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Machine Learning in 6G Wireless Communications
Dr. Tomoaki Ohtsuki, Professor, Keio University

With the rapid development in Al and machine learning (ML), future wireless
communication systems will have much more intelligence. For problems that
can be accurately modeled, traditional algorithms show good performance
and efficient solutions on partially convex problems. However, for some non-
convex problems, existing algorithms usually obtain more efficient solutions
while allowing a certain performance loss. At this time, ML is used to mine
the parameter information of the known structure algorithm from the obtained
data samples, to improve the convergence speed of the algorithm and the
performance of the algorithm. However, a large number of 6G scenarios cannot
be modeled by exact mathematical models such as some efficiency and latency
optimization problems, resulting in the inability to obtain an accurate algorithm
structure. In this case, the artificial neural networks (ANNs) including deep
neural network (DNN), convolutional neural network (CNN), and so on are used
to parameterize the model or algorithm. These methods that obtain model or
algorithm features from massive amounts of data rather than based on pre-
established rules are generally called data—driven. This talk introduces ML in 6G
wireless communications, mainly focusing on the research and application of
ML in the physical layer

Intelligent Reflecting Surface (IRS) Empowered Wireless Networks: Recent Ad-
vance and Future Trend
Dr. Rui Zhang, Provost’s Chair Professor, National University of Singapore

Intelligent Reflecting Surface (IRS) is a digitally controlled metasurface that
can be densely deployed in wireless networks to reconfigure the propagation
channels among wireless nodes by dynamically tuning the signal reflection.
IRS is able to not only significantly improve the network spectral and energy
efficiency for communications, but also greatly enhance the performance for
other emerging applications such as wireless power transfer, sensing and
localization, etc. The existing research on IRS has mainly considered wireless
systems with single-IRS-reflections at the link level, which does not reveal
the full potential of IRS for future wireless networks. In this talk, we will
focus on the main design challenges in efficiently integrating IRS to wireless
networks, including IRS reflection optimization, channel acquisition and optimal
deployment, with an emphasis on double—/multi-IRS-reflections. Furthermore,
we will present emerging new architectures of IRS and their advantages for
future applications. We will conclude the talk by discussing research directions
worthy of further investigation in the future.
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In recent years, quantum computing (QC) has been getting a lot of attention from
industry and academia. Among various QC research topics, variational quantum circuit
(VQC) enables quantum deep reinforcement learning (QRL). Many studies of QRL have
shown that the QRL is superior to the classical reinforcement learning (RL) methods
under the constraints of the number of training parameters. The proposed algorithm
extends and demonstrates the QRL to quantum multi-agent RL (QMARL). However,
the extension of QRL to QMARL is not straightforward due to the challenge of the noise
intermediate-scale quantum (NISQ) and the non-stationary properties in classical multi-
agent RL (MARL). Therefore, this presentation introduces the centralized training and
decentralized execution (CTDE) QMARL framework by designing novel VQCs for the
framework to cope with these issues. The extensive demonstration shows that the
proposed QMARL framework enhances 57.7% of total reward than classical frameworks.
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Benefits and Risks of Sensing for Emerging Internet—of-Things Applications

SE= A
SiE u4

(AMICHS )

With the emergence of the Internet-of-Things (IoT) and Cyber-Physical Systems
(CPS), we are witnessing a wealth of exciting applications that enable computational
devices to interact with the physical world via an overwhelming number of sensors
and actuators. However, such interactions pose new challenges to traditional
approaches of security and privacy. In this talk, | will present how | utilize sensor
data to provide security and privacy protections for loT/CPS scenarios, and further
introduce novel security threats arising from similar sensor data. Specifically,
| will highlight some of our recent projects that leverage sensor data for attack
and defense in various loT applications. | will also introduce my future research
directions such as identifying and defending against unforeseen security challenges
from newer application domains including smart homes, buildings, and vehicles.

IEEE 802.11 WLAN: its Evolution and new Opportunities

AEY W (SAET |S2)
0 e AT Qe M HE £ oLl IEEE 802.11 WLAN & Wi-Fi 6/6E
(802.11ax) AlTHE E0{ & Wi-Fi 7 (802.11be) AItHZ FOIEA =Lt 2 HAH0A=
M2 20| AR} LTBISHOY| CHoHA AZHoHL!, SR HEQ1 Wi-Fi 6 2 REA|CH EZQI
Wi-Fi 7 Off CHoli = Ct AjA[5] HTHECE 0| Sofl, gf FAHUO0| MESY A= 7|k=

MZ22 712150 7tsds Q= 0AL Si

Deep Learning in Biometric Security

O+t u=~(ZUrHetu)

With the recent development of deep learning algorithms, they are being
used in various forms in the field of biometric security. This lecture introduces
representative examples of using deep learning technology as a defense or attack
medium in biometric security and suggests future research directions.
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