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Special Issue on Advances in Channel Coding
Erdal Arikan, Michael Lentmaier, and Guido Montorsi

Since the invention of turbo codes in 1993 there has been an enormous interest and progress in the field of
capacity approaching code constructions. Many classical constructions have been replaced by newer, better
performing codes with feasible decoding complexity. Most of these modern code constructions, such as turbo codes,
Gallager’s low-density parity-check (LDPC) codes and their generalizations, can be modeled by sparse graphical
models. Spatial coupling of sparse graphical models has in the last years attracted a lot of interest due to the
threshold saturation phenomenon, which leads to capacity achieving performance with iterative message passing
decoding. Polar codes are a recently discovered class of capacity achieving codes that are formed by an explicit
construction based on a phenomenon called channel polarization. These codes, too, have various low-complexity
decoding algorithms based on message passing on a sparse graph that has a recursive structure similar to that of fast

transforms in signal processing.

Despite the enormous advances in channel coding in the last two decades, the state-of-the-art in this area is far
from meeting the challenges of the near-future communication systems in terms of throughput, performance,
robustness, flexibility and energy consumption. To give one example, it is unclear how current forward error-
correction coding (FEC) techniques will scale to the 100+ GB/s data rates foreseen for wireless backhaul
communications in the near future. New code constructions and algorithms as well as novel concepts may have to
replace the techniques that we use today. The purpose of this special issue is to address the challenges of future

channel coding schemes.

The paper “Challenges and Some New Directions in Channel Coding” by Erdal Arikan, Najeeb ul Hassan,
Michael Lentmaier, Guido Montorsi and Jossy Sayir, presents a survey of three recent research areas in channel
coding, which have been investigated within the European Union FP7 Network of Excellence NEWCOM#:
Spatially coupled LDPC codes, non-binary LDPC codes, and polar coding. It is demonstrated that coding is still an
active area of research with many challenges remaining and a number of promising innovations are on their way to
maturing into technological advances in the coming years. Efficient decoding of LDPC codes is the topic of the
paper “Iterative Reliability-based Modified Majority-Logic Decoding for Structured Binary LDPC Codes” by
Haiqiang Chen, Lingshan Luo, Youming Sun, Xiangcheng Li, Haibin Wan, Liping Luo and Tuanfa Qin. The main
feature of the presented algorithm is to provide efficient trade-offs between decoding performance and
computational complexity. The main computational steps of the presented algorithm include only binary logic and
integer operations and with some computer simulations it is demonstrated that the performance gap between the
sum-product algorithm and the presented algorithm is less than 0.6 dB. Coding techniques for cooperative
communications are addressed in the paper “Rate-Compatible LDPC Codes based on PEG Algorithm for Relay
Communication Systems” by Yangzhao Zhou, Xueqin Jiang, and Moon Ho Lee. A class of LDPC codes for relay
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communication systems is considered that is based on extending so-called root-LDPC codes, which are known to
achieve full diversity on block-fading channels when decoded iteratively. A modified PEG algorithm is proposed,

imposing some construction constraints that lead to improved performance compared to previous results in the

literature.
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