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MHHOBaLMOHHbIE peLLEHNST AN MHTENNEKTyanbHOro, rubkoro u
nNpo3payvyHoro, OTOHHOro YPOBHSA NEPCMNEKTUBHbLIX CETEU CBA3N
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CopepxaHue

BbicokoappekTUBHbIE KOHBEPreHTHbIe CeTHU:
OCHOBHbIE KOMIIOHEeHMbI mMpPaHCriopmHoeo ypPOBHA

KommyTauua kaHanoB B oTtoHHOM (T-ROADM) um
aneKkTpoHHoM (OTN) TpaHCNOPTHbLIX AOMeHaX

Jsontouma Kk 100G. Bbibop hopmaToB moaynaumm

MHHoBauuun Bell Labs
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Pa3Butune BbICOKOI(PPEKTUBHBLIX KOHBEPreHTHbIX CeTeu
Konuenuus HIGH LEVERAGE NETWORK (HLN)

Pa3HooOpa3Hble YHuBepcanbHbin  OTKPLITOCTb K TpaHccopmauus

NPUNoXeHusA AocCcTtyn 3BoJilounn Moaernun O6Cﬂy)KMBaHVIﬂ
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HIGH LEVERAGE NETWORK (HLN)
Kntoyesbie mpaHCrnopmHble KOMMOHEHMbI 8bICOKO3(hhEeKMUBHbIX cemeu
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KoHBepreHTHbI | | MeTpo arperaums || KOHBEprenTHas mMarucTpanb
. .

I'IopTcpenb KoHBepreHTHbIX Optical & Microwave NpoayKToB criegytoLwero nokoneHus obecneymsaeT rubkocTb,
MaclTabupyemocTb, aBTOMaTU3aLmo NpoLEeccoB, a Takke 3(peKTUBHbIE MO CTOMMOCTU N 3HEPronoTpedneHunto
ceTeBble pelleHnd
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HIGH LEVERAGE NETWORK (HLN)
3eoroyus K criedyrow,emMy rnoKosIeHUo mpaHCcropmHbIX cucmem

Tpwn OCHOBHbIX Criosi obecneymBatoT JOCTUXKEHUE HeOoDXoanmMown
MacLuTabmnpyemocTtu n apdPeKTUBHOCTH

aneKTPOH HbIW Arperaums Tpaduka, I\N’IEP.II.'VSV-;;%E;HERN ET
AOMEH 3anonHeHue KaHanoy

OTN 3anonHeHne ODU kaHanoB ODU NETWORKING
POTOHHbIV TPaKThI /
OOMEeH
7 3anonHeHue PHOTONIC WDM

AnvHel BONH B ONTUYECKUX KaHaNoB NETWORKING
ONTMUYECKOM 1NUH BofH) u OB

BOJIOKHEe

O6cnyXuBaHue, KOHTPOMb M yNpaBneHne, cornacoBaHe N CKBO3Has aBToMaTusaums,
KOHBEPreHuust TEXHOSOrni
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dyHKunoHanbHoctb ASON/GMPL B WDM/OTN ceTtu
Aemomamu3sauyus npedocmasrieHus ycriya u obcernyxueaHusi

YcTaHoBNeHne coegmnHeHnmn
A | o mMexay yanamm Aun B

W AnekTpoHHaa kommyTauua (ODU)

®dotoHHasa kommyTtauusa (WDM)

PeweHnuna ona MRN control plane no3sonsetr agoeKkTuBHO ncnonb3oBaTb KOMMYTaLMIO
Ha (OOTOHHOM M 3MNEKTPOHHOM YPOBHE Anst 06LWero CHMKEHUN 3aTpar
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UHTennektyanoHoe B3anmopeucteme IP n OPTICs cuctem Ha

YpPOBHe

Control Plane ¢ ncnonbsosanunem nHtepgeunca UNI* (ASON/GMPLS)

ATpunbyTbl yenyr/ObcnyxuaHns  OTN dyHKLMOHANbHOCTb

ABTOMaTU3aLVS COeaMHEHNI ST ELIVE i

CKBO3b CJ1OU CETU

dtan 0 Hes3aBucumbie ypoBHu: IP NMS

PeweHue Alcatel-Lucent

B3anmoaencTenm oToHHoro &
3MNEKTPOHHOIo AOMEHOB

AkTMBU3auumsa ycnyr
MapuwpyTniaumnuu, INIEKTpPoOHHaA U
¢poTOHHaA KoMMyTaLuA “"‘ '.,.
s® ...

.
9t1an 1 KoHBepreHTHbLIN A"“ ep
ONTUYECKUN TPAHCNOPTHLIN — _ —
YPOBEHb: JNEKTPOHHAS U (©)- - Sublambda oIS (192, (o)
coToOHHaA KOMMyTaums - _IP Lambda service (10G/40G/100G) “amp —

dtan 2 O6wmn Control Plane:
MHTeNnneKTyanbHble pelueHus
GMPLS, Multi Regional Networks
(MRN)

IP layer

AnekTpoHHaa kommyTaumsa (ODU)

dtan 3 WUHTerpaums IP n
ONTUYECKOro TPaHCMNOPTHOro
YPOBHSA

<I.=.~i'lllllllll

GMPLS control plane intelligence
Multi Region Network (MRN) ®oToHHas KommyTaums (OCh)
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NMpumep nHterpupoBaHHomn IP/OPTICs cuctembl ynpaBneHus
5620 Service Aware Management (SAM)

= YnpasneHne LAMBDA ycnyramun U3 KoHua B

koHel, (End-to-end) management
IIIIIIIII . KoHTporb 1 ynpaeneHus ycnyramu .0 o
L[] noBepX ONTUYECKMX KaHasnoB n3 praHl/lsaLl,l/.IFI coefnHeHn no npuHUMny
JI_U””” i‘7750 = KOHLA B KOHel, «Point-and-click»
Jij T = OAM, BKNtoYas MOHUTOPUHT, U3 KOHLA B KOHEL|
| (End-to-end alarms & PM)
» [padnyeckoe oToOpaxxeHne ypoBHEN
MOLLIHOCTU no Bcemy mapwpyty LAMBDA
COeaNHEHUs
= BO3MOXHOCTb py4YHOU NOACTPOMKN YPOBHS
BbIXOAHOW MOLLHOCTM Ha TpaHcnoHaepe
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CopepxaHue

Bbicokoa(p(peKTMBHbIE KOHBEPreHTHbIE CeTU:
OCHOBHbIe KOMNOHEeHMbl mMpaHCNOPIMHO20 YPOBHA

KomMMmyTauma kaHanoB B @oToHHOM (T-ROADM) um
3N1eKTpoHHOM (OTN) TpaHCNOPTHbIX AOMEHaX

Jsonwoumna K 100G. Beibop popmMaToB MoaynALMUMU
UHHoBaunun Bell Labs
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DWDM ceTtb

@yHKL(UOHaﬂbeIe Sr1eMeHmbl

[lepepatymku
PeA NMonHocTbo onTuyeckue y3nol OXC,
MyanmnneKcopH OADM, ROADM, TOADM
OnTMYecKne BOMOKHA ,3_',315)' ¢ 3R perexepauven (OTM,
OnTunyeckumne YCUITUTEIN KomMmneHcaTopbl XpoMaTU4YeCKMUX
AUCNEepPCUOHHbLIX uckaxeHnmn DCU
[Oemynstunnekcopsbl
KomMneHcaTopbl nonapn3aumMoHHbIX
[TpneMHunkm ANCMNEePCUOHHBbIX UCKaXeHUN
MNepenatymku MpueMHuKK

BonokHo + komneHcaTopbl DCU

Ontnyeckmn  OnTundeckun

YCUINNTEIb YCUIMNTEIb

Mynstunnekcopbl i OADM nrnim OADM [eMynbTUNEKCOPDI source: v
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KoHuenuua Zero Touch Photonic (ZTP)
[ubkutu gpomoHHbIti DWDM/OTN domeH ¢ ASON/GMPLS yHKUUOHarnbHOCMbO

-m GDbE, video
T-ROADM & STM-m

OTN cross-connect

single A
10G/40G/100G

T-ROADM &
OTN cross-conne

10G/40G/100G

T-ROADM &
OTN cross-connect
Channel

-
S N-cBsa3Hble y3nbl ¢ oToHHOM (T-ROADM) n anektpoHHon (OTN) kommyTaumen
KaHasoB.
NHTennekTyanbHble CETU C aBTOMaTUYECKUM YCTAHOBNEHNEM COEAUHEHNA U/Vnn
06xo40oM nopaxkeHHoro ydacTtka ceTu (restoration)
ASON/GMPLS Control & Data Plane
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KoHuenuua Zero Touch Photonic (ZTP). Couemarue gpomonroii
(T-ROADM) u anekmpoHHou (OTN matrix) koMmymauyuu 8 y3nax cemu

PaCCManl/IBaI-OTCFI ABa OCHOBHbIX TUMNa Yy3/10B

A) ¥Y3en A ¢otoHHon kommyTauum ¢ OTN cross-connect
PYHKLUNOHaNbLHOCTLIO B OMTUYECKOM TpaHCcrnoHaene

I HO
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I = ¥ oms
Clear channel clients
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NepectpanBaembie ROADM (T-ROADM) c nnm 6e3 apxutekTypbl
[lepekrnoyeHue nobol OrnuHbl 801HLI Ha Nloboe HaripasreHue.
Colorless/Directionless T-ROADM

NepecTtpanBaemaa ROADM

NMonHasn
apxuTeKTypa

BbicTpoe

Cesep

[ocTyn K KINIMeHTCKUX ycnyram
nosepx NOO60U ANNHbI BOSHLI B
NnoOOM HanpaBrieHUn

WSS - cenekTuBHbIE NnepeknYvartenu
Nno AfIMHAM BOJIH ONTUYECKOro
U3ny4veHus

L TH T L MonHOCTbIO NepecTparBaeMble ONTUYECKIE
Bl 100G TPaHCMoHAEPbI

MHoro cBa3Hble U MHOIO HanpasJiEHHbIE Y3J1bl

[oToBHOCTL K Harpy3kam 10G/40G/100G
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Optical Transport Hierarchy (OTN/OTH)

OnpedeneHus 0ns DWDM cemu Onmu4yeckue mpaHcriopmHeie 6510Ku

sonetispH O TN = anekTpuyeckuu + (pOTOHHLIN YPOBHMU

OC-n, STM-n ANY CBR client
\ ETHERNET
1GE, 10GE, 40GE, 100GE

3aronoBok Angd
rapaHTum
ncnonHexHna SLA
(monitoring, Trail

ID, Tandem) ODU-n ODU-0 = 1.25G
ODU-1=25G
E Payload M| opu-2=10G
Transparent 0
® ( P ) ODU-3 = 40G
ODU-4 = 100G

Optical Channel

14 All Rights Reserved © Alcatel-Lucent 2011

Client Signal

v

Optical Payload Unit

v

Optical Data Unit

v

Optical Transport Unit
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Optical Channel
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OH Client
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OTN uepapxus
Coomeemcmeyem ITU-T (pek. G.709)

OoTu2

“orp Date — OB
GFP Data —

CBR10G —
10GE LAN —|
AMCC

OTuU3

10GE LAN —|

Legacy G.709 Hierarchy

Oct 09 G.709 Amendment 3

Non normative (G.sup43)
ooce —

Low Order High Order
(LO) (HO)
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CopepxaHue

Bbicokoa(p(peKTMBHbIE KOHBEPreHTHbIE CeTU:
OCHOBHblI€ KOMIMOHEHTbI TPAHCMNOPTHOIrO YPOBHSA

KomMMmyTauma kaHanos B oToHHOM (T-ROADM) um
3N1eKTPOHHOM (OTN) TpaHCNOPTHbIX AOMEeHaXx

Jsonoumnsa K 100G. Beidbop cpopmaToB moaynsauum
UHHoBaunun Bell Labs
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HIGH LEVERAGE NETWORK (HLN)

3eornrouus k 100G om aepezayuu 00 mazucmparu

100M + LTE, 100G
Il Cell
Sifiel] CEllS, 1G PPJI service edge
lightRadio 10G PON
10G
KOHBEpreHTHbIiA MakeTHbI Mepudbepusi cepBUCHOTO
— NPOBOAHOM A0CTYN TpaHcnopt YPOBHS
g @)
SO * <
Q < . @)
Arperau,m;l n oA KoHsepreHTHble CORE n
. . peTpaHcnauus Tpaduka Maricrpans
N ﬁb KoHBepreHTHbIi
NPOBOAHON AOCTYM
100G IP/MPLS, 100G IP/MPLS

Ethernet
OT 1G 10 10G i

Ethernet b WDM

00

PON,
«To4yka — Touka” Eth

YnpasneHne nponyckHOM CnoCOOHOCTLIO CKBO3b BCE YPOBHU CETU, OT AOCTYNa Yepes

YPOBEHb arperaumm n peTpaHcnsaumMmM Ao nepudepumn cepBUCHOro YpoBHS, sapa U
mMarmcTpanm
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Standardization Activities
C~lha~iila F I\ G f"\T | S+t~ A ~r~Ai=—~+ i~
Lol 'CUAV IS U A | I\| LA TANAT AL AT
ITU-T . 06/08: Pr GI 12;;3 u:r[;-'m " o |
NG-OTH: TR E{)ﬁzﬁrufﬁ?ﬁi ,OD4 stabie opuze a1 omsis)
G.709 c prneipiEs oDuo ;}:hh consent Amd
HSSG 802.3ba 40{]DOGbE task force
IEEE - O O @
40/100GbE . m‘rma- 01/09:  07/0%: 06,/10:
/ - 10 o ot Standord]
OIF ocos  OIF: 100G ®
100G Transmission start of 14)  LH DWDM (06/10:14)/
0 = draft stadivm
() = stable contents !
# = Approval I | : |
2007 2008 200‘? 20] 0 2011
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IEEE cneundukaumsa Ha knmeHTckme nutepdencol 40G/100G

LLC or other MAC Client
MAC Control (optional)

Application MAC, Media Access Control
LLC, Logical Link Control
Presentation MAC, Media Access Control
PCS, Physical Coded Sublayer
FEC, Forward Error Correction
PMA, Physical Media Attachment
PMD, Physical Medium Dependent
Trunsporl XLGMII, 40 Gigabit Media
Independent Interface
Network CGMII, 100 Gigabit Media
Independent Interface

XLAUI, 40 Gigabit Atachment

Data Link Unit Interface

CAUI, 100 Gigabit Atachment

Medium Unit Interface
€ MDI, Medium Dependent Interface

Session

40-Gigabit-Ethernet- | 100-Gigabit-Ethernet- C, Copper
Schnittstelle Schnittstelle | Medium Entfernung E, Extra Long
L, Long
40GBase-KR4 Backplane e
4 x 10 Gbit/s R, 46B/66B-Codierung
40GBase-CR4 100GBase-CR10 C, Copper Baseband
4 x 10 Gbit/s 10 x 10 Gbit/s 4/10 TP-Kabel 4, 4 Lanes, Pfade
40GBase-SR4 100GBase-SR10 | S, Short 100 Gbit/s — 10, 10 Lanes, Pfade
4 x 10 Gbit/s 10 x 10 Gbit/s | 4/10 Multimode S
40GBase-LR4 100GBase-LR4 | L, Long 100GBase-CR10
4 x 10 Gbit/s 4 x 25/10 x 10 Gbhit/s 4 Monomode 100GBase-ER4
100GBase-ER4 | E, Extra Long 100GBase-LR4
4 x 25 Gbit/s | 4 Monomde 100GBase-SR10

19 All Rights Reserved © Alcatel-Lucent 2011




MHorokaHanbHble onTudeckme cuctembl DWDM 6onbluon
nponyckHon cnocobHoctu (100G, T-ROADM, OTN)

WDM cuctemsl ST
(Hanp. 80 x 100 [6/c = 8 T6/c) -

JInHenHble
NHTEepdgenceol

Mapuwpytusatop (100 ['6/c)

OnTuyeckasa ceTb
(WDM)

WDM: Wavelength-division multiplexing

KntoueBas TexHonormna #1: tepabutHsle cuctembl WDM ¢ kaHanamn 100G
KntoueBasa TexHornorus #2: pekoHpurypmpyemslie y3nbl = rubkasa ceTb
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OnTuyeckne TepabuUTHbIE TPAHCNOPTHbIE CUCTEMBbI
Bell Labs: npopbiB B TexHonoruax 100G

Paris, June 9, 2010 Alcatel-Lucent. lpopbIB B TEXHOMOMMAX ONTUYECKUX
TPaHCNOPTHLIX CUCTEM. Havarnock Npou3BOACTBO MNepBon B MUpe
KOMMepyeckon marnctpansHou cuctemol VWWDM ¢ nponyckHOW
cnocobHocTbto 8.8 T6/c (80 x 100G). B cucteme mucnonb3oBaH MeETO,
nepenadn 100G Ha ogHOM ONTUYECKOM NOAHECYLLEN C CUCTEMOWN
KOrepeHTHoro npmema n undcdposon obpaboTkon cUrHana cneayroLwero

NMOKOJ1IEHUA .

@@ RESEARCH

J Tomorrow's Research Today

"That this is a commercial release,
and not just talk about a product
roadmap, is quite a surprise. Alcatel-

Lucent must have stepped up its “Our dr‘.amsyum: with
« | F:\'A @ development cycle, and that's service providers tell us
READING significant,” that the Alcatel-Lucent
"With this announcement, Alcatel- next gE"emriﬂﬂ_ coherent
Lucent takes the leadership crown single !ub-cﬂff_m approach
away and leaves Nortel in the is clearly the right selution
position of playing catch-up to going forward and Eh.{fr the
release a single carrier 100G advantages and benefits are
systems"” very viable for 100G."
Sterling Perrin, Senior Analyst , EVE GRILICHES,
Heavy Reading MANAGING PARTNER, ACG RESEARCH

21 All Rights Reserved © Alcatel-Lucent 2011 Alcatel-Lucent @



Nepepnaya 100G Ha ogHOM HecyLlen
Mooynsauus PDM-QPSK ¢ koeepeHmHbIM 0emeKkmupo8aHUem

Polarization Division Multiplexing
(PDM)
1

/1

OpHa onTuyeckast HecyLas
BKIOMaAET ABe Nonsipu3aumoHHble
cocTtasnsawowme (B cnot cetkm 50IMw)

Quaternary Phase Shift Keying

IMDQLY
(WM ory)

Kaxxgas nonspusaums nepeHocuT 4
COCTOSIHMS (No3uunn) dasbl (2 6uta)

50GHz slot
—
4 out/cumBon
28 'bon
100G PDM-QPSK Next-Generation Coherent
Mepepatumk NMpuemMHuk
a ) 4 A
X X /] 2z
- Il Yeyo- e
\ ) = Wy, . "5 7M L/

[MoBbIWEHHAA ckopocTb nepenayn cumeonos (28 Nbon)
obecnevnBaeT NyyLLyl 3alnUTy OT HENMMHENHbIX adbdpekToB (XPM,

reHepupyemyto cyulecteyowmmm kaHanamm 10G)
BbicTpogencTByoLLne anropuTMbl ANEKTPOONTUYECKOTO
npeobpasoBaHns N anroputMoB LmndpoBon ob6paboTku curHana

22
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UHHOBauuoHHaa cxema moaynsuum 100G

01100071 011110071000000107101
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0100) 00{jo110 0110 011

01

100100 0001 1
\qm -/@/ o

>
m\O\ 11 mg\ 11

MHoXecTBO 0, -4, . o

time

KaHaJioB I'IO< ( IS

OnTUYecKoe BONOKHO —e—»

BOJTOKHY

oOHOMY —
. IR E

23

All Rights Reserved © Alcatel-Lucent 2011 Alcatel-Lucent @



AOpyrne BapuaHtbl dopmata moaynsauum ansa 100Gb/s

« HekoTopble nponssoauTenu, B oxmngaHum nosisneHns AU n LLOC c Tpebyembim
BbicTpooENCTBMEM NPEONOXKUIN BPEMEHHOE pPELLEHNE:

— Coherent FDM DP-QPSK (Frequency Division Multiplexing Dual
Polarization QPSK)
« Kaxgbin 100G kaHan pasgensietcs Ha ase nogHecyuwme 50G PDM-QPSK,
pasgerieHHble nHTepBanom B 250 Ty,
» CkopocTtb B cumBonax (bog): 14 'boa (=112 6/c / 8 6But/ cnmeon)

« [lpourpbiw B 06beme 060pyaoBaHUs, pacCTosHUSX (punesTpaumsi) n B
BO3MOXXHOCTAX komneHcauun CD n PMD

1 kaHana B

50Ty cnot
e

14 'boa

“Dual Polarization”

“Frequency Division | |
Multiplexing”
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AOpyrne BapuaHtbl dopmata moaynsauum ansa 100Gb/s

« OPFDM-RZ-DQPSK (Orthogonal-Polarized Frequency-Division-Multiplexed RZ-
DQPSK) ¢ aucddepeHumanbHbIM NpUemMom

— Kaxgbin kaHan 100G pasgensietcsa Ha ase 50G RZ-DQPSK nogHecylume,
pasgeneHHble MHTepBanom 50GHz n opToroHanbHO NONSPU30BaHHbIE

— CkopocTtb B cumBonax: 28 'b/c (= 112 '6ut/c / 46nt/cnumeon)

— [NpmemHunk HE KorepeHTHbIW, HO OCHOBaH Ha oNTUYeCcKon ounsTpaunn m
aetektnpoBaHun (Takke kak 40G RZ-DQPSK)

— OrpaHunyeHna no cetke 4YacToT - Tonbko 100 Ty (He 6onee ~44 kaHanoB.)
— [lnoxasa coBmecTuMocCTb ¢ KaHanamu 10G, orpaHn4eHus No AanbHOCTU K
CNOXHOCTM 0bopyaoBaHMA

1 kaHan B cnote
1001y

28 'boa

. - > “OpTOroHanbHO-NONAPU30OBaHHbIE”

“C 4yacToTHbIM pa3geneHnem” | | |
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100G PDM-QPSK: nyywas coemecmumocms ¢ kaHanamu 10G

» Brinanne XPM, reHepupyembix co CTOPOHbI KaHanoB 106G, ymMeHbLlaeTca no mepe
BO3pacTaHMUA CKOPOCTM B CMMBONax B cekyHay (Baud-rate): 4yem Bblle ckOpocTb B boaax,
Tem bornbLue 3awmTa OT HENMMHENHbIX B3anMoaencTBuin ¢ cocegHnmm kaHanamm 10G

* YnyyweHHagqa 3awurta kaHanos 100G PDM-QPSK 1 40G PDM-BPSK cBsizaHa ¢
NCMNOSb3YyeMOW BbICOKOWN CKOPOCTHIO CUMBOJSIOB B CEKYHAOY

» Korga yxyoweHne B OSNR B pewenunn ALU HaxoanTcsa B ananasoHe 14b, yxyalweHue ang
ApYrx BapuaHTax peLleHnsa okasbliBaeTcs B npegenax 40b vnu gaxe Bbille

40G PDM-QPSK

100G FDM-PDM-
QPSK

100G PDM-QPSK

40G PDM-BPSK

XPM yxyguweHue [ab]

10 15 20 25 30 35 40 45 50
CKOpOCTb CMMBOJSIOB
[Fboa
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1830PSS: korepeHTHble peweHna 100G
TpaHcrioHOep/MykcrioHOep

10x10G OT KOHUeHTpaTop

1830 PSS-32

10GE (LAN/WAN),
0C-192, STM-64,
OTU-2/2e/2e1, 8FC

HdocmynHbi
Ha4uHasi ¢ 1830

PSS R.3.0 (uroHb
2010) 100G OT
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1830PSS: knueHtckun nHtepdenc 100GE

» BoinonHeH B Buae CFP mogyns SLM
= [locTynHbl MOOYyNK 1=80.98
. 7 1300.0%
» LR 4 (4 x 25G) gna guctanumm go 10 km 1304 58
= LR10 (10 x 10G) Ans auctaHumit oo 10 km 300,14
Table 6.5 10x10G DML Wavelength Grid
WW%HE"“GT“ CHANNEL NUMBER
& 1523 1
S s
: :
2 1539 3
T 1547 4
& - ?
LC connector E :
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CopepxaHue

Bbicokoa(p(peKTMBHbIE KOHBEPreHTHbIE CeTU:
OCHOBHbIe KOMNOHEeHMbl mMpaHCNOPIMHO20 YPOBHA

KomMMmyTauma kaHanos B oToHHOM (T-ROADM) um
3N1eKTPOHHOM (OTN) TpaHCNOPTHbIX AOMEeHaXx

Jsonwoumna K 100G. Beibop popmMaToB MoaynALMUMU
MHHoBauuu Bell Labs
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HoBoe B WSS - yctponcteso MxN.

CONTENTIONLESS ROADM

I:l E S W

[

Nbgﬂ

ycTrpoucteo LL—— “
[T

A to N AN toE

A toS A, to W

MxN

YCTpOMCTBa
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HoBoe B WSS - FLEXGRID WSS (kaHanbl ¢ ruOKoOn CeTKOu 4acToT)
[lod0ep>kKa KaHasi08 ¢ rnporyckHou criocobHocmesro >100G

100 GHz

100 GHz
25 GHz 25 GH
z
50 GHz
150 GHz —_— FLEXGRID WSS —_—>
50 GHz 50 GH
37.5 GHz - GE
i z
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HoBoe B FEC - SOFT decision FEC

KoOb! ¢ ucnipasneHuem owubok u c MPUHAMUEeM PeWeHUs Ha 0CHOge
npozpamMmHol obpabomku

most likely 00
01 ® 00

1 >
11 with very low @

level of confidence 10, but could be 00

11‘\ 10

« Accouunauus ¢ KaxabiM NpUHATLIM 6UT (1 nnu 0) HeCKoNbKNX NporpamMmMHbIX 6uT (sbits),
KOTOpble OTpaXalT YPOBEHb «YBEPEHHOCTM» B NPaABUIbHOCTUN NPUHATLIX 3HAYEHUI

* [lyTeMm npMmMeHeHus ntepaTUuBHOro npotecca, uHgopmaumsa o sbits aHanmanpyetca ¢
LieSibl0 BbIHECEHNSA NMPaBUITbHONO OKOHYaTESTbHOMO peLUleHnsa ¢ HanborbLluen BEPOATHOCTbIO

» [TpumeHsiemble sbits n nTepaTtMBHbLIN NPOLECC MNO3BOSIIET OTKOPPEKTUPOBATL BOnbLIOE

KONM4ecTBO OoWKNBOK, TO eCcTb paboTaTb ¢ 6Goriee HU3KUMU 3HAYEeHUAMU OTHOLUEHUA
curHan/wym (OSNR)
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Mepexoa K TepabUTHbLIM CKOPOCTAM nepeaaydn: rnpubnuxeHue rnporyckHoU
criocobHOCMU ONMUYECKUX MmpaHCopmHbIX cucmem K epaHuuam LlleHHoHa
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PacnpegeneHHbIN Wym

TXx

jojeleleleiololelm

C =Blog, (1 + SNR)
The Bell System Technical Journal

Vol. XXVIT Faely, 1948 No.J

A Mathematical Theory of Communication
By C. E. SHANNON

IxTRODUCTION

HE recent development of various methods of modulation such as I'CM
and PPM which exchange bandwidth for signal-to-noise ratio has in-
tensified the interest in a general theory of communication. A basis for
such a theory is contained in the important papers of Nyquist' and Hartley®

HeJ'II/IHeI/IHbIe NCKAXKEHWS 13-33 BbICOKOTO YPOBHS MOLLIHOCTY
B ceveHun OB (~MW/cm?)
KBaHTOBasi MexaHuka OVKTYET HU3KYIO rpaHuuy ansa wymoB B ycunurterne

33
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MuHoBauun Bell Labs: onvxanwasa uenn - 400 N6/c

1This

a00Ghe TTRE

100 Gh/s

10 Gb/s

100GhE
40GbE
L

1 Gh/s

100 Mbfs

This

Systemn capacity

10 Mb/s
1980

o

8-QAM

Q

4 bits/Symbol
112 GBaud

o RelEd

6 b/Symb
75 GBaud
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100

10

1

Research records

Expect 200G per polarization

m|
- B - 100 gingo 2
% Lll__prpuu A 0.5 dB/year
2005 2010 2015 2020 100 1990 ' 1994 1998 2002 2006 2010
16-QAM 32-QAM 256-QAM
. © 0,00
Q Q0|0 O 0 0 0|0 0O O
Q Q0|0 O QO O 0|0 O Q
> A lot of dots
O Q|0 O O 0 0|00 0
Q Q|Q QO QO QIQ O Q
0000
8 b/Symb 10 b/Symb 16 b/Symb
56 GBaud 45 GBaud 28 Gbaud
100-GHz WDM 50-GHz WDM
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Bell Labs: pexkopdHbie docmuxxeHusi 2010 eo0a

100G TpaHCcoOKeaHCKass nepepaya

PekopaHoe poctuxxeHue ana 100I6/c

M. Salsi et al, “Transmission of 96x100Gb/s with 23%
Super-FEC Overhead over 11,680km, using Optical
Spectral Engineering,” paper, OFC 2010

400G nocnepoBaTtenbHasa nepegava
PekopgHasa CKOpOCTbL nepeaauu

P. Winzer et al, “Generation and 1200-km
Transmission of 448-Gb/s ETDM 56-Gbaud PDM 16-
QAM using a Single 1/Q Modulator,” post deadline
paper, ECOC 2010

500G OFDM nepepaua

peKkopaHasa CKOpPOCTb ANl OAHOKaHaNbHOMN nepenayum
X. Liu et al, “Single Coherent Detection of a 606-

Gb/s CO-OFDM Signal

with 32-QAM Subcarrier Modulation Using 4x 80-

Gsamples/s ADCs ,” post deadline paper, ECOC

2010
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Pa3paboTkn n nccneposanua Bell Labs no texHonornsm 100G v Bbilwe.
[lpedcmaesreHbl Ha exxe200HbIx ghopymax ECOC

Moaynsauma ogHOW HeCcVyLUeu:

s1sssees Fen e enas & TXL
A ..”*:!.-ﬁj.;.i‘.?”.. L 32 1 ¥ ] * BE 5B
590080 me e (YT ¥ | ah an
o b et bty o LB P00 ® ‘ ’ . T X ¥

120 Gb/s 64-QAM 112 Gb/s 16-QAM 224 Gb/s 16-QAM 224 Gb/s QPSK 448 Gb/s 16-QAM
9 bit/s/Hz 6 bit/s/Hz 4 bit/s/Hz 2 bit/s/Hz 4 bit/s/Hz

160 km transm. 630 km transm. 1500 km transm. 1890 km transm. 1200 km transm.
[A. Sanoetal., ECOC'10]  [P.J. Winzer etal., ECOC'08] [M.S. Alfiad etal., ECOC10] [A. H. Gnauck etal., PTL’10]  [P. J. Winzer et al., ECOC10]

Moaynauua HecKonbkKux Hecywmnx- Optical OFDM:

T L 2
:::: 300 GHz

i

448 Gb/s (10 subcarrier) 16-QAM 606 Gb/s (10 subcarrier) 32-QAM 1.2 Tb/s (24 subcarrier) QPSK

5 bit/s/Hz 7 bit/s/Hz 3 bit/s/Hz
2000 km transm. 2000 km transm. 7200 km transm.
[X. Liu et al., OFC’10] [X. Liu et al., ECOC’10] [S. Chandrasekhar et al., ECOC’09]
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Bell Labs: Hosblie mexHonozauyeckue paspabomku O0risi 00CMUXXEHUS
mepabumHbix ckopocmel

MHHOBaLMOHHBIN MeTo MoaynsALMHK,
Kogbl ¢ ucnpaBneHueM ownbok,
ONTO3J/IEKTPOHHOE Npeo6bpa3oBaHue,
KOMIMEeHCaLMnsa UCKaXKeHN I

shen
(IR T
Thed
dans

Enables advanced modulation formats
and SD FEC algorithms to recover lost
SNR

M6kas ceTka 4acToT C
warom o 12.5 Ty,
ROADM

[
250G TEG 506

Enables efficient utilization of the overall
Spectrum

Can pack multiple width channels to reduce
spectrum waste

Ontnueckue ycunutenu EDFA & RAMAN
cnenyowero noKoJiIieH!s. YiyulleHume
ONTUYECKOro OTHOLLUEHUSA C/ L

An optimization between Raman and EDFA’s

yields the ability to reclaim OSNR via less noise
propagation

0O6beanHEeHne HECKOTbKMX ONTUYECKUX
KaHaJI0B B OAWH CynepKaHan gns
nepegaum TepabUTHbIX NOTOKOB

Enables efficient utilization of the overall
Spectrum and Th interface

/

37

BO3MOXHOCTb ONTUMMU3ALIUN
YPOBHSI MOLLLHOCTU MO KaXXAOMY
ONTUUYECKOMY KaHany

Enables the system to achieve the optimum

between linear noise and and non-linear distortion
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CeTeBoe NJlaHMpOBaHWe U cUCTEMA
ynpaB/ieHUsA ceTbio. ABTOMaTU3auus
pexkoHdurypauum cetu DWDN

T E

Simplified planning, design, installation and
commissioning.
=> Fast network reconfigurations, service_
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IEEE: cchopmupoBaHa rpynna no paspabortke ctraHgapta 400GBE

IEEE 400Gbit/s networking standard to combat internet bandwidth
exhaustion

Pocted by admin on Mar Sth, 2011 /4 Mo Commant

- Twipod

The Instiute of Elecuical and Elecuonics Engineers {IEEE)} is workiing on 2 new 400Ehiv's global standard 1ol
NISMST METRor CONNSeCTvITy.
TJ_. ¥ o s i = T N =af k= o e - - b= ’ s . i T T

= = SLaniEcand W =3l 1o S ane Tal W = — SO Spesedl O = — - = - = H I ' L == asie
than the 100Gbhit's offered by hardware now being trislled and deployed by camiers.

[he |IEEE #3Ms3it/s standards body was Tormed Ete last year, and the new standard = not due Tor three 1o
e s =rs

- i ———

With increasing use of social networking sites. and exposion of mobile data traffic. camers and other firms
anrh == F;-b:l-_—-." syl tThits Tear-him --|.'|.J|- ey IMESnEe mEEhaarrs = T

=

- e g e _ _ . _ - . om o = - e S _ e e | m=
Force1l Metworks chief executive |_="'"",." Nasik J3we ostans of the naw standarg DeIng ovearsse=n oy the IEEE

n an intervies with Computing.

http:/iwww.computing.co.uk/ctg/news/2032466/ieee-400gbit-networking-standard-combat-internet-bandwidth-exhaustion

OFTICAL
INTERNETWORKING
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