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NLR Beyond 10Gb

The Path to 40G and 100G

The Network for Advanced Research and Innovation



LR

wp Present 10Gig Regeneration Footprint

Circuits that go north
through Cleveland need to
be regenerated

through Denver need to
be regenerated
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Wy Existing NLR System

= Low Dispersion E-Leaf Fiber

= Cisco 15454 Core Optics with Dispersion Compensation
— Optimized for 10Gig NRZ Signal
— Minimal Changes to support higher speeds
— Supports Alien Signals

= Phase 3

— 40 Channel System at 100Ghz Spacing
— ROADM & Raman
— Unregenerated distances up to 2164km

" Phase 2
— 32 Channel System at 100Ghz Spacing
— Unregenerated distances < 1000km

= Capable of 80 Channels at 50Ghz Spacing
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!i‘r‘- Benefits of 40 or 100 Gig on NLR

= 40G or 100G wavelengths not 4 or 10 wavelengths at
10Gig each.

— Solves Large Flow Problem

= 40G or 100G Muxponders Expand 10G Capacity
— Multiple 10GE or OC192 circuits per wavelength.
— Upto 320 10G with 40G MXP
— Up to 800 10G with 100G MXP

= Extends life of existing core system 10+ years

= Reduce Power and Space Footprint at OADM and Terminal
sites.
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9; Challenges of 40G & 100G

= 10G Signal format does not scale to 40G & 100G

Bit interval reduced from 100 to 25 to 10 ps

Electrical bandwidth increases from 10 to 40 to 100 GHz
Optical spectrum spreads from 0.1 to 0.8 to 2 nm (RZ)
Tolerance to dispersion divided by 16 & 100

Tolerance to PMD divided by 4 & 10

Rise-times sharpen, causing optical nonlinearities

6 dB loss in noise margin = % of the reach at 40G

10 dB loss in noise margin = 1/10 of the reach at 100G
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w» Challenges Cont.
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A . .
Wy Solution: Modulation Schemes (Think Modems)

= Co-FDM - Coded Frequency Division Multiplexing

— Uses multiple closely spaced orthogonal sub-carriers

= Amplitude
— PSBT — Phase Shaped Binary Transmission

" Phase
— DPSK - Differential Phase-Shift Keying
— ADPSK — Adaptive DPSK
— QPSK - Quadrature Phase-Shift Keying
— DQPSK - Differential QPSK

= Polarization
— PM-QPSK - Polarization Muxed QPSK
— DP-QPSK— Dual Polarization QPSK
— DP-QPSK & Co-FDM
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9."- Modulation Schemes Continued

Relative Optical Power (dB)
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Frequency (GHz)
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e.r- 10G & 40G Signals
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ei And The Winners Are

= Short and Medium Distance 40 & 100G

— Varies Greatly Per Vendor

= Long Haul 40G & 100G
— Some flavor of PM-QPSK
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& Dp.qpsk

= QPSK
— 2 Bits per signal

— 20GBits in 10Gbaud
Signal

bits 11" 77/ 2

bits 01"
P —|

bit "10”

37z/2

bits “00”

= Dual Polarization

3 One QPSK Signal per
Polarization

3 2 20GBits Signals in
10Gbaud Symbol

Vertical
Polarization /\/\/\]

Horizontal

Polarization @

Dual
Polarization %ﬁ

I The Network for Advanced Research and Innovation



e.'i DP-QPSK Continued

= Polarization Mode

— Requires Coherent Detection
— PM Works better with high dispersion

= Remove DCUs for Better Performance
— Will no longer support Legacy 10G transponders

= NLR has Low Dispersion E — Leaf Fiber

— “Better” fiber actually reduces performance

Type Dispersion @1550 |Vintages
SMF 17 ps/nm/km 1980-
E-LEAF 4 ps/nm/km 1996-
TrueWave RS 4.5 ps/nm/km 1996-
TrueWave Classic | 2 ps/nm/km 1992-1996
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wy Cisco

= DQPSK modulation 40G canrd
- Shipping this month in R9.2
- Works alongside 10G
- Guard Band Required between 10G & 40G Waves
= Next Gen 40Gb CP-QPSK (Coherent Pol-Mux QPSK)
expected sometime in 2HCY2010.
- 80ch Unregenerated reach > 2500km without DCUs
— TBD with DCUs

= Working within the confines of the OIF
standard for modulation (CP-QPSK) for 100G

—
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10G to 40G Migration

DCUs & DQPSK No DCUs & CP-QPSK
CLEV WASH

200-300Ghz Guard Band
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ei Cisco DQPSK 40G (9.2) on NLR

= Starlight to Washington — No Changes
— 40 Channel @ 40G
— Extra Regen in Cleveland
— 300Ghz guard band between 40G & 10G

= Kansas to Starlight - No Changes
— 40 Channel @ 40G
— Extra Regen in St Louis
— 200Ghz guard band between 40G & 10G

= Kansas to Dallas — Opt-Bst Required in Dallas
— 32 Channel @ 40G
— 200Ghz guard band between 40G & 10G
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w» Cisco DQPSK 40G (9.2)

= Dallas to Houston — No Changes
— 32 Channel @ 40Gig
— 200Ghz guard band between 40G & 10G

= Houston to Baton Rouge — No Changes

— 32 Channel @ 40Gig
— 200Ghz guard band between 40G & 10G
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Questions so far?
Next: Live testing to date
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= Two Rounds of testing so far
— Darkstrand sponsored 3 party transponders, SEAT-SUNN 09/09

= Nortel

= Ekinops
= Adva
= ~1600 km
— Cisco 40G EFT, ATLA-WASH 03/10
= ~1300 km
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ei Test Configuration

40G MXP 40G MXP

10G Test set
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e.r- 10G & 40G Signals
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ei'r‘ SEAT-SUNN test results (briefly)

= Nortel failed

— Modulation schemes vulnerable to unwanted cross phase
modulation

— Would seem to work better with dispersion in the system

= Ekinops passed, but only on a very short span

— Essential 4 x 10g lambdas spaced at 25ghz
— Also not tolerant of XPM

= Adva worked ok
— ADPSK
— 9.4 x10%Pre FEC BER
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.= 40G (DQPSK / Enh FEC) MXP Route and CTP Results — NLR 1279km Washington
‘; to Atlanta on 1534.2/1558.9*

oy h|:u|:t-| [115.08Km] EOL[28.0] :Dunfz [100.65Km] EOL[23.27] > Duct3 [92 3Km] EOL[21.2] . »;- 4 5 Ak EOL[25e7]
P 28.0] & (o) = -
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?
- .
E’Dunt11 [110.5Km] EOL[25. éunt12 [103.81Km] EOL[23:58]_ ' Luct1d [114.08Km] EOL[26.8 \_ tP 50.0Km] EOL] 4
Spartanburg 4 Gluck ke - ‘Bcgan =T ~ 4apianta? 1 Flogillg
| B
5
! - A A
by ® it & » . » . E o
# & Ductl12 [82.4Km] EQL[22.5 B '1 = Ductl17 [00.3Km] EQL[22.0 B '1 = Ductl1d [02.5Km] EQL[23.9 = '-q t A 859 Km EO 2
=
Jackscn\riﬂe 4 Mewall ‘Surrency ‘Tarr\rtcwn “ Gaordon
S0OL EOL SE Source Dest WL  Tx Type Span BER SOL OSNR EOL OSNR SOL Margin EOL Margin
'59.79 40G-DQPSK,
[GREEN] [GREEN] Washington. Atlanta.A " 279.12 "1.0E-15"12.78 "1.97 0.04077 "12.98 1298 145 137 [3.23 3.23 310.66 [CREEN] [GREEN] |0 |3.1734 |None
[GREEN] Atlanta.A  Washington. " 27912 "1.0E-15"12.88 "2.10 -0.00167 "1326 "1351 088 063 329 354 B066 [CRCCHN] [GREEN] 0 (3.2091 None

——————_

34.25 40G-DQPSK,
[RED] [RED] [GREEN] Washington. Atlanta.A "1,279.12 "1.0E-1511.49 "10.66 233566 -320649 1444 1444 029 -029 469 469 31066 [CRCCM] [CRECN] 0 (31734 None
[RED] [RED] |[GREEN] AtlantaA  Washington. 127912 "1.0E-15"11.45 "0.62 -2.35 -3.18 "1376 1354 018 04 [3.79 357 6066 [CRECMN] [GREEN] |0 3.2091 None

*(1559.79 shown but expected performance is same)
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» ATL Site 1558.98 Quick Test — Optical power

4 ATL 40G MXP Test Set Connection - Cisco Transport Controller
File Edt ¥ew Tools Help

Bl6] 8|6 5] =] s|eu/nu] b o v 4

Summary | Metwark Explnrerl

ATL 40G MXP Test Set Connes
oMl 2MN

=18l x|

Eqpt: 40G-MxP-C A40G-MxP-C
Status: Actiwve Part GFP[WIS
Service State: IS-NR

Port 1-1 (0C192):I5-NR:Unprot
Port 2-1 (0C19Z2):I5-NR:Unprot
Port 3-1 (0C18Z2):I%-NR:Unprot
Port 4-1 (0C19Z):I5-NR:Unprot
Port 5 (Trunk):I3-NR:Unprot

(]
(=]
(=]
(=]
o]

Alarmsl Cunditwunsl Histury’l Cir:uitsl Pruvisiuningl Maintenance Perfnrmancel

Optics PM Frrent Valles | Histarical PM
[Pyl i Pararn Port 1 {Client) Port 2 {Client) Port 3 {Client) Port 4 {Client) Port 5 (Trunk)
O Laser Bias (%) 43.6 39.4 39.8 [38.5 49.1
Rix Optical Prr (dBm) -39 -4 F6.E 2.6 -10.7
T Optical Pesr (dBrm) -3.2 -3.9 2.4 2.9 -0.1

Directions Inkervals

& Mear Endl | | & 15 min

1 day.

Refresh |

Current statistics at March 4, 2010 4:50:25 PM EST

) Far End

Auto-refreshy |Mone - I Help

|

MET ICKT Iava Heap: 14 of 508 MB

| o
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» 1558.98 Quick Test

CTP predicts better performance : Pre-FEC BER ~ 1e-5 (15 min period) — 568k/sec

File Edit Wiew Tools Help

| &) S|t o= [

Summary | Hetwork Explorer |
ATL 40G MXP Test Set Connection
oM 2MN

== ]

05| =5 e rv

Eqpt: 40G-IKP-C 40G-MXP-C
Jtatus: Active Part GFPIWIS
Service State: IS-NR

Port 1-1 (0C182):IS-NR:Unprot
Port 2-1 [OC192):T8-NR:Tnprot
Port 3-1 (0C192):I5-NR:Unprot
Port 4-1 (0C182):I5-NR:Unprot
Port 5 (Trunk):I3-NR:Unprot

(]
[a]
[e]
(=]
oo

A\armsl Cond\tlonsl Hlstoryl Clrcultsl PI’OVISIQI’NI’\QI Maintenance Performance

OpticsPM_ I7U-T G708 FM FEC PM |
ng:;a:MPM Param Curr Prew Prev-1 Prev-2 Prev-3 Prew-4
——  [BitErrors 161,036,060 511,135,407 56,560,599105,410,202
Uncorrectable Words 0) 0) 0/30,535,777,...

Prew-5 Prev-6 Prev-7 Prev-8 Pres-9 Prev-10 Prev-11 Prev-12 Prew-13 Prev-14 Prev-15 Prev-16 Prev-17

4

Directions Intervals

i

A+ flear; End
" Far End

£ 15 min

Pnrt:IE
" 1day

Auto-refresh: |Mone Baseline

Clear... | Help I

15-minute, near-end registers for at March 4, 2010 4:45:10 PM EST

||

NET |CKT IIa\ra Heap: 13 of 508 MB

-., i Ul £l
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» 1534.2 Quick Test

Pre-FEC BER ~ 1e-4 (prev 15 min period) — 5.8m/sec

ATL 40G MXP Test Set Connectiol
File Edit view Tools Help

ale| a|sin| =) €= o] ¢ 66w 2]« ~|
Summaty INetwork Explarerl
ATL 40G

isco Transport Controller

=181 x|

P Test Set Connection 5.
oMl 1MN

Eqpt: 40G-IP-C 40G-M=P-C
Status: Active Park GFPWIS
Gervice State: I5-NR

(]
[=1]
(=]
(=]

Port 1-1 (0OCL9Z):I3-NR:Unprot
Port 2-1 (0OCL9Z):I3-NR:Unprot
Port 3-1 (0OCL9Z):I3-NR:Unprot
Port 4-1 (0CL9Z):I3-NR:Unprot
Port 5 (Trunmk):I3-NR:Unprot

o]

Alarmsl Cond\tionsl Historyl Circuitsl Pravisioningl Maintenance  Performance
OpticsPM_ 17L1-T 6,703 M FECPHM |

a oAt Param Zurr Prev Prew-1 Prew-2
QTNPM

Eit Errars 1,105,384,503 5,262,373,135 3,859,663,903 39,637,586,...
Uncorrectable Words a )

Prev-3 Prev-4 Prev-5 Prev-6
511,135,407 58,560,899105,410,202..,
0] 11,070,940,, . o 0|30,535,777,...

Prev-7 Prev-8 Prev-9 Prev-10 Prev-11 Prev-12 Prew-13 Prev-14 Prev-15

Directions

o
& Mear End | | {% 15 min

i 1day

Port:ls

| Far End

Auto-refresh: [None hd

Baseling Clear,.. | Help |

15-minute, near-end registers for ak March 4, 2010 5:33:41 PM EST

———————————— |

NET ICKT Ima\ra Heap: 18 of 508 MB
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r 1534.2 overnight test

TL 40G MXP Test Set Connection - Cisco Transport Controller — | = ZI

File Edit VWiew Tools Help
0] 8|S0 5] =] 4| ¢|@|2|o[w] 5 v &

Summary I Metwark Explarer |
ATL 40G MXP Test Set Connection

oM] 1MN
Eqnt: 40G-1XP-C 40G-TXP-C
Status: Active Port GFPIWIS

Service State: IS-NR

Port 1-1 (0Cl92):I5-NR:Unprot
Port 2-1 (0C192):I5-NR:Unprot
Port 3-1 (0Cl92):I5-NR:Unprot
Port 4-1 (0C192):I%-NR:Unprot
Port 5 (Trunk):I3-NR:Unprot

(]
(]
(]
(@]
o]

Alarmsl Conditmnsl Historyl C\rcuitsl Proviswoningl Maintenance Performance

Cptics PM_ 7137 6,709 P FEC PH |
Pg‘;‘:la::M Param Curr Frev
= [Eit Errars 147,753,066,725 302,056,127, 720/
Uncorrectable Words 0 52,972,658,006
Directions Intervals
£ fizar End || 18 min Part: |5 Auto-refresh: |Mone I Baseline Cleat. .. | Help |
& FarEnd & 1day
1-day, near-end registers For at March 5, 2010 9:55:25 AM EST

||

NET |CKT I]Jalta Heap: 8 of 508 MB
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