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Welcome Message
The International Symposium on Turbo Codes & Iterative Information Processing
(ISTC), now on its 10th iteration since its creation in 1997, is being held outside
Europe for the first time. On behalf of the organizing committee, we warmly welcome
all of you to Hong Kong. This year we will have, besides normal contributed sessions,
seven special sessions and 15 prominent keynote speakers. The scope of ISTC has
been continuously expanding over the years. This time we are aiming at widening
the program spectrum to cover the traditional topics on turbo/LDPC/polar codes and
iterative receivers, as well as the emerging ones such as iterative biomedical signal
processing and approximate message passing (AMP).
Technical issues aside, we also wish that you use this opportunity to explore Hong
Kong, a vibrant city that is frequently described as a place where “East meets West”.
Not only this, 40 percent of its land is dedicated to country parks, which is a lesser
known fact. December is the best season in this part of the world. The weather is
likely to be sunny, cool, and pleasant, with temperatures around 20 degrees Celsius.
You can find many scenic hiking trails, picturesque beaches, and peaceful fishing
villages that form the countryside, in addition to the legendary shopping streets and
internationally renowned cuisines in downtown Hong Kong. When you arrive, you
may still see the destruction super-typhoon Mangkhut wreaked in Hong Kong recently
in September, felling tens of thousands of trees. Hong Kong went through this natural
disaster with a few minor injuries, no fatalities, and a swift return to normal life,
embodying the perseverant spirit of the people of Hong Kong. We wish you will enjoy
your Hong Kong experience amongst the friendly and welcoming local residents.
We would like to thank you all for your enthusiastic and continued support of ISTC.
We hope that this ISTC will offer a rewarding time for you to make your findings
known to the community, to engage in the recent discoveries of others, to initiate
future collaborations and to rekindle past friendships.
Michel Jezequel
Li Ping
Francis Lau
General Co-Chairs
Catherine Douillard
Werner Henkel
TPC Co-Chairs
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Organising Committee
Honorary General Chair
Claude Berrou, IMT Atlantique, France
General Co-chair
Michel Jezequel, IMT Atlantique, France
Li Ping, City University of Hong Kong, Hong Kong
Francis Lau, The Hong Kong Polytechnic University, Hong Kong
Finance Chair
Wai-man Tam, The Hong Kong Polytechnic University, Hong Kong
Local Arrangement and Social Program Chair
Ivan Ho, The Hong Kong Polytechnic University, Hong Kong
Publication Chair
Edward Cheung, The Hong Kong Polytechnic University, Hong Kong
Publicity Co-chairs
Ben Cheng, RMIT University, Australia
Bruce Sham, University of Auckland, New Zealand
Yi Fang, The Hong Kong Polytechnic University, Hong Kong

Wi-Fi Information

Three types of Wi-Fi service are available for ISTC2018 on campus.
1. Conference Wi-Fi
SSID: PolyUWLAN
NetID: gstistc
Password: TurboCodes18
2. Eduroam for participating institutes
For login, please check with https://www.eduroam.org/
3. Wireless Access via ‘ Wi-Fi.HK via PolyU ’
To support the HKSAR Government’s ‘City-wide Wi-Fi for the Public and
Visitors’ initiative as set out in the ‘2014 Digital 21 Strategy’, PolyU provides
free Wi-Fi service to the public and visitors on campus. Visitors can enjoy free
Wi-Fi service by selecting the WiFi SSID (Service Set Identifier) of ‘Wi-Fi.HK
via PolyU’. After accepting the terms and conditions, users can use the service
for two hours, after which they have to accept the terms again to continue using
the service.
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Technical Programme Committee

Co-chair
Catherine Douillard, IMT Atlantique, France
Werner Henkel, Jacobs University, Bermen, Germany
Member
Name
Charbel Abdel Nour
Alex Alvarado
Karine Amis
Iryna Andriyanova
Matthieu Arzel
Gerd Ascheid
Amer Baghdadi
Baoming Bai
Claude Berrou
Valerio Bioglio
Georg Böcherer
Helmut Bölcskei
Emmanuel Boutillon
Andreas Burg
Alister Burr
David Burshtein
Giulio Colavolpe
Daniel Costello
David Declercq
Lara Dolecek
Elsa Dupraz
Gerhard Fettweis

Type
Affiliation
Academia IMT Atlantique
Academia Eindhoven University of Technology (TU/e)
Academia IMT Atlantique
Academia ENSEA/UCP/CNRS
Academia IMT Atlantique
Academia RWTH Aachen University
Academia IMT Atlantique
Academia Xidian University
Academia IMT Atlantique
Industry France Research Center, Huawei
Technologies Co. Ltd.
Industry Huawei Technologies
Academia ETH Zurich
Academia Université de Bretagne Sud
Academia EPFL
Academia University of York
Academia Tel Aviv University
Academia University of Parma
Academia University of Notre Dame
Academia ETIS ENSEA/univ. of Cergy-Pontoise/CNRS
Academia UCLA
Academia IMT Atlantique
Academia Dresden University of Technology
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Vincent Gaudet
David Gnaedig
Alexandre Graell i
Amat
Yong Liang Guan
Frederic Guilloud
Qinghua Guo
Liu Hai Yang
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Koji Ishibashi

Type
Affiliation
Academia University of Waterloo
Industry TurboConcept
Academia Chalmers University of Technology

Christophe Jego
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Raymond Knopp
Gerhard Kramer
Brian Kurkoski
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Academia
Academia
Academia
Academia

Ingmar Land
Charlotte Langlais
Gottfried Lechner
Michael Lentmaier
Ying Li
Yonghui Li
Mao-Chao Lin
Cong Ling
Gianluigi Liva
Hans-Andrea Loeliger
Junjie Ma
Xiao Ma

Industry
Academia
Academia
Academia
Academia
Academia
Academia
Academia
Industry
Academia
Academia
Academia

Academia
Academia
Academia
Academia
Academia
Academia
Academia

Nanyang Technological University
IMT Atlantique
University of Wollongong
Chinese academy of Science
University of Kiel
University of Erlangen-Nuremberg
The University of Electro-Communications
IMS CNRS Laboratory
New Jersey Institute of Technology
Institut Eurecom
Technical University of Munich
Japan Advanced Institute of Science and Technology (JAIST)
Huawei Technologies
IMT Atlantique
University of South Australia
Lund University
University of Xidian
University of Sydney
National Taiwan University
Imperial College London
DLR - German Aerospace Center
ETH Zurich
Columbia University
Sun Yat-sen University
8

2018 10th International Symposium on Turbo Codes & Iteractive Information Processing

Name
Zheng Ma
Guido Masera
Tad Matsumoto
Guido Montorsi
Krishna Narayanan
Kai Niu
Tomoaki Ohtsuki
Henry Pfister
Charly Poulliat
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Raphael Visoz
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Type
Affiliation
Academia Southwest Jiaotong University
Academia Politecnico di Torino
Academia Japan Advanced Institute of Science and Technology
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Academia Texas A&M University
Academia Beijing University of Posts and
Telecommunications
Academia Keio University
Academia Duke University
Academia INP - ENSEEIHT Toulouse
Academia IMT Atlantique
Academia KTH Royal Institute of Technology
Academia UNSW
Academia University of Bergen
Academia IMT Atlantique
Academia University of Cambridge
Academia Dalhousie University
Academia Cornell University
Academia Institute for Infocomm Research
Academia Kyoto University
Academia University of Stuttgart
Academia University of Wollongong
Academia National Tsing Hua University
Academia EPFL
Academia University of Arizona
University of Trieste
Industry Orange Labs
Academia The Chinese University of Hong
Kong
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Name
Xiaodong Wang
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Ming Xiao
Chongbin Xu
Kyeongcheol Yang

Type
Academia
Academia
Academia
Academia
Academia

Sheng Yang
Jinhong Yuan
Xiaojun Yuan
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Academia
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Zhaoyang Zhang
Liang Zhou
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Academia

Affiliation
Columbia University
University of Kaiserslautern
Royal Institute of Technology
Fudan University
Pohang University of Science and
Technology (POSTECH)
CentraleSupelec
University of New South Wales
University of Electronic Science
and Technology of China
Zhejiang University
UESTC
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Programme Overview
Monday, December 3
Time
10:00-13:45
13:45-14:00
14:00-14:30
14:30-16:10

Session
On Site Registration
Opening Session
Keynote
SS1: Signal Processing in Life Sciences

Venue
Outside Room V322

16:10-16:30
16:30-17:00
17:00-18:20
19:00

Coffee Break
Keynote
MO1: Iterative Signal Processing
Welcome reception

Outside Room V322

Room V322

Room V322
Staff Club Restaurant, 5/F
Communal Building

Tuesday, December 4
Time
9:00-9:30
9:30-10:50
10:50-11:20
11:20-12:50
12:50-14:00
14:00-14:30
14:30-16:10

16:10-18:30

Session

Venue

Keynote
SS2 : Polar Coding: Innovative Code
Design and Decoding Algorithms
Coffee Break
TU1 : Polar Codes
Lunch
Keynote
SS3: Multiple Access and Coding
Techniques for 5G Systems and
Beyond
Coffee Break & Posters
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Room V322
Outside Room V322
Room V322
Outside Room V322
Room V322
Innovation Gallery D
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Wednesday, December 5
Time
9:00-9:30
9:30-10:50
10:50-11:10
11:10-12:30
12:30-14:00
14:00

Session

Venue

Keynote
WE1 : LDPC Codes
Coffee Break
SS4 : Iterative Signal Processing in
MIMO Systems
Lunch
Excursion

Room V322
Outside Room V322
Room V322
Outside Room V322
Coach departure at Ground
Floor outside core S

Thursday, December 6
Time
9:00-10:20
10:20-10:50
10:50-11:10
11:10-11:40
11:40-13:00
13:00-14:00
14:00-14:30
14:30-15:50
15:50:16:10
16:10-17:40
18:00-19:00
19:00

Session
TH1 : Spatially Coupled FEC Codes
Keynote
Coffee Break
Keynote
SS5 : FEC for Future Communication
Systems: Implementation Issues
Lunch
Keynote
TH2 : LDPC Decoders
Coffee Break
SS6 : Approximate Message Passing:
Theory and Applications
Welcome Drink
Banquet

Venue
Room V322
Outside Room V322
Room V322
Outside Room V322
Room V322
Outside Room V322
Room V322
Starry Terrace, 21/F, 8 Observatory Road, Tsim Sha Tsui

Friday, December 7
Time
9:00-9:30
9:30-10:50

10:50-11:10
11:10-12:30
12:30-14:00

Session

Venue

Keynote
SS7 : Ultra-High Throughput Coding
for Fibre-Optical and B5G Wireless
Communications
Coffee Break
FR1 : Iterative Receiver Principles
Lunch
12
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Room V322
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Regular, Keynote and Special Sessions
Venue:
Jockey Club Innovation Tower (JCIT), Room V322

Monday, December 3rd, 2018

13:45 - 14:00 Opening Session
14:00 - 14:30 Keynote
The Lightwave Channel: Particles or Waves?
Richard Blahut (University of Illinois Urbana Champaign)
[1]
Within information theory, a wave channel and a particle channel are
treated as two distinct examples of channels. Within physics, an electromagnetic wave has a granular structure which only becomes evident
at low signal levels. Quantum theory reconciles the physics. However,
we will show that the Poisson transform reconciles the matter at the
level of the information theory, showing that the channel capacity of
the classical additive Gaussian noise channel is emergent from the capacity of an appropriately defined particle channel.

Special Session SS1: Signal Processing in Life Sciences
Chairpersons: Werner Henkel (Jacobs Univ. Bremen, Germany) and Peter Höher
(Univ. Kiel, Germany)
14:30 - 15:00 Keynote
Synthetic Molecular Communication: Fundamentals, Opportunities, and Challenges
Robert Schober (Friedrich-Alexander University Erlangen-Nuremberg (FAU), Germany)
[2]
Synthetic molecular communication is an emerging research area offering many interesting and challenging new research problems for
communication engineers, biologists, chemists, and physicists. Synthetic molecular communication is widely considered to be an attractive option for communication between nano-devices such as (possibly
artificial) cells and nano-sensors. Possible applications of nano-communication networks include targeted drug delivery, health monitoring, environmental monitoring, and “bottom-up” manufacturing. The
IEEE and ACM have recently founded several new conferences and
journals dedicated to this exciting new and fast growing research area.
In this invited talk, we will give first a general overview of the areas
of synthetic molecular communication and nano-networking. Components of synthetic molecular communication networks, possible applications, and the evolution of the field will be reviewed. Thereafter, we
will give an introduction to various synthetic molecular communica13
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tion strategies such as gap junctions, molecular motors, and diffusion
based molecular communication. Thereby, we will focus particularly on diffusion based synthetic molecular communication, identify
the relevant basic laws of physics and discuss their implications for
communication system design. Subsequently, several communication
engineering design problems will be discussed, including detection,
channel estimation, parameter estimation, and synchronization, which
also present opportunities for application of iterative processing techniques. Furthermore, some experimental results will be provided. In
the last part of the talk, we will discuss some research challenges in
synthetic molecular communication from a communication engineering point of view.
15:00 - 15:30 Keynote
Increasing Robustness to Synchronization Errors in Molecular Communications
Urbashi Mitra; Tze-Yang Tung (University of Southern California,
USA) [3]
Achieving precise synchronization between transmitters and receivers
is particularly challenging in diffusive molecular communication environments. To this end, point-to-point molecular communication system design is examined wherein synchronization errors are explicitly
considered. Two transceiver design questions are considered: the development of a sequential probability ratio test-based detector which
allows for additional observations in the presence of uncertainty due
to mis-synchronization at the receiver, and a modulation design which
is optimized for this receiver strategy. The modulation is based on optimizing an approximation for the probability of error for the detection
strategy and directly exploits the structure of the probability of molecules hitting a receiver within a particular time slot. The hitting probabilities are determined under the assumption of a linear time-invariant
Poisson channel model for molecular diffusion. The proposed receiver
and modulation designs achieve strongly improved performance for
the same data rate as a decision feedback based receiver offering, at
times, half the probability of bit error for the same data rate.
15:30 - 15:50 EXIT-Chart-Aided Code Matching in Molecular Communications
Martin Damrath and Peter A. Hoeher (University of Kiel, Germany)
[4] 1570471678.pdf
Bit-interleaved coded modulation (BICM) systems is introduced to the
area of diffusion-based molecular communication (DBMC). To improve receiver-side iterative detection, irregular convolutional codes
(IRCC) are matched to the extrinsic information transfer (EXIT) func14
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tion of the detector. Numerical bit error rate (BER) simulations confirm that a channel code adapted to the EXIT function of the detector
increases the performance of the DBMC system in terms of BER and
distance.
15:50 - 16:10 Multilevel Capacities for the Codon Mutation Channel
Dawit Andualem Nigatu and Werner Henkel (Jacobs University
Bremen, Germany)
[5] 1570472956.pdf
We used the so-called empirical codon mutation (ECM) matrix to
get some insights into the error protection mechanisms in the genetic
code. First, using a dimension reduction technique, the codon substitution frequencies and the physicochemical properties of the encoded
amino acids are compared. Then, the different levels of error protection in the genetic code are investigated by employing a 4-ary set partitioning scheme. The channel capacities of the set partitions and the
level capacities were determined using the ECM channel model. One
of the most interesting result which emanated from the capacity analysis is that the capacities of the first two partition levels were found to
be identical. This implies that, in a multilevel coding sense, codes of
equal code rates would have to be used to encode the two positions.
The last codon position carries very little information and can be transmitted without coding.
16:30 - 17:00 Keynote
BATS: Network Coding in Action
Raymond W. Yeung (The Chinese University of Hong Kong, Hong
Kong, China)
[6]
Network coding can significantly improve the transmission rate of
communication networks with packet loss compared with routing.
However, using network coding usually incurs higher computational
and storage costs in the network devices and terminals. For example,
some network coding schemes require the computational and/or storage capabilities of an intermediate network node to increase linearly
with the number of packets for transmission, making them difficult to
be implemented in a router-like device that has only constant computational and storage capabilities. In this talk, we introduce BATS code,
which enables a digital fountain approach to resolve the above issue.
BATS code is a coding scheme that consists of an outer code and an
inner code. The outer code is a matrix generalization of a fountain
code. It works with the inner code which comprises random linear
coding at the intermediate network nodes. BATS codes preserve such
desirable properties of fountain codes as ratelessness and low encod15
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ing/decoding complexity. The computational and storage capabilities
of the intermediate network nodes required for applying BATS codes
are independent of the number of packets for transmission. It has been
verified theoretically for certain special cases and demonstrated numerically for general cases that BATS codes can achieve rates very
close to optimality. As a variation of BATS code, the outer code can be
replaced by a (matrix generalized) LDPC code. We will also discuss
the possibility of using convolutional codes and turbo codes as the
outer code, which may have certain advantages over the existing ones.

Session MO1: Iterative Signal Processing

Chairperson: Peter Höher (University of Kiel, Germany)
17:00 - 17:20 Learning Based Interference Cancellation for Cognitive Radio
Yi Liu; Z. He; Xiaoyan Kuai and Xiaojun Yuan (University of Electronic Science and Technology of China, P.R. China)
[7] 1570471220.pdf
This paper is concerned with a machine learning approach to cancel
the interference for a cognitive radio (CR) system in the concurrent
spectrum access (CSA) model, where the CR system is non-cooperative and has very limited knowledge on the interference. Our transceiver design uses a turbo structure, which consists of a linear estimator, a demodulation and decoding module, and a clustering module. In
the clustering module, we employ machine leaning algorithms such as
K-means and expectation maximization (EM) algorithms to estimate
the interference. We show that the EM based receiver significantly outperforms the K-means receiver, since the former is able to generate
a soft clustering result. We further improve the performance of the
iterative receiver by introducing the extrinsic information technique
with the resulting receiver referred to as Ext-EM. Considerable performance gain of the Ext-EM receiver is demonstrated over the original
EM receiver.
17:20 - 17:40 Factor Graphs with NUV Priors and Iteratively Reweighted Descent for Sparse Least Squares and More
Hans-Andrea Loeliger; Boxiao Ma; Hampus Malmberg and Federico
Wadehn (ETH Zurich, Switzerland)
[8] 1570471425.pdf
Normal priors with unknown variance (NUV) are well known to include a large class of sparsity promoting priors and to blend well with
Gaussian message passing. Essentially equivalently, sparsifying norms
(including the L1 norm) as well as the Huber cost function from robust
statistics have variational representations that lead to algorithms based
on iteratively reweighted L2-regularization. In this paper, we rephrase
16
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these well-known facts in terms of factor graphs. In particular, we propose a smoothed-NUV representation of the Huber function and of a
related nonconvex cost function, and we illustrate their use for sparse
least-squares with outliers and in a natural (piecewise smooth) prior
for imaging. We also point out pertinent iterative algorithms including
variations of gradient descent and coordinate descent.
17:40 - 18:00 Improvement of Greedy Algorithms With Prior Information for
Sparse Signal Recovery
Kyubihn Lee and Nam Yul Yu (Gwangju Institute of Science and
Technology, Korea)
[9] 1570474212.pdf
In this paper, we improve greedy algorithms to recover sparse signals with complex Gaussian distributed nonzero elements, when the
probability of sparsity pattern is known a priori. By exploiting this
prior probability, we derive a correction function that minimizes the
probability of incorrect selection of a support index at each iteration
of the orthogonal matching pursuit (OMP). In particular, we employ
the order statistics of exponential distribution to create the correction
function. Simulation results demonstrate that the correction function
significantly improves the recovery performance of OMP and subspace pursuit (SP) for random Gaussian and Bernoulli measurement
matrices.
18:00 - 18:20 Iterative Adaptive Signal Predistortion for Satellite Communications
Nicolas Alibert (IMT Atlantique, Lab-STICC, UBL & Mitsubishi
Electric R&D Centre Europe, France); Karine Amis (IMT Atlantique,
France); Charlotte Langlais (IMT Atlantiqque Bretagne Pays de la
Loire & Lab-STICC, France) and Damien Castelain (Mitsubishi
Electric R&D Centre Europe, France)
[10]1570474378.pdf
The expected increase of data rates in future satellite communications
(DVB-S2X) will require higher-order modulations and sharper rolloff, which makes the transmission more sensitive to non-linear interference due to on-board amplifiers. One solution is the predistortion of
the signal that is carried out at the transmitter. Iterative predistortion
based on the contraction mapping theorem has shown to be a good
solution to mitigate the effects of nonlinearities but suffers from convergence depending on the chosen norm. In this paper, we propose to
adapt the method with a feedback from the channel to ensure the convergence with the best linearization performance for a given number
of iterations. We compare both schemes according to different figures
of merit (adjacent channel interference factor, total degradation and
17
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normalized mean square error).

Tuesday, December 4th, 2018
9:00 - 9:30

Keynote
Polar Codes for Terabit/s Data Rates
Erdal Arıkan (Bilkent University, Turkey)
[11]

Special Session SS2: Polar Coding: Innovative Code Design
and Decoding Algorithms
Chairperson: Ingmar Land (Huawei, France)
9:30 - 9:50

Algebraic Polar Lattices for Fast Fading Channels
Ling Liu (Huawei Technologies Co., Ltd, P.R. China); Cong Ling
(Imperial College London, United Kingdom (Great Britain))
[12] 1570469187.pdf
Polar lattices have been recently proposed to achieve the ergodic capacity of i.i.d. fading channels. In this paper, we further improve the
performance of polar lattices by using algebraic tools while keeping
quasi-linear encoding and decoding complexity. We focus on the design of polar lattices in the case of unlimited transmission power. The
lattice Gaussian shaping technique can be applied to satisfy the power
constraint.

9:50 - 10:10 Stepped List Decoding for Polar Codes
Mohammad Rowshan and Emanuele Viterbo (Monash University,
Australia)
[13] 1570470977.pdf
In the successive cancellation list (SCL) decoding of polar codes,
as the list size increases, the error correction performance improves.
However, a large list size results in high computational complexity
and large memory requirement for paths, log-likelihood ratios (LLRs)
and partial sums. In this paper, we analyze the list decoding process
by introducing a new parameter named List Range (LR) to elucidate
the properties of the evolution of the path metrics (PMs) within the
list. Then we present a stepped list decoding scheme for high and medium code rates, in which the path memory reduces by at most 75%,
the sizes of the internal LLR memory and partial sums memory drops
by 50%, and the computational complexity halves. The corresponding
error correction performance of cyclic redundancy check (CRC)-aided
SCL decoder is preserved.

18
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10:10 - 10:30 Decoding Reed-Muller and Polar Codes by Successive Factor
Graph Permutations
Seyyed Ali Hashemi; Nghia Doan (McGill University, Canada) ;
Marco Mondelli (Stanford University, USA) and Warren Gross (McGill University, Canada)
[14] 1570474414.pdf
Reed-Muller (RM) and polar codes are a class of capacity-achieving
channel coding schemes with the same factor graph representation.
Low-complexity decoding algorithms fall short in providing a good
error-correction performance for RM and polar codes. Using the symmetric group of RM and polar codes, the specific decoding algorithm
can be carried out on multiple permutations of the factor graph to boost
the error-correction performance. However, this approach results in
high decoding complexity. In this paper, we first derive the total number of factor graph permutations on which the decoding can be performed. We further propose a successive permutation (SP) scheme
which finds the permutations on the fly, thus the decoding always progresses on a single factor graph permutation. We show that SP can be
used to improve the error-correction performance of RM and polar
codes under successive-cancellation (SC) and SC list (SCL) decoding,
while keeping the memory requirements of the decoders unaltered.
Our results for RM and polar codes of length 128 and rate 0.5 show
that when SP is used and at a target frame error rate of 0.0001, up to
0.5 dB and 0.1 dB improvement can be achieved for RM and polar
codes respectively.
10:30 - 10:50 Flexible design of Multi-Kernel Polar Codes by reliability and
distance properties
Valerio Bioglio (France Research Center, Huawei Technologies Co.
Ltd., Italy); Ingmar Land (Huawei Technologies France & Paris
Research Centre, France); Frederic Gabry (Huawei Technologies,
France Research Center, France) and Jean-Claude Belfiore (Telecom
Paristech & Huawei Technologies, France)
[15] 1570474699.pdf
This paper proposes a new polar code construction for multi-kernel
polar codes by design of the frozen set. The new design allows to trade
reliabilities of the input bits against distance properties of the code,
and thus to trim the polar code to successive-cancellation list decoding. Though the benefits are pronounced for multi-kernel polar codes,
the principle is also applicable to Arikan polar codes or other polar
codes. We motivate the new design principle, provide a low-complexity design algorithm, and demonstrate the performance advantages by
numerical examples.
19
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Session TU1: Polar Codes

Chairperson: Baoming Bai (Xidian University, China)
11:20 - 11:50 Keynote
Advanced Concepts in Polar Code Design
Jean-Claude Belfiore (Huawei Mathematical and Algorithmic Sciences Lab, Paris, France; and Telecom ParisTech, Paris, France)
[16]
11:50 - 12:10 Transport Triggered Polar Decoders
Mathieu Léonardon (Ecole Polytechnique de Montréal & Université
de Bordeaux, Canada); Camille Leroux (IMS Lab - Institut Polytechnique de Bordeaux, France); Pekka Jääskeläinen (Tampere University
of Technology, Finland); Christophe Jego (IMS CNRS Laboratory &
Bordeaux INP / ENSEIRB-MATMECA, France) and Yvon Savaria
(École Polytechnique de Montréal, Canada)
[17] 1570474571.pdf
In this paper, the first transport triggered architecture (TTA) customized for the decoding of polar codes is proposed. A first version of this
programmable processor is optimized for the successive cancellation
(SC) decoding of polar codes while a second architecture is further
specialized to also support Soft CANcellation (SCAN) decoding. Both
architectures were fully validated on FPGA device by prototyping.
The first architecture was also synthesized in 28nm ASIC technology.
The designed processor runs at a frequency of 800 MHz and reaches a
throughput of 352 Mbps for a (1024, 512) polar code decoded with the
SC algorithm. Compared to previous work, the energy consumption is
reduced by an order of magnitude (0.14 nJ / bit) and the throughput is
increased fivefold. Compared to an optimized software implementation on a general purpose processor (x86 architecture), the throughput
is 37 % higher and the energy consumption is two orders of magnitude
lower. TTA can be seen as a way to reduce the gap between programmable and dedicated polar decoders.
12:10 - 12:30 Construction and Decoding Algorithms for Polar Codes based on
2 × 2 Non-Binary Kernels
Peihong Yuan (Technical University of Munich, Germany); Fabian Steiner (Technische Universität München, Germany)
[18] 1570474607.pdf
Polar codes based on 2 × 2 non-binary kernels are discussed in this
work. The kernel over GF(q) is selected by maximizing the polarization effect and using Monte-Carlo simulation. Belief propagation
(BP) and successive cancellation (SC) based decoding algorithms are
extended to non-binary codes. Additionally, a successive cancellation
20

2018 10th International Symposium on Turbo Codes & Iteractive Information Processing

list (SCL) decoding with a pruned tree is proposed. Simulation results
show that the proposed decoder performs very close to a conventional
SCL decoder with significantly lower complexity.
12:30 - 12:50 On the Marginalization of Polarizing Kernels
Valerio Bioglio (France Research Center, Huawei Technologies Co. Ltd., Italy) and Ingmar Land (Huawei
Technologies France & Paris Research Centre, France)
[19] 1570474693.pdf
In this paper, we analyze the decoding complexity of polarizing kernels of size larger than p = 2, proposing a general procedure which
can be used to marginalize kernels of any size. We use this method to
evaluate the decoding equations for optimal binary kernels up to size
p = 8. Finally, we experimentally show that, even if T2 and T8 share
the same polarization exponent, their performance may vary under list
decoding, making large kernels of interest for long polar codes.
14:00 - 14:30 Keynote
Collective Encoding and Iterative Soft-Decision Decoding of
Cyclic Codes of Prime Lengths in Galois-Fourier Transform
Domain
Shu Lin (University of California at Davis, USA); Khaled Abdel-Ghaffar (University of California, USA); Juane Li (University of California, Davis, USA) and Keke Liu (Broadcom, USA)
[20] 1570489299.pdf
This paper presents a novel coding scheme for collective encoding
and collective iterative soft-decision decoding of cyclic codes of prime
lengths in Galois-Fourier transform (GFT) domain. The encoding of
a cyclic code is performed on a collection of codewords which are
mapped through composition, Hadamard permutations, and GFT
into a codeword in an LDPC code with a binary parity-check matrix
for transmission. Using this matrix, binary iterative decoding is applied to jointly decode a collection of codewords in the cyclic code.
The joint-decoding allows reliability information sharing among the
received vectors corresponding to the transmitted codewords in the
collection during the iterative decoding process. This joint-decoding
and information sharing can achieve a joint-decoding gain over the
maximum likelihood decoding of individual codewords. The binary
iterative decoding can be performed efficiently and reduces the decoding complexity significantly.

21

2018 10th International Symposium on Turbo Codes & Iteractive Information Processing

Special Session SS3:
Multiple Access and Coding Techniques for 5G Systems and
Beyond

Chairperson: Chunlin Yan (ZTE, China)
14:30 - 15:00 Keynote
NOMA Study in 3GPP for 5G
Yifei Yuan (ZTE, China)
[21] 1570481702.pdf
Non-orthogonal multiple access (NOMA) is considered as a key enabling physical layer technique for 5G, both from the academia and
wireless industry. In this paper, we give an overview of NOMA study
item currently in 3GPP. Major scope of study is illustrated which covers specification impacting technologies at transmitter side, receiver
implementation, related processes and performance evaluation.
15:00 - 15:30 Keynote
Near Gaussian Multiple Access Channel Capacity Detection
and Decoding
Xiaojie Wang; Sebastian Cammerer; Stephan ten Brink (University of
Stuttgart, Germany)
[22] 1570474615.pdf
We consider the design of low-density parity-check (LDPC) codes
with close-to-capacity performance for interleave division multiple
access (IDMA). The degree profile of the LDPC code is optimized
using extrinsic information transfer (EXIT) charts to match an IDMA
low complexity multiuser detector. Analytical EXIT functions for the
IDMA system are derived while verifying that the Gaussian approximation stays valid for a sufficiently large number of users. The resulting LDPC codes are of rather low-rate (e.g., =0.03 for 32 users) and
thus, the practical design of such codes is quite challenging and may,
due to the low code-rate, not even yield a performance close to the
Gaussian multiple access channel (GMAC) capacity. Adding a serial
concatenation with a simple repetition code allows to design matching LDPC codes with a higher rate and, this way, achieving closer
to GMAC capacity. This makes IDMA an attractive multiple access
scheme for future wireless communication systems.
15:30 - 15:50 On Construction of Rate-Compatible Raptor-Like QC-LDPC
Code for Enhanced IDMA in 5G and Beyond
Jian Song; Yushu Zhang (Tsinghua University, P.R. China)
[23] 1570469419.pdf
Recently, rate-compatible raptor-like quasi-cyclic low-density pari22
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ty-check (RL-QC-LDPC) codes have been adopted in 5G new radio
technical specification. This paper is focused on the construction of
rate-compatible RL-QC-LDPC codes for enhanced interleave-division multiple-access (IDMA), while taking the good features of 5G
new radio LDPC codes into consideration. Firstly, a rate-compatible
RL-QC-LDPC code family is optimized for point-to-point transmission via progressive matrix growth algorithm. Enhanced IDMA with
this code family shows good performance at relatively low sum spectral efficiency. Secondly, this code family is optimized for enhanced
IDMA via row-by-row extension for different spectrum efficiency requirements. With that, enhanced IDMA is capable of supporting much
higher sum spectral efficiency and user loads. Finally, the finite-length
performance of enhanced IDMA with these constructed code families
are verified by bit error rate simulations.
15:50 - 16:10 Fast Convergence Stochastic LDPC Decoder Based on Edge
Memory Structure
Yang Guiwu (UESTC, P.R. China); Kai Kang (University of Electronic Science and Technology of China, P.R. China); Jianhao
Hu (University of Electronic Science and Technology of China,
P.R. China (UESTC)); Qiu Huang and Yujing Lin (University of
Electronic Science and Technology of China, P.R. China)
[24] 1570471582.pdf
In recent years, the LDPC decoder based on stochastic calculation has
been becoming a hot topic, and the re-randomization structure based
on edge memory for the stochastic LDPC decoder shows great advantages over performance and complexity compared with the traditional decoders. However, latching issue is also the main challenge for
the stochastic LDPC decoders with edge memory structure, similar
to stochastic LDPC decoders with other structures. Frequent latching
state results in a low information updating efficiency, which reduces
decoding performance and convergence speed. In order to speed up
the information updating efficiency of the stochastic decoder, in this
paper, we propose a dual memory parallel update structure for edge
memory. Based on proposed structure, the efficiency of information
convergence is greatly accelerated with acceptable hardware cost. And
the decoding performance and latency are also improved.

Poster Session:

16:10 - 18:30 Poster session will be held at Innovation Gallery D, Podium floor,
JCIT. Refreshment will be served outside the gallery. For abstracts, please refer to page 40-51 of this booklet.
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Wednesday, December 5th, 2018
9:00 - 9:30

Keynote
Title to be announced
Rüdiger Urbanke (EPFL, Swizerland)
[25]

Session WE1: LDPC Codes

Chairperson: Charbel Abdel Nour (IMT Atlantique)
9:30 - 9:50
Construction D’ Lattices from Quasi-Cyclic Low-Density Parity-Check Codes
Siyu Chen (Japan Advanced Institute of Science and Technology, Japan); Brian Michael Kurkoski (Japan Advanced Institute of Science
and Technology (JAIST), Japan); Eirik Rosnes (Simula UiB, Norway)
[26] 1570472921.pdf
Recently, Branco da Silva and Silva described an efficient encoding and
decoding algorithm for Construction D’ lattices. Using their algorithm,
we propose a Construction D’ lattice based on binary quasi-cyclic
low-density parity-check (QC-LPDC) codes and single parity-check
product codes. The underlying codes designed by the balanced-distances rule contribute in a balanced manner to the squared minimum
distance of the constructed lattice, which results in a high lattice coding gain. The proposed lattice based on IEEE 802.16e QC-LDPC
codes is shown to provide competitive error-rate performance on the
power-unconstrained additive white Gaussian noise channel.
9:50 - 10:10

LDPC Code Design for Asynchronous Random Access
Balazs Matuz, Federico Clazzer (German Aerospace Center (DLR),
Germany); Sarah J Johnson, Sachini Jayasooriya (University of
Newcastle, Australia); Mahyar Shirvanimoghaddam (University of
Sydney, Australia)
[27] 1570474519.pdf
This paper presents dedicated protograph LDPC code design for an
asynchronous random access (RA) scheme. At the receiver a successive interference cancellation (SIC) algorithm is assumed to recover
packets subject to Gaussian interference and to remove their replicas
from the received signal. Since the interference typically affects the
beginning or the end of a packet we provide a dedicated code design
resulting in gains w.r.t. standard channel codes. The benefit of the proposed codes is illustrated in terms of packet error rate versus channel
load results. Gain of 0.1 in supported channel load at a packet loss rate
of is shown.

10:10 - 10:30 Girth-Eight Reed-Solomon Based QC-LDPC Codes
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Xin Xiao, Bane Vasic (University of Arizona, USA); Shu Lin (University of California, Davis, USA); Khaled Abdel-Ghaffar (University
of California, USA); William Ryan (University of Arizona, USA)
[28] 1570471083.pdf
This paper presents a class of regular quasi-cyclic (QC) LDPC codes
whose Tanner graphs have girth at least eight. These codes are constructed based on the conventional parity-check matrices of Reed-Solomon (RS) codes with minimum distance 5. Masking their parity-check matrices significantly reduces the numbers of short cycles in
their Tanner graphs and results in codes which perform well over the
AWGN channel in both waterfall and low error-rate regions.
10:30 - 10:50 A New Algebraic-Based Method for Constructing Protograph
LDPC Codes
Xijin Mu (Institute of Computing Technology, Chinese Academy of
Sciences, P.R. China); Huaan Li (Xidian University, P.R. China);
Chao Chen (Xi’dian, P.R. China); Jinhong Yuan (University of New
South Wales, Australia); Baoming Bai (Xidian University, P.R. China)
[29] 1570474622.pdf
This paper focuses on the construction of protograph low-density parity-check (PTG-LDPC) codes. We first give a necessary condition for
a PTG-LDPC code to avoid 4-cycles. Then, we propose a new method
for constructing PTG-LDPC codes based on the decomposition of a
base matrix and the algebraic construction of an exponent matrix. The
proposed method owns a lower design complexity compared with the
conventional graph-based methods. Numerical results show that the
proposed codes perform well, and have no error floor down to a block
error rate of .

Special Session SS4:
Iterative Signal Processing in MIMO Systems

Chairpersons: Jinhong Yuan (University of New South Wales, Australia)
11:10 - 11:30 Joint Channel Estimation and Simplicity-Based Detection for
Large-Scale MIMO FEC-Coded Systems
Zahran Hajji (TELECOM BRETAGNE, France); Karine
Amis and Abdeldjalil Aïssa-El-Bey (IMT Atlantique, France)
[30] 1570474591.pdf
In this paper, we address the problem of channel estimation and signal
detection in large MIMO FEC-coded systems assuming finite alphabet
modulations. We consider a semi-blind iterative expectation maximization algorithm which relies on a limited number of pilot sequences to
initialize the estimation process. We propose to include the estimation
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process within a turbo finite-alphabet simplicity (FAS)-based detection receiver. To that purpose we define two estimation updates from
the FEC decoder output. Simulations carried out in both determined
and undetermined configurations show that the resulting scheme outperforms the state-of-the-art receiver which uses an MMSE estimation
criterion and that it reaches the maximum-likelihood lower-bound.
11:30 - 11:50 Low Latency mmWave Backhaul via Traffic Dispersion
Chandan Pradhan and Ang Li (University of Sydney, Australia); He
Chen (The University of Sydney, Australia); Yonghui Li and Branka
Vucetic (University of Sydney, Australia)
[31] 1570471555.pdf
This paper focuses on reducing the beamtraining delay and end-toend latency using “traffic dispersion” in a multi-hop millimeter-wave
(mmWave) backhaul link. Traffic dispersion reduces the latency by
creating multiple parallel paths between a base station (BS) and the
anchored base station (ABS) connected to a core network, to increase
the datarate. The beamtraining delay is a major source of end-to-end
latency and is particularly crucial in case of outdoor deployment of
the mmWave backhaul link, suffering from frequent beam outage due
to beam misalignment caused by wind or ground vibrations, thereby
lowering its coherence time. We formulate an optimization problem
to minimize the beamtraining delay by jointly optimizing the power
allocation and beamwidths in paths between the BS and intermediate
relay units (RU) and that between RUs and ABS, subject to an end-toend latency requirement. The problem is mix-integer and non-convex
in nature which is challenging to solve in general. Thus, we address
the problem using the iterative Practical Swarm Optimization(PSO) in
conjunction with penalty function method and primal decomposition,
where the transmit power and the beamwidths are iteratively updated.
Numerical results show the robustness of the proposed algorithm in
reducing the beamtraining delay and end-to-end latency for mmWave
backhaul link with varying coherence time.
11:50 - 12:10 Joint User Identification and Channel Estimation in Massive
Connectivity with Transmission Control
Zhuo Sun (University of New South Wales. Australia, Australia);
Zhiqiang Wei (University of New South Wales, Australia); Lei
Yang (UNSW, Australia); Jinhong Yuan (University of New South
Wales, Australia); Xingqing Cheng (Huawei Technologies Co.,
Ltd., P.R. China); Wan Lei (Huawei Technology Ltd, P.R. China)
[32] 1570490540.pdf
In this paper, we propose a transmission control scheme and design
an approximate message passing (AMP) algorithm for the joint user
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identification and channel estimation (JUICE) in massive connectivity
networks. In the proposed transmission control scheme, a transmission control function is designed to determine a user’s transmission
probability, when it has a transmission demand. By employing a step
transmission control function for the proposed scheme, we derive the
channel distribution experienced by the receiver to characterize the
effect of transmission control on the design of AMP algorithm. Based
on that, we propose a minimum mean squared error denoiser and design the AMP algorithm. We demonstrate that the proposed scheme
can significantly improve the JUICE performance and reduce the average delay, compared to the conventional scheme without transmission
control.
12:10 - 12:30 1-bit Compressive Diffusion Based on Bayesian Inference
Zhaoyang Zhang, Jue Wang and Xiao Cai (Zhejiang University, P.R.
China)
[33] 1570472062.pdf
Compressive diffusion, especially its 1-bit version, has the potential
to greatly reduce the communication load between nodes in a network
for distributed parameter estimation. However, how to deal with the
different kinds of data, namely, the 1-bit quantized external information from other nodes and the high-precision local data, is a challenging problem which has much impact on the overall estimation performance. Most existing estimation algorithms based on Least Mean
Square (LMS) cannot work very well in such a context, due to that
the combination of the above information is not always beneficial in
general unless certain combination rule is properly chosen. In this
paper, from a perspective of Bayesian inference framework instead,
a parameter estimation algorithm is proposed for 1-bit compressive
diffusion. Based on the vertex-message inference, the inherent combination policy assigns different weights to measurements depending
on their data type and degree of uncertainty. In this way, nodes in the
network can always take advantage of the extra information from the
1-bit data exchange to enhance the accuracy of local estimation, and at
the same time avoid any possible performance loss caused by the high
uncertainty of compressive data.

Thursday, December 6th, 2018
Session TH1: Spatially Coupled FEC Codes

Chairperson: Michael Lentmaier (Lund University, Sweden)
9:00 - 9:20
Self-Superposition Transmission: A Novel Method for Enhancing
Performance of Convolutional Codes
Shuangyang Li (Xidian University, P.R. China &amp; School of Elec27
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trical Engineering and Telecommunications, University of New South
Wales, Australia); Ji Zhang and Baoming Bai (Xidian University, P.R.
China); Xiao Ma (Sun Yat-sen University, P.R. China); Jinhong Yuan
(University of New South Wales, Australia)
[34] 1570474571.pdf
In this paper, a novel method for enhancing the error performance of
convolutional codes (CCs) is introduced. This method aims to extend
the constraint length of CCs by simply superimposing the encoded bit
sequences. Therefore, such construction is referred to as self-superposition. The encoding process of self-superposition convolutional codes
(SSCCs) can be implemented as fast as that of the corresponding CCs,
and a low-complexity iterative decoding algorithm can be applied to
efficiently decode SSCCs. Numerical results show that in the high signal-to-noise ratio region, the SSCC outperforms the corresponding CC
within a wide range of code rates in terms of the bit error rate.
9:20 - 9:40

Avoiding Burst-like Error Patterns in Windowed Decoding of
Spatially Coupled LDPC Codes
Kevin Klaiber and Sebastian Cammerer (University of Stuttgart,
Germany); Laurent Schmalen (Nokia Bell Labs, Germany); Stephan
ten Brink (University of Stuttgart, Germany)
[35] 1570470805.pdf
In this work, we analyze efficient window shift schemes for windowed
decoding of spatially coupled low-density parity-check (SC-LDPC)
codes, which is known to yield close-to-optimal decoding results
when compared to full belief propagation (BP) decoding. However,
a drawback of windowed decoding is that either a significant amount
of window updates are required leading to unnecessary high decoding
complexity or the decoder suffers from sporadic burst-like error patterns, causing a decoder stall. To tackle this effect and, thus, to reduce
the average decoding complexity, the basic idea is to enable adaptive
window shifts based on a bit error rate (BER) prediction, which reduces the amount of unnecessary updates. As the decoder stall does not
occur in analytical investigations such as the density evolution (DE),
we examine different schemes on a fixed test-set and exhaustive monte-carlo simulations based on our graphic processing unit (GPU) simulation framework. As a result, we can reduce the average decoding
complexity of the naive windowed decoder while improving the BER
performance when compared to a non-adaptive windowed decoding
scheme. Furthermore, we show that a foresightful stall prediction does
not significantly outperform a retrospective stall detection which is
much easier to implement in practice.
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9:40 - 10:00

Scalable Globally-Coupled Low-Density Parity Check Codes
Yen-Chin Liao (National Chiao Tung University, Taiwan); Shu Lin (University of California, Davis, USA); HsieChia Chang (National Chiao Tung University, Taiwan)
[36] 1570474457.pdf
This paper presents a technique to scale up an LDPC code to any desired block length. Under certain constraints, the scaled LDPC code
results in a special case of globally-coupled-LDPC code. The proposed scheme can construct globally-coupled-LDPC codes from any
short LDPC codes. A design example targeting for NAND flash memory applications is addressed and simulated. The results show the feasibility of constructing a structural long LDPC code by scaling from
a short code.

10:00 - 10:20 Spatially Coupled LDPC Codes with Random Access
Eshed Ram (Technion - Israel Institute of Technology, Israel); Yuval Cassuto (Technion, Israel)
[37] 1570471197.pdf
A new type of spatially-coupled (SC) LDPC codes motivated by practical storage applications is presented. SC-LDPCL codes (suffix ‘L’
stands for locality) can be decoded locally at the level of sub-blocks
that are much smaller than the full code block, thus providing random access to the coded information. The same code can also be decoded globally using the entire code block (as usual), for increased
data reliability. The main contribution of the paper is a construction of
SC-LDPCL codes that allows controlling the trade-off between local
and global correction performance.
10:20 - 10:50 Keynote
Spatially Coupled Generalized LDPC Codes: Introduction
and Overview
Daniel J. Costello, Jr. (University of Notre Dame, USA); David G.
M. Mitchell (New Mexico State University, USA); Pablo M. Olmos
(Universidad Carlos III de Madrid &amp; Gregorio Marañón Health
Research Institute, Spain); Michael Lentmaier (Lund University,
Sweden)
[38] 1570491765.pdf
Generalized low-density parity-check (GLDPC) codes are a class of
LDPC codes in which the standard single parity check (SPC) constraints are replaced by more general constraints, viz., constraints defined by a linear block code. These stronger constraints typically result
in improved error floor performance, due to better minimum distance
and trapping set properties, at a cost of some increased decoding com29
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plexity. In this paper, we summarize some recent results on spatially
coupled generalized low-density parity-check (SC-GLDPC) codes.
Results are compared to GLDPC block codes and the advantages and
disadvantages of SC-GLDPC codes are discussed.
11:10 - 11:40 Keynote
When Channel Coding Hits the Implementation Wall
Claus Kestel (University of Kaiserslautern, Germany); Matthias Herrmann (TU Kaiserslautern, Germany);
Norbert Wehn (University of Kaiserslautern, Germany)
[39] 1570497219.pdf
The continuous demands for higher throughput, higher spectral efficiency, lower latencies, lower power and large scalability in communication systems impose large challenges on the baseband signal processing. In the future, throughput requirements far beyond 100 Gbit/s are
expected, which is much higher than the tens of Gbit/s targeted in the
5G standardization. At the same time, advances in silicon technology
due to shrinking feature sizes and increased performance parameters
alone will not provide the necessary gain, especially in energy efficiency for wireless transceivers, which have tightly constrained power and
energy budgets. The focus of this paper lies on channel coding, which
is a major source of complexity in digital baseband processing. We
will highlight implementation challenges for the most advanced channel coding techniques, i.e. Turbo codes, Low Density Parity Check
(LDPC) codes and Polar codes and present decoder architectures for
all three code classes that are designed for highest throughput.

Special Session SS5:
FEC for Future Communication Systems: Implementation
Issues

Chairpersons: Catherine Douillard (IMT Atlantique France)
11:40 - 12:00 25 Years of Turbo Codes: From Mb/s to beyond 100 Gb/s
Stefan Weithoffer (University of Kaiserslautern, Germany); Charbel
Abdel Nour (IMT Atlantique, France); Norbert Wehn (University
of Kaiserslautern, Germany); Catherine Douillard (IMT Atlantique,
France); Claude Berrou (Télecom Bretagne, France)
[40] 1570471321.pdf
In this paper, we demonstrate how the development of parallel hardware architectures for turbo decoding can be continued to achieve a
throughput of more than 100 Gb/s. A new, fully pipelined architecture
shows better error correcting performance for high code rates than the
fully parallel approaches known from the literature. This is demonstrated by comparing both architectures for a frame size K = 128 LTE
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turbo code and a frame size K = 128 turbo code with parity puncture
constrained interleaving. To the best of our knowledge, an investigation of the error correcting performance at high code rates of fully parallel decoders is missing from the literature. Moreover, place & route
results for a case study implementation of the new architecture on 28
nm technology show a throughput of 102.4 Gb/s and an area efficiency
of 4.34 Gb/s making it superior to reported implementations of other
parallel decoder hardware architectures.
12:00 - 12:20 On the Tradeoff Between Accuracy and Complexity in Blind Detection of Polar Codes
Pascal Giard (Ecole de Technologie Superieure, Canada); Alexios
Balatsoukas-Stimming and Andreas Burg (EPFL, Switzerland)
[41] 1570471786.pdf
Polar codes are a recent family of error-correcting codes with a number of desirable characteristics. Their disruptive nature is illustrated by
their rapid adoption in the 5th-generation mobile-communication standard, where they are used to protect control messages. In this work,
we describe a two-stage system tasked with identifying the location of
control messages that consists of a detection and selection stage followed by a decoding one. The first stage spurs the need for polar-code
detection algorithms with variable effort to balance complexity between the two stages. We illustrate this idea of variable effort for multiple detection algorithms aimed at the first stage. We propose three
novel blind detection methods based on belief-propagation decoding
inspired by early-stopping criteria. Then we show how their reliability improves with the number of decoding iterations to highlight the
possible tradeoffs between accuracy and complexity. Additionally, we
show similar tradeoffs for a detection method from previous work. In
a setup where only one block encoded with the polar code of interest
is present among many other blocks, our results notably show that, depending on the complexity budget, a variable number of undesirable
blocks can be dismissed while achieving a miss-detection rate in line
with the block-error rate of a complex decoding algorithm.
12:20 - 12:40 Low-Latency LDPC Decoding Achieved by Code and Architecture Co-Design
François Leduc-Primeau (IMT Atlantique, France &amp; Ecole de
Technologie Superieure, Canada); Elsa Dupraz (IMT Atlantique,
France); Francois Gagnon (Ecole de Technologie Superieure, Canada)
[42] 1570474619.pdf
A novel low-density parity-check decoder architecture is presented
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that can achieve a high data throughput while retaining the flexibility
to decode a wide range of quasi-cyclic codes. The proposed architecture allows to combine multiple message-update schedules, providing an additional degree of freedom to jointly optimize the code and
decoder architecture. Protograph-based code constructions are introduced that exploit this added degree of freedom in order to maximize
data throughput, and that are also optimized to reduce the complexity
of the required parallel data accesses. For some examples and under
an ideal pipeline speedup assumption, the proposed architecture and
code designs reduce decoding latency by a factor of 3.2x compared to
a decoder using a strict sequential schedule.
12:40 - 13:00 Recent Advances on Stochastic and Noise Enhanced Methods in
Error Correction Decoders
Chris Winstead (Utah State University, USA); Emmanuel Boutillon
(Université de Bretagne Sud, France); Fakhreddine Ghaffari (ETIS
University of Paris Seine ENSEA CNRS, France); Tasnuva Tithi
(Utah State University, USA)
[43] 1570474724.pdf
This paper offers a review of recent developments in non-deterministic error correction decoding methods, which can be described in two
broad classes. The first class uses stochastic computation to emulate
the arithmetic operations of conventional decoding algorithms. The
second class achieves noise enhancement by randomly perturbing the
calculations of a standard decoder. Stochastic decoders inherit analysis techniques from the conventional algorithms they emulate, but
the noise-enhanced algorithms are newer, more difficult to explain,
and not yet fully understood. We describe a Markov chain analysis
technique to both explain and optimize noise enhancement in these
algorithms. Circuit implementation is also discussed, including both
conventional hardware architectures and circuits based on memristor
threshold logic, where memristor non-determinism can be exploited
for noise enhancement.
14:00 - 14:30 Keynote
Finite-length Spatial Coupled Codes: Explicit Constructions
and Applications in Data Storage
Lara Dolecek (University of California, Los Angeles (UCLA),
USA)
[44]
Spatially coupled (SC) codes have garnered significant attention due
to their excellent performance and low-complexity decoding. In this
work, we discuss finite-length constructions of spatially coupled (SC)
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codes for data storage applications, a domain that requires extremely
high levels of error resiliency. We present a combinatorial approach
for designing SC codes free of problematic objects, and demonstrate
that this approach results in SC codes that significantly outperform the
commonly used LDPC block codes. We start by presenting the construction of a one-dimensional SC code and then show how so-called
multi-dimensional SC codes can be constructed in a principled way,
from these one-dimensional constituents. Our framework encompasses both binary and non-binary SC codes. We present code constructions and results for several relevant data storage channels including
magnetic recording, channels with SNR variations, and Flash memories.

Session TH2: LDPC Decoders

Chairperson: Charlotte Langlais (IMT Atlantique)
14:30 - 14:50 Computing the Asymptotic Expected Multiplicity of Leafless
Elementary Trapping Sets (LETSs) in Random Irregular LDPC
Code Ensembles
Ali Dehghan and Amir Banihashemi (Carleton University, Canada)
[45] 1570467665.pdf
Leafless elementary trapping sets (LETSs) are known to be among
the most harmful substructures of Tanner graphs of low-density parity-check (LDPC) codes in the error floor region. It is well-known
that in the asymptotic regime of infinite block length, the only LETS
structures that have finite non-zero average multiplicity are those
that contain a single (simple) cycle. The average multiplicity of all
the other LETSs, whose structures contain more than one cycle, tends
to zero asymptotically. The asymptotic average multiplicity of LETS
structures with a single cycle for variable-regular LDPC codes has already been derived by the authors in a previous work. In this paper,
we compute the asymptotic average multiplicity of such structures for
irregular LDPC code ensembles. The derivation involves counting the
average number of cycles of a specific length with a specific combination of variable node degrees. We demonstrate that the asymptotic
results, derived in this paper, match well with the LETS multiplicities
of finite length LDPC codes chosen randomly from the ensemble, even
for rather short block lengths.
14:50 - 15:10 Model-based Design of Efficient LDPC Decoder Architectures
Yann Delomier (University of Bordeaux, Bordeaux INP &amp; CNRS
IMS, France); Bertrand Le Gal and Jeremie Crenne (University of
Bordeaux, France); Christophe Jego (IMS CNRS Laboratory &amp;
Bordeaux INP / ENSEIRB-MATMECA, France)
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[46] 1570474653.pdf
LDPC codes are error correcting codes that are involved in most digital communication standards. The rapid development of new communication standards or ad-hoc applications requires the rapid design
of efficient LDPC decoder architectures. Currently, handmade architectures provides high performance levels but also long development
cycles and low-level flexibility whereas software decoders implementation provide the opposite features. In this article, the generation of
hardware LDPC decoder architecture from behavioural models to obtain the best of these two worlds is investigated. The SystemC model
described in this article enables decoding throughput up to 150 Mbps
on a Virtex 7 device when 10 layered decoding iterations are executed.
Compared to previous work in the field, the proposed approach can be
up to 16 times more efficient in terms of throughput and up to 24 times
less in terms of hardware resources.
15:10 - 15:30 Optimization of Sign-Preserving Noise-Aided Min-Sum Decoders
with Density Evolution
Franklin Cochachin Henostroza (ETIS-ENSEA, France); Emmanuel
Boutillon (Université de Bretagne Sud, France); David Declercq
(ETIS ENSEA/univ. of Cergy-Pontoise/CNRS, France)
[47] 1570473539.pdf
The novelty of this paper is to propose a new LDPC decoder called
Sign-Preserving Noise-Aided Min-Sum (SP-NA-MS) decoder that
improves the decoding performance compared to classical Offset MinSum (OMS) decoder when messages are quantized, with only 3 or
4 bits. The particularity of the SP-NA-MS decoder is that the variable-to-check messages are never set to 0, and always carry the sign
information. Moreover, the decoder incorporates random perturbation
due to deliberate noise injection. The parameters of the SP-NA-MS decoders are optimized in the asymptotic limit of the code length thanks
to the Density Evolution (DE) method. The finite-length simulations
confirm the conclusions of the DE analysis and gain of up to 0.3 dB
in SNR can be obtained compared to regular OMS with same quantization level.
15:30 - 15:50 A Low-Complexity Projection Algorithm for ADMM-Based LP
Decoding
Florian Gensheimer (University of Koblenz-Landau, Germany); Tobias Dietz, Stefan Ruzika, Kira Kraft and Norbert Wehn (University of
Kaiserslautern, Germany)
[48] 1570474286.pdf
In this paper, we present a new low-complexity algorithm for computing the projection onto the parity polytope in the context of AD34
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MM-based LP decoding. This projection is the heart of the ADMM
algorithm, that usually involves a sorting operation, which is the main
effort of the projection. Our proposed algorithm relies on new findings in the recursive structure of the parity polytope and works by
fixing selected components in an iterative manner. The absence of the
sorting operation makes it preferable for efficient hard- and software
implementations. In addition, we can show that this new projection
algorithm requires up to 37% less arithmetic operations compared to
state-of-the-art projections.

Special Session SS6:
Approximate Message Passing: Theory and Applications
Chairperson: Henry Pfister ( Duke University, USA)
16:10 - 16:40 Keynote
Semi-Analytic Resampling in Lasso
Yoshiyuki Kabashima (Tokyo Institute of Technology, Japan)
[49]

16:40 - 17:00 Iterative Reconstruction Algorithms for Compressive Sensing
based on Relaxed Belief Propagation
Mengke Lian; Henry Pfister (Duke University, USA)
[50]
Compressed sensing (CS) is an area of signal processing that focuses
on sampling and reconstructing structured signals from a small number of linear measurements. In this work, we compare a variety of CS
reconstruction algorithms in terms of performance and complexity. In
particular, we consider relaxed belief propagation (RBP), approximate
message passing (AMP), sparse reconstruction by separable approximation (SpaRSA), and vector AMP (VAMP). Most of these algorithms are related because AMP is low-complexity approximation of
RBP and VAMP is an improved version of AMP. It is well-known that
one can implement VAMP efficiently using the singular value decomposition (SVD) of the measurement matrix. In this work, we observe
that SVD preprocessing also improves RBP and that, in some cases,
RBPSVD significantly outperforms VAMP. We also introduce a sequential form of RBP, called RBPSEQ, for measurement matrices that
can be factored into a product of sparse matrices.
17:00 - 17:20 Capacity-achieving spatially-coupled sparse regression codes
with approximate message passing decoders
Cindy Rush (Columbia University, USA)
[51]
In this talk, I present a provably fast, reliable, and capacity-achiev35
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ing coding scheme for the additive white Gaussian noise (AWGN)
channel referred to as spatially coupled sparse regression codes or SCSPARCs. Sparse regression codes, or SPARCs, are a recent coding
technique for the AWGN channel where codewords are constructed as
linear combinations of columns of a design matrix. In an SC-SPARC,
the design matrix has a band-diagonal spatially coupled structure.
Both SPARCs and SC-SPARCs coding schemes provably achieve the
capacity of the AWGN channel using an approximate message passing
(AMP) decoder. In this presentation we compare the performance of
the two schemes. This work is joint with Kuan Hsieh and Ramji Venkataramanan.
17:20 - 17:40 Iterative Detection in Coded Linear Systems Based on Orthogonal AMP
Junjie Ma (Columbia University, USA); Lei Liu (City University of
Hong Kong, Hong Kong); Xiaojun Yuan (University of Electronic
Science and Technology of China, P.R. China); Li Ping (City University of Hong Kong, Hong Kong)
[52] 1570459945.pdf
Linear minimum mean square error (LMMSE) estimation based
turbo detection has been extensively studied for coded linear systems
since the seminal work of Wang and Poor (WP). The WP algorithm
operates iteratively between a linear detector (LD) and a nonlinear
detector (NLD). In this paper, we consider a coded linear system
and obtain an extrinsic message aided OAMP (EMA-OAMP) algorithm. The EMA-OAMP algorithm only requires the error terms to
be orthogonal. Our simulations show that the EMA-OAMP can be
well described by an SE. Intriguingly, the SE of EMA-OAMP is
provably better than that of WP algorithm under certain standard
assumptions for iterative decoding. Simulation results confirm that
the performance advantage of EMA-OAMP is already noticeable for
medium-sized systems ($<100$) which is in line with typical settings
in massive MIMO systems.

Friday, December 7th, 2018
9:00 - 9:30

Keynote
Design Criteria for Spatially Coupled Turbo-like Codes
Michael Lentmaier (Lund University, Sweden)
[53]

Special Session SS7: Ultra-High Throughput Coding for Fibre-Optical and B5G Wireless Communications

Chairpersons: Ingmar Land (Huawei, France); and Catherine Douillard (IMT
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Atlantique France)
9:30 - 9:50
On Low-Complexity Decoding of Product Codes for
High-Throughput Fiber-Optic Systems
Alireza Sheikh and Alexandre Graell i Amat (Chalmers University
of Technology, Sweden); Gianluigi Liva (DLR - German Aerospace
Center, Germany); Christian Häger (Chalmers University of Technology, Sweden &amp; Duke University, USA); Henry D Pfister (Duke
University, USA)
[54] 1570471018.pdf
We study low-complexity iterative decoding algorithms for product
codes. We revisit two algorithms recently proposed by the authors
based on bounded distance decoding (BDD) of the component codes
that improve the performance of conventional iterative BDD (iBDD).
We then propose a novel decoding algorithm that is based on generalized minimum distance decoding of the component codes. The
proposed algorithm closes over 50% of the performance gap between
iBDD and turbo product decoding (TPD) based on the Chase-Pyndiah
algorithm at a bit error rate of . Moreover, the algorithm only leads to
a limited increase in complexity with respect to iBDD and has significantly lower complexity than TPD. The studied algorithms are particularly interesting for high-throughput fiber-optic communications.
9:50 - 10:10

Optimization of Bit Mapping and Quantized Decoding for Offthe-Shelf Protograph LDPC Codes with Application to IEEE
802.3ca
Fabian Steiner (Technische Universität München, Germany);
Gerhard Kramer (Technical University of Munich, Germany)
[55] 1570471229.pdf
Protograph-based, off-the-shelf low-density parity-check (LDPC)
codes are optimized for higher-order modulation and quantized
sum-product decoders. As an example, for the recently proposed
LDPC code from the upcoming IEEE 802.3ca standard for passive
optical networks (PONs), an optimized mapping of the bit channels
originating from bit-metric decoding to the protograph variable nodes
gains 0.4 dB and 0.3 dB at a bit-error rate of 1e-6 for shaped and
uniform signaling, respectively. Furthermore, the clipping value for
a quantized sum-product LDPC decoder is optimized via discretized
density evolution.

10:10 - 10:30 High Data Rate and Flexible Hardware QC-LDPC Decoder for
Satellite Optical Communications
Vincent Pignoly and Bertrand Le Gal (University of Bordeaux,
France); Christophe Jego (IMS CNRS Laboratory & Bordeaux INP /
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ENSEIRB-MATMECA, France); Benjamin Gadat (Airbus Defense &
Space, France)
[56]1570471559.pdf
Satellite optical communications are trendy for future satellite wireless
communications and introduce new challenges concerning throughput and error correction for the channel decoder. This paper details
a custom solution based on LDPC code and architecture co-design.
This solution was designed to deliver an efficient trade-off in terms
of decoder throughput and error correction performances. A flexible architecture that implements an Offset Min-Sum algorithm on
Field-Programmable Gate Array (FPGA) is proposed. A resulting
system composed of 5 elementary LDPC decoders that fit in a single
Zynq Ultrascale+ FPGA device reaches more than 10 Gbps with error
correction performances similar or better than present current satellite
communication standards.
10:30 - 10:50 High Throughput Two-Stage Soft/Hard Codecs for Optical Communications
Guido Montorsi and Sergio Benedetto (Politecnico di Torino, Italy)
[57] 1570471811.pdf
We consider the problem of designing two-stage codecs with one hard
decoded stage to reduce the decoder complexity for optical fiber applications. We will show that these schemes offer performance close
to the information-theoretical limits while keeping low the decoder
complexity. We focus the attention on the design of schemes for the
binary input AWGN channel (BAWGN) in the positive SNR regime
correspondent to high rates. The encoder includes two-stage encoders and one inner and simple ‘’channel polarizing code’’. The polarizing code aims at creating a worse channel and a better from a given
BAWGN channel. The rationale of this asymmetry is that ‘’very good
channels’’ admit simpler hard-input decoders instead of more complex
soft-input decoders. We observe that for a co-decoder working in the
positive SNR regime the first stage is a capacity-achieving encoder,
coupled with a soft-input iterative decoder, and the second stage is a
very high-rate (possibly one) encoder coupled with a simple hard input
decoder (BCH or RS-like). The rate splitting between the two stages
allows to construct flexible and low complexity encoding schemes for
a high SNR range.

Session FR1: Iterative Receiver Principles

Chairperson: Xiaojun Yuan (University of Electronic Science and Engineering of
China, China)
11:10 - 11:30 A Discrete Information Bottleneck Receiver with Iterative Deci38
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sion Feedback Channel Estimation
Jan Lewandowsky, Maximilian Stark and Gerhard Bauch (Hamburg
University of Technology, Germany)
[58] 1570457431.pdf
The application of the Information Bottleneck method allows for an
innovative approach to quantized, but information-optimum signal
processing. This method originates from machine learning, but also
offers an unconventional and efficient design approach for communication receivers. In the resulting receivers all signal processing degenerates to simple lookup operations in tables. These lookup tables
are designed to maximize the relevant information. This paper presents a novel iterative Information Bottleneck receiver for block fading
channels which uses iterative decision feedback for information-optimum channel estimation. Detection, channel decoding and channel
estimation only use lookup tables constructed with the Information
Bottleneck method. We compare the proposed receiver to conventional iterative receivers. Our findings show that the proposed Information
Bottleneck receiver offers performance extremely close to that of a
conventional double precision receiver. Moreover, it outperforms a
fixed point receiver, even with entirely mismatched lookup tables.
11:30 - 11:50 Low-complexity Decoders for Non-binary Turbo Codes
Rami Klaimi, Charbel Abdel Nour and Catherine Douillard (IMT
Atlantique, France); Joumana Farah (Lebanese University, Faculty of
Engineering, Lebanon)
[59] 1570473876.pdf
Following the increasing interest in non-binary coding schemes, turbo
codes over different Galois fields have started to be considered recently. While showing improved performance when compared with their
binary counterparts, the decoding complexity of this family of codes
remains a main obstacle to their adoption in practical applications. In
this work, a new low-complexity variant of the Min-Log-MAP algorithm is proposed. Thanks to the introduction of a bubble sorter for the
different metrics used in the Min-Log-MAP decoder, the number of
required computations is significantly reduced. A reduction by a factor
of 6 in the number of additions and compare-select operations can be
achieved with only a small impact on performance. With the use of
appropriate quantization, the resulting decoder paves the way for a
future hardware implementation.
11:50 - 12:10 Low-Complexity Generator Polynomial Search for Turbo Trellis-Coded Spatial Modulation Using Symbol-based EXIT Charts
Takanori Hara and Koji Ishibashi (The University of Electro-Com39
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munications, Japan); Soon Xin Ng and Lajos Hanzo (University of
Southampton, United Kingdom (Great Britain)
[60] 1570474569.pdf
A low-complexity generator polynomial (GP) search method is proposed for spatial modulation relying on turbo trellis coding (SM-TTC),
which achieves a high coding gain over independent and identically
distributed (i.i.d.) fading channels and is robust against spatial correlation among receiving antenna elements. The proposed GP search
method invokes symbol-based extrinsic information transfer (EXIT)
charts and does not need to execute iterative decoding. It is demonstrated that our SM-TTC scheme with the best GP obtained by the
proposed method outperforms one with conventional codes.
12:10 - 12:30 A Graph-Based Message Passing Approach for Joint
Source-Channel Coding via Information Bottleneck Principle
Shayan Hassanpour, Dirk Wübben and Armin Dekorsy (University of
Bremen, Germany)
[61] 1570474409.pdf
In this paper, we focus on an extended version of noisy source coding
wherein the compressed data shall be transmitted over an imperfect
(forward) channel for further processing. As the quantization design
framework, we deploy the Information Bottleneck principle and propose a novel treatment by successful exploitation of a quite generic
and highly flexible graph-based clustering routine known as Affinity
Propagation. We also provide simulation results regarding a typical
digital transmission setup to compare the performance of our proposed
treatment with a state-of-the-art routine from literature.

Poster Session
Tuesday, December 4th, 2018
Time: 16:10 - 18:30 hours

Venue:
Innovation Gallery D, Jockey Club Innovation Tower (JCIT), Podium
floor
P1

A Turbo-Hadamard Encoder/Decoder System with Hundreds of Mbps
Throughput
Sheng Jiang, Pengwei Zhang and Francis C.M. Lau (The Hong Kong Polytechnic University, Hong Kong); Chiu Wing Sham (The University of Auckland, New Zealand); Kechao Huang (Huawei Technologies Co., Ltd., P.R.
China)
[62] 1570457309.pdf
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A turbo-Hadamard code (THC) is a type of low-rate channel code with capacity
approaching the ultimate Shannon limit, i.e., −1.6 dB. In this paper, we investigate the hardware implementation of a turbo-Hadamard encoder/decoder
system. In particular, we study THC systems with rates 0.0114 and 0.0143.
With channel messages quantized into 6 bits, we show that the degradation
compared with floating-point computation is within 0.15 dB. The entire system
has been implemented on a FPGA board. When the code rate equals 0.0143, a
bit error rate (BER) of 1e−5 can be achieved at around Eb/N0 = −0.3 dB with
a throughput of about 600 Mbps.
P2

Efficient beamforming scheme in distributed massive MIMO system
Mahdi Nouri Boroujerdi and Aliazam Abbasfar (University of Tehran, Iran); Mohammad Ghanbari (University of Essex, United Kingdom (Great Britain))
[63] 1570464234.pdf
Massive MIMO is a multi-user MIMO where the number of antennas and the
number of scheduled users can be very large. Effective transmission strategies in such systems is of great importance as the complexity burden over the
shoulder of the system can be too high to take due to the large dimensions of
the system. In a distributed massive MIMO system, where antennas’ links are
capacity constrained, calculating the precoding vector and compression separately can be a waste of calculating hardwares. We propose a simple beamforming-compression scheme based on an iterative algorithm which can efficiently
achieve the performance of the well-known linear precoders with much less
complexity.

P3

Strange Attractor in Density Evolution
Sinan Kahraman (Bilkent University, Turkey)
[64] 1570465788.pdf
The strange attractor represents a complex pattern of behavior in dynamic
systems. This paper introduces a strange attractor of channel polarization as
a result of a geometric property of density evolution for code construction.
In this way, we can define a subset of synthetic channels that are universally
(channel independently) less reliable than the original channel. We show that
the cardinality of the attractor set is the n + 2-th Fibonacci number for the block
length N = 2^n. This can be accepted that it is a significantly large number for
very long codes. Recently, it is known that polar codes can be constructed with
sub-linear complexity by the use of partial orderings. In this study, we additionally define 1+log2 log2 N universal operators. Finally, we show that these
universal operators can be applied on the attractor set to increase the number
of synthetic channels that are universally less reliable than the natural channel.

P4

Computing the Asymptotic Expected Multiplicity of Elementary Trapping Sets
(ETSs) in Random LDPC Code Ensembles
Ali Dehghan and Amir Banihashemi (Carleton University, Canada)
[65] 1570467874.pdf
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The performance of low-density parity-check (LDPC) codes in the error floor
region is closely related to some substructures of the code’s Tanner graph.
Among such substructures, elementary trapping sets (ETSs) are the most harmful and the most investigated. It is well-known that, as the code’s block length
tends to infinity, among ETS structures, only those that contain a single (simple) cycle have a nonzero finite average multiplicity. In this paper, we compute
the asymptotic expected multiplicity of such ETS structures in random LDPC
code ensembles. The computation, in general, involves two subproblems: (i)
counting the number of cycles of a certain length with different combinations
of variable node degrees, and (ii) counting the number of ways trees of different sizes can be appended to such a cycle to form an ETS. The first subproblem,
which counts the number of leafless ETSs (LETSs), is solved by the authors
in other papers. The second subproblem is formulated as a recursive counting
problem and is solved in this paper, with the solution being a generalization
of Catalan numbers. We also demonstrate through numerical results that the
asymptotic expected values computed in this paper match the multiplicity of
ETSs in randomly selected finite-length LDPC codes, even at relatively short
block lengths.
P5

Iterative Double-Loop Hierarchical Decoding with Soft-Aided Bit-Wise H-SODEM in WPNC Networks
Jan Sykora (Czech Technical University in Prague, Czech Republic)
[66] 1570468387.pdf
This paper addresses Wireless Physical Layer Network (WPNC) coding using Isomorphic Layered Network Coded Modulation (NCM) in hierarchical
MAC stage with Hierarchical Decode and Forward (HDF) strategy. We focus
on using binary component codes in bit-wise mapped higher-order hierarchical
constellations and on the way how to improve the outer code iterative decoding. Soft bit-wise hierarchical decoding metric exhibits two important properties. (1) Unlike the single-user case, the hierarchical metric is many-to-one
function of message symbols and even for perfect a priori soft-information, it
contains hierarchical self-dispersion. (2) The bit-wise mapping itself creates a
complicated nonlinear block-like inter-bit structure binding and the bit-wise
observation model cannot be any longer described by single-letter entities. It
also strongly depends on the source constellation bit mapping, actual bit-wise a
priori PMFs, and also on the actual relative channel parametrization.We derive
bit-wise soft-aided Hierarchical Soft-Output Demodulator (HSODEM). We
show how to cope with self-dispersion in specific cases. We analyze the bit
error rate properties of the dualloop soft-aided bit-wise hierarchical decoding
in 2-source H-MAC HDF scenario and show significant performance improvement w.r.t. classical uniform a priori case.

P6

A Low Latency Coding Scheme: Semi-Random Block Oriented Convolutional
Code
Wenchao Lin, Suihua Cai, Jiachen Sun, Xiao Ma and Baodian Wei (Sun Yat42
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sen University, P.R. China)
[67] 1570469060.pdf
In this paper, we propose a low latency coding scheme called Semi-Random
Block Oriented Convolutional Code (SRBO-CC) which is similar to the Block
Markov Superposition Transmission (BMST) but has short layer length. The
SRBO-CC has a block oriented encoding process, where the input sequence
is firstly encoded by a structured code and then superimposed on the random
transformation of the previous inputs. The SRBO-CC is typically non-decodable by the Viterbi algorithm. Therefore, we analyze the tree structure of the
SRBO-CC and employ the sequential decoding algorithm to decode the SRBO-CC. Simulation results show that the SRBOCC performs well at low latency, suggesting that the SRBO-CC can be a promising solution for Ultra-Reliable and Low Latency Communication (URLLC).
P7

Caching at the Edge with LT Codes
Estefania Recayte (German Aerospace Center - DLR, Germany); Francisco
Lázaro (German Aerospace Center (DLR), Germany); Gianluigi Liva (DLR German Aerospace Center, Germany)
[68] 1570471334.pdf
We study the performance of LT coded caching scheme under peeling (iterative) decoding algorithm. We assume that users ask for downloading content to
multiple cache-aided transmitters. Transmitters are connected through a backhaul link to a master node while no direct link exists between users and the
master node. Each content is fragmented and coded with LT code. Cache placement at each transmitter is optimized such that transmissions over the backhaul
link is minimized. We derive a closed form expression for the calculation of
the backhaul transmission rate. We compare the performance of a LT coded
caching with respect to a maximum distance separable coded caching scheme.
Finally, we show that caching with LT codes behave as good as caching with
maximum distance separable codes.

P8

An Improved MDS Condition of Blaum-Bruck-Vardy Codes
Shangyao Huang (South China University of Technology, P.R. China); Hanxu
Hou and Yunghsiang Sam Han (Dongguan University of Technology, P.R.
China)
[69] 1570474171.pdf
Binary maximum distance separable (MDS) array codes play an important role
in storage systems. The EVENODD code is a typical binary MDS array code
with two parity columns and the Blaum-Bruck-Vardy (BBV) code with more
parity columns is an extension of it. It has been shown that when the parameter
p is large enough, the BBV code is always MDS. A sufficient MDS condition
of the BBV code with more than eight parity columns was proposed before;
however, the MDS condition is not tight. In this paper, we improve the MDS
condition and present a tighter MDS condition.
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P9

Decoding LDPC Codes on Binary Erasure Channels using Deep Recurrent Neural-Logic Layers
Ali Payani and Faramarz Fekri (Georgia Institute of Technology, USA)
[70] 1570474174.pdf
Iterative algorithms based on belief propagation can perform very close to optimal ML decoding for long LDPC codes. However, for short LDPC codes
over Binary Erasure Channels (BEC) their performance drops significantly. In
this paper, we introduce an iterative LDPC decoder over BEC by using our
novel deep recurrent neural logic networks that learns boolean logic algebra. It
turned out that the neural logic network is capable of learning discrete algorithmic tasks and suitable for decoding LDPC codes. We show that the proposed
decoding method can outperform the belief propagation algorithm for short
LDPC code while using significantly fewer number of iterations. We further
demonstrate that the proposed model is able to generalize very well. In other
words, the model that was trained for specific settings such as channel erasure,
parity check matrix, and code length, when tested under various other settings,
still performed almost as if it was trained for those new settings.

P 10 Soft-Decision Based Sliding-Window Decoding of Staircase Codes
Xin Dou, Min Zhu, Ji Zhang and Baoming Bai (Xidian University, P.R. China)
[71] 1570474532.pdf
Staircase codes are a class of braided block codes, which have been demonstrated to have good performance for high-speed optical communication. However, they are decoded based on iterative hard-decision sliding-window decoding. In this paper, we investigate the soft-decision decoding (SDD) and propose
a Chase-Pyndiah algorithm based sliding-window decoder for staircase codes
over the AWGN channel. The decoding complexity is also analyzed. Simulation results show that with the proposed decoding algorithm, the performance
of staircase codes can be improved by 0.3 ~ 2 dB.
P 11 A Message-passing Algorithm Realizing MAP Decoding of Klove’s Permutation Codes
Motohiro Kawasumi and Kenta Kasai (Tokyo Institute of Technology, Japan)
[72] 1570474535.pdf
Klove et al. proposed a permutation code and iterative encoding and decoding
algorithms for the permutation code. In this paper, we introduce a factor graph
of the decoding problem for the permutation code. On the factor graph, we propose message-passing algorithms for encoding and decoding. Furthermore, it is
shown that the proposed decoding algorithm realizes MAP decoding.
P 12 Capacity Analysis of Delayed Bit Interleaved Coded Modulation
Xi Yan (Huawei Technologies Co., Ltd., P.R. China); Raquel Guerreiro Mach44
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ado (Mathematical and Algorithmic Sciences Lab, France Research Center
&amp; Huawei Technologies Co. Ltd., France); Kechao Huang (Huawei
Technologies Co., Ltd., P.R. China); Frederic Gabry (Huawei Technologies,
France Research Center, France); Marc Fossorier (Etis Ensea, France); Hartmut Hafermann (Huawei Technologies, France); Huijian Zhang (Mathematical and Algorithmic Sciences Lab, Huawei Technologies France, France);
Ingmar Land (Huawei Technologies France &amp; Paris Research Centre,
France); Raymond Wai Kong Leung (Huawei Technologies Co., Ltd., P.R.
China)
[73] 1570474665.pdf
Delayed bit interleaved coded modulation (DBICM) generalizes BICM by
mapping different delayed codewords onto the same signal point. It has been
shown previously that DBICM can outperform BICM for certain constellations. In this paper, the capacity of DBICM is derived and analyzed in order to
identify instances for which DBICM can improve over BICM.
P 13 Mitigating Correlation Problems in Turbo Decoders
Ronald Garzón Bohórquez (Telecom Bretagne, France); Rami Klaimi, Charbel Abdel Nour and Catherine Douillard (IMT Atlantique, France)
[74] 1570474680.pdf
In this paper, new interleaver design criteria for turbo codes are proposed,
which target the reduction of the correlation between component decoders.
To go beyond the already known correlation girth maximization, we propose
several additional criteria that limit the impact of short correlation cycles and
increase code diversity. Two application examples are elaborated, targeting an
8-state binary turbo code and a non-binary turbo code defined over GF(64). The
proposed design criteria are shown to improve the error correcting performance
of the code, especially in the error floor region.
P 14 Information Forwarding in LDPC Decoding for Markov Sources
Nazia Islam and Werner Henkel (Jacobs University Bremen, Germany)
[75] 1570473827.pdf
Belief propagation decoding of binary LDPC codes combines three independent probability estimates, a-priori, intrinsic, and extrinsic information, iterations along the Tanner graph are estimating the value of the received bits, the
likelihood of the values increasing with each iteration. The a-priori estimate
of the information bits is a measure of the source statistics for generating bit
values 0 and 1 (mapped to p m 1 , reflecting bias and redundancy in the information sequence itself. In this paper, we have modified the a-priori estimate to
incorporate memory properties present in the transmitted information sequence
resulting from a Markov source. We consider two principle alternatives for
decoding. The first option is to use the Markov dependencies directly as further links between variable nodes in the Tanner graph of the LDPC code. The
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second alternative is to see the Markov source and the LDPC code as a serial
concatenation asking for a Turbo iterative decoding between the two corresponding decoders. The latter comes with significant complexity compared to
the direct embedding into the LDPC Tanner graph. Especially, one modification applying Jensen’s inequality leads to a very low decoding complexity at
no performance loss. The Turbo scheme’s performance depends on the scheduling. Superior performance can be achieved with sufficient iterations in the
LDPC decoder itself.
P 15 Interleave Division Multiple Access for High Overloading Applications
Chulong Liang (City University of Hong Kong, P.R. China); Yang Hu and
Lei Liu (City University of Hong Kong, Hong Kong); Chunlin Yan (ZTE,
P.R. China); Yifei Yuan (ZTE Corporation, USA); Li Ping (City University of
Hong Kong, Hong Kong)
[76] 1570474582.pdf
Interleave division multiple access (IDMA) has been discussed as an option in
the 5th generation communications. In this paper, we will provide some design
techniques for IDMA to support high overloading applications. We will first
outline some strategies, including superposition coding, repetition coding and
zero-padding, to improve the matching property for an IDMA receiver. We will
also discuss a low-cost shifted interleaving scheme to reduce implementation
cost of IDMA. Simulation results demonstrate the effectiveness of these techniques.
P 16 Protograph-based Quasi-Cyclic MDPC Codes for McEliece Cryptosystems
Gianluigi Liva (DLR - German Aerospace Center, Germany); Hannes Bartz
(German Aerospace Center, Germany)
[77] 1570470841.pdf
In this paper, ensembles of quasi-cyclic moderate-density parity-check
(MDPC) codes based on protographs are introduced and analyzed in the context of a McEliece-like cryptosystem. The proposed ensembles significantly
improve the error correction capability of the regular MDPC code ensembles
that are currently considered for post-quantum cryptosystems without increasing the public key size. The ensembles are obtained by threshold optimization
(via density evolution analysis), both under the sum-product algorithm and a
low-complexity (error-and-erasure) message passing algorithm. The enhanced
error correction capability remarkably improves the scheme robustness with
respect to (known) decoding attacks.
P 17 Bayesian Message-Passing Based OFDM Receiver for Doubly-Spread
Multipath Channels
Xiaoyan Kuai, Xiaojun Yuan and Ying-Chang Liang (University of Electronic
Science and Technology of China, P.R. China)
[78] 1570471301.pdf
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In this paper, we propose a novel receiver design for orthogonal frequency division multiplexing (OFDM) transmission over doubly (time- and frequency-)
spread channels, where the receiver employs a turbo message passing (TMP)
algorithm for joint channel estimation and data detection. We show that the
proposed TMP-based receiver is able to make more efficient use of the prior
information about the channel and the data for inter-carrier interference (ICI)
cancellation than the existing iterative receivers. The proposed TMP algorithm
can be further combined with a soft-input soft-output (SISO) decoder for joint
channel estimation, data detection and decoding. Numerical results are presented to demonstrate the performance superiority of our proposed TMP-based
OFDM receiver.
P 18 Decoding Staircase Codes with Marked Bits
Yi Lei (Beijing University of Posts and Telecommunications, P.R. China);
Alex Alvarado (Eindhoven University of Technology (TU/e), The Netherlands); Bin Chen (Eindhoven University of Technology, The Netherlands);
Xiong Deng (TU Eindhoven, The Netherlands); Zizheng Cao (Eindhoven
University of Technology, The Netherlands); Jianqiang Li and Kun Xu (Beijing University of Posts and Telecommunications, P.R. China)
[79] 1570474664.pdf
Staircase codes (SCCs) are typically decoded using iterative bounded-distance
decoding (BDD) and hard decisions. In this paper, a novel decoding algorithm
is proposed, which partially uses soft information from the channel. The proposed algorithm is based on marking certain number of highly reliable and
highly unreliable bits. These marked bits are used to improve the miscorrection-detection capability of the SCC decoder and the error-correcting capability
of BDD. For SCCs with 2-error-correcting BCH component codes, our algorithm improves upon standard SCC decoding by up to 0.30 dB at a bit-error rate
of 10^-7. The proposed algorithm is shown to achieve almost half of the gain
achievable by an idealized decoder with this structure.
P 19 On Counting Short Cycles of LDPC Codes Using the Tanner Graph
Spectrum
Ali Dehghan and Amir Banihashemi (Carleton University, Canada)
[80] 1570467661.pdf
Counting short cycles in bipartite graphs is a fundamental problem of interest
in the analysis and design of low-density parity-check (LDPC) codes. The vast
majority of research in this area is focused on algorithmic techniques. Most
recently, Blake and Lin proposed a computational technique to count the number of cycles of length in a bi-regular bipartite graph, where is the girth of the
graph. The information required for the computation is the node degree and the
multiplicity of the nodes on both sides of the partition, as well as the eigenvalues of the adjacency matrix of the graph (graph spectrum). In this work, we
extend this result. First, we derive a similar result to compute the number of
cycles of length , for bi-regular bipartite graphs. Second, using a counter-ex47
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ample, we demonstrate that the information of the degree distribution and the
spectrum of a bi-regular bipartite graph is, in general, insufficient to count the
cycles of length .
P 20 A 100 Gbps LDPC Decoder for the IEEE 802.11ay Standard
Meng Li, Andre Bourdoux, Veerle Derudder, Andy Dewilde and Claude Desset (IMEC, Belgium); Yanxiang Huang (IMEC & KU Leuven, Belgium)
[81] 1570474583.pdf
IEEE 802.11ay is the amendment to the 802.11 standard that enables Wi-Fi
devices to achieve 100~Gbps using the unlicensed mm-Wave (60~GHz) band
at comparable ranges to today’s commercial 60~GHz devices based on the
802.11ad standard. In this paper, we propose a full row-based layer LDPC decoder supporting all the coding rates for 802.11ay. Taking the property of the
parity check matrix of 802.11ay, combining multiple layers into single layer
improves the hardware utilization hence increases the throughput. Frame interleaved scheduling increases the throughput significantly by making best use
of each pipeline stage. The decoder is synthesized at both 28~nm and 16~nm
CMOS technology. For the 28~nm implementation running at 600~MHz, it
achieves a throughput of 67~Gbps for coding rate 13/16 with an average power
cinsumption of 323 mW at 4 iterations, yielding energy efficiency of 4.8~pJ/
bit and area efficiency of 160~Gbps/sqmm. For 16~nm running at 1~GHz, the
decoder achieves a throughput of 114~Gbps with an average power of 319 mW
at 4 iterations. This gives an improved energy efficiency of 2.8~pJ/bit and area
efficiency of 589~Gbps/sqmm.
P 21 A Binary Randomized Coding Scheme for Pliable Index Coding with
Multiple Requests
Linqi Song (City University of Hong Kong, Hong Kong)
[82] 1570474795.pdf
In pliable index coding problem with multiple requests, a server has a set of
messages to be transmitted to a set of users via a broadcast channel; each of
the users has a subset of messages as side information and requests arbitrary
remaining messages. This problem has promising application prospect, for example, in distributed computing systems and content caching systems. In this
paper, we propose a binary randomized coding scheme for this problem, where
we first construct a block of transmission and then repeatedly use blocks of
transmissions to construct the coding matrix. We show that our proposed randomized coding scheme achieves at most number of broadcast transmissions
with high probability (i.e.,) and thus the number of broadcast transmissions can
be upper bounded by , whereis the number of clients and each client requestsnew messages among the unknown ones. This result matches the state-of-theart upper bound of the deterministic algorithm and is better than the known
randomized algorithm in the literature. In addition, we have a new upper bound
for the pliable index coding problem with multiple requests case when each of
48
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the clients have equal number of side information.
P 22 A Droplet Approach Based on Raptor Codes for Distributed Computing
With Straggling Servers
Albin Severinson (University of Bergen &amp; Simula UiB, Norway); Alexandre Graell i Amat (Chalmers University of Technology, Sweden); Eirik
Rosnes (Simula UiB, Norway); Francisco Lázaro (German Aerospace Center
(DLR), Germany); Gianluigi Liva (DLR - German Aerospace Center, Germany)
[83] 1570469111.pdf
We propose a coded distributed computing scheme based on Raptor codes to
address the straggler problem. In particular, we consider a scheme where each
server computes intermediate values, referred to as droplets, that are either
stored locally or sent over the network. Once enough droplets are collected,
the computation can be completed. Compared to previous schemes in the literature, our proposed scheme achieves lower computational delay when the
decoding time is taken into account.
P 23 Exponents of Hybrid Multi-Kernel Polar Codes
Lei Cheng, Lijun Zhang and Sun Qiang (Beijing Jiaotong University, P.R.
China)
[84] 1570467460.pdf
Multi-kernel polar codes are constructed from the Kronecker product. For
ordinary multi-kernels, constituent polarizing matrices of the same stage are
identical. However, in a stage, applying different constituent matrices based
on channel property can further improve performance. This family of polar
codes is defined as hybrid multi-kernel polar codes. Exponents of hybrid
multi-kernels are analyzed. The matrix of a hybrid multi-kernel is generated by a Kronecker-like product operation, and so are partial distances. All
exponents of hybrid multi-kernels take values between the maximum and the
minimum exponents among all constituent matrices. Exponents are related
to the error probability of the original channel and exhibit a trend of convergence as block-length increases. The convergence rate is also related to the
original error probability.
P 24 An Interactive Algorithm for Synchronizing from Burst Deletions
Shuyang Jiang and Clayton Schoeny (University of California, Los Angeles,
USA); Lara Dolecek (UCLA, USA)
[85] 1570474746.pdf
We study the efficient synchronization between two distant nodes, A and B,
that are connected through a lossless bidirectional communication channel.
In our setup, Node A contains file X, and node B contains file Y that is generated through burst deletions from X. The burst deletion pattern is modeled
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by a stationary two-state Markov chain. Inspired by the previously proposed
synchronization protocol of Yazdi and Dolecek that is specifically designed to
handle i.i.d. deletions, we create a new synchronization algorithm that is efficient for the case of burst deletions. Utilizing the previous overall framework
from Yazdi and Dolecek, we first prove that the matching module still works
well in our scenario. We then invent two new schemes for the implementation
of the burst deletion recovery module. The remaining errors created in the first
two modules are eliminated by the final LDPC decoder. Lastly, we provide
experimental results of the proposed synchronization algorithm for both i.i.d.
and realistic sources.
P 25 Multiplicative Repetition-Based Partial Superposition Transmission with
Nonbinary Codes
Xue Tan, Ji Zhang, Baoming Bai and Min Zhu (Xidian University, P.R. China); Xiao Ma (Sun Yat-sen University, P.R. China)
[86] 1570474543.pdf
This paper presents a new method of superposition transmission of nonbinary
codes, called multiplicative repetition based partial superposition transmission
(MRPST). It is based on multiplicative repetition and superposition of short
nonbinary codes with small memory order. MRPST sends part of symbols of
a basic codeword to superimpose, according to a given superposition proportion, while the another part of coded symbols is transmitted directly. Attribute
to the partially superimposed structure, MRPST has better performance than
the basic code and has less rate loss than the original MRST [1]. We also propose a graph-based iterative sliding-window decoding algorithm for MRST
and MRPST. Compared to decoding algorithms based on parity-check matrix
[1], the new algorithm achieves significantly reduced decoding complexity and
decoding latency with a slight performance degradation.
P 26 Successive Cancellation List Decoding of BMERA Codes with Application to Higher-Order Modulation
Tobias Prinz (Technische Universität München, Germany); Peihong Yuan
(Technical University of Munich, Germany)
[87] 1570471234.pdf
BMERA or convolutional polar codes are an extension of polar codes with
a provably better error exponent than polar codes. A successive cancellation
(SC) decoding algorithm for BMERA codes similar to SC polar decoders is introduced. A pseudocode description of the SC decoder that can be extended to
SC list (SCL) decoding is provided. Simulation results with and without outer
CRC codes under SC and SCL decoding are presented for QAM modulation
over the AWGN channel to compare the performance of polar and BMERA
codes. BMERA codes outperform polar codes by more than 0.5 dB under SCL
decoding without outer CRC codes.
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Social Events
Welcome Reception
Welcome reception will be held on
Monday evening, December 3 at 7:00
pm at the Staff Club Resturant of the
University at 5/F, Commual Building
next to the conference venue.
$

ng Polytechnic University, Wing BC, Hung Hom Bay, Hong Kong to 8 Observatory Road - Google Maps

Conference
Banquet
c University,
Wing BC, Hung
Hom Bay, Hong Kong to 8 Observatory Road
Walk 500 m, 8 min
The conference banquet will be held on Thursday evening, December 6 at 7:00 pm
at the Starry Terrace; a restaurant at 21/F, 8 Observatory Road, Tsim Sha Tsui; 8 to
10 minutes’ walk from the main gate of the University. Drinks will be served from
6:00 pm.

62
Map data ©2018 Google

200 ft

2018 10th International Symposium on Turbo Codes & Iteractive Information Processing

Excursion

An excursion will be held on 5 December; a Wednesday afternoon. A boat cruise has
been arranged from Tsimshatsui to Stanley. Stanley is a charming small town with a
huge outdoor market. People can explore some of the historical sites and enjoy free
time at the open-air market or drinks at one of the plenty coffee shops/bars along the
waterfront. Afterwards, delegate can return to the conference venue on our hiring
coach. Alternatively, delegates can spend the evening there and return to the city
centre anytime on public transportation.
During the boat trip to Stanley, delegates can enjoy the famous scenery of the Victoria Harbour. The cruise will take around 1.5 hours, and delegates will see many
famous skycrapers and landmarks in Hong Kong, the Victoria Harbour, as well as a
beautiful coastline at the southern part of Hong Kong.
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uawei is a leading global ICT solutions provider. Through our dedication to customer-centric innovation and strong partnerships, we
have established end-to-end capabilities and
strengths across the carrier networks, enterprise,
consumer, and cloud computing fields. We are
committed to creating maximum value for telecom carriers, enterprises and consumers by providing competitive ICT
solutions and services. Our products and solutions have been deployed in
over 140 countries, serving more than one third of the world's population.

H

uawei's vision is to enrich life through communication. By leveraging our experience and expertise in the ICT sector, we help bridge
the digital divide by providing opportunities to enjoy broadband services,
regardless of geographic location. Contributing to the sustainable development of society, the economy, and the environment, Huawei creates
green solutions that enable customers to reduce power consumption, carbon emissions, and resource costs.

H

uawei has over 170,000 product and solution R&D employees,
comprising more than 45% of our total workforce worldwide. We
have set up 16 R&D centers in countries that include Germany, Sweden,
the US, France, Italy, Russia, India, and China. Huawei began investing in 5G in 2009. In 2015, Huawei's revenue reached CNY395 billion
(US$60.8 billion based on the year-end exchange rate), an increase of
37% year-on-year. In December of 2013 Huawei announced to pour
$600m into 5G research over the next five years, ahead of the expected
launch of 5G networks in 2020.

Engineering Discipline Rankings

16th in “Engineering” by U.S. News and World Report 2019
56th in “Engineering and Technology” by QS World University Rankings 2018

(Note: The respective subjects above cover the Faculty of Engineering as well as individual units across PolyU working in the areas.)
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denquiry@polyu.edu.hk
www.polyu.edu.hk/feng
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The Innovation Tower is an iconic building on campus which is designed by the internationally renowned architect Zaha
Hadid (1950-2016). The building has won a Royal Institute of British Architects (RIBA) 2016 Award for International Excellence. Most of the buildings on PolyU campus are being connected on the podium level; at Level 2. The buildings
in PolyU can be addressed alphabetically from A to Z. The JCIT is also known as Block V. Once you arrive at the Tower,
there are escalators to take up to the 3/F where the main conference will be held. One level above the podium level at
room V322. The Poster Session will be held at the gallery on the Podium floor of the JCIT.

ISTC 2018 is being held at the Jockey Club Innovation Tower (JCIT) of The Hong Kong Polytechnic University (PolyU).
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