Workshop on 5G Mobile Technology, March 2016

Giinlii, O.: Cryptographic Key Generation from Physics - PUFs. - In: Bell-
Labs Alcatel-Lucent Future X Days, Nov. 2014

Giinli, O.: Secret Key Generation from Physics. - In: SPCoding, Jan. 2015

Giinli, O.: Transform Coding for Physical Unclonable Functions. - In: /7th
Joint Conf. on Coding and Comm. (JCCC), March 2015

Giinlii, O.; Kramer, G.: Privacy and Secrecy with Noisy Physical and Biome-
tric Identifiers. - In: IEEE Eur. School of Inf. Theory, Apr. 2016

Heindlmaier, M.; Saeedi Bidokhti, S.: Capacity Regions of 2-User Broadcast
Packet Erasure Channels with Feedback and Memory. - In: 17th Joint Conf.
on Coding and Comm. (JCCC) and European School of Information Theory
(ESIT), March 2015

Iscan, O.: Quantize-Forward Relaying with Two-Step Decoding for the Two-
Way Relay Channel. - In: 17th Joint Conf. on Coding and Comm. (JCCC),
March 2015

Nedelcu, A: Matching for Dense Antenna Arrays. - In: 17th Joint Conf. on
Coding and Comm. (JCCC), March 2015

Nedelcu, A.: Compact MIMO Systems. - In: Munich Workshop on Massive
MIMO (MMM 2015), LNT/TUM, Oct. 2015

Nedelcu, A.: No Cell MIMO vs Small Cells for 5G. - In: TUM-COM Work-
shop on 5G Mobile Technology, March 2016



Palzer, L.: Information Theory for Quantized Compressed Sensing. - In: /7th
Joint Conf. on Coding and Comm. (JCCC), March 2015

Palzer, L.: The Gaussian Channel with Intermittent Feedback. - In: Eur
School Inf. Theory (ESIT), Apr. 2015

Palzer, L.; Timo, R.; Kramer, G.: Lossy Compression of Spike Sources in the
Low Distortion Regime. - In: Eur. School Inf. Theory (ESIT), Apr. 2016

Pikus, M., Kramer, G., Bocherer, G.: Discrete Signaling for Non-Coherent,
Single-Antenna, Rayleigh Block-Fading Channels. - In: Eur. School of Inf.
Theory (ESIT), Apr. 2016

Saeedi Bidokhti, S.: Capacity Regions of Broadcast Packet Erasure Channels
with Feedback and Memory. - In: 17th Joint Conf. on Coding and Comm.
(JCCC), March 2015

Schulte, P.: Constant Composition Distribution Matching. - In: /7th Joint
Conf. on Coding and Comm. (JCCC), March 2015

Schulte, P.: Constant Composition Distribution Matching. - In: Eur. School
Inf. Theory, Apr. 2015

Schulte, P.: Non-Binary Low Density Parity Check Codes. - In: TUM-COM
Workshop on 5G Mobile Technology, March 2016

Schulte, P.: Non-Binary Low Density Parity Check Codes. - In: Eur. School
Inf. Theory (ESIT), Apr. 2016

Staudacher, M.: Massive MIMO Transmitter Design. - In: 1 7th Joint Conf. on
Coding and Comm. (JCCC), March 2015

Staudacher, M.: 1 Bit Massive MIMO Transmitter. - In: TUM-COM Work-
shop on 5G Mobile Technology, March 2016

Stinner, M.; Olmos, P. M.: On the Finite-length Scaling of Convolutional
MET LDPC Codes. - In: 17th Joint Conf. on Coding and Comm. (JCCC),
March 2015

Wu,Y.: Coding Schemes for Discrete Memoryless Broadcast Channels with
Rate-Limited Feedback PDFs of the posters can be found under the URL. -
In: 17th Joint Conf. on Coding and Comm. (JCCC), March 2015

Yousefi, M. I.; Kramer, G.; Kschischang, F.: Modeling Interference in Optical
Fiber Communication. - In: TUM-IAS General Assembly, Apr. 2015

Fehenberger, T.: LDPC Coded Modulation with Probabilistic Shaping for
Optical Fiber Systems. - In: 17th Joint Conf. on Coding and Comm. (JCCC),
March 2015

Khanna, G.: A Robust Adaptive Digital Pre-distortion Method for Optical
Communication Transmitters. - In: Munich Workshop on Infomation Theory
of Optical Fiber (MIO 2015), LNT/TUM, Dec. 2015

Oberleithner, E.: Impulsive Noise Mitigation in In-Vehicle PLC Systems. -
In: 17th Joint Conf. on Coding and Comm. (JCCC), March 2015

Wang, X.; Calabro, S; Spinnler, B.; Khanna, G.; Lankl, B.: Advanced Re-
ceiver Design enables PDM-16QAM DWDM Transmission over 2660 km of
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SSMF with Only EDFA. - In: European Conference of Optical Communica-
tions (ECOC), Sept. 2016

8.6 Patente - Patents

Kramer, G.: Distributed Transmission Involving Cooperation between a
Transmitter and a Relay. In: 9025641, 2015-05

van Wijngaarden, A.; Kramer, G.; Nuzman, C.; Whiting, P.. Communica-
tion System for Transmitting Sync-flags and Pilot Symbols and Method. In:
8630383,2014-01

Ashikhmin, A.; van Wijngaarden, A.; Kramer, G.; Maes, J.; Nuzman, C.;
Posthuma, C.; van Bruyssel, D.; Verlinden, J.; Whiting, P.; Zivkovic, M.: Op-
timizing Precoder Settings using Average SINR Reports for Groups of Tones.
In: 8830812, 2014-09

8.7 Vortrige - Talks

Barletta, L.: Information-theoretic Results for Phase Noise Channels - In:
Munich Workshop on Inf. Theory of Optical Fiber (MIO 2014), LNT/TUM,
Dec. 2014

Barletta, L.: Information-theoretic Results for Phase Noise Channels. - In:
Politecnico di Milano, Dec. 2014

Barletta, L.: Information-theoretic Results for Phase Noise Channels. - In:
Munich workshop on information theory of optical fiber, Dec. 2014

Barletta, L.; Borgonovo, F.; Filippini, I.: Asymptotic Analysis of Schoute’s
Estimate for Dynamic Frame Aloha. - In: International Conference on Soft-
ware, Telecommunications and Computer Networks (SoftCOM), Sept. 2015

Bartz, H.: Efficient Interpolation-Based Decoding of Interleaved Subspace
and Gabidulin Codes. - In: Sitzung der ITG-Fachgruppe Angewandte Infor-
mationstheorie, Oct. 2014

Bartz, H.; Sidorenko, V.: On Decoding Schemes for Punctured Reed-Solo-
mon and Gabidulin Codes. - In: Invited talk, Moscow University for Physics
and Technology, Feb. 2016

Bartz, H.; Sidorenko, V.: Analysis of Decoding Schemes for Punctured Reed-
Solomon and Related Codes. - In: 2nd LNT & DLR Summer Workshop on
Coding, July 2016

Bartz, H.; Sidorenko, V.: Folded Subspace Codes. - In: Invited Talk, May 2015

Brauchle, J.; Sidorenko, V.: An Introduction to Asymptotic Multi-Trial GMD
Decoding with Arbitrary Error/Erasure Tradeoff. - In: Joint Conference on
Communications and Coding (JCCC), March 2015

Bocherer, G.: Probabilistic Signal Shaping for Modulation and Coding. - In:
Seminar at Associate Institute for Signal Processing, TU Munich, Dec. 2014

Bocherer, G.: Bandwidth Efficient and Rate-Compatible Low-Density Parity-
Check Coded Modulation. - In: Seminar at UCLA Communications Systems
Laboratory, March 2015



Bocherer, G.: Bandwidth Efficient and Rate-Matched Low-Density Parity-
Check Coded Modulation. - In: Seminar at NCTU Institute of Communica-
tions Engineering, Apr. 2015

Bocherer, G.: Probabilistic Amplitude Shaping for Higher-order Modulation.
- In: Munich Workshop on Modulation and Coding (MCM 2015), LNT/TUM,
July 2015

Bocherer, G.: Polar Codes: A Candidate for 5G. - In: Center of Competence
Communications (TUM-COM) Workshop on 5G Mobile Technology, March
2016

Bocherer, G.: Coding and Modulation for Communication at the Shannon
Limit. - In: LNT Communications Seminar, Apr. 2016

Bocherer, G.: Experimental Information Theory: Achievable Rates from
Measurements. - In: Bertinoro Workshop on Commun. and Coding, May 2016

Bocherer, G.: On Surrogate Channels for Code Design. - In: Second LNT &
DLR Summer Workshop on Coding, July 2016

Bocherer, G.: Bandwidth Efficient and Rate-Compatible Low-Density Parity-
Check Coded Modulation. - In: Seminar at UCLA Communications Systems
Laboratory, March 2015

Bocherer, G.; Fehenberger, T.. LDPC Coded Modulation with Probabilistic
Shaping for Optical Fiber Systems - In: Munich Workshop on Inf. Theory of
Optical Fiber (MIO 2014), LNT/TUM, Dec. 2014

Dierks, S.: (Network) Massive MIMO - Analysis for a Local Area Scenario.
- In: University of California, Los Angeles, Aug. 2016

Geiger, B. C.: Information Theory for Markov Aggregation and Clustering.
- In: Invited Talk at Signal Processing Group, Universidad de Carlos III de
Madrid, Sept. 2016

Geiger, B. C.: Markov State Space Aggregation via the Information Bottle-
neck Method. - In: Theoretical Foundations of Machine Learning Confer-
ence, Feb. 2015

Geiger, B. C.: Informationstheoretische Reduktion von Markov-Ketten und
Hidden Markov Models. - In: Bavarian Academy of Sciences and Humani-
ties, Jan. 2016

Geiger, B. C.: The Fractality of Polar Codes. - In: NEWCOM Emerging Top-
ics Workshop, June 2015

Geiger, B. C.: The Fractality of Polar Codes. - In: Second LNT & DLR Sum-
mer Workshop on Coding, July 2016

Giinlii, O.: Transform Coding for Physical Unclonable Functions (PUFs). -
In: ITG Applied Information Theory Meeting, Apr. 2015

Giinli, O.; Kramer, G.: Privacy, Secrecy and Storage with Multiple Measure-
ments of Noisy Identifiers. - In: TU Berlin (Invited Talk), June 2016

Hagenauer, J.: In den FuBstapfen von Hans Marko. - In: Kolloquium zum 90.
Geburtstag von Professor Marko, LNT/TUM, Feb. 2015
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Hagenauer, J.: Shannon and Genetics. - In: Claude Elwood Shannon 100th
Birthday Celebration, Heinz-Nixdorf-Museum Paderborn, May 2015

Heindlmaier, M.; Reyhanian; N.; Sacedi Bidokhti, S.: Capacity Regions of
Two-Receiver Broadcast Packet Erasure Channels with Feedback and Mem-
ory. - In: Information Theory and Applications Workshop, Feb. 2015

Iscan, O.: Coding for Quantize-Forward based Two-way Relaying. - In: 24.
Sitzung der Fachgruppe ‘Angewandte Informationstheorie’ des ITG Fach-
ausschusses, Oct. 2014

Kramer, G.: Der Lehrstuhl fiir Nachrichtentechnik 2015. - In: Kolloquium
zum 90. Geburtstag von Professor Marko, LNT/TUM, Feb. 2015

Kramer, G.: Information Theory and Optical Fiber: Light Years ahead. - In:
TUM-IAS General Assembly, Apr. 2015

Kramer, G.: Bounds on the Capacity of a Cascade of Channels with Applica-
tions to Optical Fiber. - In: SPOC Workshop, Aug. 2015

Kramer, G.: Capacity Bounds for Diamond Networks. - In: Bertinoro Work-
shop on Communications and Coding, May 2016

Kramer, G.: Information Rates for Phase Noise Channels. - In: Van der Meu-
len Seminar, Sept. 2016

Kramer, G.: Capacity Bounds for Diamond Networks. - In: DIMACS Work-
shop on Network Coding: the Next 15 Years, Dec. 2015

Kramer, G.: A Study of Capacity and Spectral Efficiency of Fiber Channels.
- In: Munich Workshop on Information Theory of Optical Fiber, Dec. 2015

Kramer, G.: Information Theory for Diamond Networks such as Distributed
MIMO. - In: Nordic Workshop on System and Network Optimization for Wire-
less (SNOW), Jan. 2016

Kramer, G.: Communication Rates for Phase Noise Channels. - In: Doctoral
School, IEEE Spain Information Theory Chapter, July 2015

Kramer, G.: Upper Bounds on the Capacity of Fiber Channels. - In: WITMSE
Workshop, June 2015

Kramer, G.: A Study of Capacity and Spectral Efficiency of Fiber Channels.
- In: Munich Workshop on Inf. Theory of Optical Fiber (MIO 2015), LNT/
TUM, Dec. 2015

Kramer, G.: Secrecy and Stealth for the Wiretap Channel. - In: National Uni-
versity of Singapore, Feb. 2016

Kramer, G.: Bounds on the Capacity of Optical Fiber Channels. - In: /EEE
Information Theory Society Distinguished Lecture, June 2016

Kramer, G.: Achievable Rates and Upper Bounds on the Capacity of Optical
Fiber Channels. - In: IEEFE Distinguished Lecture, July 2015

Kramer, G.: Probabilistic Amplitude Shaping for High-Rate Communica-
tions. - In: Int. Symp. Turbo Codes & Iterative Inf. Proc., Sept. 2016



Kramer, G.; Ghozlan, H.: On Continuous-Time Wiener Phase Noise Chan-
nels. - In: Eurecom, Jan. 2015

Kramer, G.; Ghozlan, H.: Information Rates for Wiener Phase Noise Chan-
nels. - In: Chalmers University, Apr. 2015

Kschischang, F.; Yousefi, M. 1.; Kramer, G.: Kolmogorov-Zakharov Mod-
el for Optical Fiber Communication. - In: /EEE Inf. Theory Workshop, Apr.
2015

Palzer, L.: Lossy Source Coding with Letter-based Constraints. - In: Seminar
at Universidad Carlos III de Madrid, June 2016

Palzer, L.: Error Exponents for the Gaussian Channel with Intermittent Feed-
back. - In: LTI Hauptseminar, Nov. 2015

Palzer, L.: Rate-distortion Analysis of Sparse Sources with Multiple Cons-
traints. - In: /st DFG-SPP 1798 (CoSIP) Colloguium, July 2016

Prinz, T.: Polar Codes for Probabilistic Amplitude Shaping. - In: 2nd LNT &
DLR Summer Workshop on Coding, July 2016

Saeedi Bidokhti, S.: Capacity Regions of Two-receiver Broadcast Packet
Erasure Channels with Feedback and Memory. - In: Talk at Eurecom, Sept.
2015

Saeedi Bidokhti, S.: Capacity Bounds for Diamond Networks with an Or-
thogonal Broadcast Channel. Talk at Princeton University, Stanford Univer-
sity, New York University, Nov. 2015

Saeedi Bidokhti, S.; Wigger, M.; Timo, R.: An Upper Bound on the Capacity-
memory Tradeoff of Degraded Broadcast Channels. - In: International Sym-
posium on Turbo Codes & Iterative Information Processing, Sept. 2016

Sidorenko, V.; Bartz, H.: Decoding Algorithms for Linear Network Coding. -
In: Information Technology and Systems (ITaS), Sept. 2015

Soder, G.: Geschichte des Lehrstuhls fiir Nachrichtentechnik. - In: Kolloqui-
um zum 90. Geburtstag von Professor Marko, LNT/TUM, Feb. 2015

Timo, R.: Communications for Tracking and Control. - In: Seminar at Uni-
versidad Carlos Il de Madrid (UC3M), Dec. 2015

Timo, R.: Compression for Letter-based Fidelity Measures. - In: Seminar at
Telecom ParisTech, March 2016

Timo, R.: Compression for Letter-based Fidelity Measures. - In: Seminar at

Ecole nationale supérieure de [’électronique et de des applications, March
2016

Timo, R.: A Rate-distortion Approach to Data Caching. - In: Seminar at Ber-
tinoro Workshop on Communications and Coding, May 2016

Wu, Y.: Coding Scheme for Multicast Network with/without Feedback. - In:
Bertinoro Workshop on Commun. and Coding, May 2016

Yousefi, M.I.: Kolmogorov-Zakharov Model for Optical Fiber Communica-
tion - In: Munich Workshop on Inf. Theory of Optical Fiber (MIO 2014),
LNT/TUM, Dec. 2014
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Yousefi, M.I.: Outline of a Research Program to Address the Capacity Bot-
tleneck Problem in Optical Fiber- In: Munich Workshop on Inf. Theory of
Optical Fiber (M10 2015), LNT/TUM, Dec. 2015

Yuan, P.: Short Polar Codes. - In: 2nd LNT & DLR Summer Workshop on
Coding, July 2016

Fehenberger, T.: Achievable Rates for Fiber-Optic Communications. -
Chalmers University of Technology, May 2015

Fehenberger, T.: Compensation of XPM Interference by Blind Tracking of the
Nonlinear Phase in WDM Systems with QAM Input. — In: Workshop Future
Photonics, HSU Hamburg, Sep. 2015

Fehenberger, T.; Bocherer, G.: LDPC Coded Modulation with Probabilistic
Shaping for Optical Fiber Systems. - In: Munich Workshop on Information
Theory of Optical Fiber (MIO 2014), LNT/TUM, Dec. 2014

Fehenberger, T.: Probabilistic Shaping of High-Order QAM for Optical Fi-
ber Systems. - In: Munich Workshop on Information Theory of Optical Fiber
(MIO 2015), LNT/TUM, Dec. 2015

Hanik, N.: Genealogy of the Nonlinear Schroedinger Equation. LNT/TUM,
July 2015

Khanna, G.; Calabro, S.; Spinnler, B.; De Man, E.; Hanik, N.: Joint Adap-
tive Pre-Compensation of Transmitter I/Q Skew and Frequency Response for
High Order Modulation Formats and High Baud Rates. - In: ITG-Workshop
5.3.1, Feb. 2015



9.1 24. Sitzung der ITG-Fachgruppe ,,Angewandte
Informationstheorie*“, LNT/TUM, 8. und 9. Okt. 2014

Im Herbst 2014 fand am LNT die 24.
Sitzung der ITG-Fachgruppe ,,An-
gewandte Informationstheorie” statt.
Nach der BegriiBung durch Prof. Kra-
mer und den Fachgruppenvorsitzen-
den Dr. Wiibben gab es ein dreistiin-
diges Tutorial ,,Code Design in the
Short Block Length Regime* von
Dr. Liva (DLR) und am zweiten Tag
18 interessante Kurzbeitréige:

H. Bartz, LNT/TUM:

Efficient Interpolation-based De-
coding of Interleaved Subspace
and Gabidulin Codes

P. Schulte, LNT/TUM:

Fixed Length Distribution Match-
ing

Najeeb ul Hassan, TU Dresden:
Carrier Grade Wireless using Spa-
tial Coupling

M. Riemensberger, MSV/TUM:
Submodularity and Quantization
Optimization for Noisy Network
Coding in Gaussian Multiple Ac-
cess Relay Networks

0. iscan, LNT/TUM:

Coding for Quantize-Forward
based Two-Way Relaying

M. Heindlmaier, LNT/TUM:
Message Passing Decoder for
Noisy Network Coding for the
Two-way Relay Channel

S. Puchinger, Universitiat Ulm:
Error Correction for Differential
Linear Network Coding in Slow-
ly-Varying Networks

M. Stinner, LNT/TUM:
Finite-length Behavior of Proto-

Onurcan iscan und Markus Stinner

graph-based Spatially Coupled
LDPC Codes

M. Cyran, FAU Erlangen:
Random Linear Network Coding
in Layered Networks

Ch. Rachinger, FAU Erlangen:
Low-Latency Constrained Coding:
Convolutional Codes vs LDPC
Codes

F. Wickerle, Universitit Ulm:
Multistage Bit-wise Receivers for
Four-Dimensional Spherical Codes
T. Delamotte, UniBW Miinchen:
Empfanger-Design fiir MIMO Sa-
tellitensysteme mit Time-Packing
O. Graur, Universitidt Bremen:
Reconciliation Procedures for
Physical-Layer Key Generation
S. Miielich, Universitdt Ulm:
Error Correction for Physical Un-
clonable Functions using Gener-
alized Concatenated Codes

R. Fritschek, G. Wunder, TUB:
Multiuser GDoF Gains in Cellular
Networks: Achievable Rates and
Upper Bounds beyond the Inter-
ference Channel Regimes

S. Gherekhloo, Uni Bochum:
Extended Generalized DoF Opti-
mality Regime of Treating Inter-
ference as Noise in the X Channel
J. Deutschmann, FAU Erlangen:
Network Simulation for Power-
line Protocols with Direct Code
Execution Applied to DLC®-3000
SFN

S. Giinther, INF/TUM:
Feedback in Coded Wireless
Packet Networks
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9.1 ITG-Fachgruppensitzung,
LNT/TUM, Okt. 2014

9.2  Workshop MIO 2014, LNT/
TUM, Dez. 2014

9.3  Geburtstagskolloquium fiir
Professor Hans Marko (90)
LNT/TUM, Feb. 2015

9.4 17" JCCC, Stilfs/Italien,
Mirz 2015

9.5  Workshop MCM 2015,
LNT/TUM, Juli 2015

9.6 Workshop MMM 2015,
LNT/TUM, Okt. 2015

9.7 Workshop MIO 2015, LNT/
TUM, Dez. 2015

9.8 TUM/COM-Workshop on
5G, Stilfs/Italien, Mérz 2016

9.9  Zum 100. Geburtstag
von Claude E. Shannon,
Paderborn, Mai 2016

9.10 Workshop Communications

& Coding, Bertinoro/Italien,

Mai 2016

9.11 Workshop MCI 2016, LNT/
TUM, Mai 2016

9.12 LNT & DLR Workshop

on Coding, LNT/TUM, Juli

2016
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Im Dezember 2014 fand der erste
Munich Workshop on Information
Theory of Optical Fiber (MIO) statt,
finanziell unterstiitzt durch TUM-
[IAS Fellowships von Prof. Frank
Kschischang und Dr. René-Jean Es-
siambre. Es gab viele Griinde, einen
solchen Workshop zu organisieren.
In erster Linie wollten wir flihren-
de Wissenschaftler zusammenbrin-
gen, die weltweit auf dem Gebiet
der Informationstheorie filir optische
Fasern arbeiten. Bei Konferenzen
kommt dieses Thema oft zu kurz.

An den beiden Tagen des
Workshops gab es insgesamt zwolf
wissenschaftliche Vortridge entspre-
Pro-
gramm. Diese fithrten bei den 40 na-

chend dem nebenstehenden
tionalen und internationalen Teilneh-
mern zu angeregten Diskussionen,
die sich auch weit in die Kaffee- und
Mittagspausen erstreckten, auch beim
Dinner im bekannten Miinchner Lo-
kal Franziskaner neben der Oper.

Das Interesse an den Workshop-
Themen war grof3 und die Riickmel-
dungen so positiv, dass wir ein Jahr
spiater zu MIO 2015 eingeladen
haben — dann allerdings schon mit
mehr als der doppelten Anzahl an
Teilnehmern (siehe Kapitel 9.7). In-
zwischen laufen die Vorbereitungen
fir MIO 2016 (5./6. Dezember).

In the pre-Christmas Advent of 2014,
our institute held the first Munich
Workshop on Information Theory
of Optical Fiber (MIO), which was
funded through a TUM Institute for
Advanced Study (IAS) Hans Fischer
Senior Fellowship for Frank Kschi-
schang from University of Toronto
and a TUM IAS Rudolf Diesel Fel-
lowship for René-Jean Essiambre
from Bell Labs. There were many
reasons for hosting and organizing
such an event, and the foremost
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9.2 Munich Workshop on Information Theory of Optical
Fiber (MIO 2014), LNT/TUM, 10. und 11. Dez. 2014

Tobias Fehenberger, Mansoor Yousefi, Luca Barletta und Gerhard Kramer

motiviation was simply to bring to-
gether leading scientists working on
the information theory of optical fi-
ber, an area that is for the most part
underrepresented at information-
theoretic conferences and also at
the large optics conferences, such
as ECOC and OFC. The aim of the
workshop was to explore new ideas
and advance understanding, and to
promote interaction and collabora-

tion among experts working on dif-
ferent aspects of the topic.

For MIO 2014, we had the pleas-
ure of having twelve experts on in-
formation theory and fiber optics
presenting fundemental concepts
along with their recent results. The
names of the speakers and their titles
can be found in the box on this page.
During the two workshop days, the
main topics were:

Dr. Luca Barletta, LNT/TUM:

Noise Characterization

Systems

of Post-FEC BER?

of QAM Constellations

Talks at MIO 2014

Dr. Mansoor 1. Yousefi, LNT/TUM:
Kolmogorov-Zakharov Model for Optical Fiber Communication

Prof. Sergei Turitsyn, Aston University, UK:
Nonlinear Communication Techniques for Fiber-optic Channels

Prof. René-Jean Essiambre, Alcatel-Lucent, Bell Labs, USA & IAS/TUM
Overview of the Nonlinear Shannon Capacity Limit in Fibers

Dr. Cristian Antonelli & Prof. Antonio Mecozzi, Univ. of L’ Aquila, Italy:
Space Division Multiplexing for the Future Transport Networks

Information-theoretic Results for Phase Noise Channels
Prof. Darko Zibar, Technical University of Denmark, Denmark:

Application of Machine Learning Techniques for Amplitude and Phase

Dr. Georg Bocherer & Dipl.-Ing. Tobias Fehenberger, LNT/TUM:
LDPC Coded Modulation with Probabilistic Shaping for Optical Fiber

Dr. Ronen Dar, Tel Aviv University, Israel:
Modeling the Nonlinear Fiber-optic Channel

Dr. Laurent Schmalen, Alcatel-Lucent, Bell Labs, USA:
Code Design for Channels Affected by Phase Slips

Dr. Alex Alvarado, University College London, UK:
On Soft FEC for Optical Channels: Is the “FEC limit” a Good Predictor
Dr. Aris Moustakas, University of Athens, Greece:

Nonlinear Fourier Transform for Fiber-optic Communication

Dr. Metodi Yankov, Technical University of Denmark:
Increasing the Reach of the Fiber-optic Channels by Probabilistic Shaping
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Schaubild zur Thematik des Workshops MIO 2014

— nonlinear Fourier transform, a re-
cently rediscovered method to di-
vide the spectrum of the nonlin-
ear fiber channel into orthogonal,
i.e., non-interacting, sub-bands;

— the combination of forward error
correction and higher-order mod-
ulation, known as coded modula-
tion;

— soft-decision decoding and prob-
abilistic shaping for the nonlin-
ear fiber channel;

— space division multiplexing to
increase the data rates of future
optical communication systems;

— machine learning to improve the
digital signal processing unit of
coherent receiver;

— capacity bounds and modeling
for the nonlinear fiber channel
and related simplified channels,
such as phase noise channels.
The workshop had attendees

from all over the world. Including

the invited speakers, we had about

40 workshop participants from Ger-

many, Greece, France, Italy, UK,

Denmark, Sweden, Israel, USA,

and Canada. In order to support

discussions and exchange between
the attendees, a large portion of the
workshop time was devoted for sci-
entific discussions. To keep people
together, all confernce lunches were
hosted at LNT so our guests could
continue their conversations while
queuing up for the Italian and Ba-
varian lunch buffet. The highlight
of the MIO social program was the
dinner at Franziskaner next to the

Opera house in downtown Munich,

to which all workshop participants

were invited.

On behalf of the workshop or-
ganizing committee (Gerhard Kra-
mer, Mansoor Yousefi, Luca Barletta
and Tobias Fehenberger), we would
like to thank Frank and René whose

fellowships made the workshop free,
the speakers for their excellent talks,
the participants for sharing their
knowledge, and most importantly
our colleagues at LNT who took
care of all the small and big issues
on-site: Martin Kontny, Erika Heri-
an, Rita Henn-Schlune, Doris Dorn,

Veranstaltungen
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and Nicole RoBmann. This help and
hands-on attitude made MIO pos-
sible. MIO turned out to be so suc-
cessful that a follow-up workshop
with more than double the number
of attendees was hosted at LNT in
December 2015. You can find a sep-
arate article in Chapter 9.7.

Vorne von links: E. Agrell, D. Zibar, N. Hanik, B. Lankl, R. Dar, G. Kramer; 2. Reihe:
P. Bayvel, A. Alvarado, M. Bernhardt, G. Bocherer, A. Span; 3. Reihe: M. Shtaif,

A. Mecozzi, M. Feder, A. Ghazisaeidi, Y. Chen; 4. Reihe: R. J. Essiambre, L. Barletta,
F. Kschischang, L. Schmalen; 5. Reihe: C. Antonelli, T. Kernetzky, T. Fehenberger;
hinten: M. Yankov, S. Cammerer, S. ten Brink, L. Palzer
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A celebration was held on the occas-
ion of the 90" birthday of Professor
Dr.-Ing. Dr.-Ing. E.h. Hans Marko,
Head of the Institute for Communi-
cation Engineering (LNT) for over
30 years and predecessor of the Pro-
fessors
— Joachim Hagenauer (1993-2006),
— Ralf Kétter (2007-2009), and
— Gerhard Kramer (since 2010).
Official compliments were given by
Professor Paolo Lugli, Dean of the
TUM Department of Electrical and
Computer Engineering, and Profes-
sor Gerhard Kramer, Head of LNT.
This was followed by 15 minute
talks by Professors Giinter Soder,
Georg Farber, Jorg Eberspacher, Joa-
chim Hagenauer and Gerhard Kra-
mer. The ceremony concluded with
a reception for over 100 guests, in-
cluding many of Professor Marko’s
old collegues from the Department.

at

9.3 Fest-Kolloquium anlésslich des 90. Geburtstags von
Professor Hans Marko, 24. Februar 2015

Gerhard Kramer, Norbert Hanik und Giinter Soder

Am 24. Februar 2016 fand am LNT
ein Festkolloquium statt, zu dem die
Professoren des LNT und der Fakul-
tit eingeladen hatten. Anlass war der
90. Geburtstagunseres Emeritus, Pro-
fessor Dr.-Ing. Dr.-Ing. E.h. Hans
Marko, den er an diesem Tag feiern
konnte. Die Organisation dieser
stimmungsvollen Feierstunde lag in
den Hénden von Prof. Georg Farber
und Doris Dorn.

Der Einladung sind mehr als 100
Giste gefolgt. Im Auditorium sal3en
neben Familienmitglierdern des Jubi-
lars und den jetzigen LNT-Angehdri-
genauch vieleseiner ehemaligen Kol-
legen aus unserer Fakultit und
anderer Hochschulen sowie 20 seiner
75 Doktoranden und vier seiner neun
Habilitanden.

Nach der Begriilung durch unse-
ren Lehrstuhlinhaber, Professor Ger-
hard Kramer, sprach Professor Paolo
Lugli, Dekan der Fakutit fiir Elektro-
technik und Informationstechnik, ein
GruBwort. Er nannte die wichtigsten
Stationen der 31 Jahre dauernden
Marko-Aera am LNT und wiirdig-
te die auBergewohnlich vielen und

Professor Hans Marko und seine Ehefrau Renate Lohning mit den Laudatoren G. Kramer,
J. Hagenauer, G. Sider, J. Eberspéicher und G. Féarber (Foto: Heddergott)
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hochrangigen Ehrungen des Jubilars.

Zu Markos groflen Verdiensten aus

Sichtder Fakultdt gehdrtzum Beispiel

der heutige Name ,Fakultit fiir

Elektrotechnik und Informations-

technik®, der seinem Verhandlungs-

geschick Ende der 70er Jahre zu ver-
danken ist, aber auch seinem Durch-
setzungsvermdgen gegeniiber ande-
ren Fakultdten, der Hochschulleitung
und der Ministerialbiirokratie.
Danach gab es fiinf Festvortrége.

Zunéchst fasste Giinter Soder die in-

zwischen 115-jahrige Geschichte des

LNT und seiner Vorgéngerinstitutio-

nen in wenigen Minuten zusammen.

Angefangen bei Professor Kurt Hein-

ke (Amtszeit von 1900 bis 1931) und

seinem Nachfolger Professor Hans

Piloty (1931-1962), der als Rektor

den Neuaufbau der Fakultét nach den

Kriegszerstorungen in Angriff nahm

und das Nordgeldnde erwarb und be-

baute, unter anderem unser Instituts-
gebdude N4. Ab 1949 entwickelte

Hans Piloty zusammen mit seinem

Sohn Robert sowie Robert Sauer,

Walter E. Proebster, Hans-Otto Lei-

lich, Friedrich L. Bauer, Klaus Sa-

melson und Heinz Schecher die Pro-
grammgesteuerte Elektronische Re-
chenanlage Miinchen (PERM). Die-
se Wissenschaftler standen spater fiir
den groBen Erfolg der TU Miinchen
auf dem Gebiet der Informations-
technik und der Informatik.
Professor Hans Marko (1962—

1993) wurde ebenso wie Heinke und

Piloty mit 37 Jahren berufen und mit

68 Jahren emeritiert. Er richtete den

Lehrstuhl (damals noch: das Institut

flir Nachrichtentechnik) neu aus und

griindete drei Forschungsgruppen,
namlich:

— Nachrichteniibertragung und Weit-
verkehrssysteme,

— Digitale und kohédrent-optische
Bildverarbeitung & Mustererken-
nung,

— Kybernetik und deren Anwendung
in biologischen Systemen.

Diese Gruppen waren in den Folge-

jahren alle sehr erfolgreich und auch

Hans Marko hat auf allen diesen un-



Hans Marko, in Kronstadt/Sieben-
biirgen geboren, studierte von 1946
bis 1951 Nachrichtentechnik an der
TH Stuttgart und promovierte 1953
bei Ernst Feldtkeller. Danach entwi-
ckelte er bei der Standard Elektrik
Lorenz AG in Stuttgart eines der ers-
ten Pulscodemodulation-Systeme in
Deutschland. Bereits damals hielt
er Vorlesungen an den Hochschulen
in Stuttgart und Karlsruhe. 1961 ver-
fasste er seine Habilitationsschrift
iiber die Ausnutzung von Telegra-
phiekandlen zur Informationsiiber-
tragung. Ein Jahr spdter wurde der
damals 37-Jahrige in der Nachfolge
von Hans Piloty als Leiter des da-
maligen Instituts fiir Nachrichten-
technik an die TH Miinchen beru-
fen und wirkte 31 Jahre erfolgreich
in Lehre und Forschung. Er betreute
wihrend dieser Zeit neun Habilita-
tionen und 75 Promotionen. Viele
seiner Schiiler wurden erfolgreiche
Hochschullehrer.

Die von ihm und seinem Institut
bearbeiteten Wissenschaftsgebiete
seien hier nur stichpunktartig ge-
nannt: Anwendung der Systemtheo-
rie in technischen, biologischen und
kybernetischen Systemen und de-
ren mehrdimensionale Erweiterung
fiir Bildverarbeitung und Musterer-
kennung; Weiterentwicklung der
Shannonschen Informationstheorie
zur bidirektional-orientierten Kom-
munikationstheorie;  theoretische
Untersuchungen und praktische
Realisierungen von hochratigen di-
gitalen Ubertragungssystemen iiber
Kabel und Glasfaser.

Hans Marko 90 Jahre

Hans Marko ist Autor mehrerer
Biicher und von weit mehr als hun-
dert Patenten und Veroffentlichun-
gen. Thm ist eine Vielzahl hochran-
giger Ehrungen zuteil geworden. So
ist er Preistrager der Nachrichten-
technischen Gesellschaft und Fellow
des Institute of Electrical and Elec-
tronics Engineers (IEEE). 1983
wurde ihm als Erstem der Karl-
Kiipfmiiller-Preis der Informations-
technischen Gesellschaft im VDE
zuerkannt (inzwischen umbenannt
in Wissenschaftspreis der Informa-
tions- und Kommunikationstechnik
des ITG). 1985 erhielt er die Ehren-
doktorwiirde der TH Darmstadt und
1994 das Verdienstkreuz der Bun-
desrepublik Deutschland. Und er ist
Griindungsmitglied der Academia
Scientiarum et Artium Europaea,
Salzburg.

Nach seiner Emeritierung 1993
ist Hans Marko seinem ehemaligen
Institut stets verbunden geblieben,
sowohl seinem direkten Nachfolger
Joachim Hagenauer als auch dessen
Nachfolger Ralf Ko6tter und Gerhard
Kramer. Zu erwahnen ist in diesem
Zusammenhang auch seine Teilnah-
me am [*' Munich Workshop on Bi-
directional Communication and Di-
rected Information im Mai 2012, bei
dem er mit dem inzwischen leider
verstorbenen Jim Massey und den
aktuell fiihrenden Forschern auf
diesem Gebiet seine vor 40 Jahren
gewonnenen Ergebnisse diskutiert
und begriindet hat.

G. Kramer, N. Hanik und G. Soder

terschiedlichen Fachgebieten vielfalti-
ge und exzellente Beitrdge geleistet.
Soder erinnerte beispielhaft an die
Optimierung und Realisierung von
hochratigen Weitverkehrssystemen
tiber Koaxialkabel und Glasfaser,
sein Modell der homogenen Schich-
ten fiir die Mustererkennung und
sein Bildqualitdtsmodell.

Bei all diesen Arbeiten, die zu iiber
100 Publikationen gefiihrt haben,
hat die Systemtheorie ecine wich-
tige Rolle gespielt. In seinem 1982
erstmals erschienenen Lehrbuch (und

etlichen Auflagen) in seiner eigenen
Buchreihe hat er diese auch fiir Stu-
dierende versténdlich dargelegt.

Der néchste Vortragende war Georg
Férber, einer von Markos ersten Di-
plomanden (1963) und Doktoranden
(1967). Ab 1973 war er als Inhaber
des Lehrstuhls fiir Prozessrechentech-
nik (spater: Lehrstuhl fiir Realzeit-
Computersysteme) einer von Markos
engsten Fachkollegen in der Fakul-
tat. Der Titel seines Vortrags lautete:
Ein Doktorand berichtet — IBM 1130
und der Aktentaschencomputer.

Veranstaltungen
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Férber konnte als Zeitzeuge den
Ubergang der Institutsleitung vom
erfahrenen Hans Piloty auf den jun-
gen Hans Marko und den damit ver-
bundenen Paradigmenwechsel be-
schreiben. Ein Unterschied war zum
Beispiel, dass bei Marko jedem Mit-
arbeiter ein Arbeitsgebiet zugewiesen
wurde und damit auch das Promo-
tionsthema von Beginn an klar vorge-
geben war.

Férber berichtete auch {iber die
Wahl der IBM 1130 als Laborrech-
ner und die Schwierigkeiten bei der
Kopplungdes,,Servers“miteinem In-
terface am Max-Planck-Institut fiir
Psychiatrie (1967). Ein kommerzi-
eller A/D-Wandler kostete zu dieser
Zeit immerhin 12.000 DM. Féarber
vergal} auch nicht, die groBe Unter-
stiitzung durch Professor Marko zu
erwihnen, als er zusammen mit ei-
nem Kollegen 1968 die Firma WDV
GmbH griindete, um das ,,1130-In-
terface” zu vermarkten. Eine der ers-
ten Ausgriindungen der TUM!

AbschlieBend kam Farber auf den
Aktentaschencomputer zu sprechen,
den Hans Marko und er zum Patent
anmeldeten. Thre Ideen erinnern
stark an heutige Tablets:

— ein Akku zur Energieversorgung

(er reichte damals nur 2 Stunden),
— ein LCD-Display (gab es 1977

nur S/W und war sehr teuer),

— neben der physikalischen auch
eine virtuelle Tastatur,

— Datenverarbeitung (damals gab es
nur 8-Bit-Mikroprozessoren),

— Datenspeicher (1-Mbit-RAM war
bezahlbar, ,,Flash“ gab es nicht),

— Dateniibertragung (iiber ein Tele-
fon schaffte man gerade 10 kbit/s).

Leider waren 1977 die beiden Erfin-

der Georg Farber und Hans Marko

der Technologie um 30 Jahre voraus.

Jorg Eberspécher, der Inhaber des
Lehrstuhls fiir Kommunikationsnet-
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Gerhard Kramer (Nach-Nach-Nach-Folger)

Georg Firber (Doktorand und Kollege)

ze in den Jahren 19902010, erinner-
te bereits zu Beginn seines Vortrags
Wie alles begann ... Hans Marko und
der LKN daran, dass es zu einem
groflen Teil der Beharrlichkeit des
Jubilars zu verdanken ist, dass sein
Fachgebiet an der Fakultét fiir Elek-
tro- und Informationstechnik etab-
liert wurde.
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Bereits unter dem Marko-Vorvor-
ginger Heinke wurde die Vermitt-
lungstechnik ab 1927 durch Honorar-
professor Dr. Wolfgang Steidle in das
Lehrangebot aufgenommen. Dieser
hatte die Automatische Vermittlungs-
anlage Miinchen-Schwabing gebaut.
Auch in der Piloty- und der frithen
Marko-Ara war die Vermittlungs-
technik durch den Honorarprofessor

Paolo Lugli (Dekan)

7 ichte:
Die Vorgeschich haltungen |

i 2
Vermirtlungstechnlk = Relal

ehrbeauftragte:
steidle
Hebel
Pausch N)

Schaltpla

Nummerieru®

Jorg Eberspicher (Kollege am LKN)

Dr. Martin Hebel (1946—1964) so-
wie den Lehrbeauftragten Dr. Hans
Pausch, Staatssekretir im Bonner
Postministerium (1960—1977), in un-
serem Institut prominent besetzt.
1977 iibernahm Kurt Fischer vom
Zentrallaboratorium der Siemens AG
die Vorlesung und richtete diese auf
den Schwerpunkt ,,Digitale Vermitt-

lung® aus. 1985 wurde dieses enorm
expandierende Fachgebiet in ,,Kom-
munikationsnetze® umbenannt.
Professor Kurt Fischer war neben
Professor Hans Marko die treibende
Kraft, dass es mit der Einrichtung des
LKN verhéltnismaBig schnell ging:
— 1987 stellt die Wirtschaft (Sie-
mens, Nixdorf und andere) Stif-
tungsmittel in Aussicht.

Giinter Soder (Doktorand und Habilitand)

Joachim Hagenauer (Nachfolger am LNT)

— Gleichzeitig nennt Wissenschafts-
minister Wild 1989/90 als Beginn
fiir diesen neuen Lehrstuhl.

— Die Berufungskommission (Vor-
sitzz H. Marko) wird im Januar
1988 eingesetzt.

— Im Juni 1989 wird J. Eberspécher
berufen. Der LKN-Betrieb startet
im Februar 1990.



Prof. Hans Marko und Frau Dr. Renate Lohning

Jorg Eberspacher wies in seinem
Vortrag auch darauf hin, dass die
Schaffung der Lehrstiihle fiir Daten-
verarbeitung und fiir Prozessrechen-
technik ebenfalls von Hans Marko
initiiert wurde. Und er bedankte sich
ausdriicklich dafiir, dass er zum Ein-
stand Dr. Martin Maier samt Stel-
le von Prof. Marko und dem LNT
»quasi geschenkt bekam®.

Der Titel des Vortrags von Joachim
Hagenauer lautete: In den Fufistapfen
von Hans Marko. Hagenauer fand
vier Gemeinsamkeiten zwischen der
akademischen Lebensleistung seines
unmittelbaren Vorgéngers und sei-
nem eigenen Wirken am LNT von
1993 bis 2006:

(A) Bei beiden war die Grundlage
fiir Lehre und Forschung eine bereits
seit langem etablierte und unangreif-
bare Theorie. Bei Marko war dies die
Systemtheorie, die in allen seinen
iiber 100 Publikationen eine zentrale
Rolle gespielt hat. In Markos Lehr-
buch in seiner eigenen Buchreihe hat
er diese auch fiir Studierende ver-
standlich dargelegt. Hagenauers Pen-
dant war die Codierungstheorie.

(B) Sie beide haben sich Teilge-
biete gesucht, in der sie diese Theo-
rie nutzbringend anwenden konnten.
Bei Marko war dies die Nachrichten-
iibertragung und nach einer mehr-
dimensionalen Erweiterung die Bild-
verarbeitung und Mustererkennung.
Hagenauer konzentrierte sich dage-
gen auf die Codierung fiir den Mo-
bilfunk.

(C) Sie beide interessierten sich
speziell auch fiir die Fragestellung,
wie eine Grofe X auf Y wirkt und
gleichzeitig Y auf X. Vergleicht man
Markos Grafik zur Bidirektionalen
Informationstheorie mit dem von
Hagenauer genutzten Modell der
Turbo-Decodierung, so erkennt man
schnell etliche Gemeinsamkeiten.

(D) Den beiden ist auch gemein,
dass sie die aus technischen Syste-
men gewonnenen Erkenntnisse auf
biologische Fragestellungen ange-
wendet haben. Bei Marko war dies
durch die von ihm in jungen Jahren
betriebene Kybernetik schon sehr
frith der Fall. Hagenauer wendete
sich erst zum Ende seiner wissen-
schaftlichen Laufbahn der Genetik
zu. Hier erwies sich die Zusammen-
arbeit von drei LNT-Doktoranden
mit zwei Genbiologen als besonders
fruchtbar.

Hagenauer beendete seine Rede
mit den Worten: ,Wir freuen uns,
dass Sie, lieber Herr Marko, einige
Threr Nachfolger erlebten, und be-
obachten konnten, dass Ihr Lebens-
werk fortgesetzt wird®.

Gerhard Kramer referierte im letz-
ten Vortrag iiber den Lehrstuhl fiir
Nachrichtentechnik 2015. Die Ein-
zelheiten hieriiber findet man in den
Kapiteln 5 bis 7 dieser Broschiire. An-
schlieend wiirdigte er die Lebens-
leistung von Professor Hans Marko
bei der Anwendung der Systemthe-
orie in technischen und biologischen
Systemen sowie seine interdisziplini-
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ren Arbeiten in der Kybernetik. Wir
verweisen hier auf die Biografie im
Kastenbeitrag auf S. 99.

Genauer ging Kramer auf Markos
Weiterentwicklung der Shannon-
schen Informationstheoie zur bi-
direktionalen Kommunikationstheo-
rie ein. Wéhrend Claude E. Shan-
non von der gemeinsamen (mutual)
Transinformation mit der Eigen-
schaft I(4; B) = I(B,; A) ausgeht, de-
finierte Hans Marko etwas spéter die
gerichtete Information, wobei sich
I(A — B) und I(B — A4) im Allgemei-
nen unterscheiden.

Sein Aufsatz Bidirectional Com-
munication Theory von 1973 hat in
den letzten Jahren eine Renaissance
erlebt. Das von James Massey (leider
2013 verstorben) und seinem dama-
ligen Doktoranden Gerhard Kramer
in den 1990er Jahren beschriebene
mathematische Netzwerkmodell be-
stitigte Markos Theorie. Diese frii-
he Arbeit spielt auch bei manchen
der jetzigen Forschungsarbeiten am
LNT noch eine Rolle.

Seit 2011 wurde dieses Paper von
1973 iiber 400 Mal von IEEE Xplore
heruntergeladen. Kramer beendete
seine Laudatio mit den Worten: ,,So
geht Grundlagenforschung!*

Das anschlieBende Buffet bot den
zahlreichen und hochrangigen Gés-
ten die Moglichkeit, von vergange-
nen glorreichen Zeiten zu schwar-
men. Namentlich erwédhnt werden
sollen seine ehemaligen Fachkolle-
gen K. Antreich, G. Schmidt und
E. Schriifer, der erste Habilitand
E. Neuburger (1968) und die Dokto-
randen der 1960er Jahre, H. Héberle,
M. Mall und W. Mayer.

Lieber Herr Marko: Der Lehrstuhl
fiir Nachrichtentechnik und alle Thre
fritheren Mitarbeiter wiinschen Ih-
nen noch lange die geistige Frische
wie an Ihrem 90. Geburtstag.
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Anfang Marz 2015 fand im italieni-
schen Stilfs in der Siidtiroler Region
Vinschgau die 17" Joint Conference
on Communications and Coding statt.

Zu der dreitdgigen Konferenz mit

Seminarcharakter kamen mehr als

30 Teilnehmer, ndmlich:

— Prof. Holger Boche vom Lehr-
stuhl fiir Theoretische Informa-
tionstechnik (LTI) der TUM und
neun seiner Mitarbeiter,

— Prof. Gerhard Kramer vom Lehr-
stuhl  fiir  Nachrichtentechnik
(LNT) zusammen mit 14 Dokto-
randen und Postdoktoranden,

— drei Doktoranden vom Fachge-
biet Leitungsgebundene Ubertra-
gungstechnik (LUT),

— Dr. Gianluigi Liva und Dr. Balazs
Matuz vom Deutschen Zentrum
fiir Luft- und Raumfahrt (DLR).

Die von Dr. Roy Timo (LNT) und

Elisabeth Oberleithner (LUT) orga-

9.4 17th Joint Conference on Communication and Coding
Stilfs/Italien, 11. bis 13. Mérz 2015

Elisabeth Oberleithner, Roy Timo und Giinter Soder

nisierte Konferenz wurde vereinbart,
dasichdie Forschungsgebiete der vier
Institutionen teilweise {iberlappen,
jeder jedoch eine etwas andere Sicht-
weise der Dinge und Herangehens-
weise mitbringt.

Die Forschungsarbeiten wurden
in einem kurzen Referat oder auf ei-
nem Poster vorgestellt. Nach jedem
Vortrag gab es eine 10-miniitige Dis-
kussion, die von allen Teilnehmern
rege genutzt wurde. Die unterschied-
lichen Wissenshintergriinde der Se-
minarteilnehmer haben zu einer gro-
Ben Bereicherung der Diskussionen
beigetragen.

Wie aus dem Programm ersicht-
lich ist, wurden die vier Vortragssit-
zungen am Mittwoch und Donners-
tag weitgehend von LTI und DLR
gestaltet. Dazu gab es zwei Vortra-
ge vom LNT: Dr. Geiger und unser
Gastwissenschaftler Metodi Yankov,
Technical University of Denmark.
Eine inhaltliche Zusammenfassung
aller Vortrdge finden Sie im engli-
schen Teil dieses Beitrags.

Zwolf Doktoranden und zwei
Postdoktoranden von LNT und LUT

3
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stellten ihre Forschungsergebnisse in
den beiden Postersitzungen vor. Die
dabei behandelten Themen werden
in diesem Heft in den Kapiteln 5 und
6 ausfiihrlich beschrieben.

Wihrend der Kaffeepausen und
am Abend fanden weitere individu-
elle Gespriche statt. Durch gemein-
same Aktivititen am Abend wurden
die personlichen Kontakte weiter ver-
tieft. An den Vormittagen hatten die
Teilnehmer freies Programm. Sie
nutzten die Zeit zum Skifahren und
Skilanglauf oder zu ausgedehnten
Spaziergidngen vor dem eindrucks-
vollen Ortlermassiv.

Noch kurz ein Wort zur Historie
dieser Veranstaltungsreihe. Sie wurde
von Prof. Joachim Hagenauer Mitte
der 1980er Jahre als Leiter des Insti-
tuts flir Nachrichtentechnik am (heu-
tigen) Deutschen Zentrum fiir Luft-
und Raumfahrt, Oberpfaffenhofen
(DLR) ins Leben gerufen. In seiner
Zeit als LNT-Chefvon 1993 bis 2006
folgten die Konferenzen mit den lau-
fenden Nummern 7 bis 15, meist eine
Woche in einem attraktiven Win-
tersportort gemeinsam mit Partnern

Vorne von links: P. Schulte, G. Bocherer, G. Liva (DLR), S. Saeedi, Y. Wu, A. Mansoor (LTI); 2. Reihe: V. Pohl (LTI), E. Oberleithner
(LUT), H. Bartz, R. Timo, R. Amjad, B. Matuz (DLR), B. Geiger, M. Jiger, O. Giinlii, M. Cai (LTI), A. Grigorescu (LTT), O. iscan, V.
Sidorenko, G. Kramer, M. Stinner; hinten: H. Boche (LTI), N. Tavangaran (LTI), A. Nedelcu, M. Yankov, L. Palzer, T. Fehenberger

(LUT), S. Dierks, Y. Chen (LUT)
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— Professor Holger Boche from the
Institute of Theoretical Informa-
tion Technology (LTI) at TUM
and nine of his research assistants,

— Professor Gerhard Kramer and

) Veranstaltungen
14 members of his research staff —
The 17% Joint Conference on Com- from LNT,
munications and Coding (JCCC),was  — three Ph.D. students from the Wir-

held in Stilfs/Italy on March 11-13,
2015 with 30 participants:

ed and Optical Communications
Group (LUT),

Talks and Posters at JCCC 2015

Session I: Wednesday, 14:00 — 15:00

— Ahmed Mansour (LTI):
Secrecy Measures in Wiretap Broadcast Channel: Joint
Vs Individual

— Minglai Cai (LTI):
Classical-quantum Arbitrarily Varying Wiretap
Channel-capacity Formula with Ahlswede Dichotomy
Resources

— Nima Tavangaran (LTI):
Compound Source Models and Security

Session I1: Wednesday, 17:00 — 18:00
— Andrea Grigorescu (LTI):
Capacity Region Continuity of the Compound
Broadcast Channel with Confidential Messages
— Volker Pohl (LTI):
On the Strong Divergence of Hilbert Transform
Approximations from Sampled Data
— Philipp Walk (LTT):
Deconvolution: State of the Art

Session I1I: Thursday, 13:40 — 15:00
— Harutiun Aiudinian (LTI):
On some Coding Problems for Operator Channels
— Ezra Tampubolon (LTI):
Weighted Frames of Exponentials with Application
to the Sampling Problem of Multi-Banded Multi-
Dimensional Signals
— Holger Boche (LTI):
Superactivation for Wiretap Channels with Active
Wiretapper and Jammer
— Metodi Yankov (LNT/DTU):
Approximating the Constellation Constrained Capacity
of the MIMO Channel with Discrete Input

Session I'V: Thursday, 17:00 — 18:00
— Bernhard Geiger (LNT):
Two Little (?) Problems
— Gianluigi Liva (DLR):
The Distance Spectrum of Fixed-Rate Raptor Codes
— Balazs Matuz (DLR):
The PPM Poisson Channel: Finite-Length Bounds and
Code Design

Poster Session A: Wednesday, 15:20 — 16:40

— Rana Ali Amjad (LNT):
Channel Resolvability Codes based on Concatenation
and Sparse Linear Encoding

— Georg Bocherer (LNT):
Probabilistic Amplitude Shaping: Rate-Adaptive LDPC
Coded Modulation
— Shirin Bidokhti (LNT):
Capacity Regions of Broadcast Packet Erasure
Channels with Feedback and Memory
— Joschi Brauchle (LNT):
An Introduction to Asymptotic Multi-Trial GMD
Decoding with Arbitrary Error/Erasure Tradeoff
— Onurcan Iscan (LNT):
Quantize-Forward Relaying with Two-Step Decoding
for the Two-Way Relay Channel
— Andrei Nedelcu (LNT):
Matching for Dense Antenna Arrays
— Elisabeth Oberleithner (LUT):
Impulsive Noise Mitigation in In-Vehicle PLC Systems
— Patrick Schulte (LNT):
Constant Composition Distribution Matching

Poster Session B: Thursday, 15:20 — 16:40
Hannes Bartz & Vladimir Sidorenko (LNT):
List and Probabilistic Unique Decoding of Folded
Subspace Codes
— Stefan Dierks (LNT):
MIMO and Massive MIMO - Analysis for a Local Area
Scenario
— Tobias Fehenberger (LUT):
LDPC Coded Modulation with Probabilistic Shaping
for Optical Fiber Systems
— Onur Giinli (LNT):
Transform Coding for Physical Unclonable Functions
— Markus Jager (LNT):
Massive MIMO Transmitter Design
— Giesbert Janssen (LTI):
Generating Hard-Currency Resources under
Uncertainties: Entanglement Distillation for Compound
& AV Quantum Sources
— Lars Palzer (LNT):
Information Theory for Quantized Compressed
Sensing
— Markus Stinner (LNT):
Finite-Length Scaling of Convolutional MET LDPC
— Youlong Wu (LNT):
Coding Schemes for Discrete Memoryless Broadcast
Channels with Rate-Limited Feedback

PDFs of the posters can be found under the URL http://
www.Int.ei.tum.de/en/research/publications/2015/
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— two scientists from the German
Aerospace Center (DLR), Ober-
pfaffenhofen.

The 3-day workshop included four

oral presentation sessions as well as

two poster sessions (see program on

p. 103). The topics were diverse, in-

cluding

— Quantum Information Theory

Quantum State-merging

Information-theoretical Security

Signal and Coding Theory

— Compressive Sampling.

The talks in Sessions I — IV were

given by researchers from LTI and

DLR, and by two members from

LNT. Each participant presented his

or her work in a 15 minute talk fol-

lowed by a 5 minute discussion. The
other Dr. Ing. candidates and post-
docs from LNT and LUT presented
their research projects in two poster
sessions. You can find detailed des-

criptions of the topics in Chapters 5

and 6 of this report.

The diverse knowledge of the au-
dience led to lively exchanges and
discussion after the sessions ended.
The evening program offered oppor-
tunities for individual technical and
social conversations during joint
dinners. The participants used their
“spare” time in the mornings for
pleasurable activities such as alpine
skiing, cross country skiing or for
an extensive walk in the wonderful
mountain world of the Dolomites.

The conference was a great suc-
cess, just as its 16 previous versions.
Many thanks on behalf of the parti-
cipants to Elisabeth Oberleithner
and Dr. Roy Timo for the excellent
organization of the conference.

Besides the technical aspects,
the workshop offered a great oppor-
tunity to meet colleagues from near-
by research institutes in an informal
atmosphere.
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9.5 Munich Workshop on Coding and Modulation
(MCM 2015), LNT/TUM, 30. und 31. Juli 2015

Georg Bocherer, Gerhard Kramer und Gianluigi Liva

Im Juli 2015 fand am LNT ein Work-
shop zu den Themen Codierung und
Modulation statt, zu dem mehr als 70
Wissenschaftler von Universititen
und aus der Industrie kamen. Es gab
19 Vortrage und etliche Poster.

Our Institute and the Institute of Com-
munications and Navigation of the
German Aerospace Center (DLR) or-
ganized the Munich Workshop on
Coding and Modulation (MCM
2015) at the end of July 2015. The
technical program comprised 19 talks
by global leaders on the topics spa-
tial coupling, polar and lattice codes,
short codes, Reed-Solomon codes,
high-order modulation, probabilistic
shaping, and codes for MIMO, re-
laying, and synchronization. Several
doctoral students and postdocs from
LNT and DLR presented posters.

Over 70 researchers from acade-
mia and industry attended the event.
The social program on Thursday in-
cluded a Bavarian dinner at the Spa-
tenhaus, which is a traditional res-
taurant facing the Bavarian State
Opera. On Friday after the workshop
there was a guided tour of the Len-
bachhaus that has a large collection
of paintings from the Munich art-
ist group “Der Blaue Reiter”. The
program ended with a relaxed get-
together at the Park Café beergarden
in the old botanic garden close to the
main train station.

Funding for the workshop was
provided by LNT, DLR, and the
Alexander von Humboldt Founda-
tion.

Talks at MCM 2015:

— Giuseppe Caire, TU Berlin:
Applications and (some) New
Results on Compute and Forward

— Riidiger Urbanke, EPFL:
Spatial Coupling as a Proof
Technique

— Rick Wesel, University of
California, Los Angeles:
Incremental Redundancy and
Feedback at Finite Blocklengths

— Michael Lentmaier, Lund
University:

Threshold Saturation for
Spatially Coupled Turbo-like
Codes over the Binary Erasure
Channel

— Rami Zamir, Tel Aviv Univ.:
Multilevel Coded Modulation
and Lattice Construction

— Jean-Claude Belfiore, Telecom
ParisTech:

Lattice Codes: A theta Series
Perspective

— Gottfried Ungerbock:
Improved Burst-error Correction
by Joint Decoding of Interleaved
RS Codes

— Guido Montorsi, Politecnico di
Torino:

Analog Digital Belief
Propagation and some of its
Applications

— A. Guillen i Fabregas, Univ.
Pompeu Fabra:

Mismatched Decoding and Bit-
Interleaved Coded Modulation

— Georg Bocherer, LNT/TUM:
Probabilistic Amplitude Shaping
for Higher-order Modulation

Veranstaltungen
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Robert Fischer, Univ. Ulm:
Combination/Interaction of
Coded Modulation and Precoding
in MIMO Systems

Stephan ten Brink &

S. Cammerer, Univ. Stuttgart:
Two-channel Model for Wavelike
Convergence of Tail-biting
SC-LDPC Codes

Marco Baldi, Univ. Politecnica
delle Marche:

Efficient most Reliable Basis
Decoding of Short Block Codes
Johannes Huber, FAU
Erlangen-Nirnberg:

Polar Coded Modulation - a
Tutorial

Erdal Arikan, Bilkent Univ.:
Combined Coding and
Modulation with Polar Codes
Enrico Paolini, Univ. of
Bologna:

On Optimum Decoding of
Certain Product Codes

Mark Flanagan, University
College Dublin:

Low-density Lattice Coded
Relaying with Joint Iterative
Decoding

Stephan Pfletschinger, DLR:
Code-aided Frame
Synchronization

Jossy Sayir, Univ. Cambridge:
Non-linear Constraints for Frame
Synchronisation

Group of participants of MCM 2015
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Im Oktober 2015 richtete der Lehr-

stuhl fiir Nachrichtentechnik einen

halbtigigen Workshop zum Thema

Massive MIMO aus, wobei MIMO

fir Multiple-Input Multiple-Output

steht. Nach der BegriiBung gab es
zwei einstlindige Vortrige:

— Dr. Thomas Marzetta von den Al-
catel-Lucent Bell Labs in Murray
Hill sprach zum Thema ,,Massive
MIMO and Beyond”.

— Anschlieend referierte Prof. Erik
Larsson von der Linkdping Uni-
versity iiber ,, Massive MIMO:
Research Highlights”.

Danach gab es eine Echzeitvorfiih-

rung zum Thema ,,5G” durch Dr. Ber-

thold Panzner von Nokia und Poster-
prasentationen von Muhammad Bilal

Amin (Nokia) sowie den LNT-Dok-

toranden Stefan Dierks und Andrei

Nedelcu.

Nach jedem Programmpunkt gab
es rege Diskussionen unter den mehr
als 50 Teilnehmern. Neben Doktoran-
den und Postdocs des LNT nahmen
am Workshop auch die Professoren
Giuseppe Caire (TU Berlin), Stephan
ten Brink (Universitdt Stuttgart),
Holger Boche (LTI/TUM) und Wolf-
gang Utschick (MSV/TUM) teil, je-
weils mit etlichen Doktoranden.
Aus der Industrie kamen Delegatio-
nen von Huawei Technologies, Intel

Dr. Berthold Panzner during his 5G demonstration
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9.6 Munich Workshop on Massive MIMO (MMM 2015),
LNT/TUM, 7. Oktober 2015

Stefan Dierks, Gerhard Kramer, Markus Staudacher und Roy Timo

Prof. Erik Larsson

Deutschland, Nokia Solutions and
Networks, National Instruments so-
wie Freescale.

Der Workshop wurde von Stefan
Dierks, Gerhard Kramer, Markus
Staudacher sowie Roy Timo (alle
LNT) organisiert und durch die
Alexander von Humboldt-Stiftung
(AvH) finanziell unterstiitzt.

The LNT members Stefan Dierks,

Gerhard Kramer, Markus Staudacher

and Roy Timo organized the Munich

Workshop on Massive MIMO in Oc-

tober 2015. The technical program

consisted of two one-hour talks by

Massive MIMO pioneers:

— Thomas Marzetta, Alcatel-Lucent
Bell Laboratories, Murray Hill,
NJ, USA:

Massive MIMO and Beyond,

— Erik Larsson, Linkdping Univer-
sity, Sweden:

Massive MIMO: Research High-
lights.

Dr. Thomas Marzetta

The program included a 5G real-time

demo by B. Panzner (Nokia) and a

poster session with presentations by

— Muhammad Bilal Amin, Nokia:
Design Options for Massive
MIMO in 5G Networks - Virtual
Beamforming and Artificial Mu-
tual Coupling,

— Stefan Dierks, LNT/TUM:
MIMO and Massive MIMO -
Analysis for a Local Area Scenario

— Andrei Nedelcu, LNT/TUM:
Compact MIMO Systems.

Over 50 researchers from academia

(University of Stuttgart, TU Berlin,

TUM) and industry (Huawei Tech-

nologies Germany, Intel Germany,

Nokia Solutions and Networks, Na-

tional Instruments, Freescale) at-

tended the event. The social program
included a lunch with the speakers at

I1 Mulino, a local Italian restaurant.
Funding for the workshop was

provided by LNT and the Alexander

von Humboldt Foundation.

MIMO and Massive MIMO - Analysis for

Dr. Marzetta and Stefan Dierks



9.7 Munich Workshop on Information Theory of Optical
Fiber (MIO 2015), LNT/TUM, 8. und 9. Dez. 2015

Tobias Fehenberger, Luca Barletta, Mansoor Yousefi und Gerhard Kramer

Nach dem erfolgreichen Workshop
MIO 2014 fand im Dezember 2015
eine Neuauflage statt. Mittlerweile auf
tiber 80 internationale Teilnehmer
angewachsen, bot MIO 2015 der For-
schungsgemeinde an der Schnittstel-
le zwischen Informationstheorie und
optischer Ubertragungstechnik er-
neut ein Forum zum Austausch von
[deen und zur Diskussion offener
Probleme. Im Kastenbeitrag auf der
ndchsten Seite finden Sie eine Zu-
sammenstellung der dreizehn Vor-
trage und zwolf Poster.

After a successful MIO workshop
in 2014 (see Chapter 9.2), our insti-
tute held another MIO edition in the
December 2015. This workshop was
co-sponsored by the Alexander von
Humboldt Foundation and by TUM-
IAS under a Rudolf Diesel Fellows-
hip awarded to René-Jean Essiambre
from Bell Labs US.

The general concept of MIO 2015
was very similar to 2014. Experts
from the field of information theory
and optical fiber communications

were invited to give talks about open

!HEE % |
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research questions and problems to
be solved if fiber systems are to con-
tinue enabling the growth of traffic
over the Internet.

In comparison to 2014, MIO 2015
had more than 80 participants, again
from all over the world. It is worth
noting that many representatives
from industry attended our workshop,
showing that the interface of infor-
mation theory and fiber optics is not
at all a field of purely academic inter-
est. The main workshop topics were
the same as in 2014. You can find the
list of speakers and the titles of their
talks in the box on the next page.

An unexpected deviation from
the usual workshop procedure took
place right before the last invited
talk on day one. Gerhard Kramer ar-
ranged for a little surprise for the at-
tendees, keeping even his co-organi-
zors in the dark.

A real-life Santa Claus, luckily
without a Krampus, attended MIO as
a special invited guest. Reading from
his Golden Book, he reminded some
carefully selected participants to be-
have better in the coming year, much

Siig & N A e
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to the amusement of those who were
not in Santa’s book just yet. All MIO
attendees received a small piece of
chocolate and joined in to sing two
verses of the famous German Christ-
mas song “Lasst uns Froh und Mun-
ter sein” that were specifically com-

posed for MIO 2015:

(1) Fiber, light, non-linearity,
solitons, space, spectral efficiency.
Shannon, Shannon, traleralala,
soon we’ve cracked capacity,
soon we’ve cracked capacity!

(2) Reflection, refraction, cool neat
stuff. Single-mode, multi-mode,
we can’t get enough.

Code it, shape it, traleralala,

soon we’ve cracked capacity,

soon we’ve cracked capacity!

After this exciting break, a few
more talks followed, and a success-
ful first MIO day was almost over.
The invited speakers and plenty of
workshop attendees went to the Pau-
laner brewery at Nockherberg for
dinner, where the first workshop day
ended with a variety of Bavarian
specialties and beers.

On the second day of the work-
shop, more invited talks were given
and the topics were discussed with
vigor. In order to further support
the exchange of ideas in the limited
time frame of a two-day workshop,
a poster session took place right be-
fore lunch. This was an excellent
opportunity for younger researchers
to present their results and discuss
them with some of the experts of
their respective fields.

After the workshop talks were
over, a guided tour in the art mu-
seum “Alte Pinakothek” right next
to TUM for invited participants and
speakers was organized. The topic
was: “Art has always been contem-
porary - the Old Masters seen in a
new light”. The tour guide, Marion
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von Schabrowsky, explained how
social, political and economic condi-
tions influenced the work of artists.
For example, many paintings were
ordered as reactions to crises, and

Yousefi) would like to express their
gratitude to the attendees who en-
riched the workshop by their que-
stions and in discussions, to the spea-
kers who presented excellent talks

Veranstaltungen ) ) ) 5
— Renaissance artists used their pain- and, to the colleagues from LNT
tings as a form of social protest. who helped with the organization.
Finally, the organizing commit-  The extremely positive feedback that
tee (Luca Barletta, Gerhard Kramer,  we received from the participants is
Tobias Fehenberger and Mansoor also meant for you.
Talks at MI1O 2015 Posters at MIO 2015

Prof. René-Jean Essiambre, Alcatel Lucent, Bell
Labs, USA & IAS/TUM:

Nonlinear Interactions in Space-Division
Multiplexed Fibers

Dr. Cristian Antonelli, University of L'Aquila,
Italy:

Nonlinear Interference in Space-Division
Multiplexed Transmissions

Dr. Mansoor I. Yousefi, LNT/TUM:

Outline of a Research Program to Address the
Capacity Bottleneck Problem in Optical Fiber
Dr. Sander Wahls, TU Delft, The Netherlands:
Fast Generation of Multi-Solitons using the
Darboux Transform

Dr. Henning Biilow, Alcatel Lucent, Bell Labs:
Theory Moves into Lab: Modulation of Discrete
Spectrum

Prof. Yves Jaouen, Telecom ParisTech, France:
Emerging Space-Time Coding Techniques for
Optical Fiber Transmission Systems

Prof. Erik Agrell, Chalmers University of
Technology, Sweden:

Recent Lower Bounds on the Capacity of Fiber-
optic Links

Dr. Marco Secondini, Scuola Superiore Sant'Anna,
Italy:

Achievable Information Rates in Optical Fiber
Communications

Prof. Mark Shtaif, Tel Aviv University, Israel:
Open Questions on Nonlinear Interference Noise
and the Prospects of its Mitigation

Prof. Magnus Karlsson, Chalmers University of
Technology, Sweden:

Nonlinear Mitigation by Conjugation

Dr. Roland Ryf, Alcatel Lucent, Bell Labs, USA:
Transmission in Space-Division Multiplexed
Systems

Dipl.-Ing. Tobias Fehenberger, LNT/TUM:
Probabilistic Shaping of High-order QAM for
Optical Fiber Systems

Prof. Gerhard Kramer, LNT/TUM:

A Study of Capacity and Spectral Efficiency of Fiber
Channels

Dr. Tommaso Foggi, University of Parma, Italy:
Achievable Information Rate in Optical
Communications: From Time-frequency Packing to
Flexi-grid Networks

M.Sc. Alexander Geisler, Helmut Schmidt
Universitdit Hamburg:

Implementation of Eigenvalue Multiplex
Transmission with a Lossy 75 km Fiber Link

M.Sc. Kamran Keykhosravi, Chalmers University
of Technology, Sweden:

A Strictly Increasing Lower Bound on the Capacity
of the Fiber Optical Channel

M.Sc. Ginni Khanna, LNT/TUM:

A Robust Adaptive Digital Pre-distortion Method
for Optical Communication Transmitters

M.Sc. Gabriele Liga, University College London,
UK:

Optimum Detection in Presence of Nonlinear
Distortions with Memory

M.Sc. Georg Rademacher, TU Berlin:

Nonlinear Gaussian Noise Model for Multi-mode
Fibers with Space-division Multiplexing

M.Sc. Nikita Shevchenko, University College
London, UK:

Maximizing Capacity of a Nonlinear Optical Fiber
Channel (using Solitons and Nonlinear Fourier
Transforms)

Xianhe Yangzhang, LNT/TUM:

Nonlinear Fourier Transform at Defocusing Regime
M.Sc. Metodi Yankov, LNT/TUM & Technical
University of Denmark:

Iterative Decoding and Phase Noise Tracking for
High-order QAM Constellations

M.Sc. Apostolos Karadimitrakis, University of
Athens, Greece:

Modeling the Fiber Optical MIMO Channel

Prof. Aris Moustakas, University of Athens,
Greece:

NLSE Soliton Spectral Efficiency for Gaussian Input
M.Sc. Alexander Span & Prof. Stephan ten Brink,
Universitat Stuttgart:

Optical Communications using the Nonlinear
Fourier Transform

The posters and photos from the workshop are available at the web address http://www.Int.ei.tum.de/en/events/
munich-workshop-on-information-theory-of-optical-fiber-2015
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9.8 TUM-COM Workshop,

Stilfs/Italien, 16. bis 18. Mirz 2016

Stefan Dierks

Das Kompetenzzentrum Kommunika-
tionstechnik (TUM-COM) biindelt
die Forschungsaktivititen innerhalb
der Fakultdt EI zum Thema Zukiinf-
tige Mobilfunktechnologie (5G). Wir
berichten iiber einen von TUM-COM
organisierten Workshop fiir alle
Doktoranden der beteiligten Lehr-
stiihle.

Expertise on the Fifth Generation of
Mobile Technology (5G) is available
in the research groups of the TUM
Center of Competence on Communi-
cations (TUM-COM). To foster re-
search cooperation and knowledge
transfer within TUM-COM, Stefan
Dierks (LNT) and Simon Adrian
(HFT) organized a 5G workshop that
took place at Hotel Traube in Stilfs,
South Tyrol, Italy on March 16-18,
2016. The workshop was a great suc-
cess. All participants enjoyed dis-
cussing the topics of the tutorial talks
and the research problems presented
as posters.

The workshop was open to all
members and doctoral candidates of
TUM-COM. The event was spon-
sored by the Faculty Graduate Cen-
ter EI. The participants included
14 doctoral students from the Chair
of Communications Engineering

Teilnehmer des SG Workshops; von links: H. Jedda (NWS), Prof. Sigl (SEC), S. Zoppi

(LNT), the Chair of Communication
Networks (LKN), the Chair of Cir-
cuit Theory and Signal Processing
(NWS), the Professorship of Signal
Processing Methods (MSV) and the
Chair of High Frequency Engineer-
ing (HFT).

The growth in connectivity and
density/volume of traffic continues. It
is believed that communications bey-
ond 2020 will involve a combination
of existing and evolving systems,
like LTE-Advanced and WiFi, cou-
pled with new, revolutionary tech-
nologies. This is necessary to meet
new requirements and market de-
mands, such as 10,000 times more
traffic and a virtually zero latency at
an affordable cost. 5G will be the set
of technical components and systems
needed to handle these requirements
and overcome the limits of current
systems. Three key enablers are
— spectrum increase,

— denser networks, and

— raising the performance of net-

works.

More spectrum is needed to meet
the increased capacity and coverage
demand. Many base stations of dif-
ferrent sizes and radio technologies
are integrated flexibly in a heteroge-
neous network (HetNet). New ac-

(LKN), K. Roth (NWS/Intel), S. Adrian (HFT), M. Iwanow (MSV/Huawei), F. Steiner
(MSYV), A. Nedelcu (LNT), M. Giirsu (LKN), M. Vilgelm (LKN), S. Dierks (LNT), M.
Staudacher (LNT), D. Neumann (MSV), A. Ahmadian Tehrani (LNT/Nokia), P. Schulte
(LNT), Dr. Bocherer (LNT), Prof. Nossek (NWS).
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cess technologies must be developed

or existing ones must be improved to

lower latency and increase through-
put. Two example strategies are

(massive) MIMO and cooperation

between base stations.

Research on 5G requires con-
sidering different aspects jointly, for
example by using a cross-layer soft-
ware-defined network architecture.
5G will operate in regimes which are
not as familiar as the regimes of cur-
rent communication systems. Here
an example is the regime of millim-
eter waves, which are much higher
frequencies than existing mobile
communication generations that re-
quire new channel models, antenna
designs and communication strate-
gies.

The 5G workshop enabled an ex-
change of knowledge and let Ph.D.
students network with experts on
various aspects of 5G. This fosters
research cooperation and knowledge
transfer within TUM-COM. The
structure of the workshop supported
this idea: Every participating Ph.D.
student presented his or her research
as a poster. During the poster talk it
was possible for the participants to
familiarize themselves with new top-
ics and to discuss questions, as well
as to propose new ideas. Tutorial
talks were given by
— Prof. Josef Nossek, NWS: Phy-

sically Consistent Modelling of

Communication Systems,

— Prof. Georg Sigl, Chair of Secu-
rity in Information Technology:
Security in Future 5G Systems,

— Dr. Georg Bocherer, LNT: Polar
Codes: A Candidate for 5G?

Networking took place during the

meals and in the evenings as well as

during a special session, where net-
working was combined with skiing
or other activities.
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Die deutsche Sektion der /IEEE In-
formation Theory Society organisier-
te zusammen mit Prof. Han Vinck
von der Universitdt Duisburg-Essen
und dem Lehrstuhl fiir Nachrichten-
technik der TU Miinchen eine zwei-
tigige Gedenkfeier zu Ehren von
Claude E. Shannon, dem Begriin-
der der Informationstheorie. Shan-
non hétte am 30. April 2016 seinen
100. Geburtstag feiern konnen. Die
Veranstaltung fand im Heinz Nix-
dorf Museum in Paderborn statt.

Das Programm bestand aus 15 Vor-
tragen iiber das Leben und die Arbei-
ten von Claude E. Shannon. Daneben
wurde ein Museumsbesuch und ein
umfangreiches Rahmenprogramm
angeboten, in dessen Mittelpunkt na-
tiirlich ebenfalls der Jubilar Claude E.
Shannon stand.

Mehr als 70 Personen nahmen an
dieser zweitdagigen Veranstaltung teil,
darunter mehr als 30 unserer Studen-
ten an der TU Miinchen. Shannons
Arbeiten nehmen auch heute noch in
Lehre und Forschung des LNT einen
breiten Raum ein, fast 70 Jahre nach
Shannons bahnbrechender Veroffent-
lichung ,,A Mathematical Theory of
Communication®.

The German Information Theory So-
ciety Section Chapter organized to-
gether with Professor Han Vinck
(University of Duisburg) as well as
Professor Gerhard Kramer and Lars
Palzer from the Institute for Com-
munications Engineering (LNT), a
Claude Elwood Shannon 100" Birth-
day Celebration at the Heinz Nixdorf
Museum in Paderborn, Germany on
May 3-4, 2016.

The event consisted of a technical
program, a museum tour through the
Heinz Nixdorf museum — which is
the biggest computer museum in the
world — and a social program.
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9.9 Claude Elwood Shannon 100th Birthday Celebration,
Heinz Nixdorf Museum in Paderborn, 3./ 4. Mai 2016

Gerhard Kramer und Lars Palzer

The technical program included
15 talks on Shannon’s life and work.
The speakers on May 3 were
— Frans Willems, TU Eindhoven,

— Ingo Althofer, Universitit Jena,

— Christof Paar, Universitit Bo-
chum,

— Jochen Viehoff, HNM Pader-
born,

— Vijay Bhargava, UBC Vancou-
ver,

— Kees Immink, Turing Machines
Inc., Rotterdam

— Rudolf Mathar, RWTH Aachen,

— Holger Boche, LTT/TUM,

— Stephan ten Brink, Uni Stuttgart.

On May 4, the speakers were

— Giuseppe Caire, TU Berlin,

— Petar Popovski, Aalborg Univer-
sity,

— Giuseppe Durisi, Chalmers Uni-
versity,

— Emre Telatar, EPF Lausanne,

— Joachim Hagenauer, LNT/TUM,

— Sergio Verdu, Princeton Univer-
sity..

The technical talks addressed multi-

user and quantum information theo-

ry, genetics, chess, cryptography, and

code design. Two of the talks had a

more personal flavor: Emre Telatar’s

talk on Shannon’s 1948 paper “A

Mathematical Theory of Communi-

cations” and Sergio Verdu’s presen-

tation on the life of Shannon.

In total, over 70 persons attended
the event. This includes more than

Claude Elwood Shannon

30 undergraduate and graduate stu-
dents from TUM for whom the LNT
organized a bus transport from Mu-
nich.

The social program on May 3 in-
cluded a reception and a dinner at the
Welcome Hotel as well as a semi-
final of the football Champion’s
League. The museum tour provided
insights into the history of compu-
ters and featured some of Shannon’s
many inventions. As a special sur-
prise, all participants received a copy
of Shannon’s “Useless Machine”, a
machine whose sole purpose is to
switch itself off.

Funding for the workshop was
provided by the LNT. The program
and photos are available at the web
address  http://www.Int.ei.tum.de/
en/events/claude-elwood-shannons-
100th-birthday-celebration/.

Six past presidents of the IEEE Information Theory Society celebrating Claude
Shannon’s work and life in Paderborn. From the left S. Verdu, G. Kramer, G. Caire, J.
Hagenauer, H. Vinck and V. Bhargava.



9.10 Bertinoro Workshop on Communications and Coding
(BCC 2016), Bertinoro, Italy, 19. und 20. Mai 2016

Gerhard Kramer und Roy Timo

Im Mai 2016 gab es einen zweitdgigen
Workshop zu den Themen Kommu-
nikation, Fehlerkorrekturverfahren,
Mehrbenutzer-Informationstheorie
und Compressive Sensing, der von
Enrico Paolini vom Department
“Guglielmo Marconi” der Universi-
tdt Bologna sowie Gerhard Kramer
und Roy Timo (beide LNT) orga-
nisiert wurde. Tagungsort war das
Centro Residenziale Universitario di
Bertinoro in der Provinz Forli-Cesena,
etwa eine Autostunde siiddstlich von
Bologna gelegen.

Das Foto zeigt eine Teilansicht
dieser wunderschonen burgéhnlichen
Residenz mit mehr als tausendjéh-
riger Geschichte, die seit 1994 als
Kongresszentrum genutzt wird.

On the 19th and 20th of May 2016,
the Department of Electrical, Elec-
tronic, and Information Engineering
“Guglielmo Marconi” at the Univer-
sity of Bologna and the Chair for
Communications Engineering (LNT)
of the Technical University of Mu-
nich (TUM) organized a Bertinoro
Workshop on Communications and
Coding (BCC) in Bertinoro, Italy.
The workshop venue was the beau-
tiful and historic Centro Residenzi-
ale Universitario di Bertinoro.

The main purpose of the work-
shop was to bring together resear-

chers from European institutions to

explore topics of information theory

and coding. The event further pro-
vided a test run for an upcoming

IEEE European School of Informa-

tion Theory bid, and, by all accounts,

it was a great success.

The workshop’s technical program
included a variety of talks on com-
munications, multi-user information
theory, error-control coding and
compressive sensing. Participants in-
cluded
— from the University of Bologna:

Marco Chiani, Ahmed Elzanaty,

Andrea Giorgetti, Anna Guerra,

Enrico Paolini, Gianni Pasolino;
— from TUM: Georg Bocherer, Ger-

hard Kramer, Roy Timo, Youlong

Wu;

— Luca Barletta,
Milano;

— Alexandre Graell i Amat, Chal-
mers University of Technology,
Sweden;

— Gianluigi Liva, DLR, German
Aerospace Center.

The workshop was organized by

E. Paolini, G. Kramer and R.Timo

and was funded by the Department of

Electrical, Electronic, and Informa-

tion Engineering “Guglielmo Mar-

coni” of the University of Bologna
and by the Alexander von Humboldt

Foundation.

Politecnico di

Centro Residenziale Universitario di Bertinoro (Foto: R. Timo)
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Talks at BCC 2016

— Prof. Gerhard Kramer, LNT:
Capacity Bounds for Diamond
Networks

— Dr. Georg Bocherer, LNT:
Experimental Information Theo-
ry: Achievable Rates from Meas-
urements

— Dr. Gianni Pasolini, Bologna:
Secret Information of Wireless
Multi-Dimensional Gaussian
Channels

— Ahmed Elzanaty, Bologna:
Analysis of the Restricted Iso-
metry Property for Compressed
Sensing

— Prof. Luca Barletta, Milano:
The S-Aloha Capacity: Beyond
the e Myth

— Dr. Gianluigi Liva, DLR:
Successive Cancellation Decod-
ing of Product Codes

— Prof. Alexandre Graell i Amat,
Chalmers University:
A Deterministic Construction
and Density Evolution Analysis
for Generalized Product Codes

— Dr. Youlong Wu, LNT:
Coding Scheme for Multicast
Network with/without Feedback

— Prof. Enrico Paolini, Bologna:
Efficient Evaluation of the
Weight Spectral Shape of Nonbi-
nary Protograph LDPC Codes

— Dr. Roy Timo, LNT:
An Information-theoretic Ap-
proach to Caching

— Dr. Andrea Giorgetti, Bologna:
Model Order Selection Based on
Information Theoretic Criteria:
Design of the Penalty and Appli-
cations to Statistical Signal Pro-
cessing

— Dr. Anna Guerra, Bologna:
Single-Anchor Position and Ori-
entation Bounds: Fundamental
Limits using Millimeter-Wave
Massive Arrays
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Am 23. und 24. Mai 2016 drehte sich
am LNT alles um Kausalitét, und um
die Frage, wie Informationstheorie
dabei hilft, diese in Datenreihen zu
entdecken. In diesem zweitdgigen
Workshop, organisiert von unserer
damaligen Gastprofessorin Negar Ki-
yavash und ithrem Mitarbeiter Jalal
Etesami, Kun Zhang (University of
California, San Diego) sowie Gerhard
Kramer und Bernhard C. Geiger
(beide LNT), diskutierten Computer-
wissenschaftler, Philosophen, Oko-
nomen, Mathematiker und Informa-
tionstheoretiker liber die Inferenz von
Kausalzusammenhédngen in verschie-
densten Anwendungsbereichen.

TheInstitute forCommunications En-
gineering (LNT) organized the Mu-
nich Workshop on Causal Inference
an Information Theory on May 23-
24, 2016. The workshop brought to-
gether experts from across the world
and various scientific disciplines: phi-
losophy (Frederick Eberhardt, Kun
Zhang), computer science (Elias Ba-
reinboim), industrial engineering

(Christopher Quinn), economics (Mi-
chael Eichler), mathematics and
statistics (Thomas S. Richardson,
Shohei Shimizu), physics (Dominik

Prof. Young-Han Kim
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Prof. Shohei Shimizu

9.11 Munich Workshop on Causal Inference & Information
Theory (MCI 2016), LNT/TUM, 23./ 24. Juli 2016

Gerhard Kramer und Bernhard C. Geiger

Janzing), and information theory
(Young-Han Kim, Negar Kiyavash,
Haim Permuter).

The talks ranged over diverse ap-
proaches to inference of causal struc-
tures: including inference in the pres-
ence of confounders, or time vary-
ing networks and the application of
information-theoretic measures such
as directed information and Kolmo-
gorov complexity for the inference
task. Each day concluded with a dis-
cussion session for the researchers.

The Munich weather cooperated:
the constant rain made everyone hap-
py to stay inside, enjoy hot coffee,
and continue working. The social
program included a pizza lunch, and
a beer hall, rather than beer garden,
event.

The workshop was funded by the
LNT and the Alexander von Hum-
boldt Foundation. The organizers
were Negar Kiyavash, Gerhard Kra-
mer, Kun Zhang, Bernhard C. Gei-
ger, and Jalal Etesami.

Talks at MCI 2016

— Dr. Kun Zhang, University of
California, San Diego:
Practical Considerations in Causal
Discovery: Confounders, Time-
Varying Causal Relations, and Se-
lection Bias

— Dr. Christopher Quinn, Purdue
University:
Learning and Approximating
Causal Influences in Networks

6/20

Z 3/20
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Prof. Thomas Richardson

Prof. Young-Han Kim, Univer-
sity of California, San Diego:
How to Learn Probability with-
out Learning

Prof. Shohei Shimizu, Osaka Uni-
versity:

A non-Gaussian Model for Caus-
al Discovery in the Presence of
Hidden Common Causes

Dr. Haim Permuter, Ben Gu-
rion University:

Causal Conditioning and Directed
Information in Engineering Prob-
lems

Dr. Michael Eichler, Maastricht
University:

Causal Inference from Multivari-
ate Time Series: Principles and
Problems

Prof. Thomas Richardson, Uni-
versity of Washington:

Learning Causal Structure in the
Presence of Hidden Variables
Prof. Frederick Eberhardt, Cali-
fornia Institute of Technology:
Generalized  Constraint-based
Causal Discovery and Causal
Macro-Variables

Dr. Dominik Janzing, MPI Tii-
bingen:

Algorithmic Independence of
Cause and Mechanism as a Com-
mon Footing of Thermodynam-
ics and Causal Inference

Dr. Elias Bareinboim, Purdue
University:

Causal Inference and the Data-
Fusion Problem

Dr. Elias Bareinboim



9.12 Second LNT & DLR Workshop on Coding

LNT/TUM, 26. Juli 2016

Georg Bocherer und Gianluigi Liva

Im Juli 2016 kam es zu einem Ge-
dankenaustausch zwischen den auf
dhnlichen Gebieten der Kanalcodie-
rung tdtigen Forschungsgruppen am
Deutschen Zentrum fiir Luft- und
Raumfahrt (DLR) in Oberpfaffen-
hofen und am LNT. Der halbtigige
Workshop wurde von Dr. Gianluigi
Liva (DLR) und Dr. Georg Bocherer
organisiert.

Aus dem am Artikelende angege-
benen Programm ist zu ersehen, dass
es neben den Beitrigen von DLR
und LNT auch fiinf Vortrige von
renommierten Wissenschaftlern aus
Danemark, Italien, Irland, Serbien
und Schweden gab.

Der Workshop war mit 37 Teil-
nehmern sehr gut besucht. Neben
DLR- und LNT-Mitarbeitern kamen
Doktoranden von anderen Lehrstiih-
len unserer Fakultit und auch von
unseren Projektpartnern, zum Bei-
spiel vom Huawei-Forschungszent-
rum in Miinchen.

Nach jedem Beitrag gab es ausrei-
chend Zeit fur Diskussionen, ebenso
in den Kaffeepausen sowie beim ge-
meinsamen Biergartenbesuch in der
Max-Emanuel-Brauerei.

Ebenso wie das erste Treffen im
Sommer 2014 war auch dieser zwei-
te Workshop gemeinsam mit dem
DLR duBerst informativ fiir unsere
Doktoranden und Postdocs.

On July 26, 2016, the second LNT &
DLR Summer Workshop on Coding

Die Organisatoren G. Liva und G. Bocherer, links B. Matuz

took place. The workshop was initi-
ated by the general co-chairs Georg
Bocherer and Gianluigi Liva from
the Institute of Communications and
Navigation at the German Aerospace
Center (DLR).

The half-day workshop served as a
platform for discussing the design
and analysis of modern error correct-
ing codes. Researchers from DLR,
LNT, and international visitors from
Denmark, Italy, Ireland, Serbia, and
Sweden gave talks on their cur-rent
research. The talks triggered inter-
esting discussions on the presented
material and future re-search direc-
tions and challenges.

In total 37 participants attended
the workshop, including students and
project partners, e.g., from the Hua-
wei Research Center in Munich.

Several coffee breaks and a get-
together at the Max-Emanuel beer
garden led to an enjoyable atmos-
phere, which resulted in many inter-
esting conversations.

Talks at LNT & DLR Workshop

— Prof. Cedomir Stefanovic, Aal-
borg University:
Random Access on Graphs: Cap-
ture-or Tree Evaluation

— Prof. Alexandre Graell i Amat,
Chalmers University:
Asymptotic Analysis and Spatial
Coupling of Counter Braids

— Prof. Dejan Vukobratovic, Uni-
versity of Novi Sad:

Veranstaltungen
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Slotted ALOHA in Small Cell
Networks: How to Design Codes
on Random Geometric Graphs?
Prof. Enrico Paolini, Bologna:
Efficient Evaluation of the
Weight Spectral Shape of Nonbi-
nary Protograph LDPC Codes
Hannes Bartz & Dr. Vladimir
Sidorenko, LNT:

Analysis of Decoding Schemes
for Punctured Reed-Solomon
and Related Codes

Dr. Bernhard Geiger, LNT:
The Fractality of Polar Codes
Peihong Yuan, LNT:

Short Polar Codes

Lorenzo Gaudio, Tudor Ninacs
& Thomas Jerkovits, DLR:

The Potential of Tail-biting Con-
volutional Codes for Ultra-relia-
ble Communications

Dr. Georg Bocherer, LNT:

On Surrogate Channels for Code
Design

Dr. Mark Flanagan, University
College Dublin:

GLDPC Coded Modulation and
its Squared Euclidean Distance
Distribution

Tobias Prinz, LNT:

Polar Codes for Probabilistic Am-
plitude Shaping

Georg Bocherer bei seinem Vortrag
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10.1 Forschungsaufenthalte von LNT-Mitarbeitern

During the last two years, four of our

research asststants made academic

visits to various international univer-

sities or research institutes:

— University of Lund, Sweden,

— Stanford University, CA,

— Bell Labs in Murray Hill, NJ,

— University of Southern California
(USC) in Los Angeles, CA.

See the reports on the next pages.

Several other international visits took

place through Gerhard Kramer’s ac-

tive involvement in the IEEE Infor-

mation Theory Society.

Auch im Berichtszeitraum 10/2014 —

09/2016 gab es einen regen Aus-

tausch zwischen den LNT-Mitarbei-

tern und anderen Forschern weltweit,
die sich mit dhnlicher Thematik be-
schiftigen. Wir beginnen mit den Rei-
sen unseres Lehrstuhlinhabers. Ger-
hard Kramer besuchte folgende Ins-
titutionen zu eingeladenen Vortrigen:

— die University of Toronto und
Eurecom in Nizza (Jan. 2015),

— die National Chiao Tung Univer-
sity (NCTU) und die National
Sun Yet-sen University (NSY-
SU), Taiwan (Feb. 2016),

— die University of Maryland, Wa-
shington D.C. (Mirz 2016),

— die Yazd University und die Tar-
biat Modares University im Iran
(Mai 2016),

— die Ecole polytechnique fédérale
de Lausanne (EPFL, Juli 2016),

— das Turbo Coding Symposium in
Brest, Frankreich (Sept. 2016).

Gerhard Kramer und Giinter Soder

In seiner Eigenschaft als Distin-
guished Lecturer der IEEE Informa-
tion Theory Society (siche Kapitel 2.7)
war Gerhard zu Vortrdgen in San Se-
bastian, Spanien, in Kharagpour, In-
dien (beide Juli 2015), in Linkoping,
Schweden (Juni2016), sowiein Eind-
hoven in den Niederlanden (Sept.
2016).

Hier nicht aufgefiihrt sind Vortra-
ge bei Konferenzen und Workshops
(Kapitel 8 und 9), Reisen anlésslich
von Promotionen an anderen Hoch-
schulen (Kapitel 5.3), Lehrveranstal-
tungen bei Forschungseinrichtungen
sowie verschiedene europiische und
indische Summer/Winter Schools of
Information Theory (Kapitel 3.6).

Georg Bocherer war 2015/2016 zu
Vortrdgen an der UCLA in Los An-
geles, der NCTU in Taiwan, in Cam-
bridge (UK), Medellin (Kolumbien),
Brest (Frankreich), Eindhoven (NL)
und Posen (Polen) eingeladen. Ant-
werpen (Vorentscheid) und New Jer-
sey (Finale) waren Stationen zum
Bell Labs Preis (siche Kapitel 2.7).

Auf den nichsten Seiten berichten
drei Doktoranden und Shirin Saeedi
tiber ihre Forschungsaufentalte:

— Markus Stinner: vier Wochen an
der Universitity of Lund, Sweden,

— Shirin Saeedi Bidokhti: neun Mo-
nate an der Stanford University,

— Patrick Schulte: zehn Wochen bei
den Bell Labs in Crawford Hill,

— Stefan Dierks: vier Wochen an der
University of Southern Califor-
nia, Los Angeles.

Internationale
|

Beziehungen

10.1 Forschungsaufenthalte von
LNT-Mitarbeitern

10.2 Curricula Vitae unserer
Gastwissenschaftler

10.3 Vortrige von Giisten
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Beziehungen

Im November 2015 verbrachte ich
einen Monat an der Universitdt Lund
in Stidschweden. Wihrend meines
Forschungsaufenthaltes am Institut
von Professor Lentmaier konnte ich
mich néher mit der Analyse komple-
xer Spatially-coupled Low-density
Parity-check (SC-LDPC) Codes aus-
einandersetzen. Fiir den Binary Era-
sure Channel (BEC) erarbeiteten wir
gemeinsam ein neues Scaling Law,
das im Vergleich zum urspriingli-
chen Ansatz [1, 2] eine bedeutende
Reduktion der Komplexitit mit sich
bringt.

Es war ein sehr schoner und niitz-
licher Forschungsaufenthalt, bei dem
ich viel von Michael lernen konnte.
Der Besuch von Prof. Lentmaier
am LNT im Sommer 2016 wird die
gute Kooperation mit der Universitét
Lund fortsetzen.

In November 2015, I had the chance
to stay with Michael Lentmaier at the
Institute of Electrical and Informa-
tion Technology at the University of
Lund in Sweden for one month.

Lund in the province Skéne in the
south of Sweden is with 88.000 peo-
ple the third largest city of the region
and the 11" largest of Sweden. With
over one third of the inhabitants be-
ing students, it is one of the fastest
growing cities of Sweden. As a part
of the metropolitan region Malmo, it
takes only 45 minutes to access the
airport of Copenhagen.

While a studium generale existed
already in 1425, the University of
Lund was founded in 1666 and is the
second-oldest university of Sweden.
With 47.700 students, it is also the
second-largest university.

Michael Lentmaier received his
Dipl.-Ing. degree in Electrical En-
gineering from University of Ulm
in 1998 which is the same university
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Markus Stinner iiber seinen Forschungsaufenthalt bei
Professor Lentmaier an der Universitit Lund

where I did my degree as well. After
obtaining his Ph.D. degree in Lund
in 1998, he returned to this univer-
sity as an associate professor after
several positions in Europe and the
US. He works mainly on signal pro-
cessing and error correction codes for
digital communications. His focus is
on the design of convolutional codes,
especially convolutional or spatially-
coupled low-density parity-check
(SC-LDPC) codes.

Since the topic of my Ph.D. is
the design and analysis of spatially
coupled LDPC codes, the aim of the
visit was to get a better insight into
the construction and analysis of spa-
tially coupled codes.

During the four weeks I stayed
with Michael, 1 learned more about
the difficulties of analyzing complex
constructions of SC-LDPC codes in
comparison to their uncoupled coun-
terparts. We decided to continue
work on finite-length scaling laws
for spatially coupled LDPC codes.

First we analyzed the equivalence
of different decoders for the BEC.
We were able to show that with a
rescheduling of peeling decoding
(PD), belief propagation (BP) and
PD are equivalent in every itera-
tion. While the original approach for
scaling laws is based on using the
number of resolvable check nodes
(CNs) in each iteration to model the
stability of the decoding process, we
showed that analyzing the variable

nodes (VNs) leads to accurate results
as well. Combining the equivalence
of the decoders with the analysis of
VNs instead of CNs, we can apply
density evolution (DE) instead of the
full graph evolution of PD which is
a remarkable complexity reduction.
Based on this equivalence, we could
come up with a modified scaling law
with drastic complexity reduction
compared to the initial scaling laws
of Amraoui et al [1, 2].

Apart from research, I also had the
opportunity to try the well-known
Marten Gés which is the traditional
roasted goose served on St. Martin's
day. I would like to thank Michael as
well as John Anderson for making
my stay so enjoybable.

It was a nice stay with warm and
open-minded people. In September
2016, Michael Lentmaier visited
Munich and we continued the fruit-
ful collaboration.

Literature:

[1] Stinner, M.; Barletta, L.; Olmos,
P. M.: Finite-length Scaling based
on Belief Propagation for Spatially
Coupled LDPC Codes. In: Proc.
IEEE Int. Symp. Inf. Theory (ISIT),
2016

[2] Amraoui A.; Montanari,A.; Richard-
son, T. J.; Urbanke, R. L.: Finite-
length Scaling for Iteratively De-
coded LDPC Ensembles. In: /EEE
Trans. Inf. Theory, vol. 55, no. 2, pp.
473-498, 2009

m

View of the Oresund Bridge from Malmé (Foto: Stinner)



Shirin Saeedi iiber ihren neunmonatigen Forschungsaufenthalt
an der Stanford University bei Professor Weissman

Im Herbst 2015 besuchte ich fiir neun
Monate die Stanford University, eine
der renommiertesten Forschungs-
einrichtungen weltweit in unserem
Fachgebiet. In dieser Zeit habe ich
gemeinsam mit Professor Weissman
zwei Komprimierungsprobleme be-
arbeitet und ich besuchte verschiede-
ne Workshops in Nordamerika sowie
die Universitéiten in Princeton (Prof.
Cuff) und New York (Prof. Erkip).

I had the chance to visit Stanford Uni-
versity from October 2015 to June
2016. This visit was supported by the
Swiss National Science Foundation
in the framework of an Advanced
Postdoc Mobility Fellowship.

Stanford University is a private
research university that was founded
in 1885. Its main campus is located
in the San Francisco Bay Area and
is a residential campus on 33 square
kilometers accommodating most un-
dergraduate and graduate students.
Some of the campus landmarks in-
clude the Main Quad, the Hoover
Tower (see photos below), the Me-
morial Church, and the dish.

I was hosted by Professor Tsachy
Weissman in the Department of Elec-
trical Engineering. Tsachy Weissman
received his B.Sc. (1997) and Ph.D.
(2001) degrees from the Technion,
and is a professor of Electrical Engi-
neering at Stanford University since
2003. His research focuses on infor-
mation theory, statistical signal pro-
cessing, the interplay between them,
and their applications in machine
learning and genome data com-
pression.

In order to expand my expertise, |
started collaborating with Professor
Weissman on two data compression
problems explained in the follow-
ing. Data compression techniques
such as Lempel-Ziv algorithms are
used in practice to reduce the space
required for storing data. Unfortu-
nately, many important properties
of the data are inaccessible in the
compressed domain. To access the
data and analyze it, under the exist-
ing architectures one has to decom-
press the dataset and work with the

original high dimensional dataset.

This can be costly in applications

with random access capabilities, or

in machine learning applications that
do similarity queries very often.

Motivated by the need for the de-
sign of modern compression schemes
for big data and the preliminary re-
sults in [1], [2], we looked at the fol-
lowing two problems:

—  We would like to compress and
describe two sequences X" and "
such that from the two descrip-
tions we can reliably answer the
following query: Are the two
sequences close to each other
with respect to a given distortion
measure and a prescribed distor-
tion threshold?

— We would like to compress the
output X" of a source to a binary
sequence b” so that every sym-
bol X (i =1, ... , n) could be
recovered from the compressed
sequence by accessing (on aver-
age) at most d bits.

I found the courses that were offered

at Stanford University diverse and

useful. Besides my research activity,

I audited three courses on

— Statistical Theory (taught by
Prof. Emmanuel Candes),

— Machine Learning (taught by
Prof. John Duchi), and

— Data Science for High Through-
put Sequencing (taught by Prof.
David Tse)

to expand my knowledge about the

emerging field of data sciences, and

I audited a course on preparing for

faculty careers.

During my 9-month stay at Stan-
ford, I also went for 1-day visits to
Princeton University (hosted by Prof.
Paul Cuff) and New York University
(hosted by Prof. Elza Erkip) where 1
gave talks about my research on the
capacity of diamond networks. I also
participated in the
— DIMACS workshop on network

coding at Rutgers University (De-
cember 2015),

— the Algorithmic Challenges in
Genomics Boot Camp at the Si-
mons Institute, Berkeley (Janu-
ary 2016),
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— the Information Theory and Ap-
plications workshop (ITA) in San
Diego (February 2016), and

— the North American School of
Information Theory at Duke Uni-
versity (June 2016).

Apart from research, I had the op-

portunity to go on a few hikes that

were organized by SURPAS (Stan-
ford University Postdoctoral Asso-
ciation) including a hike at Pinnacles

National Park.

Literature:

[1] Mazumdar, A.; Chandar, V.; Wornell,
G. W.: Local Recovery in Data Com-
pression for General Sources. In: Proc.
Int. Symp. Inf. Theory, June 2015

[2] Ingber, A.; Weissman, T.: Compres-

sion for Similarity Identification:
Fundamental Limits. In: Proc. IEEE
Int. Symp. Inf. Theory, July 2014

Main Quad

Hoover Tower
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Von Mitte Juli bis Ende September
2016 konnte ich einen Forschungs-
aufenthalt bei den Bell Labs in Craw-
ford Hill, NJ, verbringen und dabei
viele fachliche und personliche Er-
fahrungen sammeln.

Bell Labs, home of various Nobel
Prize winners, opened their doors to
me for ten weeks. I did a research in-
ternship with René-Jean Essiambre on
the capacity of an optical fiber chan-
nel model. Some people believe that
the capacity of optical fiber channels
should increase as launch power in-
creases. However, experiments and
simulations show a different behav-
iour. Hence we tried to find an analyt-
ic expression for the capacity based
on the stochastic dispersion-free non-
linear Schrodinger equation and find
out if there is a global maximum.

It turned out that one of the first
barriers I had to face was the bar-
rier of language, or more preceisely
of vocabulary of the different scien-
tific fields. When I talked to some-
one in the lab about capacity I had to
clarify that I was talking about “the
maximum mutual information be-
tween the sender and receiver, opti-

Patrick Schulte berichtet iiber seinen zehnwochigen Aufenthalt bei den

Bell Labs

My office for the first weeks in the optical lab

mized over all [...]” and not just any
achievable rate. Such problems also
occurred when talking about experi-
ments when I meant simulations, or
my interchangeable use of spectral
efficiency and capacity. However
René was a great help in resolving
these issues.

For the first weeks my desk was
located in a real optics lab so that |
was forced to talk to my hosts in or-
der to find out when I had to protect
my eyes from high power lasers that
could possibly blind me.

There were many social events
where students and staff members
could meet and talk outside work.
For instance I was invited to three
BBQs. The first one was combined
with a sailing event where [ steered
a catamaran for the first time in my
life. The second BBQ was at a col-

At the famous horn antenna that is sometimes used as a giant speaker
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league’s place where I finally had to
acknowledge that Americans know
how to grill meat. While my stand-
ard German BBQ experience lasts
for at most 4 hours, I spent the whole
afternoon and evening at this place
eating all kinds of meat prepared in
various ways. People came and left
at all times so this was a great chance
to make new friends. The third time
was called “Picknick”, and we lis-
tened to music from PC speakers that
were connected to the horn antenna.
The antenna was directed towards
some benches approximately 50 me-
ters away where we ate.

New Jersey is called the garden
state and apart from those parties I
spent my free time on weekends ei-
ther visiting nearby cities (Princeton,
New York or Philadelphia) or riding
the bike in nearby state parks. Those
parks are well maintained and beau-
tiful — something that I will definite-
ly miss back in Germany.

One thing I really missed during
my stay in Crawford Hill was good
bread. The “buns” that you use for
hamburgers and normal bread are
mellow, very sweet and, according
to my landloard, they never rott. Af-
ter expressing my feelings about the
local bread to an Austrian colleague,
he brought me a loaf of bread his
wife had made herself.

Apart from the professional exper-
tise I really enjoyed the kindness and
collegiality that I experienced at Bell
Labs. It is an amazing place to work.



Stefan Dierks iiber seinen Aufenthalt an der University of Southern

California in Los Angeles

In August 2016 I visited the Wire-
less Devices and Systems Group
(WiDeS) of Prof. Molisch for four
weeks. WiDeS is part of the famous
Viterbi School of Engineering at the
University of Southern California.

The people of WiDeS research the
physical layer of wireless communi-
cation systems, radar positioning in
wireless systems, and wireless sen-
sor networks. They also do channel
measurements in different environ-
ments.

The connection between theory
and practically relevant research fits
well my research on Massive MIMO
and Network MIMO. I presented my
work to professors and doctoral stu-
dents of the Ming Hsieh Department
of Electrical Engineering. In doing
so, and by talking with Prof. Molisch
and his doctoral students, I gained
insight to improve my work.

[ analyzed the singular value
spread of a broadcast channel ma-
trix of a from a massive MIMO base
station to single antenna receivers.
The results showed that, similar to
the theoretical Rayleigh fading mod-
el, the singular value spread decreas-
es with an increasing number of base
station antennas. This shows that the
advantages of Massive MIMO are
realized with realistic channels also.

On the weekends I did trips in and
around Los Angeles. I enjoyed the
art at the Getty Center, visited the
beaches of Santa Monica and Venice
and did daytrips to San Diego and
Joshua Tree National Park.

Im August 2016 besuchte ich fiir vier
Wochen die Wireless Devices and
Systems Group (WiDeS) von Prof.
Andreas Molisch. WiDeS ist Teil der
bekannten Viterbi School of Engi-
neering an der University of South-
ern California (USC), die dlteste Pri-
vatuniversitit Kaliforniens und eine
der besten Universititen weltweit.
Es gibt dort dhnlich viele Studenten
wie an der TUM. Der Campus be-
herbergt beeindruckende Gebdude
und schone Griinanlagen.

Die Mitarbeiter der WiDeS for-
schen auf hochstem wissenschaftli-

chen Niveau an praktisch relevan-
ten Themen. Der Hauptfokus liegt
auf dem Physical Layer von Funk-
kommunikation, weitere aktuelle
Forschungsthemen sind Funkkom-
munikationssysteme, Positionsbe-
stimmung in Funknetzwerken und
Radar sowie Funksensornetzwerke.
Einige der WiDeS-Doktoranden ma-
chen Experimente in der Antennen-
messkammer und Kanalmessungen
in verschiedenen Umgebungen

Die Verbindung zwischen the-
oretischer und industrienaher For-
schung passt gut zu meinen Analysen
von Massive MIMO und Network
MIMO, die im Rahmen einer Koope-
ration mit Nokia entstanden sind. Ich
konnte an der USC meine Ergebnis-
se vor Professoren und Doktoranden
der Ming Hsieh Elektrotechnik Fa-
kultdt vorstellen. Dabei und durch
die Gesprache mit Prof. Molisch und
seinen Doktoranden bekam ich wert-
volle Hinweise fiir die Vervollstandi-
gung meiner Analysen.

Das Verhéltnis von grofitem zu
kleinstem Singuldrwert ist ein Maf}
fiir die Orthogonalitdt der Vektoren
einer Matrix. In meinem Fall unter-
suchte ich das Verhiltnis der Singu-
larwerte der Kanalmatrix von einer
Massive MIMO Basisstation zu vie-
len Empféngern mit je einer Anten-
ne. Je gleicher dabei der grofBte und
der kleinste Singuldrwert sind, umso
orthogonaler sind die Zeilenvektoren
der Kanalmatrix, die die verschiede-
nen Kanile zu den Empfangern be-
schreiben. Dies bedeutet, dass es we-
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niger Interferenz zwischen den Emp-
fangern gibt. Die Untersuchungen
zeigten, dass sich auch beim von mir
genutzten WINNER-II-Kanalmodell
der grofBte und kleinste Singuldrwert
mit steigender Sendeantennenanzahl
der Basisstation sich immer mehr
anndhern, ebenso wie beim theoreti-
schen Rayleigh-Fading-Modell. Da-
raus erkennt man, dass die Vorteile
von Massive MIMO auch fiir realisti-
sche Kandle erreicht werden konnen.
Die Wochenenden nutze ich fiir
Ausfliige in die Umgebung von Los
Angeles. So genoss ich die Kunst im
und den Ausblick vom Getty Center,
besuchte die Strinde in Santa Mo-
nica und Venice und machte Tages-
ausfliige nach San Diego und in den
Nationalpark Joshua Tree.
Auffallend war, dass der GroB3-
raum Los Angeles sehr auf das Ver-
kehrsmittel Auto ausgerichtet ist. Es
gibt sehr viele Autobahnen und die
meisten Distanzen sind zu grof3, um
sie zu Ful} oder mit dem Fahrrad zu
bewaltigen. So gibt es an der USCrie-
sige Parkhduser fiir Mitarbeiter und
Studenten. Erfreulicherweise wohn-
te ich im Stadtteil Brentwood, in dem
Supermirkte, Cafes und Restaurants
auch zu FuB} zu erreichen waren.

Skaterpark am Venice Beach (Foto: Stefan Dierks)
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Hier finden Sie in alphabetischer
Reihenfolge die Biografien der Gast-
wissenschaftler, die im Zeitraum von
Oktober 2014 bis September 2016
mehrere Monate am Lehrstuhl fiir
Nachrichtentechnik verbracht haben.

Dr. Matthieu Bloch received the En-
gineering degree from Supélec, Gif-

. sur-Yvette, France,
the M.S. degree in
Electrical Engineer-
ing from the Georgia
Institute of Technol-
ogy, Atlanta, in 2003,
the Ph.D. degree in
Engineering Science from the Uni-
versité de Franche-Comté, Besan-
con, France, in 2006, and the Ph.D.
degree in Electrical Engineering
from the Georgia Institute of Tech-
nology in 2008.

In 2008-2009, he was a postdoc-
toral research associate at the Uni-
versity of Notre Dame, South Bend,
IN. Since July 2009, Dr. Bloch has
been on the faculty of the School of
Electrical and Computer Engineer-
ing at the Georgia Institute of Tech-
nology, where he is currently an As-
sistant Professor. His research inte-
rests are in the areas of information
theory, error-control coding, wireless
communications, and cryptography.

Dr. Bloch is a member of the IEEE
and has served on the organizing
committee of several international
conferences. He was the chair of the
Online Committee of the IEEE In-
formation Theory Society from 2011
to 2015. He is the co-recipient of the
IEEE Communications Society and
Information Theory Society 2011
Joint paper Award. He is the co-au-
thor of the textbook Physical-Layer
Security: From Information Theory
to Security Engineering, published
by Cambridge University Press.
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10.2 Curricula Vitae unserer Gastwissenschaftler

Gerhard Kramer, Giinter Soder et al.

Guest Researchers at LNT/LUT for three Weeks or Longer

01.10.2014-30.09.2016 (wochenweise zu Diskussionen und Vortrégen)
Dr. René-Jean Essiambre, TUM-IAS Rudolf Diesel Fellow
Bell Labs, Alcatel-Lucent, Crawford Hill, NJ, USA

05.10.2014-26.10.2014
Ziv Goldfeld, M.Sc., Ph.D. Student
Ben-Gurion University of the Negev, Beersheva, Israel

01.02.2015-31.07.2015
Metodi Plamenov Yankov, Postdoc
Technical University of Denmark, Lyngby, Denmark

01.07.2015-31.12.2016
Prof. Fady El-Nahal, Alexander von Humboldt Fellow
Islamic University of Gaza, Palestine

15.08.2015-15.08.2016
Prof. Negar Kiyavash, Alexander von Humboldt Fellow
University of Illinois at Urbana-Champaign, IL/USA

01.12.2015-15.08.2016
Jalal Etesami, M.Sc., Ph.D. Student
University of Illinois at Urbana-Champaign, IL/USA

04.05.2015-15.06.2016 (wochenweise zu Blockveranstaltung)
Prof. Matthieu Bloch, Lecturer in the MSCE program
Georgia Tech, Atlanta, GA, USA

04.05.2015-10.07.2016 (wochenweise zu Blockveranstaltung)
Prof. Gernot Kubin, Lecturer in the MSCE program
Technische Universitit Graz, Austria

01.04.2016-30.09.2016
Tao Guo, Ph.D. Student
The Chinese University of Hongkong, Hongkong

10.05.2016-01.07.2016 (wochenweise zu Blockveranstaltung)
Prof. Pierre Moulin, Lecturer in the MSCE program
University of Illinois at Urbana-Champaign, IL/USA

23.05.2016-25.07.2016 (wochenweise zu Blockveranstaltung)
Prof. Mari Kobayashi, Lecturer in the MSCE program
Département de Télécommunications at Supélec, Gif sur Yvette Cedex, France

28.05.2016-16.07.2016 (wochenweise zu Blockveranstaltung)
Prof. Andrew Singer, Lecturer in the MSCE program
University of Illinois at Urbana-Champaign, IL/USA

01.06.2016-31.10.2016
Edson Porto da Silva, M.Sc., Ph.D. Student
Technical University of Denmark, Lyngby, Denmark

04.07.2016-31.07.2016
Prof. Tony Ephremides,
University of Maryland, MD, USA




Dr. Bloch taught the Advanced
Topics in Communications Engineer-
ing course in our MSCE program in
2015.

Prof. Fady EI-Nahal was born in Ly-
bia, 1973. He is an associate profes-
sor with the Depart-
ment of Electrical
Engineering at the
Islamic  University
of Gaza. He received
the MPhil. degree in
Microelectronic En-
gineering & Semiconductor Phys-
ics and the Ph.D. degree in Optical
Communications Engineering from
the University of Cambridge, UK,
in 2000 and 2004, respectively. He
is currently the chairman of The Ox-
ford and Cambridge Society of Pales-
tine. His research interests are in the
area of high speed communication
systems, optical data communica-
tions, applications of WDM compo-
nents for data communications, mul-
ti-wavelength fiber optic networks,
guided-wave and free space opti-
cal systems and components, tun-
able optical filters and other func-
tional devices for wavelength divi-
sion multiplexed optical networks,
optics and SLM devices, telecommu-
nications switches, holography and
tunable lasers.

Prof. El-Nahal is an Alexander
von Humboldt Georg Forster Re-
search Fellow since June 2014. In
Munich he works together with Prof.
Hanik (LUT).

Prof. Anthony Ephremides holds
the Cynthia Kim Professorship of
Information Technol-

hg. W ogy at the Electrical

&4 &.. and Computer Engi-

} neering Department
- of the University of
Maryland in College
Park where he is a
Distinguished University Professor
and has a joint appointment at the
Institute for Systems Research, of
which he was among the founding
members in 1986. He obtained his
Ph.D. in Electrical Engineering from
Princeton University in 1971 and
has been with the University of
Maryland ever since. He has been

named Distinguished University Pro-
fessor.

He has held various visiting posi-
tions at other Institutions (including
MIT, UC Berkeley, ETH Zurich,
INRIA, etc.) and co-founded and co-
directed a NASA-funded Center on
Satellite and Hybrid Communication
Networks in 1991. He has been the
President of Pontos, Inc, since 1980
and has served as President of the
IEEE Information Theory Soci-
ety in 1987 and as a member of the
IEEE Board of Directors in 1989
and 1990. He has been the General
Chair and/or the Technical Program
Chair of several technical confer-
ences, e.g. the IEEE Information
Theory Symposium in 1991, 2000,
and 2011.

Prof. Ephremides has received the
IEEE Donald E. Fink Prize Paper
Award in 1991 and the first ACM
Achievement Award for Contribu-
tions to Wireless Networking in 1996,
the IEEE Third Millennium Medal,
the 2000 Outstanding Systems Engi-
neering Faculty Award from the In-
stitute for Systems Research, and the
Kirwan Faculty Research and Schol-
arship Prize from the University of
Maryland in 2001, and a few other
official recognitions of his work. He
also received the 2006 Aaron Wyner
Award for Exceptional Service and
Leadership to the IEEE Information
Theory Society.

Prof. Ephremides is a regular vis-
itor at LNT, having taught the 4d-
vanced Topics in Communications
Engineering course several times
since 2008.

Dr. René-Jean Essiambre received
his Ph.D. from Laval University,
Québec City, Canada
and pursued post-
doctoral studies at
the Institute of Op-
tics of the Univer-
9% (-1 sity of Rochester,
{ \\ -/ Rochester, NY. In
1997, he joined Lucent Technolo-
gies (which became Alcatel-Lucent
and now Nokia). Dr. Essiambre has
worked on fiber lasers, optical fiber
nonlinearity, advanced modulation
formats, coherent detection, space-
division multiplexing and informa-
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tion theory applied to optical fibers.
He has an extensive knowledge of
fiber-optic communication systems
and contributed to the design of
many installed commercial systems.
He has served on or chaired several
conference committees, including
OFC, ECOC, CLEO and the Photo-
nics Society (formerly LEOS). He
was program and general co-chair of
CLEO Science & Innovation in 2012
and 2014, respectively. He is a recip-
ient of the 2005 Engineering Excel-
lence Award from OSA, he is a Fel-
low of the IEEE and the OSA, and a
Distinguished Member of Technical
Staff at Bell Labs, Nokia. He is also
a Fellow of the Institute of Advanced
Studies of the Technical University
of Munich, and a member of the
Board of Governors of the Photonics
Society (IEEE) as well as adjunct VP
of member advancement.

Dr. Essiambre was a TUM Institu-
te for Advanced Study Rudolf Diesel
Fellow until the end of 2015.

Jalal Etesami received his B.S. de-
gree in Electrical Engineering from
Isfahan University of
Technology, Isfahan,
Iran in 2009, and
the M.S. degree in
communication and
electrical engineer-

ing from Jacobs Uni-
versity in Bremen in 2011. He is a
Ph.D. candidate in industrial and
enterprising systems engineering
at University of Illinois at Urbana-
Champaign. His doctoral research is
conducted with Negar Kiyavash. It
focuses on inference in complex net-
works, which lies at the intersection
of information theory and statisti-
cal signal processing. His research
addresses a challenging problem:
How to infer causal and non-causal
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interactions between components in
a network. This has a range of app-
lications, including social networks,
stock markets, and neuroscience.
Mr. Etesami visited us together
with Prof. Kiyavash in 2015/2016.

Tao Guo received his B.E. in Tele-
communications Engineering from
Xidian  University,
Xi’an, China, in
2013. Since August
' 2013, he has been
* pursuing his Ph.D. at
/2 the Department of
24 Information  Engi-
neering, The Chinese University
of Hong Kong, China. In summer
2016, he has been a guest researcher
at LNT. His research interests are in
the areas of multiuser information
theory, with a focus on multiple de-
scriptions.
Mr. Guo visited us during 2016 as
part of his Ph.D. studies.

Prof. Negar Kiyavash is Willett Fa-
culty Scholar at the University of Illi-
nois and a joint As-
sociate Professor of
Industrial and Enter-
prise Engineering and
Electrical and Com-
puter  Engineering.

She is also affiliated
with the Coordinated Science Labo-
ratory (CSL) and the Information
Trust Institute. She received her
Ph.D. degree in Electrical and Com-
puter Engineering from the Univer-
sity of Illinois at Urbana-Champaign
in 2006. Her research interests are in
design and analysis of algorithms for
network inference and security. She
is a recipient of NSF CAREER and
AFOSR YIP awards and the Illinois
College of Engineering Dean’s Award
for Excellence in Research.
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Prof. Kiyavash was an Alexan-
der von Humboldt Research Fellow
in 2016. During her sabbatical in
Munich, she organized together with
Kun Zhang (University of Califor-
nia), Gerhard Kramer and her as-
sistant Jalal Etesami the Munich
Workshop on Causal Inference &
Information Theory (MCI 2016, see
p. 112).

Prof. Mari Kobayashi received the
B.E. degree in Electrical Engineering
from Keio Univer-
sity, Yokohama, Ja-
pan, in 1999 and the
M.S. degree in mo-
bile radio and the
Ph.D. degree from
Ecole Nationale Su-
périeure des Télécommunications,
Paris, France, in 2000 and 2005,
respectively. In her Ph.D. thesis she
contributed to space-time coding
design for frequency-selective chan-
nels, practical precoding design for
the MISO broadcast channel with
partial channel state information at
transmitter.

From 2005 to 2007, she was a
postdoctoral researcher at the Centre
Tecnologic de Telecomunicacions de
Catalunya, Barcelona, Spain. During
her post-doc, while studying further
on the design of MISO broadcast
channel with feedback, she worked
on cooperative communications
through an IST funded STREP Co-
operative and Opportunistic Com-
munications in Wireless Networks.
In May 2007, she joined the Tele-
communications department at Cen-
traleSupélec, Gif-sur-Yvette, France,
where she is now professor. Her cur-
rent research interests include multi-
antenna multiuser communication
theory, physical layer security, and
content delivery. She is the princi-
pal investigator for the project on
“Online Coded Caching” funded by
Huawei French Research Center and
has a Ph.D. grant by Orange on devi-
ce-to-device aided massive MIMO
communications. She is the recipient
of the Newcom++ Best Paper Award
in 2010, the IEEE Joint Information
Theory/Communications  Society
Best Paper Award in 2011, and a sen-
ior member of IEEE.

Prof. Kobayashi taught the Ad-
vanced Topics on Communications
Engineering course in our MSCE
program in 2016.

Prof. Gernot Kubin was born in Vi-
enna, Austria, in 1960. He received
7 his Dipl.-Ing. (1982)
and Dr. techn. (1990,
sub auspiciis praesi-
dentis) degrees in EE
from TU Vienna. He
is Professor of Non-
I linear Signal Pro-
cessing and Head of the Signal Pro-
cessing and Speech Communication
Laboratory (SPSC) at TU Graz/Aus-
tria since 2000. At TU Graz, he has
been Dean of Studies in EE-Audio
Engineering 2004-2007, Chair of the
Senate2007-2010 and 2013-now, and
he has coordinated the Doctoral
School in Information and Commu-
nications Engineering since 2007.
Earlier international appointments in-
clude CERN Geneva/CH 1980, TU
Vienna 1983-2000, Erwin Schroe-
dinger Fellow at Philips Natuurkun-
dig Laboratorium Eindhoven 1985,
AT&T Bell Labs Murray Hill 1992-
1993 and 1995, KTH Stockholm
1998, and Global IP Sound 2000-
2001 and 2006, UC San Diego &
UC Berkeley 2006, and UT Danang,
Vietnam 2009. He has held leading
positions in several national research
centres for academia-industry col-
laboration such as the Vienna Tele-
communications Research Centre
FTW and the Christian Doppler Lab-
oratory for Nonlinear Signal Pro-
cessing.
Prof. Kubin taught the Advanced
Topics in Signal Processing course
in the MSCE program in 2015.

Prof. Pierre Moulin received his
doctoral degree in 1990, after which
=T he joined Bell Com-

ki munications Re-
"' search as a Research
i Scientist. In 1996, he
joined the University
# of Illinois at Urbana-
; Champaign, where
he is currently Professor in the De-
partment of Electrical and Computer
Engineering, Research Professor at
the Beckman Institute and the Co-



ordinated Science Laboratory, and
Affiliate Professor in the Department
of Statistics. His fields of profess-
sional interest include statistical de-
cision theory, statistical signal pro-
cessing and modeling, information
security, and Shannon theory.

Dr. Moulin has served on the
editorial boards of the IEEE Trans-
actions on Information Theory, the
IEEE Transactions on Image Proces-
sing, and the Proceedings of IEEE.
He was co-founding Editor-in-Chief
of the IEEE Transactions on Infor-
mation Forensics and Security
(2005-2008) and has served IEEE as
a member of the IEEE Signal Pro-
cessing Society Board of Governors
(2005-2007), the IEEE Information
Theory Society Board of Governors
(2016-2018), and various other func-
tions. He was co-recipient of two
best paper awards from the IEEE
Signal Processing Society, plenary
speaker for ICASSP, ICIP, and sev-
eral other conferences, and Distin-
guished Lecturer of the IEEE Signal
Processing Society for 2012-2013.

Prof. Moulin taught the Advanced
Topics in Signal Processing course
in the MSCE program in 2016, to-
gether with Prof. Singer.

Edson Porto da Silva, M.Sc., was
born in Pocinhos, Brazil, in 1988. He
received the B.Sc.
degree in Electrical
Engineering  from
Federal = University
of Campina Grande
(UFCQ) in Campina
Grande, Paraiba, Bra-
zil, in 2011, and the M.Sc. degree
in Electrical Engineering from State
University of Campinas (UNI-
CAMP), Campinas, Sdo Paulo, Bra-
zil, in 2013. From July 2011 to
November 2013, he was with the
Center for Research and Develop-
ment in Telecommunications (CPqD),
Campinas, Brazil, working as re-
searcher in coherent optical com-
munications and focused on experi-
mental demonstrations of 400 Gbit/s
WDM systems. He is currently pur-
suing his Ph.D. degree at the Pho-
tonics Engineering (Fotonik) De-
partment, Technical University of
Denmark (DTU), Kgs. Lyngby, Den-

mark. His current research topics are
digital signal processing for optical
coherent receivers, mitigation of
fiber non-linear impairments, high-
speed optical transmission, and ma-
chine learning techniques.

Mr. Porto da Silva visited us in
2016 as part of his Ph.D. studies.

Prof. Andrew Singer received the
S.B., S.M., and Ph.D. degrees, all in

electrical engineer-
ing and computer
science, from the

Massachusetts Insti-
tute of Technology.
Since 1998, he has
i been on the faculty
of the Department of Electrical and
Computer Engineering at the Uni-
versity of Illinois at Urbana-Cham-
paign, where he currently holds a
Fox Family Endowed Professor-
ship in the Electrical and Computer
Engineering department. During the
academic year 1996, he was a Post-
doctoral Research Affiliate in the
Research Laboratory of Electronics
at MIT. From 1996 to 1998, he was
a Research Scientist at Sanders, A
Lockheed Martin Company in Man-
chester, New Hampshire, where he
designed algorithms, architectures
and systems for a variety of DOD
applications. His research interests
include signal processing and com-
munication systems.

He received the National Sci-
ence Foundation CAREER Award in
2000; in 2001 he received the Xer-
ox Faculty Research Award, and in
2002 he was named a Willett Faculty
Scholar. In 2005, he was appointed
the Director of the Technology En-
trepreneur Center (TEC) at the Uni-
versity of Illinois, where he directs
a wide range of entrepreneurship
and innovation activities in the Col-
lege of Engineering and serves as
Special Advisor to the Dean for In-
novation and Entrepreneurship. In
2006 he received the IEEE Journal
of Solid State Circuits Best Paper
Award for the paper entitled “An
MLSE Receiver for Electronic Dis-
persion Compensation of OC-192
Fiber Links.” In 2008, he received
the IEEE Signal Processing Maga-
zine Award for the paper entitled

Internationale
|

Beziehungen

“Turbo Equalization.” In 2009, he
was elected Fellow of the IEEE “for
contributions to signal processing
techniques for digital communica-
tion,” and in 2014, he was named as
a Distinguished Lecturer of the IEEE
Signal Processing Society.

Prof. Singer enjoys many forms
of outdoor sports, including compe-
ting in triathlons and marathons. He
has competed at all distances from
sprint and olympic distance triath-
lons to ultra-marathons and the Iron-
man triathlon.

Prof. Singer taught the Advanced
Topics in Signal Processing course in
the MSCE program in 2016, together
with Prof. Moulin.

Dr. Metodi Plamenov Yankov re-
celved a B.Eng. degree from the

i Technical University
of Sofia, Bulgaria,
in 2010 in the field
of radio communi-
cations, and a M.Sc.
degree  from the
Technical University
of Denmark (DTU), Lyngby in 2012
in the area of signals and transmis-
sion technology for telecommunica-
tions.

He obtained a Ph.D. degree from
DTU in March 2016. The title of his
thesis was “Capacity estimation and
near-capacity achieving techniques
for digitally modulated communi-
cation systems”. He has since
been employed as a post-doc at the
Coding and Visual Communications
group at DTU, Department of Pho-
tonics Engineering. His interests
include coded modulation and ite-
rative receivers, as well as infor-
mation theory of both wireless and
optical channels.

Mr. Yankov visited us in 2015 as
part of his Ph.D. studies..
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Nebenstehend sind die 37 Vortrige

von den Gésten aufgefiihrt, die uns

im Berichtszeitraum 10/2014 — 09/

2016 besucht haben. Nicht aufge-

fiihrt sind hier die 86 externen Vor-

trage im Rahmen verschiedener vom

LNT (mit)organisierter Veranstaltun-

gen:

— ITG-Fachgruppensitzung (Kap.
9.1),

—  Workshop MIO 2014 (Kap. 9.2),

— Marko-Kolloquium (Kap. 9.3),

— 17" JCCC in Stilfs (Kap. 9.4),

—  Workshop MCM 2015 (Kap. 9.5),

— Workshop MMM 2015 (Kap.
9.6),

—  Workshop MIO 2015 (Kap. 9.7),

— 100 Jahre C. E. Shannon (Kap.
9.9),

— Workshop BCC 20116 (Kap.
9.10),

— Workshop MCI 20116 (Kap.
9.11),

— LNT & DLR Workshop (Kap.
9.12).

The following is a list of 37 talks that
visitors gave during the time period
10.2014 — 09.2016 covered by this
report. The list does not include 86
talks held during various events (see
Chapter 9).
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10.3 Vortrige von Gisten

20.10.2014  Dr. Pablo M. Olmos, University Carlos III de Madrid, Spain:
Improving the Finite-Length Performance of Spatially
Coupled LDPC Codes by Connecting Multiple Code Chains

27.10.2014  Prof. Haris Vikalo, University of Texas at Austin, TX, USA:
Decoding Genetic Variations: Communications-Inspired
Haplotype Assembly

28.11.2014  Dipl.-Ing. Andreas Lehmann, Lehrstuhl fiir
Informationsiibertragung (LIT), FAU Erlangen-Niirnberg:
Standardization and Modelling for Communications in
Disaster Situations

01.12.2014  Prof. Aylin Yener, Pennsylvania State University, PA, USA:
Energy Harvesting Wireless Communication Networks

04.12.2014 Dr. Khoa Nguyen, University of South Australia, Australia:
Rate Adaptive for Finite-length Block-fading Channels

12.12.2014 Dr. Sander Wabhls, TU Delft, The Netherlands:
Towards Fast Inverse Nonlinear Fourier Transforms For
Fiber-Optic Communications

19.12.2014  Dr. Jossy Sayir, University of Cambridge, UK:
Sudoku Codes, a Class of Non-Linear Iteratively Decodable
Codes

15.01.2015 Dr. Petros Elia, EURECOM, Sophia Antipolis, France:
Topology and Feedback: Timeliness and Quality (joint work
with Jinyuan Chen and Syed)

29.01.2015 Dr. Hsuan-Yin Lin, NCTU (Taiwan) and TU Darmstadt:
Optimal Finite Blocklength Code Design on Two Special
Binary Channels

12.02.2015 M.Sc. Marco Mondelli, Ecole polytechnique fédérale de
Lausanne, Switzerland:
Unified Scaling of Polar Codes: Error Exponent, Scaling
Exponent, Moderate Deviations, and Error Floors

18.05.2015  Prof. Albert Guillen i Fabregas, Universitat Pompeu Fabra,
Barcelona, Spain:
Error Probability and Hypothesis Testing

26.05.2015 Federico Clazzer (DLR Oberpfaffenhofen):
Random Access with Spatial Diversity and Finite Delay

28.05.2015 Dr. Andreas Leven, Bell Labs Deutschland, Stuttgart:
Inventing the Past, Present & Future

29.05.2015 Dr. Christian Senger, University of Toronto, Canada:
Fast Algebraic List Decoding

08.06.2015  Dr. René-Jean Essiambre, Crawford Hill, NJ, USA
The Ultimate Limit of Optical Fibers to Carry Information



10.07.2015

13.08.2015

03.09.2015

03.09.2016

07.09.2015

10.09.2015

28.10.2015

28.10.2015

02.11.2015

17.11.2015

03.12.2015

13.01.2016

18.01.2016

21.01.2016

Dr. Fernando Rosas, KU Leuven University, Belgium:
Understanding Synergistic Correlations and Complex
Information Sharing

Dr. Sergey Loyka, University of Ottawa, Canada: Internationale

A General Formula for Compound Channel Capacity —
Beziehungen

M.Sc. Tamas Koéi, Budapest University of Technology and

Economics (BUTE), Hungary:

Random Access and Source-Channel Coding Error Exponents

for Multiple Access Channels

M.Sc. Lorant Farkas, Budapest University of Technology
and Economics (BUTE), Hungary:

Error Exponents of Asynchronous and Controlled
Asynchronous Multiple Access Channels

Dr. Li Gong Wang, Le Centre National de la Recherche
Scientifique (CNRS), France:
Communication with Low Probability of Detection

Prof. Negar Kiyavash, University of [llinois, IL, USA:
A Timing Approach to Causal Network Inference

Prof. Alexandre Graell i Amat, Chalmers University of
Technology, Sweden:

Wireless Distributed Storage with Device-to-Device
Communication

M.Sc. Mikhail Ivanov, Chalmers University of Technology,
Sweden:

All-to-all Broadcast for Vehicular Networks Based on Coded
Slotted ALOHA

Dr. Fady El-Nahal, Islamic University of Gaza, Palestine:
Technologies for Future Optical Access Networks

Dr. Christoph Hofer-Temmel, De Nederlandse Defensie
Academie (NLDA), The Netherlands:

Existence and Representation Problems in Discrete Stationary
Processes

Dr. Giuseppe Durisi, Chalmers University of Technology,
Gothenburg, Sweden:

How Much Energy is Needed to Transmit K Bits over a
Fading Channel?

M.Sc. Ivan Simdes Gaspar, TU Dresden, Germany:
Waveform Advancements and Synchronization Techniques for
GFDM

Dr. Antonia Wachter-Zeh, Technion Israel Institute of
Technology, Haifa, Israel:
Coding for Storage and Networks: Decoding of Crisscross Errors

Prof. Matsumoto Tadashi, Japan Advanced Institute of
Science and Technology (JAIST), Japan:

Cooperative Communications: from the Correlated Source
Coding Theorem Viewpoint
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14.03.2016

01.04.2016

01.04.2016

30.05.2016

21.07.2016

22.07.2016

21.07.2016

10.08.2016

M.Sc. Mohamed Gaafar, King Abdullah University of
Science and Technology (KAUST), Saudi Arabia:

Improper Gaussian Signaling in Full-Duplex Relay Channels
with Residual Self-Interference

Prof. Frans Willems, Eindhoven University of Technology,
The Netherlands:

Information Leakage in Security Systems Based on SRAM-
PUFs

Prof. Stephan ten Brink, University of Stuttgart:
On Belief Propagation Decoding of Polar Codes

Dr. Marco Martalo, University of Parma, Italy:
Phase Noise Channel: Models and Fundamental Limits

Prof. Christophe Peucheret, Université de Rennes, France:
Parametric All-optical Signal Processing on the Silicon
Platform

Prof. Yingquan Wu, Micron Technology, USA:
Generalized Integrated Interleaved Codes

Prof. Christophe Peucheret, Université de Rennes, France:
Parametric All-optical Signal Processing on the Silicon
Platform

M.Sc. Farzin Salek, Micron Technology, Tarbiat Modares
University, Tehran, Iran:

A Distributed Opportunistic MAC Protocol for Multichannel
Wireless Networks



Lehrstuhl fiir Kommunikation und Navigation

Im Folgenden berichten wir iiber die
Aktivititen des Lehrstuhls fiir Kom-
munikation und Navigation (kurz
NAYV), an dem derzeit zwei Senior Re-
searchers (Dr. Giorgi, Dr. Henkel)
sowie vier Doktoranden (A. Brack,
Y. H. Lee, M. Liilf und C. Zhu) ar-
beiten. Enge wissenschaftliche Kon-
takte bestehen zum gleichnamigen
Institut des Zentrums fiir Luft- und
Raumfahrt (DLR). Zhibo Wen ist
zum 31.12.2015 ausgeschieden. Sei-
ne Doktorpriifung wird 2017 sein.
Der folgende englische Bericht be-
inhaltet
— die neuen Mitarbeiter am NAV,
— unsere sechs Vorlesungen,
— die beiden angebotenen Praktika,
— Master- und Bachelorarbeiten,
— unsere Forschungsaktivititen,
— vier Arbeitsgebiete im Detail,
— drei externe Forschungsprojekte,
— die Publikationen seit10/2014.

New employees:

Young-Hee Lee, M.Sc., was born in
1989, Seoul, South Korea. She re-
ceived her bachelor’s
(2013) and master’s
degree  (2015) in
aerospace engineer-
ing from Korea Ad-
vance Institute of
Science and Technol-
ogy (KAIST) in Dagjeon, South Ko-
rea. The title of her master’s thesis
was Genetic and Local Search Hy-
brid Algorithm Application for Solar

Christoph Giinther

Sailing Spacecraft Two Point Boun-
dary Value Problem.

After her master’s thesis, Ms. Lee
worked for seven months on Gui-
dance Trajectory Generation for
Agile Missions with Control Moment
Gyroscopes at Airbus Defence &
Space in Friedrichshafen as an in-
tern. In May 2016, Ms. Lee joined us
as a Ph.D. candidate. She is working
on visual SLAM for swarm naviga-
tion. Since October 2016, she is also
a teaching assistant for the course
Visual Navigation.

Martin Liilf, M.Sc., was born in
1989 in Oberhausen. He performed
his bachelor studies
on Electrical Engi-
neering and Informa-
tion Technology at the
Technical University
of Munich, and com-
&) pleted them in 2012

with a thesis on Evaluation of Syn-
chronization Algorithms with USRP.
He obtained his master’s degree in
2015 with a thesis on Reliable GNSS
Carrier Phase-based Estimation for
Attitude Determination Applications.
In September 2016, M. Liilf joined
the NAV chair, where he analyzes
Galileo measurements to improve our
confidence in the general theory of
relativity. Since 2008 M. Liilf is con-
tributing to the Student Satellite Ini-
tiative in Munich (SSIMUC) and
since 2010, he also supervises the
Satellite Communications Laboratory.

NAV-
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Teaching:

The Institute of Communications and
Navigation has offered during the
report period 2014-2016 six lectures
and two laboratory courses:

(A) Satellite Navigation
(Prof. Giinther, A. Brack)

— Radio based determination of po-
sition, time and velocity

— Satellite constellations and orbits

— Signals (modulation and coding)
and navigation services (GPS
and Galileo)

— Acquisition and tracking

— Discriminators for delay, fre-
quency, phase

— Multipath, ionospheric and tro-
pospheric propagation and their
mitigation

— Accuracy of position and time

— Reference systems for position
and time

— Relativistic corrections

(B) Differential Navigation
(Prof. Giinther, Dr. Henkel)

— Differential GPS and GNSS

— Carrier smoothing

— Ground Based Augmentation
Systems (GBAS)

— Space Based Augmentation Sys-
tems (SBAS)

— Receiver Autonomous Integrity
Monitoring (RAIM)

— Integrity

— Carrier phase ambiguity resolu-
tion
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(C) Inertial Navigation
(Dr. Patrick Henkel)

— Introduction to fundamentals of
inertial navigation

— Navigation equations for inertial
navigation

— Initialization and calibration of
inertial sensors with satellite
navigation

— System error dynamics

— Integration of inertial measure-
ments

— Estimation of drift and scaling
factor of inertial sensors

— Sensor fusion of inertial naviga-
tion and satellite navigation: loo-
se, tight and deep coupling

— Sensor technologies

(D) Precise Point Positioning
(Dr. Patrick Henkel)

— Introduction to Precise Point Po-
sitioning

— Traditional PPP with Melbourne-
Wiibbena and Ionosphere-Free
Linear Combinations

— Cascaded Kalman Filtering

— Reliable Carrier Phase Integer
Ambiguity Resolution

— Joint subset determination and
integer least-squares estimation

— Best Integer Equivariant Estima-
tion

— Precise Point Positioning with
low-cost single frequency GNSS
receivers

— Orbital corrections

— Multi-Sensor Fusion for joint PPP
and Attitude determination

(E) Terrestrial Navigation
(Prof. Michael Meurer)

— Basics of radio propagation:
Pathloss, Shadowing, Multipath

— Navigation algorithms: Distance-
and time-of-arrival based navi-
gation, distance difference, time-
difference-of-arrival based navi-
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gation, angle-of-arrival based
navigation signature based navi-
gation, multilateration, hyperbol-
ic localization

— Cooperative navigation in radio
networks

— Cramér-Rao bound for localiza-
tion accuracy

— Trajectory based navigation:
Temporal post-processing, Kal-
man filtering

— Navigation using GSM, UMTS,
RFID, WLAN, Bluetooth

(F) Visual Navigation
(Dr. Gabriele Giorgi)

— Elements of computer vision and
image processing: image forma-
tion and characteristics; feature
detection, description, tracking
and matching.

— Introduction to camera models.
2D/3D projective geometry. Sin-
gle- and dual-view geometry.

— Camera motion estimation and
mapping of sensed environment.

— Elements of probabilistic estima-
tion.

— Simultaneous localization and
mapping techniques.

— Kalman and Extended Kalman
filters.

— Data association and map ma-
nagement strategies.

Laboratories:

(A) Satellite Navigation
Laboratory (M.Sc. Chen Zhu)

— Satellite orbits

— Positioning algorithms

— Signal acquisition

— Signal tracking

— Corrected pseudoranges

— Differential positioning

(B) Satellite Communication

Laboratory (M.Sc. Martin Liilf)
The students have built a 3 meter
antenna using an old Kuka-Robot.
They developed the necessary con-
trol hardware and software to use
this robot as an antenna stand for sat-
ellite missions. More work is needed
to improve the tracking control, as
well as the functionality of the soft-
ware defined receiver. The station is
to be used in ESA’s European Stu-
dent Earth Orbiter (ESEO).

Master’s Theses

In the period 10/2014-09/2016 the
assistants of the NAV chair supervis-
ed ten master’s theses:

14.10.2014 Steffen Dempfle — Be-
treuer: Dr. Giorgi, M. Felux (DLR):

Navigation System Error Model for
Future Dual-Frequency and Dual-
Constellation GBAS

30.10.2014 Qingchen Zhang — Be-
treuer: Dr. Henkel:

Statistics of Tightly Coupled Posi-
tion and Attitude Determination

19.12.2014 Philipp Berthold — Be-
treuer: Dr. Henkel:

Multi-Sensor Fusion Framework for
Autonomous Systems

19.12.2014 Patrick Burger — Be-
treuer: Dr. Henkel:

Tightly Coupled Sensor Fusion with
Camera Images, Satellite Images,
GPS and INS

16.01.2015 Lai Yi — Betreuer: Dr.
Giorgi, M.-S. Circiu (DLR):

Dual Frequency Ephemeris Monitor
for GBAS

26.02.2015 Martin Liilf — Betreuer:
Dr. Giorgi:

Reliable GNSS Carrier Phase-based
Estimation for Attitude Determina-
tion Applications

28.02.2015 Adrian Pruneau — Be-
treuer: Chen Zhu:

Ranging-Assisted Monocular Visual
Odometry

29.09.2015 Michele Iafrancesco —
Betreuer: Dr. Henkel:

GPS/ INS tightly coupled position
and attitude determination with low-
cost sensors

29.09.2015 Andreas Sperl — Be-
treuer: Dr. Henkel:
Joint RTK and Attitude Determination

22.08.2016 Ulrich Mittmann — Be-
treuer: Dr. Patrick Henkel:

Joint GPS/GLONASS Ambiguity
Resolution with a Low-cost GNSS
Receiver.



Bachelor’s Theses

In the same period from October
2014 till September 2016 there were
two bachelor’s theses:

18.07.2014 Simon Bilgeri — Be-
treuer: Chen Zhu:

Three-View RGB-D System and its
Spatial Uncertainty Model

29.09.2015 Christian Werner — Be-
treuer: Dr. Giorgi:

Implementation of a Vision-based
SLAM System with Interial Aid

Research:

The Institute of Communications and
Navigation contributes to the devel-
opment of satellite navigation, visual
navigation and inertial navigation
solutions. A particular focus is on al-
gorithms for position estimation, of-
ten using inputs from satellite navi-
gation receivers, camera and iner-
tial measurement units. The results
are relevant to a wide range of land,
maritime and airborne applications,
which includes in particular also au-
tonomous driving of vehicles.

Satellite navigation receivers pro-
vide pseudorange and carrier phase
measurements. The use of the carrier
phase in position estimation allows
achieving centimeter- to millimeter-
precision. Due to the periodicity of
the carrier phase the associated meas-
urements are ambiguous and this am-
biguity must thus be resolved. This is
a challenging task, since the sum of
the uncorrected atmospheric errors,
clock errors, orbital errors and biases
has to be reduced to a fraction of the
wavelength. The latter is 19 cm only
for the widely used L1-signal.

Depending on the amount of prior
or side knowledge, the convergence
of the associated estimation algo-
rithms can be very slow and the es-
timation of the integers that describe
the number of periods between the
satellites and the receiver in Precise
Point Positioning (PPP) takes up to
15-20 Minutes. Estimating a subset
of the integer ambiguities leads to
clear improvements.

Andreas Brack has developed par-
tial ambiguity fixing methods that

enable a much faster fixing of the
ambiguities than possible with con-
ventional approaches. The benefit in-
creases with the number of satellites,
i.e. partial fixing becomes even more
attractive with Multi-GNSS includ-
ing GPS, Galileo, QZSS and Bei-
dou. The work of Andreas Brack is
described in more details on page
136.

The integer ambiguity resolution
in PPP requires the knowledge of
satellite phase biases, i.e. differential
signal offsets in the hardware of the
transmitting satellite and/or the re-
ceiver. Zhibo Wen has developed a
method for the estimation of these
satellite phase biases using a net-
work of reference stations. As the
estimation of an individual bias for
each receiver and satellite and an
integer ambiguity for each satellite
receiver link is not feasible, he de-
veloped a parameter mapping, which
overcomes the rank deficiency of the
system of equations but still pre-
serves the integer property of ambi-
guities. Zhibo Wen also introduced
a sidereal filtering for the correction
of the multipath and a multi-stage
processing to enable a faster conver-
gence of the estimation of the satel-
lite phase biases.

The work of Martin Liilf and Ga-
briele Giorgi is described on page
137: Two Galileo satellites were
launched into orbits with an increased
eccentricity. Since the Galileo satel-
lites carry very stable Hydrogen ma-
sers, this provides an excellent op-
portunity to observe the relativistic
gravitational redshift. It is determined
by comparing the time evolution on
the satellite with its counterpart on
Earth. The latter one is measured at
reference stations also equipped with
Hydrogen masers.

Martin  LGIf uses measure-
ments from selected stations of the
International GNSS Service (IGS)
to estimate the satellite clock offsets
and eliminate spurious contributes.
The current observations let us hope
to outperform the previous bounds
on the accuracy of the relativity the-
ory set by Gravity Probe A.

The work of Chen Zhu is des-
cribed on page 138: The visual na-
vigation performed by humans is
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accurate, reliable, and provides ste-
reo vision with depth perception. A
number of platforms have difficulties
in accommodating two cameras, €.g.
due to weight or power constraints,
and can thus not utilize the benefits
of stereo vision. Although simpler,
monocular vision lacks the necessary
sense of depth required to navigate
an environment, moving platforms
can recover the third dimension by
processing images at different in-
stances. However, without the aid of
additional sensors or a-priori known
geometrical information, the global
scale of the estimated path and envi-
ronment cannot be reconstructed.

Chen Zhu has developed methods
to recover the scale by using selected
range measurements between rovers
or between a rover and a reference
station. This enables using simple and
compact monocular systems without
degrading the observability of the
scene.

The work of Patrick Henkel is
described on page 139: Autonomous
driving requires a precise, reliable,
and continuous position estimation.
In typical urban environments, this
can be achieved to a significant extent
by the fusion of pseudorange and
carrier-phase (from satellite naviga-
tion receivers) and acceleration as
well as turn rate (from inertial units)
measurements.

Patrick Henkel developed meth-
ods for jointly using the meas-
urements from several satellite
constellations (GPS, Glonass, and
Galileo) and an inertial unit. Critical
issues are the estimation of the
multipath disturbances occurring in
urban environments as well as the
fixing of the ambiguities.

On the following pages 136-139
you will find detailed descriptions of
our research.
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Zum schnellen Erreichen einer

Positionsgenauigkeit im Zentimeter-
bereich mittels Satellitennavigations-
systemen ist die Verwendung von Tré-
gerphasenmessungen  unerlésslich.
Diese konnen nur nach Auflésung
der ganzzahligen Mehrdeutigkeiten
als hochgenaue Laufzeitmessungen
verwendet werden. Eine zuverldssige
und schnelle Auflosung aller Mehr-
deutigkeiten ist oftmals nicht gleich-
zeitig moglich.

Um eine zufriedenstellende Ge-
nauigkeit zu erreichen, kann es be-
reits ausreichend sein, wenn nur eine
Teilmenge aller Mehrdeutigkeiten fi-
xiert wird. Dadurch kénnen deutlich
schneller Losungen gefunden wer-
den. Die Arbeiten am Lehrstuhl be-
inhalten theoretische Grundlagen,
Nutzeralgorithmen,
rungsaspekte und numerische Aus-
wertungen anhand von GPS, Galileo

[mplementie-

und BeiDou-Messungen.

In global navigation satellite sys-
tem (GNSS) based positioning, two
types of measurements are available
at the receiver: the code-based pseu-
doranges and the carrier-phases. The

Partial Ambiguity Resolution for Reliable GNSS Positioning

Andreas Brack

latter ones are roughly two orders of
magnitude less noisy, but can only be
determined up to an integer multiple
of complete cycles due to the perio-
dicity of the carrier-signal. Correctly
resolving the unknown number of
cycles between satellites and the re-
ceiver as integer values transforms
the carrier-phase measurements to
very precise pseudoranges, thus mak-
ing a highly accurate estimate of the
user position possible. This tech-
nique is the key to fast and precise
GNSS positioning, i.e., without the
need of long convergence times.

From a mathematical point of
view, this is an estimation problem
with mixed integer- and real-valued
parameters, where the sole purpose
of estimating the integers is to im-
prove the precision of the real-val-
ued parameters, which include the
user position and if required also at-
mospheric and instrumental delays.
Since an incorrect estimate of the
integer parameters can easily lead to
a position error of several meters, the
estimator should be designed such
that a user-defined failure rate is not
exceeded. This, however, may hin-
der fast ambiguity resolution and
thereby fast positioning results. One
way to overcome this problem is to
consider partial ambiguity resolution
techniques, i.e., resolving only a sub-
set of all ambiguities [1].
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The following problems have to
be faced in this context. Given an
observation model and a set of meas-
urements, how do we determine the
subset of ambiguities to be resolved
and what is the corresponding in-
teger estimate? The overall failure
rate must thereby not exceed our
predefined maximum value. One can
think of a vast amount of ways to ap-
proach this problem. The goal is to
find solutions resulting in a position-
ing performance that is as good as
possible, while keeping the compu-
tational complexity compatible with
real time applications.

We aim at achieving instantane-
ous positioning with centimeter level
accuracy. The availability of such po-
sitioning results is limited by the un-
certainty of the residual atmospheric
delays in the observations. In differ-
ential positioning scenarios, this un-
certainty increases with increasing
baseline length, e.g., with increas-
ing distance from a nearby reference
station. The average availability of
centimeter level position estimates
in the area of Munich is shown in the
figure for dual frequency GPS, Gali-
leo, and combined GPS + Galileo
positioning. The solid lines show the
results for full ambiguity resolution,
whereas the dashed lines show the
benefit of resolving only a subset of
all ambiguities. We can see that par-
tial ambiguity resolution techniques
considerably extend the range for
instantaneous positioning, especially
for upcoming multi-GNSS solutions,
where the measurements of different
GNSS are processed jointly, see also

[2].

Literature:

[1] Brack, A.; Guinther, C.: General-
ized Integer Aperture Estimation for
Partial GNSS Ambiguity Fixing. In:
Journal of Geodesy, vol. 88, no. 5,
pp. 479-490, May 2014

[2] Brack, A.: Partial Ambiguity Resolu-
tion for Reliable GNSS Positioning:
a Useful Tool? In: Proc. of IEEE
Aerospace Conference, March 2016



Testing General Relativity Using Galileo Satellites

Die Bahnen der beiden Galileo-Sa-
telliten (E18 und E14) weisen eine
signifikante Exzentrizitdt auf. Sie
durchlaufen damit Bereiche mit un-
terschiedlichen gravitativen Potenzi-
alen. Die hochprazisen Wasserstoff-
Maser auf den Satelliten konnen ent-
sprechend genutzt werden, um die
Ubereinstimmung der gemessenen
und der durch die allgemeine Rela-
tivitdtstheorie vorausgesagten rela-
tiven Gang der Uhren zu iiberpriifen.
Am Lehrstuhl fiir Kommunika-
tion und Navigation werden dafiir
die Galileo-Signale von einem glo-
balen Netzwerk von Bodenstationen
ausgewertet und analysiert. Dies er-
folgt in enger Zusammenarbeit mit
dem Zentrum fiir angewandte Raum-
fahrttechnologie und Mikrogravitati-
on (ZARM) und der Europiischen
Weltraumorganisation (ESA).

The theory of general relativity pre-
dicts that a clock at a higher altitude
appears to tick faster than a reference
clock placed at a lower altitude. This
effect is called gravitational redshift.

So far, the most accurate measure-
ment of this effect was performed in
1976 by the Gravity Probe A (GP-A)
experiment [1], with an accuracy of
140 ppm. The experiment sent a rock-
et with a very stable hydrogen maser
on a ballistic trajectory to a height of
10,000 km and back to earth. Three
different signals were exchanged
between the ground station and the
rocket to compensate for first-order
Doppler shift and atmospheric delays
and obtain the relative time dilation
between the clocks on the rocket and
on ground. The experiment lasted one
hour and 55 minutes.

Due to a malfunction of the Soyuz
launch vehicle during deployment of
two Galileo satellites (denoted with
E18 and E14) these satellites were
injected into eccentric orbits rather
than into their nominal, almost circu-
lar ones. They thus experience a var-
ying gravitational potential as they
move between a height of 17,150 km
and a height of 26,000 km. These

Martin Liilf und Gabriele Giorgi

satellites carry ultra-stable hydrogen
masers, i.e. the same type of clocks
as those carried by Gravity Probe B.
The span of gravitational potentials
visited is smaller than for the Grav-
ity Probe A experiment. However,
the capability of observing cycles of
such changes over long periods of
time, bear the potential of reducing
the measurement uncertainty.

The navigation signals transmit-
ted by the satellites enable determin-
ing their orbits with cm-level accu-
racy and to estimate the clock offsets
with sub-nanosecond accuracy (see
figure). These signals broadcast by
the Galileo satellites are continuous-
ly observed and stored by a global
network of ground stations. Observa-
tions from E18 are available since
29" November 2014, whereas ob-
servations from E14 are available
since 19" March 2015. This already
provides 875 days of data for both
satellites (as for the 24" of June
2016). The satellites are expected to
be transmitting for several additional
years, thus allowing to refine the es-
timation of the gravitational redshift.

The GP-A experiment was spe-
cifically tailored to extract the sig-
nature of the gravitational redshift,
whereas the primary purpose of the
Galileo navigation signals is to lo-
calize users on earth.

As a consequence, a number of
impairments and disturbances are not
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eliminated by design and must be es-
timated [2]. These include the satel-
lite orbits, earth tides, atmospheric
delays, carrier phase ambiguities and
hardware-dependent biases. In order
to assess the accuracy of the estimat-
ed satellite clock, an accurate and
unbiased stochastical model needs
to be formulated, which requires
careful analysis and over bounding
of observations and estimation er-
rors.

In a joint effort with the center of
applied space technology and migro-
gravity (ZARM) and the European
space agency (ESA), we aim to in-
crease the accuracy of the estimation
by at least one order of magnitude as
compared to GP-A.
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Bildbasierte Positionierungs- und
Navigationssysteme haben fiir Ex-
plorationsaufgaben von autonomen
Robotern grole Bedeutung, insbe-
sondere dann, wenn kein Satelliten-
empfang moglich ist. Als eine viel-
versprechende Option fiir zahlreiche
Aufgaben haben sich Gruppen von
Robotern erwiesen, die als Schwarm
kooperativ agieren.
Schwarm-basierte Anwendungen
miissen aufgrund von GroBen-, Ge-
wichts- und Kostenanforderungen in
der Regel mit einer einzigen Kame-
ra operieren. Die damit verbundene,
monokulare Schétzung der Trajek-
torie und Karte ist mehrdeutig da
die Skalierung nicht bekannt ist. Wir
haben ein Verfahren entwickelt, das
die globale Skalierung der Trajek-
torie mit Entfernungsmessungen von
einem Schwarmelement bestimmt.

Autonomous robotic exploration mis-
sions usually rely on several sensors
such as IMUs (Inertial Measurement
Units), laser scanners and cameras to
navigate the robots. In recent years,
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Cooperative Vision-based Swarm Navigation

Chen Zhu

vision systems based on cameras have
raised significant interests in the field
of navigation and exploration, since
cameras can provide a great amount
of information and a high level of de-
tails about the environment. They thus
play a central role in GNSS (Global
Navigation Satellite System)-denied
environments and in particular in the
exploration of planets such as Mars.
VSLAM (Visual Simultaneously Lo-
calization and Mapping) has shown
a promising performance for naviga-
tion and mapping in the absence of a
priori knowledge. VSLAM uses im-
ages from stereo or monocular cam-
eras to determine the coordinates of
feature points as well as the location
and attitude of the camera [1]. Swarms
are being used to increase the robust-
ness against hazards in the missions,
and allow improving the efficiency of
exploration significantly [2]. Swarms
are composed of autonomous units,
such as rovers, crawlers or quadro-
copters, for example. Sensor fusion
becomes more demanding in this
context, since the sensors are attached
to independently controlled plat-
forms.

Due to constraints on payload size,
weight, and costs, swarm-based VS-
LAM must typically rely on a single
camera. The associated monocular es-
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timation of the trajectory and map is
then ambiguous by a scale factor. In
a robotic swarm, radio-based com-
munication is needed anyway, and
also used for ranging [3]. The rang-
ing measurements are obtained using
RTD (Round-Trip Delay) estimation.

We propose to combine monocular
VSLAM algorithms, e.g. [1], with
the measurement of ranges between
two swarm elements for determining
the trajectory and its global scale.

Specifically, the trajectory of the
monocular camera can be estimat-
ed with a scale ambiguity from the
variation of the optical flows in the
images. Since the distance between
the two vehicles is a function of the
vehicle position, the global scale of
the trajectory, as well as the initial
relative attitude between the two on-
board monocular cameras can be de-
termined. The trajectory and the
global scale of the camera trajectory
are estimated by a least-square opti-
mization.

The approach does not depend
on the method of ranging. It can be
adapted without restrictions, from
radio-frequency-based ranging to
any other sources of ranging measu-
rements.
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Multi-GNSS Precise Point Positioning

Die Triagerphasen der Navigations-
satelliten konnen mit Millimeter-Ge-
nauigkeit verfolgt werden. Dies er-
moglicht eine millimeter-genaue
Positionierung, erfordert aber die
Auflosung von ganzzahligen Mehr-
deutigkeiten. Fiir eine zuverldssige
Auflosung muss die
Schatzung ausreichend konvergiert
sein. Dies kann bei eingeschrianktem
Satellitenempfang mit wenigen sicht-
baren Satelliten sehr lange dauern.

Die Verwendung der Signale von
mehreren  Satellitenkonstellationen
kann die Konvergenzzeit erheblich
reduzieren. GLONASS hat zurzeit
neben GPS die meisten Satelliten
und ist damit besonders attraktiv. Al-
lerdings verwendet GLONASS eine
FDMA-Ubertragung, d.h. jeder Sa-
tellit sendet auf einer eigenen Tri-
gerfrequenz. Damit ist die Ganzzah-
ligkeit der Mehrdeutigkeiten der dif-
ferentiellen Trigerphasenmessungen
nicht mehr gegeben.

Wir haben ein Verfahren fiir tré-
gerphasenbasierte Positionierung mit
Multi-GNSS entwickelt, das eine ge-
meinsame GPS/ GLONASS-basierte
Positionierung mit Auflosung der GPS
und GLONASS-Mehrdeutigkeiten
ermoglicht.

reellwertige

Carrier phase measurements enable
positioning accuracies at millimeter-
level in satellite navigation. How-
ever, the periodicity of the carrier
phases requires that the integer am-
biguities are resolved. Double differ-
enced (DD) measurements between
a pair of receivers and a pair of sat-
ellites eliminate atmospheric errors,
satellite orbital errors, clock errors
and biases.

In GPS all satellite signals are
modulated on the same carrier fre-
quency. Thus, the integer property
of the ambiguities is preserved af-
ter double differencing. GLONASS
uses FDMA, i.e. every GLONASS
satellite transmits on its own carrier
frequencies. Consequently, the DD
GLONASS ambiguities are in gen-
eral not integer-valued. Additionally,

Patrick Henkel

there are inter-frequency biases
which do not cancel by double dif-
ferencing and need to be estimated.

However, a DD real-valued GLO-
NASS ambiguity can be considered
as a linear combination of a DD infe-
ger-valued ambiguity and a common
real-valued single difference (SD)
ambiguity. The common real-valued
ambiguity has a very small wave-
length of ~65 um, which prevents
any reliable ambiguity fixing. More-
over, the modeling of each DD GLO-
NASS ambiguity as a linear com-
bination of two ambiguities implies
a rank deficiency. Therefore, a pa-
rameter transformation is needed to
obtain a full-rank system. We map
one integer-valued DD ambiguity to
the common real-valued SD am-
biguity and re-adjust all other DD
integer ambiguities. This parameter
transformation depends on the wave-
lengths of DD and SD ambiguities
and, thus, the re-adjusted DD am-
biguities are not necessarily integer
valued. Therefore, we introduce a
second parameter transformation to
ensure the integer property of the
transformed ambiguities.

The parameter transformations are
the basis for our Multi-GNSS RTK/
PPP positioning with Multi-GNSS
ambiguity fixing. The position, veloc-

GLONASS — RTK positioning
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ity, common SD real-valued GLO-
NASS ambiguity, integer-valued DD
GPS and GLONASS ambiguities
and a multipath parameter per satel-
lite are determined in a Kalman fil-
ter. The integer-valued DD GPS and
GLONASS ambiguities are treated as
real-valued parameters in the Kalman
filter. Subsequently, the float solution
is mapped to an integer solution, and
the position is readjusted accordingly.

We verified our method with real-
easurements from a multi-constella-
tion GNSS receiver. The figure shows
the residuals for all DD GLONASS
measurements. Obviously, the residu-
als are less than 3 cm throughout the
complete measurement period, which
indicates a correct ambiguity fixing.
The slight variation over time is
caused by phase multipath

Literature:
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(1) Precise Point Positioning fiir
Autonomes Fahren (PPP-AF),
Sept. 2013 — Sept. 2016,
funded by the BMWi:

Real-time kinematic (RTK) posit-
ionning with low-cost GNSS receiv-
ers requires precise corrections of at-
mospheric delays, satellite clock and
orbital errors and satellite phase and
code biases. In this project, methods
for the estimation of these errors
with a network of geodetic reference
stations were developed. The fre-
quency-dependency of the satellite
phase biases shall be analyzed with
the 30 meter antenna in Weilheim.

(2) Valles Marineris Explorer —
Cooperative Swarm Naviga-
tion, Mission and Control
(VaMEx - CoSMiC), Sept. 2015
— Sept. 2018, funded by BMWi:

Mars missions need a navigation sys-
tem without satellites. Radio-based
swarm navigation, visual navigation
and laser scanners are attractive can-
didates. The institute’s contribution
in VaMEx CoSMiC includes the vis-
ual localization, the swarm naviga-
tion and the tight coupling of vision
and ranging.

(3) RELAGAL
Relativistic Experiments with
Galileo 5 and 6
Sept. 2015 — Sep. 2017, funded
by the BMWi

The aim of the project RELAGAL is
to bound the difference of the meas-
ured redshift from the one predicted
by the theory of relativity using
measurements from two Galileo sat-
ellites in an elliptical orbit.
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12.1 Titigkeit in der (Akademischen) Selbstverwaltung
Gerhard Kramer:

— Co-Direktor des Studiengangs MSCE der Fakultit EI (seit 2010)

— Mitglied im TUM Institute for Advanced Study Advisory Council (seit
2011)

— Mitglied und Vorsitzender verschiedener Berufungsausschiisse in der
Fakultat EI (seit 2011)

— Mitglied im TUM Appointment and Tenure Board (seit 2012)

— Mitglied im TUM Awards Committee (seit 2014)

— Mitglied der Task Force ,,EI nach Garching® (2014)

— Vorsitzender der Gleichstellungskommission der Fakultét EI (2014-
2016)

— Frauenbeauftragter der Fakultat EI (seit 2015)

— Mitglied im Bachelor-Priifungsausschuss der Fakultét EI (seit 2016)

— Mentor, TUM Faculty Tenure Track Professorship (seit 2016)

Norbert Hanik:

— Mitglied verschiedener Berufungsausschiisse der Fakultét EI (seit 2005)

— Mitglied im Master-Priifungsausschuss der Fakultat EI (seit 2006)

— Mitglied im Promotionsausschuss der Fakultét EI (seit 2006)

— BAFO6G-Beauftragter der Fakultét EI (seit 2006)

— Mitglied im Bachelor-Priifungsausschuss der School of Education (seit
2005)

— Mitglied im Master-Priifungsausschuss der School of Education (seit
2011)

— Vorsitzender des Koordinationsausschusses ,,Lehramt an Beruflichen
Schulen® der Fakultat EI (seit 2009)

Joachim Hagenauer:

— Vorstand des Internationalen Begegnungszentrums (IBZ) der Miinchner

Universitéten (seit 2005)
— Mitglied der Schiedsstelle der TUM Graduate School (seit 2011)

— Mitglied im wissenschaftlichen Beirat von Munich Aerospace (2011- 2016)

— Mitglied im Scientific Board der TUM ,,Research Opportunity Week*
(seit 2012)

— Mitglied im Auswahlausschuss ,,Scherer Gastprofessoren™ der TUM
(seit 2013)

Hannes Bartz:

— Koordinator und Manager des Studiengangs Master of Science in Commu-

nications Engineering (MSCE) der Fakultit EI (von 01/2011-09/2015)
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Stefan Dierks

— Doktorandenvertreter des Graduiertenzentrums (FGC-EI) der Fakultét
G fiir Elektrotechnik und Informationstechnik (von 08/2014-07/2015)

Sonstiges
12.2 Titigkeit in Gremien und wissenschaftlichen
Vereinigungen

Gerhard Kramer:

— Mitglied im Board of Governors der IEEE Information Theory Society
(2009-2015)

— Fellow des IEEE (seit 2010)

— Mitglied im ITG-Fachausschuss 5.1: Informations- und Systemtheorie
(seit 2011)

— Berater der [EEE European and North American Schools of Information
Theory (seit 2011)

— Editor von Foundations and Trends in Communications and Information
Theory (seit 2012)

— Mitglied des Kuratoriums der Eduard-Rhein-Stiftung (seit 2013)

— Berater der IEEE Australian, East-Asian, and Indian Schools of
Information Theory (seit 2014)

— Mitglied im /[EEE Richard W. Hamming Medal Committee (seit 2014)

— Mitglied in [EEE Information Theory Society Komitees: School (seit
2014), Constitution & Bylaws (2014-15), Nominations & Appointments
(2014-15), Vice President Publications (2015)

— Mitglied in den Programmkomitees der IEEE Konferenzen ISIT (2015,
2016), ITW (2015, 2016), ISTC (2016), 1ZS (2016), IWCIT (2016),
NetCod (2015), ISITA (2016), WCNC (2015, 2016), WSA (2016), IST
(2016), CNS (2015, 2016), ICC-WPLS (2015), ICC-MASSAP (2015,
2016), ITG SCC (2016, 2017), BlackSeaCom (2015)

— Mitglied der Bayerischen Akademie der Wissenschaften (BAdW, seit
2015)

— Mitglied des BAdW-Forums ,,Technologie* (seit 2016)

— Mitglied im Berufungsausschuss Digitale Ubertragung und
Signalverarbeitung der FAU (2016)

— General Co-Chair des IEEE Int. Symp. Information Theory
(ISIT 2017)

— General Co-Chair des IEEE Inf. Theory Workshop (ITW 2017)

Norbert Hanik:

— Mitglied der ITG-Fachgruppe 5.3.1 ,,Simulation und Modellierung opti-
scher Komponenten und Systeme” (seit 1999)

— Mitglied im ITG-Fachausschuss 5.3 ,,Optische Systeme” (seit 2015)

— Mitglied im Technischen Programmkomitee der European Conference
on Optical Communication — ECOC (seit 2016)

Joachim Hagenauer:

— Fellow der Information Theory (IT) Society des IEEE (seit 1993)

— Mitglied der Deutschen Akademie der Technikwissenschaften: acatech
(seit 2002)

— Mitglied der Bayerischen Akademie der Wissenschaften (BAdW, seit
2003)

— Vorsitzender und Mitglied des BAdW-Forums ,,Technologie® (seit 2005)

— Mitglied im VDE Slaby Kreis (seit 2007)

— Mitglied des VDE Ausschusses ,,Ehrenring* (seit 2010)
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12.3 Neuerungen in der Infrastruktur

Wie in den Jahren zuvor war auch

das letzte Jahr durch viele Baumal-

nahmen geprégt. Von Seiten der TU-

Verwaltung wurde entschieden, dass

die Vorderfront unseres Gebaudes N4

eine neue Fassade bekommt und dass
wir zudem aus Sicherheitsgriinden
eine neue Outdoor-Fluchttreppe be-
notigen (siehe Foto). In diesem Zu-
sammenhang kann auch erwahnt wer-
den, dass inzwischen der Umzug nach

Garching beschlossen ist. Der LNT

soll nach Abschluss des dritten Bau-

abschnitts sein neues Domizil in

Garching beziechen und als Termin

wird derzeit 2021/2022 genannt.

Lassen wir uns iiberraschen.

Es gab aber auch LNT-interne
Griinde fiir hdufige Umrdumarbeiten:
— Martin Kontny wird 2017 in sei-

nen wohlverdienten Ruhestand
gehen. Da seine Stelle nicht er-
setzt wird, waren er und der dann
einzig verbleibende Dauermitar-
beiter Robert Schetterer bemiiht,
alles nicht mehr Zeitgemifle am
LNT zu entsorgen.

— Im letzten Jahr hatte der LNT ei-
nen Personalhdchststand, so dass
die Belegung der Assistenten-
rdume permanent nachverdichtet
werden musste.

— Fiir die neue Tenure-Track Pro-
fessorin  Antonia Wachter-Zeh
und ihre Mitarbeiter mussten zum
01.10.16 drei Rdume umgewid-
met werden.

Gelungen ist diese Aktion leider

nur, indem wir den seit 1997 bei uns

Unser E-Learning-Projekt LNTwww,
ein Lerntutorial fiir die Nachrichten-
Technik im world wide web, wurde
im Herbst 2016 zu einem guten Ab-
schluss gebracht. 2001 hatten mein
Kollege Dr. Klaus Eichin und ich
dieses Lerntutorial genau so geplant,
wie es nun vorliegt. Wie die Grafik
auf der néchsten Seite zeigt, beinhal-
tet LNTwww neun Fachbiicher, die

Giinter Soder und Robert Schetterer

angesiedelten Studentenrechnerpool
LNT-Eikon kiindigten, das Mobil-
funklabor aufgaben und hierin den
Rechnerpool fiir unsere Bachelor-
und Masterarbeiten unterbrachten.
Positiv an dieser Umstellung ist, dass
nun unsere Studenten zwei Rdume
belegen und die Anzahl der Studen-
tenrechner verdoppelt wurde.

Der neue Systemadministrator Ro-
bert Schetterer (seit Februar 2015)
hat die Infrastruktur unseres Rech-
nerpools erfolgreich vereinfacht. Die
Strategie ist, dass moglichst viele der
von uns bendtigten Dienste an die
Fakultdt (EI-NAS) oder das Leibniz-
Rechenzentrum (LRZ) ausgelagert
werden. Bisher wurde umgesetzt:

— Vollstindige Umstellung der
Windows-Rechner auf TUM-PC,

— Abschaltung der lokalen Fileser-
ver, Totalmigration zum EI-NAS,

— Umzug aller internen Webserver
zum LRZ,

— Migration von LNT-Wiki zum
neuen TUM-Wiki.

— Einfiihrung des El-Installations-
systems fiir Linux-Rechner,

— Migration zur neuen LRZ-Fire-
wall pfSense.

Angeschafft wurden drei neue Si-

mulationsrechner, Laptops und Bild-

schirme fiir die Mitarbeiter sowie ein

neuer Beamer und leistungsfahige

Drucker. Der WLAN-Empfang wur-

de im gesamten LNT-Bereich ausge-

baut. Vorbereitet wurden

— der Umzug der LNT-Website
zum TUM-Typo3,

nsiges

— die Migration von LNTwww zu

Mediawiki (siche Kapitel 12.4).
Im Namen aller Nutzer unseres Rech-
nerverbundes danken wir den Sys-
temadministratoren Robert Schette-
rer, Martin Kontny, Markus Stinner,
Martin Lilf (NAV), Tobias Fehen-
berger und Tasnad Kernetzky (beide
LUT) sowie Joschi Brauchle (bis De-
zember 2015) herzlich fiir den gro-
Ben Einsatz und die hervorragende
Arbeit.

Neue Fluchttreppe fiir N4

12.4 LNTwww beim Ubergang von Version 2 auf Version 3

eine virtuelle Lehrveranstaltung mit
23 Semesterwochenstunden (SWS)
Vorlesung und 13 SWS Ubungen
ergeben. Wesentlicher Bestandteil
von LNTwww sind die mehr als 600
Aufgaben mit ausfiihrlichen Muster-
16sungen sowie etwa 90 interaktive
multimediale Elemente.

Die Fertigstellung war eigentlich
fiir 2011 geplant, dem Ende unse-

Giinter Soder

rer aktiven Zeit am LNT. Aber wie
bei vielen GroBprojekten (Berliner
Flughafen, Elbphilharmonie) haben
auch wir unsere Zeitplanung um
50% tiberzogen. Trotzdem sind wir
stolz darauf, was wir und unsere Stu-
denten (Martin Winkler, Yven Win-
ter und viele andere) erreicht haben.

Aus der Uberschrift geht be-
reits hervor, dass die Arbeiten am

143



Sonstiges

LNTwww trotzdem weiter gehen.
Es gab Bedenken unserer System-
administratoren, dass viele der bei
der Realisierung des LNTwww-
Autorensystems Anfang der 2000er
Jahre verwendeten Basis-Tools heu-
tigen Sicherheitsstandards nicht ge-

niigen und zudem einen hohen Pfle-
geaufwand erfordern.

Es gab aber auch Kommentare von
Studierenden, dass unser LNTwww
etwas in die Jahre gekommen ist und
altmodisch daherkommt, so dass es
trotz guter Inhalte von heutigen Stu-
denten nur ungern eingesetzt wird.
Diese Einschitzung hat mich sehr ge-
troffen; zunéchst sprach ich den Kri-
tikern jede Kompetenz ab. Aber dann
machteichmirklar, wieichvor50Jah-
ren reagiert hétte, wenn mir jemand
aus der Groflvatergeneration hat-
te sagen wollen, was zeitgemal ist.

Die nun entstehende Version 3 baut
auf einem Standard-Wiki auf, was
jeder Student kennt, und ermdglicht

auch den Zugriff auf LNTwww von
einem Smartphone. Am Inhalt wird
sich vorerst nichts dndern.

Derzeit wird das alte LNTwww
(Version 2) auf die Version 3 umge-
setzt. Ich bedanke mich herzlich bei
Joschi Brauchle und insbesondere
bei Markus Stinner und seinem Stu-
denten-Team fiir das Engagement.
Bis Ende des Jahres soll die Um-
setzung in erster Stufe abgeschlossen
sein. Dann beginnt meine Feinarbeit,
die sicher wieder langer dauert.

Ich hoffe, dass fiir eine gewisse
Zeit beide Versionen parallel verfiig-
bar sein werden. Schauen Sie ein-
fach mal nach unter der URL www.
LNTwww.de.

Signaldarstellung

Behandelt wird die mathematische Beschreibung von
Nachrichtensignalen im Zeit- und Frequenzbereich:
Fourierreihe und Fouriertransformation fiir
periodische bzw. aperiodische TP- und BP-Signale,
zeitdiskrete Signaldarstellung. Umfang: 2V + 1U.

Lineare zeitinvariante Systeme

Aufbauend auf Buch 1 wird der Einfluss eines Filters
auf deterministische Signale mathematisch erfasst.
Behandelt werden Verzerrungen, die Eigenschaften
elektrischer Leitungen und kausaler Systeme sowie

die Laplace-Transformation. Umfang: 2V + 1U.

Stochastische Signaltheorie

Das Buch behandelt stochastische Signale und deren
Modellierung: Wahrscheinlichkeitsrechnung, diskrete
und kontinuierliche ZufallsgréBen, statistische
Bindungen, Einfluss eines Filters auf stochastische
Signale. Umfang: 3V + 2U.

Informationstheorie

Im Mittelpunkt stehen die Shannonsche Informations-
theorie flir diskrete und kontinuierliche Quellen und
seine Theoreme fiir Quellen- und Kanalcodierung.
Kanalcodes fligen Redundanz hinzu, Quellencodes
entfernen nicht nutzbare Redundanz. Umfang: 2V + 1U.

Modulationsverfahren

Dieses Buch beschreibt die wesentlichen Grundlagen
der analogen und der digitalen Ubertragungstechnik:
Analoge (AM, PM, FM) und digitale (ASK, PSK,
FSK, QAM, ...) Modulation, Vielfachzugriffs-
verfahren (CDMA, OFDM). Umfang: 3V + 2U.

Digitalsignaliibertragung

Erlautert wird die Berechnung der Fehlerwahrschein-
lichkeit, das entscheidende Qualititsmerkmal digitaler
Systeme. Beriicksichtigt werden Leitungscodierung
und Impulsinterferenzen. AbschlieSend werden hier
Digitale Kanalmodelle behandelt. Umfang: 3V + 2U.

Mobile Kommunikation

Zeitvariante Kanéle (Sender und/oder Empfanger
bewegen sich): nichtfrequenzselektives Fading
(Rayleigh, Rice), frequenzselektives Fading (Mehr-
wegeempfang. Kurzdarstellung von GSM (2G) und
UMTS (3G), 4G-System LTE. Umfang: 2V + 1U.

Kanalcodierung

Kanalcodierung umfasst Verfahren zur
Fehlererkennung und Fehlerkorrektur. Beschrieben
werden lineare Blockcodes, Reed-Solomon-Codes,

dazu Faltungs- und Turbocodes sowie deren
(eventuell iterative) Decodierung. Umfang: 3V + 2U.

Beispiele von Nachrichtensystemen

Das letzte Fachbuch behandelt kommerziell
erfolgreiche Nachrichtensysteme fiir das Festnetz
(ISDN, DSL) und den Mobilfunk (GSM, UMTS)

mit Bezug zu den theoretischen Grundlagen in den
vorherigen acht Biichern. Umfang: 3V + 1U.

Biografien und Bibliografien

Das letzte Buch beinhaltet Biographien bedeutender
Naturwissenschaftler und Ingenieure sowie eine
Zusammenstellung geeigneter Fachliteratur fiir die
einzelnen Biicher. Vorgestellt werden zudem die
Verantwortlichen fiir LNTwww und alle Beteiligten.

Inhalt der LNTwww-Biicher, gleichzeitig Biicherauswahl von Version 3
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12.5 NOMOR - die nichste Generation ist am Wachsen

Eiko Seidel und Ingo Viering, Nomor Research GmbH, Miinchen

Two years ago we reported a busi-
ness reset after setting up and sell-
ing a product business. Back to our
roots in consultancy services, we can
report today about two successful
years in diverse areas of mobile com-
munications and multi-media, with
diverse customers, and with a strong
focus on the generation “5G”.

Unser Bericht von 2014 {iber die 2004
vom LNT ausgegriindete Nomor Re-
search stand unter dem Motto ,,Back
to the Roots“. Wir berichteten, wie
wir uns nach einem lehrreichen Aus-
flug ins Produktgeschéft auf unsere
Wurzeln besonnen haben, und uns
wieder dem widmen, was wir am bes-
ten kdnnen: technische Unterstiitzung
an der Speerspitze der Forschung.

Heute kénnen wir berichten, dass
diese Roots tatsdchlich Neues hervor-
gebracht haben. Nach der Verdufe-
rung des Produktgeschifts konnen
wir wieder ein gesundes Wachstum
vermelden, sowohl bei der Anzahl der
Mitarbeiter (derzeit 13 Ingenieure)
als auch beim Umsatz. Nomor hat in-
zwischen viele verschiedene Stand-
beine und damit eine bessere Di-
versifikation.

Die Zusammenarbeit mit unserem
Hauptkunden Nokia (mittlerweile
Nokia Bell Labs) ist nach wie vor
stabil; wir konnten nach langer Zeit
in diesem Bereich sogar wieder einen
Anstieg erreichen. Thematisch dreht
sich an dieser Stelle praktisch alles
um die ndchste Generation der Mobil-
funksysteme, kurz ,,5G*. Nachdem
inzwischen die Standardisierung be-
reits auf vollen Touren lauft, konkre-
tisiert sich die Aufgabenstellung nun
mehr und mehr. Das Thema ,,5G*
dominiert uns heute auch aufler-
halb der Nokia-Projekte. Insgesamt
wandern mittlerweile mehr als 70%
unserer Aufwénde in die 5G-Pro-
jekte.

Fortschritte gibt es auch bei un-
serem Ziel, Kunden aufBlerhalb der
klassischen Mobilfunkbranche zu ak-
quirieren. Hier sind wir besonders
attraktiv, weil wir schnell, unkom-
pliziert und neutral helfen kdnnen.

Vor allem in der Autoindustrie und
im Bereich ,,Public Safety* gelingt
es uns immer wieder, Projekte an
Land zu ziehen, sei es klassisches
Beratungsgeschift, Training, Stan-
dardisierung oder Simulation.

Ein wichtiges Standbein ist auch
die Patentevaluierung. Unsere lang-
jéhrige Erfahrung in Forschung und
Standardisierung gleichermalien ist
eine attraktive Kombination, auf die
mittlerweile einige Kanzleien gerne
und haufig zuriickgreifen.

Ganz besonders freut es uns, dass
wir auch nach dem bedauerlichen
Ausscheiden des Mit-Griinders Tho-
mas Stockhammer vor zwei Jahren
das Multimedia-Geschéft nicht nur
stabilisieren konnten, sondern (zu-
sdtzlich zu stabilen Langzeitprojek-
ten) auch neue Aktivitdten initiiert
haben. So arbeiten wir derzeit fiir das
DASH Industrial Forum, fir das wir
beispielsweise Testvektoren und Va-
lidierungstools bereitstellen, was un-
sere DASH-Kompetenz nachweislich
dokumentiert. Auch sind wir Kon-
sortialfiihrer in einem grofen ESA-
Projekt zum Thema ,,Video-Ubertra-
gung iiber Satelliten®.

Alle diese Aktivititen werden
flankiert durch das Mitwirken bei 6f-
fentlich geforderten Projekten. Diese
sind fiir uns deshalb in erster Linie
wichtig, um bei neuen Themen am
Ball zu bleiben, und gleichzeitig Kon-
takt zu den wichtigen Playern zu hal-
ten. So sind wir aktuell Partner im
EU-Projekt SGNORMA, das Archi-
tektur-Flaggschiffprojekt ~ Europas
auf dem Gebiet ,,5G* innerhalb des
Horizon 2020 Programms (Phase 1).

Leider kénnen wir nicht bei allen
Offentlichen Projekten mitwirken, zu
denen wir eingeladen werden. Viele
interessante Projekte mussten wir in
jiingster Vergangenheit aus Kapazi-
tatsgriinden absagen. Nichtsdesto-
trotz wollen wir natiirlich auch in
Zukunft einen gewissen Anteil an
solchen Projekten unserem Portfo-
lio beimischen. Wir sind sehr zuver-
sichtlich, auch in der Phase 2 von
H2020 (etwa ab Mitte 2017) ange-
messen vertreten zu sein.

Sonstiges

Zusammenfassend kann gesagt
werden, dass fiir uns als forschungs-
orientiertes Unternehmen der Umstieg
auf eine neue Mobilfunkgeneration
neue Bliiten treibt und wir den Lu-
xus haben, uns {iber eine permanente
Auslastung zu beklagen, die wenig
Zeit fiir andere Aktivititen wie Mar-
keting mit einem neuen Web-Auftritt
oder die Verfolgung neuer Produkti-
deen lasst. Auf der anderen Seite er-
fiillt es uns mit einem gewissen Stolz,
wenn bekannte Unternehmen auf No-
mor Research zukommen, die der
Meinung sind, dass wir seit mehr als
einer Dekade in diesem Gebiet eine
herausragende Arbeit leisten.

Nach wie vor ist die Zusammen-
arbeit mit der TU Miinchen fiir uns
eine weitere wichtige Zutat. Die
angespannte  Wohnungssituation in
Miinchen erschwert den Einsatz von
Nicht-Miinchner Studenten, so dass
wir Praktikanten, Diplomanden und
Werkstudenten fast nur noch aus der
TUM rekrutieren. Dabei hilft natiir-
lich die Vorlesung System Aspects
in Communications, die Ingo Vie-
ring seit fast einem Jahrzehnt an der
TUM hélt. In Zukunft werden mehr
und mehr 5G-Aspekte in die Vorle-
sung einflieen.

Alles in allem ist es schon zu beo-
bachten, dass eine Mischung aus
hoch-interessanten Themen und ei-
nem hoch-motivierten, hoch-effizi-
enten und hoch-kompetenten Team
zu einem Rekordjahr 2016 fiihren
wird! Es hat uns letztes Jahr auch
sehr gefreut, dass es mit Cadami eine
weitere TUM-Ausgriindung gab, der
wir vielleicht mit unserem Know-
How ein bisschen helfen kdnnen.

Die nédchste Mobilfunkgeneration
bietet sicher wieder Moglichkeiten fiir
die ndchste Generation von Start-ups,
die aus der TU Miinchen hervorgehen.
Bitte mehr davon, es kann sich lohnen!
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1977 hat Professor Hans Marko einen
Wanderpokal gestiftet, der von Jahr
zu Jahr an eine Zweier- oder Dreier-
gruppe neuerer LNT-Mitarbeiter wei-
tergegeben wurde. Diese so genann-
ten Lordkiibelbewahrer hatten dann
die Aufgabe, die nichste Weihnachts-
feier am Lehrstuhl und den darauf
folgenden Betriebsausflug zu orga-
nisieren.

Sonstiges

12.6 Betriebsausfliige und Betriebsfeiern

Diese Tradition wird auch am heu-
tigen LNT noch fortgefiihrt. Aller-
dings sind nun die Organisations-
teams entsprechend der Mitarbeiter-
zahl grofer. Die Weihnachtsfeier heifit
inzwischen Xmas Party. Der Name
,Betriebsausflug® wurde beibehal-
ten, aber dieser beinhaltet nun immer
eine Exkursion als wissenschaftliche
Komponente.

Xmas Party 2014

Organisationsteam 2014/2015:

Lars Palzer beim Dart-Wettbewerb

LNT/NAV-Weihnachtsfeier 2014 Betriebsausflug 2015 am

Georg Bocherer, Tobias am 18.12.2014: 11.01.2016:
Fehenberger, Yingkan Chen und — Glithwein, Fassbier, — Vortrdge und Laborfithrungen
Chen Zhu Weihnachtsessen bei der Fraunhofer EMFT in
— Jahresriickblick, Quiz, Dart und Miinchen
Tischtennis — Abendessen, anschlieBend

Organisationsteam 2015/2016: LNT-NAYV Christmas Party 2015
Rana Ali Amjad, Andreas Brack, am 11.12.2015:
Onur Giinli, Ginni Khanna und —  Mulled Wine, Draft Beer,
Andrei Nedelcu Christmas Dinner
— 2015 in a Nutshell, Tabletop
Soccer

Bowling

Betriebsausflug 2016 am

04.11.2016:

— Vortrdge und Laborfiihrungen

bei BMW

— Laser Tag Game, Abendessen im

Koniglichen Hirschgarten

Gemeinsame Exkursion mit dem Lehrstuhl fiir Theoretische Informationstechnik (LTT) bei der Fraunhofer EMFT in Miinchen
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12.7 Personliches
Giinter Soder

Im letzten Kapitel unseres Téatigkeitsberichtes berichten wir nun {iber per-
sonliche Ereignisse — natiirlich nur positive — unserer Professoren und der
derzeitigen oder ehemaligen Mitarbeiterinnen und Mitarbeitern, ndmlich

— runde Geburtstage,

— Hochzeiten,

— Geburten.

Wir beginnen diese Rubrik mit den runden Geburtstagen, wobei wir zuerst
den Begriff ,,rund* definieren miissen. Wir nennen hier all diejenigen, die im
Berichtszeitraum 10/2014-09/2016 (oder kurz danach) das L-te Lebensjahr
vollendet haben, wenn L =5 - [ gilt und / > 10 keine Primzahl ist.

90. Geburtstag:
Prof. (em.) Dr.-Ing. Hans Marko, Lehrstuhlinhaber 1962—-1993.

75. Geburtstag:
Prof. (i.R.) Dr.-Ing. Joachim Hagenauer, Lehrstuhlinhaber 1993-2006,
Prof. (i.R.)Dr.-Ing. Gert Hauske, insgesamt am LNT von 1965-2007.

70. Geburtstag:

Dr.-Ing. Klaus Eichin, Akad.-Dir. (i.R.), am LNT von 1972-2011,
Dr.-Ing. Walter Hauser, Assistent am LNT von 1972—-1979,

Prof. Dr.-Ing. Giinter Séder, Akad.-Dir. (i.R.), am LNT von 1974-2011.

60. Geburtstag:

Prof. Dr.-Ing. Richard Bamler, Assistent am LNT von 1979—1989,
Prof. Dr.-Ing. Christoph Giinther, Lehrstuhlinhaber von NAYV,

Prof. Dr.-Ing. Reimar Lenz, insgesamt am LNT von 1980-2011,
Dr.-Ing. Martin Maier, Assistent am LNT von 1982—1990, jetzt LKN,
Nicole Rossmann, Verwaltungsangestellte am LNT seit 2003.

50. Geburtstag:
Robert Schetterer, Systemadministrator am LNT seit 2015.

Sicher haben wir nicht alle Jubilare erfasst und einige von denen, die wir er-
fasst hatten, wollten nicht genannt werden. Wir gratulieren allen genannten
und ungenannten Geburtstagskindern gleichermal3en ganz herzlich!

Uber das Geburtstagskolloquium zu Ehren von Professor Hans Marko wird
auf Seite 98 berichtet. Hier noch Fotos von LNT-internen Geburtstagsfeiern,
jeweils mit dem Gratulanten Gerhard Kramer.

Nicole Rossmann und Giinter Soder Johanna und Joachim Hagenauer

Sonstiges
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Fiir den Berichtszeitraum sind folgende EheschlieBungen von derzeitigen und
chemaligen Mitarbeitern zu vermelden:

03/2015: Sophia Engelhardt & Tasnad Kernetzky (LUT),
09/2015: Anna-Sophie Staudacher & Markus Jéger

(LNT, nun Staudacher),
10/2015: Christina Hausmann & Michael Heindlmaier (frither LNT),
10/2015: Anna Prinz & Tobias Schneider (LNT, nun Prinz),
05/2016: Sophie-Charlotte Kéhn & Tobias Fehenberger (LUT),
10/2016: Andrea Grigorescu (LTI) & Georg Bocherer (LNT).

Wir gratulieren herzlich und wiinschen allen Paaren eine fantastische Zukuntft.

Wir beenden diesen Tatigkeitsbericht mit den Neuzugédngen bei ,,Int* und
Lt den Kleinsten von LNT bzw. LUT:

12/2014 Jannik — sein Vater Stefan Dierks ist seit 2011 Mitarbeiter am
LNT und wird in Kiirze seine Dissertation abschliefen.

09/2015 Martha — ihr Vater Stephan Hellerbrand arbeitete von 2005-2010
beim LUT und hat 2014 bei Prof. Hanik promoviert.

02/2016 Gabriel Johannes — seine Mutter Elli Oberleithner promoviert bei
Prof. Hanik; sie ist derzeit in Mutterschutz.

03/2016 Clara Emilia — ihre Eltern Johanna Weindl und Bernhard Gobel ha-
ben am LNT (2008) bzw. LUT (2010) promoviert.

07/2016 Carl Oscar — sein Vater Oscar Gaete Jamett war von 2007-2011
LUT-Mitarbeiter und hat 2014 bei Prof. Hanik promoviert.

09/2016 Julia — ihr Vater Michael Heindlmaier hat 2015 bei Prof. Kramer
promoviert; ihre Schwester Theresia ist inzwischen 2 Jahre alt.

Wir wiinschen allen Neugeborenen eine gliickliche Kindheit & Jugendzeit
und trotz der derzeit etwas verriickten Welt Aussicht auf ein friedliches Le-
ben.

Vielleicht leistet zum Ende der Kramer-Ara eines der drei Méadchen oder der
drei Jungs ihren/seinen Beitrag, die dann 137-jahrige Erfolgsgeschichte des
LNT weiterzuschreiben. Wie auch im Grulwort von Gerhard Kramer verstehen
wir auch hier unter ,,LNT* unsere gesamte Lehr- und Forschungseinheit
einschlieflich COD, LUT und NAV.

Gabriel Johannes mit Elli und Tobias
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Clara Emilia mit Johanna und Bernhard Carl Oscar mit Oscar sen.
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