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L EIFRELASE A, 20134E121%, 100Ghit/sF ¥ 2V (R
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REEHWDMEA Y VT =2 3 FEHE IR TV,

22 WIFNUFNERSEGEEMRICLIATEIL
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WEMCFICE a7 rax h—2 28FE L., JehiiEs o
KTy - AL E ZIRL . W IREZCIF DAL TEH T
& RGO Y55 %IC & B 1Pbit/s TR RE k92 5k
(200km) ¢ E512, SHEFSALER TR EIMHTHIE
T0.75Pbit/s R IEF#E (1,200km) OEIMEIVR SN,
AL TIE, 7T v FAME250 u mD il B2 41 L
TR T E—FEEBAN L N F3 2 PR EH A% Of
ML7-E 25 BAE R ED SN, ZRZER (E—FK
x32 7 $) 10084 . C20174E 121 ik 5 9 ©10Pbit/s (13 :
10) %2 5fxE%EE (11.3km) 7, 202341213 AR
KREE22.9Pbit/sIZ%FE R (13km) 23Sz &,
BT B B R Y b —2 TSDMEEM O FHILIZ I
T RFICMCFO 3 PE R E B AL O BT WA O
SMFLFEUEEH#S v FAAEI25umT, I 772X b—
7 %W 7243 T ESREBEMCFOME DS A TV b, 20174F
(ZiE. NICTZACHIZE (#170. #188) 2B WC, bl
MCHBOT 7ANRY T CIRIELTAT T 77 AN KDY
NFa7 7 7 ARG, SV FaTaksy @z,
SNV F RS IR BRI S, 118 Thps)t#Y i
Hhik (3 x 100km) fRREBD WL SNAY, 2otk £

ITUY +—7Jb Vol.54 No.6 (2024.6) 9



|EI ¥ & EXATHARSR [1SEAFYYRIIL]

NOOMAZEF 2o, NICTZEEEMZE (#203) 12T,
Be ESEAy b — 2N 72N 2 5 o FAMVRAa T 7 7 4
N =TIkl - mEALEAMR OG0 25 HATZ, BUET
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1. MCF&IE

EXATWIEA AR L7220084E 2 A0, 25 #%
# (SDM : space-division multiplexing) {Z3% D7D <
WFa7 77425 (MCF : multicore fiber) DG AAR M
MiZifiE o7z MCFId, a7l OB (Kfcidar
MREERZEIZTS) I2XoT FERARMCE (UC-
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coupled-core MCF) IZKBISN 5 (KFiTIIUC-MCF%
MCFEMEARZ EIZT ),

MCFiZ, a7z ax—2 (XT:crosstalk) %%
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AR TIE, MCFOEHT - 5t LTOCMTECPT
2 LIF, S OBEGROEEILD S E MBI 50

3. MCFODXT##f

JGIEIR B 3 B\ IEE — PR OKS G ORI, 55
MIZCMTAFHINTE e SOCMTIZ I MUE. MCFD
XTREROT IS EL S5 L PRShS, &35
A PRICKLT, XTIMEZHRECHAI L TREL LRSS
LA 20104, FEBRMIIRSNZBL Thid, MEdMR
WHNCT VT MELTVB I EERBLTEY, MU
<20104F. CPTDE A &> TZOFEEFEROFB A
Bl o720,

F 720 20104F121%. A2 7 RMCFOXTO MY 5%
R S, BRI R R ST h Bl R
BELT, VA& 3% (PMR : phase-matching region)
WA A TR (non-PMR) HEAET 5 Z EASFEERY
WRShizW, COEBRRZINT L7012, 20114,
A% & (PMP : phase-matching point) (B4
NRT—DF 25 MM L R L7 #HTE 7V (DCM :
discrete changes model) 2SBHFEENE 6 PMRTIZXT
PP EEEL LHITRELS R D L DBALNT R 57266,
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DCMIZ f§ifE T3 5 A5, PMPAAFHE L 72 V>non-PMRIZ
EEATERVOT, 20114E, fifReAth, HEos >y
TR Z L -CMTH s sh =7, RiReLT XT
i, PMRTIZHNFICEK AL S, non-PMRTIEEEZE B
AR (HBR) ITKRLSN A2 eI R o721,

T, CMT TGRS 2 5 DT (RPN
WAHNLE), 20114, HEEZBOA L LT, HiFRALh
BERL7-CPTHRE SN, CoE. "T7—kEk
¥ (PCC : power coupling coefficient) 25z )7 IMI2%s
LF2DT, R"T—REHRXZ BRI LR,

LI AT, 20124, FREBEEAACH BB % (ACF:
autocorrelation function) Z3EAL. QUNEAN TFH
ALL7-PCCO AT i A3 IS N 7= BRI ZE R HBI R )
DR IRIZPMR, non-PMROWTIIZHEHTE, MCF
DOXTHNTIZILLFIHEINT WS, B, MM-MCFXRFM-
MCFO¥45121d. 37 HDE— IR % LB L2207 3
PEET, 20154F, THLZMRMTAS T HEZRCM T HBFE SN 721

4. RC-MCF®DGDSH#

20104EAC X A9 5. RC-MCFOGDSHENT AICMT %
VTR T Y. GDSAHME 3% Bl o F )5 B i
FTHIENHON IR o7 (FEBRWIZHHERINTVS),

CMTIC & ZEHTC X AUE. GDSIZ 7 RIBR I MRS L
THEY, RALMREEISOXOMBEICD L 5A% GDSAS
/MZ%2 5 3T HRIEB IZE20umE ENTWAH I, 2o
THEE, AR TV (H—) E—F77430a7F
£ (7 EAZIumFESE) DIZIFMEICLR -T2,

5. PMCZ=ZEUICXTEH

201141, R IEE—F 54 (PMC : polarization mode
coupling) 29I 5TV ARWMCFOX T/ A HEEE2D A
A2 AFITHE, PMCASHEEZ > T WA Y AICIX. HHE4
DAA TG ATNHED) T LB IITHIS TSN T 725 6
29 L7Z=MCFOXTH AT FE BRI D AR S T 72100 98,
BRI BRI ISR ITE— PR EXTOBRIZOWT
. LidsliEmsh i ik oTwis,

2020412 > T PSR W IEA I, 20224E121%, B
a7 RMCF %2 GO THNF A 2554612 122owT CMT
WCXBXT#M 2 bz (§XRTOa7 TH—OMBRE
Fl—DOE—brEZRE). 720 20204E1213, RIEE—F
O RAERE LIz X T O MR R AT AP S h 7z 03)
(RS E—MRICHRTHA VW EVI EEOTFT),

@ ITUY +—FJL Vol.54 No.6 (2024.6)

6. BSAIGEMCFOXTE#E

WAL, BRI TIA RO AR B E 5 A RE 352
LIZ&oT XTZ RIS 2 2 LA R85 45
Bt (BSA : bidirectional signal assignment) 1z%12%}
FTHHOPRE-oTVD, REMBSAEZRETIE, &7
GLXTE MHXT. WHEEBSARRE T, B XTERM
EXTOFHIALET, WIFROFICHCPTAH S
"Cu\% [14]O

LZAT, PCCRINFITHRDHIBITHHESNTE
7225, a7RAEESE (CDL : core-dependent loss) %33 %
EPCCIZIERFRIZZ 5o 20234E, ACFASREETH-Z
b a4, HIFENRCDL. MEROHIPITIZ. PCC%E
R E LTI HoTHOMED v Z L3 Sz 1,

7. KREFEADRE (DI UICHKAT)
MCFDf#HT - iatHiai& LCOCMTECPTZHY ELF,
NSO ORELDSLAZBIL. 5 ORI % 1%
DT RIFHOBEEZ VOPRAL. TTOELIV,
HBEEORE ZRIEL, 75y FERGETAXT, #iy
BRI THHBELZE, WFRLCMT. CPTOH:ML
ATHIMCHITE TR WL, S5121d, FM-MCF
WZBWT, HEICIZFAE—F TR WLPE— R A
E—FELUEMT2HLD., HREZBHTE TRV,
KELDS, SDMBEEMIZOWT, HIA Jifamw
72720 TV BEX AT A DB &AL HR# 5,
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1. [FUHIC

HEBEHEOBERRETREOBBMZRELZERELTH
REEEMRL T VIV ae—Ly MebEM R ENnT
E2RER I HOWOLNTWEH—~E—=F 774/ (SMF:
Single Mode Fiber) OLL&H 720 O 15 fn kAT AL
BRFUCHBYODOH Y, (REFEELTITIKRTLTFERELT
724 ¥ (SDM : Spatial Division Multiplexing) D%
HAHFEFSTVD, AR TIESDMLT 74 3 ORGHALAMH
F oo E L. SDMIGT 7 A 3D JAZINT 74—V
K TOMGEDHEA TV F#@IEICB1F5SDMLT 74
NOMFEE N Z FFHT %o

2. BEE(EmIFSDMAT 7/

T RAREBM B CON D eV VKT —T
WTIILLSH 72 ) DR EE R AP HRFU RN &I A,
RSN OB B OHK T TIRERREE R AL
2 L THSDMAH R TH % Z &5 SSDMD L EVED
U, r—FWHOKT 74 N DL LML AR DSDM &
LTERLTV S, LML AR R, e Jein DGR
=T NELTULT — TV BEAEEINT VBP9, i
B —7 NV Ok LORRbH Y Hikd L LIZKEEAS
THEND, 2T, IRKDNGT 7ANHBOITELET
5NV F 2777485 (MCF : Multi-Core Fiber) #%. %
2MACDSDME LTI ST w58, 2023412136 K

Core #1
Core #2

Low index
region

Inner cladding
Outer cladding

felr &

re

r—7 VD227 77475 (2CF : 2-Core Fiber) 251
L3N B EEHIT, 2CFEIRM LG r —7 v D
R D RSN DB L, KRS TORALICI 72
WEAHEA TV S,

MCFRBBOITEZAHTHI LD, EhicBiF5a7
FLE O HPLWRERE TOa T/ =0 E,
SMFIZZ 7 2 o 7 BMEE YA U 1% B0 MCFOD % 2 % P IC
#05 Tk, MCFEAOGZRFEIIMA T, Ritok)
BEMYEOKRD EE L 25, HEEEEEH2CFS 7 (R)
Tid. () SEGHI7REICLOMCFOMMEEEZRL{LT
W HAEAZALL, (b) a7 Y7 MIEBa 7N X
VAPV~ —h % BT 5. T EOBHEVED IR AR
ENBLEHIT, HEK DK MAE AT SMF & ) 5 D)4
PEREAFEIESNT V5,

3. B L@&E[ITSDMAT 71\

Be Ll ERIC BT OB EM oMK T CREAE
PRLTWLZ2DIIEMCF 2 EOSDMI T 74 3035 s
WehblEZbNL, B LBEMEIBYTEVFRY
LR EEE R, ChETI4TT 7 743T
DBEARYF A H A RITUT O REHEAL T 72
SDMEBM DL HALD 23D SHNT WD, F72, 20194E1C
134 %V 7 DLAquilatiff iCMCFD 74—V K7 A b Xy R
AHO TR SN, B FIRIET OBV IEAES

Refractive
index

High

Low
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1237 7 7ANICEN r —T N OEEEEDLELEHIZITT
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SDME7 7 A N DBHFE A3 A S EAF 1004 F DR HAL
LR E@EINT D74 =V FBREEVHEAT WS, (RXHKIHE
R4 - B E OB P L LRI L BENEL I L
T LEEMO RS HROEL I EAWEIN L,
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DEFEOESEDRE

MRS TUSS NEERMRSDEYY— wEEmED xEmee  TIXK BE

1. ARE=R

BUE, Y6 3 THWHNTWASME (Single mode fiber)
DY ETH ST THY, ZOMIEEREA)
HELB-TWAESHLRTWAY, SEEDBERERAD
PRI A D720, BEOaT7%FHFOMCF (Multi-core
fiber) ANEHSN., WIEHBEIEA T DITWS, &
W TIE. MCFOFEAMUICLE L 20 B Ee i, 7 —7 v
Bl BEZ A MEESNTwDE, Z2TE. SRHDERHD
B SHOPEE RN T 5o

2. RIVFI7 T 71\ DiEkiixil
MCFZHWAR R Y AT L OB X 2RI R, 2
Tl MCFNl &% Hhbi 3% Hoflr & UC RS e b, =
A7 F AR OWTRIN TS0 720 BEAFEDOSMFD ¥
AT BIZH T 72D B L 7 5 SMF-MCFZ i B 12
DVTHMN TS, SHIT, ENHOPEIIOWTHIBR D,

MCF Cable

Connection point
(Fusion splice/cannector)

FIFO

HE1. MCFZ&RWIREY AT LB

21 BEERE

G L. 67 AN DS B, AL, T 7
ANFLE2ERTHHETH L, 79y FOHFMIIDDa
7 ZFOSMF TR 8k e LTRSHWHRT
VB, 7Ty FOHL»LEENIALEIZa T 2 HDOMCF
Tld. MCFOBHD B LT 2465 0H 5 (B22 ).

MCFZ ML 2B 0B FBR L LTI, RIBIIRT2D
OFEPEIRFT INT VDS, FfFE2—FA, = UF
Ya—J)RiE. ERZNMCFO M w5, i 54 3%
WO HETHL, P FEa—F gy Fea—F
RICHRTEBOMREZ Y Y TNVICTHEIENTE, ¥4
A+ AAMNHATHATH 5o

AR, $A FE 22— R TOMEDPLLBENTHY, 42

el gyt HoU>B

oh

TMCFI Lot iR kK, W ORE LTehehy
¥0.1dB> 3, 90 E VI HE D RINT V5,

MCF @ i # Bt Hetiid. SMF Q&b da 2, &b b 4
ZENZZTENTHDARETHY . W BEIRKALRHE
ot I ) R DR A3 BT D %o

(a) (b)

B2, X774 \BEEH-UHE (@) SMF. (b) MCF

Side-view method End-view method

T VT e\ e
Camera

T
BEROWE | (g amis ) s
BB wa o
c—hoRE T AL WETS)

NX3. BMEEGOBESEEFH

22 A5 (B, %) Hif

A5 AST B Ze B i LT, a2 7 Bl E 23 % o
SR AR, BT 7 A OB 5 MO %, 3
A7 7F =T LCTHEN BT L LS, ZhET, Hila
275 REF TR 0k (RABH) O#HEH B
LENTVD, HULTIEFEH0.1dBUL FOHK M, L.0Tld.
F350.2dBYL FOH AL ST 55 6

(a) (b)

T A ST ST AT AW A
HEODDREOERE

. A 6 @ .

fea) fenl howi ey e el e a/ lew ey e

HX4. MCFaxy4EXR (a) B, (b) %0
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MCF® 3 %7 & Ef Bt Tldk. SMFD R IR, .0
BEfH (221) CENLZTEMNTE0BRETHY, 5%
HIAHIALR il 5 2 O E OB DL 2 TH %o

2.3 SMF-MCFZ#aiiif

EFEDSMED Y AT AR 754 AEMCF &2 #5720
\Zid. MCFD£a7 %6573 AFIFO (Fan-in/Fan-out)
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DAL W E SN TS,
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LZEBWTNARTHY, Sk BhHEEIE, K2
AMEBEOILZ TR b= {bOFEB DB EEN D,

ZEZMAER Wk 2 FLE HREMT
= ind MCF
RAE |-
buridln Woveguide  SMF Gl
S B3 O fay (8] o]
ax b A (&) (] A

BX5. FIFONZEHR EHH

3. RIVFIT I 74\ =T )il

MCFZFERLT57:0121F. EBEOT4—NVFIZr—7
WELTHBRTAUENDHL, CNET, 2a7~1227D
MCF% + AR~ B ARRAQ72MCFr —7 WV 2384 { il
ERTWBHIE, ZRHMCF7 —7 Vi, SMFE % D1]
JBEMR WA AT G S TR Y M1 HROT 4 —b
FICHE LT HRERIED W L ARSI TW B,
6132880 D42 TMCF%& 3 L7z —7 )V @ Wi ik 5
MR —FOEG I TH S, MCFr—7n3d, FE#HICE
ROAT7TEFHBEEICRRZ LN TELD, Ry —7
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1. [FUHIC

H—a 7o)V LRINT 747 g% (EDFA : Erbium
Doped Fiber Amplifier) (3#EH#EDE7 74 3 BlEEs L L
THT 7ANBE VAT LRI TV A, vV Fa 7
(MC : MultiCore) EDFAlZ, Hi—3I7EDFAXYH /AL
LICHB B SN 2067 7 A ISR TH 5

AKX, <V F2T7EDF (MC-EDF) %IZLO74 Y
L= E5HZE (WDM) 74 V7R n=VFaT
KT NARERERDE—T T RIFNA ZRITIZFAERES
T BBEEEANIIZF L TH D LICL D, MC-EDFA®D
SRR W~ TEDFALIJIZH—ThH L0, a7y
72D OWEED T T B ERLEI NS %D AT AT T
EDFAI. FEEARMOH/NPH—a7EDFA& W45 08k
UL CAMI b patiie S X TR oY (@AY

B E L. 7T FiihEROMC-EDFAIZO A
fFshz, 75‘7FJEJEMC-EDFA@WJ%@?‘&?E’C“&)%MM-LD
(Multi-Mode Laser Diode) D& — Y62 RN,
lﬂﬂJﬁﬁ!MC-EDFA@J}}bﬁ?‘n?JE'C&)éV/7JI/JE—FLDO):?J
XE1SEH 572D TH b, LaL. 75y Nihkdso
E AR 7RIS N BB 05H L ARW 72D, &
2 ESEERAPRENTEZ, KL, CYY FIZBWT
A M12a 7EDFAO I 74 7: ) OHB BN H—a 7
EDFA LY HICWHEBEINELZW, LAY FIZBWTIE
IR A M9 7EDFAO I 7472 ) O T E IS —a T
EDFA & [R5 OB EINEL 22,

ARTIE ARSI SN S 2 7 EEMC-EDFA S
WA BB WESN S 2 5 v FRMC-EDFAH;
WD BBy & 41 DI )T 10 % AT 5o

2. J7m#EMC-EDFA

a7 R MC-EDFAO R 2 RN R T, 5 BDA

Signal WDM

Signal
Input coupler vl

Qutput

N1, a7ERMC-EDFADIEREEl, K : 74V L —4, XE:
BESR. GFF: MEBEM71V 4. Fl: 772142

c

703

W52 AIMCE (MultiCore Fiber) (ZREAGHERET 5
LEMELTWAHBRTH 2B 10, i BHEO A a7 #K
LFELTH LD, HEEBINEIH—ITEDFALF—TH
%o WFRIE BoAMEWT 57 74 3B MCF T, b
FNAAPINF AT TFNAATHS I e r&i—a7
EDFALA— DK TH B2, EEARDIH —~a7
EDFAL—Il% %, D720, aAT7TH2) ka7
HCHBLIBEITNS R %,

X2 (a) i&. K1 HGFFETap% 4\ 7206555 2 I
L72124x135%10 (mm?) OERONBIGETH D, 24K
DAMBATT 7 7ANEARD R Y T AT 7 74 3 HHER
POHHTWS, 427 74 VL —F DO #1E¢5.5%X27mm
(K2 (b)) BL 774753 KV R4 7 FIO #:123%3.5%
45 (mm3) (K2 (c) © 7 TH b, 4T TEDFARNET /N A
DD, B—aT7EDFARH—a 7HDNT /A A L131F
[l —Tdh b LD hb. MCFOHERIZIE, HBY LR
BEZ ROl 2 2 V2. 2B MR & SR IS X 51
YR RKE, FhZ2Nn0.07dBL0.02dBE., H—a777
ANDOEA LR LS TH 5810, JEE & LRGN,
<= &4a 77 7 ANTIOR L v, WA, 1-
2dBREHME G (NF) 2SK&WHODH—I 7EDFAL
[Fl— R 1dBRG O 2 7 WA ETH O THYS, b
T AL DA R OYFHIZLD, NFHHi—a7EDFA

i —IZE L TH S Do

(a) (b)

WNX2. O7E#E43I7EDFA (). 437714/ —% (b).
NN RIVENFI (c) DOHEEBEE

25 v R MC-EDFAD RSB %2 RS R 52, 7T v
iz ez =i S8 572012, B3 o192 7EDFO
HEHEIREND XA TAZ 5 v FOIMUIARE 7%
BREWETAHIETY TN Sy MR E R, R 7Fav

771

ITUY +—7Jb Vol.54 No.6 (2024.6) @



|EI ¥ & EXATHARSR [1SEAFYYRIIL]

BX3. 75y KEHEMC-EDFAD#EE B, MCFIZZTILYF v R
T7AN, KEI: T4 L—4
NAFIZBTMM-LDO I IPEANM 2 7 FICAG S,
MC-EDF 25 ORI % R 7 A M) v/ 8 CTHRrET 20
MR TEERE RS, FIFOOAMIIZHE—aToT4Y
L—FRHREENTVE, IVFATDOTAVL—FIZBE
e 2 % L EIARMAVNEL Do BACH Y 2Ty Flihke
192 7 EDFAOBIERPEZ /R 3700 B ORI Hi—
I7EDFALF—THY. 7 HAREIZIIBRITH 50
NFIZET A ZADFHAHLD72DIT1dBREEE KR E o
75y FIRMEOENI L2375y R OET
Hbo MC-EDFOWMI 7 5 v P KEWD, 759 F
RV THOERZ L LMC-EDFOR#E{L 2175 2 L AW
WCThb, TD720. 75y Rihesh®Rz M L3g5HHZ
EBRICHERLCE 2202, ZoHEHIZ, HBUIZ T Y FED
Fi/NCTH B, 75y REhike/ ST —% B2 esl 3 270
LTHbo BAATHDIKTH LD, Thid7 T v Flihik
WA TR T B MR E N 3L EZON L, H3I
AT HEOPIKTHAL M, A—o0aThtaTBETHS
Bt arBEPZ RS E. 75y Ntz il
FTHRMEDENEEZION S,

Y FEOFHZ 3XTSE, 77 v FE166um, 37
B EE3Oum. E—F 74—V FE7um. D192 7EDF% 1
W70 EDFEAZ8MIZHET S LCN Y FiFOMIEZ T
R 787 — 28W, -5dBm/coreDAINIxFL17.5dBm/core
OIS NI, FERIZLEEE S 520dBm/core
WCHASEL TRV, —J)7 T EDFRZ50mIZiEET 5
ELNY R OMIBZITA. Ry 7787 — 28WHHZ, 7.5dBm/
coreD AT 1L24.3dBm/corek B il st S 5 1,

= . u3
5 P i

e ™ok
=2

w15 i

s '

5 10 “

l0] w12

45

8 #1s

16

T

1630 1540 1550 1660 1670 © °I°
Wavelength [nm]

N4, 77y K192 7EDFADEIRFFMF., AHESH/NT—
[3-5dBm/core, R T/ —(£35W01,
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BR5. 75y RNICZEAZHALZ7ATEDF (a) M9, RAKIZY
N®O73a7EDF (b) 1el,

20dBm/core® i HiZ11.2WH R FeThoh, kRS
N Hi—a 7EDFA L % D1.2W/coreTH %o K VEDF
RAMERNT T FihEMEZH-TWHEE I TWD,

Wi, B2 7y FEZIOumE /NS LA THEL S
72122 7EDFIZ. DWIZEDFEDHERERLCN Y FIC
BOTHH—~TT7EDFAZ F N2 KN & E & ER L7,
C®122 7EDF® a7 B Hi#iX15.5umE fii/hSh 579,
R4 BIMC-EDFE LCEIMET 2, a7 HMHEDS, Bl IE
30umBh BB IERE A RN BT BCN Y FEETORER
) B2 -7 ETH b,

EBIZ7 Ty Nz L3g2HHELT 79y
FPICI —BREARE LCRILETATZ 1, 75y PR
ZMPOAMGITEZ D00, REVHNTH DI LIRS
NTWa, ZOX)REMA. 7T v FihiEeMC-EDFA®
HBENHIRCE ST 7259,

4. HHDIC

NEME 2SI E S % a 7 iR MC-EDFAH i & ARG 2
BRSNS 7 T v RhRMC-EDFA R 0 £ Hr i)
&S HOPFAMO I P OWTRIN L2,
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EXATO—RYyT/REIE

SDMJET 7 A 1 \DIRZE(LENT]

BHUE

BABEEESRIRL TOEAY—ERYRT LW

1. [FUHIC

JCHEA ¥ 7 T DIRBER % = BEALIZ B 3 2 43 I 7E 1
ZH% (EXATHNWE) Tl =V 537 (Multi-core) .
<NV FE—F (Multi-mode) WML EZIH (Multi-level
modulation) @ “3M” HeAi O H EM: % RSB FEIEL |
“SM” B L B AF RO A ¥ 7 T ORI 7238
BEE LT, 20174 WCEXATu— R~y 7 #kiZ. 2020412
F2MAERITLTWA Y, RETIE. EXATu—F~vv7E
BIAE D228 5412 (SDM : Space division multiplexing)
BB & DAHBITOWTIRY R H & EHIZ, SDMET 7
AN 2 EEEEEEAL OB IO VTR T 50

EXATu—F~< vy 7OHMIE, HN “3M” HEiic M
THMEZOMEO 2 RAETL I &, FTHAMT—F
Sy TR LARNREMREMEEBTLZL81IH 5
20104 LA, “3M” Hiffi % W5 3% SDM BN D WF 78 1 it
RN HALLTEY 2, EXATR— <y 7OEIOHK
BHMGER SN2 E A5, STIT 20174E~20204E12
EXATU—F~< v 7HE L 7-SDMEM DR > 1) +&
BAEOB) 0 & DBV THRAELTHA S, FICEXAT
u—F<y 7 CHESN, SDMBMDIDDEAT = —
%R To HIT72—=ATRTF =LV FHRBEREND
SRR T, 827 2 — X TRIEIEY A7 2 [ OB L 3%
Ay 87— 27 CSDMEA OB A A, #3772 —X Tk
Lk I TSDMIE 7 7A NN OBAF AL L ShT b,
K2IZEXATR—F< v 7128135, SDMIETZ 74 73D
YFVFERT, B2 L, Y Sy FEOMERE Ik
K275y FEDIEH. Z2HT—FOIEHONEIC 22/ EED
EERASEA, 202044018 0 HHEHE 7 5 FEESDMOE 7 7
AN S HEE X B BT 2 RS 20304 M85
MY AT ANDERPEL L PRI TR,

20244 EA IR RUCTREHEA S 72SDMOL 7 74 N3 AFETE
L7awW2s, 202349H12Google? S 72 R HE K T AT 2 D
—# TN Fa 7T 7428 (MCF : Multi-core fiber) %
BT AR RINALE, o BKERTEKRAE
HBIF2a 7 HEEMCFO 70y 7 MEABV Y —AS 7z 1,

NFUT

hSE M

Z 2T, GoogleDFIH CTlxMEHE 7 5 v FEEZMERF L 722
7 HEEMCFO B ARG SNTB Y. K20 2L EED
PRAA—VEEH LTS, —F. B1KTE2TIESDM
o MBREX 25 OREMZHEL TV L, Bl
RTIEE2BPEL LTEE SN TOEER Y AT ANDJRE B
PEATLTC VD, T, BAEEHIN TV BiELr —
TWVONT 7 AN NI B mmDOEFE LA 7%, W
WA DR OBRIC I 2B EILRS A Z D ZO0H
5720, WHIKY AT AT "2l X BH AL
TWBILIGENTIEEZONS, SITHELODIE,
4. SDMEBIAN O # A B B3 A7 2T H IR, i
JESDM Y AT A DBFAZBEITIHET 572012, EDXH %
TP DB L b TH S, EXATuU—F v 7121
SIS H L RIE SN TV, F17—XTRE
ENLBHEET 7V r—Yar Tk, BARODBEDLL

Data Center
Network

Wireless and Wireline™
Access Network

HE1. SDMEMOBATEEENS3D2NDT7—X

Scenario in Terrestrial

8

[=3
o

MNumber of spatial channels

A: 125pm clad

1 4
2010 2015 2020 2025 2030 2035 2040 2045 2050
Year
RRD AMCF{Weakly coupled) AFMF 4 FM-MCF{Weakly coupled) A MCF(Randomly coupled)
Field Trial ®MCF @ MCF{Randomly coupled)

BX2. SDMEZ 74/ x@O—K<y 7
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EZEEF v AV BEDRMERT5200%.0087 74
NO—FEEERAARE 2D, T2, BEKSDMY AT AD
YA A O Hi—a 7 R 8 OWFIE IR, X
DRI DEWSDMIEHIR S DEBAKDON B, Lizdio
T MFOEXATR— R vy 72 SR ULV EOEI
iz WIREAL 3 5 2 & T SDMEBA O 92 1 B % 312 ek
FTHIENTELEEZON D,

GHDNT 7423 =7 VR OEHEEA O F AR,
ITU-T (International Telecommunication Union, Tele-
communication Standardization Sector) KU TEC (Inter-
national Electrotechnical Committee) DIERIGEIDTIZ
HEET S TWw2, BEC, IECTIXMCF A2 412§
Lideam SED HNTHY, BB KO HIROREHECHE
MHIEINTWEE 6 —J5, SDMIET 7472 LTI,
20224 IZITU-TASSDMA 7 7 4 2340 — 7 v & Bl By 1y &
FRAEALIZ I 723 2 ) £ L D7 B L R — &2 5%
L™, SDMIE7 74 3 DAl & LTRIBITR$ 6 MO
TTANERF LIz, ROT, 2023 E1LHOSE T HA
PHORFEITHEDE, BBIIR§THMSDMILT 74 /3D
Pearie & w2 AL L 72 1Ty #rBiSDMOE 7 74 /8
Ehi5 DRI OVTHEITH LV HEEI N2 TD720,
L #%SDMIE T 74 782D T LA V) 72 3k i ook
B3I E MRS, CSTRELLVOIR, SDM
RIEVATLE LR FAEN B IREZFEDLTH12F.
MBI 2 & & SDMT 2 ¥ A7 ADEER AR L%
MNThb,

F41ZSDMI a2 Y 27 ADEBIZMT eu—F <y 704
A=V %o WEEOHAMAEAEICHE LTS, SDMTa
VAT LADRERETIE, 7 AR, =7, &K
B, BebiBh, H7 Y AT A LHBMIEOITY AT AL

Reduced coating (RCDF)  FMF
Reduced cladding (RCF)

= @ @ @

WC-MCF RC-MCF WC-FM-MCF
B3, ITU-TEHIL R — b TERSNI6EHDSDMAT 71/ 7

@ ITUY +—FJL Vol.54 No.6 (2024.6)

V72— A EOEHERBETHLEN D L. RIS, 4
DREHER N IRAR2AE ORI M 2 & U BIMEHA 43
B oWFIma 2 HEL72L LT, TRTOEMER T
BICIZOER D WAL TN Bo LI2AT ST 20304F
RANBHIZ BT B0 ESDMIZE Y AT 208 R EHEEE T2
Yt 20254E A0 HSDMOG 7 7 4 N B D il 3 155 T
L. ITUTEIECO %% 2 M1 X 25T i bR ek 2 4
T LUEEDNDHDZ LT D5,

NTT
System Interfaca :

Subsystem
and components |:N :l
Connection | )

Test method 3y

Optical cable -
—fp.

Optical fiber
-——

New 41 4z 43 aa 45 we 47

BX4. SDMIOAYRFLOERRICHETEEEO-FT Y TD
AA—=D

4. HHHIC

EXATUO—F < 7L BAEDOSDMEAMRDL & DBERIEY
\ZSDMEA 2B 52 [F B AR HEAL DB NS> W TS L 720
B 7 v FEMCFOEM RIS 5, 20304F
HIBIZ BT HSDMIZE % ¥ AT 2 D% Bk 7 FHIBA~ O F2
BH - % AR 2 72SDMT a2 ¥ 27 2D EBUCIF, FHH
17 E AL B A S h B 2 e v R Eh 5,

S &3k

[1] “EXATu—F=v7" BMEF-EXAT (eice.org).

[2] W. Klaus et al., in Proceedings of the IEEE, vol. 110,
no. 11, pp. 1619-1654, Nov. 2022.

[3] “Boosting Subsea Cables with Multi-Core Fiber
Technology,” (2023). https://cloud.google.com/blog/
products/infrastructure/delivering-multi-core-fiber-
technology-in-subsea-cables?hl=en

(4] “fER MK~V Fa7h7 v AN O R ERIZK D),
(2023). #HH WIKBI<VFIT7HT 74 N ORFEAL
W | £ KT, (sumitomoelectric.com)

[5] IEC 61300-3-4, (2023).

[6] IEC PAS 63503-3-30, (2023).

[7] ITU-T Technical Report GSTR-SDM, (2022).
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SDMEGERMTDEMENNESEDEE

MRS KDDIREH TR
Sl MR SRR

z3 F W &

HE K

1. ZEEPEZE (SDM) HIGEV AT LA

HARE Y AT AORBEI e RERALITINT T, Z2H55H
%% (SDM) WAZE Y ATFARMF STV S, BINIR
FLH1Z. SDMHNT7 7ANELTIR, a7 28>~
VFar 77428 (MCF) &, &#E—FE2E o~V
FE—=FT774% (MMF) %%,

MCFiE, 7D uxbtb—2DOREEITL-T GG
REREERN T ON 5, WHEERMCEIE. 7 74 Wi
DIRPIHREFHNI LTI/ BA M= 2 HELTBY ., XD
FRZERV TR TH 2. DL REFHSTIMCFD
xate LCid, MR RIS A eI TIxT 2
RICAT v TA Ty A (SD) HE, a7 ORI
DN Y FEZRTFHETHROHLADERIL, ¥
BAM—=7ZEREEL LY FT7T VA (TA) BhdH 50,
R G RIMCFIZ B W Cid, FEBIM R 7 Hud 7oAt —
ZIZXHIREN S, REMERERETLE, ROV
YIWVE—RT7ANERUI25umD 7 5 v F#E (B Af
%) oA, 4T RENEREEZZ SN TS,

W72 2 SDME DB INT 720867 74 N LTIE, A
BIMCFEUMMFEA% %, fERMCFLIMMFE T, 2

— AN E—-R7ILFO7IFAI (MCF)

HR 1t KDDIFREHZTFR
ST ST AR

- Ro 3 L&SAL)

T E7MEME—FHO 70X b —2 2FA L. SDME%
BWimEes, BAELZZOAM—21%, ZEHICHEELL
KB REANE M F VI VE5LE (MIMO DSP) (2
XVBRET %, MAEIMCFIR, BIEDLZASDMEIZMME
WCHARTH->TW 500, EHHHEIMEL, 27 B2
OBV EENS, F121,000kmBh Eo K H#E{E% Y 2
T (B EF23Kr —7 V) ~NO#EHA»BE ShTw
%@, MMFi. EiZiK1,000kmPEEE o 5~ i B gz %
YAFA (F=Ftry—F 2k E) 2BV T SDM
MAFII RSB TR EL TR SN TWwa, #iAHMCF
FEOMMFOWTHIZBWT D, SDMBIZIE U7z KB 2
MIMO DSPOER D EEZREE R >T W5,

F72. W ASDME OB INZIY Tid, MCFEMMF
DNA TV R THEIINVFE—=F-IINFATT7AN
(MM-MCF) 3 &% V. 1037 x10®€—F=100SDM% i## .
BIEBEFAME SN TS 4,

. SRNEARE - REBASDMAITERERDE) 0]

9K RIMCF 2 W72 R RO R BB O (R %52 R L
LTid, BEENEETA-4aT 7 74 3% v 72138.9Th/s

§5#ESE (MIMO DSP FE) ey
kLFitE AFuTA =Ty
(Ta) ® S (s B TIFE—F
" | — WWFOAFIFPAIN —
oo 'o o (MM-MCF)
oo oo °°°09
—  TAFE-ESHNAFIFAIN(MMF) o [

B -

HR1. SDMIZXRAXT 71/ O3
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12,345kmfE R E B HE SN TWE 0, REFETIR, K
BRALD7=DIZ, MAEOWERIRTHHCHY FITMAT
LEOSHAYEBHWSRTWS, 72, HIZa7Er%w
KEROIEEFEREL LT, TA22CF% i\ 722.15Pb/s
SIkmfE R EBRAME SN TVESE, 22720, Z0kH%
% a7 OEREEMMCF T, Z70A =2 %2ET 5720
a7 T DL LR T B L EA DY —HITIIEE
ENFETIEILRLG-oTLE ) IMEORERT 74NN
23, BRI EBEICREIH L LI TR, A
Tl BRI T BEEAL L WO HF ObT,
ETETRERE - REBE O G BIMCFR% Y AT A%
EHTEDPDPEACKRFT ENTVE Y, k) LR
DG HEETIMCFORHLAII D WTIEE R 55,

W72 5 SDMB OB 1)) 7245 & BIMCF O At T,
RRIATHEELTIIEENFEOR A TIICFAH Y. 1.7Pb/s
63.5kmfz% 7 BSME SN T VS, FEARMCFOS# %L
MLz a7 o RBEHOEREREL T, FEMI2CF
1.2Th/s 7,280kmfn X E B MG I TWBE, X512,
WA OWDMEA IC & 2 KA mAb & R Bis k%2 v L7 4s
HEEE LT, #ARACF 504Th/s 9,150kmfz %9 Bt
wESNTVEY, ZoXHC. HAERMCFE. KH#E
BRIHE L7252 R D oW RAKAEE /NS R
BThHrIlnb, KERPDOREZENRDOONS
e B RIS o — T AR TE Y AT DA DA TE 5,

MMF% Wz KERESRER L LTI, #EGRMCF
DRKATH (1927) 2B LEENFEDSSE—FT 7
ANEHN723.56Ph/sIR R EFAHEZ N TR, £
E—FPORBMOEEEHRLL UL, 15E—F 273.6Th/s
LOOIkmfz %25 ST w5 11,

L2L. ShHo#ARIMCFEUMMEZ vz {n %
EBOHE TR, MRIEENETH L 0D, MIMO
DSPHA 754 ¥ TLOEIEL T\ Z E A 4 E
Th b

MMF&MCF% #lafr b2 72MM-MCF Tid. 2017412
#HTL00LL EDOSDM#E D6M-19CF (6mode x19core=
114SDM) % JH\27210Pb/sO 8 K 7 A% 3% 9 B As #lt 15 &
NBL 20234 IIEWDME RHIRO LI LD 22.9Pb/sD
WA RAZREB WS W, 227220, MM-MCFi&.
PEHE AL R TIE e FICMIMO DSPH LB L4572, SDM
BRIV AT LE LTI KRB EE ZHN TS,

@ ITUY +—FJL Vol.54 No.6 (2024.6)

3. SDMAEIGEY AT LADERIEICEIT fcEXEH
3.1 EEHNESDMXET 7N/ =TI

SDMAz %Y AT 2D RS FMEIZT Tid. MIMO DSP
ANEE ORI G B B W ERES R D45 5 RIMCF 25
EHINT WD, BARMRIEERT 7 r—2are LT B
RO A OB R WL 2 7R RACF D o — T VAL
DIESNTEY =T ML ToTORERINEA N (7
T M—=27%) OHARLEWIEPFERIN TSI 12,
T2, BT a7 ML CRIRTNAEZ R aT%
FEEGTRERNTHE 702 b—2%2 —~RBIETE,
1L PEEE D IEp AT 0] Bk & 22 5 18], 20234E121F. Googlett:
AR 5 % % e L 7= 3%t o B AL 2R g9 4 5 RI2CF &
R =T WANEBATHZ 2T F v ALz,

3.2 HEIRETICHTBKEE
FICRE AR Y AT AE, FEREBNEIZRLD, %X
W EDHNER L CBER BN G T b, T2, BAER
A I X BTSSR b70, FEBEOPRERSE
BT BIER RO EEL b, AZVTDITIA4T
HiTid, HROWT b AR S B HEA R DY
MHAERACFE VT, WK E B HECRE TS ¥
i SE 2 T b T WS B, FN TR, NTTH5, TR
WIS SN2 BN DACF 2 WA R R R A
shTwaW, [EkIS, KDDIZSdH, <y r—
SxGUIMLRE T DRT 7 AR U7 HOM H IR
Kt ERRBEGDWEESMEACFIR R B2 w7z
EERAHE STV B8, ACFW I M OACFr — 7 VikG%
REOFHEZE2ITR T, AEBRTIE, HhtlC X IR

CH®

TA-4CF cables

WE2 BABBShABRARICFr—TNOR
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C7uAx b= 8Nz EML TS, 63.5Th/s 1,800kmd DK
HRPORBEOIZEN WM TH 2 LARENT VS,

4. SDMAEGEV AT LDSEDRE
41 SDMEOIEKICEF ZMIMOESREDYFILE2A
Lqt

AL ORSRE A MMCF Tk, ka7 iz 7 ax b —
212 E-THIBREN %, T2 2 SDMEOH AN T T,
MIMO DSPIC k%27 B A b= B2t LR A A
MCFROMMFEBRHEAM DL E 2D, LIzA->T, MIMO
DSPDY 7V & 4 LB 1E R S H 4RI (ASIC) 1%
EHTBLENH D, VTNVILLERETIE, F754 0L
FRZY, KBBEMIMOE S CHEL 2 AR L £ 3
BULEN DD BILEDFAET T, H—HELEBHTLHITR
CE—FHOMERBOLZENG L TERLTE 20 E) D)
BEELZRFHHETH S, . FPGAZH WY TV S
4 ZMIMO DSPOEER U 7V 74 Mik LB T bh
TWwa, 2015412, 60kmOFEEGRIBCF 2 HV 2 TV 54
PMEBRFEBRAHDTHAE SN 7207, 202145121, FE A7
ACF% 1 727,200km K JilE) 7V 5 4 MR R ATEGES
M7=08, REERTHWz, #EGR4CFHDY 7V #45MIMO
DSPZ £ ¥ L72FPGAR—FZRIBII/R T, TN HITEER
BNTITONZBDOTH B, XY HEEREGERRED T 7
AN T B BHEEDOBGED By ST b 1, ZDJEER
T AZVTDI74 G E EN TG DACF 2
WTHGEZ T TW5, aT7HREEIREBOZIIE. TEkD
T TNAT T 7 AN B B AR R A AR E R T
HBHOD, MIMO DSPTEBHEWEARHMPATH 5 LA
RENT WD, 2024%E121F. BRI 2 ASICOREF03 #) %
THE SN, 54, MIMO DSP ASICO%EHICL S,
RAMMCF % %2 W KA SDMIZ % Y AT A O EBL A
s 5,

5. HHbIC

AETIE. KERALIZING 72SDMYG1Z % O 5% 3 B
MELT Rtk KRR - R BESDMYG R % BRIT>
WTHIA L 7ze F720 RUBIERMLICIT THEBEhTY
2 BEESL R O FG#E B RIMCFR £ D FEREF BRI OV TR
720 WIS, BRSATIMCFICBI2 a7 5 LRZ4TRS
AMIMO DSP7 ¥ A MK % 5 SDMOGAR 2 H A i2 o
T, EHOPERBY) TV 54 LDSPIZT 5 &85 01K F
2R L7z
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77 ERAA Y FDBEMCF R

DERICEI I HIRET

1. [FUIC

225 #%E (SDM) Bbid, MLy —7 0V 3 274
THRMNTBASNDLHESIN TS, SVFIAT T 74N
(MCF) %#H ¥ 2 K EAHEEKSDMIE I BT 28 L v
SIEEEE (BU) 7—%727FvE LT ShETIIERAE,
77747 (FI) 7772k (FO) F/34 A%$7-3°1C
MCFZEHYR—bL. I7HAIE A REZR, 27 %R
A4 v F (CSS) R=ADBUT7—F77F ¥ &IW/EL TV
B0, K7—F77F vk, BHOIx2 SMFAA v FHhE
ZIOOHMZERDEFRNICINETHI LA TE, 220H)
HRRICENRT WS,

K243 777478 (4-CF) ZV/z1x2 CSSOM4F%
ZRTo AJMCFO£a7 b Lz —2k, 3V
A= VLY AT VA X TZRIMMIGHEEh, avyF o4
LY Ao TENZENOZATITHIB LKAy F2 7
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[1] K. Matsumoto and M. Jinno, “Core selective switch
based branching unit architectures and efficient
bidirectional core assignment scheme for regional
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Fiber Communications Conference and Exhibition
(OFC), W3F.3, 2022.

[2] R. Tahara et al., “Submarine SDM branching unit
with integrated all-port flipped multicore fiber
splitters and integrated core selective switches,”
ECOC 2023, Th.B.6.2, 2023.
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1L - B3 L2 FEBITE, HHEIIOMEFEDTES, T2, Hiln
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%Y. AN OIEREFEDOTREMI L EWFETE S,

4. SEDOEFIMICDWNT

HAZEOHBEERICBWT, EEOHOFARMELA
it Z  ofEZIATEY. AHFIZBVLTHHH
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A7 %@mdbIEEHET, [Zh— AR RS BTy
FMALDFEBL] IZIT T, FYZIV T4 54 ROIFEN R —
CZFHB 0K, FMEME IS0, FTB720 TRL<,
AR, ZE, WFZEREBISEDSEHE L %0, XD RLL Fike
WTEDP NI 25TV,

B4, 2BBNS75-ICLDERMFE

BXS5. EiHOmE R

*  HEHHRANRY PBMEBE L THRELODRAY - fo) oHWFL LTIHE)

ITUY +—7Jb Vol.54 No.6 (2024.6) @



ITU-T SG13 (Future networks and emerging
network technologies 3/1-3/15)

EMRMEREANEREEMEE LI0h  nToD
scizze Al FE

$AMITU-T SGI3E A H320244E3H1H 2> H15HIZ A
TITUAR (Y242—7) THESNI., 402 E25338%
DEMENH o7 10784033 BM, 2314503 E— 2
o 259FDEHEH DY MIILEIFA457F LR > TV Do

ra—y v TV FY XA T BRI % o
(Determination—31) . #HrhER12M KON & SET R 114
&% (Consent—32), MBI K. (Agreement—
F3) SNizo ZON HADSOF GIFBORR L LTI,
FAR A% IVICN (Information Centric Network)

DY —EAF x—=U 712 T58ETY.3073 Amd 1] Frame-
work for service function chaining in information-
centric networking]. NICT% #12 X YFMSC (Fixed,
Mobile and Satellite Convergence) & Hl#ICEId %
#15Y.3207 [Fixed, mobile and satellite convergence-
Integrated network control architecture framework for
IMT-2020 networks and beyond] #&EINTV2%,
F7o, SRETREEEHHRREISUDH 57205, €
DN (R4) ASHEN SRR H B TR (Hly
WtE I E) EUTEERBAR SN TV,

Rl ®BESh-BHEERE—E

BEES 24 ML TD/PLEN | REE

Y.2776 Deep packet inspection-intelligent management and maintenance of policy information 225 7
base
NFR2. RN BHEEE-E

BEES 24 ML TD/PLEN | FREE
Y.2250 Requirements and Framework of Human-oriented Message Service for Smart Learning 226 1
(Y.fmsl) in Future Network
Y.2502 Architecture of resource authentication and orchestration in computing power network 227 2
(Y.ARA-CPN)
Y.3129 Requirements and framework for stateless fair queuing in large scale networks 228 6
(Y.det-FQ-rf) including IMT-2020 and beyond
Y.3658 Big Data Driven Networking-Functional requirements and functional architecture of 229 7
(Y.oDDN-NP-RegArch) network programmability
Y.3820 Quantum Key Distribution Network Interworking-Software Defined Networking Control 230 16
(Y.QKDNi-SDNC)
Y.3821 Quantum key distribution networks-requirements for resilience 231 16
(Y.QKDN-rsrq)
Y.3062 Trustworthiness Evaluation for IMT-2020 and Beyond with Autonomous Network 232 16
(Y.TiAN-eval) Functions
Y.3551 Cloud computing-Framework and functional requirements of cloud data mobility 233 19
(Y.ccdm-reqts) management
Y.3186 Requirements and framework for distributed joint learning to enable machine learning 234 20
(Y.IMT2020-DJLML) in future networks including IMT-2020
Y.3142 Requirements and framework for Al/ML-based network design optimization in future 235R1 20
(Y.IMT2020-AINDO-reg-frame) | networks including IMT-2020
Y.3162 Evaluating intelligence capability for network slice management and orchestration in 236 21
(Y.IMT-2020-EIL) IMT-2020 network and beyond
Y.3073 Amd 1 Framework for service function chaining in information-centric networking 237 22
Y.3207 Fixed, mobile and satellite convergence-Integrated network control architecture 238 23
(Y.FMSC-INCA) framework for IMT-2020 networks and beyond
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HR3. ABIhBYPXEEE—E

NEES 24 ML TD/PLEN | R=z&
Supplement 81 to Y.3200-series | Use cases of satellite communications in Developing Countries 239 5
(Y.Supp-Y.Sat-Use-Cases)

R4, FEERE-E
LRSS 214 hL TD/WP AR
Y.NGNe-DT-reqgts Requirements and framework for NGN evolution to support digital twin 489/WP3
Y.CPN-TP-Arch Requirements and functional architecture of computing power network transaction | 490/WP3
platform

Y.QKDN_qos_auto_fa Quantum key distribution networks-Functional architecture for autonomic quality of | 742/WP1 6
service assurance

Y.oDDN-ROSMec Big data driven networking-Mechanism for resource orchestration and scheduling of | 352/W2 7
big data plane

Y.FunArch-INSA-FL Functional architecture for intelligent awareness of network status based on federated | 353/WP2 7
learnig

Y.3804 Rev. Quantum key distribution networks-Control and management 510/WP3 16

Y.QKDN-safr Quantum key distribution networks-Framework for service awareness 512/WP3 16

Y.QKD-IPsec-fr Framework for integration of quantum key distribution and IPSec 513/WP3 16

Y.3808 rev. Integration of quantum key distribution network and secure storage network 3 514/WP 16

Y.QKD-orfr Framework for quantum key distribution network orchestration 516/WP3 16

Y.QKD-rsff Quantum key distribution networks-functional framework of resilience 517/WP3 16

Y.trust-Al Overview of trust provisioning for networks and services using Al technologies 518/WP3 16

Y.3505 Rev. Cloud computing-Overview and functional requirements for data storage federation 368/WP2 17

Y.3601 Rev. Big data - Framework and requirements for data exchange 366/WP2 17

Y.ccts-frame Functional framework and requirements of task scheduling for cloud services in | 337/WP2 17
distributed cloud environment

Y.ICI-AN-reqts Scenarios and requirements of intelligent controller interaction for autonomous network | 758/WP1 20
in future networks including IMT-2020

Y.KM-AN Knowledge management for autonomous networks 757/WP1 20

Y.KNO Requirements and framework for knowledge-based network optimization in IMT-2020 | 764/WP1 20
networks and beyond

Y.IMT2020-DDP Future networks including IMT-2020 : requirements and framework of distributed data | 766/WP1 20
plane

Y.ESBN Enhanced service-based network in IMT-2020 networks and beyond 717/WP1 21

Y.DT-NS Digital twin for network slicing in IMT-2020 networks and beyond 718/WP1 21

Y.ICN-ECP Information-centric networking in networks beyond IMT-2020 : Framework and | 775/WP1 22
capabilities of elastic control plane

Y.DTN-ModelReq Digital twin network-General technical requirements of model domain in digital twin | 776/WP1 22
layer

Y.DTN-NPNsp Digital twin network-functional requirements and architecture of service platform for | 777/WP1 22
non-public networks

Y.FMSC-DN Fixed, mobile and satellite convergence-Dedicated networks for IMT-2020 and | 701/WP1 23
beyond

Y.FMSC-IUSU-arch Fixed, mobile and satellite convergence-Enhanced architecture for IMT-2020 | 702/WP1 23
networks and beyond in support of integrated user-centric service unit

Y.Supp-OSE-UC Use cases of open service environment for future networks 457/WP3 1

Y.Suppl.UC-NRS-DLT Supplement to Y.2345 Use cases of network resource sharing based on distributed | 487/WP3 2
ledger technology for supporting large-scale deep learning models

Y.Suppl.CPN-EF Supplement to Y.2500 series “Expectations and information flows of resource | 488/WP3 2
awareness and service orchestration in computing power network
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TR.QoS-AIGC QoS assurance requirements and framework for supporting artificial intelligence | 740/WP1 6
generated contents

Supp-Y.DLT Use cases of Distributed ledger technology in networks of Developing Countries 463/WP3 5

Supp-Y.NGNe-Use-Cases Use cases of Next Generation Network evolution in Developing Countries 465/WP3 5]

TR.CDI-TNS Considerations and potential requirements of cross domain interoperability for | 511/WP3 16
trustworthy networking and services

TR.SQKDN Standardization consideration of satellite-based QKDN 515/WP3 16

TR.URCN-req Service Requirements of Ubiquitous Real Time Communication Network for future | 750/WP1 20
networks

TR.AN-gaps Gap analysis for Autonomous Networks 760/WP1 20

TR.AN-PoC Proof of Concept activities for Autonomous Networks 762/WP1 20

TR.IMT2030-terms

IMT-2030 networks-Considerations on terms and definitions

765/WP1 20

TR.GenAl-Telecom Networks
telecom networks

Requirements and methodology for deploying and assessing Generative Al models in | 763/WP1 20

Y.Sup59 Rev4

IMT-2020 and beyond standardization roadmap 21

TR.nr Future network resilience use cases and capability requirements

788/WP1 22

TR.FMSC-MON

IMT-2020 and beyond

Fixed, mobile and satellite convergence-Considerations of multi-orbit networking for | 703/WP1 23

BERS Y. BEEER. TR KM REERE. Y.Supp.  HENEEE

2. WTSA-24IC[)l7 fc #fig

SG13I2[¥3 AResolution 208 EF L LT, SGEEILH)
T—=%, IMT-20207*5IMT-2030~. FMC (Fixed, Mobile
Convergence) 7*5FMSCIZ, Cloud computing#*5Com-
puting including cloud computing and data handling~.
ML (Machine learning) #*5AI/ML on Future networks
KT HZETIREN

WM TREAEIFFERRE D ToR (Term of Reference)
DYUCEDS, XEBHONSPTFAv2 (Next Study Period
ad-hoc. 3/5. 3/7. 3/12) THHESINze BBLRATRT
DO FEHEDBLURDOWIFE T —~ & ki 32BN TH LI L
MRS, WFZEEEL 2. 5. 6. 7. 17, 18, 19, 20.
21, 22, 23DYERDY VRSN 2o BIZEREL6IOWTIE,
WFge 5 —~<QKDN& Trustworhy networkZ & 12 HF 2 i 7E
ERETHIEN TSN, TRZENDTORIZOVTH|&
HWEENSPT KRy 7 THEIND I o7z, 727 L,
UK#*5. Trustworhy networkiZB3 2 W[%E%SG17&SG13
THAETLHIEEMAPTH LI ENKIINAZY, B
OO ToRIZE WHRATKRD LN TEY, KIISG
AETHEMINDLZLIZH STV,

F72. SGIBNI—F4 2 —3 3 VLU Web3.012# b % %t
WIEEDE VIOV TIIAEAREONT, §IE k& MaT
FT5ZELIR->T VA,

SGI3IZBIFIANSPT Fh v 7 DsikiE. DLFOXA—) »
FYAPTITUTA Y A= IZARERT WA,
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3. FG/JCA/CG/RG/7 Rk o T, —T%&

3.1 FG-AN

20204F12H 725, SRETIORMICE SEAEHERTE
72FG-AN (Focus Group on Autonomous Networks) 7%
AR TIHEIRZ R, LR Sh (SGI3-
TD210/PLEN). 4f+®HJI3C#H [Knowledge Management
for Autonomous Networks (SG13-TD660/WP1) |, [Gap
analysis for Autonomous Networks (SG13-TD661/WP1) .
[Glossary of terms and definitions for Autonomous
Networks (SG13-TD662/WP1) | [Report with Proofs-of-
Concept (SG13-TD663/WP1) ] 2sfisfrshiz. HhxXH
F TR THRERRE20DVERE L E LT &AM TV,
3.2 JCA-ML

AI/ML (Artificial Intelligence/Machine Learning)
RIS AITUT SGR UL o HE e A% HIY
&9 5JCA-ML (Joint Coordination Activity on Machine
Learning) OIGHO#HE (SG13-TD214/PLEN) 2331,
BT — F < v 7OYUE & HER R OEBCIRIE AR A S h
7oo F7z, REISGEA T, JCAOHIMER M HimIh b
C DRI NI
3.3 CG-Dataset

Ay I T—=27 BIFLAUMLIEHTHWONET—5 (X%
F—=%, F=FEFNE) ([ZOWTITUT, BEHELFA RO
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AR & 5 R A3 5 72 D CG-dataset (Correspon-
dence Group for datasets applicable for AI/ML in
networks) O (SG13-TD218/PLEN) 2% 9. ATIS
RETSIE DM DRI, T—FETNIIHTET 7=
IV L R—=MERORRA WG SN £720 RBISGRE
WA, FHOY—2 3 v 7 [At the crossroads of
Standards and Research : AI/ML datasets for future
networks| 2SPHES NS Z LA STz,
3.4 ANCEAY BHFGEILIRE

20234E11HDSGE AT, dbva, UAE., 74 YU 7T,
FUET, Fa=VT, HANV—=r, A—=bIRT—N, 4
YF. FA>. China Telecom. $KENAIN, FITAT—
KNS, %‘f?’:ﬁ’AI’E?&’)FG-AIGG (Focus Group on Al
in 6G) WXOWTEVIRENMIN TS, HFGIX. 6G
Hgfﬁ@i‘y FT—=212BTS |—AI native] 122V CH%Ed %
CEMPRESNIA, HRGTORLIZRZELN. FG
@TOR’E@%?@’%f:bb:ﬁﬁiODCG-AIGG (Corresponding
Group on artificial intelligence for IMT2030) 2535 I
Foh, 486 CTToRE HH# L7225 BUED K FZE R
OB L BIFGOWIZET —< DEBIE OB &N bRk LI
HBRINGD o7 MRS %E, 6GTIEARL [EEF¥
FHAy b =712 B3 5A] nativeli | &3 AFG-AINN
(Focus Group on Artificial Intelligence Native for
Telecommunication Networks) (228 LT, #HToR% &K
MSGRE THETHI L o7z (SG13-TD223R1) .
3.5 IRAURNEFRHEICEAT3HRGIRIIEE

AVERD, BA Y FHEFHEICH T2 HRG (Regional
Group) DEVAHRRENT, AREOBRAL U FEHED
Pl ATIE, W RE A4 OREAFBERR (APT. ATU,
CEPT. LAS) (@A AT %720, HRGE BEAFHIE
DEOMRICBErEI SN/, 22T K@EERKIC
ARFOVTEARAELT REISGTHE#H#TLIZE
L7 o7 (SG13-TD248/PLEN) .

FATRREIOVT, ARATHR SRS A,
RSN LTRO TR SRR i1
N T
41 FRRE2 (NGNEILT)

WFZE iR 21, SDNENFV % & 72 7 i 2 Hr i &
ENGNOBAL AT B 2t Tl B TAY 2502

[Framework and Requirements of Decentralized

{

Trustworthy Network Infrastructure| 2S&E Sh7z,
Y.23251%. NGN#EALBIZBWTH#RREZFIH LTER
EARDIAY NI =24 VT 5DT V=0T — 7 LBk
PR3 2815 R TH S, F7o0 NGNELTETOWIL A
Y=z W RELAETFIINIL VR, Ay bT—2Lay
Ca—74 7)Y =20 Gz &7 »ThAHCPN
(Computer Power Network) DWLELT S5 v b7+ — L5512
B LCEHMf o R EHB OB TR EN TV 5,

4.2 FHREE6 (QoS)

WF 7% 31 g6k, FICIMT-20204 v b7 — 7 RRQKDN
(Quantum Key Distribution Network) MQoS% ikl
TWh, fIHH4Y.3129 [Requirements and framework
for stateless fair queuing in large scale networks
1nclud1ng IMT-2020 and beyond| 2AHEINTWS, &

I, PERYARY VT =2 TORAT =L AL A-Fa—
A TS A EREMGE TV =2 =2 I T A I TH
b0 AZXGTIX. ARCX 2B Y 7 IERICE TS
QoS%E ) fhiFE %R, IMT-2020% > b7 —27 DWANIZE
JRREMNAY VT =2 DA VI —T—=F V7B
QoSIZB BB HH %, HHAIQoSTRFRIZ Y 2 15 5
REOHIREINT VS,
4.3 HREE16 (TrustNW. QKDN)

WFZERRE161Z. 2y FT—2 DT A b BA-HAMADT 2 v
FI—7LH—EREHERL TS,

QDN (Quantum Key Distribution Network) ®A4 > %—
T —F 7B T HSDNEERE & - 72 5 H4Y.3820
[Quantum Key Distribution Network Interworking-
Software Defined Networking Controll. QKDN® % k
7 — 2 LCOREEM BT 2 BOR &M & o 728 e
%Y.3821 [Quantum key distribution networks-require-
ments for resilience]. HEAY MT7—2IZBIF5AH %Y
I — 7 BERED I 5 A ML~V DR 2 3D Bl 15 EE Y3062
[ Trustworthiness Evaluation for IMT-2020 and Beyond
with Autonomous Network Functions] 238 & ST 5,

AWERETIIQKDNEZ &L F- Rk D4y b7 — 2%
I 2 Rk 2D IAT 5 TBY . QKDNEEFF
B OYSERL QKDND &y b7 — Z i e s kI i) 727 —
*727F %, QKDNOF —# A ML —3 3 V5t ot o Fifk
FIHD B I TV 5,

4.4 THRZBEE7 (VF7TVFEKREH

WIZERELTIE. 299 FICBII%arEa—T1 071

FTHERGMZHERL TV D, AXH TR, Evrr—2
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DRI B E) 5 UETFY.3601 Rev. 3BT,
Y.36030 % ¥ a7tk DL L XY 7 — 5 OIBIEE R FE
M3 %o B s sEI%Y.3505 Revild, 757 FOF—4 A
P—=Y 727 L=y aYiZHTHEE T i —2A7—
ADBIMEXIET B ERGEMHZEHTHI LB -oT VS,
F7:. Cloud TOALGHRN—FY 777 IL—Yay
SFOFBLEATENAIZ BT 2 EBOFBUEERGREH I E
YT VAMECIZZRoTHEY, #EL TS 2 H#E LTS,
45 FREHE9 (VFINERE)

WHZEEREL9E. 79 R —EZAR) Y — A HIZH T
SEHREHYULCVD, 7TV FTF—FDEL) T4 HHO
7L =0T — 7 LRGBS A 85544 Y.3551 [ Cloud
computing-Framework and functional requirements of
cloud data mobility management| 23 EENTW5b, 5
KEMPD, 797KV 2—T AV TICBITEE~Y YV
ROy 7 OGEHRI T 7TV RETDY AT R
Ta=Y TR THETIL =T = EDWMIELHEDT NS,
4.6 MRBE20 (7—F77Fv. BEEE)

WEZE R E201E. IMT-20204 v I — 27 0% R M2 B3
BEMT —F 77 F v LA ETHEHICOWTHERLTY
%o ANIZX 24y b7 — 27 3G oA 5Y.3142
[Requirements and framework for Al-based network
design optimization in future networks including IMT-
2020] R/ 7 A =BT 5 BR G2 H Y. 3186
[Requirements and framework for distributed joint
learning to enable machine learning in future networks
including IMT-2020] 28/ & &7z,

T, AR TREZOFEEEE (BhEi g4t #r
W SCEAME) DBIRD 7RSI TS, FG-ANDHE L
BRI U7 A B4 Y. KM-AN [Knowledge manage-
ment for autonomous networks |, #f fili B 2 #TR.AN-
gaps [ Gap analysis for Autonomous Networks] & [TR.
AN-PoC Proof of Concept activities for Autonomous
Networks), ZDE2 HHtAY b7 — 2 ORI
THHENERERRLBEFEE ALY T — 7 NDOARATDE
B3 2 BB il 5. IMT-203012 B 3% HIGE 4 5548
IS T VS,

47 TREEE21 (NWY T ML)

WEFEERE21E. IMT-2020 %Y b7 — 27 R ONIE Ky 7
MU 53 a@mE LT b, 46T IMT-20204 b
T—=2IZBIBALEHL NV O 5B $5Y.3162 [Evalu-

ating intelligence capability for network slice manage-
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ment and orchestration in IMT-2020 network and
beyond | 23FE SNz,

AREZETE AV MT—IATAREHRDDDOT IV
VA VT AHEREER Y —E AR Ay b -2 D3
YETMEDDBHIBEEINT WS, 7. JCAIMT20200
W6 By R R % S #4b 3 % Supplement 59 to ITU-T Y.3100-
series : “IMT-2020 and beyond standardization roadmap’
DIUEZERevADIEE BRI N T V5,

4.8 THREERE22 (FrHEfi)

WF7eiRE221%. ICN (Information Centric Networking)
LWV o 72 IMT-20204 Y P 7 — 7 ROV R TOH R v b
T=7 8 HoT Vb, RAHKFADOHFHICI), AR
B THREINBERETHEY.3073 Amd.1 [ Framework
for service function chaining in information-centric
networking | Tlt, HEDOH —CAF 21— ~\D 5%
Wz L5l IhTwE, /20 Ay NT—2DFV¥
WA Y DEFVEIBIZHE T 52K S -°NPN (Non Public
Network) DFI& Y4 L EDOFIEEHHP B SN T
Who
49 MWMERFEE23 (FHRERFERS)

WRZE 2313, IMT-2020% b7 — 27 RN Z D I
TR EM - BB OB R G (FMC : Fixed Mobile Con-
vergence) M OV % 48 — 52 Bh g — i 52 015 M8 0 H At Rl &
(FMSC : Fixed Mobile Satellite Convergence) 22\ T
HimLTwb, NICTOHFHIZED, FMSCOE2EH —¥
ADFAER )V =A% EBLY 572 DR A Bl 2 %D
Y.3207 [Fixed, mobile and satellite convergence-
Integrated network control architecture framework for
IMT-2020 networks and beyond] 232 L THESINT
Wbo Flz, Z—HFYIIAIR—ATFMSCH—E A% fit
WF2DDT—FT7F v &) 720 DFEEHERBEL
i L E~ O Hy 1 )R BB DR IS B 5 % Fr Bl SR F A
FVHBINT V5,

REISGI3ZHF 1. SHMENMORKEEEGERY,
20244E7TH15~26HIZY 2 2 —7 CHfE I N %, RMISGH
GENS,. WIEEREL 2. 5. 6. 16, 18, 19, 20. 22, 23
DO Z R— 44 (e-meeting) AP ESN B, THE
A HMIE. TRURLTHEATE %,
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1. [FUSHIC

ITU-T SG17 (%27 4) OHFESMEHEHR. 20244E2H
200 (K)~3H1H (&) 12 A4 A (Y2%2—7) OITU
ABCBOTHESNZ, COAFICIE. HA»SD25%,
Zode, oM - FHEB 03334 (BLZIN614. V) E—
FEM7240) HBML7z. RSN 7FHFHFRIM (9B
HAZ510fF) T 520fFDlfiRESCE (Temporary Document)
BRATINIZ. B, HBANSEHFLEKIZ, SHOSE
VE—=PSNAWEETHY. VE—=FBNNTOWTIE. Working
PartyL NV E TOHGIZIESIMAWRETH 525, Study
GroupD*+ —F=V7, 7a—I 70TV F )ty 3
YIZBILEERBEEBMTERVE SN,

2. SG17Z/FICRHBHER

21 EBAIDEFAUTAETTANY—ICETET—Y
> avTORE
SO XEITHEO2H19H () 12 [Generative Al:
Challenges and Opportunities for Security and Privacy.
MBI = v av TSN KT—2 vy T,
ISO/IEC JTC1 SC27. ETSIL. OECD%: D BifR#A b IBFFL
HRALD Y F 29 T4 &7 T4 =12 B § B BB IR
LR A WFZERE B T DOHGHLAIRDLFEDFA A SN0 78RN T4
AAyvavEELdonty v avhpfEsh, 7—rvay
TEALLTIE, 17THOMEEPTDNI. 1ZLDIT A
AlZ GLANIHETE X ) T4 LT IANT—DIEE, )
A7, BWIHEEZ R Tkm o T bz, WIS, K
ANCHT2EF2)TAETITANY —OBEZ RIS 572
DO RIIEEE YT AR K2 BT 2T
WCOm A2 v ¥ a b mBIZ/SANV T4
v varvhiibi, SHROEIKALIETLEF 2 741
ETFANY — OEEEALD N PEDOBE L. SGITIZBT 2
TRDOWEHI T LR FHI OV TR AR INTz K

Mt KDDIFETRZFR
URIIRIRY |~ - DXHEEER
&

TR

T—2vav 7% Alt¥a) 74T A s
DOYL LT, AVARYF Y ATV —7CG-Al Security#
L L7ze Frew ATt F o) 74 1B 2 BEHE AL TG B 2 3
FL. GBOT—7 Y ayTORREIA T57:012, ITU-T
SGs. ETSI SAI. OECD. IEEE AIS Trust and Agency
Committee, ISO/IEC JTC 1/SC 27/WG 4 & WG 5, ISO/
IEC JTC 1/SC 42/WG 312V =V ¥ & %44 L7z,

22 YAN—tEF2VTHREBOBEERICETS
=793y T ORE

Lo &EMEHO2H22HZ, [ITU-T X.1060: Exploring
an Operational Framework for Cybersecurity] &#:4 5%
IZU—rvay TIPS, KRT—2vay Tk A
MHOEBIZ LY SGI7 THIE L SN 72X.1060 (Framework
for the creation and operation of a cyber defence centre)
DIGBORI L. RANT T2 T4 AD TGRS RO 7
LF2)TAMROERICHTLEMNRAAY Y AHIRE
Nizo 2200y varppfEsh, BEEDOYF2) 74 03K
HAEZX.10602 B 5% [HAN—F1 T2y ALY T —] D
BT RPN RATL 7B ORISR, FIRST CSIRT
FrameworkZ QWA 7 L — 27— 7 & X 1060058 35 % ik in
5200ty varHhfesh. HADS OHZ &
(IR LEHOF 31 v FE oy (AN

2.3 WTSA-24#{#IC ¥ 3455y ar
WTSA-24¥4ICBI3 2455 v > av A5, G4l (2H21H.
2H22H. 2H26H KR U2H27H) Biftsiize REevay
Tl BISHFURECERSNIIVARY FURAT V=T
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