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Beyond5G/6G & RiE A /-

T INIVY ST T FDigsEt
£iE BN mFE KT R N
Ml mK X5 —H*

Study of Terahertz Band Antennas for Beyond 5G/6G

Keisuke Sato, Kota Shishido, Takayoshi Sasaki,
Shunta Ichikawa and Ichiro Oshima

Beyond5G/6G (21T T, 7 7~V & XiZi s 100GHz ~ 300GHz @i i
WORHDHE E T b, 300GHZ W TOEMERITA L =7 > FF25RkD SN T
WA, EWEA YT 2= ANORIE - il E R COBBIZL ), EHIhTw
Lol

AT, Y THELTCE A 227 V7 F 28I, 5G URIOF 6 =7 v 7 F
&, Beyond5G/6G THEM TSN 5 300GHz 7 ¥ 7 F OHERK - Frf - Bt i o
WIZDOWTIRRS, 72, 300GHZ 4 L =7 ¥ F FIZOoWTIE, BREANT - 3RAE
WL BFEZIT, B —FT 24RO N7z,

For Beyond 5G/6G, the use of ultrahigh frequencies between 100 GHz and 300 GHz, known
as the terahertz band, is studied. Though omni-antennas for propagation experiments in the
300 GHz band have been demanded, they are not realized due to the lack of support for
waveguide interfaces and microstructures.

This paper describes the differences in configuration, features, and issues to be considered
between the omni-antennas developed before SG and the 300 GHz antennas to be allocated for
Beyond 5G/6G, subject to our omni-antennas. The 300 GHz omni-antenna was evaluated by
electromagnetic field analysis and prototyping. The result has s good agreement between the

analysis and the measurement.
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W O OEWE AN U720, IR FET
NS 2 B2 T & %o

20log(E/E0) [dB]
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Development of Dual-Polarized Broad-Beam Reflective Metasurface
based on Multi-Sheet Configuration for Local 5G Systems

Tanan Hongnara, Yoshiki Shirasawa, Takayoshi Sasaki,
Katsumori Sasaki, Keisuke Sato, Ichiro Oshima,
Naobumi Michishita, Hiroaki Nakabayashi and Keizo Cho

X 7*% 7 x A (MTS) FHBII RSO FH R ¥ — A2 B IZET R TH %
B, RERBEICAEDEREVHELEII L b, T02n, Ui Tlrkitofigitz
HiE LT, 2% 55250 MTS B Z BB L7z~ VT 2 — MR O
MTS R Z 5% L T 5,

A NI ACETRTIN 30° A6 O AFHE %, 54° ~ 66° DAENKET5H L9 4D
H7 B B & RO BRI 2 ML A S 5 R Z BIF L7z 72, BI%E L7z aHR
ZoWT, BEILILEANOT— )L 56 EERICTHE 217w, EEREICBWTOAMAL
% EHTE D2 L 2R L,

A G X, 2021 4E 4 B2 B fiE X 1 72 EuCAP (15th European Conference on
Antennas and Propagation) {2 C#t# L 72 " Dual-Polarized Broad-Beam Reflective
Metasurface based on Multi-Sheet Configuration for Local 5G Application at 28.25
GHz" Ui L7=dbDTH %,

Though reflective metasurface (MTS) can be designed freely in terms of the direction of
reflected waves and beam width, they must be designed to meet the installation condition on a
case-by-case basis. To simplify the design, we have proposed a multi-sheet reflective MTS
that consists of several reflective MTS with different reflection angles.

This time, we have developed a reflector that combines four reflectors with different
reflection angles to reflect an incident wave from the direction of 30° in the horizontal plane to
the angle of 54° to 66°. The developed reflectors were measured at a local 5G experimental
station in the Kanuma Plant, and it was confirmed that wide-angle reflection was realized in
the real environment.

This paper is based on "Dual-Polarized Broad-Beam Reflective Metasurface based on Multi-
Sheet Configuration for Local 5G Application at 28.25 GHz" (copyright©2021 EurAAP)
presented at EuCAP (15th European Conference on Antennas and Propagation) in April 2021.
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Vr—Yarve—e2{t¥d5 2Lz HMIZ, ®BF
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O — 7 )V 5G I SN2 PR 2, EEEE
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7o) TR LoOMEE AL S,

COMBER RIS 572012, WAGE CEIET 5K
B T L C, BEREDE 2 AN R T 5 L SO S
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AV F BRI Z S S5 7201 S Tw
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KA V¥ —F 2 L GHAHZ 1 BT E ] C il
MBI ETHDH Y, WO SR BB L L
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B2 EHGETH 5,
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ARDSHNTBY, KEIE, LA EHR D
2E L, ik, &ESERORSE — A0, K
YR O BRI AR \ZARAF 5™ % 0 BCHFHRBA I RE 23K &
K hI22oN, RFEOFRFEELS 2D, ¥—AlE
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IR B0 F72, PEREENL TWw7z MTS B
WBWTBFELTHY, HOMBAIKRELL BB L
WX R E— 2RI %0 2O XD BEKENT
X, DB EOMBRIIRENTHLEEZ LN
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ZIT, EtoLed s, 1) 7ikEtoFimt
ZRE LT, DO MTS SR O BHE MM % A%
L CIL M R 2 3 5, < v F ¥ —  MTS
PRSI 2 3R % L 720 ARPREME T, 3 XTO
MTS BRI D AGHFIEEE L as, BRI SO0
PAEMICA DY CHEEICER S X ) IHEI S hTw
%o AMGEITIX, ASHA (0) 23300 OIFEE - KPR
WD A & —7 x AU ZE 4 Bkat L (DT
P77 MTS), T oD (0,) % 54°, 58°, 62°,
66° LEEE L7z H—D XA ¥ H—7 = ZARHWDO K
GHEETE & < v F ¥ — MR O FHR R % S
YIalb—3a ryBIOEINC XY MGEL 72, @G
JE P FUZ 2825GHZ £ LTWw5,

2. YILF— b MTS REFRDIEE

21 <ILFT— b MTS REROBIE

K112, RERTHEHTLZ~YVF ¥ —F MTS X
WO EZRT, < VF ¥ — b MTS K4
X 42 @ F 7 MTSMTS-A, MTS-B, MTS-C,
MTSD &£5%) ZfARHLETHRI NS,
FTRTOH 7 MTS &, xz Fili (7 ¥~ A ) T
AW 2 BT 5 &) ICEGET S b, 25D MTS
PORRIE, $XRTHLWAGA O, = 30° L b, Z
L T, MTS-A, MTSB, MTS-C, MTS-D T, 6,
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SNVF Y= MERICE 20 —H IV 5GC ¥ AT AIRIEIHIE A X 3 — 7 = X ER OB

®1 H7 MTSHEBROREHET

Parameter MTS-A | MTSB | MTS-C | MTS-D
Incident Angle 6, 30°
Reflection Angle 6, 54° | 58° | 62° | 66°
Vertical Length I, 180 mm
Horizontal Length 7, 285 mm | 300 mm | 314 mm | 335 mm

PEOMEE ORI ELL 25 L)1, EE)
MoOFES () % 180mm & L7z, 2, EHEOH
A S ORI S & ORI O g 1225w
THITLTWws Y —J, Ko 60, 3% 7 MTS
WX TRZLZ LI, YRR D £ b,
ETEN 2% L § 572012, 37 MTS U D
KFETFMOES (1,) 2 BYIEFEL, B H—
HBELBEIIMERZ LTS, LA T, O
BT, 0, b KEWMTSD kb RV, 25
DT ENDBHIDL. KT MTS Dl 2 F 1 ITRT .

22 H7 MTS OAE:REt

NG RS0 F % HEICERT 5 720 1[2A AL
HMTS SR OHAMN 2 FHVCTwb, Zoikatiz—
b S 7z 2 2 Vo0 TRERICHE TV TIT-> T
By, kKXo kHickshs,

sinf, —sin§; = ( 2 ).(Z—i) 1)

360° xn;

0, 0, AxThEh, A4, KA, MTS K
SR OEMEREEICB I A2 EETH %,

7, OO ELRBEARDOIEIR n 121 & Lz,
dy/dx DL, d OWHHEIC X 2 K02 TH
527, FD70, @, d IFMTSOL=y FEILD
I AR A 360° [ldnd 2 JH & L CRkE S b,

TR T332 B\ CTHUS L 7o EBRH R o 9 0
b, BRI R0 2825GHZ & il & L CRREFL
720 MTS SR % R $ % &V B AT AE 7 d,, 13 45°
WCHEESNTWA, Lzd > T, &% 7 MTS TR
7% ¥ 0 AR FEIT 572012, it vo d, F
TPF A== V2 2S¢ 5, B2(a) ITRT
X912, MTS o=y b VEFELT, IF
FoEENy F L) v 7 EHWTERTF LTV,
=y b VOEMIZIIERKEREL TWDH, i
Ea X b ZBIRT 572012, b DHFEFITER
ZEEEFL, R & 0.8mm D%l 2 FR-4 3 (e, =
43, FEIEHE =0018) i L7 §XTOH¥ T
MTS &, V¥ Z7HTOY Kot vo(p,),

Waveguide Port

L. 1] :
E, k. Hxé—vk,: ‘_J;
X

H-Pol. Wave ~ V-Pol. Wave i

(@) 2=y hEIL

(b) X—/%—+JL

X2 MTS OERX

x£2 X—/N—tIJUERORETET

Parameter MTS-A MTS-B MTS-C MTS-D

px (mm) 412 3.74 3.45 3.23
Iof Uy (mm) 0.53 0.52 0.53 0.53
I of Uz (mm) 0.67 0.66 0.65 0.65
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RTHET

5G H LU Beyond 5G (ZM) T 7=

WS T U 7 IR 0T

1 =is 1T =@
T BNt KB BT Bl AR
ma2R H*

Communication Area Expansion Technology for SG and Beyond 5G

Kazuya Yabu, Yukitaka Takahashi, Susumu Miura,
Keisuke Sato, Ichiro Oshima,
Hisae Takahashi and Nozomu Sasaki

55 5 AR B EIE > X 7 4 (5G) B & U Beyond 5G @5 ) 7R & LT,
HERRPREEAR 25 H ST %o BT LIRT A 538 A 2 TWw 2 2%, 5G LI
THEERMET) TIREMIC 22 L E 2, UHTOMEZED TS, AFTIL,
MR TR E LT DAS ™!, SR kS, OB IZ oW Tith b,
72, Uk O MAR TP HEEE OB AT + — A AL THRAT S, 512, FAMD
@Al HIE LRI OV TR 5,

Wireless relay technology is attracting attention as a communication area expansion
technology for the 5th generation mobile communication system (5G) and Beyond 5G.
Although the wireless relay technology has been introduced for a long time, we are
developing it as an important communication area expansion technology even after 5G. In this
paper, distributed antenna system, wireless relay devices, and reflectors as communication
area extension technologies are overviewed. In addition, our efforts for wireless repeaters are
introduced. Furthermore, the status of domestic and international standardization and

regulation is described.
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System)
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Millimeter-Wave Planar Near-Field/OTA Shared-Use
Evaluation System

Noboru Sekino, Keisuke Sato and Katsumori Sasaki

Wtkcik, WEMEE 12m & 7Tm O TR TORIMENE Y A7 4, 6GHz £ TillE
WHE R RELE G RIE Y AT AP EAFATH Do ZHUTH & 2021 ERIC I Y F
T LA R e 2 & MRS S 0 OTA ™' SRl E 2 A L7z, AT, ZOME,
HBEEEZOWTHNT 5o

We have already introduced a directional measurement system with a measurement distance
of 12 m and 7 m in the far field, and a large near-field measurement system for up to 6 GHz.
Following this, a millimeter-wave planar near-field measurement system and an OTA
evaluation system for wireless devices were introduced in FY2021. This paper introduces the
outline and specifications of these systems.
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Realization of Automatic Displacement Mechanism
in DENKO-CUBO

Kunihiro Okada and Kazuo Hatakeyama
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DENKO-CUBO (hereinafter "this facility") is compact, versatile, and inexpensive, making it
a popular choice in many orders. However, while this facility is highly versatile, in multi-
product production, it is necessary to perform displacement work such as adjusting machines
and changing coils to accommodate different types of products.

In the past, the displacement work was performed manually by stopping the facility, and the
facility downtime depended on the operator's ability and the number of times the work was
required. This time, we have adopted Dharma coils with two different coil inner diameters in
this facility and developed a coil front-back unit and a centering unit that can be automatically
moved to any position. This made it possible to perform the displacement work safely and
automatically through the operation panel, thereby shorten the displacement time.

This paper introduces the newly added automatic displacement mechanism to this facility.
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Velopment of Superheated Steam Applications

Hisanao Imamasu
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We have obtained a patent for a device that processes brown rice and other grains using

superheated steam generated by high-frequency induction heating. This time, we developed a

processing method for rice bran (powder), realized the separation of the generated superheated

steam and rice bran, and delivered the processing equipment. The rice bran produced by the

processing equipment is marketed under the trade name "rice bran powder," and is sold as a

health food through mail order and other channels.
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18-Port Omni-Antenna for Street Cells
for the North American Market

Sadayuki Makiyama, Shintaro Kitakado and Masato Yamaki
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In the North American mobile communications market, LAA*1 technology using street cell
antennas is being used to build up areas to meet the requirement of higher communication
speeds in urban areas. We have already commercialized two models of 1.7-2.4 GHz, 3.5 GHz,
and 5 GHz band shared antennas for the North American market.

For further improvement of the communication speed, the addition of new frequency bands
and the number of MIMO branches are requested. This paper introduces 18-port omni-
antennas for street cells in the 700-900 MHz, 1.7-2.6 GHz, 3.5 GHz, and 5 GHz bands that
have been developed as antennas for these demands.
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Composite Obstacle Light System for Fukuoka Tower

Shinichi Kato, Yoshihisa Hosaka, Isamu Saito
Ryo Takahashi, Yoshikatsu Hojo and Tomohiko Shoji
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In our obstacle light business, LED obstacle lights for the Japanese market have been
developed and marketed in collaboration with manufacturers in overseas markets. To sell LED
obstacle lights in Japanese market, it is necessary to obtain the approval of the Ministry of
Land, Infrastructure, Transport and Tourism for each light.

To meet the diverse customer needs, a lineup of obstacle lights was developed, which
includes high intensity (with a separate power supply unit and an integrated power supply
unit), medium intensity white/red (with a separate power supply unit and an integrated power
supply unit), medium intensity red (with an integrated power supply unit), and low intensity
(with an integrated power supply unit).

This paper introduces a composite obstacle light system delivered to Fukuoka Tower in 2021.
The system can control multiple obstacle lights of high intensity, medium intensity white/red,
medium intensity red, and low intensity at the same time.
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