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Preface

As one of the core technologies for future mobile communications, the massive
MIMO technology can effectively improve the network capacity, enhance the net-
work robustness, and reduce the communication latency. However, the complexity
of baseband processing increases sharply as the number of antennas increases.
Therefore, the design of high-performance massive MIMO baseband processing
chips, especially the design of massive MIMO detection chips featuring low com-
plexity and high parallelism, has become a technical bottleneck that restricts the
broad application of the massive MIMO technology in communications systems.

This book first introduces the process of the team’s research on efficient massive
MIMO detection algorithms and circuit architectures. On the basis of the analysis
on the existing massive MIMO detection algorithms, the team has optimized the
algorithms from different aspects such as computation complexity and parallelism,
conducted mathematical theoretical analyses and proven that the massive MIMO
detection optimization algorithms proposed by the team have the advantages of low
complexity and high parallelism and can fully satisfy the requirements for detection
accuracy. Finally, by using the ASIC as a carrier, the team has verified that the
chips based on the proposed massive MIMO detection algorithms feature high
energy efficiency, high area efficiency, and low detection error.

In the process of designing the massive MIMO detection chip, we learned that
the massive MIMO detection chips based on the ASIC are suitable only for
application scenarios with very high requirements for the processing speed; how-
ever, some application scenarios require massive MIMO detection chips to have
certain flexibility and scalability so that the massive MIMO detection chips can
support different standards, algorithms, and antenna sizes and adapt to the evolution
of standards and algorithms. After we conducted certain analyses, we believe that
the reconfigurable computing architecture is a very promising solution. On the basis
of the analyses on and common feature extraction from a large number of existing
massive MIMO detection algorithms, the team has designed the data channels and
configuration channels that are applicable to massive MIMO detection algorithms,
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involving PEs, interconnections, storage mechanisms, context formats, and con-
figuration methods. Thus, the team has completed the design of a massive MIMO
detection reconfigurable processor.

The massive MIMO detection reconfigurable processor may also be applicable to
future wireless communications systems such as Beyond 5G. There are three main
reasons: First, wireless communication algorithms are now developed in the repe-
ated iteration and optimization processes. In the process of solving the limitation
problem of commercial algorithms, the update of an algorithm, no matter whether it
is an optimized algorithm or a newly designed algorithm, has a strong logical
continuation relationship, which provides an internal logical basis for design of the
reconfigurable processor architecture. Second, the design for PEs and PEAs of the
massive MIMO detection reconfigurable processors fully considers the requirements
for flexibility and scalability so that the PEs and PEAs can meet the hardware
requirements and foreseeable future needs of various algorithms at present. Third,
the design methodology is applicable to all the massive MIMO detection reconfig-
urable processors. Therefore, the hardware implementation requirements for future
algorithms can be met. Hence, after corresponding algorithm analyses are con-
ducted, the optimization and design of the reconfigurable processor architecture
based on the design methodology will become a universal process.

This book consists of seven chapters. Chapter 1 introduces the development trend
of wireless communication technologies including the development and research
status of the massive MIMO technology and the MIMO detection technology, ana-
lyzes the advantages and disadvantages of the MIMO detection chip based on the
ASIC and instruction-level architecture processor in aspects such as performance,
power consumption and flexibility, proposes the dynamic reconfigurable chip tech-
nology for MIMO detection, and analyzes the feasibility for implementing the pro-
posed technology. Chapters 2 and 3 introduce the linear massive MIMO detection
algorithm and the corresponding circuit architecture, respectively, and analyze the
advantages of the linear detection optimization algorithm proposed by the team from
different aspects such as algorithm convergence, computation complexity, and
detection performance. The experimental results have shown that the circuit designed
on the basis of the algorithm proposed by the team has higher energy efficiency and
area efficiency, and thus verified that the optimization algorithm proposed by the team
is more suitable for hardware implementation. Chapters 4 and 5 introduce the non-
linear massive MIMO detection algorithm with high detection accuracy and the
corresponding circuit architecture, respectively, and compare the nonlinear massive
MIMOdetection algorithm proposed by the teamwith other algorithms from different
aspects such as algorithm convergence, computation complexity, detection perfor-
mance, and experimental results. The results have shown that the complexity of the
algorithm proposed by the team is within the acceptable range while the algorithm
implements high detection accuracy. Chapter 6 provides detailed information on the
dynamic reconfigurable chip for massive MIMO detection. First, the chapter uses the
reconfigurable computing architecture as the target hardware platform to analyze
mainstreammassive MIMO detection algorithms at present, including common logic
extraction from algorithms, feature extraction of data types and parallelism analysis
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on algorithms. Then, the chapter provides a detailed analysis on the hardware
architecture design of the dynamic reconfigurable chip for massive MIMO detection
from different aspects of data channels and configuration channels, and introduces the
design method for the hardware architecture specific to the massive MIMO detection
algorithm. Chapter 7 provides an outlook on application of the VLSI architecture for
massive MIMO detection on the server, mobile terminal and edge computing sides.

This book embodies the nearly 6-year collective wisdom of the wireless com-
munication baseband processor team from the Institute of Microelectronics of
Tsinghua University. Thanks to the classmates and colleagues of the team members
including Peng Guiqiang, Wang Junjun, Zhang Peng, Wei Qiushi, Tan Yingran,
Yang Haichang, Wang Pan, Wu Yibo, Zhu Yihong, Xue Yang, Li Zhaoshi,
Yang Xiao, Ding Ziyu, and Wang Hanning for their participation. Thanks to our
engineers Wang Yao, Ying Yijie, Kong Jia, Chen Yingjie, Wang Guangbin, Wang
Lei, Li Zhengdong, Luo Senpin, Jin Yu, et al. for their participation. Thanks to
Prof. Wei Shaojun for his support for and guidance to the preparation of this book.
Thanks to Editor Zhao Yanchun from Science Press for her suggestions on the
publication of this book. Finally, I give thanks to my wife and children for their
understanding and tolerance of my work. Without their support, it is hard to imagine
how I could finish this work. They are also an important impetus for my future efforts
and progress.

Beijing, China Leibo Liu
August 2018
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