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Research and development of a real-time compact spectroscopic sensing system in the 1-3 THz
band using fast response terahertz wave detection technology
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Abstract

To promote the use of the unexplored frequency range of 1- 3 THz, we have conducted research and development to
realize a compact spectroscopic sensing system by improving the performance of nonlinear quantum cascade laser
(THz NL-QCL), a compact terahertz wave light source that operates at room temperature, and a MEMS bolometer,
a fast response terahertz detector. The THz NL-QCL is tunable from 1.2 to 4.5 THz by using an external resonator,
and its performance has been dramatically improved as a light source for spectroscopic measurements. On the other
hand, a MEMS bolometer as a detector has achieved a 10-fold improvement in sensitivity.
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Development of Ultrahigh Frequency SAW and BAW Devices Combining Monocrystalline
Piezoelectric Layer, Buried Electrode, and Acoustic Multilayer
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Abstract

To achieve ultra-high frequency acoustic wave filters, we first developed ultra-high frequency surface acoustic wave
(SAW) resonators that preferentially excite harmonic SAWs at 2 to 3 times the fundamental frequency by embedding
the interdigital transducer (IDT) that excites SAWs within the substrate. Additionally, we studied a solidly-mounted
bulk acoustic wave (SM-BAW) resonator, where an acoustic multilayer is placed beneath a piezoelectric thin film.
The individual layers of the acoustic multilayer are made thinner to preferentially excite higher-order modes. By
proposing these new SAW and BAW device structures and conducting a comprehensive study, including theoretical
analysis, design, prototyping, and evaluation, we demonstrated the fundamental technology for ultra-high frequency

acoustic wave devices.
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A4 BRXILIZES 300 GHz BERBMFORFEHEEEILOARMRE
Research and Development of High-Performance Devices in the Over-300 GHz Frequency
Band Using Microcombs
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B=

ARFIETIE, K= L% VW 300 GHz # & O @ (LI, SIN w4 7 vV o FIREROHEE — NE % EfeICH]
L, BARKCHLREMICYA 7 0 a A RESEIHNEZEE LT, RFTOFERMEERIET~< 10 Gbit/s £
YarzmR 7 + h XA A4 — R TERIEFL L, 300 GHz # & H W= Rk EZFICHRBI T E EHIT, HHRvE
A X 0 R Mk A FERE Lz, &5, BEAY YU brrasd 298.8 GHz 41 o v — MM
ZRMBiL, Y3 A X BEEN RF 7 4 VA EEOFMEEZEIEL T, 5% 0 X 57225 SEETHEE - A7 2RI
V7 RN 2 e LT,

Abstract

In this study, we advanced 300 GHz-band radio-wave generation using optical frequency combs by precisely
controlling the free spectral range of a SiN microring resonator, achieving stable microcomb generation. A 10 Gbit/s
modulated optical comb was converted into an electrical signal via a high-speed photodiode, transmitted, and received
over a 300 GHz band, demonstrating reliable wireless transmission. We also evaluated the beat-phase noise between
a stabilized soliton comb and a 298.8 GHz synthesizer, confirming optical-comb-based high-frequency RF filter

operation.
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Development of smart infrastructure inspection technology using low-frequency
electromagnetic waves with spintronics sensors
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Abstract

We conducted R&D with the aim of applying spintronics sensors, which are small and operate with low power
consumption at room temperature, to non-destructive testing systems for infrastructure. We aimed to develop
magnetic hammering testing (MHT) method that utilizes low-frequency electromagnetic waves to achieve high-
precision testing that was not achievable with conventional testing techniques. Specifically, we carried out design
and production of a multi-channel 3-axis sensor, construction of MHT system, design and prototyping of a low-noise
sensor circuit, demonstration of the principle of environmental noise cancellation technology, collection of non-
destructive testing data and development of Al, and prototyping of an infrastructure management system.
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Research and development of deep and specific nerve stimulation
using passive-type implantable devices
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Abstract

Conventional electromagnetic wave-based neural stimulation methods have been limited to frequencies of 100 kHz
or lower, making it difficult to achieve localized neural stimulation in deep tissues due to frequency limitations.
Therefore, this study proposes a new neural stimulation method that utilizes the electromagnetic characteristics of
implantable devices, with the aim of establishing a technology for localized neural stimulation in deep tissues using
high-frequency electromagnetic waves. By shifting to the high-frequency band, which has not yet been explored in
electromagnetic neural stimulation, this approach demonstrates the potential for deep-tissue localization of neural

stimulation, thereby demonstrating its utility in neural stimulation.

1. FAME

TR DA ANIE IR TIXTICA 7T > FERDIAR
B EFAREHT L D BN 72 . S F 0 MRREAL
NEREPEFEHINT S EICE D FERESNL TV, 20X
D IR APRRHIEL 1 X DIREE BT D201z, BRI
Z 5 IRNIR 8D IA B P FERS RS D BB 2 80 LI F)
N9 2 BN BIRIEN & A T 5 EEEER O RN~ S
IAFIZENT, (1) SEMICHE S RIEREZEE L2HE
ILERBIEE O NNy 7 U —FabORE, (2) NyT U —=
TR OO IA T KT 5 gk LW IR RRRERE Ol R,
DD, Ny T U — - BEIREIEE 20 5 HIA R 2 A
RONy TV — L ZULTEBERPETH D, DL Ol
FERZT AN B BRI 2 AMRICHRST 5 2 itk B9
(RERZR A RRIE DN E H 24D T 5, FRIC, IR F
W TIEBRJE L 72 RBN BB~ D Rl T & 5 R EH 251 R
% (TMS) & MHEN DB ANTHZES TV D, L
L7236, TMS %13 U o & T DI ERIRUC X D gk
1A (TMS OEAIIMNE) ~ORFBEICHRFI ST
B INEERLEE D D ORKHRIIKIC X > TERWNGEEE~D R
AT A RE S TR O3, Tl & LT, Myl
WA 2 BRI HEARIZ 100kHz LLF & 72> T
BYEENSAKLE B L CHEFICE S ARREBOEED
EHAT~DJRILRNHETH D7D TH D, £ T, AKWFE
T D IABBIOEIROMBHHEEZFIR 35 Z LI L D 4p
FRBNIEICEH U, SRENMBE T X D @R %
NFE—REFTREISHT 5 2 & T @ E e Bk
& BEE DAL ~DBIREIIN(= L ¥ —(53%) Z FH+

% o ARREHIIT & AL 3 D R A R 2 i SIS B S
NSy TR 7T o MR ERIFE L, LD Lo
BNRAY L AR K DI 2 RBLTE 5 Z L 35 < )
e,

2. IRABRUER

IR, —a—nETFal—ya Bl IBRENKE R
HEEEBOTWS. TO—FTh 5 RAEMRHPL(VNS:
Vagus Nerve Stimulation) i 9 ¥ zEd, DAL &
ZRELIRICTER A~ DIREP RIAEN TV S, BIfE, VNS ©
FFEITARR R EE & 2 H OIA T IO b
B HNTHIRT 2 5 ERHD. Lo, BigiE Ny T
U—% ) DI ANy T U — 2 T D T
EThHDHI ERHARTITEFARO N— FANENE N
OIS D D, %L, 22 REME < RFTHI 22 1%
IEIREECTH D, 22Ty T U —DEb7 W OIARLTT A
VTT U NEEEM Y L TIND OMEE R T D Z
LIRWRETH B . ARWIFE CIIRPITH O IA A TR ER 23 L
THNEED B E S & frik LT VNS ZE 25 ISV T
et 5. BIMSRITITS LR X BRI 5. 5
WZHWD a3 A JVIFAERNETICELE T 572D, =1 VR
ZERHPOEN LTV, BEFORG HIETIILE L&
TUEEDRRFEC 72D, EDT, EROEEZEE L=
v ITMA T T MR ORE ATV, VNS OZhR%E
FBRICCTHER T 5.

—fRIZ A NS v F 7 Z A LH]L EROEHR

[Q], BROBEARE CIF] BNFETH. DD, £

RGBS S IF TR MR R F 3 (SCOPE)
PRTEEREREES (2025 F)



FAEREDBLRERIZ LY aA VORENRZELT 5 2 &M
Ezonb. X1 I2aArrERy, SRSk 7
A (EEEESE 49, HEZE 0.3 S/m @13.56 MHz)
P OAERNERICELE LT-FE D A B — & v 2D JFIK K
itk Zmd. a2 AV EIX 104 mm, =1 LDFNT 7.80
mm, & 10 TH5DH. ERERAT 7 o b AP ROE
RNE IR L0 RBUEN/ NS Ao TV D, 2
AR OEERIC LV a4 L ORI LTI
WP Y DM 5- SN2 Th 5. £, LIREW
K< 7o TV B Z & BB TE 5. T AR O L
BRIZL VI TN 5 SNEZZDTH
D, FDT, FERNETO A L OSMERIZR 2 0 X
IR T ENTE D, AMGEHZ LV A EERITIERD
100kHz L4 Eooii A AlREME %2 7R L TR Y . MHz #<° GHz
HEAOYLEME G IRBH I AN T2 S AT A O EHL ATREM:
RSN TND,

10
—air
10*+ | —phantom
living animal
S 10°
“E
=02 /////,44>4"’ V//\/«)$><
0
0 L L
10
10° 107 108 10°

) Freauency [Hzl
X 1. RNy TR T T AT ORI

Equivalent circuit of coil

YA~

2. EfREE TV

FREOBFD X 512 BRIPTORBICAE U S FHAER R
DEELTND, O, ARICaAVERETHZ L

TINDFERGNENT D ENTRIEND. TD=D

EROERER AR L7 7 o N AEKE AW TZAE
BEIZH WD a4 LV OEERNIICR T 2 BREHR DL E
BEtLTz. 77 > b ARENESCO aA VOB ER %5
B L, EEH & ZEROSLREE I 5T 5 £ 513G
T 5. EEHITZELIPICEE L, ZEEEERFROT 7
v N LRI ECE U2 ORI 0 B BIE 2 HE
L CHBRHMEi 21T > 72 (K3 (). X2 OIITERERETH
D ERIZ L D RE OB (L E B EETICHRE LA
1.5V Tholzhs, HEEZE L TR LEGAIZIE 3V
FOEENKEIN. ZDOZ ENBERDEELERT
D2 L THEKRRNERICE T 2 2 A WVEHEO B SRR X
HIRERHED B LA CTE B Z L AURENT-.

—w/o adjustment —w/ adjustment
4

Voltage [V]

. Fa\
M~ /A

6.8 6.9 7
Time [ps]

(b) JERE R

(a) FTBpERSE
X 3. AN~ 7 > b A& TR

FEF L7 AR @& 4 AV C in-vivo F252 % i L 7-.
K 4lZv AT LTy 7 THD. EHFEETORTH
HaUIB L, sEMREBZH Lz LT, a4 o7 ins
B RE L. ER, KEEAL, KRN ENG
EEITo7 (X5 EK). KEMKICIE VNS ERkiCLE R
RTA—=FEHBE LG EEZ RV EFMIC IO
OEALERND. VNS MNER SN TO DAL
NI L, B EN T WGEITIIZ e E 2. X
5 ANITIERR CTH S, KEHE ON 1275 &Lk
X 128bpm 2>5 85bpm F T L72.ON »6 20
#%, PAEHE% OFF 125 LIz smL, sy
BTN L=, BLEoD Z & s B AR O 85 Z 1§
LR EHC LV AR OA v T T v b ~DEIMEER
ORI 2 FER SR B & & 3R STz,

In air In body
Signal Resonant Resonant R
en = T i - rectifier Vagus
Generator. circuit circuit Nerve
4. In-vivo EErO7 1 v 7
1 20sec 1
* > 1)
1404 : :
E : j;ﬂr"’“"""\a\
g [ 1|~
il :H i
8 100 1 JI [
& 1 1
50
1 L 1
S04
Time [s]

5. In-vivo SEBAHE R

3. SROMERROEMR
ARFFERRRIC IV RNy VT HDA T T v TR, R
W HED < IRPNTRER AT AL S U7 S BRI Al O A %)
P In-vivo EER A8 L TR HER SN, 5% O
BRI EE & LT ARTFSEB RN O BERIFZEIZ I Y 1
Fr, EEEAEREZ B LI EAERE 2 b b, EREELS
A—T1 LHE L BRIRFS A B - b E TE iR 7
WY MAZEFEMTDTETH D,

4. &IV

ARFFE B S VTR I B 23 2 T b o - R IR IR I
BWC Ry TR VT T N TS R TR
e AT b A2 R L, & 51213 100kHz DL E o E %
OFIFFIEEM: %7~ Uiz, RIS O 72 O O RIFSE T
NERFTT 2 & & bIC, ERERZE LA MERGEC X
D ARBREETOEIMEEZ R LT,

B EBE R R EE (SCOPE)
PRTEEREREES (2025 F)



[EFfFEHELRERAX]

[1] D. Anzai, D. Anzai, H. Kobayashi, J. Hyry, T.
Kobayashi, J. Kirchner, G. Fischer, “Peak-Forming-
Enhanced Electromagnetic Imaging Method for
Implantable Device Localization,” IEEE Access, vol.
12, pp. 175598-175606, Dec. 2024.

[2] Kawada T, Yamamoto H, Yokoi A, Nishiura A,
Kakuuchi M, Yokota S, Matsushita H, Alexander J,
Saku K, “Acute effects of empagliflozin on open-loop
baroreflex function and urine glucose excretion in
Goto-Kakizaki diabetic rats” J Physiol Sci. 2023, 73(1):
7.

[3] D. Dmitrieva, D. Anzai, J. Kirchner, G. Fischer, J.
Wang, “Cost-Efficient Real-Time Adaptive Location
Tracking with Interacting Multiple Transition Model
for Implantable Medical Device,” IEEE Journal of
Electromagnetics, RF and Microwaves in Medicine
and Biology, vol. 7, no. 2, pp. 102-109, June 2023.
[t ZOERERAHX]

[1] D. Anzai, T. Ito, H. Tanaka, M. Hamalainen, M.
Hernandez, T. Paso, L, Mucchi, “Implant and In-Body
Communications: the ETSI SmartBAN Vision,” 18th
EAI International Conference on Body Area Networks
(EAI BodyNets 2023), Feb. 2024.

[2] D. Anzai, R. Inuzuka, M. Kim, M. Hernandez, R.
Kohno, “Fundamental MAC Performance Evaluation
Under Multiple IEEE802.15.6ma BAN Co-Existence,”
17th IEEE International Symposium on Medical
Information and  Communication  Technology
(ISMICT2023), May 2023.

[3] T. Asai, D. Anzai, J. Wang, “Experimental evaluation
of body water content estimation based on complex
relative permittivity measurement,” the annual
symposium of BioEM society (Bioelectromagnetics
Society (BEMS) and European BioElectromagnetics
Association (EBEA)) (BioEM 2022), June 2022.
[AERE]

[1] D. Anzai, “Technical Advancement in Dependable
BAN in IEEE 802.15.6ma,” IEEE International
Symposium on Personal, Indoor and Mobile Radio
Communications IEEE PIMRC2023), Sept. 2023.

[2] PR, RAKEE, WIRER, AERHM, /Sy o7
Za— 1 ET 2 b—3 3 VSR O SRR M, B
THHEEFS Y A =7 4 R, B-4-7, 2023 4 9 H.

[8] fAskEEE, PNRRZRA, WIRER, AERHM, “=a—m%E
Talb—arDidONy I TRA T T MR
DBA%E,”  FFE, vol. 123, no. 50, MICT2023-2, pp.
4-9, 202345 H.

[EEEREFY X K]

[1] ZAERM, WEKR, ZREB/EOENBEV AT A, A
A, 202342 H 24 H
[ESEERE) X ]

[1] ETSI TC SmartBAN, TS 103 888, In-Body UWB
Communications Specification (Early Draft) , 2022
FTH1H
[(BMEREERE) X ]

[1] ETSI TC SmartBAN, Florence, Italy, Jan. 2025.

[2] IEEE 802.15 Plenary meeting, Kobe, Japan Jan.
2025.

RGBS S IF TR MR R F 3 (SCOPE)
BT EERREEES (2025 F)



R—FLRGHEEERORRICL BBV ARBELEEERTET 7 ORATLOER
Comprehensive Care System of Medical Equipment Resource Allocation and Home-Healthcare
with Development of a Borderless Communication Infrastructure

MAEREKSE
XE 2 @HEIEXRFE
Takanobu Otsuka Nagoya Institute of Technology

MREDESE
K EXEBAY & AN’
Shintaro Oyama’™ Kosuke Shimaff
TRHEXE TTEHEBIEX¥
TNagoya University fNagoya Institute of Technology

MR S 5 FEE~STF 6 FE

B=

FENRA NIRRT Y 2 — VB LZEBRY v 7T S AOB%E, FHEIC U T LPWA @ 0mEk @E kxR
—H L RZY) ) X DBREORR 1T o 72, EFRCANT TVY V) —ARNEZ A & UM T — & N — 2 O
TV, Y2 lb—va ik ) Y —RAEEOEIMEER Lz, A~ — b A —X [BEREERIZOW T, ICE Sk —Kk
e HA A=W OEEREHEEITV . LPWA 3815 & ICE MikE 2 A XA T 57— b oA ZB% L. ICE ik &

DBENATRETH D Z L B EFE LT,

Abstract

We developed a power strip device with a mobile communication module that can switch LPWA communication
destinations/methods borderlessly based on location. For demonstration, we constructed a database of medical
equipment operating states based on the assumption of medical equipment resource allocation. The simulation
results showed the effectiveness of resource allocation. We also investigated communication standards between ICE
terminals and water/gas meters. We developed a gateway to bypass LPWA communications and ICE terminals and
demonstrated that it is possible to communicate with ICE terminals.
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Highly sensitive millimeter-wave electric field imaging system
based on parallel signal processing
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Abstract

In this study, a method was developed to extend the sensitivity and frequency range of electric field imaging using
polarized image sensors. The dual-polarizer structure enabled high-intensity irradiation, while sensitivity was
significantly enhanced by utilizing three layers of polarizers and increasing the pixel dimensions. Image processing
also corrected the spatial resolution reduction and sensitivity non-uniformity caused by the pixel arrangement. By
employing quadrupled 25-GHz signals for optical modulation, the system can now manage signals up to the 100-GHz
band, demonstrating video imaging of electric fields near millimeter waves. Future practical applications are
anticipated through performance improvements and by reducing the size and complexity of the equipment.
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+ Intensity correction
~

(a) Simple subtraction
(Previous work)
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Abstract

In this study, we propose a time-domain wideband interference suppression method using Recurrent Neural
Networks (RNN), as well as a frequency-domain narrowband interference suppression method using
Convolutional Neural Networks (CNN). Through computer simulations, we quantitatively evaluated the
interference suppression performance of the proposed methods and demonstrated their effectiveness.
Furthermore, we conducted experiments involving up to eight radar units to generate both wideband and
narrowband interference, collecting data for training and evaluation. Finally, we developed a prototype 79 GHz
FMCW radar implementing the RNN-based time-domain wideband interference suppression technique and
successfully demonstrated its capability to suppress wideband interference.
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Abstract

The objective of this research is to develop a highly efficient wireless communication system that uses advanced
intelligent communication technology to freely communicate high-quality information in order to realize a society in
which a highly functional autonomous mobile robot (AMR) can safely and securely drive automatically (automatic
driving) while working in close cooperation with other robots and with humans (pedestrians, cars, etc.). The goal is
to research and develop a highly efficient wireless communication system that uses advanced intelligent
communication technology to freely communicate high-quality information. For this purpose, we have realized a

communication data volume reduction and reliability communication function.
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B 2B MEERTRXEH L2y MR

1) K(BER)Z2Y 106 - 108 L FOE B Z(E 2 EKHI 5
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Abstract

. T 7 RSB AT v R LD

In the millimeter-wave (mmW) and sub-terahertz (THz) bands, the major impairments are phase noise (PN) that is
induced in local oscillators of a base station and user equipment (UE), and signal distortion due to multipath fading

channels for achieving high quality reception such as bit error rate of lower than 106 —

10°8. Therefore, we developed

PN compensation method associated with frequency domain equalization for orthogonal frequency division
multiplexing (OFDM) and discrete Fourier transform (DFT)-spread OFDM waveforms aiming at the application of
5G evolution. We also developed efficient modulation and demodulation techniques, channel coding and decoding
techniques, and accurate detection techniques for initial access control channels in mmW and sub-THz bands.

1. 2%
S U IRE RO 100GHz - 300GHz DR #%E &ty 7T
Z A~V (TH2) BB 57380 RO L L ER

i, EHR & O — i R(UE: User Equipment)® 12—
T NVFEARSR T U AN MEE I v~ L T X 2 F R
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Generation Partnership Project)?® 5G NR (New Radio)
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S-OFDM) waveform {Zxf LT, > FiR b =R (BER: Bit
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OFDM ODONABMET HEER S HHE SN TNWDH DD,
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"Eﬁ%ﬁm #ifg L —7\2 LDPC 875 & & F 722 MEH A
DNLABHE S H 1 %fﬁﬁiT %
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2.3.1. YIVTFNRRT 2= T F ¥ 2 IEITSH OFDM
O EAS N AN 1 - S BT ORE

13 {2 OFDM (281} 53#2% D PSA-EKF PNC K 1 #
v T E W T235E O SNR 1233 % BER fith4
IR MRS o 7 IR — )LV OARHRTE TV T b B B BRI L M
NS DR A T#H9 5 Rummler 7 =—Y 0 75 )L

W 5 OB (3 IR JE B % S5 (SCOPE)
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256QAM
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(R=8/9) ]
p=-10dB

40 44 48

Received SNR (dB)

13 OFDM ® Rummler 7 = —3 > 7' F ¥ XV BIT 5
PSA-EKF }xO* FDE @ BER

Wz, B TS TAELD /) v FIE S pE 10dB, v
A b— M TIEHUL LT /7 v FEBEE v E2 /37 A—HIZ
L7z, MEv ., EEmEoFL (v FEEED 0.0) 12
IR 10dB O/ v F3GFFET S Rummler 7 = —3 7
IZBWT, R=8/9 L EmW S LEROLAIZE N TE 108
@ BER OEWEZENEETE T3, 72, PSA-EKF
PNC ZH\W=545® BER 25 108 &/ 9 72D O s
15 SNR ONAIMESIE LA D D% ki 1dB BREICImZ &
NTW5, X 14 12, 3GPP @ Al L N(LOS)ER £ 3GPP
Tapped Delay Line (TDL)-D F v ®/LEF/L[8IIZHIT 5
PSA-EKF PNC KON 1 & v 75 AW T2 86 D5
SNR (2%t % BER #5144 7~r9, TDL-D <7 /L' NLOS
Ry DBIEPE DS AHUE Nvros= 18 Th o, LorL,
Mtk — AR WA BIER o3 13 LV
DI NEEZBNDTED, Nyvcos = 2. 5 Y9 DA D
e N B 14 £V, NanposhH/hNEL 725129 - Thk
BEEENEDTBH720 BER BdiEL TV 5, HRiZ
Nnros /NS L 72 51206 - T PSA-EKF PNC % Hv /=35
A DY) BER 28 108 &1 729772 D O FTEE )52 5 SNR
DOABHEE I L 225 OBEMES I 6TV 5D,

1071:““ [
S F . PSAPNC PSA-EKF |
10 NLOS PNC
2
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y 9 A - 7
g 104 L 13 —A a ]
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2 NVLosW/OPN Wi q
» A ith LDPC code ]
107 b 2 (R=128/9)
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107L 9 X
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Average received SNR (dB)

14 OFDM ¢ 3GPP TDL-D ¥ ¥ R /VET/MTET 5
PSA-EKF %O FDE © BER

282, YNFNRNRAT =2 — U I F ¥ XTI LA
AL (FDE) 2 v 7= DFT-S-OFDM O &2 fE A AR 4
WE - e O RET

15 1Z DFT-S-OFDM @ 3GPP TDL-E & v ®R/LET /L
WZBI 5 E¥%{E SNR 1Zxi4 % ) BER it %7,
NARMESHEE S/ v > FZEIZ TDM v, L=40
BB ORI E R, 15 X 0. NavzosHHERT 512606~

_.
<
n

E Wl fading )
W PN /

Average BER
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<
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X
: |
107 | I
£ Wio fading X
¢ [ WithPN X
10- PR T R n '\ PR - PR - n n n
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Average received SNR (dB)

15 DFT-S-OFDM @ 3GPP TDL-E ¥ ¥ */LET /L
IZF81F % PSA-EKF } O FDE ® BER

T, % OFE-E ~ LT XA FSICER LT BER 2341k
LCW5, Naroshs 14 O34, CP a1 2 BER M
HDHEHDDEIVIEFITIERNNT= D > RV F 0 525
DINEWN, Napos D3R E WIS QIR ~ VT /S A TP
K945 BER T 5 - DI21T, K% 513D LDPC %
FEHWALENRNH D, LR, K15 LY. Nvios
=9 KON 14 OFEIZBWTH, PSA-EKF PNC % v /-
560 B BER 272372 D O ARMES I L 054
b0, £ 2.0dB Iz 65 TW5b, £/, DFT-S-
OFDM (2B W Thi MR HEE A TDM /34 v v M S E%
AWl 2o 4 vy NEEEORFTE1To 72,
DFT-S-OFDM ¥ V' RIVINDE/3A4 11w b3 R IVEH
—EDLEMET/S 1y RO ABEERK 10% K&
N 20%DFAE. Moy hTayI7NOMay vy
RV, ZhEh 3 K2 DBAIC 107 LD BER %
FEET 572 ODFEZIE SNR 2 bIKE T 5 2 L &R
L7z, ZHUE, "M ey hray Z7HREELS 52 81T
KO (LARMET OB R U CALARMEE HEE A% SR R L2 3B
HETE DD THD, DFT-S-OFDM IcB W T 31 2y b
Tay JHNONRAL Ty hURAVEN S, S ey T
v I HIMER 26 VRO EE vy b URLOHE
AT 10.3%) . PSA-EKF PNC % v 7=4:4® BER
23108 & 72972 D DTS SNR O FEMEE I L D
BNLOEIER22dB ICHIETE D Z &R LT,

T T WithcM WioCM
Circular l6QAM —@— —/\—

&~ 20
% o 18 Rectangular 16QAM —— -----
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=3 14
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52
g
[

Ring ratio, p
16 DFT-S-OFDM (28517 % Circular 16QAM D -1
BLER 7% 102 & i 7= 9 72 8 O #4515 SNR

2.4. OFDM % ' DFT-S-OFDM (2817 5 E3hRER - 5
¥ ANVFFTAL, RONRMES M - BB OERESR
2.4.1. ®#h% Circular QAM {5 522 ML & DOt
DFT-S-OFDM %MW 7 7RV 7 ~Oiff % B
LTH&Y v 7B oES R %A+ 5 Circular
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16/32/64QAM 15 522 MR & OFE % 72 Z — RT3 LRI x5
L. PAPR O EM 2 T 5 Cubic metric (CM) %
ZE L7 vy 7380 FRBLER : Block Error Rate) % ¥
i L7, 16 12(8, 8) Circular 16QAM U > 71kt pic
%192 ¥ BLER 28 102 &23ii 729729 CM & fE L=
FTEFHZ 5 SNR 27~ X116 LV, =50
bR RA 15 N 1/3 D& %, (8, 8) Circular 16QAM
D) BLER 23 102 Zifi 72372900 CM 2 & & L /-2
Y952 {8 SNR 1Z Rectangular 16QAM (2 tbifz L T+ Z
A 1.1dB, 0.7dB K C& T\ 5, [FERIC, (8,8, 8, 8)
Circular 32QAM K (X(16, 16, 16, 16) Circular 64QAM
D, FNEI Cross 32QAM K f Rectangular 64QAM (Z
%9 % BIZE BLER %173 7= O %5215 SNR @
KRR ZR LT,

Quadrature
° ) ° °
@) o
2 ° ° ° .
® ‘ ®
First quadrant of ¢ o * 2d, ¢ o ¢
64QAM constellation
2d, 2d,

In-phase
17 64QAM % Hv 7z HM D13 522 M Bl i

2.4.2. TV U 7T v 32N ~OREEILETH O %
RokEt

OFDM FT0 VU ZizBIFHELY A MEFEICNET D
UE ©V Y —A2AOEEM A% EET 5720, HlfEE#RE
EieWMmT v x I ~ O M E L4 (HM: Hierarchical
Modulation) D A R 2L L 7=, AP A FiTED
UE 13318 SNR 3@\ o, ARSI T, 2 ki
WMEZETHZENTE L, HATF v RUTBWTEE R
BN B2 UE BSEARERITNZ T 2 k6 R)EHR % Rk
W2 ET& 5 HM O %% Lz, HM TiXRe 518
WMy hRINEEZEMEEOE T RICERERICE Y b
<o U745, K 1712 64QAM % v - HM 0fE 522
M@ % rd, EEAEox—27 1 v RIEBERZ LW
QAM 15 522l Tk, iy M~y BV 3Ind
EARBROE S SO —27 U v FEEEES, B—{5 5220
EEDOERERMO—7 Uy FEEEEC B L CEL 2o
TLE I, > T, HM Tix, EANDO4 UE BERIEH

A Upper Lower A Upper Lower

2 bits 2 bits 2 bits 2 bits
0.1 —— —- 04 @ B
{0.2 —A- A 0.5 W ¥
03 @ O
107 oo T T
f LDPC code (R=1/3)
10" F 3
2
58] 2 E
M 10 3
[}
on
<
z 10 :
107 3
10° . ‘

-5 0 5 10 15 20 25 30
Average received SNR per receiver antenna (dB)

18 16QAM # H\ 7= HM »F#) BER

12'2 236QAM o CAQAM \
g0 |_|LDPC coding T,—/%arget BER LDPC codingTarget BER
rate, R 103 10 rate, R 10% 10
7.0 — 12 - A& 12 I A
6.0 |— 3/4 -O- - 34 O -
5.0 = - 8/9 -O- @

Loss in required received SNR
from case without PN (dB)

-110 -107 -105 -103 -100 -97 -95
PSD of uncorrelated Gaussian PN in sub-THz PN, K; (dBc/Hz)

19 V7 THz HAE O MEE 2 BB L0
64QAM K U} 256QAM ¢ BER A% 103 L U} 106 & {ifi 7=
729 DT {F SNR
Zr3Ed BER TRE T, YA bfEDOZIE SNR
OEWUE 2 2 RE RIEHREZFETE D LA —F
SEMEE LY AV, X181, A — 16QAM 15522

B & V5 HM %238 L7234 0% BLER %777,
M=dldi THY i LD b lTENZF1 QPSK, 16QAM @
55 RFEEEED 1/2 ThH D, K18 LV, 16QAM % W
% HM 28 L7548, 4= 0.2 O & AR HRDIEYL
BER 7% 103 Z i/ 372 D OFTE X% 1F SNR @ QPSK
NHDOHLER 0.5dB Iz, 2 WIEROFTETZA(E
SNR @ 16QAM ¥—{5 ZZE Ml & H> H D%t %) 6.8dB
IZTETWD, F7o, FrEVYE(E SNR #12, HM &
WG E ORI, 2 ki, 3 kIFHERIETE D
TAYA ENSEDIANL P2 T EFALILE,
2.4.3. Y7 THz w8 T 22T NoOHE

W7 THz #7 8 3 T iR X R UE © a — B ViR
T U DAARMETT ORI U I # R LTk
ENZ ERREINTWD, £, ¥ 7 THz wfERKET
133k GHz g OB Sk e B Homiskic 22 5 78, (L FHAE
F X Wiener 7 > & LBFEIZHE 5 Wiener (ARMEZ (200 2
TR Sy &3 A FHE 72 Gauss (AHMES 2> D
BRSNS Z EBnmE SN TWAI9l, Y7 THz #J85%
DN FHEEEFVICBIT D LDPC F5 %Nzt &0k
FEZFA XD BER 23 HME Y I = L—3 3 T X0
U7 e R FIE T %2 A7 5 Wiener N AHMET 1X PSA-
EKF PNC # W CHIIE L, MEHRE7: Gauss (AHMER X
LDPC %5 DOFF AR L 0 B DY Ram= 7 7=
DOFTEZ(EF SNR #2135, K 1912, AWGN F ¥ %
JZEIT D 64QAM K TF 256QAM % v 7= & % BER
2% 108 KON 106 273 7= O D25 SNR OALARLE
B L OYLAN D OHK % 7T, Wiener NARHESE O 0-Hz
A4 7%~ b PSD i% Kw=-25dBc/Hz & L. &4

TDL-D TDL-E
. Target BER . Target BER
5.0 [ LDPC coding—*—— - LDPC coding —
% 45 |rate, R 103 10 | rate,R 103 106 64QAM
7282 12 A A 12 - —A
T 4.0 H Ho N—
32 T R »
ZA3S 89 -O- @ - 89 -O- -
(SR —1 77 o
o 230  J 77 ag
(=} ’ s "
s £,s P _— L
S E2 o
g = 2.0 ./ -G, /{'l/
o 2. - XS
G ’/Q/ / o
o 1.5 — == s
g g - - — {5
1.0 o
2.2 e LTI O S ===
3 “— 0.5 — A
f=====c----------M
0.0
-110 -105 -100 -97 -95

PSD of uncorrelated Gaussian PN in sub-THz PN, K; (dBc/Hz)

20 TDL-D &' E F v R /VIZEB1F 5 Y7 THz #78HK
DOIFMES 2 BB LT & & 0 64QAM KU 256QAM D
BER 23 108 LU} 106 i 7= 372 O AT {5 SNR
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Wk sy % B9 % Gauss MLARMES D PSD Kg & /3T A —
ZIZ L7z, X119 kv, 256QAM Tl R=1/2 L FDEA
1213 BER 28 103 LY 106 OSVENEBRTETWDIH O
D, RPEWVERIIEHRTE TR, [F—0 @R
ZhEi%, m\ LDPC 5 k=A% H\ % 64QAM TH /3 —
TX 5728, 256QAM O ALKV & F % 5., 64QAM
DOHE . Ke = -105 dBe/Hz D4, R = 8/9 FBREIZEW
LDPC %5 % WA B80T h [T HMESE L oBe
25 DT ERZ(E SNR 73%7 2.3dB K 2.5dB #§ k7% =
& BRI NE, BER 28 108 KON 106 D315 50E % EB
TEXTW3, K202, LOS#HED TDL-D XU E F v %
VBT ILICET D 64QAM O KalZ%4 %4 BER 28 100
3 RN 106 Z i 7o 372 D OPTEE %A SNR O AHMES
ELOHENDOMIIRT, X120 £V, Gauss fLHHHEE
@ PSD D& W iEE TIE 106 0 BER A EH TX TVl
TDLD ' E F % FILETNIZEWNT, Ke=-100
dBc/Hz D4, B=3/4 D & % DY BER 7 106 & /-
972 D DOFTEAL)ZAE SNR (LA HES M U D35 -E 12 il
LCENENK 1.3dB LT 1.8dB O KIZH 2 ST
5, R=8/9 DAL, Ke=-105 dBe/Hz FLE F TILF
¥) BER 78 108 O & WEZENEBTE T 5, 7 THz
MR W DO I FRMES 2 %8 L 7= 3GPP @ LOS KON @ L
SMNLOS)EHE D TDL F % FAET MZEBWT, PSA-
EKF PNC % /=534, 64QAM F TOZFH A . BER
MNI08LLFOEMEZEEFEBE TEDH L ERLE,
2.4.4. @HRET v XN F, BEHFRXORG
Polar 513, [ OMIEHE % BT - 2 EREE I 0
(BEEHIm) ¢, BF2@EROAERNEZ LICk
D S ENEVESICY Y VIRRUCHERE T D R E R
WTX %, Z? Polar 7513, 3GPP NR ME#HK THF5
FEOEWHIETF v 2 VICERA ST, Polar 7513,
—RMICE BICHW L N DR KR EE 52 (SCD:
Successive Cancellation Decoder) D55 OHEINILE H
LR IE DR BN EMTTRETH 5, £ 2 T, RUF5EH
%% ClL Polar 75 OALEEICIRI 2 B & LT, BRFRE

HiE 1l b 3 L

e >~ b Tt > b

2[al# Y i L #% Nl Y 35 L%

[lﬁﬁ?&‘k 2 [ i v b

FUESS" CEHIE y MBI IR X
RO FELRLHEMTE DI Y MHRIA DR &R TS - W kLTI

21 BEOHEHE v MR OERE v oMY K Ukt
ToFY XA

e L ITR R AP DE S 7 L2 Y XA R ONER
R EACIZOW TS 1T 2 72,
(1) RAEEIEDE ST A ITY X5 HETLTY XL
L C(a) LDPC HHTCEIZHNWOLN TWEIEFETHD
Belief Propagation (BP)iE 525, (b) ==—F 1% > bV
— 2 (NN: Neural Network){E 523 2 FEFHIZ DO\ CTiRET
L7z, MiEES#s & IR DRI ITA 2 TH 523,
HHtEy b BERIBIZBIT 5 BRARBEROES).
st > N (HERBEEOES) DBREREE T & R
20 FIE LT A 2 L TR W ET A0, BRI
(R TERY, £2C, K21 IR T# 0 IR Lk 7
NAY ZANEREL, FHSGENREZ R LT,
(a) BP 8 545 : BPESami, #0 IR LESICHT 240
B UEZEEf) U CABLEBIE NS KT 5 72 FF R E N
Ba . SCHEFICHE U CRIBICEIE 2T 5, L
U REPRIC R & BT 21t » M 2B REE{L T
TRV O 21 IR THEY K UEGEbE VD, K 21
WICBWT R RZHETED 18y NEERISERT S
720121, £ TOMBAEDLEIIH LT BP #H 5 0H %17

10°
—e— SCDITi b L7 tif it v b

—e— RFEECREL L RE > b
10

10—3 b

10-4 " " "
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SNR (dB)

22 BROBY IR LT LT XL EHAN-L 20D
BP 1875 & B RBREE 5O BER ik

W, BBV RERETLIMLERS D, LOLRERS, FEE
DEWGEIZIIFHAEEREKRE 220 | oibRFRI AKX <
725 7-%, Union Bound % % FiE##£E L1z, X 22
WCIREREALT VI Y AL L Y E#EE LR b
Z W24 0515 SNR I2%I4 % BLER #it 2=,
22 £v . BLER ® 10* 2 %814 57 85{5 SNR % SCD
W LTl Lzt v b2 AW IEAICHE LT
#70.5dB #HETE T 5, (b) NNEE8 : NN H 581
SZEEFEANIET D Kkoud fEFlEE »72 L,
NN Z W CTE LB EZIT S, 207, KOEKIZH L,
FREBE B ] NN & 7 23R Z iR T D 72 5L
@ NND %3827 23882 NND B2 S TW\»b, Ll
NG, ZOHEOERE v N OREIZ OV TIIMRETE
TR, HEE I 21—y auicky, k=32, N
=64 DA M 2L ITRTIRET VT Y XL %E Vv TE#R
v &l L72RE NND (3 SCD (ki L CIEIER
SEDFAY RERM: & EH Lo KIS ISR IE 2 (K8 T &
LT EERLI,

(2) mRhEF 51 : Polar #4751 Polarization unit & M
N2 P AR &2 SRR RLE L7 a & o, FitEo
U, LR - AHELRIEOK A B L LT, Relaxed
Polar 75 O Fl O 51217 > 72, Relaxed Polar 7513
TR S L 72854 | Polarization unit & HIER$5 Z
LIZ Ko ThotmEAEIE L, FetEb7e < ALBR A - JLERIESE
Z K AT RE T 5, Polarization unit &80 2y #Ris: 1k o> F #E
T IEH (O G 5) 2B CIAT O RERD D,
T, “BEMEER VT “OmEIREE ik
HWT AIEF SR - b2 R8T 5 FiEaRE LT,
PREEIL, 16Kk D Polar 55 & [AEDORHEZ FBL L >,
JUER B - AVERBFEIY 20%00 5 TORREER CE 22 & %
RUT, Fo. BRGSO FHIIIE E R EEDE:
Density Evolution) 3 A% Th 5, HE¥K, Polar 45 Tix
FRENK S 72T TH S Gaussian Approximation
BHAWVLI TV D2, B Polar 5 DRk FHI 1T FEH
JRIEDENTDHI-D, MR Rk E R LT,
2.5. I Y EH RO T THz # A BB T D845
% V7 AKEA 77y FORIETF ¥ XA~DEE
251 F0 Vv 7icBiTdEmENE /L ID (PCID:
Physical Cell Identity)#: Hii: DO HEsT

(1)OFDM (2B 5 F 0 U > 7 OE#EE PCID Witk
3GPP NR {4 DT 0 U > 7 OFT 7 & A IZiTME)E
{LEEE SR AW N2, RESIZIZRE S OZE 4
AT E RIS 1 FH{E 5 PSS Primary
Synchronization Signal) & &/1® PCID /)L — 7 %7R¢
% 2 W15 5 (SSS: Secondary Synchronization Signal)

W 5 OB (3 IR JE B % S5 (SCOPE)
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DHEINTWD, FEMESIX. UE BRAICZE, Bl
THHET ¥ 2L TH D7, UE O a— B VR iReDJH
WA FE R D =G BE 72 SR I BB T ST A E D JE
W CRME S 2T 208N H 5, UE O —T1 L%
RE D BAEE— OB EEIT, MR OB R D%

IZHB LT 2 MR ER AL L T b7z, UE Or—
1 V3 IRAR D JEIE BRI R LT v U TR
t v F(CFO: Carrier Frequency Offset) 234 U 5,

2T X231 E2R 250 CFO #ifE %17 5 PCID
R HE O PCID # Hfife st 2 beige bl U 7=, I E#pH -7 -
+aDONAREEE 52 5 CFO WHIEREETH D, L,
CFO N REWGAIL, BB EAZEx TLE I, o
T, CFO %, WMEKXMT 2zLL F O HHEE % 5 2 5
Fractional %A 7 & v MEFFO) & 220 FEH A OALAH
[Bl#i5% 5.2 % Integer AW HA 7 &~ MAFOIZ/H T Bl
b, %51 @ PCID #HEIL, PSS OZEHA I TR
FFE %I PSS OB OWNIEIZE-S < FFO HiE,
Wi %17 > 72#12, TFO & SSS RFNDY a1 v MEESE
175 PCID ik Th 5, 5 2 OFEIL, Cyclic prefix
(CP)ZH\ 5 FFO #tE, WiEx4T->7-%12 PSS & IFO
DOV aA v MEEETTS PCID Btk ThH D, FtEHE
Lalb—va UEEREY . NREREEORESZ B0
7236 D 60GHz D v V 7 AHH T UE @ v — 1 V4R
e D JE B #2 B ES Bppm D & & . PSS AT FFO #f
{8 %17 5 PCID #HiiErx, PSS MitH#%12 FFO #2179
PCID fH7AIZ g L’C\ V39515 SNR 23-5dB 281 5
PCID MR 2 16% K Tx D L amLic, £z,
FFO #if&it%1c PSS Mt %175 PCID Mz =3
SNR 7% 0dB T 90%2L - PCID kit z £BTE %
ZEERL, BT, IV EREIZEHIT D NR Hik

BA 4k
!
| P&V ZOFDMA A I ZHrH |
¥

| CP&JHV A B ORI S < FROJEE
!

51315 % OFFOR ONFOfBA DA

)
IFOK UPSSZZAE & A > 7', PSSFHRFID
vVaA v HPEE/I
i
SSSHRFIH
¥
PCIDH:

(a) PSS#: HiHTOFFO#fifE (CP based)

Bk,
’

‘ PSSTIE A 3 o 7 B UPSSFFI O by \
v

| PSSO 54y FH BT 45 < FROHEiE |
v

‘ 1517 5 OFFOR DR o i ‘
I

\ IFO L SSSTFID Y 5 A o+ METE \

!
PCID#HY
(b)PSSH# it D FFOfi &
(PSS based)

23 CFO #fif & Fv» % PCID itk

ORIMPUEEE AW L ZD3%{E SNR AMEVVIRRE(E Vi
DOBEEICAY)IZBIT 5 PCID MRz m L4570

2. PSS U v—2 b XA FRE)Y 7=V OEEEN
(EPRE: Energy Per RE) %K L7254 @ PCID kR Hife
ROWFNEZEHEBE I 2L —2a IRV LT-,

08 |-

CP ,
based based |

WithPN -@- -B- |
W/ 0PN —O- {3+
With PN -@ -
W/oPN -O- -0O-

o
o
T

With CFO {

W/o CFO {

f.=100 GHz
SCS =480 kHz ]
TDL-A model 7
£=3 ppm il
fp=271.8Hz
n 1 n n n

PCID detection probability

0.2

-10 -5 0 5 10
Average received SNR per receiver antenna (dB)

24 7 THz #EHEICH T 5 NR OFREIE 5%
FAuI= & & o PCID # HfeR

V3alb—valERED, PSS @ RE %7-0 0i%REE
7% 3dB ¥R L7=54A . SE¥)%(5 SNR 43-10dB (2 7‘5
PCID AR 21 24% R TE 5 2 L AR LTz,
Q)Y 7 THz BRI RBIT A T U v 7 OB EYIitE
v ID ks
7 THz # B CIT. CFO 2853 U A58 B beigs L
TEIHIMRT 5, £, wibo L 5124~ THz #EE
HTITV AT ARSI EET 5728, &k Gauss
NARHES 2 G 7= NARHES BN I Y B R R 0
AlCHE L THART %, X 24 1297 THz #E0EICR
T %5 F7e 250 CFO #if& %17 9 PCID %o PCID f&
HfERZFH L7=, X 24 L0, CP%&HW5 FFO #7E,
g% c PSS #1715 PCID ki, PSS #itti%
FFO #ifEr11217 9 PCID kI bbis LC, 7 THz #F
A ONFHEE ORBIIREVWE OO, @V PCID #%
m%4%%ﬁfﬁfwé
(3) DFT-S-OFDM (21} % [RAE B4k & Y CFO O
HeE %17 5 PCID *;%Hj/f
7 THz #EEE. U BRI i U CaifiE
KNMEBITHRT B72D AT Y THAR Ly UEFEBT S
72912 iE, KW {E SNR B®BEEI231F 5 PCID iR 4
mET2Z2 EBNETHD, PSS KOSSS #HV 5 E
{LIRHHE BHE R <k, PSS #MiHmesR2Y PCID #HfERIC
k%fxﬂ”%ﬁéﬁzét . PSS Witz m LT 57290
Z 2 Fi¥H O PSS %i/ﬁ%%% L7, % 1 % &EEIX, SSB
VWD 15D PSS #%E L, RE 47-0 OXEEH K
THHETHD, H20LEKT, 2DFT-S-OFDM ¥ >
R 2PSS 2L ET DB CH D, £z, I U EWEK
BB 5 PCID HithfeR O X2 AL HER TH 5 CFO D
HEERSIE 2 1M B9~ 272912, X 25 127”79 CFO OFHEE
%179 PCID BiHEERE LT, HEHE I I —T 3
VHER LV FFO KON IFO O FEHEE % % PCID kit
EEHAWESA, 1PSS #% & L, EPRE #8 K45 5k
%X, 2 DFT-S-OFDM < > AR /LIZ 2PSS % %84 ARk IC
teig L€, PCID MR 2k x5 &R Lz, F

® Initial CFO (1)CP-correlation based FFO estimation
estimation (9)jin estimation of IFO and PSS

T ———
I PSS | ‘ SSS I PBCH
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Research and Development of Air-Core Beam Forming for Microwave Power Transfer to Drone
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Abstract

In this study, we developed a microwave power transfer system using an air-core beam to avoid interference with
mission equipment during wireless power delivery to a flying drone. By exciting a Laguerre-Gaussian mode with a
radial line slot antenna, an air-core beam with a central null was generated, enabling successful illumination of LEDs
positioned around the drone without affecting its central components. Furthermore, we proposed and validated a
method for estimating the relative beam position based on the gradient of the received power. Using the acquired
positional information, we implemented a control algorithm that enables the drone to remain in a location where
efficient power reception is maintained. These results establish fundamental technologies for interference-minimized
wireless power transfer to drones in flight.
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Abstract

To enhance the efficient utilization of radio waves, the objective is to establish international standards for point cloud
compression and dynamic mesh coding through collaborating with U.S. research institutions. This initiative includes
developing geometry-based point cloud compression and video-based dynamic mesh coding, along with prototype
systems. Before the completing standardization by April 2025, pre-standard compliant prototype systems were
developed, and transmission experiments conducted to verify their effectiveness and promote industrial adoption.
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Abstract

The objective of this R&D is to ensure stable operation of manufacturing systems with wireless communications,
including 5G/Local 5G (L5G), and to deploy the systems resulting from this research globally. Specifically, we have
developed a technology that enables the stable use of both Public and Non-Public networks, the global
implementation of the technology, and a verification platform that enables evaluation of the technology in situations
where different wireless standards and systems are used. And Japan and Germany collaborated to promote
international standardization and dissemination of the heterogeneous wireless cooperative control technology, called
Smart Resource Flow (SRF) wireless platform, proposed as a standard in Japan, aiming for overseas deployment in
Europe and other countries. Japan and Germany collaborated to promote international standardization and
coexistence management with central coordination of wireless applications proposed as a standard in Japan, aiming
for overseas deployment in Europe and other countries.
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