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Spatial coupling is a new technique to structure codes by associating multiple identical base codes. It is worth
mentioning that the select of base codes is flexible. Various base codes may derive capacity-approaching coupled
codes whose error correction performance are close to theoretical limit shown by channel coding theorem. Since
serially-concatenated codes consist of two component codes, we tend to use them as base codes to structure more
flexible spatially coupled codes by selecting component codes for some practical features, such as simple
encoding, effective decoding and rate adjustability.

In this dissertation, we introduce two kinds of our proposed codes. The first is spatially coupled
repeater-combiner-convolutional (SC-RCC) codes. Their base codes consist of repetition code concatenated with
convolutional code. The SC-RCC codes have simple encoder construction and effective decoding, since their
base codes are easy to encode and their convolutional component codes provide powerful error-correcting ability.
Numerical results of analysis and simulation show that SC-RCC codes have decoding performance nearer to
theoretical limit than conventional spatially coupled codes in point-to-point communication systems and multiple
access channels (MAC). The second kind of proposed codes is repeat-accumulate (RA) extended spatially
coupled LDPC (RA-extended SC-LDPC) codes. Their base codes consist of LDPC code concatenated with RA
code. Since we select rate-compatible RA component codes in base codes, the RA-extended SC-LDPC codes
have rate compatibility. Moreover, the codes achieve arbitrary rate in a wide continuous real number interval,
while they are capacity-approaching for various rates.

This dissertation is constituted by six chapters.

In Chapter 1, we state channel coding problem and decoding theoretical limit of two channel models. The basic
concept of spatial coupling technique are also mentioned. Furthermore, we briefly introduce our basic idea and
main research results of this Ph.D. work.

In Chapter 2, we introduce some basic elements of channel codes, including concept of graph based codes,
structure method, decoding algorithm, and analysis instruments. The details of spatial coupling technique are also
introduced by describing conventional SC-LDPC codes. The work in this dissertation is based on these elements.

The Chapters 3, 4, and 5 are the center parts of this dissertation.

In Chapter 3, we mainly introduce our proposed SC-RCC codes. The SC-RCC codes are obtained by spatially
coupling multiple identical base codes that consist of repeater-combiner outer code and convolutional inner code.
In base code, both outer and inner component codes have simple encoder realization. With a priori posteriori
(APP) decoder, the convolutional inner codes with infinite impulse response can provide more effective decoding.
Thus, the SC-RCC codes also have simple encoder and effective decoder. The decoding analysis with infinite



code length shows that the SC-RCC codes are capacity-approaching and can resist stronger noise than
conventional spatially coupled codes on additive white Gaussian noise channels (AWGNC). With finite code
length realizations, the SC-RCC codes still perform better than conventional codes. It should be emphasized that
with finite code length, our proposed codes still have decoding performance near to their theoretical limits, while
the most of conventional spatially coupled codes are far away from the limit.

In Chapter 4, we apply our proposed SC-RCC codes to Gaussian MAC. At receiver, an iterative
detection-decoding processor is used to rebuild information of transmitters. We analyze iterative
detection-decoding performance with infinite code length and simulate code realizations with finite code length.
The numerical results show that the SC-RCC codes perform better than conventional spatially coupled codes on
Gaussian MAC.

In Chapter 5, we introduce our proposed RA-extended SC-LDPC codes for rate-compatible communication
problem. A family of rate-compatible codes consists of a set of member codes with different rates, in which the
higher rate member codes are embedded into the lower rate codes, and all the member codes can be processed by
a single encoder and a single decoder. The design problem of rate-compatible is to guarantee all of these
embedded member codes can be capacity-approaching. We structure RA-extended SC-LDPC codes by coupling
multiple identical serially-concatenated base codes, which consist of LDPC outer code and a simple
rate-compatible RA inner code. The base codes provide simple encoder construction and rate compatibility.
Spatial coupling technique make all member codes are capacity-approaching. A potential threshold analysis is
used to base codes. The fact that the potential thresholds with various rates are near to theoretical limits means the
proposed codes with various rate have decoding performance near to theoretical limit. This is confirmed by
analysis results of the coupled codes. Compared with conventional rate-compatible codes based on spatial
coupling, our codes achieve arbitrary rates in a wide continuous real number interval and perform better than
conventional rate-compatible SC-LDPC codes in the low rate region.

In Chapter 6, conclusion of the dissertation is given. By spatial coupling of serially-concatenated codes, we obtain
SC-RCC codes and RA-extended SC-LDPC codes. The SC-RCC codes have decoding performance near to
theoretical limit of point-to-point communication channel and MAC. Their decoding performance with finite
code length may satisfy the practical requirements of communication systems. The RA-extended SC-LDPC
codes are excellent rate-compatible codes that are capacity-approaching at arbitrary rates.



