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Stair-Shaped Dielectric Rod Antenna for 28 GHz-Band
Keisuke Sato, Ichiro Oshima and Hisamatsu Nakano
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This paper proposes a stair-shaped dielectric rod antenna as a simplified form of the
conventional tapered antenna. The design frequency is set to be 28 GHz, which is used for 5G.
The antenna structure consists of a transition section from rectangular waveguide to a circular
waveguide, horn exciter section, and stair-shaped dielectric rod section. The number of stairs
is chosen to be three. It is revealed that a high gain of more than 22 dBi is acheived by
optimizing the rod diameter and the rod length. The 3 dB beamwidth of the propposed antenna
is 15 degrees. A VSWR of less than 2 is obtained across a frequency range of 26.5 GHz to 32
GHz. The simulation and experimental results are in good agreement.
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Development of Dual-Polarized Huygens’ Metasurface Reflector
for 28 GHz Band Local 5G

Tanan Hongnara, Takayoshi Sasaki, Yoshiki Shirasawa,
Katsumori Sasaki, Keisuke Sato, Ichiro Oshima,
Naobumi Michishita, Hiroaki Nakabayashi and Keizo Cho
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”Dual-Polarized Bipartite Huygens’ Metasurface with Anomalous Wave Reflection
for Local 5G Application at 2825 GHz” % & - §ix#k L 72 O TdH % (copyright©
2022 by IEICE).

Metasurface (MTS) reflector can freely design the direction and beam width of the reflected
wave. We have developed a Huygens’ metasurface (HMTS) reflector using a diffraction
grating period for a local 5G area improvement.

In this paper, we introduce the design method of dual-polarized HMTS in the 28 GHz band
and its application in local 5G. The developed HMTS is simply formed with two unit cells per
supercell period, which is the period of the diffraction grating. It is a reflector using a
dielectric substrate, and a cross-shaped split resonator is used for the reflecting element to
achieve common use of vertical polarization and horizontal polarization. There are only two
types of unit cells which have a symmetrical structure when arranged. And two types of
incident/reflection angles are realized with one reflector. Two types of incident/reflection
characteristics from incident/reflection angle 0i = F10° to Orm = +70°, are expected to
facilitate installation and reduce costs. By installing this HMTS on the ceiling of the dead
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zone, it is expected to expand the local 5G coverage area.

This paper is a revised version of “Dual-Polarized Bipartite Huygens’ Metasurface with

Anomalous Wave Reflection for Local 5G Application at 28.25 GHz” reported at the Antenna
and Propagation Research Committee held in August 2022. Yes (copyright © 2022 by IEICE).
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Atmospheric Pressure Plasma Ignition in Transistor
Plasma Facility

Akira Arai
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Our transistor power supply is used not only for metal heat treatment, but also for plasma
generators. This time, we received a customer’s request to switch from a vacuum tube power
supply to a transistor power supply for a plasma generator. According to customer
specifications, it was necessary to ignite the plasma under atmospheric pressure. Plasma
ignition with a transistor power source was anticipated to be difficult because it is under
atmospheric pressure and the frequency is low. To ignite the plasma at a low frequency under
atmospheric pressure, we studied the shape of the torch and reviewed the load circuit of the
transistor power supply, and generated plasma under atmospheric pressure. Finally, we
conducted a processing test after atmospheric pressure ignition and found some issues for

commercialization.
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Realization of a Short-Time Cycle Equipment Linked
with a Material Supply Equipment

Toshiyuki Sakuma
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At the production site where induction hardening is performed, an equipment that is
advanced in labor saving, processing time reduction, energy saving, and cost reduction is used.
Recently, labor saving and processing time reduction are especially advanced, and it is
required that one worker takes charge of multiple production facilities and processes a large
amount in a short time. As one of the countermeasures to satisfy this labor saving function, the
use of “material supply equipment” that automatically supplies materials to the quenching
equipment continuously for a long period of time by injecting a large amount of materials at
once is mentioned.

Next, the processing time reduction is to reduce a “cycle time” including processing and
transportation time for processing one product. The cycle time is an important factor directly
linking to production volume and the cycle time reduction effort continues.

This time, we developed a quenching machine that works in conjunction with a material
supply equipment that is capable of mass processing and realized labor savings. In addition, in
response to the use of a short processing cycle of processing two products in 10 seconds, we
have developed and commercialized a transport mechanism that optimizes the interlocking of
the “material supply equipment” and the “quenching equipment” operations and enables high-
frequency workpiece supply.

This paper introduces the quenching equipment that uses the material supply equipment to
achieve a short processing cycle.
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5G NR O-RAN x}io g & (O-RU) OB

smemsn | 5G NR O-RAN G EE#RERE (O-RU)
DEFE
WHE KE" Al T wA #Bn”

mL2R &/ OBER OB XF B/
2E BT

Development of 5G NR O-RAN Radio Unit (O-RU)

Daisuke Yamada, Takafumi Hisaki, Yusuke Suzuki,
Nozomu Sasaki, Sho Saito, Yuichi Asano
and Hiroya Tsuda

5G NR ¥ 2 7 A Tl3, MEHEE (LT O-RU) & Hl#E%E CU*/DU** A > %
7 = — ZADHEHREL (O-RAN *°) e, IV F XY FTOY AT AHESEHTRE &
o T&Ez. HTiE, ORANMIEO~ 7 T )V & ) S 3EE (BLF Macro
O-RU) Je Y A & — bt )V [ /N ) € 8 (LLF Small O-RU) @ 2 #fE % [7] IR
BHZE L 720

AT, St TR L2 2 MO O-RU OBEE & HERICDO W THIANT 5,

In 5G NR system, common specifications (O-RAN™) for interfaces between radio unit
(hereafter O-RU) and control units CU"'/DU"™ have progressed, and it becomes possible to
build systems with multiple vendors’ equipment. We developed two types of O-RAN
compatible radio unit, high-power radio unit for macro cells (hereafter Macro O-RU) and
small low-power radio unit for small cells (hereafter Small O-RU) at the same time.

This paper introduces the overview and specifications of the developed two types of O-RU.

1 - ‘i b &) ‘: 1Y =Ry MBRE
LTE Ti&, R 1 1R T & ) IMEfEe & & il i &
(N=2Z2N Y FEE) OB T — 7 ORI~
F—APHEICRE L T\, M E L HEe
L —X Y ¥ —OESRTHE S Tz,
—J5CT5G NR Tid, Rl 2 12779 & 912 O-RU &l 1 LTE DY RX5 LIERE
i CU/DU M OfE 57— & oA 3@ s
b e oiztz®d, BB RV ¥—0 O-RU & HlfHEE

20V kR=IL
NS 28t

ARERIRRE

*1  CU(Central Unit) 2= » b TIMEHEEE K O DU

B CU/DU TY AT AEENIRE L 2572, U OETEIF, T 4y hT—2 L ORI, L2APDCP)

L0, HHIEE RS O MR E TSRS A MU L3RRO) #4114

X7 *2 DU (Distributed Unit) = b : I ZALE 1L
=° A N MR & D2l B P A 4T 5 L1 (High-PHY) K OF

L2(MAC/RLC) #H4
*3 O-RAN : =7 VT 72 A+ v b7 —72 (Radio
Access Network) ZH D728 O-RAN 754 7 ¥ A THEE

* R&DMIFELY Y — T4 YL RBITEH ENTzA ¥ 8 7 2= AR, REBEIZZOHT O-RAN 7
** O BRERRG AL A B fE Bty B 7 A oY hA—b A Y57 x— 2REE R (23 BSH)
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5G NR O-RAN IS E# i (O-RU) D b5

CAREEREB (O-RU)

Haittibenrc
O-RAND OV biR—)L

19 ITT—R

K2 5G DY X7 LERK

EH1 Macro O-RU D4}E]

2. 5G NR O-RU

21 &% E

O-RU 1, 215 )1 ®3E T Macro O-RU & Small
O-RU Z ¥ L7z, F 72, HlE3EM CU/DU & ¥
Hld O-RAN MLARICHEIL L T W5, BE 12 Macro
O-RU D48z /R

22 FEhi#

F11CBHE L7 O-RU O E 2k E R M
H7 13 5G NR T Sub6 * ' 4 ® n77/n78 I A L T W
%o 4x4 MIMO *? 12 L TWT 4 RO % ZE
% % B3 %, REENIZZENZN3GPP** 0
Wide Area BS, Medium Range BS IZ##L L Tw»
b0 RRFEM L BB OB TH S ACLR "7 1

*4 Sub6 : 6GHz A O J& £

#5  MIMO (Multi Input Multi Output) : EEM & ZEMT
O T v 7 F Rk gs & ) 1S 8 5 Hi

*6  3GPP (3rd Generation Partnership Project) : % 3 44
(3G) LMD BRI > A 7 & (HEWT TEAGHE) O RLHEHI%
DAL O MRS R R % 17 9 £ EEEAEALRERIIC L 2 T o
DS/

*7  ACLR (Adjacent Channel Leakage power Ratio) : Bi$#
F X AV E T I

L

®1 O-RUDEHL{iF

EH Macro O-RU | Small 0-RU

Bl n77/n78
TITFE 4(4%fF 4 21E)
3GPP TS38 104
v 3GPP TS38 104 .
*IEHA Wide Area BS 4L Medlum\}éRangeA BS
EVM (256QAM) 4.5% T
ACLR 43dBc BIE
R -95.6dBm -90.6dBm

ZW—Ty h95% LIE | =Ty b 95% LI E

* EATEE

PR il 0-RAN 7-2x

43dBc PlE, EVM *® 13 256QAM *° T 45% LLF T
B b0 REM %G O BRFEE T D 2 AR5 K
X F F N -956dBm (Macro O-RU), -90.6dBm
(Small O-RU) TAIV—"F» } 95% LA ETH 5. Hilf#
FEMEDA v ¥ 72— A% O-RAN 7-2x I[CHEL L
TWwbo WHTHHIZOWTRIRT 5,

23 O-RAN7OY hk—IL-A4BT1—2R

HE 2 EWNCUDU EDAL ¥ F 72— I3,
ORAN 754 7 v A* W 935545 ORAN 71 »
FR=NV 425 T2—AThH5b,

O-RAN 7 94 7 v A&, R OEEFEE DL
275 T, Hl)g L REE O V¥ 72— 2D
@l - =T bR 2 BRIZ, 2018 FFICFRRA S
N7k TH 5. X4t d 20194 X ) O-RAN 75 4
7V AN LIHENC S L T %0 O-RAN AR
IS L7-ZERETHNE, BELHZXRYF—DHE

*8 EVM (Error Vector Magnitude) : 155 DTS EE

*9 256QAM (256 Quadrature Amplitude Modulation) : 256
2 L ARRIEENCLEIC8 Yy M2 R%ETE S

¥ ORAN 754 7 ¥ A5G 2B 5 RAN OBk % #ad
LT[k
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YANG &, Internet Engineering Task Force
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RERERFEML, EHERHIBTE 2,

24 O-RU OxB&

O-RU ORER %2 B 31/R ¥, 5. CU/DU 1L F —
B4 F 4+ Open RAN Studio # 4R L7z, £7%
X LCTORANA ¥ ¥ 7 2 — 2B LTV,
SR E R ER M 9 5 3GPP EHRDEET A M E
FIVERETE S, $72,3GPP BHDZET A ME
7 V@ BLER I bW HETH 5. AR % FVvT
O-RU O kl% % FEhiti L 720 45 plane B O BRAEMEZE & 34X
RN %R 2 I2”T o M-plane [ZFE V. FED 5 F1C

*F 2 & plane FIOHEERE & HBRART
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Configuration management
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Fault Management

File Management

77 A IVERE
*11 M-plane (Management Plane) : O-RAN 7 10 » | & — S-plane ills SynC'E‘ - Jﬁi&i“i{t RO AL
VA v 57z —AZB 5 Management (B iliI1#) 155 CUplane |#ifIt21—47—= ERIERAR
<EEE>
Trigger and 10MHz Clock
EIgES ARD S A l
77’5‘((SA)
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BiRRE
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W CRZ L7z O-RU OB & B2 #84 L 72,
AL 1T 2022 45 10 H X 0 @53 EH L Z Bldh
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Bty

AL
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(4) O-RAN Working Group 4 (Open Fronthaul Interfaces
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5G 3Band Xt DAS DBi%E

Hemiasm

5G 3Band Xty DAS MDEIH

B, Ao i REY HE3E O KFE
B EETTT M H=FT kA sErT

Development of DAS for 5G 3 Bands

Kazuya Yabu, Koki Kano, Hiroyasu Madate,
Keisuke Hayakawa, Yasutoshi Suzaki and Takanori Mizutani

HARENOBEABEETHTIE, &Fv U TA56 1) 7OHEE#EDTED,
PLaBfET Y 72 B & LT, 5G-indoor DAS* ' 23fifH ST\ 5,

Wtk T, 5G-indoor DAS IZAFIG$ % 2B D BIFSICHL Y M, 1.7GHz *7, 35GHz
T, Sub6 i @ 3Band 1A IS L7z 85 & B %8 L 720 BA%E L7z DAS X, 1.7GHz 47 ® LTE
T VA=Y FE LT, 35GHz #7213 Sub6 i ® 5G NR **fE5 2 il ae L L
72V AT A ThbBo KETIE, BF%EIT 572 56 3Band 3t DAS I2OWTHIAT 5,

In the mobile communications market in Japan, each telecommunications carrier is
expanding its 5G area, and 5G-indoor DAS™' is being used to expand the indoor
communication area.

We have been working on the development of equipment that supports 5G-indoor DAS, and
developed a product that supports 3 bands: 1.7 GHz band, 3.5 GHz band, and Sub-6 band. The
developed DAS is a system that can use 5G NR *? signals in the 3.5 GHz band or Sub-6 band
with LTE in the 1.7 GHz band as the anchor band. This paper introduces the developed DAS
for 5G 3 Bands.

WHER VAT L &R LN T W,

AW E
¥ 1) T, 2020 4F 3 H & 0 55 5 AU E)EE i =

B 8=

AT L GBG) O =Y RERMEL, 2021 £ XY 5G
I 7 DPLRIAEAL L 720 5G D JE W EAIRIZL, 3G
RAG LD B EVEBEEGTRTH Y, ThFTOR
WRAF I R TEEIIH E I VTR D 5 755,
5G ¥ — E ANFIZHE Y 24T 5 7z B BT s
WEAS 4G & Ik L TR (4G Tld ek 20MHz (25t
LT, 5G ® Subb iif THA 100MHz) 72, H#H K%
HZBEGPIREVIREEAL TVWE, 20720
5G OEWNBEBRE LY TIRPEE L %25 TL b,
REWaEE ) 7R E Hig & L7z DAS & PLRi 2
5 A SN TW5BHAY, 5G-indoor DAS T, &k
¥t (1.7GHz 7 /35GHz iF /Sub6 #iF) (2xhie L 72
1 VAT A TAG & 56 OEME T2 HKH Z L H°

*ORREREIE IR AR IS Bl B FE LR
BRI an EUEELER
R k) ok i S

L

4B L7z DAS &, BB - Fikik - #4825
MR SN %, BRI, &P BURIE L7230
A L, K2R IS U7 B BT s 0 2 % %
WLTHHTAZ L 2R aat & L, BRI L%
K7 7 A NTESET 5 2 LT & 0 B P B I8
X—DODYATLATHHTAZ L ZWHEE L7z T
BiZ, 1.7GHz %7 & 35GHz 47, 1.7GHz 4 & Subb 7if
AL TVWAKEZRETHILIZLD, —
VA ﬁ‘%%iﬁ%’@ﬁﬁﬁ@“é%ﬁﬁ@ﬂi&ﬁ
miﬁz%ﬂjjj_fﬁ ATE LTwb 720, SRR %

R 2 NE G E LT,

*1 DAS : Distributed Antenna System
*2  5G NR : 5 Generation New Radio
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5G 3Band Xt DAS DBi%E
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FMFEFEITBWVT, DASIZKRD X ) ICEfET
%o HERRELE 2 5 ) S N RS 5 S BIBR IC AT
Shp e, BRIERE T 20T V8 VGG IT4#
L, Wk (B2 VI ~NERET 5. Pikbkix
BRI SZRELIEET VI VES 2 FBA~DHET 5
FEZRD, FRITHHEEE (B 2 WIZEHR) 25 0t

1 CCO-BWP1
1Q Meas Time

3.016 |Start: 0.00 ns

FIUIMEE R ERETICEITL, BhshTws
T YT RLEDEBENTERT %,

—, HEHIRZETIE, ARG L oY
WD, T—WhikD 6 R_(ESINEHES2T v T
FEALTTHRICATESNS L, THRIIERESZ
TV I NG F I L, Rk (B 2 Id B 12
BEET L. PRI THE»SZE LTV S VE
FREHLTHBE~REL, Bz E L 8TY
5 VG 5 & RS 5 A L TR E A EE T
%

3. kB &

A DAS &, 1.7GHz #® FDD-LTE ** %, 35GHz
H® TDD-LTE * 1555 L ' 5GNR 155, Subb
»5G NREFIHIE LTS, $72, 256QAM B X
O 4 X AMIMO ** IZHIE LTH Y, 1 D DJEBECH

2 CCOo
Raw Main Time
Scale/Div 20.00 dB

Stop: 22.11 ms

2 EREM

1.7GHz
AGEHFD

) — 1
o

) R

Sub6%
) 4 (B)
SGE )y <.

. )Ny gy N
"""" LANZ—T )L R1aSED
o* ikl FiRE
6 O—72) Ll Aiteax TIRERIHE

X3

26 CALEE

Fi2 { 1.7GHz
1.7GHz /Sub6%
Sub6 FREANT

0O s
=) RF7:—7‘)I/
/
____________ -
thiig1 835720 Fi18HED
kw158, FIE6AET Fi18ZIERTIEE
&R HE BRAIGAIERTIHE
BERER
%3

FDD-LTE : Frequency Division Duplex - Long Term
Evolution

*4 TDD-LTE : Time Division Duplex - Long Term Evolu-

tion

*5  MIMO : Multi Input Multi Output
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Sub-6 Band Antenna for SG System

Yuki Kubo, Katsuya Oizumi and Shintaro Kitakado
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Aiming the 5G area expansion, telecommunications service providers have been promoting
the conversion of the existing LTE band to NR and the construction of areas using the Sub-6

band. For realizing high-speed communication and large-capacity communication, it is
important to expand areas using the frequency bands allocated for 5G, including the Sub-6
band. In recent years, services by infrastructure sharing operators and local 5G operators, as

well as telecommunications service providers, are increasing, so various antennas are required
according to the purpose of use. This paper introduces the specifications and features of
various Sub-6 band antennas that have been commercialized to meet these diversifying needs.
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Variable Directional Emergency Antenna for TV Broadcasting

Shinji Matsumoto
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Broadcasting companies are preparing emergency antennas to measure against situations

where it is hard to continue broadcasting due to damages on broadcasting facilities at

transmitting stations by natural disasters, etc. We have commercialized multiple emergency

antennas so far, and as a product with even higher functionality, we have commercialized a

new variable directional emergency antenna for TV broadcasting.

In this paper, the commercialized variable directional emergency antenna for TV

broadcasting is introduced.
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Development of Human Detection System Using Deep Learning

Hajime Fujinuma, Ryota Fujinuma, Tomonori Mukai,
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MEETIE, 2021 SE S —< VA X T2 W7z AR Y A 7 2 OFFEICHD fA
T, BHCHBEOTIBA Y A7 AT BT AT A Ik &, AERAZEOE
BLEBLICI Y $A, ¥ AT LA DERLEMET L 72,

AfaTld, YHMEO A X FHIBEEERY 7 7 = 7 DK-iCam® T O Wi {§EHT ) O
FU =TT ==V TRERFER, =< VA RAFEHE DT —H A TEEAM 272 2 R
Y=< A X FIE B N & ANERAE DX HEIZOWTHNT %o

%3, DK-ACam® [F L4t EH O H 2 FHIEES Y 7 b7 = TISTHA LTV % 58k
PR (TR B SRS 6684299 75, 45 6684301 %) TH So (B 1, LLF, iCam)

Since 2021, a human detection system using a thermal camera has been developed.
Following the "vessel detection system" and the "bird detection system" development, an
automated monitoring of illegal intruders and diversification of the system have been studied.

In this paper, a method of building image analysis and deep learning using our unique camera
control and monitoring software DK-iCam®, and a method of detecting people and
distinguishing illegal intruders using a twin-lens thermal camera equipped with a thermal
camera unit and a color camera unit are introduced.

DK-iCam® is a registered trademark (No. 6684299, No. 6684301) obtained for our own
camera control and monitoring software. ((Figure 1, hereinafter iCam)
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Marine Gear Hardening Equipment

Makoto Nagata
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We have received a first order of “hardening equipment for marine gears”. Marine gears are
characterized by their large size compared to automotive parts.

The objects to be processed at this time are gears of various shapes. The small size gear has
an outer diameter of 128 mm and weighs about 5 kgf, while the large size gear has an outer
diameter of 1,690 mm and weighs about 1,200 kgf. In addition, shaft-shaped workpieces with
a maximum diameter of 175 mm and a total length of 710 mm are also objects to be
quenched.

In order to configure a machine processing these parts in one unit, the necessary functions
were examined, customer requirements such as operability and equipment dimensions were
fulfilled, and cost reduction of the machine was made.

This paper introduces the mechanism designed to meet the customer requirements and the
details of the cost reduction performed without impairing the functions.
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