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Nonlinear dynamics in high-capacity wireless communication systems
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The purpose of this study is to understand wireless communication as a nonlinear dynamical system. By
analyzing the system from the point of view of nonlinear physics, | improve the communication
performance of the systems.

Nonlinear dynamical systems support a rich variety of complex behaviors in nature. The main purpose
of this field is to describe such a behavior in terms of a mathematical model. The model is studied to
understand its characteristics. We can thus grasp the characteristics of the complex phenomena in nature by
using mathematical models.

Nonlinear physics contributes also in the engineering field. An interesting example is the iterative
estimation methods, e.g., Belief-Propagation (BP) estimation and Maximization-Expectation (ME)
estimation. True object is predicted by estimating iteratively in these methods. The estimation error is
removed gradually, leading to precise prediction of the true object. This iterative process is generally
defined by using nonlinear equations and, the process is therefore studied as a nonlinear dynamical system.
The iteration is considered as a time evolution of the system. The prediction of the true object thus
corresponds to the conversion of the system to a fixed point.

In this study, | focus on the wireless communication systems. In the wireless communication, the
receiver estimates the transmitted signals from received signals. This process is called the decoding. The BP
iterative estimation is a potential decoding technique in large-capacity wireless communication systems in
which large numbers of antennas are deployed (massive MIMO, massive Multiple-Input Multiple-Output). |
therefore study the decoding process in the massive MIMO system from the point of view of the nonlinear
physics. | identify several open problems in the BP decoding in massive MIMO systems and solve them to
improve the decoding performance.

In Chapter 1, I show the background of the research field.
In Chapter 2, | review relevant previous studies on massive MIMO systems.

In Chapter 3, I reorganize the BP decoding process as a nonlinear dynamical system. By studying the
iterative estimation in the system, | show that the BP estimation has an open problem in calculation of the
PIC (parallel interference canceller). | propose an alternative evaluation technique and, based on that,
propose three different estimating models. | numerically compare these models. The results show that the
proposed models successfully predict the transmitted signals. | also investigate mathematical structure of the
BP decoding processes. | detail the dynamical behavior of the system when the decoder fails to estimate the
true signals. The analysis detects the cause of the estimation failure in part.

In Chapter 4, I introduce a chaos encryption to the massive MIMO systems. Encryption protocols are



generally introduced to the wireless communication systems for enhancing the security. | study a chaos
encryption method proposed previously and, show that it cannot work with the BP estimation method. | thus
reconstruct the chaos encryption method so that it works with the BP estimation. Numerical results suggest
that the proposed encryption method works with the BP estimation in massive MIMO systems. Note that, in
the proposed framework, the decoding accuracy of the BP method exceeds the standard criteria for
establishing wireless communication.

In Chapter 5, | summarize this study and future works.



