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Abstract

Study of non-binary turbo codes for future communication and
broadcasting systems
Rami Klaimi
Electronics Department, IMT Atlantique

In July 2018, the International Telecommunication Union launched a new focus group,
FG NET-2030, to study the capabilities of networks for the year 2030 and beyond, which
are expected to support novel forward-looking scenarios, such as holographic communica-
tions, autonomous vehicles, massive machine-type communications, tactile Internet, ... In
the study of network 2030 architecture, new communication requirements are expected
to emerge that are more sensitive to resource demands, specifically very-high through-
put to support explosive bandwidth-intensive future applications beyond the limitation
of near future 5G networks. In this context, new error correcting codes targeting very
high throughput (Tbps) communications should be investigated. To this end, this the-
sis investigates a new family of error correcting codes based on non-binary turbo codes
defined over Galois fields GF(g), with ¢ = 2" and m > 1. The thesis details the differ-
ent constituent blocks of the turbo code structure which have been studied towards the
definition of promising non-binary turbo codes.

After a short review of the state of the art on the existing channel coding techniques
based on non-binary codes, the main contribution of Chapter 2 is dedicated to the proposi-
tion of a new structure of non-binary convolutional codes, based on a memory-1 recursive
systematic convolutional code defined over GF(q), well suited for the design of turbo
codes. The proposed structure has the lowest encoding and decoding complexity in its
corresponding field GF(g) and shows promising error correction capabilities. Then, we
derive a low-complexity method to estimate the cumulated Euclidean distance spectrum
of this family of codes and we provide the results of the search for instances of the best
and worst codes according to the distance spectrum criterion. In addition, we introduce
a downsizing technique based on the merging process of constellation symbols, targeting
the enhancement of the error correction capabilities of convolutional codes, while lower-
ing the demapping complexity. Finally, we propose a method to optimize the non-binary
coefficients in order to improve the performance of the proposed codes when mapped to
binary constellations.

In Chapter 3, using the non-binary convolutional codes proposed in Chapter 2, we
study the complete structure of non-binary turbo codes. We start by analyzing the effect
of different interleaving techniques on the performance of these codes, and we propose
new constraints to be applied on the well-known Almost Regular Permutation (ARP)
interleavers in order to enhance the performance of non-binary turbo codes. Afterwards,
we show how different puncturing techniques can be adapted to the non-binary domain.
Finally, we propose a method to estimate the cumulated Euclidean distance spectrum of
non-binary turbo codes, in order to compute the truncated union bounds expressions in
the non-binary domain.

A new structure of non-binary turbo codes is proposed in Chapter 4, where we study
the addition of a new block to the conventional structure of turbo codes. This block
defines a bijective symbol transformation designed to supplement the interleaver in order



to increase the minimum Euclidean distance of the turbo code. We show that the proposal
significantly increases the coding gains of non-binary turbo codes, and very low error floors
can be achieved. Performance comparisons of the proposed codes with the best known
error correction codes from the literature are conducted. Non-binary turbo codes are
shown to outperform the existing codes under different simulation conditions.

Chapter 5 is devoted to the introduction of a low-complexity decoder for non-binary
turbo codes. First, we present a literature review about the low-complexity decoding
algorithms defined in the context of non-binary low-density parity-check codes. Then, we
develop a new simplified decoding algorithm, based on scaled Min-Log-MAP decoding,
for the proposed structure of non-binary turbo codes. The proposal is shown to limit
the storage requirements and the computational complexity in comparison with the basic
decoding algorithm. Simulation results confirm that only low performance losses are
introduced, while high complexity reductions are achieved.

Keywords: Convolutional codes, turbo codes, Galois fields, non-binary codes, Eu-
clidean distance spectrum, coded modulation, ARP interleavers, correlation in decoding,
bijective transformation, decoding algorithm, complexity reduction.
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