Advancing beyond /I n ri tSU

77U
FI=HIL

ANRITSU
TECHNICAL
BULLETIN

1()1 2096

® FER

6GEZFDHDS:
NICT DWFFERE S & 3k 5843 He by

Ut fteCall(emergency call)iF RV Y 2 —3 3 V%
200G/Lanefi60 GHztH v 7)) ¥ 74+ Y uxa—7 D%
L8757 2 v DI

4R ATV 3543 % BF A ey D By 1) & 8 A

2 B SR I BB B

70 R BB N E R 6 E Y 2 — IV DB S

BME - BT B RK L7 XB A o 6

YIal—Ya b ERFEEMALIZEV ST — M4 2 EE OB SEHE

Prism: An Open-Source Framework for
Building XAML Applications in WPF for Instrumentation






TI)ITO=AH)L 101

WER

6G LZDIDHE: T Ham S el (NICT) o b — 2B JERT

NICT DWFFERR LA D IBAE He it wrEpTR R HE 9 i

WX

WAL eCall(emergency cal) AT ERER Y Y = — T a % - O I N N - SRS S e < 2
A =B EiR - I 1

200G/Lane f 60 GHz Yt 7V 74 ura—7OR% ML - EE — - FHEWN -SHEBERK 6

SIBTT7 = DI Bt HOHEE - R B 12

EG R AL BT DEHmHE AT O Bhim A Wik ¥ W T LHL m—L R 19

2 B R L #* P 26

T ER ARG EIR T E IR T 2 — L DB 5 TR ORI BT - MEIR OB - A ESER 34

B ME-E I bEBER U X AR AR OB 3 SRR TR OB - R E A - dE AR KRR - &
ol A Bl 41

Ralb—rar EEEREZEA LI EV U — A3l D i M 4R - B R K

BRI 46

Prism: An Open-Source Framework for Tom Roberts

Building XAML Applications in WPF for Instrumentation 52

HAFRRX DB 58







RRREK

/nritsu

e
0%
FRFF

DD

6G EZTDFEDHE:
NICT DR LR ERFDBISHAT

Tl Bl (W7 (NICT) * v N —28FJERT BFJEAT R
" # F B

AHEHERIE, 202547 H 10 A-11 ABBOT VY T2 )7FFY 2025 TEMMSII-HBIFEHONELL LI, SR INE - &

LCH#EL7zb DT,

1 FL®IC

15 WSS B JEHERE (NICT) OJFEH T, ET1ET7 IV DOA
2130 JAAF, BRICBH TEHITSWET, 20T NICT OAFFERK
RERKDOBEHINCONWTITRA T IR ENEE, KED
DTV ET,

KHIZI6G EEDIDEE | LVHF ANV T NICT ORFZER T
ERKDBHAZONT, EOIHRBOEBIFEL, EHH )5
ZHIEL VDD ETHEALET,

Nﬁ =
6 GEEDEDHS:
NICTOTRFERLSR & kR DIBIE R
2025%7H108

TECHNO PLAZA 2025

(E6R) BIRBEHATHAE
v ND—OMFER AFRPER

53 8

harai@nict.go.jp

2FAR 1

A HOHETIE, £9° NICT (2B BHFFEB ¥ O 7 [aiEic >
W, Ry T — 77213 Tl R L L TEDEH 7R BV 421 T > T
WO EHRIZTRBALET, KIZ, F7zb3[Beyond 5G1EVY)
F—T—RTIEATVD 6G, £LT TG ~E[[noH T, Fi=2HD
FEMEDINTEL, ENEHKZDTDIZE DL T2 ER 3 2
FLEINDDONCOWTEEELLET, Z20%, AP EFTEELE
D%y T — I RFGEET O BARRRAFFERR, § 70 b [ #i 8
F1, EENOOEEZARRICTHILVYV = NICT), SESERD

7VY7 =71/ No. 101 Mar. 2026

DEIEORE GO TERERM T DHEEIELHMELTD
(R hT—F 7|, ZL TRy RN — 2B LA L Tllibns
[HEAT ) DB T, EQIIRKROEM B EEN>2HLHD
MWETELET LT <L ET, K&ZIZ, ZNHOHF5EH
TEWEEZ T IEROBLEE RN, FEDHELET,

R DAE neP
NICTICE B HRBR DB
6 G L EDEDH R L il

NICTOFRY D —OHFEMR & RRDBIERIN
. fRIR (JFBE - HE - ER)

- LUI>MCT

Ry hI—F2D

< ¥ (RY bD—7 - EFFES)

TROEE

FEH

ATAR 2

2 NICTIZHBITHHAEHREDAR

NICT |ZI3Hkms 4 SR HYET, 30 HRREOBEMIZELD T
HVETOTIETZS,

(CULTESY)

[ ZfhbDHHKEES, #7256 NICT /4, Beyond 5G, Al #
FIFREIE, VAN —TF2 T 2/T00, LDEEIT K MAD
WIEEBENTIFE T, B ST 2D 2 DR E o THEET, |

6G LD D2 NICT DOHFFER R L AR DIEIE B i



& NICT B ESA (W05 4 Sk

Beyond 5G, Al, EFHMWER. YA/\—tF1U51)

2F4K 3
LLZENDT I FEE D DI h e h BRI T HEHE TS, B)
EIZHVELZ 4 DOMEMEFEL, 3725 Beyond 5GTAL &
FIERIBE I Y AN—EX 2T 1|22 DHT b DOHEEIE
ED TR BB A HEMEL QU Ed, BRI BRI et
fir-VE—hEr v o7 TR N — 2 | T AR —EF 2T 1]
(= N—Haia=b—av | [Tars4 7 A 2 TF,
BRI R Ve — L S TS ES FhBA
VAT HEM AL CNET, AN — X2 T4 HCIEA
KERN DI 2= DM PO D AR IET 7 A% 58
EEVTINHAALTHE T BINICTER) &V DV AT DEAESL - E
HALTWET, $2, 2= "—Wrasa=r—ra 3BT Al
ETERLIEZ 5SS FRRERR S AT 2EBFL, EHEES#HRE
TERALEED COET, o, 7ar T4 THA T R58HELT
TBEHIFEL COET, ZLTC, R HORFZEATAH S LT
2ON, HEFH ARy T —7 | ORFFERI% T,
w7 _BERIBIEMZHEE | ICTOBFOERN - BRIOHTHERE

nicP

BOHP REEE (HF034F4 A~
BLE3A)IHIT BWILA G E
BENF+F T ANy

ERABICHITIHRME

w7 BRI
"
- Al

VE-heSYS
pysummmn

A=)-Y
J3a=s->a>

B%: hitp:/www nict go jp/researchiindex html sz AIHTHREASES

IREBIETRBE D2 @ao
#2021 5)

i

ATAR 4
IR HENZOGEIE N L TODNESWVET L, B BHAALL
RINHIBIE Ry N — 7 DWFSEAftl T CE T2 LW B ED &
DFETN, KHRERZHSMDITEL TRBEE DIERIBREFEESND
[Beyond 5G DHFFERHFE A MM A ZHED TN ARETE [ LW EH

T7VY77=71) No. 101 Mar. 2026

DHENTZZERBETHNET, ZOKHP T 5G MBI T EE-
RA B ) MEGEESE | T B4 RIRF e ) LV vD 8 DORHMASBIC AL
SELHEEBIT, ZAUTMA T A RCTIEREME 2L, Z2IRS
Nz 7T HOOEBEEX—T 7/ —E LT 5G ZIRADDE A TV
TR A D H R ETELEITNET, R HIXEN BT T
ZORERITEHTIEA VW THTZEBIFE I IARA TUOVET,
/vﬁ F/iZS: Beyond 5G Beyond 564k AR BHEMEHNEMAET S
HREEH) (CHEDH BAREHRMAIFD (Beyond 5G) (14)

[Beyond SGHEEBEMAS ) DEDFLHEBWFR. Beyond SGICKROHSNBMIERRT S12HIC. TN
VEDK - BF. AISOEBFHESORBIRE. 7y bO— O, ATREE, CF1UF 136, Znsom
WERBYThOT D8I

! nclusive  Sustainable — Dependable
2030FRDURR ame mrop ey P
BEDTMAT, WHEMA, stampnzsE. AMOELRILTE.
R A, SOt awRfEiSEeion

Beyond SGICR®HSNBHIES

Beyond 5G BHRICEH 1T BHIIICTRAMEEE(HE) 202048858 &0 6

AFAK 5
REEBENRELENOWT, BEICENTE DT —#
N7 40 RBHAENEVIBRNO R THELLY, MBEE DT —H
&, 2024 4F 5 AR CTHARENDOH Y m—RT7 17
IER 836 7T Y MIEL TWET, AEZ LT ry LT K E,
FEHINE 18.1% LV D BRI N —ATHOHFLT TWET,
COVID-19 OBRAFREE S Flho7-Fl T2 B FITHIL,
BUECITHEICRE 58 1260 HiE B2 5T —40 1 B
IRV TODRI T,

ZONR—ATHINT 5&, 2030 £ 1 HRHIC 100 77k,
2040 FZEIHIZED 10 fELL LD T —Z B3R HTENTIRIN
F1, ZD7H, KEBETZRLF—ROR W, 1 EvhdhHizho
HEE ) 2B D0 b — 7 BT DR FEBI S8 3R AT R &Te o T
WET,
ve?_BPEICHETS FSEY I DIEN

B BHETE, 19#2RIC36 ThitdS D > 0O— R RS EY IHiRNS (202445R)

5 2024457
| BN 18.1%

(2023455 ~20245F5H)

COVID-19(C L BRABEES
(20204E58, 20214E58))

d 1260758
Blu-ray
~180 T(RY2

Terabit per second
w2

£INE 18.1% T
2030 12100 Tbps

~~~~~~~~~~~~~

o
&4 §§ §
FEEFEFITEFETEFEFFEEE

Surveys by Ministry of Infemal Affai . Japan (Aug 2024).
[ﬂxsst»:z;w—mgﬁauzy w—amﬁmmmaﬁwsﬂaz]

1§ 13587 0179 000 BASEXF *2 Bluray: 25GB/Disc

of Information and

and Communications,

Tera :1,000,000,000,000 (13k)

ATAR 6

6G LD HDHE  NICT DOHFFE R L AR DIEIE B it



RERBELZFERTOOOHMEL T, ETHT7ANBEN
HVET, BUE, K77\ BETIE L ROT 7 AN TREIETEDLR
BEIIEM 100 778 VIR LN TEELIED, FEO TR
ZORREIIDNITEZIOELTCWET, 22C, IwrFa7 1k
WHFTT e iR O T AR B OB R A D T ET,

HEHLEE ICBWTL, HRBER IO THERRBER &I
HIUBET TOET, 5 4 AR, 25 5 HATIZ 1 F e v, 10F
ey T —HBE R LI o> TOET,

BIZERELLBAL T2, fRdfE ~O i 0B AL EE
TREFHAC9, NICT TIidk 804 ICh o> THWHA TVET,
BROENEML, BEAEELHA TVET, 1 AOF ¥ RO
DM LT 5720 TR, WRAERNRTEZELTLILTHRR
WRTEIXLHOET, Fio, {ERDIHT 1 hoatdz 2R R
72T, /N R A ST B OEHL, mEL TRy T —
I &Rt T 5 E BRI TOET,
v _BEE - ABE

*I7A)E=

i 2021 FR ROIBER

¥ (€181 B#HBEEIRAT LA (DM2FEFREEEE)
3 .

; "
v

_____________________________________

9t —
s

NN O ST

1.0E+12
+LE0.GND ‘ !
WLEO-LEO |TerraSAR-X
7 +GE0LE0 | INFIRE 3 CoRSiSmaiInS .
8, 1.0E+08 |/xGEO-GND B =T ]
™ Moon-GND
g o
il 1.0E+06 v
Iy ETs! ;
|
ik
1.0E+03
1990 1995 2000 2005 2010 2015 2020 2025
WENLIFE 8

TOLTRIOH, B HI3E b5 R0 THLHE 6 AR, 5§ 7
AT 7P SE BT At oD TR, FAT- B O JEARR 7 B R
RV RT =T Z NN AR LN ISR ITIEZ TV I ETT,
ZHUTHRPE D> THERETT N, BERINDBIEO KR EI )
RILDBNEIRVET,

2—FOERIIEBAITT, [KVZLDT &%, [
VRS T —Z & RITT2, TEZTHT —#EFME LIV, TETh
LOT —FTHXAELI ), [ZLLTRY R =2 &0,
TR FFITHNZD SV ERIZZE DY EE A,

THUSKIL TR R — 2, BRI L0 a2 BT L720s
DA SR AR L, B b CEE AL C,
TR BRI E A TR T DM E R BV E T, 2—FDOERIZAE -
AR AR T DN ERHVET D, TRINDEER AR
TWTEIAME RIS D728, o N — 72 /ARRIZEIV AR L,

T7VY77=71) No. 101 Mar. 2026

BRI IR TN Y THIIZRRRIE NS AR AT R TT,

BLESDIC

A7AK 8

3 6G & T DEDHR & i

T, DLW RObE, BRIICE 0L Akt i vh
O TLEI, NICT 1% 2021 412 Beyond 5G/6G (23 %KD
AN —R—=ZRNBLELT, EDOHFTRIZBIE, KAt ZOHEE
725mr BT ML T AN=T 4 DNV ZER | e BT 15
HEFRAIREL TVET,

RIS AR T 4o T 3 —Ti@aR v b flEL TAD
ROVICTBEAN, ZnaflioTH M T AIESTZD, KW FTA
Wx CXESERFEOII2 = — 2 a FRBA LT 5H A
EENET, Fo, OISRV ANt TAENDHT BB
BRLLET, LT AT LEEELT 5729012, Beyond 5G/6G
FRETDHECHIORFIZLOEETT,

T4V HNVER (= BLEMR) TRIS>TWAHE, flxiEHED
HEPRKRJOEREHLDP DL DE R VT L, EEY A
IN— TSR LR iR A SR, Z UKo CHEM R A8 )
LT, BT AN—=T I AT K B EBT B9
WERBE Ry N — 7 B OWFFERFE 21T > TV ET,
wic?_Beyond 5G/6CRRICBF B8 1) \— T 1 ThILZE/M

) 2030 E DI AETESR
%0, o g Bt
2 S o
S [ B ‘%’E’E ‘

BA)FTAYT - 7/\;¥1% Am#Ept BEEHAT PA)—HRDHEE
O BEYA)—T 1 SHIVSRFLEERU. Beyond5G/6GEBRT L
RFORREHML, TNSEHA
J{—Z2RI(CHREBE L, WA RIERR 2 ReD,
REEREBNG YA )—TSHLS>
AT NEFR

Cyber Space

ZERIMIC S BRU T2 B A D SR/ 70424 (Beyond
5G/6G) TEND. Y )I—Z/%E L ThE®
Oy b, 7)\F—&B3@. WHRSETHAM
Bza LSS,

Physical Space

““““““ Netwo) - Sensing Processing n

ATAR9

6G LZ D D12 NICT OWFFERR LA R DIEIE Bl



ORI ALY BARRCHE WO NI B0 T, 74P v
Zef o L2220, Wk R, e LR, HAPS (B@E 77y
T A=) LN TS ESERRAERNROLZ>TOET, Zhbd
A M L LWE T 57T TR, AWIZEBE®ET5HILT,
HER LD HDDIGHTIE WA f T D1y MY — 7 gL ES, S
HIZIE, ZOBEMEZ A FTHEMSETWEET, LZEOBEET
BT TR, MBI THIERGEE ORI, K77 A
ANIBEEDOREBCEED TOL, 2L Z R HITED

TVWET,
nicp L2 - FEHOBELFE T BIFAIC
Beyond 5G/6G /R h—){—2.08% (2022F3H) 2
(Z4nnzem

RIEE @
P T8

w-A
Pt

FMULHE

TREHKOD
MCEDM

https://beyond5g.nict.go.jp/download/

ATAR 10

Beyond 5G WSO MEIEIE 1 NI —2 TlE, #EROERIZE
DEFEIOMATLREZEAL, REBEKVET, /2, 55
DIRANDTY T % 1000 73D 1 BREITRD HZE TR RIBIEE
EHLET,

BUIEIXRE B> 2 Yo7 1a CRIBEBR AL TWOET A, Zhid
B H b E DT 3 OCTHIET D 3 WOt AR HEE A 2B
FLTNET, EHIT, LZEITEFEONHE I ZMEL, ENbH-> T
BB WEEIIETR T AEEZ R BOELE T B A R
BRI 5728, WIS U TRl 720815 FB A B HEMICES
(R T — 78R HATB L THEET,

B RICEDBIETEOILRICEY, W LU RE, ZNET
TBE DR EEZ ST MUl Ch ZE Lo — A% AT, SDGs D H
R THDLAFEOREIE RR/RREROWEILD AL B ~D
RS, SHITITFHEE I LD HEFEEIRO R A LV o7 th ik
EOMRIZE R CEDEE X QNET, Z D720 EE 7 R
FHATELT, JEBEHH IR — ORI T2 & ORF SR %
BT TVET,

T7VY77=71) No. 101 Mar. 2026

nic? _Beyond 5GESADIRIRBERY hD—2

(B ERRY FI—S(NTN)ELS
HWE - EENSTEETOIRED
S—LLABBERY FD—TERH

BENNTERRT
i S SY

ATAR 11

i EDNT 7 A RBIE H Y BT — 2 X — BT R AW ES
ITTH, Av—b74+D 1 HRITT 743D TRY,
T AR H— NG T 7 AN THERS N T ET, BLEHRO
T —HEETTTRL, YAN—ZEETOT —FilEE X2 DM
LT, SHRDORE BN ULETT DT, ZNITDOWTHIFSE
LTCWET,

nie? 3t EDOFRFRI Y P TIE: Beyond 5G KRADBREE
RERPR YA —ZEMNRE (RO VW EBERHSDORAN G

[ 5 )\—zrg /

KI7A)GEERY hD—0. REREROFT—FBEDHBR5T
BAN—Z/A. DA\ —ZRERRERDOT—FBEEIXD

ATAR 12

4 NICTDFv bT—UHRRR ERKDBEHM

I, 2030 ERICHIFFSN DR OERERIFLT,
1B Ry b — 7B FEET A8 AR I HE 8D OB RFFEBR S D ple A
THRALET.

FL7= B3 Beyond 5G/6G DS iAEZ, FNIEID#HIEZTYH
EECED EHHE - K3k, BBEOISE &2 RB T2 ERIE),
BRAVET TR L LT A B R E B O ko b — 2% B LT
ET, TOTDNIEIE, BHBIE  L-HR), 2L TENDERE
BYBHY M —F ) OISR DY AT 2HATE OB
FAEFEFERORZOES LML TED TOET, ZIUCkEE
i AT, AL, AT HIRL COE T,

6G LZ D D12 NICT OWFFERR LA R DIEIE Bl



nic? _Beyond 5G Bf[CEF =Ry hD—UHR

(EIHH) [EEEHTHEE *Y NDO—JMRME. SDGsiRE
2030FRICHIFENDHR%ERET 3/, Beyond 5SGTEF
N3 LHBEEHBEEPREE,. SEAZHAZINL, X - fiR
(it - BE) - Ry bI—FIISORM - SRT LRIiTE
BHIMFRHAFEZ LU TCVET, EEFERTRINERZED.
HMIEREHORECPHREDER, HEREZBABLTVWET,

ATAR 13

FEEARET —~ L, T X DA A A
W5 FHRBSREM AR R N — ZHE4HT ), Hb 1D SRR AR TR
HRT AL 2EAT ], I EPDFEHETY — AL AR TFH
WG AR BN, SelEE@mET D74 b=y s Ry by — 78
fir), JeLER AT 7B AR CTRE T 506 EIREE T 7 & AT
Hetfr), KERREREZMICOXIGT 2R NI =2 277427
NZERL YR ICT B EAN 1 T ZOLTFERF I L -
WENT 74y 7 DRIV —EADLEEIZHHRL TNIHE

EZTOET,
nie? _ Y DO —DWRERR Beyond SGIchI T2 E#fMIRY hD—

E ; = y
G = ” v
SHEMERIEATRY hO— U5 RERDA VL Risi PEBEEERE
oy hO—OBBORAN THIERIEE | |* ﬂ4ﬂ—iﬁt74 AL it ENSFEETES —ALRICDRE
ERE 53 SRERETIT || LEEBEONDL AR - BREL
Z/XTA
_ EPPERZVET]

T4 bmyay hO—T 5 - ERBAT I ABEEE S MCTHBE
SERLES Sy DICHIE %cﬁﬁmfsﬁﬁiﬂAbﬁﬂﬂ[ﬂﬁ OB R
oy RO — SR UVERIE RS R e &
“immEeRi 7a. twarmn )| - MHBGER | S SEnCERIAL. Z—5¢

[ EErSEy/osEtEEREORR. Y_EXOSRIECHG | 4,

ATAR 14
4.1 E|BERy FO—o M GE#E, ik, BERN)
ENTIEEBRO R T —0%, JEH LR RV T —7, Hi ER
FohT—7, BRI —270D 3 DITHEL T2 /AL
ij‘o

T7VY77=71) No. 101 Mar. 2026

nicP _BSGIRRADIA P LAY hD— I RiliOMRAFREDA

A = NTN <
L/— LAmERE Y hu—az&m J - ) )

HEMRA (SDGs) DRBRICHER

SUSTAINABLE
nzvsmmzm
BEER

-

ATAR 15

[t t] S ERA Y bT—25 (NTN) ISREIFF3t
TREBEE

IRHLE AR OB, FTREOKEAFERMUIEBRL T
F9, NICT TiZ, sz dd b - PLbL Cis B E A5 kS
W72, /INEDICIEZAZ IR O A D TOET,

FuhdA71E 10 ¥/ T AL F T, HAPS (M &EE 77k
TH— L) EVOMZEED 2 (FOEEETRIT T ARAE, LEO (X
WOEE R R), Re—2 7l v LV F T Ty 74— M TR
TY, ZNHLDOIMENRIZEY, ZZD Ry N —7 D RERLEFE

L, 3 KTTHy b —2 DFkA BIRLCOET,

nicp _EEET D P &R S BIchDARBEFHE B ERKIRT
o B EFRY FO— (NTN) &HE,  FO—>PHAPS, BIEHRET, A5
SEECTS
® 10/100 GbpstkDXILF TS I A —
INNESHIE S R 5 INE T

~ BARTOMAT (S HSEE)

411

SERBEERITCILFSTNArO—RiE
BRI T« —)L RREFEREL, BOR
LTHERERBRREES T AR EHEL
27y b BN AR B

=1ty > - |
Rl ..

") LEO: Low Earth Orbit HAPS: High Altitude Platform System o

ATAR 16

FERAVIZIE HAPS R0FEFF LT R &M EE DB A HREFIC AN
TWLDOTT R, KPP TREMBEEZTLLESIEOEET,
ZOBE D HIOIT, 2024 4F 2 AICHEENTK 7 1
A=V O BB CHEFEFEBREZI TV EL, H1) 10 T VR OfE 5
BREIZB O TE BT R ENC, £ B o T OG5

DIELETHLLDDIEFIBEN TR THLIEN A TEEL
77 B 20 FuA—kLd HAPS tH LEOBEZEEL, KK
DORELETMB T TRENVIEEZEBELT, HiRD TXFrA—ML
PR DI TR R AT Tob DT,

6G LZ D D12 NICT OWFFERR LA R DIEIE Bl



4 JEith L R1y MO — VLRI XS ZERELE

Hh b RER (202472 H26~29H):

Cf) A. Carrasco-Casado et al., MDPI Photonics 2024, 11(4), 545. 21

ATAR 17

MAED T A YL R T2 Ja— - S— G, UM %
#) 2 A=V OEEEET 10 ¥ A8y MERP OIS EREREITV, 3
HREBELELT, BUTE, ZOHME BRI ZE R 7Ty b7 4 — A
~EH T D EREED TOET,

NP FE ERRY M-SR R EEEE

2024 DAY LR T42/0—=78—% (WITP) (25-29 May 2024)
UZ L34 L 10Gbit/s EE:

A7AK 18
4.1.2 [FEth E] K E/HTR FRy K “HICALI-GATE”

WA NOD 3 FEORIETHREZVWZE, il F/F(0GS:
Optical Ground Station) DE{Z D TUVET, K3k REEIS T
@ NICT #512iE, F7ebDBE L BBAHER 2 A—MLOXNF
F (T80 2F5> OGS ZakELEL, Fiz, NEIFF, w5, il

B 1 A—FMVERT 40 £ FA—MLD OGS ZRREL, S
FIERGFTCHIER HAPS OfF 54 %[5 TEOREA M ELT
WET,

IBIT, MFVAR—FT 0 OGS LI NT o ZICHEHL e/ 5 Eh
W EJRBHELEL, ZNUCKY, BHREZTWIGEIETE
L, FIZIENEHPBELETHEIL TS HE252T, T2 b
FEOXRY R — 7% EIRL T —E REAR T 2 8972 F2BRE ATREIC
2o TWET,

T7VY77=71) No. 101 Mar. 2026

ni? N EBFT R MARWY R “HICALI-GATE”

§f‘5§ﬁ=(¢_tﬂ;ﬁ?5 ?E%lﬁu:ﬁoc;s

Satellite constellation

L. H'%’, - '%-

—10-Gbps optical
fiber connection

"6/

NICTO® i EBFT A hARY B

ATAR 19

413 [E] YAN—FEMET 4 DHIVERMEIERITE
BT SEBR D R T LA

FAZETRBI LIe AR =T 4TV AT 5 (CPS) DFEBLIC

S CHERRSE TS O AT A E AT OB FE B A A D T E T, I
AR JEREFCIR AR AT 2% 3l - MRFE T 2720, FERRIC M
B AT DEFRE L T —E AZ R M3 D ER O ] 2 KR L H
THRAAAEAT>TOET,

ERIL, MG H R EIARIE T VA ST IS ES Fe St
HCOFAE T/ ETRESZHFEL, AFENT CSEEFe
BT gt 18 L CRMI T 28 WO FIAZ IR T LB B F
Lz, ZhAET VOREILEFHRBEN TOMEEICLY, B iE R
R/ NRITHN 2D XO 2R AR S AT BFM BT O BFSEBR R 24T -
TWET, BUEDLZS, TAFLATIaL — 4B TI2L—H
EVDEAIZED, 100 2B LEHR~DOHIER, A Ea—H |
TO 1 HHIEOAREERR RS ATREIC RV LT,

NIEP _BAN\—zme T4 Sh) euensncess s MRS X5 A SR
T, ANl SRR KBRS A5 AR RVRES

o {EJRA B, FERMTRIERS A5 L% - REE

SRR 128 (k. 52256 )

% e 10000
. 256x256 (BA)
Swsms A0 WRIZTE S ox10 (TS UER)
i % 1i
!nﬁmﬂsmm h% EM¥7"HE . SUb»é\GHZf o
GBER TR UARRT e © YTTURE (28 GHz BES

BRI R > « ZUREE (60 GHz HEED)

o BSGHROSHR_—AZRATZHERE  FIE BANTE(LEY)
‘ 1FeRED | [ ResECERED | vyoe—k | ZHEER
ARURFFE FORRREZER 28 « 4x4MIMO for 5G/BSG
g/ RESATL || HR/RBS BRI, SAFTA TSV b
DEREL | BEOIREDY IA=h, PTIr—>3>, Y—ER
(Cxg BaRet, FHll. BWEEEXIR 2
AZAK 20

DI PRZE M TORRFEDHIFI & YA 23— ZE [ TDRRFEID
BATT252LT, R EaARD KR HIEZ EH LI LT E
T o TDIDITIXEWR DRI T NV EREEUL T DU ERHVET D
T, SESFRGITTRIEZITV, UG DR T ET LV EERL

6G LD D12  NICT DOHFFE R AR DIEIE B it



TWET, 3 RILZEMET L TIE, EACKE DL WYY D
B2 P o —ANICHRL TOET,

Nﬁ BAN—zme T« Shilznensncess s RS X 7 AFFHMRT
O YPEZR COMRGEOBIF (DR . 7E8) O MWL =1L —YDBMESR

O s Y ) \— 221 T O RREICAMT S|EERETIL
O WIS 1L —hakEe 552 s E3RTERETIL
O ke < mHE O ZARDBIES AT A CHIG T D8
SIS 25 I

O BHFEERS X5 & ORRHEE M
O 1oT\°MSE SO ARUES 5 L\ESE

O D1 — AT — AR 124k
1R FUAEEIRYT SAMET
Zalb—>3 ViR

.
T o

ATAR 21

KFURIIaL—Sa>

USRP (Universal Software Radio Peripheral) £V 97k
TT AT Y 2 — VAR AW EE RS A7 AR, Linux ¥ —
N— L TORBBRRAMEL TVET,

FBERLLT, 5G NR(New Radio) ® 256QAM Al 35
L, AT L —2a R TEDLIDITMRVEL, Fo, BT R
T COT —HHEET 2l —1a TlE, ATEYNPG 10 A E vk
DT — LA UL, NET 7 BARA L N OB RE LY
T IVEA L THE LR SR i A 71T 52 &3 Al hE
7

N/IC;

12725

HAN—T 1 SHILS AT AN—ADFHfiHiE %3 TM VL ATZ1L—%

FFEPOA—

—JAM=BETAVLAT=
L=>32VINITITERT
d Communications of Japan. 26

Apartof 4
RED for the re ioh-preciion radio wave emulatorin cyberipace’ (JP000254] made with the Ministy of Infernal Afars

ATAR 22
414 [ER] BRTY7EEL - HREKRM - RAv—H1
Y—Z 70— (SRF)

THRLBEMNOWARLEE D@ E{E B L, [Rv—R )Y —2
71— (SRF) | ORFFERRFE A4 20 #LLILF TH#ED TWET,
ENOMERIEEERE T, FFHIALMEREEELT52L7T, 5
FE XN BRBR A EDZ LT AR TS, BEMRHLH
DIZAEE BYDOREBEZEIVRNZENHVET, £HLT5;

T I RARA L WM & il | B [T 22 TRNWE B DT —4

T7VY77=71) No. 101 Mar. 2026

vii

WEEEB T TT, ZOMRERELT, WfHEL AT VRO
BLiE 7 1ERRR T 7 Vst UG R £ DT BB A ABRL, DR oIz
SMEDFIRBVMABIT o TOET,

A~ —R)Y =270 =0 BKNREREL TAT P a—Y 7D
B LI KVIRIERERT O 1X5 D X% KIEIHIR 52 L2 LT
WET, JERITBIEN K EL AL BN OB FEEL T EL
e, WAV 2= TV R ELBERERTEDLD
IR FELT,

ZNBOEMILIEEE < IEC TOEUE(IFEZ @1 T, ZiElk
Hifffe LTSRS NS Z L2 BEEL T ET,
T

R oS Sl A (SR W)
. epmuE

TiET,
BERS RT AOEARREITVHEF 0GR
- BARICEREBEL. WA&“CV)WT}D‘EE

% FLEXIBLE
FACTORY
PROJECT
- 2015 FFPYESIBIME (BIRBERELICAT)
2017~19 HEREX 3

2017~20 ASSAVEAE - 1A RS/ VRT

[ e

- IRBRER 20206118250 HERBEIXIRES
AT LAOERE(LHHORERICHMN (REOT L & BiE

o WEORABI
S A e IoEE

O SeeAlE A S27 NEERT I ESRNS A > E )
EH - 20214E6H  EMSBUSEHYHU ST HRUVERGHELS
% (T

(=].0[N

WEEEEDIAS 51 >EE)
. EmERE 202638168 (5)
IEEE 802.1 TSN TG &IEC/TC65 SC65THRAE(LHEE
§ RERRS AT ABBREOLISE - MR - ERZ
§ e TIEENBAEA
« SRFEMTSY bIJA—AREORERRZES
AT ©NRY I B BERERREOTHEAEA
[2022]
- FFPA SRFEB:l it 47E15H [~2024] 2

e o
EE((IE) Iy
MBS AREMIR

ATAR 23

415 [BRE] ZEEY T4 DRE - RDEXZ HEBREIM

I BITEE VT A DR ELZ O E 2 DR L Thr—y
DEELTRATE XA DN — I8 (E BIROWFZER 5 HT - T
WET, KRN — R TIIABZ 58 RiBLAMNIZRY, 4G/5G
OB H RO VGBI NFELE T, TOIIRBREICB VT
FkR— A EE L Ce L TRy TBEET TV, B E R ALK
T O ZHED TNET,

SHIZ, Fr—rREOEBEBFEICED, SOMnEINTkoTb

BETTZ0, BHEORE— R —2DORr— B HEL CTREIRITLIZY
VT RRENEE FBIL T ET,

FLREEBRTIT A LIMNAR DB BEMR T 2 FrA—ML3off

NTHLRICR e — 2R E L, & SO MG A PR R L LT,

# B EDEFICHL T, BRFE LOMEICLY, BN EPRN
BT CO fERERLEEC R R 2R E i 5 & P REIC T2 L& B HRL

T-AFZERRE T,

6G LZ D D2 NICT OWFFERR LA R DIEIE Bl



o EECUTA DES - BOEEA S MR
SEERAMGHAPS: O ERSELE
T\AEPE\/E?:&:Z) High-altitude platform station (RO—><w/t—)
BEUsEE / \\ jZ;b rRO—>RAToBEERES

e RS

LR
FLot r\))%

O RO—-> BB UIMRIEREEERE
(AR Rk )I(=)

Y RARY(—ICEBVNFRY TRBEUMBERSR

( (%) REIRTHFRPIEE ORERROH) BRERETRT

ATAR 24

w?_ BEEUTA DEL - i EZXD|BRIN |

BARILES (C L2 @R ARIT(AE)

S—E AL

e AYATE2—ED [o]36
RIAL RO — PRRIET (FitRE)

(faB0OkRy b7 274 JLF)

ATAR 25
42 LYYV RICT
AR DR RIS ORI T T Ry b — ZilfE F R AR T

212D DNY M ICT I HIROAFFERHFEbHED TV T,
421 BITT74TAHNERLDY T ICT EMEHH

KRBV SERFCHIBE FRAMMRT D720, X7 WERRE T
IRFHL VTN ICT RO /B R 2D TWET, )
HAKELDD 14 FERBERLELTN, TOXIR KBS ER
ThH, BEYHBENLTARSL D ANZWHEFT THIBE TG AL
KN TEDRESWEZBRLTWET,

IR ARy b — AT, BRSO A HLTZHRIC
eV, TR PR HAL TH—E AR ML E3, BRAEARS
FTZrR Y b To CLEI LVEENRTERL 25720, B OB LY
AT I TR RZ L, BRIRIOT — 2% ER L7220 S0
KD ET, bL—EBEIRIN TS, BlOaR Y hSESET
ToTHREXEESELILLBELCNET, HIEL TWDHDIX
BIE DS UIND RN ORI 2R T,

ZOMITH, K7L DR RE XA AT T 2, EHERE T
IRIELTIRHT T~ D TG ToT £l 150, A2 77V DR (AR A

make before break (i

T7VY77=71) No. 101 Mar. 2026

viii

IRV JERE ) BRI, RUE DAL D H3 A B & 2240 L C il
FEROH DO FH 5 RA H 5 T2V b B ARBRBER HI LA ) 72

EEMFELTNET,

w5774 SHIVERL S UL NCTRE I

FIARTRHEERY ND—IRBEIC LD CIBEGIIRBRICEEA L T
BRI —ER RIS

874 )V ERBERE SRS

Kﬂ?u\, 'a

Tens )

. ﬂrﬂ“’ﬂﬂéﬁﬂl»makelﬁlﬁiﬁ_LL'C(D"f—I:Zﬂ)ﬁﬁ
« TARDLOEMEERS )

o IFEIFLBFORY b7
TUSFUAZFIT B
(> T 5, FF, i
O, BEIRETS >
ToRE

um

A2ITSYIU R
&

o BfRloTE A>T SU IS ROES(C
FBLDUTY MEEFHE®U I
Bkl =

o ZFXFLARRKRO TIARANLAT

o T —H%=EIUL, BT

ATAR 26

Loy ICT OIEMASGHEEL T, 7TV MO 2L, G
7RE, NDXLH ANV BEEEZR R CouRy MERHI#EIC L5107

TR ELBLTOET, 207120100F, RoNZEETH
BN Ry NI — 2 L, RERGFTICRAR Y MM TRNED
Y —EAHHEZ IR TDUERDVES, £DTDI, Rzt
7L, Al EATIC RV iz vy MY — 7 S L CHEERURIE &

FHT MM A EHED TOET,
nic? B IRBREERIRCHITDEGH/RT IR

BRAAA— @ - -5 dA—RT5—R
ORY MRS N ‘\WQ o ADITBADHEBIRSFHICOO
S - S —THEER Ry HEFEHIE

DEIRERE =T

e

- IS5 I\’Y"‘(/j? (B> -
182 o)==

. HE .(J‘:LT%D/‘I‘\J ~EFAL
JetREE - A

#ORY k :\,e;

 FIREE (ADIIS5ADH
HRRIREE) (CHTDER

LRIFCIRY MiEERS B/osbIC(E, BRSNS S,
DRy FOBBIERE RS - HIIEIRE D OBZ SRENEH DE T,
BEFRCRABNE EHSHUVERERDET.
- BENICRY MDO—OZBETD
- Y-—EXREEEESHRTD
DTG R - SR P - GBS - T — L MES AR
> 220+ AHEBIREE

32

ATAR 27

[EINLAFFEBH 58 5 A B AR - S0 49172 BR 58 B A% o0 i 38 B Bl
Bi% 2L 2 —TOEBRTIL, BBGI ORISR B
BB ORI L E LTz, B Ry M bOE T —#<> LiDAR
TR TR T — 2 2 IR (E THIOSHFTITRY, £ TIRITL
TEMEHE R AT BB AL TOET,

ZDIDITBEEIRDDON T PHRIER IR | T3, AMICEE R
RSV ETN, H FOTT7 TROBD TRIFEREZRLTOET,
ZDORDOBIT AT D T2 P X D56 BT, BT S R
TR, PRI RITENERESEDLR, HDNIE, IATDH

6G LZ D D12 NICT OWFFERR LA R DIEIE Bl



DEFEIVBLoD0EFRITETNDIEN SV ET, BUEILZD
JORFREZBLTFIEAZEETNHEZASTT,
ne? B I RIERBEREICH 5 RCHRT IR R

OLZEIXIRY MEED - [CEBR G T8l Extended from Nguyen & Takizawa, IEEE ICC 2022
ERHHERMNSEINGVNLS ORY bTE2M(CAEayEE

\/ @EEE?‘—S’W&‘ \/\,:;g EW’)?'JX/J%H'J’ % FRICE D < bR

2 =
Z NFE=II
FRAETIL
= A
1

T RIEIRARE

] W‘w"h

Time [s]
-50 sl

RSS! [dBm]

70 W IRRFEDRMSE(E2.2dB * y
00 200 300

200
ULFE—IINF =D O IBEORSS TR
O RE2FA, 2 2AE) 13

2.4GHz Wi-Fi RV ERRQIAEARE SIBR MBS >S5 —

ATAR 28
422 (BEEERDD/ANLY OENKT DIFBEPRBERN

(2774 TN JEVDER O, b9 — D MRRIE ML | &1
XF—U—RPHVET, ZhUE, BPTEHRSTE 5L PR T
R T DB AU DRI T 56 DO TY, (EROFEA P TIL,
WoTLAMEFET VHMCERL, FEOT Fa s R 0BT
7o, BIEASEZ CLEWET, ZAUCH LT, X TEIEFAES
X&L, TVXCRSTICHIREITHZE TRIEARIRL £37, £
DOFER, Bz1E 1 IBEWSHIKINHLH5ETH, BIFDH /Ly
CHRIRT DLV ATRRICARVE T, ZO XD RIRRIEAL DT DAF5E
BiFE 2D TOET,

ZHUCTIE B BT HE AT ATV RND, R IEDIE SALE
EEBTLHEMLEENTOET, RETRLTNDEDIZ, Pk
WLBE7S 3.2 v A 7O ik ERa BIRE L= 51>, 5G NR 575
BT 2 A7 RIOLBARIEZ R LT FFIDHYVET, Z
FUCEY, B THNIXEZBEDNTERVI RV NTS, SMl
(CPkER A R B A LTI A ATREIC ARV T, LovbIMIN %
BT D7D SRR, 2O I ALy UERIFHIENT
SEST

£ FOEANT T 2% N2 <E, FRER RS G TRl
FER TR DI NSO DOEAE GR) 3@ <72 > T ET 23,
kA7) & TR REE D B D FE B & ORI O BB AN L T
WDZENRTZVET,

EBIT, ZOHARITIEER S ARICRS T, 3GPP (28T
metwork-controlled repeater | &YX H 2355728, B£FED
i EBILTELERL, FEEEERE ST 720D
fToCnET,

T7VY77=71) No. 101 Mar. 2026

nP _(EEESRDH )Ly SEIEAT 3 IEE & RGBSR

y i
&

n [BR] ERNS CRRDMARDAST UGS, Pk
T3 PRYUBICH T - @5 X
=l Sraienns B
Teth, MIEA B

b=y t
p '
EONBIBESNES. UhLunrs, Bigan o et ——
HUBRIENAZ <, BORY MREHIHZS OIS ' .’l >
O s casmmacs L
btin] 50005 B ] T ww
(ot xie win

EOPR(CEREE T,

u UEROBME] E-ATA—Z>DEBCTHIEES
OIEBEESIEZA. JILYICEBZTFSMEEZL
BHSH) LY SEHAT DAY — U E—SikiizEiR
RUTLEFET,

 [SEERER] WUBEES. 2T AU OBOTRHEENFEL

2 RIVNESEREITDRRICRNLTLET, BER
BTV 7 EREBNCHBRCE DL S (CRDFEUE.

A BLBIGAEESCRE LA

B9 IRBFRIRCHITSHORY COERSHRE, & NS
TIUBNTOEEEZERTZIvVSIVIUTHIL
BR7IVT—>3>

u100MHZBHRIED5G NRIES (L TFRAEHER) (Cx L
T 2RV OBRBONZIE -

m3GPP RANT Release 18 (5G Advanced)([CHI 3HE L

[Network-controled repeater] TWork item (£
ARSI (EICIRL CRRIIA V) \—& LTE8L, B
BREFETTEXEEANL, TONSHRELE
Technical Specification (T) 38.212 v.18.0.05%Cf
38213 v.18.0.0ARIREHE (20! 7 .

FBERPE

34

ATAR 29

43 Fxy bI—F2y

BT, BEROFENL D LEEN TRy N —F 2 F 12OV TR
LLET,

431 FEBEEEAZRELERY NI T XTI F ¥

PRI, RN —2DF R —ZIHP L TOEES, ABD
o TV —J5T, ToT BERITIILFET TOET, £OREE, 1
AHTZOHEAE B LT AU AR D72 R ER OB IR T 2 C
WSEVIOBLRDHVET, 2T, AR BRELT, 5D Al %
MAGbE CHIfEESE, BELEERES T LMV A i
HTVET,

READ—DDHELLT, BMERBELLLEDOEIRE BB
fELTWET, b= —b2&#R T 577 s g mar
Vo =R A ANV L TWET R, BERIIIB OB
MENRHVET, TNEFANTHEIL, EBRICFRSREE L&
TR Z B3 A A Z R B O T — &% R B3 b b L
THEITLET, DOLEM BEILICE ST, AL —FDafiE
2 TR, AT FDOERAA~EBITL TOKEVS A= —%
FNTWET, 2L C, 20 AL 2 DICIRZ oA R —var a1
DN x LILFTEML TOKEEAZHED TOET,

HIELCW2DIE, 5G X Beyond 5G IZB W TCHftENS, K
ARG - ST /A AR L S T SR D R IR A R O 2%
e —E R LT, FRENICKE{LSN TRy T — 74~
L—ar B ERTHILTT,

1|

6G LZ D D12 NICT OWFFERR LA R DIEIE Bl



) Beyond 5GERZRIE I

AIREHEIE(C & DARFURRY D — DBl

ZNETOWR REEE OERRE{L20RE
"o | LEEEERS 2EEERNA
< 1 SLEEEEMR(CE O
| EmEy N —

HE(C K D3IE ‘

) . ";;
o ROBNBHIE
, ) < RBYS > (VM)
! : : . RAIL—23>
| & - VMUY—2EE
1
\

- B—ET0O-#i

B Beyond 56: =315, RABHAAL SHLY—EAER

~VR- ....Y
VR IoT-ORyk SEJPELTR

BEDLEEERE(CED AIRNESE(C KD, 2030FRDAFEZNT /RN
v hD—U BB OZRE BiE 9

AFAR 30

HE Ry M — 27— AE B HEAREHR T, ZITEA T
VR VU OERBRPMEITRDET, BEIEN VR AR
LT #—ERERNTZNEFHTh, BEOFEMARERETHET
HZLITHEETT, AN TH Ry T —ZIZFELLABRDANDTED
EHLTIELW LW ERMPZLFEDONET, £22T, ADEK
COETRANE: | APE SANE/A S b Sl S A Y (= S
ZHEMET AR B LIS B 2 TOET,

B, AT P20 TCE IRTF (Internet Re-
search Task Force) TIEHE(LIZ [T CikamL CWVET, F72, %
T =2 DT VAN GRHERDL, #bE, #aROIEERE DEHRINE)
{22\ T IETF (Internet Engineering Task Force) 728 035
THEMERRR E A D T ET,

NICP __Beyond sorittERiER AIRBISIC £ B AU RY MO — IR

« Y—ExBEEHOEBEASMHL
- EERBE. lol. KELEELREE

O B5GERHRICHBIFZRY NI —/EROAENE: VY- X
R, BERKOZRVOHECHNIHINTS
O 77UDQosEHHFTNET S ZaR (iR
O ABEICEBEHENRILBERTSYNIA— A + B—EXBoUY-2@E
Al IYSYDSATSAAALICE ZBERY M- IH—EAER
Present Avutomation Level 4
(Bx: VRVAR, o, efe ) ASP ‘ [q ASP ‘ IRTF RFC9316: Intent Classification

= -
BRI feroen ( entnane |02
QoSER(CA > I4EasT Net Designer |]:> Intent Engine (SNSRI
~—— " Avlomation - H—EREs
HBY— C DR - Analyzer/ N
iR (3Net Operator Monitor

ASP: Application Senvice Provider, NW: Network, QoS: Quality of service

H—EZEQoSDEK 8

ETF RFC9232:
Network Telemetry Framework

EHT DTS
(I BIT—ERER

44 Hxy FT—9 - EREE M

BB DA T, BERINE AW e xy by —2L SE
R EEBEEAMA T DHATEARNLET,
441 TLFATHRI7AINEE

W77 A/ NEIF BT, 2030 FFITITBIED 100 500 L, &5
(2 2030 £ 2040 AERITHNTTIE 1000 DT —H 3
LHETRENTWET, BUEDOHIM TS TSRz, 1000

T7VY77=71) No. 101 Mar. 2026

TEHBL OB FEBI S 2D DL E B £,

NICT 2EOHA THODFIED DR, v AFaATHT7A /8T
T ZHUE, DBLL YAy DIHRAA—TT, 77 ASDRITHEE
DT BHHEIETT, TNENDO2TIR % DIEEEANDLIE
T, B E 2 X2 7 O BE R BT LN TEET,
ZAEMTIE, M BESNTAE B R R — D DT /SA AT
B L CTERUCR T T LA R a2 L TV ET, Zhicdky,
RE AL FIRIZEE L, PN EEFEBL TOES,

nic? Beyond 5GERICROSNBIAT 7 )GBERY D—0
2030 DBeyond 5GDH T 7 ) GEBIERY hDJ—2
2020€ED 10065~ 10005 DB EEEH B E

RNFIATHIT 71D _ EEqwnE  MESORME
Eles HEROmEE o Rean  GHEREINAE)
- =
ra Ly :
(éf&gmw;m HESOEDEE FRAMCIARS
SBEDRTF AN Nz RS
=NFATHI7 A
ERER ' T
jud ek 0.312mm
>20Pb/s | } 0.35mm

BERY ND—UDEEBTEEIEVOT /2dCHERFEIH
® XESDBEDE(IP)ZZHEDIINFIATHI7AN
® XESDBEDERILFTZVILFI> RRRSE

o KESDFRLR - 1FIEIR - TMIR - ML

40

ATAR 32

WREZEEZAVICEEONT 7 ANBEDOLEEREL, iGH
Y —EATOREOHBEZ R DL, TR~V LI AT AT
WAEPEES TETOETD, HIFEEEADE, 1 AOK:
T7ANTENDRAZ EESTFHICRVET, 77 A DO FITK
BN EBNT DL, AL TT 7 A DMLY,
MNZEoTLRAMEOMBENAECTZ0T 57280, ZOMRBEERIRT 5
VENRHVES, ZZTRIEHIL, LiFEbfini-vrFaritry
A7 NEE DWFZEBRTE 2D TV ET,

ZD5EFTIE, BB ORISR NICT D7 7o T A 7 %5l
TR GEE T B0, BlalZ, HDHVITILFEI TSR 21T - TRkY,
RO YMET 100 77, 1 <%, 10 X& LWz KREZ2Hi H O
FLEKIT A ADDRIEL CEX L, T UTCHUE, RVEHITRLE
20 ~HOWRFCERAFLIZHBRFFL TOET,

T2IEL, ZOXT 7 ANFBTE MO PICHRBRSL TV EE
0.125 IUA—IL (125 3712) DT 7AREDE KL, ZDT0HIY
RTEEMRIZESTWERA, 22T, ZOEEEZEFOMEE
RS L3 Oa 7 %@ BICGEOIATe 2L T, EALE RO DHEL
DAEAZEN THED TOET,

6G LZ D D12 NICT OWFFERR LA R DIEIE Bl



nie? AT BERBPOUERIIVFIATH D 71 )\TRAZITH we? BENERIVF AT R T 7 1 | AERmERR
- H N o SHAEA LA, QLH%XE&LW"?*B&%{‘L}K?‘E%& (0.125 mm) #EEDY

!J"m IVFOATHT 7 A \DWF %
ﬂm\"‘l SHFTHH T, BENMED 4 AT T 7 /VC1Ph/sH i8R B ABBITRERICHI)
u-F OFIL\ SR EHEA20THZALIS. A5t801UKEIC & 2 EERESELili%E £

0

=) “0312mm SRUHIE e KT OB TSI ECEI 2SS REL AL RS SIREA T,
. QNFIAFHT -
L CTRIZZ T - NICTES
(1000%K) NICTHZERT - NICTZEE SRES OR
Bk TP S OEREER Lo W 015mm ;
1007

(100%)

(FIEIB)
1

=4

1
(1096)

i
1R %bps E12
=25075bps X437 | 3 10

2 08| ¢

@ ;05

o toa
L o2

BIBHHNO SHtStHt = SAN\Jek

1T(196)

1, 0i25mm N N \ N L & —
k 1995 2000 2005 2010 2015 2020 2025 2030 1] J 0-125mm 1460 1480 1500 1520 1540 1560 1580 1600 1625
EEAELF AT T 71/ s W - >
— N BFOX 7)ol 7»@%& RARRREONR
REROMRAREZREL R SELOEFEMREEE. HEiE b REoRT SR 1R
41 20224F 5 |/BERR B. Puttnam, et al., JThéB.1 (PDP), CLEO 2022.
P(%) 11,000,000,000,000,000(F3K) T(53) :1,000,000,000,000 (—JK) G(F7J):1,000,000,000 (+{%) -

ATAK 33 254K 35

442 BENEILFIATI7ANERVEENDOBRE WD T 2 INENENOEHEERE LT, EREAEA TS
L 300 I/uRREED 38 AT 77 A/NT, R 20 ~AEY  ypmet

M ADIREEEIELELZ, T AARD T r—R /RS niP ERSENT 7 1) VBEDHERE
T 057 (2020 4R A TH 20 TS NEY) DK 1000 (205 —% . 202§£E(:§xot 2008&*@073“15%2”’&}&5&L,I%EEFEE%E%%—'

) GERCHNT, BENESRACEATIIKUERETND

Boosting Subsea Cables with Multi-Core Fiber Technology (Google Cloud)
R BERRTIL 77 4 NOREALICHY)

BEEANTT, FaT70FEECENTE T T —4&2HLizrae~
ny kv BE, 38 27T 750 WRAMMAL, Thbk it oLmh e .
20 XYE Y NERB 2 DIREMNFIREIZRVE T, R

w6

Products

NECH T L B
<—”€/\7/L§17’£i§/\)

v _BHOERBEABROR T 71 /5% OR 5 '@ A gl S

26 2-PLUS™ Fiber ULL

+//cloud.googl frastruc
g-mul b v 2hi=en

©22.9 Pb/sOD{pix % SR [{H575CER]
O VLTIV - NIWTFE—F-NILF/)I>R M
REZSERRES AT (S, C, Liwat

MIMOZER

https://sumitomoelectic.com/jp/press/2023/09/prs 115

SR

7 7 4 /<BfiE

KEHOB
REERE

(RZE v b/B) 10.66 1.02
{RATER (km) 13 517

B (THZ) 9.2 20
ERERS CL S,C L
ZR%5R (QAM) 64 /256 256

ATAR 36

FHE Y +/B)
000 ¢ #IAT7ORS

4 AT T7ANTE, TNENOAT ROE S THBILAL R
2 i VEVCORBAHIET, —HT, K0S 0aT R ST YN
REET 2, ST B RIAATIZET, SHADERE ROH

PIXZ) ;1000000000000

—JE)
2023%108 WE%R |  B. Puttnam, et al., Th.C.2.1 (PDP), ECOC 2023. G e e

(e CORE - N L) 7= TR =N

42

MAEFEBS 2O AHIATL THED TOET,
254K 34 ____
‘ NP BRENBT I F AT I7ANERN - EE A~ DB
FEYESMR 125 782D 4 a7 77 A/3Th, R ZEEZEHL o IEIME CHRRRSITRIONON T oo
7A)VERIFL, SLTIRIEY kST o
THD 1 ~YEy MR D RERBIREZ FBL TOET, Ziud -t vl - Hrg= © R
EEOVRVBERTILF K T 7 i e e e e
2020 D HARIZRITDNT 7 407D 50 (FDE1EE 1 RKOJET 7 ST, mmHibICE —
ANRTEHLEZEICR0ET, #7740 | ap5Ti | 5TRN | aavandn ¢ warords

7 7 4 /5B

HRER 2020538 2020512 2022558 2022598 2023538
AT R AR EAER EAER EAER

(?'(E;.is‘?.l‘ ) 0.17 1.01

{RIETERE (km) 2,040 23 517 25.9

BT T Ha) 9.0 9.6 20 4.6

MIMOZLE D B T N x %L x

BE - AR RARORE SE-FORE BRI B E-FEE *g._’ RIERE
1A7AOKEI  SSE—FAOKES BHFORBEEMN WIREEE fEE@IT

G. Rademacher, et al., Th4A.4 (PDP), OFC 2023. a5

ATAR 37

443 ERGREREER
HIEDIGBEL, 2B a— b TEIESE2NERIC

T UYF =7 No.101 Mar. 2026 xi 6G LZDIDHE : NICT DOHFZER SR LKk D i@lE Hifl



L, K77 AN FEEBRSETCNET, BPCESEZHEL, &
BEYIVER, WA CHRIEL TERIE SICRLEY, ZoEfETHE
DT ORI B LN T T A ZAD B EJE I A il < T
T, JVZLDE SR T ZENTETET,
nicp BRIGKEER LR

RNFATRIZAVED___ pmepswngs  HESORHE N
Ses HESOWER EEEE (QE;_’.,,E, (REBKICHZB) |
== :

HIESORER
(BEEXICHZB)

o T (A

0
~ N | =
= = [ s
L antwave A ZDTE
wEE FIARDSE
HAEE

ATAR 38

BIEOE ARG ITH 60GHz TEMEL CHETH, 2hz
200GHz £ T b T DB JEBR S A D TOET, AR
WTET VU ERORIE#E L CESFHEAFHEL, 200GHz
TOEELFEIELELTZ, RIEIHRITONTHA B HATITEY
200GHz FTOMBEEFEBL TWET, Ho7ob TRIEREHA
THERTETUIVET A, JVZERIES AT LRLENET,
ZOIOIREZET AAAOEEICLIY, IHRLRERBEN
AIREICRDEBE R TNET,

nicp BRIQEER LR BVFRIBERE 100GHZD 5200GHZEBA
o il (LKD) o il (tEELIC)

2T —FEEERVE

BEUET/ A RDSE

UTC-PDOBFER

ZRBOGER BELET) A 2OER

N —

§ |—
1. =
P TRMERE  gesmcomt

cesaim)
Neabs

uuuuuuuuuu

220GHzFE TOXRBEREARMSEDRE
. AYE—YRELERE S EE U —ET
v UTIBIS(C L DA IRDE & EUF
110 GHz =8 X S REFRZBH
+ 220 GHzE TEMFY DRBILHIRIE =R
Cf.) Umezawa, et al., OECC 2024. 4

7 c&
. BE_ATBUFOLERRERONT S BE
220 GHzEE T ORIREIGE tlie Thd = Lz TR
- SSUROEBECE. BFEKE220GHZT
SdBIREBSUES ORIF/MFIEEIESNIC
Cf.)Yamaguchi, et l., IEEE Photonic Conference 2024.

ZFAF 39
444 BREXODBMENLERELDRBE

BREBN DWW TT 7 AN B HDICEBFEL L CEELA,
BRI A E LS G HV ET, BRI, FTE5%
ML, BRIESENLT 7 NIHRYE, SOICERICEHRL, HO
JATRS LS TSRV E T, 20X LER A BEICE
2 HEH 3 A B A A D T ET,

T7VY77=71) No. 101 Mar. 2026

P BREXDREERESE, BREADHES
o EROK ® KoBER

EEoxmE  HRSOREE )
e (KERRINAS)
N— N\

JNFIATHRI7A)BO__ -

o BER & X TR o Eil & X

) SRARERE @ ot
L

(¢
HKI7 )0 A

ATAK 40
T 7AME B RIS D07 RIRT T AN B AT
BRI ERAL COET, BREELEMRICE>TT T us(F
B OEFME 5 ~LEMRTHIET, B0/ EFEBL L
HELTWET, TEDRETZLDIE & FRFICHDY 9 H5 i &2 N
B, WO AL, HEE ORI, FANOHEZED T E
B

nic? Beyond 5GICR$OSN B BERNT /A il
KT 7 ) CEEEIREEDEGI DA TME - AHTED

EEAOHIES

—DOWRT
EBOXEWMOHYT

- WSt <:]
- {EHEBEH{E

AEEI ek

- £ ME

BINELEETTINGR

BNELERHER

ATAR 41

JEV I $ e i o0 AR AR S 1) B L E TS, — 7 CRIE R
WEI7RY, FEEM D HDHEEE TERNEVORREDHVET, Zh
IT 100GHz 282555 2RO, #+ GHz i THIRETT,
ZTT, PHEXBETHT 74 NilfE (S U102 CHEREZ I C,
BEEY DOIRNGEFTETE BAED, R ICERICERT L0
THEBRFLTOET,

TP RN —ZEVHEIRTIE, WROE NIV RS G IE
FHEHINTAHT VAR =T HART L —T 4 7 (T A P
HEPTAE T AWG) EVH T ASAAEERALTOET, #lziE, E
A DEZIRD T REOTF AN, FRDWROLEIT 6 RrDH I
BEal 13228 T, 2Z2MIICE BE2IRY /3T D EREIT> T
ES

6G LZ D D2 NICT OWFFERR LA R DIEIE Bl



nicp WRDREEE: TSAIVY HHESDEBBNRDE - EE
o ABET SALVHIERES TSSO TARA > BAE
BRCHE - RIET DS RT LERIR

. T:/\)L‘J:& NI )\A X T 7 A ) SRR BT L
£135285F HNIVY DERE T CHW32FH
RSS2 RILD T I TRRA > hAEBI (C5

A - K59 D AT "\EEIE
o @ g,zl\ 3 — @ - £E7v [
@'\]j‘{@ ij; ((-)) —
/

[
"7 o

i
FERRIL5

()3 NO-SOMBICED, L—YRRRIOKESEERL, PICANA>

> @
FS w2

(\3 Y (()),
*

FouRRA
(63> FO-SOMBIEED, L—SERIMOKBEEERU. POLRRA MITF SN RESERET 5.

2023 5H WMEFR Dat, et al., Th4A.6 (PDP), OFC 2023.

T =5
[l
50

ATAR 42

5 FHROBE
FEROBLIZONWT, ZTNETEIHELLTETZNE L ELDO RN
SHDOF MR BR~RET,

FEPTHBEL RN = ZIZONT TR, BROBMILS
BHEIEmERBRIE UKD ERHVET, 20— T, J&F
MTEL5HE CIIEMAGEEZ AL T LN EEIZLE
R CUWET, BRI, B Loy Tk 220l £ llE
WCHERBAL, BEiIEl A FClfEIZBELET, £/, &
KEDHMAGHEL R R THY, Ko CIXEWR N LELAR
5128, S A BT A AR CEAEIN O T A RO O
F7.

B ELRIRBE LD K& T —~TT, —DDHKT 714N

IZTEDRVELDE BEFHDIATLZE, T 7 A E0H ZE
(RIEDIEI P RNEVO W HHYRFIEZE DL, KB IE A2 FEBLT 52

ERMEETT, I, MR TERERELALIELAENTT, 25
LIZBM AT — DD FEZ N TIRRA RS0, D
FHERZHESYE, T RY =2 R TRy N — 2 & kLT
SLERHVET, TOBRIIFIHEOBEREZRFEL TRy by —2
RIS R S DA A 2R 2, AN —ZE [ TRRAE CEHIRER
ERETHIENEETT, MAT, BLIEMIR T RGO
bR EE A,

T7VY77=71) No. 101 Mar. 2026

xiii

nic? RRDBERINABEERY ND—F>ITDThh5
DL 88 - L2 -
BER
O % - Ema
%0 ommE. @
O A—)LEHR
O EHOBEEER
oI Ry-I>k
w0 AT NEE)
O CPS
RS

WIERE
FFRULHE

JHbER
£

TRFATHI A £D =0 (FAVF/Sy HR=b/AT Ry £D=D)

ATAR 43

TR IBE CBIL QA BB OB ZE A AL RV ES, BB
725 C W BEAR SR AN 3 2 DA 8 T ) 005 2 5 8 E
TY, BT, 3 WITOJE I (L - E252 5 Loz HAD72)E
WHGER) Nz, BidhE &7 4 RoThIZREIEL BN AR
HRETY,

Fo, FHAOGIGHRE T, BUEIIRF RS T2 200 TR
ROHFHEH D EWEER AT DA TS, FRAIITFR —
B Z BN ST LR F i a iAo, BUTAFIHTES
BfinsskobhEd,

FLBWREAMAB DY Ry — 2 U REEIFSHBLEDD
FEHETT, 72720, ZOREOEIEFERITIEEE DL L ICHEE=
AR ELIR DT80, YA =22 AT L T AN HIE T S
HEFERDENDVET, 12720, VAN —ZE/M721F TITE T
ETRVIEL 2\ e, BLEOEBGEOW AR KT,
nic? FRRDBER T RIRBEE ?

i

0O Bik#ziRsd
(2D/3D/4D)

O FHEMETD

OIr>RYy—I>R

O CPS

0O 55

£0

FE- A

WIERE

B EHD
A 7Y Fi{g

o]

@ YU -2

#&iﬂ@{ a7, F—8% vk
SOF - Ty RR

INFATHI 7%y D=0 OOV /Ny HR=/A7 2y +D=D)

ATAR 44

6 F&H

ARBIL, O, B, Ry —F 7 OfEEIC
ZEBHIEIZ DWW TR L E LT,

BIFDRTI=H DN

6G LD HDHE  NICT DOHFFE R L AR DIEIE B it



~ic7 Beyond 5G BHRICAIIFERY ND—UMHR

Y ND—JMFF(E. SDGsiRE2030FRICRIFE NS4t
2RI B, Beyond 5GTEFNBILFHHELIHERS
PWIGEE, SEMREHIZNL, X - \iR (L . &5E) -
Y ND—FIEOREE - S5 LiiiiERE) ST
ZLTWEY, EEFERTHINENZIESD, MizRXifD
FECORROER. HEREEZBAELTVETY,

ATAR 45

BB ORFFEFTET TIXEBR TERNIEIENTTOT, FEHE
ROBEEE, PR OESELOW N EIV—BRILLZND,
NICT O#&H R THNENEE X THET, H LA B2l
L0 TEE L TOBINCRZ DI BbAUE, ORI
SV, TOEHEL oMV FEW, FELRNS, - OREIZ R
LTCWEET, ESFE0aia=r—ral 2@ 0 Tl A FR A2
DHIUETENTT,

B OF 2D RFHIUCL TOL DI B S L O #E2R
AR T, DB MENO B REEAHEEL VT 58, 2
SLIMVM A ZRET TOEET,
nicp BI%IC: Beyond 56 BRICAITERY NDO—OH%

- Beyond 5G. 6GODKHRICHIT TERR - ZIRDBRED
whzEVWDSESEELRD S, NICTOEEZLO>HDREL
TWVEL

- EEICEEREXEHMODHFEZ UMD & UERNICLTWY
L EDHICEFEDEREEE UL SEREROEEMNS S
FFHEZE L TLEZL

T7VY77=71) No. 101 Mar. 2026

Xiv

EEENT

R B Esy OAHE)

KERKRZFERFRE B T 7eR W RIE
5 (L) 2 BS
1998 4 HBUE EIEHRAWIITAT (Bl-NICT) (2 AFT
ESANVES 77 XTIF RN R IT—7,
FE ARy NI — 753 By ORFSERH 6 EHERE I

ESL e

2008 £ NICT % hI—2 7 —%T7F v/ N—TV—X — T
2011 4F  [FHFEERICHT

2016 4 Ry T —7HALIF IR R KT

20184 AT A RIFZERRARHEE ¥ —RATT:

2021 #£~ NICT ®v N —Z7HF TR

6G LZ D D12 NICT OWFFERR LA R DIEIE Bl



/nritsu

XX eCall(emergency call)A] (TE8E& Y1) 12— 3 B

oA —
(L A 7 =] Ryoji Yamamoto, s

Shoichi Nakamura, E% H A
RER

Kenji Fujita, 77 A< i —
Shinji Nara, Fﬁ JHA& /{* Yuto Ichikawa

Kenji Takemoto, # J:%“}d?%‘ Wakana Inoue,

[  F]

eCall #A&

¥, Hybrid eCall

MM B L O E T, BEYESE R ARICERSEREITHIZE T AMBBIEE OR#HELE HEL
eCall(emergency cal)> AT AN LIETLEHA SN TWD, AL Ry RT—22 W-CDMA/GSM 725
LTE/NR ~#17% 5D F T, NG eCalllNext Generation eCall) k& 2357171
2026 4 1 A 10 NG eCall IZLAHAFRENHEHLEIND, BTV 2 — WMFIBIRGEE IS T 5729, NG
KBk (EN17240:2024 Hif%) (2
B, EEEOTNAVIEEEIRRE AL FRiER AR ETHY, BB I —Z RN R A K E72D, T
YUV, NG eCall #4505k (EN17240:2024 #8%) IZHEHLL 72 NG eCall 3BV 2 —Ta gL T
T7o — 707, BRINTIZA AL PHERZ BRIEL T, NG eCall &4E3KD eCall Z#A ¥ 7= Hybrid eCall ~
DFEENEES>TND, ZIUTLED, BRI I 2L — X BB ISR T 2 E RGN T\ D, TUUVITERT
A3 (EN18052:2025 #i#&) 12

IRESH, BT

BT DM EN DD, eCall TR TUEHEZ T VLA THDHIZ

SHGLTZakER Y o — v a s iUz,

1 FAMNE
eCall “ A7 AFERIN TR IAED, 20, & ED BN KM
B R— A OV AT LEREEL TET, eCall AT ATITHE
BOBEPRFEET D0, HANRBAILILL FOLEBITHD,
eCall ETRE, i 27 A(IVI) LB A EE L% —(PSAP)DH
TIBRRBERAEHIND,

GPS
> o
‘Jf ®
4 VS - PSAP
4 )] Mobile ) Core ‘
- 3 Network// Network
—— S
(1) Accident occurred (2) MSD

(Including IVS location information)

r

[ _ -
- (3) Voice communication -
1 eCall %
(1) HFHE
e ERE, eCall #AHH LR ME B/ E 2N —
2, BEMICBGER Y —~ B A e 5,
(2) MSD #fE
HLH ONLE S WA S T EH MSD(Minimum Set
of Data)x B o iBEH L ¥ —~EFET5, Bo@Rzy

—IF, R UG S ig @)
(3) FHHHREE
MSD #5771, HlllCfishicv A7 - AL —D%
AWT, Bl 7 —LOE Filahz a4 5,
BRI eCall TiF, w55 &L T W-CDMA/GSM zfE L,
MSD REFT —ZDEZAZITIE PSTN (ARAZHFEZENE) H3F
SN, BN TIE 2018 4 1 Ab, Frll B EkEL~0D eCall #44#

WZIEA T 5,

7V >Y7 27 =5 No.101 Mar. 2026

1 (1)

DEHESITNDH,

WA 2T 2CTHD NG eCall(Next Generation eCall)ix
kD eCall IO DHALAEL CRFA D B, 2026 4F 1 H
15 NG eCall TOMAGRENEHLSND, NG eCall T, i@
{& 702 LTE(Long Term Evolution)/NR(New Radio)&#% L,
BAEH 2 —LDEE
LU RTP(Real-time Transport Protocol) Z i f 4%, Z#izdb,
BT — O EL T,

—J7, BN TIE LTE SR by — 27 ORBE i kA > T p e, &
HIZ W-CDMA/GSM DASEAMEML T HZED S, NG eCall LR
eCall Z#l A&t 7= Hybrid eCall Hfff~D1E B3 EE- TN,

eCall (ITBMMAWOVEE b, FEEOT/ A /VI0IE [EHRA 6
ML= FRifER SR EECH D, ABIHA— T —, Hlia~

{Z SIP(Session Initiation Protocol) ¥

B BV a— LR =B V2L — X ERE NI R D
2y S QAYR
I =—RISZ DT80, LLTFIZiE#E 75 eCall iR/ Y= —

Tara B - RALL TE7, eCall, NG eCall, Hybrid eCall {3\
FTIHRMN THB SNV AT A THDHDS, BRINEIEZ~—R1Z
KEME O AT LS TND, ZO—FILLT, #EO
South Korean eCall 2321 F b,

# 1 eCall BV =— = Support Kk

Hhig 2% Support k37
KM | eCall Supported
KM | NG eCall Supported
KM | Hybrid eCall Supported
#[E | South Korean eCall Supported

WA eCall(emergency calD [ aklk Y U = — > = VBH%



IERHTE B SN TWBEKIN O NG eCall 3508 Hybrid eCall
WZHERZEY T, ZROOBF OISOV R T2,
X 20264818 FXMING eCallZE 5 LBIAIZLY, BRiNeCaliS#i & 75T B

2 Mg

BRMIIZF51F 5 eCall, NG eCall, Hybrid eCall ®#1#4i%, CEN
(BRI M Z: B 2%) & ETSI (BN B 5 15 B (LA 12 ko C
RESNTND, T 2—_UF —(F, FV2—/MIFEES
7z eCall HRENSZNDOBUKIZHA L TODIEEFEH 5729,
CEN/ETSI 237 % 5 & A5k (Conformance Test) |2 A #3244
DD, WA RROBKIT, Fs A7 A0 FRRIEH LB a
L 2 — R BRIE B 250 T D, NG eCall BED
Hybrid eCall #Bx VU 2— a2 T HI12H720, ZRblH o
BRI B AT T A LT,

2.1 EN17240:2024 #i&

EN17240:2024 %, BRM NG eCall D& RBBE THD,
2026 4 1 ADDHHBERE~D NG eCall #HiNHESH LD
7o, BT AT MNE, ElOAEGREHERE TIZ EN17240:2024
DHEAGEL AT LRI B AT D0 EDR D5,

2.2 EN18052:2025 #f#&

EN18052:2025 1%, B Hybrid eCall O A5 BRI THD,
2025 4E 12 A BIfE, Hybrid eCall ITE77 % B LIZS TR
W, BNV PRI L THRDBH DL DA—T—DRILT
<, BT ELIINL C1%, EN17240:2024 OFR5#IE LTE &
NDHDPFIET DEEETEMmINDDIZxL, EN18052:2025 D
#BRIL, LTE &, W-CDMA BV E7213 GSM DX 557
PFAET DB B CEME D,

3 iG - BE

eCall RV V2 —a1E, FICHEY AT LA B (4 :
EN17240, EN18052) % H #y& L THRIHE AL TV,
AP HE A —, HflidE o F —, T a— " H—
B B A 1: B 27 20 63U (EN 17240, EN18052)
i B 2: B AT 4 eCall BREaER (BEE YT, MEEFAER)
{55 B Y 32 i A AR AR R

4 eCallEHE&V) 21— 3 efiEmR
eCall RERV V=2 —aid, BEEmE ¥ —LL TOMIEELY
Sal—varT% MX703330E &, EAA/LVEIERIBEOEE) 2
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2 (2)

Rab—ar 2 B U R 45 i (MD8475A/B, MTS8000A,
MX800070A), B L OVRB £ 4 H LT 5V — L Thd
MX847503A THERLEND,

MX703330E 1%, % f& eCall Bk L 7= 3B RE A0 2. C
BY, 2—F—IxtGiL70% eCall HIMEARINT AL T, fEESh
TSI SRR A T T DL TED,

5% D) KL i JR) 45 B & LT, W-CDMA/GSM/LTE 1 % i L 7=
MD8475B &, LTE/NR (25} L7z MT8000A 4 AL T\ %,

MX847503A 1, B~ =27 /LfER> PASS/FAIL HE4
HEb 45— ThHY, BT AN —7r o RE 0 r—Ak LT
TR —URFITTHZET, REEMEZ A E{bT&5, NG
eCall X° Hybrid eCall % & te#HfiL A7 Ll GBI R LT T
A3 r— VLA BRFE L TV,

PC(Windows OS]
MX703330E eCall Tester MX847503A SmartStudio Manager
[ SSM Test PKG European eCall ]
{SSM Test PKG NG112 LTE eCall EN17240]
Hybrid eCall [ SSM Test PKG Hybrid eCall EN18052 }
South Korean eCall

MX800070A
)

E |
!ﬂ

MX800070A

]

= -
MD8475B

&
- |

=

MD8475A/B

3
MT8000A

MT8000A

2 eCall BV o —a 2KK

5 NGeCalli®B&Y Ja—3ay

NG eCall i &35 (EN17240:2024 JK) ICHERLL 7= NG
eCall BV 2—a A EBT 5720103, LITO 3 SOikhE
DSETN B E 70D,
- BRID MR RE
- BAEH L2 — NG eCall % 1F FHgAE
- BAE L — NG eCall In-band #HE
51 RR{LIEMESHEE

AT 2D LTE '/WITHERe T D%, ARIT 3 2T 4
IZXL T, LTE ®EDBHR I B HIEIE 52 E 35, 20
HIFEME B2, Wt (Broadceast Information) &M TV5,
WAE 1L, 3GPP TS36.331 Releaseld LI CEHIND
leCall over IMS Supported(ECL) | &V )T A—=Z NG EN T

WA eCall(emergency calD [ aklk Y U = — > = VBH%



%, ECL /35 A—4%, LTE &/ 7% NG eCall #iz 4R —hLT
WHNEDERT, NG eCall i G #B Clt, 20 ECL /7 A—%4
DIEIZIGEC TR AT LOBER BT DI Lot 45
HHMBFET D, ZHUCKIIS T 5720, Bk REE@ 5L T,
ECL T A—H %R TE LT AN WA 815 TE LR EHL T,

BT AT AW LTE /WS L Clsa 2R U7 BRIC, LTE &
A LBER DR R SN HE 1D, NG eCall AR TIL,
ZOHERER D RA LG OB AT LB EE R T 23R
HH DD, ZORBBEREIC ST 5728, BeCl AL B 08t
ZORERE T HMAEZ KB, B3I S ThHD, Hillks AT
LIHOFEREER (NAS: PDN Connectivity Request A»&—)
WXL T, BRELE MR R THERIE S (NAS: PDN Connectivity
Reject Ayt —) ZiKTZET, BEHAERL QD

MD8475B MX703330E

Vs icals =

RRC CONNECTION REQUEST

RRC CONNECTION SETUP

RRC CONNECTION SETUP COMPLETE
(NAS : Attach Request)
(NAS : PDN Connectivity Request)

EMM: AUTHENTICATION REQUEST

EMM: AUTHENTICATION RESPONSE

EMM: SECURITY MODE COMMAND

EMM: SECURITY MODE COMPLETE

RRC: SECURITY MODE COMMAND

RRC: SECURITY MODE COMPLETE

EMM: IDENTITY REQUEST

EMM: IDENTITY RESPONSE

UE CAPABILITY ENQUIRY

UE CAPABILITY INFORMATION

RRC: CONNECTION RECONFIGURATION
(NAS: PDN Connectivity Reject)

3 HEHAHAE
52 BR2BEHE S — NG eCall EIEHEHHE
B AT DNBRAER A —IZx LT NG eCall #iia EoR
L7BR, BBl 2 — b M iR SN D56 01385, NG
eCall WA BT, ZOHEFHES L RAELIIGE DR AT A
B EA IR T ORBIE H 2300, ZORBRIZING eCall EIF 7
B LEEN 0D, AT AR EE L #—~0D NG
eCall #5e2R 1T SIP TiThoid, ZORBEREICKHIS T 57280,
MX703330E (235U T NG eCall % 1F i it Brig e 2 28U 7=,
413, NG eCall N IEFIZERT DEEDL — 7 A TH D,
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MD8475B MX703330E
vs | L dl =]

K= - e

SIP: INVITE
(include MSD)

SIP: 100 Trying SIP: INVITE

(include MSD)

SIP: 180 Ringing

&
<€

SIP: 180 Ringing

SIP: 200 INVITE OK

SIP: 200 INVITE OK (M50 ACk—trie]

(MSD ACK = true)

SIP: ACK

\ 4

SIP: ACK

v

4 NG eCall IEFY—7 A
5 1%, NG eCall #EFE#EZ WA Oy —r 20 %
ERTHDB, T AT ANDHD NG eCall # ikt sk (SIP:
INVITENZ XL T, BA@m 2 —{Al7Y SIP: 486 Busy %3
ZET, BE AL TN,

MD8475B MX703330E
=
SIP: INVITE
(include MSD)
P SIP: 100 Trying
N SIP: INVITE
(include MSD) R
SIP: 486 Busy
_ (MSD ACK = true)
SIP: 486 Busy <€
B (MSD ACK = true)

5 NG eCall #EIEFH T —7 A

5.3 BE2@E#Ht >4 — NG eCall In-band ##E
s AT MIHERM eCall & NG eCall O 5125 L TV
H—JT, BAEE L Z— IR eCall DAXIEL TS
Landsd, Hfi AT A%, £9 NG eCall VW CRABERE
A= DB RBRDLN, BERE T A — DR E OB RS
Ay —VEZETHE, LTE Ry T —2r& M H L2, 1ERkA
eCall [ZUIEEX CEEEMGILLO T 5, O E, HEV AT
LB IOBRAEHEZ—1T, 1ERH eCall THEHIND In-
band modem | & T MSD %757 —#IZZEHL, RTP IZ~y
B L TEET S, ZOBIELING eCall In-band | LFFITHS,

(3) WAL eCall(emergency cal)[FiF &kl Y U = — v a3 BH%



NG eCall #A&RERIZIL, Hllis 2720 NG eCall In-band ¥
RRELEMET 524l T 2MBRE AR EEN TS, 20
RERTE B ST 5728, MX703330E Tid NG eCall In-band
HehEZ F2BIL 7=, B 6 |2, NG eCall /°5 NG eCall In-band |25
1T BEOHE T 2T 18 MXT703330E O8/EZ 7T,

6 Hybrid eCalliAB&V 1)1 —> 3>

Hybrid eCall #4305k (EN18052:2025 #itk) & 32l —=
VERBECHNE T 572912iE, LTE, W-CDMA/GSM, NR 2%/
L7 SRR S E S BT 5, W-CDMA/GSM/LTE %D
MD8475B &, NR/LTE %}/ MT8000A A GbH 52 LT,
B T= s ol — v a BB A EE LT,

Hybrid eCall TiE, ##i 27 AnbEE@EH B 7 —ITHL
TeCall #:Z R E NG eCall Bt ZRDNEIET D, ED7, B
RUBHEL Z— LU TR BRI, W7 D8 B R A A R CAF
HRAFHIETHD, ZOBEMITT T 5720, MX703330E 123
WTCHFREHZ AR RELL-, £, 2— P — 2R EEH T
H— DR EZ R T LER TEDIIITT D20,
MX703330E @ PSAP Status i fi | ZHEfeik s 27 DR
FEHLT,

eCall NG eCall NG eCall In-band

7o X
. :

Voice Call

Voice Call
State

7 MZXT703330E PSAP Status [

7 NG eCall/Hybrid eCall #E&ERKEE TR b/\w s —D

NG eCall i A 3B (EN17240:2024 #ik&) 33 L1 Hybrid
eCall G35k (EN18052:2025 #iks) (21X ORERIE H 2%
v, HZRBRTFIRIEM THD, B A BI{LY —/L MX847503A I3,
MX703330E &Ml 5223 C& D,

MX703330E @ GUI #{EFNEF & OFBRI#ER FIEZ T 21
Ir— AL LU TERLL, MX847503A L CHEITT 5L T, eCall iR
OHBYENEHRTED, 2D MX847503A FT AN —2EET A
KR lr =V LA TS, NG eCall A 7k (EN17240:2024
Bitk) I LU Hybrid eCall #6705 (EN18052:2025 ¥iA&) (2%t
W LT T ARy — B BB LT

NG eCall(Tx) . MD84758 NG eCall(Rx) MX703330E
| T
L= _
SIP: INVITE
sIp SIP: 200 OK SIp
(MSD ACK = false)
MSD MSD
Voice Codec Voice Codec
—
PCM data (W-AMR/etc...) R RTP = (w-AMR/etc..) —l
2 aoc | P oats, ®
) [
Voice Data Voice Data
NG eCall In-band(Tx) NG eCall In-band(Rx)

MD8475B MX703330E

In-band

\N

In-band

|
@D

7V >Y7 27 =5 No.101 Mar. 2026

modem PCM data e —
M ( NoicE C})dec ) —>| RTP RTP —s| Voice Codec
’ W-AMR/etc... N
m ’ (W-AMR/etc...) N
L " —am
)
Voice Data Voice Data

6 NG eCall In-band EifE

4 (4)

WA eCall(emergency calD [ aklk Y U = — > = VBH%




TUUNE, THLT T a— L AR GRS EN M A SR B L,
R 22— a5 224 T, BT 4SBT L4
PEDOEBUZERL TS,

ZE XMk

1) EN17240:2024 Intelligent transport systems - ESafety - ECall

end to end conformance testing for IMS packet switched based

o 1T 7 ¥ " eI

_ B systems
B8 FTAN—AFEFTHIHE(EN17240:2024)

2) EN18052:2025 Intelligent transport systems - ESafety - ECall
FAN S — VBT, TAMERERS T — 4 ELTRTEL,

Foul T — AN T AN IR — e AR THIENTES, LR—h
X PDF B CHII - R GTHZENTED,

end to end conformance testing for eCall HLAP in hybrid circuit

switched/packet switched network environments

TS17240_2024 Test Report

Test Title:CTP--1--1-18--7

PAT R —

Author:
Test Result:FAIL ., L
Test Items: [No. Teat Item Result Remark
1] 1 tic eCall
ER ssage, which contains
adai 1 data ° NC -
o 1
formal the additi a complies with
NCAP TB 0 2 nex
e oid field is set to 8.1
itio al
v uro NCAP T
o eld is correct
( ) and o uro NCAP T

WEF A R=—
10T FAR Y a—3 g S
FEAm AT 26 1 F—24

i — 7 R
S S BEFHA S L R =—
IoT 7 AN a—a FHEES
. P LB REER 21—
——= o o A d
= S F 3=
— IoT AR 2—3 s d 3
e ‘ . MBI R B 1T — A
== I
e TUVETI A
= V7 N = T A
1ongitudeDeltaNl IJ_I Z'K E_'E; ﬁl
9  FARR—MEN17240:2024) TV =T VT ARER
AN EVE T ik
8 LI U
S . , I ZEEIR
BRINCEFEE72D NG eCall 3350 Hybrid eCall OibrT S eS|
IR Z DT80, 7)1, NG eCall #4735 (EN17240:2024 #1 VEANVEY €57 i
¥4) 3L Hybrid eCall i@ & 58k (EN18052:2025 #l%) (2%}t
L7- eCall BV a—a ZBAFELE, SbIT, 2—F —REY &=
WCEARBRZETELLD, REBBE LV a—ar ThHT A T =T VTR
V7R = T HATER

~oSor— B E R LT,

eCall 1%, B E)HFHIE AR OTHLRINFE 2 LB T2 EH
B THD, 51T, RS ETREA 7T Om LD E
Lot BT DORE - AR —BINEH T DN TRIND,

ol e

3|

7 UYF 7 =%/ No.101 Mar. 2026 5 (5) WA eCall(emergency calD[AFkBR Y U = — 3 3 »BI%



/nritsu

200G/Lane Fi60 GHz ¥tH5-> 7 T AR Ra—J DEAS

HE 1L #8 Bt Yuki Yokoyama, & H & —

Shuichi Matsuda, /&= H £ #li Keisuke Kishida, & 28 /R K Ryota Takasu

(% FH]

F =B A DRE A B ARE ST 572, 800GbE <° 1.6TbE DA —4 % M K]
ISLTE R T v EIBROTEN SR E E- TV D, IEEE 802.3dj THIM LA T K 120 Gbaud @
PAMA4 5 5% 4 L — U [RIREZIE ATRE7R 60 GHz Xt 7V 73 mra—7 MP2110A-080 A BHFEL 7z,
FHImORER, JV 7 7L AL T — N ICEREND B HUS BN T 2 IRIER 2T 0.22 dB Thoiz, Fiz, -1
=4 dBm O AS180 — i1 5 EEHIEE H 0ZE1kiE, TDECQ T0.25dB LR, Outer ER T 0.07
dB LL'F, Linearity T 0.5%LL T Cohotz, BABRHE~D FEIBIEMEE FRE B aBhe HHL9 D,

1 FAMNE

Al R EATEA LI/ 7V Ra Ea—T 0 7 — 2D
W RAZLED, T =2 FTRVED HREITEERITHRL TS
V2 ZIUCHHIE T D0, T X B XICEBIT LT — ARy b
T — IR DIRER BALR N BH LR, s — W Ry b CliEfe
KOHEZEZ D 800GDE X° 1.6TbE ~DHBATHHEA TS, Ff
12, 1 L—rH7h 106.25 Gbaud PAM4 (BL T, AL TiE 106
Gbaud LE#) TEIET S OSFP(Octal Small Form Factor
Pluggable) 7 +— A7 7 7 2 &8 A LT R T2 o — RO EEEN,
2025 4FLAE R T AL RIS TS, WEEL A ¥ ORRE Y R L—
MIA 2125 Ghit/ls THY, A—H Ry MK TiE, FEC 2ED
F =N~y REEZEELT 1 L —r®720 200 Gbit/s #%
(200G/Lane)& L T,

BT — S OBRSE - BB IC BV TR, FRRIEOME
AL HRERBR O I TV s F v rRa—T (LU,
Scope LELHY) VBTN D, 7 UVIE 2017 4, ST —
SOBR% - B3 I AT C, 25 Gbitls 4 7/ BERT(Bit
Error Rate Tester) & Scope % — {& 1k L 7= MP2110A
BERTWave™#% B % L 7= 9, = @ % %, PAM4(4 Pulse
Amplitude Modulation) {5 = fi# #7# #E <>, 53 Gbaud X} D
CRU(Clock Recovery Unit)4 7 v arapginib 5748, fidh
B @ N T o — N O EK IR T DY ) 2 — g
CERRALCEZ Y,

LML, fEHK D Scope 13K 60 Gbaud ETOMREIZERESILT
BY, KVEHEARDEND 106 Gbaud DEBFEH T
800GbE % 1.6TbE Atr7o v — N dxt i CE TV RdoTe,
ZFZTE4E5I%, MP2110A @ Scope ZHIRILIEL, & K
120 Gbaud ® PAM4 {3 5% 4 L — > [FRHZHIE "7 60 GHz

7 UYT 7 =%/ No.101 Mar. 2026

6 (1)

H4kD 4ch Scope A7 val (LT, AL TiE MP2110A-080 &
FOE) AL,

RAT > arOBFEICHTZY, 106 Gbaud 5O EEEH T
B72%, KA 60 GHz @ O/E(Optical to Electrical) 45 #iE
Va— /LB 80 GHz OV LT TEV a— L EFHEEL
7o TNBHOHEANIZEY, 106 Gbaud D EHEYERT v — 2B
T, HHIWTEREE 4 L— U RIRFIZFEE TEDIDIT T,

AFGTIL, ZNHERHINORFHI BT DA MRS T2LEbIT,
BN T — N THOLNS PAMA {5 5O FiEE R T, &
PET, BT a AL HAER RO L A RET D,

2 XEWME
21 BE LB

112, B%L7- MP2110A-080 DA El&RT, fEkD
MP2110A O (K% R —AICHFFEITRY, EfNH R T EBIC
MP2110A-080 @ Scope R—F, FE:Z MP2110A-055 @ 53
Gbaud CRU R —F&##ifk ATEETH S, ik MP2110A %
L TV 5728, Scope R — RIC## S 7z FPGA(Field-
Programmable Gate Array)? F&E0E ] 32720 i K%

SRAEL, mE(E BRI BV IS L D0, LE LT HIE
PEREZfEPR L T,
' l/lnritsu B AT IBERTWave '
PRI o :?{‘ . ;
_ =

1 MP2110A DM (080 A7 ar ##iET 1)

200G/Lane /] 60 GHz 9> 7V > 74 vn 2 a—FDOR%



22, MP2110A-080 »7 2 K% 77§, Scope I, 4ch ®
T =G5 E ANT)T 7T =2 A F(Ch A~D Input)&, HIE
DORIFAE T DT DN vy s A1 (Trigger Clock Input)
2z TD, CRU 13, Z7my VBAEDMRERDEFEATITD
Data Input Wi &, W Tyl L7158 5% B 13- Data Output
W Z A TND, ST, AT —HEFNbRAELZ ey /{5
&M 175 Recovered Clock Out ¥ %A L, Scope ~DhV
HRAGICFIASND, CPU IEA—HF v /LT Scope System
FLUV CRU System ZfIHIL, JIERMGORERST —Fiiikz
19ZLT, VAT L EEROEIELE D,

ChA ~ D Input (Optical)
Ethernet Scope System
(MP2110A-080)
<«— Trigger Clock Input
n 53G baud CRU System
(MP2110A-055)
Data Input
Ethernet Data Output

CRU Block =—»—> Recovered Clock Out

2  MP2110A-080 D7 v/

2.2 Scope D&

3 (2, MP2110A-080 Scope D7 vy 7 &7~4, Ch A
~D DEHT ¥ R AN ESNTAZF1E, £ O/E BT 2—
(LT, O/E Y 2— VLR IR W THERIE SIS h,
YT TRV 2= VAN END, VT TEY 2=/, NIV
AT DIPORAGSNDIAILTEFITHESE, HFF v RV DAN
Brar Ve rd5, o 7I7Ela— N OHNER, IF
(Intermediate Frequency) [Fl# (2L > TR EL7=t%, ADC
(Analog to Digital Converter)lZ L0 F &N F — 2 ~ZEHE L5,
BHasii=T —4#1%, FPGA XU CPU LDV 7 =7 ABRIC
KR SH, BRAINST A /S — U RN R EL CTRREND,

Trigger System 1%, Ch A~D O ASERICFEMILIZr v 7(E
5% Trigger Clock Input % 755211 B 5, #1B® Pre-Scaler
1, SN N ray 7 %% DDS(Direct Digital
Synthesizer) D A JJH#FAIZFREE S5, NIA vy [EE$0S DDS
AD P LR 34121%, PLL(Phase Locked Loop)% VT
W52, DDS [ ZH S, oIV T T
HlH#H3 %, DDS HIIZE ENDAA—VFITCE T L5372 E D
REWIX, % B Band-Pass Filter [2k-> CREEND, FD%,
Pre-Scaler 2 ZH\W\C, Vo 7T 2— L SEIERREZ2H I 4Kk

7 UYT 7 =%/ No.101 Mar. 2026

7 )

\ZEE T %, Bct%12, SRD (Step Recovery Diode) Driver (ZJ:-
TR VAEERL, VT T a— VB OZ A 75
FELTH AT D, 2o —@#HOMAIZEY, MP2110A-080 I
106 Gbaud O @& #(E 5 (k35 7V 7 A FEBIL T D,

Scope System
Sampling System
| i Ch A Input
i i
' i Ch B Input
—— — —L -~
i i
i i Ch C Input
<~— — et -~
i i
i i
PEN ] — ‘_L 41:— Ch D Input
et A
Trigger System
Trigger
Clock Input
— -— -—

3  MP2110A-080 Scope Dfffi7 vy 7K

3 REIDER

IEEE 802.3dj?Ti%, 106 Gbaud 15 5Ol Lo sl
TrL U ALY — _OREE LT, 3 dB HEkiEAS 53.125 GHz @ 4
WAL N IEEBIEL TS, LL, BLFENIZ60 GHz
DINHIBEEZ N—F T =7 THEELGER T 22 EIERNEETHY,
B TS E D DO BB SN TIEY 7 7 = 7 TR 7T HE
ThirLaHEN TS, Scope N—RT7 =711, MiEREELE
JELT, 3 dB I RN AT S L E THD, ZhaFHLTD
723, MP2110A-080 CiZ, 3 dB #flk 60 GHz ® O/E ¥ =2—
vk 3dB HE 80 GHz DV 7TV a— L EEFHIC A ALBR %
L, VAT LERELT 60 GHz ZRERTEXAIIICLT, LAF, B
LT OE BV a—)b, P T TEVa— IO T 5,
3.1 60GHz O/E EY a— /LD

4.2, 60 GHz O/E 22— L OWI 7 vy %74, BEAED
O/E £¥=2—/LO#I% 35 GHz THY, 106 Gbaud 13 5O HIiE
VDR 53 Th o7z, K 120 Gbaud O1F 5ZAIE TS
72X, TAXFANEEEAZEL T, 60 GHz £ CHIAILE
TOMENDD,

IR A BT D720, K77 A 305D K%, PD(Photo
Diode), 310" TIA(Transimpedance Amplifier)% — &k L7=
AT 2 — A SR I HICBI R L, HERICB VT, b
VAREE R R T HZET, A 12um @ PD ZfE A TRESL
7o ZIEO/IMELIZED, PD OFREMMER T HEE01C, BT

200G/Lane /] 60 GHz V> 7V > 74 vn 2 a—FDOR%



BohEEEED <7570, IEER M ERESALD, ZAUTEY, fEk
D¢20 pm O PD LELEE LT, PD OHEEIT 1.9 f5ICiEiES L,

Fiz, %EBD TIA 22V, #HNOREH InP 7'a 2%
WTC, REV2—/VEHAO MMIC Z##ak Gt L7, &512, PD X
7 Fv7e TIA MMIC Fv7 i i CREL, Ay (v —
R T4 TR IV RIET H26C, FABERZKHLZ, TIA
F o7 OMINE, A IGERIER CRMRL, V ax7 228352
ET, IEHIROBREFHNEFEBLL TWD,

INBORRFHIEY, 60 GHz BO# iA=L, 53 GHz TR
DHEEREIT 8.4 uWityp.), JeAT) 4 mW BEDEFEMEIL 0.7 dB
(typ.) &V IOTEREZ FEBILT,

Photo Diode .
—)D% (PD) 9 Electrical Output
Lens

4 60GHz O/E £V a— /D7 v/ K

Optical Input —

32 80GHz EwigH Y TS5 ED 12— ILDBK

512, BRELIZY Y T TRV a— LV OSMEIE X Z R~ T, A
FVa— VR, @A EOMEZ R L TRY, IR L
MMIC(Monolithic Microwave Integrated Circuit) CHakSi
%, HIBED O/E Y 2— /L TERE TITEBRISNI- AL, v
TTEYVa— N0 RF ANZELND,

LO AJJCiZ, SME R AR LG S D 7Y 7 JE T
JECTZ AR =T 7L AEIINS 7, WEODH 77 MMIC [6]
WCITv T U RAR— NV REWERLTD, £D%%, IF ) OEEIT#%
BeCHilRSI, ADCIZEoCT VAVERESIL, BfmIZImEL
THIEIND,

BERD 40 GHz Ho 7 TEY 2— L5 80 GHz ~O KL
BERBT D20, LUTF ORIV 21T o7,

Strobe Pulse IN
LPF > IF(®)ouT
Balun(Pattern) NLTL MMIC

N . - LO(P) IN

L
il H 3=

LO(N) IN

RFIN
e

et P

Sampling MMIC

L—s FOV) OUT

5 80 GHz A#kY 7FED2a— DT ay /K

(1) NLTL MMIC O#riiast

NLTL(Nonlinear Transmission Line)iJ, frusHRIE IZIERRIE
R E AN E LT EL R DB THY, A J1ETE D=
Rl BIERAFNEIC RO A T 5, @B CIEE &N
HRU AR EEAME FL, AREAL TIEA &AM U Chr A EE

7YY T 7 =7/ No.101 Mar. 2026

W ERT D, fRELT, BEOIRBENANA AT T Dm B
BOOE, Ty UREEIMICEMHSN DL T, WIEONH T30
T 5,

ORI FICLY, @I DS, &S LA
RJILIAZ AR LN TTREL 2D, ABAFE TIX, 1 NLTL
FiRZIS AL, o7 FEYa— A I MMIC 28R,
EXKIT SRD DA TAME—T NS SNV REF VAL TS,
NLTLMMIC %3809 528 T, Lok Ur A bd mli ko ods
RARBIL, INEEILIZFE LI,

(2) RHEERZET TV HEE MMIC OF %

PV 7 MMIC 13, SEAyFELTEEST DTy
MEAF =R, Fo T NER R OR— IV RF Yy 2 TH
RS HVD, Yo TV TR AILIR T D701, T AR ORI
WEELRD, 2010, T IV O GaAs Fut A& R NTH A
F—NE T2/ N, FEREER/IMELT,

(3) FEMEFEAR~ MMIC 7V 7' F v 792k

WEHDV T TEY 20—V TlE, MMIC ZHERFERIZT A —
R T4 7 THEL T, ZOFIETIE, 74 v —RISER
FTEFEALZIENRAEL, WIBILEARLE T2 ER L5 T
72o £ZT, MMIC &7V F oy RBIRTETL, HEAL XI5
5y A KR I HIR L 72,

B 6 iz, NLTL /17 VADORE I F L OVE R I AT ML Ofig
Bt B3, NLTL H 2 v 2%, S26 AR 10 ps &
BER7R SV AETRY, ST D A T 100 GHz 2
TR TNWD, TRHDBOME ALY, STV 7 ) D2
Bhepkn LS00, FAERELR/NRIIZ, ME LRl
SHBHZE/L, 80 GHz itz BT,

Pube Response ) spectre

Pout d8m

T£(20%/80%)=10ps
- (Compression Ratio : 0.33)
0L Vout=6Vpp

o 02 04 [
Time (ns) Frequen:

Spectrum of NLTL Output Pulse
(Simulation)

Kt
o8 1 nzeowww:eawwm

NLTL Output Pulse Waveform
(Simulation)

6 NLTL H 717 VAT B L OVE AR 8T L4
3.3 PAM4 E#TIZDINT
106 Gbaud » PAM4 {5 5 OWEEMIL, IEEE 802.3dj (235
WTHESN TS, EEARFHE $7A—4# LT, 53 Gbaud
PAM4 15 % LR ££IZ, TDECQ(Transmitter and Dispersion
Eye Closure Quaternary) 23\ 502 9, & 1 |2, IEEE

8 (3)  200G/Lane fi 60 GHz Jt# > 7' ) > 74+ m 22— 7 OR%



802.3bs® THLESID 53 Gbaud 15 5L L7854 @, IEEE
802.3dj Draft 2.2 THIEZNS 106 Gbaud 18 FITH1F 53T A—
BFEG IR,

AT, B LR TIEE M E a iR TE T,
FX¥ RGOV AT b — D DR FRBEZE L7325, 20720,
IEEE 802.3dj Ti&, ¥ A7 A2KDE B MEEZRFET D701,
WE BT E E{bSN T, 7235, IEEE 802.3dj (X Draft i
ETHDHID, SHARDPUETSND AT B D,

# 1 IEEE 802.3dj Draft2.2 & IEEE 802.3bs T
EFRSNDRE B OEN

= IEEE 802.3dj IEEE 802.3bs

3 dB i 53.125 GHz 26.5625 GHz

Target SER*" 4.56E-4 4.8E-4

AIATAHRE 15 Tap FFE*2 + DFE* | 5 Tap FFE

ST HRBOFIR | K THERR LR | EARRIHIKI O 2
GilESIRENIN

*1:SER: Symbol Error Ratio
*2:FFE: Feed Forward Equalizer
*3:DFE: Decision Feedback Equalizer

IEEE 802.3 #it& Tix, @A —HxyMERFEICHOLNLIEE
T — SO AR Z IR T 27280, O TLEIE 1 HLE
ENT5, TDECQ 1%, PAM4 {5 5% HW BT v — ik
EPERE TN 2R BN RIEEDO—>THD, B 7 12, PAM4
JEL TDECQ DREAA—T 7T, BENRZEROET Vi
HWT, HEEFITH L THEE 2L 727235, Target SER IZF]
ETOETOHE E2FHET 2, TDECQ EAVNSVNEEILEF
B MERENZEEZRL, FRoR(1) TERIND,

Outer OMA 1

- th—R) (dB) - (1)

Qt: IEEE802.3dj TH & X#1/2SER (Symbol Error Rate)
4.56 x 107* T/4Q, = 3.428
R:SER = 4.56 X 10™*/Z 737201280 B (/NI &

WETHE, R CERINIZI T 7L AL O — SRR (4 IR~y
BN RBYUIRE) RV T 7L AT A4 (FFE 8L DFE) %
WHL, RLAT ABERRHREL 24 CRIETHZEMn RO
%o ZHUCEY, MIEMFMEIC LD O TBEAMZ Do, ZIE4H
LU SIEBUEL, A5 B ORLED DR SR E & A TG
&5, HOET, NUFNRERRSTHE—EEORE R ELH, 16
A IR TE D,

TDECQ = 1Olog10(

7 UYT 7 =%/ No.101 Mar. 2026

0 045 r055 1
Level 3 P,

Average +
QOuter OMA/3

Level 2
Average --------3 K- -----2 ~ - --------------------

Level 1

Outer OMA

Average —
Outer OMA/3

Level 0
7 PAM4 JiZE TDECQ HIEAA—

8 12, TDECQ HIE7 re A0 EEZ /R, £, £EEHN
bHENIAE 5% 1 A BIET 5, MIEICHWL A Z—1T,
IEEE 802.3 #ik TSNz SSPRQ(Short Stress Pattern
Random Quaternary) T & %, Z #11%, ISI(Inter-Symbol
Interference) L IEMIE E D EEBL TN EH CHATL2L%
B LT 32— ThY, HkTIZ TDECQ #I5E (1 SSPRQ %1#
M 2L TND,

WIZ, BAELIE SIS LT, iR TERShZ 4k~ k&
b DT A NEEEL, £D%, FFE OFy 755k &H 4
B, Hu 7 REE, MESHIZHRMEO#HNT TDECQ fEA
Fo/ R DI T 2R ENH D, LvL, Fo T Doy fERelE
HEFIZEL, TRTOMAEGDOEERER T LT R AN
K&n-%, IEEE 802.3 Tk MMSEMinimum Mean
Square Error)7 LTV X L%E AW R#ELBBESNTND,
MMSE 1%, Z{E{5 5 LHARME 5 ofiE R Y (MSE: Mean
Square Error)Z#/ Mt 3 3FETHY, MSE 1ZX(2) CEZESN
Do

MSE = E[ly(n) —d (n) [*] -+ (2)

y(n): FFE @ /H# DI (55

d(n): 5
EEEOFETIL, 1THIERICEY MMSE 237224 v 7 1575
ZROHIENTE, K@) TRIND,

w=R1p-(3)

Wi KD BH s TN

R: A CHIBT75(XTX)

p: HLAG~ 2 P (XTd)

X: 7775

d: 7= Z IS I TS EEARE 5
By TR RO T %, (EFHEIT LT FFE 2@H 75, €0
e, WIAGZHNAED T B LIAREATINT D, B 7 1IR3 891T,
PAM4 E5 D 4 LTS T DL EWENE, &7 B 0o

9 (4) 200G/Lane F 60 GHz ¥ > 7V v 74y 2 a—7OR%



% FYEZRE T D, ZOLEWMEE FAWT, Target SER (ZFIE
T DITETI ) A R BERBEL, HENTZED /AR ®IZHES
WT TDECQ #HiHt5,

Acquire one pattern of waveform data.
Note: The SSPRQ pattern is mainly used.

y

Apply the standard-defined 4th-order Bessel-Thomson filter to the
acquired signal waveform.

Calculate the equalizer tap values for the filtered signal waveform.

l

Apply the calculated equalizer tap values to the filtered signal waveform.

VAV

Y

Add random noise and search for the noise level required to reach the
target SER, then calculate the TDECQ.

Y

8 TDECQ D#|E St

4 EREIREE
41 AT LORKESEE

9 1z, 080 A7 v ar DU AT MR JH PN E & IR
TAERE, BABAR 4 IR oBIL - N AV VIS E T LB U= fE R
T, 22T, VAT LIEENL, 3dB #iA8 53.125 GHz O 4 kX
T RAY U RE BT DIV TR = T IESIL TN D, &
AT DSBS BRI C IR BRI LN T Ty MRS B &
AL, @ EE I B W Th iR —/L 47T 60 GHz £T
BRELTWA, KB EARA L MBI R Ik 35 27
LISEDIRIEFAEOIEYER 7213 0.22 dB Th-o7z,

Gain [dBe]
-~

0 10 20 30 40 50 60
Frequency [GHz]

System Response =~ ===== Ideal 4th-Order Bessel-Thomson Response
9 FULNNT OVHE DY AT LA (53.125 GHz)
42 MESREME S VREMRE
AIBAJELT= 080 AL ar &2k LTz Scope & HWWT, JifE
BT I L OUREE MERE D 2 S MEAMREL 72, B 10 IZHRRERE DI
ERERT, WESMIE, Baud Rate 7% 106.25 Gbaud, A f1/3
H#—21% SSPRQ, 127 A% 15 Tap FFE A %5 AL T\ 5,

7 UYT 7 =%/ No.101 Mar. 2026

10 (5)

Lane x
106.25 Gbaud

SSPRQ 1 Pattern -1~-4dBm
Recovered
Clock
Laney
1/16 Clock Pattern 1dBm

10 VAT AOFHIF

11 IZHEETEO—HFIELT, Scope ~DI AT/ T —H3-2
dBm WD TEZ =T, i L7 6ME B IO & A3 72,
TDECQ (% 2.11 dB N7 fEZ/RL TS, B 12 (2133250
EIH H &L T, TDECQ, Outer ER(Extinction Ratio) ,
Linearity O HEHE B IZOWT, ANV ~URTEMHZ ML
7o HE B4, Scope Y AL ~ULL, SAERDORIENT v T R—
S THREES N,

PARRFE AR D Scope THIUE, BIERE RITIEA DL~
KR, V9713 EERS, FIEMRIL, 54T 10 [H#ED
WL CHIE L7 AR LT 0%, —1 dBm A*H—4 dBm £TO
AN~ Z BT 28 EHE B OZ{EIX, Peak to Peak T
TDECQ 7% 0.25 dB, Outer ER 7% 0.07 dB, Linearity %% 0.5%
&, AN~ B CLTE LT REGD LA TERR LTz,

11 BLUERIE 0 —141(106.25 Gbaud)

200G/Lane /] 60 GHz V> 7V > 74 vn 2 a—FDOR%



TDECQ
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(% &)

NRATTVHATEDZLZIRLT,

ZIBTTT 2 TN R A RIS L > TR C& D720, BB F~OISHBHFS T, AHF3E
T, BE2S 107 nm ETOESOLEST7 2 AZKLU THRFEIU N AR K- T HELERIEL, Zh
SORFEDF B B D O A BRI
TV T7 2 D E OB E YO CE &
ERETEDLILE R LT, KHRIL, 2B 77 2o DEiiEEes EE L
—J7, T IERIENLIE, T LD S BN NI A TS RD
EHETHHILER LIz, ZHHDRIEZR R —EH

BBNZ LT, e M ANUEIZED, BBz E o
{bL, JEX 40 nm FEEFCTaL M7 ANPS =1 nm OFSE TES
R L BT TTL R D

WXL TITOZE T, BARFEDBIRIEA DA LT,

1 [FC®HIC

757 2 AFRE T OEDSDEEDY —MRWE THY, &F
SERMIMTENTIEZAL, KW EF~OISHA IS TS,
JRFL L DOES THIRBLEN B B8 AL D, S U
L TROND LW RIS, BBV T7 = 3BT T A AAR
SR —EAOISAPIRSIV NS, — T, 777 = E L e
L322, BRIFEAEERIZE> Tkt imbL7z0, #iiz
RWENEONTDTLIEND, 8T T77 = OIS AL ED S
NTCW5, FTHER SN TODDIRER T ~DISHTHD, 77
72 ATHE T RICED T 2.8% V) KEARWDESRART R,
Z OGS EE R EZ DI TN E I T 52 EnTES
23, ZHUTKY, BIZITEHISIDT T T~ OIS IRFSE A
HHILTND,

2777 2 BT 720100, 0@ (EX) 2 ERECH
LIENEETHD, /7720 1 B4 DESITH 0.334nm THY,
TIVEERMEICHE T DR T ) B AFM) S d b v
PAMEE(STM) E W7 E A WGND A, ZIHOMEE X&)
FRBEDMFHID A, JEITRERA DD, 22T, KOFHERES
WEHELLT, V9720 D@ MM T ER DD, 777 =
ITHARCIEEI THDDY, 1 D7 SOmE(IFE(S102) A A L 7= S

FANERWAZLET, 6 EREETTHIVUL 1R TErOREIDIE
WEHBITTES D, ZD &I, AFM O Xo7 @i @ s v e
S EIC AR TELI LT, 777 5L ORI H 2318
FHNIRESTZERDUENDEF R D,

—HT, 10 BolBALIORIBETOIT7 2 DEDE(LIZS
W, EERRBRIZEE FoTND, b h, IRKHAWVWHNT
WBHIEE 300 nm D SiO2 2K @ (ZH > Si M BT, ES)3H
FTIZONTI F7 = NTRRINOH R, RAEENITTT7 748 (R
) DETHDLAZ NI T L —~EBALT D, DI, ESHRb
22 0.334 nm THLIHBS 77 o P F BB TR T, &
BIZESIIR U TS ESER AR TIEE, BEREEVIERW
BURITINZ T, FUFECBRRNEETHD,

RGB L0 B2 B B Cdo D U HE AT IV E O R
12&2E, 9 BETIHTZL ANV OAXTHPTE, HEMN 550 nm
R BKHENDBENRE TEXHEORENHS O, £iz, 77
Tz DIFREEFIH L BB ERELL T, T atic
FIELHONTWD, 1~3 BREEO I EWEETIE, 7~ 8l
ARZIMVIZEIND, 2 RO FIRENBRRIZH K5 2D o he

PRFBIR AN A DT OENIRBNC KT 2 G SUROTREELL
MOREE L BIEAEARE TELN, LVEWEIR CIEZZOME I
LDEERE LI ETHD, G\ RIRE D EEK AL, &

FER BICELSZ LT, e BMEE T R ZENTED 9, % X 30 nm (K 90 fB) FREEE TSN TRY 779, FaLib |2
TSRO L7z RGB o7 L —Ar— O EDa Lk INUT2 22 ~ERC, IR T — B ISR 35283 55
(a) (b) (d) (e) ” / ® -~ (9) o
/ & 7% b w/o graphene
2 4 ‘\ // S graphene
3 \ \ e / 36.5 nm/' 76.0nm
1 layer ; K { ‘ Sio,
1 (@~ SESEREEDLIETT7 =0 OIFHE 19, T OETFIE, () 777 = DJEH, (b))~ AFM THIELIZES,

T VYT =71/ No. 101 Mar. 2026

(g) Fh FICAB LI DR D, 757 =2 DA I L HE N DRI,

12 (1)

LB 57 v DN



TND, LinL, TREE BN OINCHR U AR S IXAF 5L 7 /L —
FNZE o TRR-TEY, ERABMBITITE S TR,

ZDEIZ, FTT7 D RGB 2 b AN, R, T~ iidle
WS TEARHEIC O W T BEUKAFEDR I TES M T Db D0,
TEVERRBRIC L E FHH DR EL, EGIZERB R %2 DT N—
LS TMSAATON TE, 20720, KRR OMBEL &
T —HIBMR T > TR, 22 TH 41T, HE) 5 107 nm
(f1 319 JB) ETCORIDLF I T77 2L T, BEXEAORTR
PEIZEEED, RGB, K§E, T~ BELARS ML [E—sUBHZ %t
LTRE LTz, ZHUCKY, SRR A E R T& DL
720, FRPEROBIRIED & O 1o AR e FTRE S 2n o7 10,
ZDRRRERFEITHIT T 2,

ARHFFETIE, JEE 268 nm D SiO2 ZFHITH D Si Ffk iz
T ANEBERLUCERLIZY F7 =& F e, Si02 DESE,
BIRT DI RARTIINGR DT, — 05, 7 T77 2 DR
(D13 AFM(Dimension XR, Bruker)JlliE 2 HikiE L7z, S50
Wi (BX63M, AV /S AR A) 12 X DB HUS Cl, #OLRy
MR LV ST R ST, Bl 3258 & RE, T X TORIE
THE—L7oe R RMFE IS e =<5t (TohoSpec3100,
T2 ra v — A & VT, F2, T~ E L —
Y —F< 2 BEEE(InVia Raman microscope, Renishaw ple)%
A, LD F X 532 nm 2 H L7z,

LUFICAR O ZER ~D, 5 1 BT, FAL~LOEISO
WECHHTT7 = I FBWE OB TEHLV) BUIRTE
Fl, VI7 xR O JEBURAFIEIZ BT 2 BUR TO BRI
DWW L7, B 2 T, Fx P T B 770 DNF
e ZEL L C, 2.1 HiCIXRGB 2 b AL, 2.2 i TR, 2.3
HiCTT~ U WELORERE RERL, 2.4 HiTENLORBRMEICD
Wi 9 Do

2 BEUZT7UDRFHMN
21 RGBaY k3R b+

1(a)~ (A Bl RT HE9IC, 757 = FESIC k-
TEWAREERT, ThUL, %ikd 2551 B A(ghoRT 45 i
TONDKEEE DT RICI >TSS 19, 0% fE
%, B 1@)Tiir 7= olEsk, B 1(b)~(f)Tik AFM 124V
WELRESZET,

2(a)z, B 1(@)+F 0 1~4 JBD7T7 = OGO
L7z 256 BBED RGB E(Xggp)a? 77 = JEEITH L TF Ry b
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L7cifl Rz 7, HARIZIEX DEAN T LERLTND, A
Kb, X377 77 = BEUS U TR lA LY, 1R ED
OIRREDN DL %, FEBE, B 2@ T E51T, Xpopld/E
HUTK U TR ICELL TRY, Xgoph b 77 = D@ R E
TEDLZENS DD,

(@ 210%%250
S N Xa = {240
190F '\
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s2 180} ¢ 2
- i 220 ®
" .
170+ ¢ 3 SIO,
3 2
1601 O 1 I
150 150 R 200 . 250 XG | 200
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1
1
1
1
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A

2 () UIRT 1~4 87 F57 22D RGB #E Xp 6510, 7AK
IEXDEART T 5, (b) G LTI-2 BT 2D
Xrgpl%% (© HFTUNTAN R 50, () BT T7 2 DB,
FHEC IS 7 B D Cr 6 s 23K, (ODDIESEHEE LT, 7235,
2T <N EIR COMRRER RS T 572, b3 2HE X
DHED DB TEAF LI EDHR DX o5 TH D, 7
D=8, K 20) L ITEAE A B L TR IR S0,
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BIELZES ¢t O2FEKICHhZ> TT Y X o g% E 2(b)
(R, ¢ ERINSEDICON T, RbIR<ARDAS1Et~10 (nm)
THRERNEF Xp)IZ, t~40 (nm) TREX)ICHIV DD Z L3y
Mo, ZOINT, THETEMIIRIMIZEE ES TN T T T2
DOEDOEAE EEMIZRHIL 72D, AFFEBHIH TTHD,

JRA- A — VOB T DY T7 = NI FBREE CRIZ T,

DRSS TS ESER AR T I8, ORI L-

T TED, B 1(gIERMITrm 2912, AREIERA, 77
Z7x, Si0g, Si O FHE TSI, ZIHD IR EASERIC
fia g, EBICIE, 2 EHTEVENR U R L0 b M
BHOEED, SESERBEDPEHUTFEL, TNLOHB T
T %, FHICRVERARDAINITHHELEINIT, LERELEE
DINCESTRED, 20728, TUNOTREL ¢ 1ITkL AT
WZEALL, ZOEBITEEOREWRIZE ELRD, 20L&, o
HERICEST t IRIFMENRARDZEND, 777 2 DESIZEST
BNENT D,

LoaL, SiO: EEIXFCAMEOR T Tho ThEBEI Lic+
20 nm BREDITSLSENFIET D72, TOEWIIEY 8102 & Si
DORE TR TDHOKBEENELL, ALESDSF7 2T
o> ThHAIZ L > T g p DI IE B2 > TLES, B 2(b) 10>
T —=HE TR TRCER L TRIESNIb DO THLH, 2720 HK
LDTI7 2 TN S8R L LTI, X g p DAESHE
Fob, BHRICK T HEL, T72bbar M AMCrep) P H M
Si02 =D& RITRESNILL, EFHNTHD,

RBFFETIETT77 2 EHHRD RGB 22 hT AN R & R T
EFLT,

X
Crop =1 -, €y
o XorG,B

ZIZT, Xpgp 1377720 ® RGB 1, XopgpldHati > RGBET
5, B 2(c)iz, B 2(b)DXp g pZ GO Crep? tIRAFME
BT, Crepld t DHIMEEHITHERT DD, HD t R DHEW
DIZHET, t > 40 (nm) TIXENELRDTER T DD, Crop
PSBEMADIEA ICERU DL S %, B 2(c) I (k& =4 TRLT
WAHD, BETENENRRDMEELD, ZOEVWT, BlRLZ0G
DT ROMRNLEfETED, T7205 RGBAAOW Ri
HNEHH B < G < RThoD, ¢B/NSWMADCE < Cg <
DIEIZ e RIEZ R,

E 2(C)E T, Crepll LDIEEIEIED, JeATHISE 9 CRa
Nz 6 JB LB EWEIRIC I H FTRE Ch D Mat LTz, 40
SHIHL72CR, Co, CeDIEAAAEGDOEDILET, ¢ &—BITRE
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TED, IEREIICrep® ¢ (X T DEALDBXITIKATT D72
FEMNUTEZ DI KRE NIk TR ED, ZTORER, t =40
(m)FEEETIE, ZOBEEEC,OEAENDS 1 nm(BLE 3 AT
&) BE DR ER LD, FilxiT, 2(d) oM R LI 2 )=
JT7 20306 = —0.01THY, Z0EX ¢ 1T 24+1 (am)EHEES
N5, ZOfEE, AFM ICE2EMEE = 23.6 (nm) &L —H LT
Do
22 REtE

ZETRTERIING, CropldFHMEEN DM EIC IS TE
BIZHDLT, @R E TEBEHEE CELE MO &G
HTHD, LU, CrepldBBITIII LB ICL L XR07 ¢

INE—DSYFEBR, T — P —DS K EREAZEIT&D
V=B THAHZD, EHERRMHEELITISE A0, £, et

ICHREIKAET D, 22T, KVFEMIC A TG 5728, "I
SRR BT DI R(R D tIRFMEEARIE LI,
3(@)iz, HENHt = 107 m)ETHOEE I TF7 20 O
FRAXRIIVERT, BOKBRIT Si02/Si FERO K FTHS,
ZORMND, BITHEWSTT7 2Tl B MEREICH L TRESELL
FTH0, ELZRDIZHONTEDLEALA/NELRY, FRHEANZIITIE
WRARAF LN — BT D 2 L3937,
@ °° t (nm)
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R0, JUFNEA £123517D ROM/ME, (b) R)SIAERX g 65
EAETABICAVE R, G, B OEAEEK 10,

3(@) TICHEITRLES ¢ickBiD B OfuMEICHEH 3%
&, t~5 (nm), WRA~550 (nm)IZFBVTR = 0IZRDIENS DD,
i, HAEE(t~5 (am) DT T 7 = T E DI E (1~550
(m) DEESNE AR LIS, 7772 NI BESBTHY, “R.x
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RNV ZEETRL TS, 12720, 2ol ik Da M AMIR K
LBl TI7 2 TR ED A NI AMI Lo TR FRETH
5, —HRIZ, REPEITITME R TORR DTN, T~

ELEDE227T7 2 B JERLO B E DRI E END 1Y,

LL, ZOBaRIL, £DXH7 RS DB R DK
ZXITHI L TIRMA TEDIZE /NSNZEERL TN,

Wiz, EBRTHELN RSN RGB X, ¢ p % FHEL,
HAEM NN U T2 X 6 p 2D el AT o 72, BRIOIIE, &falC
ST ARSI BT, B 3(b)C R Lol A5 A 0 B
EEBLT R AN, Xpoph B, HYANMOTLYE R
BLURHESMEE, R 23700 nm & 90 nm, G A% 546.1 nm & 80
nm, B 7% 435.8 nm & 80 nm &7z, 72721, R OMIER Kk
400~800 nm THDH72, ZALLVIMU DI R s IEEI#ETT
Wo, B 412, Xpgpl RIPHEALIZX, g g T, EREOK AL
A =Dy R T HAR AT A4 KOS TH BT, T2
EEH TR B LRVE DD, XpopldXhgpll iV E
MBI TECNRIEN 1D,

KT, ERTHLNE R &, 7V OARICL B mFH R ED
e E T, 22Tl OY, B 5@\ ios, £ES
T7 2 DIFREERBAL, —BE THILRELET VE
FAWT, LTS REFHELK,

rlei(¢1+¢z) + rze—i(qh—(ﬂz) + r3e—i(¢1+¢2) + r1r2r3ei(¢'1—<l’z) 2

R= ei(¢1+‘l’2) + rlrze_i(¢1_¢2) + rzrae_i(¢1+¢2) + r1r33i(471_‘l’2) (2)
Nog — 1y ng —ny Ny — N3
n= y 2 = , T3 = 3
ny +ny n, +n, n, +ns
2mn t 2nn,dsior
= , S 4
P1 1 P2 1 “@
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X'ropE DL 10, FEHUIXR 6z DH AR,
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2T, n (= 0,123)TENEIRK, 7T 7=, Si0s, Si D
FIEITR, MO E, dgiopld SiO2 DESTHD, ZOFHEIC
BWC, KKOEFTRIEIn, =1, /@777 20 O En, 138
J&757 =2 OSCHRE 2%, Si0s, Si DJEHTHn,, na L THkE 19
W2 T2, ny,ny, nal T RITIRFFEL, AR ST RBLC&
2, Bl 21X A =550 nm Tltn, = 2.64 — 1.38i, n, = 1.46,
ns = 4.07 — 0.03i T, dsipx! LB 5(b)IZ/RL 7= Si0/Si FA D
e ROFZRUED T 4T 42 75, dsig, = 268 + 1 (nm)EL
72

REWRESDLBST77 2 N8BT 5, KHHR ROER T
LRV DARICL DRI R EO LA K 5(c)~ (fllomd, HlE
LEEEESBLOW R ORI T, EREEFHERBRNIERIC
FL—HLTOBZER DD, ZOZEND, AIREEIICK TS
B RIZHOWTIE, £V 77 = Tho> Th afiEd L7z
AR LLTEZ TEL, £72 107 nm (CEZESET, Higs 7
T ORITEERNCEE T T = OFMBA AN THHIEN
Iol, ZIUE, RIS 27~ HEELRE DR e o 5 ) i
RTEDHLT OEREL BT 5,

(a) R n, (b)
¢ A
t
4 gra_ A measuremen
—— Fresnel' .
¢ : phene n resnel's eq
v
Alsio, | A
dsioz | n, Si0,/Si
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00260 500 600 700 800
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5 (a) )% RO FEICHWZET L OB, (b) Si02/Si 3
W, BEO)~E) SESFRESDOLBIT7 2 2811H ROE
HEE, 7LV OARICI DR AR EO R 10, BT E
SrfERE 1 nm CRIE LRI, AREIFHRE,
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0.08 Absorption (A)
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2

= 0.04
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0.00 A+ MR+ Interference
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t (nm)
(b) Absorption Scattering

IRV

LU W s

Si

6 () G NURBEL/Isi0DF T 7 = IESIREENE 19, BALIEENME,
TR RS H N LT BEER FH A B2 37, KB
757 = DML (Absorption, ADH% 5 ELI-HE R, FREZE
FUCT~ LD % T SO (Multiple Reflection, MR)% /%
T R, FRMISHIZT ~ L O T (Interference) & N A 7=
FERTHD, (b) 7T77 = AR \lHRAE) F6 K OHGEL (A7) S
DI DRERE DR,
23 S UHELRE
CZETIE, FI7 20 ~DAFH DI B DWW TR TE
728, ZDIFMITHIBIR RS T7 2 B IR S ND KD DM F
5, 2095, WIS HO— T T~ HELEE L TS
oo BT, T~ HMEND LGS T 7 2 N LD FF
fiLiz, 757 2 DT ABELART ML, EO/NSUVIIEIC
D, G, 2D NUREMEIND Z 2O —I BB TNDD, 22T
FEEUC LS TE—ZREENZL L7V G /N RIREE () D JE $k
VIR 9%, I ot lE TR, MEZ DL —F —H7)
DEELERENIN T T T NVBEDIZHOERELD, £, 4
WEIXTT7 7L —2L Si0: RE D 74 & ikt~ e
LU TATWY, Si02 F CHIES LS Si02 T SilZke K9 HEEL
v — 758 (Ig50) CHUSAL L T2 BREE (I /Isi0) % RV CREATL 72,
6(a)lllc/Isip? t AFMHEZERT, ¢ DEINTHEN, Ig/Isi0lE
t~12 nm ETIFESLLBITHMNT D0, Zha B LEW T
U, T B R L —EDEERD, ZOXIRIRDEENT S
ITIR9E D9 THHESITNDA, ARIFFE CIEIHIZEFE K E
THIEEATHIZET, t~30 (nm) TIEHFHI S~ T L0 T
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1372, BREERN DT MCEB T DL T,
COWDIRNE BT D78, EFHERE<ODDET /AT
SHGFFHREOEEIT T, £, 7V RV ORANLRDH
NI E(ADD ¢ KAFMEAFR L, B 6(b) DBk /Z N iX
757 2 ~D AN ORI L BRI TRRL T D, AFED
— IR E TR SRR ES S T7 = NEBEL, Z07
(DO —ENH T T7 = IR E D, KT, EnbEz

TiEHOBIZBIT LW AR ADIHAITRLTWD, /77 =
MR T DI DM EE, i%&H OB TORINEDORAIEL TEHE
T5HE,

N
A=) lal? )
2

ty (e—2ﬂk1zi/}\oe—i2“n1li/7lo + rle—anlz;/Ao e—iZTmlzi'/?LO)

. : ©®)

1 1+ rlr’e"4“"1t/7‘0e‘4""1t/7‘0

2
b= — )

T, + 1327292
1+ ryrze~i2¢:

®)

EREND, ZIT, NIZTIT7 =0 DB, k13777 =0 DA%
B EFETITROEL), 1o =532 nm ZAHEOWKE, 2, =
0.334 i (nm)(iFE H OB ORENODERES, 7/ = 2t — 7, TH D,
KGO EHELE 6(a)DR A TRY, O ERICE )
Tg/Isio?y ¢ LEBITHMT DIRDBNIHITETNDHOD,
t > 12 (am) Tl / Isio FHADTHDIZRIL, AIXIZE—E LR,
WU 0D T3 (TR TEIRNZED 730D,

ZITRIS, T BELEORBL B O iR E21T 72,
B(b)IAR AN, HBTT7 x EhL RS- T~ Bl
DREFEERLTND, B DEADAFINST~ WL
SNTGE, FRRENCRT EOSMA (B v L5 18) 1 D s
72T TR, RRFEITR T RO EMAA (X T 5 1) 122039 Ak
SIUIAET D, ZRBEDNIIHFE T BN ZHRVIRT 720, #
MEZL AR I N BB TAFAE T D03, IR T 7 = R EHAN
~NEHENTZ LSy D BT~ I RO S LD, 20k
NTELS TN T R TRESNDRTIF W72, FErfEIT A
FO/NSWMEIZINR T 5 19, T~ BELE DL BB E LT
A, G SURBREE, BB TERBOENOLOT L
DHIBINER A~ S D LS @*I 15%b T D&,

Io Zmibuz ©
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L& 57 = DI



tll (e—ZT[klzi/A’ + rre—anlz’i/A’)

b T4 e 2wat/V (10)
;o an
to= Py— (11)
RIS 19, ZZ T, YR 532 nm k195 G SR

DT~ AELIEOW R THY, £ 580.8 nm THD, ZOFHETIE

T~ BELEAISL U TR T S aL, FERELRWEEL,

A(L0) TITHE R BT, TS, MAREZFR 2k, % VDT
%, KOO ER 2K 6(a)DHFRIRALME) TRT, T~ HEL
WD BRI EBETHIET, Ig/Isip MNP HID ~ERU DR
BEENNHIETE TS, LL, t > 30 m)IZB W TSN
I6/Isio P ZEBNIHH TE TV, Zhit, RA0)ICHE W Tn, T
ek Z WD EICED, B s a7 T~ U HELEE O T
WEBRG LI T2 ThHEE X LIS,

ZIT, IR UHELE DT E GO G AT o7, BARRITIE
KAV Dk, 2R IEHTFn, ICEEHZ,

N
Ig x Z|aib'i|2 (12)
=1

tll(e—Z'nnlzi/)\’ + rle—ZTtnlz’i/A’)

1+ rlrre—ZTrnlt/}J

b'; = (13)

o G ANURBEAFEL, UL, RILY 77 = @A HHELE
1L, RIRDPIFREE A @ > TOMT A~ SNt A0S0 7%
BRI DY TS, oM EER 6(a)lcF#r
(A+MR+Interference) TR, Ig/lsio WS/ ~HEUDHE D MT
MR JBNEERIC 31T DR E B FHELTE TWDIEN DD,

DFERIY, 2T T77 20 DT REERBET DI, TVl
ELEDOZEHNIET TR, TFHHRBEE THHILERL T
Do

785, B 6(a)m LA R E A R, RS ROk
H3 2720, BRMER—ET 2IICHUEIEL TD, #ELTRE O
HaTHEIZ DWW T, SBRDBENNLIETHD,

BB, EBRFE R TIEt = 10 nm AT Tlg /I o PDIEHOENK
o TG, REEDEBIL, WD TS 8 9 THHE
SNTVDEH, ZOFRENZOWTIBLNITR->TEL T, 5% 0
A CHD,
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24 REIFEES T EELRE D LLER
AR, WG BRI TSI T D16/ Isig &, T~ 53 YT
W R ERIL 532 nm OS2 585 R & kLT,
WED tRTEER 7 LENORT, ¢ BN DEEHIZ, I/ 00T
ER LD B tmag~12 nm SIS — 7, RIZED L=
Btmin~5 nm NSHIINTEEC DD 23537035, BRI, RAVIES
WEZTITI SN THRYIg /5o WM T HEZ 2B, &
BRI EMERTIZZ USRS TOBHOD, BLHIEILZ bnin& fmax
FRICE TR, 2, RSP ToEN R Tr 77 =
WZRINENDDTIERL, 777 2 %% L T Si0x/Si AR IZEZ
AT DR TOFAET Bl ThoHEEZ LS, B 7 TEIC
LARNVDRRDOHA LSRG 77 =0 DRFF R, HiRFE T,
BLU4y =1 -R-THBREDTTT7 =20 ~OWIL A D HKAF
METRT, TIEL FORXTHELE,

BB RO
[ g )

2
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T = : : 1%2%3 : : (14)
gl(‘ﬂﬁ‘/’z) + rlrze*‘(‘/’ﬁ%”z) + r2r3e’1(‘ﬂ1+‘/’2) + T1T3el(¢17¢2)

. 2my . 2m
ty=———, t3= (15)
nq + n, n, + ns

=T, X7, 15)IWRADDLEHTEETHY, K@DIVe T ¢
W22 EE, T ¢Skt L TR B L EH e i+
5y ZOSDFAETHILET, ROF/IMEL Ag DR KAEZ TR ¢
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WTIVTNDTENGI1De ZDFT I, bnin & fmax
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DIFENELTH
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HFALNTAN, R, T BELE WS TR A T E LT,
BT, ZNHOHIEZE R —FEHI L TITHZ LT, B ota
BIH & D TR R Fe A4 T o 72,

£, INETEEMICIONDD B ThoTc LI 77 =D
BORINTHKT2E{bE, Yo7 RGB 2 M AR AW THID
TERMICFEHL 72, £7/2, RGB ar hANMI LA ##R/T7 =
VB EED, t~40 MmIZEDFENTTT7 =KL TH£1
nm (3 JiF ) BEDRE THE THLZLE R LT,

WIZ, RGB X0 B2 Bl B U CRU SR A HIE L, HE A
5 107 nm (9 319 J&) ETORIITIBNT, 7L DARITEY
EIEERICHB TEDIEER UL, 2, 8777 = 3K
FOBURTITEMEEZIEL C BRI LL CBRORZ DA E
BRL T, 51T, BE/ 7720 OEIrRN, ES 107 nm IZF
LETHHFRETHDZ LA R LT, Eiz, EDEIDTFT7 2
DESTEER, FFE I EO AR I L TERrIZR2 52 Lb BN
L7z, ZNHDRERING, T~ BEDLD LRI TT7 = H @D
ORI EE, R R E IZX L I CE LR E Th O LR
Db,

7T7 2 AL BN DBLEN T 5 E AT -T2
A, TI7 2 DEILEHITT < L BUELTREE DS BN L2 2 1 2~
HRUAZLITINZ, JEE 30 nm LA ECHENEBI 5 L4HD T
BUAILTz, ZORERIT, T~ BELEIZIWTL, ZERN DO L7
LT FHNRLEETHHILARLTIND,

BB, ZNOOINEF RO RS KA B L, 2 b0
BAGRIEA IO LT, RN R/ NIRDRESE, T~ BUELR
FEREREBRDESIT BN, TAUIRS, Fil, WINO%
o EBETHIETHFCELIEERL,

RIFFINCED, GV T7 x> DEMRN R BE R EEE R~ e

2, SR IR B G LT, 2D ORRIL, Z|s
F7 = N FRF O FEBUANT TS % OIS A RICE T 2 0
LHIRrEND,
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13, AT OHIWHARIL O WAL ANERLRIS M BRI TR AT R T D,
L2l BURO AT E7 /L OFFATNIHE B0 (T mY, RN
AT ADJRIRFE L H #EThH 5, LIME (Local Interpretable
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M5, FEHEEMIE, Al B7 A 2ENTETREIZIER TED)
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WIARLOD 22 ML AT 28 0 205 RO HEMEC U] AT e tE A
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ETVEBICRONDDT TIER, REITIE, Flix5el T
AL B3 SATTAL 2/ %, Al BIFE A7 T A (HIZTAL
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RA-o37e5tr, BRI T — XN CRITAL BT AL, BAFE BN
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1 Al ~ATT1, O FHBENSESERFERFENOT —FEBIEL, BEIRCTT —RITNV(T /T —vay) &t
T =2y NeE T 5, T — Xy M8, BEEH, FREHMEAT —20 3 2OV 7wy NIy iT5, @
AT —Z LT —2E I ONT, $D AL EF AEZIET5 (AL 7)), @ A7 —F 2L eic g, @<
AP T=ET MHERS T D, @ LIIJEC TODRE RAELLBUIONT, RMHE RE RO TET VIERREIIE T 2,
® HEITRLT, BEFMMREICHE SV TR A ZE X2 TEBREZRLVE T,

2.2 ERBAWIHEE Al TXAll

AR, BT VOEEMIELEED [ EE B, 7Ty IRy A
D Al T NVERIRT D720 OB FER R bt ZAThbh T
5y ZOLIEMFRDERED 1 22, Wb [ Explainable
Artificial Intelligence (XAD I3 AIHE AL TH 5, XA &1,
AT Do T R ORIE A 2B TE L TR 3 25
FIEEFE T, AL ER TR EAM OB R A 9528 T Al
DFEFIED 1 275,

AFRETHE, IR<AWVBILTWS XAT Eiia <2580 35,
KBEREA & BATER A

XAI 1%, 2O AFEAICESW TR BHBAL RO 2 5
WAYEEND D, KIFHIE, Al ©F L ORKRIEDEEORH
O KB B A % ST T Db DO THY, DT AT — 2%
WTET VOZEB AT 5, REHRDOLL TRIEARD S
LIS,

JRIETRLIIE, 18 % ORIk ROV B R 2B L, AL D
R DIRB B RLIEDE IR T 260 ThD, KR LiE> TR
A CIL, 1 2DOT AN =2 DBk FIVTET VOB & 3l
T, REWRBOLEL THEN vy IR RTOND, KT,
JRATRBC AR Y THEELIC, TONENTIETHLBEENE
~yZNTONWT, 3.1 HilBE M~y 7 LT IS TRRR T2,
ETIVREFEEFKRETFE

XAI FEE, €T NVONEASTA—H (BEL, AFRE) T 7
ATEDLNTHETED,

7 A AF (model-specific) FIE TN E T A= 2R L T
NI — @O &N 5728, FEE DT T AR LY
A TERW, BIZIE, VAL h=2—F %y MRNN)D H 7)1%
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BHIAF T T —Z(CNN) LT R D,

—75, BT VM AE(model-agnostic) FiElEL, AS1EHSIDZE
{LEFRNT T 52LC, NG IZBIER 2 <R IAWE T VIZHE C
=D,

ET IRTEFIEIINER ST A—2 % 57120, Al OFFEDH
3% BHZETIVMMNWT ORI TED, BIAIE, IR
=a—IN I OBDIEE RDHZET, Al BWIEORE, &, A X
BREPHEONFEHENTWDDER TED, — 7, TT VIIEKAF
FIEIINHEE I BIR 7S, HBWDHET AT ATREE DI FI R
WD, DD, T NOMAIABRLHNEH AT A= PSS TED
TIGUT, FEWD T DRER DD, 7o, RieFEMED BRI E
BEALFEICOWTL, 5 4 ZEIREENGIRE W7 VB3
PEOFHN N TEER T 5,

2.3 FHEERR

R EEIIMEREA D LR B TH — OFAHEEE A, MeE—
DRI EHETIT eV, Al BT NVEZORFE AT T, ZDFE
Atk —E8M, 7 —2OWE, SRRV S BRI DRl T
%, ZIHDFAGBLAIL, BT L0 Rs EEL AR E TR
B BE S 570, BT HMiEAH 5,

HemamBEOMR GEAME) 13, ELWLFHITH - THRE-T=1E#
\ZEE DS BEM AR T2, B2 X, BRSO BEET AREROE
R Chyxar /<& ¥4 57 —A(Clever Hans ZhE 9), Hii
wDEIsY, XAL 72E O FEEFEZIE, TT /V0NEB L TODHRH
ZRPEL, AR TODRHE—BL T D02 R TED, Z
PUCEY, FEFIEORIMETEL, = —FOEEMEb I L5,

ET NVOEEIEDE Al (— B ) [TV ATEL O X572 AT
T —=HZBNT, BRI EL ST AR BRI LD IEL 0%
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BEeWETLHARMEOH LT —FEFEEL, 7 — Xy bR
THIEDATREE 2D,

ETNDOFENROWNE GhEME) 1X, HELHRFLODOET
NDYAXDFE D TELDEFN T, ET A EHEREICR
DIEE T 7 AN A XL MBI FATERED K& D, BTk 9%
B VREOFEIIRBEE R EFFET N EMFILTHTEL
720, ZNHORIE THARE T 52 L CTHA R FL T CTE D,
2.4 THEERLEA~®D XAl EffTD A
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F AT IRy 7 ZAREE N~ v 7 & O B IR S — B LR
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&2, FERT —2DOBENDET MERBICRE BT HIEITIR
<FIBNTHEY, TDA ZHWeT =2y MgEh, FEHY 7
DB L R E BRI FER AR D, i,
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ARETIE, Wikt O XAT 23l 2720 1 Bt~ > 7 24
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B~ T AE R EIRIIEZ < OFENFET D8, AT
EFNAVIMKIFED LIME, £F WAKLFED Eigen-CAM, 5L D-
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3.21 LIME

LIME &3, AN T =S O—ia7 0 7 MNIEB S 7
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YR EAT, SRR OEEEZHEE 95, BB EF T HICE
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3.22 CAM/Grad-CAM/Eigen-CAM

CAM(Class Activation Mapping) & (%, CNN (& 7 A &
Za2—IN Iy T —7) OREATE LT, BN OL OIS
BUCw G U2 b 2 FIETHD 9, TV ALEL T,
CNN DB ZIAF SO INTHLT, B OEALZFRLD
LT, MBRNOBEEFERERHA LIy T (T 7T 4N —ar
~ ) BT D,

CAM D55 REL TR, B7 /UWEEICHIKIN DD KT HID,
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4 () HERHRS BATEASEIHE, (b) LIME CTYERR LSRN~ 7,
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5 GRakem ATk K 1% (epistemic) & B SR I ATl FE 44 (aleatoric) 1),
T—HRRET—6~—4 OHDIRDIENBET AL TERIARY,
ARG N RIENIEET D, — T, XD OEDT®), REEDIR
DINDRDNSI D, ZHICEY, ET VO T HIITRD I ET
7R <FIHICRY, MARE AT EIENFEET D,

RHEFENEI, TRk F2 1 (epistemic) & B SR A RN FEME
(aleatoric)® 2 DIZRAIEND W, FiFE L, FHAUNOT —X
KA ET VBRI ESTEL, T —HFOBIMLET VY E
TEHFIRE Th D, % E 1T, BRELICNIET 2 /A AT # LRI
REL, REZZEZ 2RV TIREECHD, B 513, ik
(ZRTDMHE O A HAEERL TV D,

A TN Z EBALT 2 — BV 5 1EIE, RILT AR AT L
THBOHERRFEREFDLETHD, LRI, Ry b —7NiE A
HILMERHDINE I (BT MRLE T VIERAT) THEEL
T, WVODDFIELABITT D,

41 ETIVHKEFE

e FEMEA TG T 25— A7 5L, AT —2 2y ML T
WHUESCNAN— NG RA—L T =X T I F v 2 B2 THBEOET
NEVERL T 5 FIET, Deep Ensembles GEE 7 32 7L ) LIE
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ENTEDLN, [LRDAYE—VEEETDILITERN D, #
EHEEHOHTXTHD,

3.5 AHRBRESDOEE
RT3 D LA BREREIE 5 0D 22 k1T, K& 72 $k o> 35 K%K 53 fife <o B ik

S REE R EPEKITRDZEICHE SN TS, R 1AL

DA—/S—=a 2 —2OFFEVERRE, FRES R JOWs M ih

R EOBEBO L 1 AR CRE DI MR R ERE O L

2% CRYPTREC Ho#fifr&iuTisy 9, BIEMEH I T D 2048

vk RSA X 256 vk ECDH %ff##t 3 5728 121%, 1000 4ELL

oI BENLREREETHIECRD, L, A=/ —arEa

— X DFFMEREIZ L —T DIERNIAE S TR 2 1] LL TV D720,

EHIHNCRE S5O FE 2 RUTHBHI BT D3 H BA 0 2,8

oD, WIZEHL, EHIMHEEARTHILI2LY, A—T Dk

AN o Te A= —ar B a— 2O FEMERE R _RISHHIL T, &

BRSNS B DR R AR T 2L TED,

—J7, A a— % W CRREU R L OMEo SRR
EENRANIEL [ a7 DT NIV PFET D, 20728, RSA K
o LA AR S SRR I IR S LI 278 D, UL, ERR
DR B afRH T HITI KRBT e B B o — 23 EETHY, BITE
DEFTE 2 —FTIIHEARINED T, ERIIIfiFTSI e
WY, T2, BOBRE DRI 5 X RFL CRE, fEkEfar
Yo — X OMEREA ) BT RIS 53 fifgE 95 Harvest now, de-
crypt later B8 | 23DV TUND, RERIFGEIZLVBRIELL 722w s
TR TR L 7257280, FRIDORRBINEEL725,

4 MEFHEHRES
4.1 CRYSTALS-Kyber

BUED RSA W55 LU F S 5 Otk LT, KBS
B3 2 — 5% VT AR 8703 TR R Tt - 31 SR

N B e S A



(PQC: Post-Quantum Cryptography) DL S NEF I TIo
T, KIE NIST (% 2016 225 PQC IRME(LD A SR Bk
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B —WERNEERIRE L 0D, ZNDEAL T A T HHAIL,
Z e 25 (PAT: Process Analytical Technology) V&S
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43 F(0-H, N-H, C-H 7&) MREL, SRS D, 20D
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WoT, LVF O FIZTA B EELE T HZET, WRI DR
B, T BAT IV ERE TED, Z0 LVF OFttz szl
T, ®lE L TN/ NITREGHTED, £, THE2MNT
ARY I NVEIED FT-NIR(Fourier Transform Near-Infrared)?

N A B E L IEL LR T2, RSO R TV,

LVF O RS fiFiEE, BELBAFLZEEZD FWHM(Full
Width at Half Maximum) CE#ZHI5, AL O LVF O &5y
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F4 il PC LG T

5B AR :
0S Windows 10 Pro for Workstations Plus (64 bit)
CPU Intel® Xeon® Gold 5222 Processor x 2 (Dual-processor)
TTT 497 A NVIDIA® TITAN RTX (GDDR6 24 GB)
AEY AR —Y 96 GB (DDR4-2933) / 1TB (SATA 6 Gb/s)
Fv b7 —27(LAN) 1 x RJ45 (10GBASE-T, 1000BASE-T, 100BASE-TX)
EIR 1125 W/ AC 100 V (50/60 Hz)
Pk E R #1216 (W) x 556 (H) x 445 (D)mm /%) 23.7 kg FEHERERR)
EIFERE IR 10~35C, 1B 10~90% (fEfE/r&zl)
#5 HIL 3=l —% FEHT
EH T
0S RTOS
CPU Intel® Core™ i7 Processor
AEY AN —Y 4 GB (DDR4) / 8GB flash memory
A BT 2 —A Gigabit Ethernet 1 x RJ45 (10BASE-T, 100BASE-TX, 1000BASE-T)
RS232 interface with standard UART 1 x Dsub-9P
/0 A—FK Ethernet 4 x RJ45 (10BASE-T, 100BASE-TX, 1000BASE-T)
CAN 8 (CAN, CAN-FD)
Multi-I/O Analog, Digital
IR 350 W/ AC100~240 V (50/60 Hz)
SHE B #1250 (W) x 400 (H) x 200 (D) mm, /%) 7.5 kg (R —KER<)
BEEREE IRLEE 0~50C, 1BE 5~95% (fifE/& L)
#6 EFEERZX2-10K) FE#ET
1EH T
H AR TEAGH I EIE,/ TER ) B TR TS +100 V/£300 A/ £10 kW
AT kR EEEIR AC180 V~AC250V =#H-45 Hz~65 Hz
TE BIEFFE(CV) ERDE (L) Hi/Lo +0.00 V~+102.00 V / +0.000 V~+30.600 V
EEFEFE(CC) WERPE (L Y) Hi/Lo —306.00 A~+306.00 A/ —30.600 A~+30.600 A
TE B )R (CP) AR E A EE:Hi/ & Hi -10.200 kW~+10.200 kW
T Hi/ B Lo -3.060 kW~+3.060 kW
Lo/ & Hi -9.180 kW~+9.180 kW
FEJE:Lo/ fEit:Lo -918.0 W~+918.0 W
[ERI @70 PRARME PN ST~ EH:5 &,/ 510 &
e RIEREH I EBIE /e RIERE 71 B +500 V /£3000 A (10 B 51, EA172L)
K ERHTIE +£200 kW
DO fthRE HEBEE AL BT =— A LAN/CAN CAN FD (X7 =ay)
EIFERE JEN BRI Y 0~40°C /20~85% (ffErrEz L)
Pk E R 430 (W) x 355 (H) x 650 (D) mm / #J 70.0 kg
T Vv rvarRy s A (BHRGYIVEZLR) EEE T
EHE Lz
WAL VA Vak s 1 %#%%,/2 %% (A, B)
TEAG BT,/ TER B FEASENINTEE : DC100 V,/ k& @A & it : +DC100 A
BHEE=ZHT) Ryr—)v /e +10 V/+100 V (PRI & Offafz FEE DC500 V) /100 V D+3% LA
EBRE=2HH AAr— v/ e +10 V/£100 A (NEEIE L OHf%ETE DC500 V) /100 A O+3%LIA
H)RFEOEIER % 55 HA% B E AT, DC24 V, 20 mA DL |
ATTBLOH I ER 1500V MLFC60SQ x 2 A#Y, 10 m (£ %1 M8, M12) x 3
ThEBIRA T Hifl AC90~110V, 50/ 60 Hz, K1 10A LI
BB R #1600 (W) x 500 (H) x 300 (D) mm / #J 40 kg
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Prism: An Open-Source Framework for Building
XAML Applications in WPF for Instrumentation

Tom Roberts

[Summary] This paper examines the Prism framework as a foundational open-source solution for building
large-scale, modular WPF applications in instrumentation and scientific software. It discusses the
architectural challenges inherent in WPF and MVVM development and explains how Prism ad-
dresses these challenges through standardized infrastructure such as dependency injection, modu-
larity, region-based composition, navigation, and loosely coupled communication. Key Prism fea-
tures—including the ViewModel Locator, Region Manager, Event Aggregator, and Dialog Service—
are explored in the context of scalability, testability, and long-term maintainability. Finally, the pa-

per considers Prism's evolution as an open-source project and its continued relevance for enterprise-

grade instrumentation applications.

1 Introduction

Open-source frameworks are essential for instrumenta-
tion and scientific software as they provide pre-built, com-
munity-vetted foundations that allow developers to skip
complex infrastructure tasks and focus on specialized fea-
tures. These frameworks accelerate development cycles by
offering modular, reusable components for large-scale enter-
prise applications, ensuring they can scale efficiently to meet
the demands of timely feature additions without breaking
existing ones. Furthermore, the inherent transparency of
open source fosters a culture of collaborative problem-solv-
ing and rigorous peer review, which enhances software reli-
ability.

Over the past 10-15 years, there has been a shift from
Windows Forms (WinForms) to Windows Presentation Foun-
dation (WPF) for enterprise line-of-business applications.
WPF offers a more modern User Interface (UI) framework
with powerful data binding, Model-View-ViewModel

(MVVM) support, and styling/templating, which makes

large applications easier to maintain and scale. WPF has a

. ,Notifications
N

|

N

4 Commands &
| L4

"N Ul Logic

(Code Behind)

Figure 1
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significant learning curve because it requires mastering sev-
eral advanced concepts simultaneously, including XAMLD-2),
a declarative markup language for Ul design that is distinct
from traditional C# code. WPF's core architectural pattern,
MVVM3-9, demands a major shift in thinking from simpler
event-driven models like WinForms to a more decoupled ap-
proach. Additionally, understanding complex internal me-
chanics such as dependency properties, routed events, and
data binding®-9 can be daunting for beginners. Unlike older
frameworks, WPF also introduces sophisticated and power-
ful layout systems, templates, and styles but adds significant
verbosity and initial confusion. Finally, debugging can be dif-
ficult because runtime errors in the XAML object tree often
produce abstract or unhelpful messages.

Implementing the MVVM pattern is essential for profes-
sional WPF development because it decouples the Ul from
the application's core logic, enabling applications to scale
without becoming unmanageable. By moving state and be-
havior into a separate ViewModel, developers create logic

that is unaware of the View and communicates through data

, DataBinding | ViewModel

Business Logic

Logic and data

Relationships and interactions between MV
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binding, commanding and notifications. As illustrated in
Figure 1, the View and ViewModel interact indirectly
through well-defined mechanisms, while the Model remains
isolated from UI concerns. This separation allows designers
to modify the visual experience in XAML without risk of
breaking underlying functionality, while also facilitating
comprehensive unit testing of business logic in complete iso-
lation from the UI thread.

While the core WPF framework provides the raw building
blocks for MVVM, such as data binding and commands, it
lacks the high-level infrastructure required to handle com-
plex application-wide concerns. Professional MVVM frame-
works fill these gaps by providing standardized "plumbing"
for common tasks like message-based communication be-
tween disconnected components, integrated dependency in-
jection (DI) for managing object lifetimes, and automated
property change notification. Without these frameworks, de-
velopers often resort to writing repetitive "boilerplate" code
for every new screen, which increases the likelihood of hu-
man error and significantly slows development cycles.

Scaling a WPF application to an enterprise level requires
a robust modular architecture that frameworks simplify
through advanced navigation and composition systems.
These frameworks allow large teams to build and maintain
independent features as separate plug-ins that can be dy-
namically loaded at runtime. This modular approach en-
sures that a change in one functional area of the application
does not inadvertently cause a failure in another, making the
entire system more resilient and easier to maintain.

Ultimately, leveraging an established MVVM framework
standardizes the development process and enforces architec-
tural best practices across a project. By providing a common
language and set of conventions, these tools help teams avoid
the "spaghetti code" that frequently plagues long-lived desk-
top applications. As applications evolve, built-in support for
sophisticated features—such as automatic View-to-View-
Model discovery and cross-component event systems—ena-
bles a level of agility and maintainability that is difficult to
achieve through manual implementation alone.

2 Prism Library Evolution

The Prism MVVM Framework was established in 2008 by

Microsoft's patterns & practices team, originally under the

name Composite Application Library. It was developed to
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provide official guidance and a set of libraries for building
"composite applications" - complex, large-scale WPF soft-
ware that requires a modular and loosely coupled architec-
turel® 1V, By implementing the MVVM pattern along with
other architectural principles like DI and Event Aggregation,
Prism was designed to solve the challenges of maintaining
and testing sophisticated XAML-based applications. It al-
lows multi-disciplinary teams to develop, test, and evolve in-
dividual application components independently, ensuring
the Ul remains separate from business logic to improve long-
term flexibility and code re-use. In 2015, Microsoft transi-
tioned the project to the open-source community!2-13),

As of 2026, the Prism Library remains a dominant frame-
work for building modular XAML applications. Its core pack-
age, Prism.Core, has surpassed 19.5 million total downloads
on NuGet, with a daily average of approximately 8,600
downloads. The user base is extensive and well-established,
supported by a mature ecosystem of community-driven doc-
umentation and active development targeting the lat-
est NET environments.

Prism!4 fundamentally simplifies the MVVM pattern by
offering built-in components which ensure a clean separa-
tion between Ul and business logic. Prism's integration with
common DI containers allows developers to manage object
lifetimes and resolve dependencies effortlessly, promoting a
loosely coupled system. This separation of concerns en-
hances testability, allowing ViewModels and services to be
verified independently using design-time mocks or auto-
mated tests without a live UL. Modularity is a core strength,
enabling large applications to be decomposed into independ-
ent modules that can be developed, tested, and updated by
separate teams in parallel. The framework further supports
a composite Ul approach through regions and navigation
services, allowing dynamic content loading into specific
placeholders. Advanced communication between these de-
coupled parts is facilitated by the Event Aggregator, which
provides a thread-safe, loosely coupled publisher/subscriber
mechanism. By standardizing these architectural patterns,
Prism reduces technical debt and ensures that applications
remain scalable and maintainable as requirements evolve.

A trend among open-source maintainers is the shift toward
tiered licensing models to address the long-term sustainabil-

ity of open-source projects and prevent maintainer burnout.
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In 2025, Prism migrated from a community to a dual com-
munity / commercial license model. These licensing struc-
tures are beneficial because they create a more sustainable
financial model by allowing open-source maintainers to earn
directly from commercial use while keeping the code accessi-
ble for community use. By balancing commercial interests
with open-source principles, these frameworks can secure
the funding necessary for professional-grade support, dedi-
cated maintenance, and faster feature development. Ulti-
mately, this trend helps stabilize the software supply chain,
ensuring that the essential infrastructure upon which 96%
of organizations!® now rely remains actively supported into
the future.
3 Integration of Dependency Injection (DI) con-
tainers in Prism

DI is a critical design pattern that decouples the creation
of an object from its usage, facilitating a separation of con-
cerns that is vital for scalable software. By centralizing the
management of instances, developers can avoid hard-coded
dependencies, making applications more modular and signif-
icantly easier to unit test through mock injections. The
Prism MVVM framework streamlines this process by inte-
grating with popular DI containers like Unity or Dryloc,
providing a dedicated ViewModel Locator to automatically
resolve and wire up dependencies at runtime. Prism further
enhances instance management by handling object lifetimes,
ensuring that services and components are properly regis-
tered as singletons or transient instances based on applica-
tion needs. Without DI, developers often resort to the Single-
ton pattern or manual instantiation, which can lead to se-
vere pitfalls such as tight coupling and rigid codebases that
are difficult to modify. A lack of centralized management fre-
quently causes memory leaks, as long-lived objects may hold
onto references of short-lived components, preventing the
garbage collector from reclaiming memory. These leaks are
notoriously difficult to track because they often manifest as
gradual performance degradation rather than immediate
crashes. Identifying these hidden references can be ex-
tremely difficult and time consuming to track down and re-
solve. Prism's structured approach ensures that dependen-
cies are explicit and lifecycle-managed, mitigating the risk of
memory leaks and the extreme debugging challenges associ-

ated with manual instance control.
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4 Loose coupling benefits
In software design, loose coupling refers to components in-

teracting through well-defined interfaces rather than direct

references. Building features with loose coupling in Prism
offers several critical benefits:

* Independent Evolution: Features can be developed, up-
dated, or replaced in isolation, ensuring that changes in
one module do not cause cascading failures or require re-
deploying the entire application.

* Enhanced Testability: Because components are not tightly
bound, they can be easily mocked or stubbed, allowing for
more reliable unit testing in isolation.

* Improved Maintainability: With a clear separation of con-
cerns, bugs are easier to isolate, and the codebase remains

more manageable as the application scales.

Scalability: Different teams can work on separate func-
tional areas simultaneously without blocking each other,
speeding up the overall development lifecycle.

5 Modules

A Prism module is a self-contained, feature-focused unit in
a Prism application that bundles related views, ViewModels,
services, and registrations. It allows developers to build and
load application functionality independently, making large
WPF apps easier to scale, test, maintain, and evolve over
time. When an application has many modules, it is best to
locate them outside the main Prism (shell) project. Typically,
the shell project contains only the application startup,
shared infrastructure, and layout, while each module lives
in its own separate class library project. This keeps features
isolated, reduces coupling, and allows teams to work on mod-
ules independently.

Figure 2 shows sections of a typical instrument application
window: MenuBar, ToolBar, SideBars, StatusBar, Chart
area etc. The MenuBar may have many defined Regions such
as: FileMenuRegion, TraceMenuRegion, DisplayMenuRe-
gion, etc. The ToolBar could have similar or related regions
to the Trace-
ToolBarRegion, DisplayToolBarRegion, etc. with shared

MenuBar regions: FileToolBarRegion,
functionality. For example, views, ViewModels, services, and
registrations serving the TraceMenu and TraceToolBar re-
gions would most likely be co-located in the same Prism Mod-

ule.
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6 Custom Controls for Instrumentation

Standard controls provided by WPF are usually insuffi-
cient for applications developed for instrumentation prod-
ucts. Interactive custom chart controls (e.g. Tabular, Rectan-
gular, Smith, Polar, Gage, Vector Constellation, Eye Dia-
gram, 3D surfacel®, etc.) with their own properties are re-
quired. Many of these charts are available from third-party
vendors but rarely satisfy all customer Ul requirements so
custom controls are often developed internally. Custom con-
trols are another modular component that can be developed
independently and evolve with customer requirements.
These interactive custom controls can be treated like any
other standard control and injected into regions as an in-
stance or instances using Prism. The development of custom
controls is not discussed in this paper, but resources are
available at Pluralsight'”. From a Prism perspective, cus-
tom controls function as modular components and are often
packaged within feature modules.
7 The ViewModel Locator

When using the MVVM pattern, a way to connect to the
Views DataContext to the instance of the View's ViewModel
is necessary. Prism's ViewModelLocator simplifies making
this connection. While several approaches exist, Prism's
ViewModelLocator avoids manual wiring by automatically
creating and assigning the ViewModel to the view's DataC-
ontext. Prism's implementation is lightweight and con-
tainer driven. It works by setting a single attached property
on the view, which triggers Prism to resolve the ViewModel
using dependency injection. Prism relies on naming conven-

tions to locate the correct ViewModel, expecting views to live
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REGION MANAGER

FileMenuRegion,
TraceMenuRegion, . . . etc.
FileToolBarRegion,
TraceToolBarRegion, . . . etc.
LeftSideBar1Region,
LeftSideBar2Region, . . . etc.
RightSideBar1Region,
RightSideBar2Region, . . . etc.
Chart11Region,
Chart12Region,
Chart21Region,
Chart22Region,. . . etc.
StatusBarRegion

RIGHT

Application Main Window sections and Region names

in a Views namespace and ViewModels in a ViewModels
namespace. The default rule appends "ViewModel" to the
view name to find the corresponding ViewModel. Developers
can override the naming convention or register ViewModels
explicitly to fully control the mapping.
8 Regions and Region Manager

Regions are the primary mechanism to inject or display
views to users throughout the application. A Region is simply
a placeholder for dynamic content and can be created in
XAML or in code. Regions have no knowledge of the Views
that will be moved in and out of the Region. The Region Man-
ager maintains the collection of the regions and allows access
to them. A Region is defined in a Region Adapter which is
host control for the Region. Prism supports various Region
Adapters: ContentControl, ItemsControl, and Selector
controls such as ComboBox, ListBox, Ribbon and TabCon-
trol. Prism's supported region adapters cover almost all
scenarios needed; however, custom region adapters can be
constructed. For example, defining a Region in a Stack-
Panel would require a custom StackPanel Region
Adapter!. The chart area in Figure 2 has mxn chart regions
with grids hosted in a TabControl, for example. Any chart
type instance could be moved in or out of any mxn chart re-
gions using Region Navigation.
9 Region Navigation

Region (or View) Navigation in Prism provides a loosely
coupled way to move views into and out from regions, mak-
ing it ideal for MVVM scenarios where ViewModels should
not reference view types directly. Region Navigation man-

ages the full navigation lifecycle, including activating and
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deactivating views and maintaining back and forward navi-
gation stacks. Navigation is performed using URIs, which
act as unique keys mapped to view types, eliminating direct
dependencies on views. To enable navigation, views must be
registered with Prism using the container registry, typically
by calling RegisterForNavigation, which by default uses
the view’s name as the key. Once registered, navigation can
be triggered through the IRegionManager by calling Re-
questNavigate with a region name and navigation key. Al-
ternatively, navigation can be requested directly on an TRe-
gion instance retrieved from the region manager. The re-
gion manager is usually accessed through constructor injec-
tion. This approach allows ViewModels to participate cleanly
in navigation while preserving MVVM principles. Addition-
ally, Region Navigation supports passing parameters and
tracking where a view 1s within the navigation process.
10 Communicating between different areas of the
application

Prism helps WPF applications become more decoupled,
making them easier to build, maintain, extend, and test, but
this decoupling can make communication between applica-
tion areas more complex. One common challenge is enabling
Views and ViewModels to communicate with different areas
of the application without tight dependencies. Prism ad-
dresses this problem through the IEventAggregator inter-
face which provides a loosely coupled, event-based commu-
nication mechanism. The Event Aggregator works using
publishers and subscribers, where one part of the application
publishes an event and other parts subscribe to receive it.
Multiple publishers and subscribers can exist for the same
event as shown in Figure 3. Subscribers must register for an
event before publishers send it, and once published, the
Event Aggregator routes the event to all subscribers. Events
can also carry data objects, known as a payload, allowing in-
formation to be passed between application areas. Subscrib-
ers can filter events based on payload values to ensure they
only handle relevant messages. The EventAggregator uses
weak references by default to prevent memory leaks, but
subscribers that opt into strong references must be manually

unsubscribed.
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11 Dialogs and the Dialog Service

Applications frequently need to prompt users for input or
display notifications, which is typically done through dialogs.
A dialog in Prism is a UserControl designed to display in-
formation, request confirmation, or collect user input. In
Prism, dialogs are shown without directly tying ViewModels
to UI elements. Prism uses the IDialogService, which al-
lows dialogs to be invoked from ViewModels without refer-
encing views. Dialogs can be shown in either modal mode,
which blocks interaction with the rest of the application, or
non-modal mode, which allows continued interaction and
even multiple dialog instances.

Dialogs in Prism have a ViewModel that implements the
IDialogAware interface. This interface provides key fea-
tures such as setting the dialog title, controlling whether it
can close, responding when it opens or closes, and receiving
parameters for initialization. Dialogs are triggered by com-
mands in the ViewModel, keeping business logic decoupled
from the UI. Dialogs must be registered with the Prism DI
container. Once registered, the IDialogService can be
used to display the dialog in a clean, testable, and maintain-
able way. The dialog service can also be used to show multi-
ple shells'® or what is sometimes called detached windows.
12 Conclusions

This paper highlights the main features of Prism and its
benefits in providing a standardized infrastructure to accel-
erate front-end software development for instrumentation.
The Prism MVVM framework is indispensable for large-
scale applications because it provides a robust, modular ar-
chitecture that allows independent teams to develop, test,
and deploy features simultaneously without conflict. Its core
features - such as Dependency Injection, Event Aggregation,
and region management - are essential for managing the

high complexity of modern enterprise software by ensuring
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components remain loosely coupled. Prism eliminates the

need for developers to write repetitive boilerplate code or re-

design foundational infrastructure. This pre-built function-

ality significantly reduces overall development time, allow-

ing teams to focus exclusively on business logic rather than

boilerplate plumbing. Furthermore, Prism's navigation and

modularity features provide a standardized "common shell"

that ensures consistent Ul behavior across large codebases.

Ultimately, using this established framework future-proofs

applications by making them easier to maintain and evolve

as business requirements grow over time.
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