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& 1 TAR 458 AR H 4938 45 4% (Topology) ~ A5 AW &
(Traffic pattern) ~ BR 75 38 & (Service types) & AR 7 32 42t ¥ =& ( Service
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Metro Hub

Key Features:

» Scalability, Flexibility, Density
» DCS Feature Set

« Service Switch/Processing Point Backbone

Aggregation Site Transport Fabric
Key Features:
* Grooming point Regional Network

L |

« Density

» Multi-service ?;ﬁ;ﬂ:?:cr
\ Metro Network X
Access/Collocter C.ustomer POP
Connection Management Office ‘ i:‘lyg::ee::lusrteoslﬂ er

Core Switching/Routing
« Multi-service I/F

» Small footprint
« Low Cost

Access/Collector

Connection Management Office .

Edge Switching/Routing
Access/Collect Transport Fabric
Aggregation Office ollector
Local Aggregation/Grooming . / Transport Fabric
Co-Loor TSB -
e colocaton ot W W & TailShiny Blda. Co-Lo
ultiple customers
Key Features:

» Multi-service I/F
+ Small footprint

POP
Customer Aggregation Point .

Fig 1: Metro Network Structure
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RERERAEHIL  EFELEREAERSE (FloERRBH
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rDistributed wavelength routers

‘Island of
‘transparency :

Fig 2: All-Optical Domains
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(Switched to) Z4E & zé“ &% -

3~ LEATEIX &AL IAT 4 4 Control Plane % H
ziﬁ@%tAo

4~ e hz e TERAEGERAE  HAERRR
%LA&%’%’ Boh B EILHAE ©

i34 DWDM % 4 &7 25(DWDM Cross-Connect)4e Fig 3 ATsw -

Demux Multiplex

termination
Fig 3: DWDM Cross-Connect
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HB-NHARBHEEE M2 A % 1 #(Optical
De-Multiplexer) > # % T2 REHMAS TR LB 7 BRRKERZ
BILKE o R ERBEANE B EREREZ KT OXC
(Optical Cross Connect) » X #E Z KERE L M2 % THRHE
% T EHE ks > add Fu drop ZAZ SRR B LB H R IE o

4 &R B OXC oy B 47 ¥ 5 sk # 69 A MEMS(free-space
Micro-Electro-Mechanical Syetem) * MEMS # B & & — B/ N85 5%
ZREFERT AR B RALRSEREN—EHEARSIE > £
HEERMEEOAR  TEAL AR EOEZH B RA4E > BE
B RS AR R A ZE L 0 B b B 4o & & (liquid crystals) ~
thermo-optics ~ bubbles ¥ FEREKEE R AR GEAMLE -

£ 4§ OXC Aun DWDM £ ¥ —#& 7 i & # OXC =18 stage
SRS RIEAE =18 stage A AR AR {2 B B — A 89 OXC
# % 1000%1000 » 4o b3t & & F T 45 4% - 3 A4 —18 stage & F
HmEXMREHAER > BFF 2000 BiEH Tt 0 ot BIEH
ARG B4k 5] & DWDM & m A Z AR o BRRATAT o # %
A 4% OXC =18 stage ¥4 —Ei@via vy BAHELE
18 stage Pl 2 JefZ SR A B4R B b 2R3 WA R 3 4] § % 82 MEMS
RAtER 5 2o m— B ASIC REREHLEEE  BHEARTE
TBE KR IB4E /] 0 3 R WXC(Wavelength Cross-Connect)#8, 2] 58 1%
% (scalable) ~ & % E (dense) A RARRAZ E K o

B EELZ WXCHRTRANEE DWDM X# 4 4
z 4 RBEAS D RBEARAMEE T BEANEICEEETREAIA
%] & # K (re-configurable)OADM +4v Figure 4.77 5% °
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Fig. 4. WXC-based OADM



WXC B2 FRLEET 1 DWDM @i+ — @t 5 —
18 & % 704 & 4% %] & (Control Plane) » —1B4E T A4 K & R
B EBEEHRBEER > AR LEB I EHEE
BTk A SEE AN B Z PR 0 IER B BRE C HERRF - F&HE
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B 48 3y 7T o 6 7% K 25 (amplifiers) & sk 3% ik % (Transceivers)

2B BRBBERES

S E 1% 5% X #(Electrical Cross-Connection based) & A 12 38 X
#(all-Optical Cross-Connection)z DWDM 48 #4% % 5~ %] 4o
Figures 5 ~ Figures 6 757 » Fig.5 is EXC based - Fig.6 is
WXCbased » B RERGE—HBZ A HFoo B A~ 0 sbEMH
P CHSRSBRZERE SRR LR FEHERE I
ZHEE BHPORBRIS FERVABERERIABFLS
B PR B TREARAREEZNARS  EEEBHER&HE
BRIBM R A % 0% > B EXC-based 2 P & # 8 425 — B HUEH
DWDM # 48 > & — 2.5Gbps ik £z EXC R #4H » EXC #1
WDM & B8 @ik ¥s > LERRR ST ORBUIRAKE
B0 KA B U EEE A RA R NE AR R (Mesh) 483 - 4928815
1R R R A3 > T WXC-based 4 4. B WXC 2 WDM zh jE ¥ &7 4
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Figure 6: WXC-Based Network Model
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% 418 PR Bty 6 BXC 4 %40 EXC 4 4B EXC 22 WDM 18 &
B A SRR 3 BH— ) EE3E e C-band Transceivers
& Short-reach Transceivers $2 EXC i# 4% » @ Transceivers #18 #%

RAES > LALKBTEBRBRATRLGAE > @ WXC 44
R & %47 WDM & WXC g% Multi-port Z 448 » & #3F
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- l
O (<) 1
& &

Figure 7: EXC versus WXC: Capital Cost Comparison
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WXC %4 # R %8 6U(=10.5inches) 5 E 2 T £ 42 #2422 A o

bk s AHWMEAER  MENDRERSETERILEL SR
% (eg. 10Gbps Ethernet) R #89B 1 & » R E Mo > 8
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FEERIANHELE -

8
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Wavelength 4
Cost -

(nomalized) 2
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Z~ BABKXRHLEME

Figure 8 A A AL ERGLEME > LHEEXSTA
=& » (1)Fiber ~ (2)Wavelength ~ (3)Electrical - Fiber level & F &
REIZRAEH - BA KK~ &HAHMEE > Wavelength level &
ERARBMEZEN M ERHAEERRS T B ST >
Electrical-level & &% & ## - 2R B 4 (Re-amplification &
Re-shaping) & 3R & 4 (Re-amplification, Re-shaping &
Re-timing)’ & X @ 2 % TERA FRE 0 F L8 B
Bz sEnd > i ubfZ 385 2 E o Fiber-level & M {%3%  FrEeg ¥
S E s EE 2 % 11258 F B 44 Wavelength =%, Electrical-level
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Fiber-level & 32 4§14 £ F 75 g 8y S48 > Figure 8 Ay £ 9k %
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7|» Translation [ﬂ'@’_] H@ﬁj

FElectrical

EXC
q q‘ qd [e|
3 :
S g« o t-8 o
-SuH oxc i 28
) % W <o oo Y
Wavelen
gth OPM OPM
Demux Mux
sz nessessQescesesins Qe ensens sz
o) O
0 Oy
. OXC v
Fiber a O

Figure 8: Generic Architecture for a Network Node

o R 44 DWDM 4935 04 Fili 2 224584 »  Service Provider
EVEARAEE HBRABLEBRGE FHEESEAN
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% ABMALTUERESE FHH - HKABEHREREAT #A
Fig. 9 k887 > &3~ FRBA AR A EEB AT LAMAR

3R Increasing
Distance Metric

«

Figure 9: Requirements for Regeneration as Function of Distance
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B — BBk K E & “geographical islands of transparency” # 3,
% » 4o Fig. 10 75~ » #5488 5 & % 1855 3¢ islands of
transparency * ‘BN AT L H R AHFEAEBRZIANRE IR
regeneration > 4835 P9 3[ & B P 1F £ 1558 R F OEO &k » TR
AT 2 F1b WXC EHE 2 AR A 5 ¥R MR R EE o @Bt
{#3% 12 38 % 3R regeneration ~ OEO ##3& 2, Tunable Lasers 4f A #&
% H4r] O 48 4038 Transceiver s A X E AR SR R K 0 ATIA
WBIMEERERZEERAN AR OER L BRN B
£ BB HEXC

Btz Hs B Es Lii®madoFx RAEEEL
th AR A & B 2 E 3% EXC o 483 30 8 2 ROE SAT A IR
A~ BREBRBES BHRRIERERESNRE -

OEO
Barrier

‘\ OEO

Barrier

Figure 10: Geographical Islands of Transparency
(subtending access rings not shown)

M T 48 & Av K geographical islands of transparency #; [& LA B
BRAELI  Fig IAMELHERAFRMENEE  WRE
— 1B KB E 2 RS F R IE - OEO &3 B T B F| ik ER IE » o
T H EXC RHME&& 0 SR AEMELE A AE > @K
BHEHPEABMIL OEO RS EmE b HER2 26 - KE
R AR T LA IR S B P 1E3% 0 R LMWk B 4o Fig. 11 AR -
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Figure 11: Intelligent Wavelength Routing
(subtending access rings not shown)

BRUGER R EIRRERERERAZBE LT EARN
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1% 10 Gbps E SR F L & HE25Gbps ERHFAR T &
WG —EHEARAMEREBIERS 0 N E 2 vk
EHRMEEE > 2osbBP TRATH 10 Gbps 12352 K E @M% L4
¥ o RAE A EHHEK ASET 0 25Gbps RREHARLENR
B BRBIRARMEERERERHEMEES

W RAAEENRAZEVRE » M Tie L BEBFEES
%] > 38 2.5 %0 10 Gbps {2 RBH M > EHEHHATFAERF
ZAERETUAEAEREEE  ELERERNEENHELE -

EHgEARGETR  EREHRLASIHEElt  £E5TR
F K418 %) o sk (functionality) & AL K BN L BEB T > & F
IEBERARE » S HIABREREN > SRTERIEET 244 E
fEB B AT - HEREKE -

% 1# % 7 (Wavelength Management)
EFXEAETEREIRMARRIEAEERUREHTH
FR2ER (PloRdBIRREFH) RAMBLr > TEA
ST AR O -3 89 routing B AE HIAEH] 0 o REF A EMAL - TR
AR BREIREG  HEAEBRR > A 245 FXEE5—
HEEZ ARG R R — Sk Boe M 2 PR
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KRR RAR M F T E A GEERS - Bl oG RaEE
£ QR FRAAMZBA - £ FAHF 4 (Tunable Lasers) ) K f
HBBRELAEZA ERRBRAABRZIEEHBNZEIRS
EHERBEmMEBZZTHERNE -

WA T #E8 K RZ % F(availability) > & FR# T KRR
ZATH B AR5k - Bp{f Tunable Lasers K & # 3% ° 174 7T A&
eHAMEREMBEERER EF S EHERRIAEEK
#iaHH > FHEEXBAAE ELARERD EREHE
(Wavelength translation in the electrical domain) > A7 24 Control Plane
REZUARERRLAREHAZER T > HRRBHRZT
e B B o

B iEERA TAS A SR EAR R FRF) 4 - Bk A FESE
RBEAEZ T EL B AFE R 0 B BRI 1Z 3554 3Rtk (Optical
Signal-to-Noise Ratio)Z 4& M & JF 4k M & > B3 MiE %

(Loss) ~ #&4t &, %% (Polarization mode dispersion) ~ % K 35 &% o] 24 4¢
(Amplifier spontaneous emission) ~ #&{t4§ % (Polarization dependent
Loss) ~ & %% %k A (Chromatic dispersion) ~ w9 ;& ;&4 (Four-wave
mixing) - & #8384 R A543 Z 3 %k E(Self- and cross-phase
modulation) % °

B BABEEY  1BAE 4 4% 2 Control Plane & f£ % £ — B 481K
MR R Y LB AR MBI RIS AR
%k 48 (Resource Discovery) ~ ik A& & ##¢ 3% (State Information
Dissemination) ~ - e :% 4% (Path Selection) & - & % 2 (Path
Management) % » /2R B 43 4 % & 853K % © TDM @& 2%
4 2 ik 1 54 8 % E resources AR IE 0 5 o SR EGM H1 5L 7R EL A
4Rz KB4 o — 842K 2 Control Plane & A MPLS
(Multi-Protocol Label Switching) 2 3 3% 31 Az, & A7 38 89 MPAS
(Multi-Protocol Lambda Switching) - &% & s, GMPLS (Generalized
MPLS) » B #7E & IETF #] 2% 4 o

#: 2K 3,4~ # Control Plane A& $54& 4% S 45 M4 IR H] (MPAS) & 22
KKIBE  BEIEAA R LEERE Pl EERELL A
BZAKEFEL BRI NELREHHEHE  RREEF 10
Gbps % %2 JR#% > i554% Control Plane E4/E% i BIERH A E
FEOEHMA  [FE B A B AFRENS AR X
i EE -

ERARZEZHIE RN 4T8¢ &7 2% DWDM
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EHE TR 0 EH () KDY OEO #EREMEMEAS (D)
% B %4z % 7t 4 (Integrated Mux/Demux) & 4% 42 (Wavelength
Cross-Connects) i 4 K B EZMAE A H# Q)2 AEEMBZTT
BABABREZBEAER > RAEAEBRS T EHEATHA -

BT EEZCEBRAERBRAARELTRBAERXEN
Wk YA RmES ABA L LER()URERBI 2
BELEE QOSSR ARSBETELASL F—EERE
kEkEREedRBENLIEREREREELTRL > TREE
HEEEXRAETATHY  FoBERPERBBIERUREEMN
BT H MR TN E LB 2B R K B E B F R
(Wavelength contention problems)> B % OEO ## 2 &4 £ F 28
14 & sk 48 B (only when and where required) » #8495 L ##H B
$EF - EEHBAANEBEFRECRE -

b # =z HE K £4 % & Control Plane B4 4 #(8%  ERAAT
A NR S EB A RBAREHRBERETEE K > o set-up time
R MRAEEE A » £A Multi-Protocol Lambda Switching % & ##3%3t &
# &y Control Plane &5 41540 % K > B A AR B Z A IR g
AEEBEEEFIANLE -

2] 2 M PT B EE X PR RSB BEEERREERX
LA ek o £ P B B RME Pk i 2 kAT SRy 0 AR
BB KB B %254 Subnetwork ¥ 1+1 MREH KX T HILE
2EBR FAEF  AXBLTEAEZ RG> EPHEEX
B R ER T RS RMY A LER T 0 @
PR EL A ERELEER AR ESALBRAERE
EEE® . ALESEDESADESLBEMRERBBELL
Ab » T4 48 2 3k b 4% & § 25 (boundaries between islands of
transparency) ¥ 3 OEO #i% > THAH S TEH AR LEH B
KSR LTI FTASEARE SR RA] - EREFK
B FzEE 282 DWDM # € #5848 G R BT 37
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% - A LI R A A

— ~ Movaz & % & A & & (Application types)

1.1 & & k4 2 € R 2 (Fiber relief)

#4144 SDH & SONET#H% ¥ ¢ R A EHREE LA A EER
FERAT  — ey MUk A& % SDH =% SONET % # & L4 E
B> KB A SDH & SONET ZEHARE D ZREZNT o
BB E S2 #R DT F > Movaz RAYexpress & i E A N A E
BARZEREN  FEXRSEENAEHRMEHRALE » NI HI
¥ —HAE(single shelD) A » REM KX T TR ZERF WL > k4T
EMATITRHBANEEZE  FHIEBHI > R T TH
BRERG TR AFEEATIRIAWHEEE  SHRIER
KEF(ERAF R R) THEERS =+ 4o Fig. 12 AT -

Local C.O. Remote C.0.

4 channels -
A
P “ @ — et
B &4

]

s

]

- b,

Figure 12:RAYexpress Point-to-Point Fiber Relief
RAYstar & TR EH B BB A2 K E > 4o Fig. 13 fi -

Remote €.0,

20, 40, or 80 channels

7 3

i
[ % ”—@

Figure 13:RAYstar Based fiber Relief
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12 e & B EBEH

HEEHBETRE XK F £ BIEHE > # Gigabit Ethernet %)
OC-3 » OC-12 ~ OC-48 ~ OC-192 ~ ESCON ~ FICON & ® 425 % 3
o BRERAMIIRE  LBAABPRBERSERE  EILENS
BRALEREHEAN > BHETUEA % SRAET &4/ E TRK
SREABLERMLEL RRZE R » A RAYexpress v RAYstar
AT & 2 38k A 4R 27T LA 3L Bp 42 42 SONET ~Gigabit Ethernet &
BHAMRYE  MARZAERFRERENI N GEL » 3T
BB 5 R AT HERREP M2 E R > 4w Figl4 7
% o

Figure 14:Metro Data Network Transport

1.3 Inter-office facility optical hand-offs

AL B ] & & i& OC-192 optical hand-offs & -4 1 K 3% 5
(Local central office)#7#: 2] & F POP 3% > RAYexpress #v RAYstar
F ST ARV A E R 10Gbps & OC-192 % > £ THK
BREEZBRANEFT 4o Figl5 Aiw -

o o .
WOW%:&

Figure 15: Inter-office facility optical hand-offs
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1.4 7.4 3% % 7 3% (Ring interconnection)

Bgz AR T ELBAEEENEERSISKEREE A
% > Movaz RAYstar A& #9324t ¢ 4 18 (Optical channel)Z 3 4 R &
7% 4o Fig.16 A% ©

Figure 16: Ring interconnection

1.5 4724 # 3% 1% # (Network survivability)

HHUEZPFRERTEREA RN  EBRBHEAERFTES
WEERE > HEBRAFIEEEREE ZHERE Fig 17 4
JE A RAYexpress & RAEZ AR MY - ABHLRBREBREH
ToARREA I+ R HEBRUE RN EB TR T
2 A% -

.

SHDWOM Optioal UPER

OGN 5

Figure 17: Network survivability based on RAYexpress



4o R £ RAYexpress A MIERNE LN @ ERIR > i TE
Gigabit Ethernet ~ ESCON ~ FICON  Fiber Channel % - 54k &)
R BREMILER 2528 SONET 24405 T % » skt Ex
MBARAEREE  EHRAFEBEUARZEEEZHR - H£E
B HERAAS ERESEEMK

1.6 7 # 4 4RE

RAYstar % 484 SR8 RIRMAE R R AER R R MH e R
BHBEAES  REGERABRCIEBRERRAFE L EAH
L BHEBRERERERER 1+ RER K > 4o Fig18
R 5% o

Figure 18: RAYstar protection of the core network

1.7 % & AR 48 3% 2 i /b(Multi-Service Network Evolution)

Movaz % AMREZGERE T XH S TEREHAUR
ff 5 2 ¥ & 3% Z (provisioning) & 5& K 2 ¥ 3 4 49 4E
(EMS-element management system, NMS-network management
system) > FEEAT RREF - MARF A& T RIEAERREE > AT
EEHARPRBRREEZBZTEABHEER  EREEMERARZ
BHRE > —HEXHEER L Fig.19 fiFw o
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_ 4 A per Fiber§ customer af
-, w a time
QL3248 ) R
o M
Transparent Reconfigure
inaring
Transparent
GigE al
% 0C3/12/48
& Wt 1 : GigE
0C3/12/48 1111 fransparent
Extending

across the IOF

Figure 19: An example evolution scenario

I MEBRAA S SN CHEHENmEY —
REN ¥ TAXRFEBAABRESE URILA4XE ¥
WBRERBEN o TEBERSEEHS L TaLREE  #
BRERPHZHTEEL RAYstar I X BEERE L 248
BEBHRXENE > FEXEFAERBEBRES  LELT EME
W2 ERAEREE -

20



=~ Movaz Z @ mitas

Movaz 4 22K B 5 K Bl 451+ © Topology ~ Route
Diversity ~ Line-side Protection ~ Tributary-side Redundancy ~ SIM
Funtion A A& > T A LA B Z % EH AT  KRABRBEINRE

PER @b BLsE@BEEA > ok—FF -

Property Differentiator Description
Point-to-Point
Configurations can vary
Topology Ring depending on the network
topology.
Linear
Redundant/protected cabling

Route Diversity or R]f\t.’w een RAY express and/or

Route Diversity star network elements may

Non-Route-Diverse

take route-diverse or
non-route-diverse paths between
network elements.

Line-Side Protection

Line-Side Protected

Line-Side Unprotected

RAYexpress & RAYSstar support
both line-side protected and
line-unprotected services.

Line-protection offers 1+1
protected circuits.

Tributary-side

Tributary-side
Redundant or

RAYexpress & RAYstar support
both Tributary-side Redundant
and Tributary-side
Non-Redundant services.

Redundancy Tributary-side Tributary Redundancy offers 1+1
Non-Redundant redundant (but not protected)

circuits that defer to the client for

switching.
Configurations with SIMs offer

With SIMs or three additional features over
SIM Funtion configuration without SIMs:
Without SIMs aggregation, protection, and

performance monitoring.

% — * Movaz 8% 4%
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=~ #EEpH
3.1 RAYexpress 2k ¥} 25 49 2% 4% 4% (Point to Point topologies)

&k — B 25 2 7 217 3 49 58 (Fig. 20)8% > Movaz Z#®
#& RAYexpress 4% > € BB A § & aggregation ~ fR#E AR M
ke B4R 8% > 48 3 — 42 3R M &9 SIM+Transceiver k4542 % » § &
B2 & 28 A2 85T A transponder B 4X, SIM+Transceiver Z 42
40 B EE I B A T AR B B 5 & (route-diverse) & JF ¥ &1 5 &
(non-route-diverse) °

Tx pr——a Rx
PO P1
Rx ptf———t Tx
py Txp=——dMRx pg
RX |t TX
RAYexpress 1 RAYexpress 2

Figure 20: RAYexpress Point-to-Point Topology

3.2 RAYexpress 3 ik 482% 3% ## (Ring topologies)

nx Tx
PO | P1

T R
/ / RAYexpress 1
RAYexpress 4 RAYexpress 2

RAYexpress 3

Rx Tx
P11 | PO
RES Rx

Figure 21: RAYexpress Ring Topology
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RAYexpress fi1Le9 B AR EH ¥ » £ 3% non-redundant
tributary-side protection » client-side protection @ 4w Fig.21 Ff7~ °

3.3 RAYexpress & 14 48 #% 45 4% (Linear topologies)

GHEREE R EHBERBERBHEZRS > RIS
2 58 » /2K ¥ 3% Line protection > 4w Fig.22 fA75®

R Tx Rx T Rx Tx
p1] PO PiiPO » P1] PO

Tx Tx = R

RAYexpress 1 RAYexpress 2 RAYexpress 3

Figure 22: RAYexpress Linear Topology

W~ %L (Line-side Protection)

Movaz & i B /E R B M A —RATDRAAE - Rk
(head-end bridge/tail-end switch)Z2 4% - 324t 25 4 25 OADM 483 2,
& % # 252 UPSR(Unidirectional Path Switched Ring)OADM 3% %
1+1 4% % > T & Movaz & A 69 BB E M F| > 4o Fig.23 AAsw

Site A Site B
OADM OADM
Tributary CPRer | il : Tributary
input ’ ' ‘ Output
Tributary 5\; Trloutary
Output tnput
Route-Divarse
Fiber Pairs

Figure 23: Movaz General Path Protection Architecture
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Fi.  SIM ¥ %542 4%3% (SIM-based Path Protection)

RAYexpress $#2 4% SIM-based % & 4% 3% - F 1B1% % & 8 2 4%
FEHR B A ATRAGE - K3 ik (head-end bridge/tail-end switch)
224 3R eF R 0 H 50ms 0 4o Fig.24 Arow o

Site A Site B
Piane 0 Plane1
XCVR “XCVR
- ;] mv L d ml >
s > — > SIM
B30 -
otfm—— S0 P Plane 1 Plane 0 - 31803 | qquusnmense
L JXCVR %———){E&W XCVR -
' . Pt | LT g

Figure 24: SIM-based Optical Path Protection Architecture

A~ ~ Movaz & S shsE fi
6.1 RAYexpress OADM

RAYexpress OADM line-side 32 43 40 184% 2 42 X % 18 >
tributary-side 4% drop 4 4@ line-protected & 14 > % 8 18 kA% %
i XAME 284S 4 optical UPSR ~ 1+1 ~ 1:1 ~ 1IN »
Link/node diversity ~ Priority/Pre-emptable § /% 48 X, ; ZE¥ 25+
32 100 2 0 3|k 400 - E ~ 414 # v RAYextender 7T i 640
o~ ; tributary 1) & & SONET/SDH(OC-3/0C-12/0C-48/0C-192
and STM-1/STM-4/STM-16/STM-64) ~ GbE ~ ESCON ~ FICON -
Fiber Channel & 3R 2.5Gbps ~ 10Gbps 5 @448 » Rz A4
Fig. 25 A 7% o
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CHOMNETWORK DIWDM NETWORK
©8C1310and  O5C 1310 and

Lambda 1 (45X Lambda 1 (16X
through 40 £16XX)  theough 40 £J3XX5
s
RAYexpress e e PR
15IVE Bl
DATA
R [ " T
External D31 OR % SR ‘:“ gxl 135X o.p 150
20 J .%
nned -]
Commioios o [ . - sp o | FILTER FILTER
Judivle 300 visual dlamns .| | T30 i Iy
smummaam_ﬁ,i Cent 5 T3 AN
ouse Kezping z.cmmd KCVR ° XPOR E
£ I
RE-232 ]
L X bt
- il _:F@:m s
i wg °
ASVDC 4EVDC !
A B
KEY
i AP
e THIOG
Mg S0 156 W Data

Figure 25: Signal Flow Through a RAYexpress

RAYexpress f& A 4= Fig.26 Fisw -

Poin-to-Point

Economical Fiber Relief
BO km Reach Extension

3 Node star/iub
Low Cost CPE pickup

-

W

3 Node Linear OADM
Add/Drop & Passthru

Optical UPSR
Survivable Ring Configurations

Figure 26: RAYexpress Application
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6.2 RAYextender

RAYextender 2 Ak B3P B IEEF K £ 640 2 FF 100
ANE R 0 R A Fig27 F7 o o

RAY express

intermediate Reach

RAYextender significantly increases distances between RAYstar
and/or RAYexpress add/drop nodes as a line or post amplifier.

Figure 27: RAYextender Application

HAZ 3R A A2 4o Fig.28 FoT ©

DWDM NETWORK DVEDM NETWORK
DEC 1213 and CEL 1310 and
Lambda 1 {i6XX) Laenbda 1 {48XX)
Hreough 40 11EXKs hrcugh 40 (38XX}
E b
RAYextender o850
T,
I isa[ ERCET 7]
1858
™ ot B, pata] TX JOLD
E’ P 18XK
i

i)
[}
U
ki

Camrai Office Fan
2udible and Wseal Aasmes A%
Haouse Keeping Alanr: & Tent
House Keeping Comtrol * %

P

n# of
tamidas
140
par fiber

I

A

11

ASVOC 48VDC

-3

KEY

i AP
e
et SC 158 B Data

v

Figure 28: RAYextender Signal Flow
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6.3 RAYstar Wavelength switch and OADM

RAYstar Wavelength switch and OADM 324t 20/40 18
Network to Network % i ~ 20 {8 Network to SIM 3% 1§ %, 20/40 18
Network to transponder /& i& > $#2 4% optical UPSR~ 1+1~ 1:1~ I:N ~
Link/node diversity ~ Priority/Pre-emptable % {% 3% 4% =X, ; 25 %125 2%,
AR TE 100 N2 0 3EHK 640 N 2 | tributary /& A
SONET/SDH(OC-3/0C-12/0C-48/0C-192 and
STM-1/STM-4/STM-16/STM-64) ~ GbE ~ ESCON -~ FICON -~ Fiber
Channel ~ 3R 2.5Gbps ~ 10Gbps # @4 48 > AR & ##9 10G LAN -
4X0C-48 ~ 10XgigE #i 48 > 4o Fig.29 ff s o

we Service Terminations
- OC-3/12 (c)

- 0C-48 {0}

- 00192

- Giggtm Ethemet

- 2R/3R Transparent

pos Frequen
Conve
Wavelengths

s Optically
E  Crossconnected
Wavelengths

w Optical Passthru

Integrated Optical Platform
Complete Wavelength Delivery System

Figure 29: RAYstar Platform

HAZ S mAZ 4o Fig.30 Ao ©
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Switch any-to-any:
18xx Nmrk ~to-MNetaork
DWDM RX ~08SC XCVRs ! s0-SIM Prot
from - Am - W
Network — | wxoanx  xPoRs R
—C 3 g > Q. =< ol
=R OADM OEO EXC SiM N |@
<0 {8 Lof2f| || shell | o] Sheif Shelf Sheif £
wa |7] [B ~ 1310 |2 o | SONET
DWDM TX = b, ,§E w «*;EM or
to Network g uier
a Pach | | o =
o Pansl fe) 2
Unprotected —
service
tarmination
{ihrough
RAYstar XPORs)
Figure 30: RAYstar Signal Flow
6.4 RAYedge

RAYedge R e EHBRHMELMAFT E BB S ER
- % z_Ethernet over DS3, OC12, or Gigabit Ethernet /& * L &% %
TDM /& @ 4 @A 48 6,45 © 10/100 I/O module ~ GbE I/O module ~
100BASE-FX I/O module ~ 10/100 & 100BASE-FX Combo I/O
module -~ T1/E1/J1 VO module ~ DS3 I/O module > 2 3£ B3 &
P REZ RN o 4o Fig3l pimx o

Torminaled

Servives

G0 Services s

{.,WEJM Gigk i J( 2«‘

e

OC-N, GigE & DS1, DS3, 10/100

Figure 31: RAYedge Application
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B AR

HEFEBEABRRABREEREN  EPHBERXFREN T
(Metropolitan Area Network)3] & DWDM(Dense Wavelength Division
Multiplexing) B Z @ FE R B ORAANLBEH AL > #EF LS - BRX
B RENAAEEE > ERERALTHERAOEN  BRAFEBARF
BB BB AELRRE ARV ESIRAELHLTIEREE
DWDM 4k % 32 4% Gigabit Ethernet ~ Wholesale Wavelength Service M & & %
BERERBZTE o

DWDM ##5#5 EE @B 2 5 EAE A S48 BN AEHT
AHLEEREKEZSEE 0 B1E% & 10Gbps R L2 BEETHEHE
AR 43— S sk 1000Gbps 22K ERE RS R ARG 0 R
BFE—AKDWDM R ERANKRERERA BARKLE  HNFTERMLERE
WmET o BN @E %A RIS L4 42 SONET/SDH 3% 5 434 &
ZE(Node) L BB — R RE FERE — ADM > sEfE TR A S RE
B EFRIE ARG RA LI IEA ey MA(Traffic) 2R & A B T
# E(Add) ~ TH@Drop)® EFMERE > B RHEHS ADM & &
RE > SRARBFRE AN TEBEXIREEAE K DWDM %
1’% °

# — X 89 % 18 X (transparent) 2 56488 &£ R AEH WK T AT A NS
AR HAGE  FREBA>T A2 BB B4 RHER
ABRBETH - BAHREER ARSHDWDM &P AERS T
% OADM(Optical Add-Drop Multiplexer) #E 49 &gt » A—H S RIE
BRI EIAE - THeEE > BmAERNKS &8 ADM » KigfEEER
BEAA > TRBLGEREZRAPMOERE  EREbBEZARAMY
BRRUEBDZHBENLEETEENS  LARRBCEZEZGREZEN
B M2 kR 0 LR T F— K DWDM ke - %54 e
WBMAN)3 | #H—REBZ 2 AEBFURTR - ABREBZFTHER
THREAAH -  ACTHEXRAERETE  REZFZHERE -

N EBRERM ENET REPL FRARMS » WRRBRM
HZAEBMBRRESEHMTERESN  HOHEERRAHRE  LERTTH
BEREEZVEEHBAELEE  UREEBABERRERSREBAE > B
HEE— AR LETHEARARNXRBEEZIRBNEGEAREHE  FeEd
BAXBAESEEBFHETRLENTNAE - AL T 2L SONET/SDH
HEMR EERUEE(Voice traffic) s X 2 A% MEEEERPERAK
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LR A IRAS B b L R RARBE A Z R (data traffic) 2428 35 5
# > 12 SONET/SDH 2 # B £ F A& RIFEABHEXRR » A &4
#5] &M — K DWDM R E 355 & 756 R 2483 ; 5 Ethernet #¢ F-#5 2
EREBER > BRAEZSBXLCREBRERER TR BR T
10Mbps 2|3,/ 4 IEEE & 10GEA 42 #41t#y 10Gbps: B Mg BF 2458
T4 KB4 {L 2 224 (Multiple media, Full/half duplex, Shared, and
Switchedmode) > ¥ %5 5 - RE A LBEHE T BHeAX ¢ EAEE
PIREEENAL RBENF P 2RI ERERFERS AN
3] GPOP -~ Ethernet-based FTTB ZJA49%& - A # — X OADM 2 # % %4
HEWRARRTHEE > BAIN—AR DWDM Hir oA mz » B 75 E
KEYT » #FAehnik 7] OADM > ¥ B maL A 5 RAAWBE % - e
BP SR THARFE I 0 & TV A RN 8] ho i AR FE 2 F 4 (Service-creation
platform) -
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12 ~ ACRONYMS & GLOSSARY

2R

3R
ADM
AES
AIS
AOLD
APS
ATTEN
BITS
CCITT

CLEI

CLI
CORBA
CTAG

CvV-S
Corrected 0S
Corrected 1S
Corrected BITS
CPU
CRCAlignErrors
Ccv

dB

dBm
De-Mux
DFB
DWDM
EDFA

EMS

EO

ERO

ES

ESCON
ES-S

EV-S

EXC

Reshaping and Regenerating
Reshaping, Regenerating and Retiming
Add/Drop Multiplexer

Alarm Enable Signal

Alarm Indication Signal

Access Optical Line Driver

Automatic Protection Switching
Attenuation

Building Integrated Timing Source

Comite Consultatif International Telephonique et
Telegraphique

Common Language Equipment Identifier
Command Line Interface

Common Object Request Broker Architecture
Command Correlation Tag

Coding Violation Section

FEC Corrected Zeros

FEC Corrected Ones

FEC Corrected Bits

Central Processing Unit

CRC Alignment Errors

Code Violations

Decibels

Decibel milliwatt

De-Multiplexer

Distributed Feedback Laser

Dense Wavelength Division Multiplexer
Erbium Doped Fiber Amplifier

Element Management System
Electrical-to-Optical Conversion
Explicit Route Object

Errored Seconds

Enterprise System CONnection

Error Second Count Section

Encoding Violation Section

Electrical Cross-Connect
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FC Failed Counts

FEC Forward Error Correction

FICON Flber CONnection

FPGA Field Programmable Gate Array
FRU Field Replacement Unit
GIGE(GbE) Gigabit Ethernet

Gbps Gagabits per second

GMPLS Generalized Multi-Protocol Label Switching
GNE Gateway Network Element

GUI Graphic User Interface

HDLC High-level Data Link Control

IDF Invalid Data Flag

IGP Interior Gateway Protocol

ICMP Internet Control Message Protocol
IP Internet Protocol

ITU International Telecommunications Union
JVM Java Virtual Machine

JDBC Java Database Connectivity

LBC Laser Bias Current

LED Light Emitting Diode

LMC Laser Modulation Current

LOI Loss of Input

LOL Loss of Light

LOS Loss of Signal

LT Laser Temperature

MAC Media Access Control

MIB Management Information Database
Mbps Megabits per Second

MOLD Metro Optical Line Driver

MPLS Multi-Protol Label Switching
MSA Mid-Stage Amplifier

Mux Multiplexer

NE Network Element

NMS Network Management System
NSA Non-Service- Affecting

OADM Optical Add/Drop Multiplexer
OC-n Optical Carrier level n (where n=3, 12, 48, or 192)

OCT Optical Channel Trail
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OCTP Optical Channel Trail Path

OE Optical-to-Electrical Conversion

OEO Optical-to-Electrical-to-Optical

OLD Optical Line Driver

OLP Optical Laer Power

OOR Out Of Range

OPR Optical Power Recetved

OPT Optical Power Transmitted

OSC Optical Supervisory Channel

OSNR Optical Signal-to-Noise Ratio

OSPF Open Shortest Path First

0SS Operating Support System

PECL Pseudo-Emitter Coupled Logic

PID Private Identifier

PM Performance Monitoring

POP Point of Prensence

PROM Programmable Read Only Memeoy

PTP Point-to-Point

RAM Random Access Memory

RDBMS Relational Database Management System
RFI Remote Failure Indicator

RMI Remote Method Invocation

RSVP Resource Reservation Protocol

RU Rack Unit (standard 1.75” height within a rack)
Rx Receive

SA Service-Affecting

SAN Storage Area Network

SEFS Severely Errored Framing Seconds

SES Severely Errored Seconds

SERDES SERializer/DESerializer

SIM Service Interface Module

SONET Synchronous Optical NETwork

SNMP Simple Network Management Protocol
SP Shelf Processor

STM-n Signal Transport Module level n (where n=1, 4, or 12)
STS-n ?%[;IET Transport Signal level n (where n=3, 12, 48, or
TCA Threshold Crossing Alert

TCP Transmit Control Protocol
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TDB
TE
TFTP
TID
TLI1
TLT
Tx
UAS
UAS E
UASI
UID
UPSR
VoA
XVCR
XPDR

GLOSSARY :

Application

Architecture

Circuit

Configuration

Line

Topology Batabase

Traffic Engineering

Trivial File Transfer Protocol
Target Identifier

Transaction language 1
Transmit Laser Temperature
Transmit

Unavailable Seconds

UAS Egress

UAS Ingress

User Identification
Unidirectional Path-Switched Ring
Variable optical Attenuator
Transceiver

Transponder

Application refers to the service that the carrier wishes to
provide for it’s customers. Examples of applications include
data center, storage area network, and peering services.

Network Architecture refers to the way that multiple
network elements combine to provide the services described
by the network application. A network architecture solves
any interfacing and/or interoperability issues.

A circuit defines the end-to-end communications capacity.
RAYexpress and RAYstar circuits may be OC-3, OC-12,
0OC-48, STM-1, STM-4, STM-16, Gigabit Ethernet, ESCON,
FICON, and so on. Circuits may share the same end-to-end
path(optical channel trail)

Configuration refers to how a RAYexpress is equipped to
meet the needs of a certain topology and application. For
each topology or application, different equipment cards (and
therefore different equipment configurations) may be
required.

A line is a wavelength-multiplexed signal. OLDs, XCVRs,
and XPDRs all terminate lines.
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Mid-Stage Amp

Protection

Redundancy

Route Diversity

Topology

Tributary

An additional amplifier on the ultra long-reach OLD used
with dispersion compensation modules. The mid-stage
amplifier compensates for the insertion loss associated with
dispersion compensation modules.

Protection refers to the RAYexpress’ ability to switch in the
case of a failure. Movaz offers both protected (1+1) and
non-protected (1+0) services on the line side of the
RAYexpress products.

Redundancy refers to Movaz’ ability to provide 1+1
tributaries, allowing for two end-to-end physical paths
(diversity at the service level). With tributary-side
redundancy, an external SONET client is responsible for
performing a switch in the case of a failure.

Route diversity describes the physical fiber path between
RAYexpress and RAY star network elements. For
non-route-diverse paths, the fibers may share the same path,
conduit, and/or sheath from one network element to another.
For route-diverse paths, the fibers must utilize different
paths, and therefore different conduits and sheaths.

Network topology refers to how the nodes are interconnected
at the logical level. Networks are typically described as
being point-to-point or ring topologies.

A tributary is one wavelength. Transceivers and
transponders each filter one tributary wavelength.
Transceiver convert the tributary to an electrical signal and
pass it to a SIM, where it is de-aggregated.
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