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Overview

Tokyo Institute of Technology (Tokyo Tech) is the top national university for science and technology in
Japan with a history spanning more than 130 years. Of the approximately 10,000 students at the
Ookayama, Suzukakedai, and Tamachi campuses, half are in their bachelor’s degree program while the
other half are in master’s and doctoral degree programs. International students number 1,200. There are
1,200 faculty and 600 administrative and technical staff members. In the 21st century, the role of science
and technology universities has become increasingly important. Tokyo Tech continues to develop global
leaders in the fields of science and technology, and contributes to the betterment of society through its
research, focusing on solutions to global issues. The Institute’s long-term goal is to become the world’s

leading science and technology university.

Mission
As one of Japan’s top universities, Tokyo Tech seeks to contribute to civilization, peace and prosperity in
the world, and aims at developing global human capabilities par excellence through pioneering research
and education in science and technology, including industrial and social management. To achieve this
mission, we have an eye on educating highly moral students to acquire not only scientific expertise but
also expertise in the T AR Ll RN < : "’~‘ T

liberal arts, and a : :
balanced knowledge of
the social sciences and
humanities, all while
researching deeply
from basics to practice
with academic mastery.
Through these
activities, we wish to
contribute to global
sustainability of the

natural world and the 2,

G

support of human life. Main Building (Honkan) with “Sakura”.

Tokyo Tech Seal

The Tokyo Tech seal was designed in 1947 by Mr. Shinji Hori, who was at that time a
professor at the Tokyo Fine Arts School. The backdrop represents the Japanese
character “ I, which is the first character of “engineering, T 3”. This part of the
seal also evokes the image in silhouette of a window opening out on the world. Window
is the second character of “school, 5%, The central figure of the seal depicts a
swallow and represents the Japanese character “X”, which is the first character of

“aniversity, K. In Japan, swallows traditionally portend good fortune.

(Source: Tokyo Institute of Technology Profile, https://www.titech.ac.jp/english/about/)


https://www.titech.ac.jp/english/about/

Mobile Communication Research Group
Home page: https://www.mcrg.ce.titech.ac.jp

Mobile Communication Research Group (MCRG) of Tokyo Tech was established in 2001. The objective
of the group is to conduct advanced research related to mobile communications. MCRG conducts
comprehensive research on the development of mobile communication systems covering a wide range
of cutting edge technologies in the field of the antenna design, wireless propagation, transmission
systems, hard ware development, signal processing, and integrated circuit development.

MCRG Members

MCRG includes 5 core and 4 cooperate laboratories. Totally 8 professors, 5 associate professors, and 3
assistant professors belong to MCRG, in which Prof. Jun-ichi Takada is the principal researcher. The
synergy in MCRG creates an ideal environment for cross-disciplinary discussions and tapping of
expertise resulting in various notable joint projects and developments.

Core Laboratories
* Takada Laboratory (Propagation Lab.):
Prof. Jun-ichi Takada, Assist. Prof. Hang Song
*  Sakaguchi and Tran Laboratory (System Lab.):
Prof. Kei Sakaguchi, Assoc. Prof. Gia Khanh Tran, and Emeritus Prof. Kiyomichi Araki
*  Hirokawa Laboratory (Antenna Lab.):
Prof. Jiro Hirokawa and Assist. Prof. Takashi Tomura
*  Fukawa Laboratory (Signal Processing Lab.):
Prof. Kazuhiko Fukawa and Assist. Prof. Yuyuan Chang
*  Okada Laboratory / Shirane Laboratory (Device Lab.):
Prof. Kenichi Okada and Assoc. Prof. Atsushi Shirane

Cooperate Laboratories
*  Aoyagi Laboratory:
Assoc. Prof. Takahiro Aoyagi
*  Nishikata Laboratory:
Assoc. Prof. Atsuhiro Nishikata
*  Fuyjii and Omote Laboratory:
Specially Appointed Prof. Teruya Fujii, and
Specially Appointed Assoc. Prof. Hideki Omote
*  Okumura Laboratory:
Visiting Prof. Yukihiko Okumura


https://www.mcrg.ee.titech.ac.jp/
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Activities

Beside the general research activities, for encouraging closer cooperation within MCRG and with the
external companies, institutes and organizations, “Open House” and “Future Communication Research
Workshop” are holed regularly. In addition, irregular invited speeches and lectures are also hold to
broaden the horizons of MCRG members, especially the students.

Future Communication Research Workshop

An Future Communication Research Workshop (R k4 72 &) is organized every two months to share
the latest research outcomes among internal laboratories and to gain insight on our research activities by
the presentation and discussing in the seminar and poster section of each workshop.

Open House

From 2005, an Open House is organized yearly in April to introduce MCRG activities and build a network
with external companies, institutes and organizations in the field of mobile communications.
Distinguished speakers from both the academe and industry are invited to give key note speeches and
lectures to contribute their visions and viewpoints for the future research and development of the mobile
communications. From 2016, the Open House is organized in the collaboration with Advanced Wireless
Communication Center (AWCC) of The University of Electro-Communications, and it brings on the
further active research activities of both MCRG and AWCC.

Thano X okasat remien
Hiroyuki Kyoshi... 888 Ashbir Aviat Fa... . l
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Home page: http://www.ap.ide.titech.ac.jp

Professor Jun-ichi Takada

Prof. Jun-ichi Takada was born in 1964, Tokyo, Japan. He received the
B.E. and D.E. degree from Tokyo Institute of Technology in 1987 and
1992, respectively. He was a Research Associate at Chiba University
during 1992-1994. He was an Associate Professor at Tokyo Institute of
Technology in 1994-20006, and he has been a Professor since 2006. He is
currently with the Department of Transdisciplinary Science and
Engineering, School of Environment and Society. He is also serving as
the Dean, School of Environment and Society. He was a part time
researcher in National Institute of Information and Communications
Technology from 2003 to 2007. His current research interests are the

radio wave propagation and channel modeling for various wireless
systems, applied radio measurements and information technology for regional/rural development. He is
a fellow of IEICE, a senior member of IEEE, and a member of Japan Society for International
Development (JASID). He has been serving as a vice president of JASID during 2020-2023.

Assistant Professor Hang Song

Dr. Hang Song received the B.S. and M.S. degrees in electronic science
and technology from Tianjin University, Tianjin, China, in 2012 and 2015,
respectively. He received the Ph.D. degree from Hiroshima University,
Hiroshima, Japan in 2018. From 2019 to 2020, he was a lecturer with the
school of microelectronics, Tianjin University, China. From 2020 to 2022,
he was a specially appointed researcher with the University of Tokyo,
Japan. He is currently an assistant professor with Tokyo Institute of
Technology. His research interests include wireless sensing, microwave
and millimeter-wave imaging, wireless communication and networks,
permittivity measurement, biomedical applications of microwave
engineering. He is a member of IEICE and IEEE.

Postdoctoral Researcher Nopphon Keerativoranan

Dr. Nopphon Keerativoranan was born in 1989, Bangkok, Thailand. He
received the B.E. degree (Hons.) from Thammasat University, Thailand,
in 2012, the M.S. degree from Seoul National University, South Korea, in
2015, and the D.E. degree from the Tokyo Institute of Technology, Japan,
in 2020. In 2012, he was a Telecommunication Engineer with Advance
Info Service (AIS), Thailand. From 2015 to 2016, he was a Research
Assistant with the National Electronics and Computer Technology
Center (NECTEC), Thailand. His research interests include radio
propagation channel modeling, RF-based motion sensing, radio channel
modeling, and measurements for wireless communication system and
application. He is a member of IEICE and IEEE.
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Postdoctoral Researcher Sawaros Thanapornsangsuth

Dr. Sawaros (Sam) Thanapornsangsuth’s research interests explore how
education can be a foundational tool for sustainable development. Her
goal is to study and promote a lifelong and innovative learning process
that enables people to develop the knowledge, values, and skills. Driven
by this goal, Dr. Thanapornsangsuth has extensive fieldwork experience
in informal learning settings, both in the United States and abroad. Dr.

Thanapornsangsuth was a tenure-track lecturer at the Department of
Education Policy, Management and Leadership, Chulalongkorn University
in Thailand. She graduated with a Doctor of Education degree from the
Communication, Media, and Learning Technologies Design Program at
' Columbia University (USA).

Postdoctoral Researcher Xin Du

Dr. Xin Du was born in 1992, Harbin, China. He received the B.E., M.S,,
and D.E. degrees from the Tokyo Institute of Technology in 2017, 2019,
and 2022, respectively. From 2017 to 2019, he was a Research Assistant in
the School of Environment and Society, Tokyo Institute of Technology.

His research interests include numerical electromagnetic simulation,

' diffraction theory, and reconfigurable intelligent surfaces. He is a member
of the IEICE and IEEE.

Recent Research Topics

/ B Radio Propagation Simulation and Channel Modeling Research
Enabling Channel Emulation of Device-to-Device Communication with Two Layer Grid-
based Channel Emulation Technique

Angular-Domain Parameter Matching Utilizing Clustering Technique for Grid-Based
Wireless Channel Emulation

Motion Captured Point Cloud-based Human Model for Sub-THz Radio Channel Affected
by Human Body Shadowing

Design of Passive Reflectors for Illumination of Shadowed Regions in 28 GHz
Comparison of Monte-Carlo Physical Optics and Stochastic Kirchhoff Approximation in
Application of Random Surface Scattering at Millimeter Wave Band

Low Computational Cost Unequal Interval Mirror Kirchhoff Approximation for Predicting
Shadowing Effect

Estimation of Channel Response from Sparsely Sampled Measurements for Site-specific
Wireless Emulator

Applications of Radio Wave for Detection, Sensing, and Measurement
Development of Imaging Technology for Detecting Object Concealed by Dielectric Slab
Using FMCW Radar

Measurement of Complex Permittivity by FMCW Radar With a Small Distance Increment
Method

Tracking of the Micro-Doppler Signature of Human Gait Based on a Sequence of Estimated
Doppler Frequency Differences

Modeling and Validation Micro-Doppler Signature of a Person Falling Scenario Utilizing Wi-
Fi Channel State Information

Effects of Human Body Shadowing on 5G Millimeter Wave Propagation and Sensing of
Human Movement /

/\7 vV Vv Vv VI Y V VYV VvV V
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Enabling Channel Emulation of Device-to-Device Communication
with Two Layer Grid-based Channel Emulation Technique
(Supported by the Ministry of Internal Affairs and Communications JPJ000254)

New wireless system is expected to incorporate a huge number of wireless devices that communicate
not only with the base station (BS) but also between moving devices (ID2D). Compared to exhaustive
tests in a real environment, wireless channel emulator (WCE) is time- and cost-efficient in synthesizing
channel response in site-specific scenarios. The main challenge of WCE for synthesizing channel in site-
specific scenario is the high computational complexity of deterministic propagation model (DM) with
radio propagation simulation. In this work, the two-layered GBCE grid-based channel emulation
technique (2L-GBCE) is presented to enable channel emulation for D2D by mitigating DM's huge
computation in an offline process. Two-layer grid structures representing both transmitted and received
devices are introduced with pre-computed DM path parameters between each pair of grid nodes. As
depicted in the figure below, the 2L.-GBCE channel could synthesize overall power delay profile similar

to that produced directly from ray tracing (RT) simulation

400 400

300 300

1y (ns)

200 200

delay (ns)

del

100

time (s) time (s)

Fig. 1. Comparison of the proposed 2L-GBCE and the reference RT channels

Angular-Domain Parameter Matching Utilizing Clustering Technique
for Grid-Based Wireless Channel Emulation
(Supported by the Ministry of Internal Affairs and Communications JPJ000254)

To evaluate the performance of wireless systems, the utilization of a wireless channel emulator and
channel modeling is imperative. Deterministic channel modeling is accurate but computationally intensive,
particularly with moving receivers (Rx). A solution is grid-based channel emulation technique (GBCE),
where channel parameters at grid nodes are determined by deterministic methods such as ray-tracing
(RT) simulation. The channel impulse response (CIR) for a fixed transmitter (Tx) and moving Rx is then
created by interpolating path parameters from these nodes. However, as path parameters are estimated
separately at each node, a parameter matching is necessary before interpolation. This study proposes a
new parameter matching algorithm using a clustering approach on angular-domain parameters for path

interpolation. The algorithm's effectiveness is -60 e Therrelhy soc oo Sy
validated by comparing the synthesized time-variant -0 — e o

CIR and the statistical properties of the interpolated | -

channel with the proposed parameter matching 2 90

method with the RT channel as a ground truth. The " 100

result in Fig. 1 showed that the interpolated channel | -

exhibits the similar fading characteristics with the | - ! 1 ! 1
RT. This can qualitatively assert the performance of Timefs)

the GBCE using proposed path matching algorithm. Fig. 1. Compatison of 1-tap time-vatiant CIR

6
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Motion Captured Point Cloud-based Human Model for Sub-THz
Radio Channel Affected by Human Body Shadowing

(Supported by the National Institute of Information and Communications Technology 02701)

Top view

Access points at sub-THz (300 GHz) band point the Side vie Back edge
. . . . Rx *7 Bound 7 Centroid
main beam to the line-of-sight (LoS) toward the mobile point )—Neck

Frontedge Ry =Ty

stations. However, communication relying on only LoS
PC of the human body Vertical screen

channel suffers from a disconnection due to human body

shadowing (HBS). In this work, the vertical screen and Fig.1. PC-based 2D screen model

human body-shaped screen based on the captured point 30

cloud (PC) of the human body has been developed as the 7 20t . ysa/seur;?gfr::reen +UTD
human model to predict the impact due to HBS. To \Z/ 10} * Body=shaped screen * UTD
validate the PC-based human models, synchronized g

measurement of dynamic channel and motion capture was 2

conducted in the corridor scenario. The comparison _§

results between the measurement and the simulation show (-;C:

that the proposals simulate the time of the HBS caused _aol_ | | |
disconnection well. The proposals provide reliable -02 -0.1 0 0.1 0.2

Position of specimen from LoS (m)

Fig. 2. Comparison of the HBS
measurement and simulations

simulation for developing resilient networking techniques.

Design of Passive Reflectors for Illumination of Shadowed Regions in
28 GHz

(Supported by the National Institute of Information and Communications Technology 02701
and JSPS KAKENHI 23K22753)

The basic technical challenges to offer services at the mm-wave frequency are the very high
propagation losses in free space and shadowing effect. One economic way to slove the problem is by
using passive reflectors, because they do not need energy supply. However, traditional reflectors such as
flat and spherical reflectors suffer from the small coverage area problem. Therefore, it is necessary to
design the reflector and enlarge the coverage area. In this research, one method to design the reflectors
only depend on the position of antenna and ground was proposed, which called point-to-point design.

The basic idea is a is dividing the reflector and the

flat reflectors

ground into small enough part and assign each part of point-to-paint designed

circle reflectors

[
o

reflector correspond to one part in the area. For each

]
5

part, the reflected wave point at the center of the ground
it was assigned. As the result, each part of the reflector

%)
S

have almost the same size and it will cover the ground

electric field intensity (dB)

4]
@

with equal size. The electric field density in certain area
was simulated by using the method. The resultin 28 Ghz 4

is s shown in Fig. 1. For point-to-point designed reflector, X

Type of reflector Variance of the energy distribution
{lat 19.73
means it have more uniform energy distribution in eylindrical 2.71

point-to-point designed 1.73

certain area and larger coverage area. o —e T

the variance of the energy distribution is smallest, which
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Development of Imaging Technology for Detecting Object Concealed
by Dielectric Slab Using FMCW Radar
(Supported by Suematsu award, Tokyo Institute of Technology)

Since radar is compact and radio waves can penetrate
shielding, it is attracting attention as a new method of
non-destructive testing. In this research, the effectiveness
of FMCW radar in detecting objects hidden in dielectric
slabs was verified. First, Hybrid Physical Optics and

Radar position [mm]

Geometrical Optics (HPGO) approximation was

developed to simulate the wave propagation of radar

IS IO T TP JPX s BPX R IR T+
O QY Q" O " " 0" O O O O o
TP TP IS P I PG

signals through a dielectric slab. Second, using Synthetic SiiresTa

Aperture Radar (SAR) theory, the distribution of  Fig- 1. Imaging result from simulation
reflection intensity was obtained from the received signal.
Third, an imaging experiment system using FMCW radar
was developed to verify the consistency between
simulation and experiment. As a result, the location and

characteristics of shielded objects were estimated from the

Radar position [mm]
» @ PO 1 0RTY Y

signals obtained after radar scanning in both simulation

e L.
Q” AQ° O (O
SIS

and experiment. Thus, the usefulness of the developed

S P P PSPPI PSPPI
SELLL S LSS

non-destructive detection technique was demonstrated. Distance [mm]
Fig. 2. Imaging result from experiment

Measurement of Complex Permittivity by FMCW Radar With a Small
Distance Increment Method
(Supported by Suematsu award, Tokyo Institute of Technology)

Measuring the complex permittivity of material can be utilized s o remmmE
for many applications such as the quality inspection, component & S V- ittt AT
analysis, security check. Conventionally, the measurement of
complex permittivity can be carried out with approaches such as
resonant method, waveguide method, and open-space method.
However, the vector network analyzer (VNA) is required to conduct

the measurement. In order to achieve the portability and easy

Fig. 1. Measurement system

accessibility, utilizing FMCW radar for permittivity measurement 03

(a)

Measured
Fitted

was proposed (Fig. 1). The radar is placed perpendicularly to the
material surface at a certain distance. Then, To derive the
relationship between the reflection coefficient with the complex

)

real part of reflection coefficient
PR
N o

permittivity, the planar wave propagation is considered. A small

I
w
IS

3.5 3 25 2 15 A 05 0

distance increment (SDI) method is proposed to non-destructively ' ™ Ditance nerement (mm)

o
W

(b) |—— Measured

Fitted

measure the complex permittivity of material. The evaluation was

o
Y]

=)

carried out on the acrylic plate. With the proposed method, the
estimated complex permittivity of acrylic plate shows good ’

-0.1

agreement with the literature values (Fig, 2), demonstrating the

-0.2

imaginary part of reflection coefficient

-0.3

efficacy of SDI method for characterizing the complex permittivity .

of material with FMCW radar. ) S
Fig. 2. Measured and fitted results
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Tracking of the Micro-Doppler Signature of Human Gait Based ona
Sequence of Estimated Doppler Frequency Differences

Human motion capture (HCM) involves capturing human movement and one notable focus is on
motion capture using micro-Doppler signatures through Wi-Fi sensing due to its broad applications and
advantages. The micro-Doppler signature refers to frequency changes resulting from micro-scale motion
or the structure of individual targets. This study aims to explore micro-Doppler signature intra-segment
tracking based on a sequence of estimated Doppler frequency differences. Channel state information
(CSI) simulated from the Boulic human walking model serves as input for this investigation. The micro-
Doppler frequency, extracted from CSI, is estimated using 1-D block processing based on state-space

identification. The estimated Doppler 160

— :
-~ Reference (Torso) * 1% component (Segment with 1 Comp.)  * 15! component (Segment with 3 Comp.)

frequency ls then tracked by Considering 140 ||~~~ Reference (Left Hand) ¢ 15! component (Segment with 2 Comp.) 2" component (Segment with 3 Comp.)
Reference (Left Lower Leg) 2" component (Segment with 2 Comp.) * 3 with 3 Comp.)

=
n
o

o..... ‘ N "'"', o B,

the differences in estimated Doppler

[=3
(=]

-
o,

frequencies to gain insights into how the

[}
o
°

frequency has changed. Overall, the

1=
S
s
K )
v e
.\ .
\e
i @
-
L]
.
5
.
.
L d
»
e
3
.
.
-
.
¥

proposed tracking method demonstrates

Doppler Frequency (Hz)
E-S
o
»

success in aligning with the Doppler

frequency of individual human body 2r \’“v_‘ b 1

components. However, certain

L. . . ) 20 ‘ ‘ '
limitations exist due to variations in the 0 0.1 02 03 04 05 06 07 08 09 1

Time (s)

detected number of human body
Fig. 1. Result of micro-Doppler signature intra-segment

components. tracking

Modeling and Validation Micro-Doppler Signature of a Person Falling
Scenario Utilizing Wi-Fi Channel State Information

Intelligent detection of falling incidents increasingly becomes important for medical care among the
elderly in the growing aging population. Accurate modeling of micro-Doppler signature during a fall
event enables us to synthesize bigdata set for training the effective falling detection system without relying
on the cost- and time-inefficient measurement. In this work, the deterministic micro-Doppler channel
model is presented based on a combination of radar cross-section (RCS) scattering and spheroid human
models for the falling incident. The measurement system that consists of the Wi-Fi-based channel
sounder and the Kinect motion capture system is utilized to simultaneously acquire measured channel
state information (CSI) and human skeletal

nomalized Doppler spectrum (dB) nomalized Doppler spectrum (dB)
-40 -30 -50 -40 -30

EE

data, respectively. The CSI measurement is
conducted at 5.32 GHz and the performance

50
of the proposed model with the captured 50 50
skeletal is investigated via comparison of the 3= - :
time-variant Doppler spectrum. As depicted in 0 -« . 0
figure, the majority of the micro-Doppler
components could be reproduced by the .50 -50

simulated model. However, discrepancy in : 7 ] . \ i
terms of Doppler power is observed. Further time (s) time (s)

Doppler (Hz)
Doppler (Hz)

1 ioation i ify th f
nvestigation 1s needed to veri y the source O Fig. 1. Comparison of simulated micro-Doppler

the discrepancy and thus improve the signature during a falling incident
performance of the model.
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Comparison of Monte-Carlo Physical Optics and Stochastic Kirchhoff
Approximation in Application of Random Surface Scattering at
Millimeter Wave Band

With the application of millimeter wave radio in
telecommunication, subtle structures of obstacles will

coherent

gradually affect the scattering pattern due to the wavelength Kine ™
! field

decrease. In future telecommunication systems, it is :

imperative to conduct electromagnetic wave propagation )

analysis of millimeter-wave channels involving rough incoherent field incoherent field
surface reflections. This study compares two high-  ______________ AaMAAAR, - s
frequency approximation analysis methods suitable for Rough 'surface ‘
millimeter-wave propagation, deterministic Physical Optics Fig. 1. Backward Scattering Field

with Monte-Carlo process and the stochastic Kirchhoff

Scattered wave from random rough surface

———MC-PO
KA incoherent
KA coherent

Approximaion. This study compares the simulation results 0|

of two different methods for various characteristic rough M

i i b

surfaces through theoretical analysis and numerical
simulations. Additionally, based on the stochastic KA
method, the Rayleigh and Rice channel models of the

scattering field are derived from the perspective of :Z\ "

electromagnetic wave propagation. 50\ %0
Scanerlng Angle

Fig. 2. Scattering Field Intensity

Scattenng Intensity in dB

Low Computational Cost Unequal Interval Mirror Kirchhoff
Approximation for Predicting Shadowing Effect
(Supported by the National Institute of Information and Communications Technology 02701)

The shadowing effect of the forward scattering problem plays a crucial role in influencing the
performance of cellphone links. Recently, the mirror Kirchhoff approximation (MKA) is proposed for
predicting the forward scattering problem. Conventional MKA utilizes equal length rectangular which is
used to approximate the shape of the scattering. However, unequal length rectangular can reduce
computational time. In this research, we propose an
unequal interval MKA method which is based on |,’} 1
the curvature of the scattering to reduce

computational time. Specifically, the length of

Y-

rectangular is large in the part of scattering which 7‘ T AN
cuverature is small and the length of rectangular is \_ _1O> T2
N Ad

small in the part of scattering which cuverature is

e PV
vy
8

large. Simulation results show that the unequal
MKA method reduced the computation time by

s1 )| | T s

changing the length of the rectangular which is

computed by the slope of the scattering object in
different segmented intervals without sacrificing

much computational accuracy. Fig. 1. Simulation scenario

10
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Estimation of Channel Response from Sparsely Sampled
Measurements for Site-specific Wireless Emulator
(Supported by the Ministry of Internal Affairs and Communications JPJ000254)

For site-specific wireless emulators, channel responses Moving Station trajectory
must be found at every point in space. However, in practice, ' :
measurement can only be done at sparse locations, thus,
interpolation of channel response is needed. In this work, Points used for
channel responses measured from antenna arrays at three  interpolation

locations in space are used to interpolate the channel ; - A ;
p p Fig. 1. Validation scenario

Spatial Doppler Spread in the investigated segment.

responses for locations inside the triangle made by these

vertices. It is done firstly by calculating the discrete angular *I Measurement:
: : Centet = -0.30

r rum h ver hen interpolating th _
power spectrum at each vertex, then interpolating these | Spread = 5.02,

angular powers in a per-angle basis. For wvalidation,

48
!

3

8

measurement data is used, channel responses from the

Relative Power 18]

] VAT /\
\ [ W/
three red vertices are used to interpolate those at the green IRk {\/\ [W
Interpolation: \|
|
i

Center——0-40
the measurement and the interpolation shows good — = Spyead = 3.69

20 1o ] 1o 20
Spatial Doppler [Hz]

dots (Fig. 1). The comparison of Spatial Doppler between

|

interpolation performance (Fig, 2).
P P & Fig. 2. Comparison of Spatial Doppler

between measurement and interpolation

Effects of Human Body Shadowing on Millimeter Wave Propagation
and Sensing of Human Movement

The adoption of millimeter waves, characterized by their shorter wavelengths, plays a fundamental role
in addressing these needs due to their capability to offer higher data rates and broader bandwidth.
However, these signals are notably susceptible to obstructions, such as the human body, which can
significantly influence signal propagation.

Given the critical impact of human obstruction on signal transmission, this study aims to explore the
shadowing effect induced by the human body on millimeter wave propagation. To achieve this, the
research focuses on evaluating signal behavior in unobstructed environments and comparing it with
scenarios where signals encounter human obstacles. The objective is to quantify the attenuation caused
by human shadowing on signal transmission. The measurement setup was built with a transmitter in
25 GHz band and a spectrum analyzer. Measurements show a decline in signal strength as more people
pass between them. This suggests a relationship between signal strength and people moving, indicating
that changes in signal strength could potentially be used for human sensing.

; L
f
Areas of human passage ~ '
Scenario 1 -
Fig. 1. Measurement design diagram Fig. 2. Measurement scenario

11
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Professor Kei Sakaguchi

Prof. Kei Sakaguchi received the M.E. degree in
Information  Processing from  Tokyo Institute
Technology in 1998, and the Ph.D degree in Electrical
& FElectronics Engineering from Tokyo Institute
Technology in 2006. Currently, he is working at Tokyo
Institute of Technology in Japan as a Dean in Tokyo
Tech Academy for Super Smart Society and as a
Professor in School of Engineering, At the same time,
he is working for oRo, Co.,L.td. in Japan as an outside
director. He received the Outstanding Paper Awards
from SDR Forum and IEICE in 2004 and 2005
respectively, and three Best Paper Awards from IEICE
communication society in 2012, 2013, and 2015. He also
received the Tutorial Paper Award from IEICE
communication society in 2006. His current research
interests are in 5G cellular networks, millimeter-wave
communications, wireless energy transmission, V2X for
automated driving, and super smart society. He is a
fellow of IEICE, and a member of 1EEE.

Associate Professor Gia Khanh Tran

Assoc. Prof. Gia Khanh Tran was born in Hanoi,
Vietnam, on February 18, 1982. He received the B.E.,
M.E. and D.E. degrees in electrical and electronic
engineering from Tokyo Institute of Technology, Japan,
in 2006, 2008 and 2010 respectively. He became a
faculty member of the Department of Electrical and
Electronic Engineering, Tokyo Institute of Technology
since 2012, and now he is working as Associate
Professor. He received IEEE VTS Japan 2006 Young
Researcher’s Encouragement Award from IEEE VTS
Japan Chapter in 2006 and the Best Paper Awards in
Software Radio from IEICE SR technical committee in
2009 and 2012. His research interests are MIMO
transmission algorithms, multiuser MIMO, MIMO
mesh  network, wireless power  transmission,
cooperative cellular networks, sensor networks, digital
predistortion RF and mm-waves. He is a member of
IEEE and 1IEICE.
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Emeritus Professor Kiyomichi Araki
Emeritus Prof. Kiyomichi Araki was born in 1949. He received the
B.S. degree in electrical engineering from Saitama University, in
1971, and the M.S. and Ph.D. degrees in physical electronics both
from Tokyo Institute of Technology in 1973 and 1978 respectively.
In 1973-1975, and 1978-1985, he was a Research Associate at
Tokyo Institute of Technology, and in 1985-1995 he was an
Associate Professor at Saitama University. In 1979-1980 and 1993-
1994 he was a visiting research scholar at University of Texas,
‘ Austin and University of Illinois, Urbana, respectively. From 1995

to 2014 he was a Professor at Tokyo Institute of Technology. His

research interests are in information security, coding theory,
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Tokyo Tech Beyond 5G Cellular Networks

MmWave coverage expansion by Repeaters
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The millimeter wave (mmWave) band is expected to be a key
technology for high-speed, large-capacity communications in the 5G
generation and beyond due to its wide bandwidth capability and has
already begun to be utilized. However, mmWave operates at a higher
frequency band compared to conventional ones, which presents
challenges such as increased propagation loss and straightness. These
issues result in narrower coverage at individual base stations.

Therefore, as a

Fig. 1 mmWave repeater units —
solution to the |
. K b ¢ v
mmWave coverage problem, we have been evaluating Y &
X *
the performance of mmWave repeaters using the 5G o
. . N " S /
environment we have built on the Ookayama campus. 1 Service

Unit

In this fiscal year, we have permanently installed

© OpenStreetMap
contributors

mmWave repeaters (Fig. 1) and have been building an Fig. 2 DL throughput measurement result

environment that enables high-speed use of (LoS-Area, w/ repeater)

applications specialized for the Tokyo Tech Beyond 5G
(B5G) PoC field in a wider area. As shown in Fig. 2, the LOS area covered by the repeater realizes high-

speed data transmissions.

MEC/RSU-empowered AR system for Improving Traffic Safety

We have been working on the implementation of a digital twin utilizing multiple roadside units (RSUs)
installed at the Ookayama Campus. The RSU is equipped with LiDAR, cameras, and edge computers. In
this fiscal year, we built and implemented an AR application that detects vehicles, predicts collisions, and
visualizes them as an effort to improve traffic safety by utilizing this digital twin (Fig. 3). The server-side
system of this application runs on the MEC built on the B5G PoC field at Tokyo Tech, so data can be
sent and received between user equipment (UE) and the server via the MQTT protocol with low latency,
making it a highly real-time application.

(b)
Fig. 3 PoC results of AR-based collision-avoidance application. Fig. (a) displays the car-detection alert,

fig. (b) presents the car location as AR objects, and fig. (c) indicates the alert suggesting the user
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MIMO system

Multi-user mmWave Massive Relay MIMO System with User Scheduling

1 We proposed a system that explores the potential of using
relay stations towards 6G, offering a possibility of addressing

the challenges such as limited coverage associated with the next
generation of wireless networks. Fig. 4 shows the system model

for the multi-user MIMO communication system with user

- _]
@ [ |

scheduling. This system includes one base station with
mmWave antenna, a massive number of AF relay stations (RS),

oot Grou? and several users (UE). In addition, we proposed a user
- . scheduling method to divide users with less interference into
'@ e _ = different groups to improve resource utilization. In the same
118 - S group, data is transmitted and received from base stations to
®55] oo o [ At | e multiple users by — coF -
Fig. 4 System model using spatial 00 {
o8 y

multiplexing

=
&

techniques among multiple antennas at the same time and

o

o
=

frequency resource. In numerical simulation (Fig.5), it

Cumulative distribution [%]

o o
~

showed that massive relay MIMO system can enlarge the

=

coverage and enhance the channel capacity. Furthermore,

3

user scheduling can group users with less interference and e

0 % a0 )
Channel capacity [Ghps|

improve the system throughput. Fig. 5 System model

Highly reliable mmWave communications in blockage environment

While the broad bandwidth of the millimeter-wave band enables high datarate, its susceptibility to
path blockage reduces system reliability. To construct a reliable system even in a blockage environment,
a system that combines multi-beam communication and fountain code-based cross-layer coding is
proposed (Fig. 6). The proposed system assumes a vehicle equipped with multi-element antennas and
performs multi-beam transmission utilizing both LoS and NLoS waves. By using cross-layered codes that
combine packet-level loss correction codes and bit-level bit error correction codes as error correction
codes, packet loss caused by blocking and decoding errors, which are problems in the millimeter wave
band, can be corrected by loss correction codes, making retransmissions of lost packets unnecessary.
This eliminates the need for retransmission of lost packets. In addition, by combining cross-layered codes
with multi-beam transmission, even if some beams are blocked, the original data can be decoded from
the data transmitted on the unblocked beams, thus creating a system that is robust against blockage.

Alarge amount of  [[]
encoded packets

Segmented :I :l % [N
ckets : : ]
packess ] [ —» Ecc | —— Moa | /
I : Fountain - La i
. yer . . Beamformin
>| Segmentation | .l encoder Mapping — : 11 : e -
Packet Erasure code :Ll ECC | :El-l Mod | »| \

Bit Error Correction Code

Fig. 6 Transceiver architecture
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Smart Mobility Digital Twin for Autonomous Driving

Based on the Smart Mobility

R&E Field (Fig. 7), Sakaguchi-
Tran Lab establishes a new
smart mobility DT (SMDT)
platform for the control of

connected and  automated
vehicles (CAVs) over next-
generation wireless networks. In
particular, the proposed

platform enables cloud services
to leverage the abilities of DTs

RSU #1 edge

Point cloud Detection |

sempibUNEU®
“iR0S @

Nutoware

RSU edge co
communication devices

MY S

mputing and

2

Jetson

[ RSU #2 edge ...

[ RSU #N edge

V2| (DSRC and mmWave)

CAV #1 edge

Point cloud

(1o @) 51 s R o
{ ssane UDUNEU®
131 O S

see

@ Nutoware ]

T

V2C (cellular network

- @@ Windows 1 ybuntu®

HD map 3D models

to promote the autonomous . CAV #2 odge

CAV #N edge

driving experience. To enhance Fig. 7 System architecture of Smart Mobility R&E Field

traffic efficiency and road safety

measures, a novel navigation system that exploits available DT information is designed. The SMDT
platform and navigation system are implemented with state-of-the-art products, e.g., CAVs and roadside
units (RSUs), and emerging technologies, e.g,, cloud and cellular V2X (C-V2X). In addition, proof-of-
concept (PoC) experiments are conducted to validate system performance. The performance of SMDT
is evaluated from two standpoints: (1) the rewards of the proposed navigation system on traffic efficiency
and safety and, (ii) the latency and reliability of the SMDT platform. Our experimental results using
SUMO-based large-scale traffic simulations show that the proposed SMDT can reduce the average travel
time and the blocking probability due to unexpected traffic incidents. Furthermore, the results record a
peak overall latency for DT modeling and route planning services to be 155.15 ms and 810.59 ms,
respectively, which validates that our proposed design aligns with the 3GPP requirements for emerging
V2X use cases and fulfills the targets of the proposed design. Our demonstration video can be found at
https://voutu.be/3waQwlaHQkk.

Real-time Digital Twin Application

We implemented a V2X-enabled real-time digital twin application to realize the cooperative
autonomous driving system. In this cyberspace, dynamic information regarding vehicles, pedestrians, and
bicycles is recreated based on object detection from the distributed sensors in our campus. The real-time
digital twin with the negligible gap between physical space and cyberspace facilitates the real-time

optimization of the entire mobility system.

Fig. 8 Cyber-physical synchronization

Smart Mobility application for collision avoidance

Regarding a new intersection system that incorporates a collision avoidance system, we demonstrated
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the efficiency improvement through simulation and the feasibility of the system using a real machine and

emulation. Furthermore, by using machine learning to predict the movement of objects used in collision

avoidance systems, we achieved more accurate predictions than conventional methods.

R ()

FRCA (m)

Fig. 9 Simulation Fig. 10 Collision prediction  Fig. 11 Movement prediction with machine learning

IoFDT(Internet of Federated Digital Twin) Platform

We built a platform to share the information accumulated by the
digital twin to different digital twins and users. We studied the

Display on AR applications

requirements for the platform, designed the architecture, and ARapplication visualizing

hazardous areas

implemented it. In addition, : oo server
ervice registry
Resource

we ran an application on the — e
I i

platform and confirmed its |

¥

effectiveness.

U: terf |
N
[ rese P i i
i | Coenvice ] Application | | {[service i | apphicstion i | apptication |
: Resource owner * | | Service provider a e g

Fig. 12 Architecture

Fig. 13 Demonstration of platform

with AR application

Interference control based on coloring mechanism for 802.11ax

compliant wireless LAN systems

Carrier Sense Multiple Access with Collision Avoidance
(CSMA/CA) is used as a collision avoidance protocol in WLANS.
However, since CSMA/CA is not specified for each wireless AP
(Access Point), if the UE terminal receives a radio wave on the same
channel from another nearby wireless AP, the communication with
the desired AP may be suppressed, that reduces the spectral usage
efficiency. In response to this problem, Wi-Fi6 provides the Basic
Service Set (BSS) color space reuse technique. This technique is
expected to improve system performance and spectrum resource
utilization in densely deployed environments, since it allows
multiple wireless APs to cover an area with minimal contention. We
designed a system of interference control based on the ratio of the
BSS coloring to the BSS coloring, and clarified situations in which
the BSS coloring functions effectively through simulations and
empirical experiments.

OBSS MYBSS

X
@ STAA &
APBD APA D
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Fie. 14 CSMA/CA

OBSS MYBSS

(((r)) STAm (((I )
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Fig. 15 BSS Coloring
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Estimation using HAPS

In recent years, there has been an increase in the number of
illegal radio stations that use radio waves with power exceeding the
limits or on illegal frequencies. Today, a radio monitoring system
called the DEURAS system exists to crack down on them.
However, the system may not work well if the illegal radio stations
have no line of sight or generate a lot of reflected waves,
depending on the surrounding environment. To solve this

problem, we proposed a radio wave source estimation system " ”.‘, o AT
using HAPS, an unmanned aerial vehicle flying at high altitude. i L@ V il 6*}% S
We have succeeded in obtaining highly accurate position Fig. 16 Estimation using a HAPS

estimation using only one HAPS and are still working to improve it.

>

Estimation using UAVs
Recently, there has been an increasing trend in illegal radio
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transmissions, posing a serious risk of significant radio interference
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with legitimate transmissions. This study aims to estimate the
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positions of radio transmitters, using UAVs as receiving antennas.
Compared to the DEURAS method using fixed sensors, UAVs can
ensure line-of-sight with the transmitter by adjusting their flight
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paths, allowing for precise position estimation. We found that :Z
utilizing AOA (Angle of Arrival) instead of RSSI (Received Signal ~ -100 ;
Strength Indication) for radio information further enhances o x[mz]oo W
estimation accuracy with multiple.

Estimation using LEO and WLAN signal Fig. 17 Estimation using UAVs

Japan has repeatedly suffered from damages caused by
earthquakes. Furthermore, it is said that there is a 90% probability of a disaster occurring within the next
40 years that will surpass the scale of the Great East Japan FEarthquake, known as the Nankai Trough.
Establishing defense measures against such imminent large-scale disasters is an urgent task. Rapid rescue
efforts are crucial when a disaster strikes. However, both material and human resources for rescue are
limited. Therefore, if it is possible to estimate the population within the affected area, it would be
beneficial for allocating appropriate resources

based on the number of victims seeking aid. This — ®Data processing

@Receiving signal |

(@Estimation

can potentially facilitate and accelerate rescue

operations, leading to a reduction in casualties. In
. DEmitting
\\ =~

N ™~ _(5.6GHz Band)
~ e

this research, we proposed the feasibility of a
population estimation method using Low Earth
Orbit (LEO) and WLAN signals emitters from » AN
smartphone users located inside the disaster area. .
We are still improving simulation to show the

Area

Fig. 18 Estimation using LEO and WLAN signal

potential feasibility of our proposed system.
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Construction of a UAV Base Station Network
System Architecture

When disasters occur, wireless communication may — Backhaul UAV oz

become unavailable, necessitating the establishment

(ﬁ)

Near Base Station

of high-capacity temporary networks. We proposed

1 I

l |
the construction of a UAV-BS network. The network | Access LAY E T UAY
operates by relaying radio waves from the base i C \ﬁ od e:‘:x ﬂ{ j;g\ o + Acocss Link
stations through backhaul UAVs and access UAVs, - _‘ P i—

enabling communication to end-user devices. Fig. 19 Overall Architecture of the UAV-BS network

Numerical Analysis Using Demonstration Experiment Data

Beamforming technology is required in this system, but the UAV's position may shift due to wind,
position correction etc. Therefore, a numerical analysis model was created based on demonstration
experiment data to confirm the effects of positional errors. In this way, the factors that must be
considered in a millimeter-wave UAV network are examined using a numerical analysis model based on
demonstration experiment data.

IRS Integration to UAV-BS Networks for Coverage Extension

1400 1

2ol To transmit detailed damage information to victims and rescue

workers, access UAVs should be capable of high-capacity
e communications to all UEs. mmWave has the potential for it due
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to wide bandwidth but suffers from severe propagation
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attenuation due to blocking, Therefore, we considered reflecting
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20 IRS-UE pairing for

improvement

and delivering radio waves by IRS, and then created a virtual LoS

Fig: SNR  for improvement the received SNR even for UEs with NLoS.

Trajectory Optimization for UAV-Based Data Collection

UAVs with high mobility is suitable for data collection when
the base stations are unavailable. To minimize the completion
time of data collection through UAV trajectory optimization,
we proposed a 3-Dimentional UAV trajectory considering the
flight altitude. The coverage area of each hovering point is
optimized according to the distribution of UEs and is realized

by adjustment of the flight altitude.
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Our Research Interests

Hirokawa laboratory have researched antennas, feeding circuits, electromagnetic analysis
theory and wireless communication systems. Main target frequency band is millimeter
wave band and higher band such as 120 GHz and 350 GHz. The features of our antennas
are planar, high gain, high efficiency and wide bandwidth, which have been realized by
new fabrication method such as diffusion bonding of thin laminated metal plates and 3d-
printer. Not only components but also wireless communication system has been studied
such as 60-GHz band gigabit access transponder equipment (GATE) and rectangular
coordinate orthogonal multiplexing (ROM), a multiplex communication system.

Rectangular coordinate
orthogonal multiplexing (ROM)

Tx Antenna

Post-wall waveguide

» Known as Substrate Integrated Waveguide (SIW)
* Published in the IEEE transaction in 1998
(Total citation: 308, Web of Science, 2017/6)
* Used as microwave and millimeter-wave band
low-loss waveguide

* Published in the IEEE transaction in 2017

+ Equivalent to OAM transmission in the optical
communication system, and apply to microwave
and millimeter-wave applications

2-D beam-switching Corporate-feed Slot Array Antenna
one-body Butler matrix with Plate-laminated Waveguide

 Published in the IEEE transaction
in 2011.

- After that, research is also started
in Sweden, Singapore, China, etc.

+ Designed in various frequency
bands like 38-GHz band, 60-GHz
band, and 120-GHz band, etc.

* 42x42-way one-body 2-D beam- v’ Large number of elements
switching waveguide Butler matrix = High gain

+ Reduced its length and conduction v Made with metal only
losses by half. = High efficiency

- Reduced the number of components v Composed of the corporate-

and volume. feed circuit

= Wide band

- Published in the IEEE transaction
in 2016.

- Combined E and H-plane short-slot
coupler into one body.

- Components of the Butler matrix
(Hybrid and Cross coupler)

Measurement FaC|I|ty . Antennas are made and measured
—_— in the practically used frequency band.

* Specialized to planar antenna.(by 110GHz)

4 ONear Field Measurement :
Aperture Distribution (AM, PH)
Directivity, Radiation Pattern
Anechoic Chamber Near Field Measurement  Vector Network Analyzer ONetwork Analyzer : Reflection
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Design of Best Assignment for Post-wall 1-D Parallel Switching
Matrices with Five Beams

In order to overcome some shortcomings of conventional switching matrices, general
configurations of 1-D parallel switching matrices with an arbitrary number of beams have been proposed
[1]. For the general configurations, the number of beams can be arbitrary, and the imbalance among
outputs can be reduced due to the similar number of beams and number of layers from input ports to
output ports.

The original block diagram and the compensated block diagram of the general configuration with
five beams are shown in Fig. 1. The original structure is composed of ten couplers and ten phase shifters.
There are 120 phase difference assignments. A total of 19 different couplers having different transmission
phases are used in these 120 assignments. The phase shifters and the straight waveguides need to be
adjusted according to the transmission phases of the couplers so that the compensated block diagram
can be obtained. The phase shifters in blue colors are long phase shifters having two-layer length. The
others are all short phase shifters having one-layer length. Phase difference from straight waveguide is
defined as the difference between the transmission phase of a straight waveguide and the value of phase
shift. A smaller phase difference can make the phase shift easier to achieve. Therefore, the best
assignment is selected by choosing the assignment having the smallest absolute sum of phase differences
from straight waveguide. The best assignment uses six types of couplers having 6 values of 0.176m,
0.250m, 0.3097, 0.314m, 0.328m, and 0.3467. It has the smallest sum of 420.29°, which should lead to
the widest bandwidth among 120 assignments. Fig. 2 shows the realized structure of the configuration.
The configuration is realized by post-walls over the frequency band from 20 GHz to 24 GHz, and uses
a PTFE substrate, which has a thickness of 3.2 mm and a dielecttic constant of 2.17.

According to the simulation results, the bandwidth of reflection less than -10 dB for five input ports
is more than 17.82%, 18.18%, 16.18%, 15.55%, and 17.73%, respectively. The average phase differences
between adjacent output ports at the center frequency are —69.47°, —141.58°, 146.58°, 72.67°, and
0.19°, compared with the theoretical values of —72°, —144° 144° 72° and 0°.

Layerl Layer2 Layer3 Layerd Layer5 Layerl Layer2 Layer3 Layer4 Layer5
i (o] ) a O | Cpy—o1 i () s ggp— ol
4 E %] [4] o3 [x] o [
2] D] o 12l o Sl 1 g
i3 — — ¢ 3 i3 —¢. - & 03
' & & by NG &
. 2] %] %] oL %] %]
ia @ @ 04 i4 4 g s:5 Pe11)—— 04
] [«] o ()L B ;
i5 o5 i c3 Pes \:y 0!
Fig. 1. Original Block Diagram and Compensated Block Diagram
0000004 0g,,,30R00 000000 OEEOOEE0000000000000000000000 S90900 00 0.0 0,0 99, O, © 0 © 0 60RO I 0000 00O OO 0OO0O0O0CO0000000000000000 0P 0P,,,30%0 00 000000000000000000
00000000 ©0000000000000000000 0000 0009933000 0000 00000000000000000 600000 0000E0000KP00 00000, 098330 4,0 000 ©©© G G000 00 00000000 000000 000009000009006 6 0 0 0
0000008280 P00000000000000000000000 ©000000000090000090000 000000 &3P 00000000 000000000000000 000 000000%900000%060 60 0 0 0% 832 8g Po 00 0 00000000000000000 0
00000000  ©0000000099%00%0046 500003 6°%%% 000 6 0 0000%00000%0000 600000 000000 0000%0000200000 6060 0% %% 60000 0009000009000000600006 0000000 000000060600 0000
© %000 % € %o0a” % Woooqg
9000000208808000000000006b0000a 030000 060006000% 200090006600 0% BW 6% 00 6.0 0000000 000000 966000000000000005090000080F 0800000000, 490000
oooooooooooooooooooooooooocowoooooo“’oooooogoo"ooooo000000000000ooooooooooooooo00000ooocooooowooooooo“oo%oogoo"ooooooooccoooooomgggggggggggggQODDQDOO% 9000° 000
Fig. 2. Realized Structure of Matrix

[1] J. Hirokawa and N. J. G. Fonseca, “Generalized one-dimensional parallel switching matrices with an
arbitrary number of beams,” IEEE | Microw., vol. 1, no. 4, pp. 975-988, Oct. 2021. DOL:
10.1109/JMW.2021.3106871
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Design of post-wall waveguide stacked E-plane cruciform cross
couplers for 120-GHz band

A waveguide two-dimensional beam switching integrated Butler matrix has been proposed as a
power supply circuit for beamforming, The two-dimensional integrated Butler matrix has input and
output ports arranged two-dimensionally, and can scan the emitted beam two-dimensionally by switching
the input ports to excite. In addition to being able to form multiple beams at the same time, it has the
advantage of low loss due to its waveguide structure.

Figure 1 shows the structure of the coupler. As shown in figure (c), three waveguides with the tube
axis direction of the x-axis are stacked in the z-axis direction, with slot 1 between waveguides 1 and 2,
and slot 1 between waveguides 2 and 3. Slot 2 is placed between waveguides 3 and 4, and slot 3 is placed
between waveguides 3 and 4. Let one end of waveguide 1 be port 4, both ends of waveguide 2 be ports
1 and 5, both ends of waveguide 3 be ports 2 and 6, and one end of waveguide 4 be port 3. The ends of
waveguides 1 and 4 are short-circuited. As shown in figure (b), the center axes of waveguides 1 and 4 are
offset by p in the y direction with respect to waveguides 2 and 3. The slot is placed at the center of the
wide walls of waveguides 2 and 3, and is offset by p in the y direction when viewed from waveguides 1
and 4.
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Fig. 2. Realized Structure of Matrix

Reference
[1] Y. Mitsumoto, T. Tomura, J. Hirokawa, D. Yamanaka, N. Kidera, and O. Kagaya, “Design of post-

wall waveguide stacked e-plane cruciform cross couplers for 120-GHz band,” Int. Symp. Antennas
Propag. (ISAP), RS28.3, Oct. 2023.
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Wideband Design of 2X2-element Post-Wall Waveguide
Slot Subarray for 350-GHz band

Due to the increasing demand for wireless communications, the use of the 300-GHz band is being
considered. As a previous study of 300-GHz band planar antennas, a hollow waveguide has been used
n [1]. The antenna achieved a gain of 38 dBi and a specific bandwidth of 80 GHz (22%) in actual
measurements, showing good characteristics. On the other hand, it is expensive to manufacture because
it uses a silicon process. To solve this problem, we investigated the possibility of reproducing the structure
of [1] using a post-wall waveguide that can be produced using printed circuit board processing technology.
The center frequency of this antenna is 340 GHz.

Figure 1 shows the overall structure of the antenna. Two types of dielectrics are used, and the antenna
is manufactured by layering them. Power is supplied from the back of the antenna, and all radiating
sections are supplied with power at the same phase and amplitude using a corporate feed circuit. Figure2
shows a 2 X 2-element subarray, which is the radiating part. From the top to the bottom, it consists of a
radiation slot, a radiation cavity, an exciting slot, a cavity, a coupling slot, and a feeding waveguide.

Moving on to the results. In [2], the antenna geometry was optimized using GA. However, among the
results obtained, there was a problem with the extremely close distance between the cavity and the
exciting slot (Figure 3). Since this antenna is manufactured by etching, a distance of at least 0.05 mm is
required between the post and the slot. When the characteristics are investigated at a distance from the
current structure, the reflection characteristics deteriorate significantly. Next, we describe a method to
solve this problem. Figure4 shows the newly adopted cavity shape. The adopted magnetic field
distribution was changed from TM210 mode to TM410 mode. By changing the magnetic field
distribution from TM210 mode to TM410 mode, the distance between the exciting slot and the post can
be increased while maintaining a strong magnetic field near the exciting slot. The antenna bandwidth was
increased from 8.0% to 14.5% [3]. Since there is a problem that the antenna bandwidth decreases when

the antenna is post-walled, we plan to study the antenna radiation element in the future.
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Feeding design of a full-corporate radial line slot antenna with isoflux
radiation pattern

In the system for observing Earth from satellites, efficient technology for downlinking satellite
observation data to ground stations is indispensable. Research on isoflux antennas, as satellite-mounted
antennas for downlinking observation data, is actively conducted. isoflux radiation pattern is an antenna
characteristic that allows the satellite to cover the visible surface of the Earth with the same power,
maintaining stable communication links as long as ground stations exist on the visible surface from the
satellite. Previous studies on isoflux antennas have been designed for frequencies below the X-band,
making them insufficient to cover the Ka-band frequencies, which are the widest bandwidth frequencies
allocated for satellite observation satellite downlinks, ranging from 37.5 to 40.5 GHz. Our objective is to
design an isoflux antenna capable of covering this frequency band as a planar antenna manufacturable
on PCBs. We are conducting designs using radial line slot antennas.

Recent research reports suggest that structuring radial lines into two layers for corporate feeding
enhances the bandwidth. We propose further multilayering of radial lines using this structure to enable
corporate feeding for each radiating element perimeter.

The structure for delivering power to the radial lines from the lower to upper layers is illustrated. The
electromagnetic fields entering the corporate feeding structure flow into the upper layer via ring slots
backed by short walls. Additionally, iris structures are installed on the upper layer to adjust the power
distribution ratio to the inner and outer sides. In this paper, assuming five radiating elements, we designed
a fully corporate-fed radial line.

To achieve isoflux radiation pattern, it is necessary to supply 68.0% of the total power to the innermost
radiating element perimeter, 17.4% to the second, 7.8% to the third, 4.2% to the fourth, and 2.5% to the
fifth. Through analysis using HFSS, we were able to create a feeding circuit with a power distribution
ratio error of -2.7% to 1.5% for this target.
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Fig. 1. Full-corporate feed radial line (Number of radiation lap: 5)
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Design of Reconfigurable Reflectarray Antennas on Flexible Substrate

with Varactor Diodes Mounted on Slot-Coupled Microstrip Lines

Compact deployable antennas are suitable for small satellites that require strict payload constraints. In
particular, reflectarray antennas on flexible substrate[1] are expected to be used as large antennas for
small satellites because they can be combined with a large deployable membrane structure|2] to improve
storage efficiency dramatically. On the other hand, flexible substrates with low flatness can be deformed
relatively easily due to creases for storage or external forces, which causes radiation phase error between
array elements and gain reduction. Therefore, it is necessary to dynamically control the radiation phase.
In this study, we design a reconfigurable reflectarray antenna with varactor diodes on flexible substrate[3].
Fig. 1 shows the proposed antenna structure. The first layer consists of radiation slots and slot-coupled
microstrip lines with diodes mounted on it. The second layer is a ground plane to prevent the
transmission of the incident wave to the backside of the reflector. In this structure, reconfigurability is
realized by controlling the reverse bias voltages applied to diodes on the first layer. In the design process,
periodic boundary conditions in the x and y-axis directions and x-polarized normal incident wave are
assumed, and the voltage characteristics of the reflection coefficient $11 are analyzed by finite element
method. For modeling the diode(Macom, MA46603-276), measured S-parameters for each reverse bias
voltage are used. As a result, it is confirmed that a variable reflection phase range of 343 deg. could be

obtained with a reflection loss of 0.53 dB or less.
A H-shapeh

H Incident /
E>l wave
’ \

Ground substrate
plane
Fig. 1 Antenna structure
Reference

[1] T. Tomura et al, “Simulation results of a foldable reflectarray composed of four triangular notched
patches,” Int. Symp. Antennas Propag., pp.1-2, 220358, 2021.

[2] K. Ikeya, et al, “Significance of 3U CubeSat OrigamiSat-1 for space demonstration of
multifunctional deployable membrane,” Acta Astronautica, vol.173, pp.363-377, 2020.

3] HH#®E, FAZE, WA, 2oy MEGEIKICN T 7 2 84 & — FRREL
MHEREZL O TAERY) 7L 27 F T L —0FE”, B, vol. 122, no. 441,
AP2022-250, pp. 93-96, Mar. 2023.

26



MCRG I

Tokyc Teshy /

Design of a Planar Beam-Tilt Array for Primary Radiators of
CubeSat-Onboard Reflectarray [1], [2]

Reflectarray antennas are used as high-gain antennas for cube-satellites because these can
achieve high gain with a flat panel [1]. The conventional primary radiator for reflectarray on the
cube-satellite, MarCO, uses a deployment mechanism to mechanically adjust the main beam
direction toward the reflectarray antenna, but this method results in reducing gain due to blocking
and in low reliability of the deployment mechanism [2]. In order to eliminate the deployment
mechanism, a planar beam-tilt array primary radiator is required. This research presents the design
of a beam-tilt array antenna on a printed circuit board as a primary radiator for 3U cube-sat onboard
reflectarray.

The configuration of the planar beam tilt-array antenna is shown in Fig. 1 . The feeding lines
are microstrip lines embedded within the substrate and the array element is fed by eight-way power
divider with uniform amplitude and a phase difference to tilt main beam direction. The structure
of the array element is shown in Fig, 2 . The antenna structure consists of an 18um thick copper
foil on a PTFE substrate with a relative permittivity of 10.7. The array element is a microstrip
antenna with three shorted sides, and the remaining non-short-circuited side is operated as a slot.
The H-plane beamwidth is adjusted by the slot length p, and the E-plane beamwidth by the number
of elements and the element spacing .
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Fig. 1. All structure of slot array Fig. 2. Antenna element of slot array
antenna. antenna
The design frequency is 5.84 GHz with 20 MHz bandwidth, the target beam direction is 6 =
51.4°, ¢ = 90°, and the 10-dB beamwidth is 51.2° in the E plane and 103.1° in the H plane. The
number of array element is determined as eight to realize the E-plane beamwidth.

Based on these results, the parameters are determined as p.=10.64mm p,=8.07mm 4=4.52mm
a=10.93mm and the 10-dB beamwidth is 60.0° in the E plane and 102.0° in the H plane, and they
are close to the desired radiation pattern.

[1] R. E. Hodges, etal. ,"Novel deployable reflectarray antennas for CubeSat communications,"
in Proc. 2015 IEEE MTT-S Int.  Microw. Symp. ,2015,pp. 1-4.

[2] R.  E. Hodges,etal. ,"A Deployable High-Gain Antenna Bound for Mars: Developing a
new folded-panel reflectarray for the first CubeSat mission to Mars," IEEE Antennas Propag.
Mag. ,vol. 59,no. 2,pp. 39-49, April 2017.
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Our Research Interests

At Fukawa laboratory, we have been conducting both fundamental and applied researches involving

signal processing techniques for mobile communications. Recently, we have focused on transmission

systems, especially MIMO-OFDM, multiple access, modulation and demodulation schemes for cognitive

radio, super high-bit rate mobile communications, and millimeter wave. Below is a detailed list of our

research topics in recent five years.

Research Topics in Recent Five Years

Transmission System

MIMO detection & CSI estimation
B Suboptimal MLD
v EM algorithm
v" Factor graph
v MMSE detection avoiding noise
enhancement
B Adaptive blind method for
heterogeneous streams
B Soft decision-directed channel
estimation (SDCE)
B Channel estimation exploiting sparsity

MIMO-OFDM system optimization
B BER improvement
v' Minimum BER (MBER) precoding
B PAPR reduction
v' Block diagonalization with selected
mapping (BD-SLM)
v' Partial transmit sequence (PTS)
B Joint BER and PAPR improvement
v Eigen-mode transmission with
PAPR reduction
B Relaying system improvement
v' Amplify-and-Forward (AF) /
Decode- and-Forward (DF)
switching

Super high rate mobile communications
B 8x16 MIMO multi-Gbps systems

Multiple Access

Collision detection
Interference mitigation
B Spatial filtering
B MBER precoding for co-channel
interference environment
B Neural network based power and
beamforming controls
B Linear interference suppression for
multiple relay systems
Access scheme
H |DMA with iterative detection
B Random packet collision solution

Wireless Security

Random phases based physical layer
security

Millimeter Wave Communications

Phase noise compensation
I/Q imbalance compensation
Real zero coherent detection

Others

Constant Amplitude OFDM
Machine Learning Schemes for
Wireless Communications

In this report, we will present some of the above research topics that have been recently presented at

international conferences or accepted for publication in international journals.
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Reinforcement Learning-Based Cognitive Radio Transmission
Scheduling in Vehicular Systems [3]

Stable and reliable wireless communications are absolutely essential in achieving safe, efficient, and
comfortable autonomous driving systems, and require more channel resources. Cognitive radio (CR)
alleviates the spectrum shortage by exploiting spectrum resources that are not used by primary users
(PUs). Conventional CR-based vehicle-to-everything (V2X) communications still suffer from spectrum
scarcity when the demands for wireless resources are excessive. Most previous analyses of this problem
have adopted too simple models for V2X that assume constant vehicle velocity and that coarsely
discretize  vehicle positions.

More realistic models for V2X R — Licensed V2I channel
are too topologlca]ly C(?rnplex QN ______ :.':t:::.d\\ulf:.‘:.'.‘.:
and too dynamically variant to -y (( ))

find stable solutions of preseme ] | A
optimization problems by using melakostonl BT TRsv
conventional  off-policy-based o prmp—

reinforcement learning (RL)
algorithms such as Q-learning
and deep Q-network (DQN)
based on reply memories.

Considering the above
situation, this paper firstly builds
a  precise and  realistic
autonomous driving testbed by Fig. 1. A V2X communication model.
3D engine. In the testbed, all
vehicles move in an autopilot mode with random velocity and direction, which can provide more realistic
traffic flow, positions, and motion for all vehicles. As shown in Fig. 1, the testbed implemented a system
model with CR-based V2X communication, which consists of N vehicles and one Road Side Units (RSU).
The channel resources contain Licensed Vehicle-to-Infrastructure (V2I) channel, Licensed Vehicle-to-
Vehicle (V2V) channel, or Unlicensed CR channel. While the conventional work used too simple testbeds
to represent the autonomous driving environment, in this paper, we employed a more realistic simulator
CARLA to provide CR-based autonomous driving scenarios as shown in Fig. 2.

Due to the constrain of Kullback-Leibler (KL) divergence between updated and previous policies,
on-policy RL algorithms such as proximal policy
optimization (PPO) can find stable solutions to
complex optimization problems. Inspired by
this property, in this paper, we expand the
single-agent RL algorithm PPO into a multi-
agent algorithm multi-action proximal policy
optimization (MA-PPO), which is obtained via
further increasing the action dimension to a
predetermined number by using MultiDiscreate
class provided by OpenAl gym. For comparison,
we expand DQN to a multi-action deep Q-
network (MA-DQN) algorithm by reusing
parameters, in which DQN can select not one
but multiple actions with very high dimension.

built in CARLA. Computer simulations using the new
testbed show the MA-PPO algorithm can gradually converge to more stable solutions and can achieve
more steady and efficient data transmission than DQN. Figs. 3 and 4 show the mean reward and amounts

Fig. 2. An autonomous driving environment
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of lost data, respectively, for the RL algorithms. It can be seen that MA-PPO (blue line) can grow the
reward with increase in iterations while decreasing an amount of lost data with increase in iterations. The
constraints of KL divergence between two adjacent policies can be considered to bring about this
superiority. Although the MA-DQN algorithm (orange line) can achieve the highest reward and the
smallest amount of lost data at about 150 iterations, its performance is severely deteriorated at about 300
iterations, while causing very large deviations. This behavior is unacceptable in autonomous driving
wireless communication scenarios. It is also noteworthy that the performance of MA-DQN with linearly
decaying learning rate (violet line) is severely deteriorated at about 300 iterations and cannot recover from
the worst level later.
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Fig. 3. An example of average throughput. Fig. 4. Transmission delay time.

A CSI-Based Construction Scheme for Gn-Coset Codes over Frequency
Selective Fading Channels [4]

Polar codes were invented by Erdal Arikan in 2009 , and has been adopted as the control channel
coding scheme of 5G mobile communications, because it is demonstrated that polar codes can approach
Shannon’s capacity on symmetric binary-input memoryless channels as the block length goes to infinity.
Since polar codes can be classified into Gy -coset codes, the other Gy -coset codes have provoked great
interest due to the constructive similarity. As such a code, the old but classic Reed-Muller (RM) codes,
which were introduced in 1954 | have been expected to achieve Shannon’s capacity on symmetric
channels for a long time. Recently, it has been proved that RM codes can also polarize, which can be
regarded as a partial proof of the expectation.

The aim of this paper is to design GN -based codes that are suitable for orthogonal frequency-
division multiplexing (OFDM) transmission over wireless frequency selective fading channels and that
can solve the following two problems; i) it is hard to construct proper polar codes, and ii) the performance
of RM codes is severely degraded with an increase in the code rate, because the minimum Hamming
distance between codewords decreases exponentially. Fig. 5 shows OFDM transmission over frequency
selective fading channels with the proposed feedback system, which operates as the following three steps.
A pilot signal sequence is sent and used to estimate the channel frequency response of each subcartier
Hy,, as CSI. Note that this paper assumes perfect channel estimation. Using the estimated channel
frequency response and Gy, the criterion for the row vector selection is calculated. The row vectors with
the largest K criteria are selected from Gy and used to encode the K information bits. To reduce an
amount of feedback information, not indices of the selected or deleted row vectors, but differences from
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those by RM codes are fed back to the encoder on the transmitter side. Note that setting |Hg| to 1
results in the row vector selection by RM codes, which can be predetermined. Using the feedback
information, the encoder can estimate which row vectors are selected or deleted for the encoding, and
then provides encoded bits for the OFDM modulator.

The computer simulation shows the block error rate (BLER) performance comparisons among RM codes,
polar codes of the 5G standard, the conventional scheme of and the proposed code construction scheme.
Fig.6 and 7 show the BLER performance for different code rates of 0.25, 0.5, 0.75, 0.875, it is evident
that the proposed code construction scheme outperforms traditional codes across all code rates.
Importantly, regardless of the code

rate, the proposed scheme achieves
. T OFDM Systs
over a 5 dB average Ep/Ny gain Plotp @ — = ——— — — ===+ A ]

compared to the conventional — uncseasis odic
scheme. In the case of the proposed
scheme, only 30 indices need to be

Code Canstruclion\_ @

fed back (15 indices are added to information '\
and 15 indices are removed from N

(Frequency Selective

|
|
|
|
|
|
Fading Channels /‘ |
|
|
|
|
|

the RM selection for information

. . Decoded Bits <J[][]E|
bits), which can reduce the amount

L 0
of feedback indices to 53.1%. Fig. 5. OFDM transmission with the proposed feedback

system.
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Time-Varying Channel Prediction for Pilot Contamination Mitigation in
Hybrid Massive MIMO Communications [5]

Recently, massive multiple-input multiple-output (MIMO) has attracted much attention and been
introduced into the 5th generation mobile communications system (5G). Hybrid beamforming (HB),
which consists of analog beam-forming (AB) and digital beamforming (DB), can be regarded as one of
the most feasible massive MIMO techniques, because it can significantly reduce the number of baseband
and radio frequency (RF) circuits. However, HB cannot accurately estimate channel impulse responses
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of all antenna elements because the degrees of freedom of the received (Rx) signal are reduced by AB
and are too small for the accurate channel estimation. To solve this problem, a previous scheme assumed
that incident angles of propagation paths (cluster) in the uplink (UL) are narrowly distributed and can
estimate time-invariant channel frequency responses of all the elements from those of HB by using
information on angle of arrival (AoA) for the cluster. The estimated channel frequency responses are
used to control both phase rotation of AB and a precoding matrix of DB so that HB can approximately
perform block diagonalization in the downlink (DL). However, hybrid massive MIMO still suffers from
the following pilot contamination: When the number of user terminals (UTs) using the same channel
simultaneously exceeds the number of orthogonal pilot signals, the same pilot signal needs to be shared
among multiple UTs [8]. The channel estimation using the shared pilot signal obtains an estimate of
combined channel frequency responses of the multiple UTs, which can cause significant degradation of
transmission performance.

To cope with the pilot contamination under time-varying channel conditions, this paper proposes a
method for adaptively predicting DL channels while mitigating the pilot contamination. Considering time
division duplex (TDD) multiuser MIMO communications, the proposed scheme firstly estimates an AoA
for each user’s cluster by applying multiple signal classification (MUSIC) to the Rx pilot signals, which
can reconstruct the channel frequency responses of the interfering users and then extracts the desired
channel frequency responses from the combined ones. Since the desired channel frequency responses
can be considerably extracted, the proposed scheme coarsely compensates for time-variation of the Rx
signal by predicting the Doppler effect of each cluster. The residual time-variation can be tracked and
removed using detected signals of all the streams in a decision-directed manner. Finally, the estimated
total time-variation is used to predict the DL channel frequency response.

Computer simulations under conditions of time-varying fading channels, two desired UTs with
multiple antennas, two interfering UTs with multiple antennas, and one base station (BS) equipped with
a 256-element array antenna demonstrate that the proposed scheme can sufficiently track time-varying
channels and mitigate the pilot contamination.

Consider the massive MU-MIMO system shown in Fig. 8, where the base station (BS) and user
terminals (UTs) are assumed to perform HB and full digital beamforming (FDB), respectively. Suppose
that the BS with Ngg antennas
communicates with K UTs having

Nyt antennas. Furthermore, let us RF Cham ase]

. . N
assume that K' interfering UTs are ' Y_mf_lsand
located near the cell boundary, and that RF Chain User m (interfering)

RF Chaln
Base

(K+K') UTs share the same  pua * [Base
N/ f\ul
Y mecrant P2

frequency channel simultaneously. Let ~ Streams. |Band
Mpgg denote the number of RF

circuits (sub-arrays) in the BS and Nre = MpsNps User k (desired)
Ngg/Mgg = Ngg be an integer equal

to the number of antenna elements Fig. 8. Block diagram of the massive MU-MIMO
per RF circuit. The number of data system.

streams for each UT is set equal to that of antennas of each UT, Nyr. In addition, since a TDD system
is assumed, both the uplink (UL) and DL use the same frequency channel. Since channel frequency
responses of UL agree with those of DL, the BS can control phase rotation of AB and a precoding
matrix of DB for HB using estimated or predicted channel frequency responses of DL. What’s more,
since orthogonal frequency-division multiplexing (OFDM) is assumed as the transmission scheme,
subcarrier signals of OFDM follow frequency flat fading even under frequency selective fading
conditions. In this paper, we focus on one OFDM subcarrier that experiences the Rayleigh fading.
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BS and UTs were assumed to be located as shown in Fig. 9. The central azimuth angles of the
clusters arriving from the desired UTs were set to 15" and —15°, respectively. The central azimuth angles
of the clusters arriving from the interfering UTs were assumed to be uniformly distributed in the range
from —75" to 75" with an angular difference from the central azimuth angle of the desired UT being 45
or more. The central elevation angles of the clusters were assumed to be normally distributed with 0
mean and standard deviation 15°. The direction of the movement of the UTs was assumed to follow the
uniform distribution.

Fig. 10 shows the mean squared error (MSE) of the predicted channel at the center of the DL
packet. The error floor can be seen when the pilot contamination (PC) occurs but PC mitigation (PCM)
is not conducted, whereas PCM can make the error floor much lower and near to that without PC. In
addition, PCM can reduce differences in required Ey/Ng between PC and non-PC to less than 3 dB.
Especially, when the channel is time-variant, the difference can get close to 0 dB. It can be also seen that
the proposed scheme can accurately predict the time-varying channels up to fp = 150 Hz.

Fig. 11 shows the average packet error rate (PER) of DL, when HB approximately performs block
diagonalization by using the predicted DL Massive Array Antenna
channel. It can be seen that PCM can alleviate frsis ]
degradation of PER in the DL from PC, as e i
effectively as that of MSE. Note that the
simulation results of the second stream (the
smaller eigenvalue) without PCM were not

plotted because the PER is very close to 1.0 &H
regardless of both the Doppler frequency and o=z H
Eo/No it

The proposed scheme estimates the
average AoA of each UT’ cluster and uses the
information to remove channels of the interfering UTs from pilot based channel estimates. After
predicting and compensating for the overall Doppler effect of each desired UT’s cluster, the residual
time-variation can be further tracked using the detected signals of all the Tx streams. Finally, the estimated
total time-variation is exploited to predict the DL channel. Computer simulations under TDD-OFDM
transmission with two desired UTs, two interfering UTs, and one BS with HB have shown that the
proposed scheme is very robust against the pilot contamination and can accurately predict time-varying
channels up to fp = 150 Hz.

Fig. 9. The positions of BS and UTs.
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Fig. 10. MSE of channel prediction in DL. Fig. 11. Average DL PER of each stream.
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A Slotted Polar Random Spreading Scheme for Massive MIMO
Unsourced Random Access [6]

Recently, machine-type communication (MTC) has been motivated by Internet of Things (IoT)
applications. As a practical solution for IoT networks, MTC is effective in low power consumption, ultra-
low latency and high reliability data transmission. In the fifth generation (5G) mobile network, massive
MTC (mMTC) is one of the most significant usage scenarios, which will be evolved into massive
communication in 6G. In general, MTC meanly focuses on short packet transmission. At any given
transmission frame, only a small fraction of users is active while others keep silent to save power.
Unsourced random access (URA) proposed in 2017 is one of the most promising techniques to realize
the massive connectivity in MTC. In URA, all users share a same codebook and the base station (BS)
only has to detect the received codewords without identifying the senders. The problems of the existing
URA scheme includes, i) Multi-user interference caused by non-orthogonal signals. Such interference
becomes severe with the increase of user number. if) The computational complexity of some schemes is
extremely high.

To solve the afore-mentioned problems, we propose a slot-based random spreading URA scheme
using polar code. With the same manner of most of the URA works, a single cell consists of multiple
single antenna users and one multiple input multiple output (MIMO) BS is considered. Also, the

transmission frame is partitioned into

»x, several slots. Bach active user selects

. >.SlolSelection ‘ one slot for message transmission
[ I I | Selected Pilot . . .
W rm——— "I AP according to index modulation (IM).
Selected : . . . .
ik Interieaver Soleied Sieadiof Sodiptee Fig. 12 depicts the transmitter in the

v

, v
W, —» Polar Encoder L »{ Interleaver v » Modulator L > ® > 2 proposed scheme. Th€ message sent bY

c

each active user is divided into three

parts: The first part indicates which slot
is selected based on IM principle while

Fig. 12. A block diagram of the transmitter in the the second one corresponds to pilot and

proposed scheme. spreading sequence selection. The
remaining part is polar encoded and spread over the selected slot. Fig. 13 shows the receiver of the
proposed scheme. First, the activity detection (AD) aims to detect the transmitted pilots and is completed
in a two-stage manner where energy detector (ED) is performed to cover as many as potential transmitted
pilots while covariance-based maximum likelithood detection (CB-MLD) is to decrease the false alarm.

Once a message is successfully decoded, the receiver performs successive interference cancellation (SIC),

which can subtract replicas of Decoded
. | Channel Message
correctly decoded signals from " Decoder
. . . [ : Decoded
received signals. Then the residual Y + ! AD CEand | Channel | Message, 7)
. ‘ . :» > ED —» CB-MLD »  Demodulation | Decoder “q
received signals are fed into AD IR :
i I Channel 512:::22
. ) ) ) !
again.  Multiple iterations  of i | B e
successive interference cancellation E s‘lc‘:‘““‘“‘“‘Si‘g;;,‘_“:"“““““R;;;;);;g‘:““‘ _i
(SIC) can improve the PUPE S Roconstueton| __________ZmaModulted| 1
performance and  alleviate  the Fig. 13. Block diagram of the massive MU-MIMO
thresholds requirement. system.

Fig. 14 shows how the number of

35



I
Fukawa Laboratory

active users in the proposed scheme affects the signal-noise ratio (SNR) required to ensure the per user
probability of error (PUPE) equaling to 0.05. For comparison, the results of both the multiple
orthogonal pilots scheme and non-slotted FASURA scheme proposed before were also plotted in the
tigure. Each active user transmits 100-bit message. It can be seen from the figure that when the number
of active users per slot, K; > 700, the proposed scheme is superior to FASURA. As K, increases, the
superiority of the proposed scheme becomes more significant in terms of the required SNR. The reason
is as follows: when K, increases and exceeds a threshold, the multiuser interference becomes severer.
The slotted structure in the proposed scheme can reduce the amount of such interference drastically,
which brings about the superiority of the proposed scheme to FASURA under the large K, condition.
Fig. 15 shows how the number of iterations affects PUPE of the proposed scheme per slot with various
settings of number of antennas (M) and Kj. It can be seen from this figure that PUPE converges fast
with iterations. For example, when M =50 and K, = 250, it requires only 4 iterations for the
convergence, which demonstrates the effectiveness of the SIC process.

A /

2 #— Orthogonal Pilots scheme /
— A —FASURA / P i Wi i :
. —=#— Proposed Scheme / —A— M=50,K_'=250 ; ‘ - A -M=100K =250
5r / p! M=50K '=350 | (= 4 —M=100K '=3
PUPE=0.05 / A —— % [- + 0K,'=350

_,O_WMZSO'@‘!ASO‘ - @ =M=100K '=450 | |

Required SNR (dB)

AY A A A . A
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N
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Number of active users K, htative:Number
Fig. 14. SNR required to ensure PUPE = 0.05 Fig. 15. PUPE versus the iterative number
versus the number of active users per slot with the numbers of antennas and
when the number of antennas, M = 50. active users being parameters.

36



This page intentionally left blank.

37



[
Okada Laboratory

Home page: https://www.ssc.pe.titech.ac.jp

Professor Kenichi Okada
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the Japan Society for the Promotion of Science in Kyoto University. In
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where he is currently a Professor of electrical and electronic engineering
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500 journal and conference papers. His current research interests include
millimeter-wave and terahertz CMOS wireless transceivers for
20/28/39/60/77/79/100/300GHz for 5G, WiGig, satellite and future
wireless systems, digital PLL, synthesizable PLL, atomic clock, and ultra-
low-power wireless transceivers for Bluetooth Low-Energy, and sub-GHz applications.

Prof. Okada is a member of the Institute of Electrical and Electronics Engineers (IEEE), the Institute
of Electronics, Information and Communication Engineers (IEICE), the Information Processing Society
of Japan (IPS]), and the Japan Society of Applied Physics (JSAP). He was a recipient or co-recipient of
the Ericsson Young Scientist Award in 2004, the A-SSCC Outstanding Design Award in 2006 and 2011,
the ASP-DAC Special Feature Award in 2011 and Best Design Award in 2014 and 2015, the MEXT
Young Scientists’  Prize in 2011, the JSPS Prize in 2014, the Suematsu Yasuharu Award in 2015, the
MEXT Prizes for Science and Technology in 2017, the RFIT Best Paper Award in 2017, the IEICE Best
Paper Award in 2018, the RFIC Symposium Best Student Paper Award in 2019, the IEICE Achievement
Award in 2019, the DOCOMO Mobile Science Award in 2019, the IEEE/ACM ASP-DAC Prolific
Author Award in 2020, the Kenjiro Takayanagi Achievement Award in 2020, the KDDI Foundation
Award in 2020, the IEEE CICC, Best Paper Award in 2020, the IEEE ISSCC Author-Recognition Award
in 2023, and more than 50 other international and domestic awards. He is a Fellow of IEEE. He is/was
a member of the technical program committees of IEEE International Solid-State Circuits Conference
(ISSCC), VLSI Circuits Symposium, European Solid-State Circuits Conference (ESSCIRC), Radio
Frequency Integrated Circuits Symposium (RFIC), Asian Solid-State Circuits Conference (A-SSCC), and
he is/was also Guest Editors and an Associate Editor of IEEE Journal of Solid-State Circuits (JSSC), an
Associate Editor of IEEE Transactions on Microwave Theory and Techniques (T-MT'T), a Distinguished
Lecturer of the IEEE Solid-State Circuits Society (SSCS).

Our Research Interests
e Phased-array transceiver for 5G, 6G, 7G

e Terahertz Wireless Communication, Terahertz Imaging E E

. 1'Tb/s Millimeter-wave Wireless Communication

e Satellite Communication iy

e  All-Digital PLL, Synthesizable PLL, Injection-Locked PLL I

e  Millimeter-wave Antenna, High-frequency PCB design E

e Quantum computing/sensing, Cryo-CMOS, Atomic Clock —

e IoT battery-less transceiver
Details can be found here

. Reconfigurable analog RF circuits
https://x.gd/RVxqz

e Modeling and Optimization of On-chip Spiral Inductor
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Specially Appointed Associate Professor Yoshichika Ohta

Recent Research Topics

He received the B.E. and M.E. degrees from Muroran Institute of
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joined Japan Telecom Co., LTD., which is now known as SoftBank
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a director of system design R&D department in technology
research laboratory at SoftBank Corp., Tokyo, Japan. In 2023, he
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B 3D Layered Cell Construction in Broadband Mobile Communication

>

>

Transmit and Receive Interference Canceller for 3D Layered Cell Construction in
Broadband Mobile Communication.

Frequency Sharing in 3D Cell Structure consisting of Ground and Sky Cells by using
Beamforming;
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A Study on Transmit and Receive Interference Canceller for 3D Layered
Cell Construction in Broadband Mobile Communication
[2]~[4][6] 8]~ [10] [14] [18] [20] [22] [23]
In the three-dimensional(3D) layered cell construction in same frequency bands are used in both macro
and small cells, we pioneered interference cancellation technology using “cooperation control network”
where each cell cooperates through a network ahead, for LTE and 5th generation mobile communications.
We propose “transmit interference canceller in small cells extended to MIMO and SIMO” that cancels
the macro cell signal received at terminal in each small cell through cooperative control network in
downlink and “received interference canceller in macro cell” that cancels the small cell signal received at

base station in macro cell through cooperative control network in uplink.
By using these  proposed

i Transmit Interference Canceller Received Interference Canceller
. in downlink In uplink
interference cancellers, we showed m

. . . Create and Transmit
that the communication quality A
e

such as SINR (Signal power to

Noise and Interference power

Ratio) and communication capacity Create and Transfer
cancelling signal

in small cells can be improved

remarkably.

A Study on Frequency Sharing in 3D Cell Structure consisting of
Ground and Sky Cells by using Beamforming
(1151171 [11]~ [13] [15]~ [17] [19] [21] [24] [25]
It is being expected to control the flight of drones and transmit video data taken with drones using
cellular network. When the mobile terminal on the drone communicates in the sky using current cellular
network, it interferes with a wide range and the radio quality of the mobile terminals on the ground is
deteriorated. We proposed “3D Cell Structure” which shares the same frequency by spatially separating
the ground cell and sky cell by using 5G antenna beamforming for the base station antenna. We evaluate
the communication characteristics when mobile terminal on the drone communicates in a conventional

cellular system and evaluate its I —_— o e e o e o
: : : . Sky area

effectiveness in comparison with Propagation model I

the proposed system. We are I in Sky areal

working on the optimization I ‘iﬁ_'
design of "Massive Antennas"

that take into account the arrival | Optimized configuration
of Massive Antennas

angular spread, and on the
modeling  of  the fading - —
characteristic of radio waves in : N2
the sky, which is indispensable for

wireless communications.

Beamforming Ground area I

-
MU-MIMO .
Canceller Cooperative Control Network
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