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The R&D of innovative optical network technologies for supporting new social
infrastructure. PartIl. Highly efficient optical access—metro network technologies
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[Abstract]

Due to the popularization of ultra-high-definition video and 5th generation wireless communication
(5G), it is required to evolve optical network techngies that supports various network services as a
social infrastructure is required to overcome the increase in traffic and power comsumption of
networks. Therefore, in this R&D program, we are conducting research and development with the
aim of establishing innovative optical communication technology that realizes high efficiency in
access and metro networks and contributing to the sustainable maintenance and development of
information and communication infrastructure that supports Japan's social and economic activities.
Main R&D activities are as following.

#1 : The capacity of the access network has been increased by 10 times or more compared to the
TWDM-PON (Time and Wavelength Division Multiplexed Passive Optical Network) system (10
Gbps x 4 waves). It is established 400 Gbps class high-speed, large-capacity optical access
transmission technology.

#2 : Network monitoring / control infrastructure technologies based on optical signal characteristics
are established. This solves the increasing complexity problem of monitoring / control due to the
multi-vendor of optical transmission equipment.

#3 : We have established a 5x5 flexible optical switch platform technology that enables flexible

changes in network topology and reduces power consumption to 1/17.
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x2. HnEEFHEOTFERS (BALTH)

Sy H30 4% | RTAEE | R24FEE | R34FE it

hEX 55,000 | 52,963 | 54,750 | 54,750 | 217,463
HALR S 14,999 | 15,715 | 17,510 | 17,513 65,737
NEC 69,998 | 68,248 | 70,738 | 170,735 | 279,719
KDDI #a & A8 ft 24,218 | 45,566 | 32,000 | 32,000 | 133,784
BE R 25,000 | 20,196 | 19,000 | 18,000 82,196
TET 4 k= A 49,882 | 50,925 | 56,001 | 57,002 | 213,810
s 239,097 | 253,613 | 249,999 | 250,000 | 992,709
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(Digital Signal Processor) DEARFINZ LT HZ & T, MEZEZMELEFH B WTH ITUT
| G.989.2 (TWDM-PON) THUE SN B HEAVSA D 2 20 dB LU DAY x v FEEBT 5,
b)) /S— A PSRRI : PON & AT LA LD S— 2 ME SIS LI AR AL |
FEREIT 5 Z 8T, 16QAM BLEDS A=A MEEN D BT 7 1y 2R S L, a) & fF |
4T 400 Gbps ARG ROET 7 & AR A ST 5, |

3. 1. 1 a) EaXFZEALXZERF CPERIEHXS1)

400 Gbps fhEERKFENXT 7 AL, 100 Gbps X 4 KD TWDM-PON ##E L, HEH-Y 100
Gbps O k0 /S—2 NS ATREZR 2l 722 2B 55245 & it L 7=, Zfi72 DFB (Distributed Feedback) L —
PEEAT L0, IMRIEICE S ae—1 v MU ERF LT,
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-24 dBm DL N OSURE A a8 Lz, Z Ok, #MEH 1 Z+5dBm & 95 2 & Ty A 2 29 dB
HRERTCE D RIALE G-, £z, WHLELAE 2 FPGA (Field Programmable Gate Array)(Z 5245
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FEEAT o TR, AR ZTT S 2 & TRMKEN 2dB &#ET 5 2 & 2B Lz,

1. 2 b-1) B3R FN—R MESAMERBIHE (EIZXFEEARILEXRE)
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HZEAEBAEE Lz, LUTICHIZERF R 2~ T
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@ BAFE LA 7V v REAHRIERE 2 W57 V2 v ak —L v N SEIRE Y AT MM L,
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PON v 27 LR D £V N—Z MEBITHIS LT B8 DA 2 i+ 25 2 & T, 16QAM LA
FOZE A=A MEEND BBRRFIZZ 7y ZHIHATEEE L, 7 —a) K= A M ZEHEZAZHAN &
400 Gbps fhkEERKEBENT 7 & AMus iz FEB Lz, M T, v U ar 74 b= A X 2040
PR OER LA BMOBE L L CREL, 7 —a) ORELHAETH Z L T, 400 Gbps FIZxts L72Y b
T =N - AR BERE ML ORGEEE EBL L T2,

DO 12us DTV T TN (Fb—=2273R/L : TS (Training Symbol)) Zhz 5 Z & CREEHH
THHREf (FUXvae—Lr MBEEORBIX, @EE 10 ns LETHY | Hps THRBIT
52 & TED TDMA (Time Division Multiple Access) A3FEHLA[AE) L. TIA (Transimpedance
Amplifier) (& THEEZWIN K NERER T/ ny ZHIHATE 5 2 L 2R L, 16APSK T 10
Mrad/s O & R 5B - NCARAHIE S FTRE 72 T 2 & MUAG B ABR LN % ffe 7. L 7=,
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® T-a, 7-bl, T-b2 HMEFIHT S Z 1k, DP-16APSK 155 % FV 7= 400 Gbps #6777 &
AMEFARENFRETH D Z & AR LT,

@ BRI OEFITZEIMOE I RFETILH 52337 A2 K PD (Photodiode) DR L 24T\ At
NOBIENERISEREA GG L, MEZEEEEZE L Tk T A ARG D RG22 EE
Zefifgad LTz, RO L COVID-19 OB RIE L E B fE %2 L D 2022 4£ 3 A RETIZRE T
B, WFZER T4 BkRE L C M L 2022 4E 8 AICSE T T 5 AIALTH D,

) ko b T B - WL R B ORI IS < B - BT A BT L, LT
USRI L T BB TR S SR L ASLL T (REREEITIC 5 < 2 o R O RAEE |
L HERT U2 BLTF) 12T B, :
b)) Ry hT— I HET T v b7k B S SRR LR VEI T T o N7 o — B A
L, @) LORET, v AFRU SIS O KT B TR B AR L RS T TS,
o) R Y R HKICKHE LI i AT —F o v TR - = A F R SIS D R T AR L LT
ORI U T MR HH R D E R 355 < T —F ¢ o Z i e Hesr 5 =
LT, Fos v sl (R 1%) OMEEE TR Y AT AEERT B, :
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2. 1 a) kry bFI—VER - 2iEN (BXESHAS1)

N BNIATF DI 5 DRI S B - ot Edi & LT BEEOFZER & /g D {mikiKEE
(77 AWk . /2 — REE (M7 U RARCAHRT) IZEB L, LLTO 2 HE ORISR A Fhi L7,
O 77 AW ERET 2805 & LT SERIEEORIEZITV, MERBFRELZE T Lz, 194 v F

1U ¥ = /L 7 ZheK 6 DR RIIRFEE AR, FRIEEHE R 20 AB CWU7 1), 80 km LA k) | i nicefi] 1 #0LL
T, OfREEE25 m Z R L, FoR SN HREEMIARERH 50 ms AN~ 3G AR, BBHE 1 A3 B
WO E T O R E ATRESE . HH EBEORWEENE DN D 2 & 2R LTz,

@ bFIUARCEORFGHNERHTHHEME LT, 5 ) TVEA LAXT FORMEEITV, Pk
P2 56 T Lz, TIRONANY RARRT 4 V5 T bT 47 7 ZafBGbE M s L,
ME OB ER 7 a2 b—27 M7 v 30 XL EFEE L CHRIEREIK 5 B i RKHEERR £ 0.26
dB AR L, ZoRENDWERAE 1dB UL FAAREL 72 0 | EH EREAORWRERG LN D Z &
TR LT,

iz b) KRy NU—THIET T v b7 4 — 8l (KDDI #GHFFEET) DS L 72 BAE~ L Ak
MR T 2NV TRUEHFy T =7 DT A My RIZ, Bi%E LIoRIBERLEE, KOS Y 7
B A DAXRT FTaRIAI, ey NT—THIET T v b 74— L5l & HAE D T dERGEZ T,
T ANKRE, R T UARC A REERERYBRINT LI L EEIET D L BT, TR ZTHERL
L7oexy b —27 LREOEH A NPERTEDH I EEFHFELT,

2. 2 b) ARy EFIT—=ORBMTZ Y b7 +—LEHH (HKXE4t KDDI LEFHEFA)
G =7 —=ZHH T T v b7 —25THDH ONOS (Open Network Operating System) % & L .
ENIL 5 R ZEEE A GIE - EE AR~ VTR RN E B AT L& B3 L7z, Open ROADM &



TNERNTERZLBLT 22 LR, RUFESERIN L~ LT X 2 5 @R e c B
L T O ZIE Lz, Fo. S A0%EHERE L LT GN (Gaussian Noise)E 7 /L& 72
Eo i EHEERRE 2 2 L. XU A EA ORI L TV 2 E TOME i B IRiESIN 2 ~ L F
RULFHEDOE S AT A FICEBTH 2 LK, Hiamd 2@EH THAH L., 51, 5
RUBOIEETHEINTZ A Y T T A Iy REHWT, X207 rEY 3 =0 7 (RO
A DIEEORE)VEIEL, BN XL AEOEM T (1 2~ FTRET) CTHRTHL I L L%
REL7Z, MA T, a) Jexry bU—7EH - ST EROMRBEREE, KUY TV Z A LART T L
HWHEETHZ LICK Y, FEERIZBWTH U XL A% OEH TE CREERADN L A0 HEE
[HE CHEBIAGETH D Z L ZHIE LT,

2. 3 o HEYRIVEBXRISHELEZEATRIL—T 1 T HN (ZREABERE)

VTR BRBEOBEAGIE AT S a) Kx oy U — 2B - BB (NEC). b) Yex >y bY
— 777 > 74— LEd (KDDI EHFFERT) D A7 A X0 BAGFTREZRIE#® (L — Y OBKE)NE
W, YO BREGRE, BRBIFR) %37 A —% & LT EDFA (Erbium Doped Fiber Amplifier)
KT 2 HE AT UL, SBESA R ORI A E 10%IARHT 5 Z LTk Lz, 2, B
R LT FEE#EMT 52 LT, IEROFATAHRE LTHEABND T A TNGHi/3T A —F DI TDHh
HEEIC L 2 IEfiEsR % 20 1o ®iPH (EfEE 68%) M D 3o #ifH (IEMFSR 99.7%) 121 ETX % fLiAZ
BRI EERT S,

AEBE TR Z B0 ANTo@al i —7 0 7Bl E LT, VT RSARKBIEEFIE CTH D “HEA R
W ARFEL—T ¢ 7 (ECGR (Expected Capacity Guaranteed Routing))” #&Z% L7-, 15T
2 b—va VORERE LT, FRH 1%i5fERDOERE T T, NSF (National Science Foundation)* >~ U
— 7 FARB T TO 99.9%LL EDOBLRIEMREHR MR L7z, ECGR 7 A My RAME L, #ETHIZ
EONWTINUTFAZRBEOU D FEADARETH D Z &2 FERE LT,

WRETROBEZ FaxTyYara—7 4 o 7OHEHKY Y —AROWEY v —2EBIHEH L, fF
RORTA MRy 7 AR OEHR - G A HEK Y Y —A L LTRHIAT 28 LW “727k8A X hrx
vYarta—7 427 (AMec (Access and Metro Edge Computing))” £iffi# %L L7z, AMec 7 A
by RERE L, a7 MRFEBARETH D Z & A FEFELTZ,

a), b) PR LI~V TF_XZ0Ry hU—2 & ¢) THELZ ECGR 77X Xy N, AMec 7
A by REEEEIE b) B LG 7 v b7 4+ — 20 604G LB HRICESW T, 7 A X
v RBEWMERTRECH H 2 L 2 F4GE LT,

WERPOEA A v FOFE— MAMIE Y T by =T RIS D B2 AR T L VT ANAAL
v F (MXNE) B2 T 5 2 8T, B AA v FEBINT 52 LR FHARF Y 1T
= MR U—EEEAERT S, ZhICk D, 2 5K ROADM AT 5B, MRS v (1
XN NX1H) &0 B54 L i LT AL v FEICE B IERES % 12 UTFIct 5, §
C BBEMAEORy FU— hRn OB EOBNC, B AR R BT B T b < R R K
BT 5700 — b MAHZEZY 7 F Y =7 CTOURBRARREREIGEA A »F (WSS (Wavelength

Selective Switch)) FAEFAMTIZDOWT DHFFERIR Z 1T o 72, 728, AFFEEIZE L UL, M, N=4 Z24E L



TW/eA, ROADM UISNDF 7 WSS~ —r > MEChHh LT — Xt ZANORNRIA 2 —a
F7 v a U ERTHHENS WSS O#sRE LTHR— FUEREE LWV EWV I FEREZE7D, M. N
=5 L BiEE FAEE L,

WSS OR— AN EY 7 MU =7 TR EZATRER 7 L X VT M RRIVEA A v F (M
XN R FHEHIREMNLT 22 & T, iR AAL v FEZBINT D L2 xry NU—2 MR
U—EREFEETDH, Zhuc kb, 2 78 ROADM (5x5 % WSS) ##akd HB%c, BEfF WSS (1X
N B NX1A) Z#HWL5G LI L TAL v FHICROIEEEZ 112 LTICT5 L bz, A
BRIZOWTIE, BEfF WSS LD W EEHEKR (8.5dBLLT) #EBTHZ ol AL L,
O LCOS (Liquid crystal on Silicon) OflfEIENR, BLVZOT7 7 —LA U 2T BNV 7 Ny =T %

HL7= 5x5 A WSS Ol 4 Hic, a7z, © LT, MABKE L OVWEE D O
(AT 7o RO B R BEELB LA . HE R S AR 72 & ~5ehis L7z LCOS #ii % — o D
25 @EEACDIE AU & 72 D HIE R O/NUEERER EOR R 2 S b2 T2, ZhlZ
FoTAHNAR—=12Y 7 by =7 TUDEZARER MXN BT L% TVRERIERA A v F I

AEHL T 2 e NE LT,

@ BXBM WSS /Ny r—VFELTr M2 A 7 %K#EL, RODAM 7' L — RA~SEEERIERRE Y =
— LD W B b DT, ZOF Y 2 — BT D LCOS ORI & 5 IR EERERE I L v A%k
bz, IREGIEZES T2 L1280, BERETH D BEFEEAL v TFDOAL v FEITIR
LIEEE N E 12 LT % EE 2 HAE 1 X9 WSS O EHFIRRE TOHEE T 12 WX 10 A (5X5 FHY)
=m0W:ﬁLf7W%ﬁ%UN) RO RIADE T, HE LT Y 2 — BV THEK - 1

B EOMERERE b, 2K CHIEE EE1% 6.6 dB BLF OFF AR Z R LT,

E%@ﬁ%@%mﬁf\A47mﬁ7bf&é%@%@btlxeﬁwms%1x9@ﬁ@8mhﬁ@
EL, 7R T WVERBINEAAL v F O IR 2 BAA LTz, 2 O% o 7 VR~ 72 B
VLA 2% T, 5X5 M WSS OBIFE~LERARED 7 1 — Ky 7 24T, 5X5 WSS o 7L %
FKH LT,

BEREE (77 FHLEBEE) OFERICAT-EREADERKRT
ENENT 7 AA SR EEZES TOHRME P REE YR AT BT 2a—hD e 21k

FRER DA FNZ DN T, B ASA T a7 MEERFFEEES I Do 7o, BRI

400 Gbps #REHKEENT 7 ¥ ABREHINICBNTE, N—R N ZENZEEOT — 5 & X ~Dif

MOFTREME, A Jex Yy U — 7 B4 - SIEERREINIC IV TiE, BRSE Lo E A TORT

Y N —PADGEABO R RN, RO T T > b 7 4 — A O AT 7oA B T O AE B HE st FEBR

EEOFREME, ¥ @ 7 LR T AERIEIOLA A v FREBEMRICB W TE, M WSS oFETOH

VT IVIRFED AHEMETH B,

O TIZBWTiX, Tt R E TS AT TO~Y—2 v &, KOA VT FT 4 772
400 Gbps €Y 2 —/L & 72 % 400GE (Gigabit Ethernet) A1} 6E ¥ 2 —/L & O IR & Eifi L
7z, £72. ITU-TSG15 (2B L, A D% TD 400 Gbps PON O A[FEME A #E D IGE 2 KT o %
VA NTHD AT&T, Google fiber 25 125%f L CTHNE (COVID-19 O 7= ik f7a e 7 U > 7L T
lehots) Uiz, fEamd LTk, COVID-19 O 8% %) CIEIE L TV 7= 100 Gbps % PON 12



el (2021 4E 9 HAH) %D 400 Gbps PON fEHE(LBRAGIC RS CTIREZITH) Z & & LT,

@ AIZBWTiE, () BEEFEEBEBICEHLT, KT rivla—F~ob 7V 7270, —#az—
Fobix, BnGbd, AEKE, BARFZE T, BHIIRGEOT-OITIE, R5F - R — MME
IO N VIEL 720 | HOBREDO~Y—7 v MERPLEL 725 Z L6 COVID-19 ORPLIZHE

H. fEme LR, ETDH7 78R - A brRy NU—=7OF =T A#m, KO~ LTFXZ
ﬁﬁ@%ﬁﬁ%® SHEE)AE R COREF A IV T ERMOL &L, (2 K77 > b7
LB LT, OSS (Open Source Software) DL S 2T A ~DIEA D R[5 & WFFEAT & 4t
DOHITITo 7, fmme LTE, VY7 MU = 7RSO Z RIS BT 52 e mEE R 52 &
RYYHEEL Y TRy N =T Ow VT RUTEBEL TN EEN G FEA~DA N
OREHWIC LV ART v =7 NI ORI R & 0= 72, LarL., YHHEE
FIVEBNLDODONR Y P T =T D NAVF XU FBITERICEA TV DL LORHBmETHY . 5% D
ONOS ~DHLIEH 5 D OSS Atz W FEB T 570 EMFERE 2@ L Ty A F XU i g 5
LT, YT LOBEIRE 72D O E%)\ﬁﬁﬁ&b%ﬁo A~ S IEE) & LT,
RS A L R CONB COMAESERFZRO AN Z | FERITY A N—7 4 b=y 77T v b
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