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Information Big Bang Stimulates Evolution of Optical Technologies

2017

2014 400G OTN

1966: The Birth of Optical
200G OTN

2012

Fiber Communications
08 100G OTN

Sir Charles Kuen Kao demonstrated the feasibility of
optical fiber communications and was awarded the

2009 Nobel Prize in Physics.

< PDH era

2002

10G WDM
1996

1995 10G SDH

1993  2.5G SDH
622M SDH Moore's Law @ optical industry:

« Single Fiber Capacity Double Every 36
Months
« Node Capacity Double Every 24 Months

SDH era WDM/OTN era
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Moore’s Law @ Single Fiber Capacity

@64T
« Single Fiber Capacity o

Single Fiber Capacity Double Every 36 Months . 16T

- 800G
+ 600G

+ 400G
= 2x200G

+ 200G

Wavelength

eed | 100G ! ! . 100G

Available | | et ~+L b | C+L band

Spectrum

Nanotechnology * 28nm * 5nm
2013 2021
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 Node Capacity

Node Capacity Double Every 24 Months

OTN

Cross- «  200G/Slot « 400G/Slot

Connecfion

roaom » 9D « 20D

* OTN Cluster (2+2)

« 1T/Slot

« 32D

@128T

*» OTN Cluster (2+8)

« 2T/Slot

* 64D

2014 2016

2018

2020
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Fiber Infrastructure in
Telecommunications Network

1. Terrestrial Fibers
OPGW (Optical Ground Wire)
Grounding of the power transmission lines
Contains multiple optical fibers
1x12 G.655
3 x12 G.652D

2. Submarine cables with power
Lines (islands & Crete)

3. Leased Fiber pairs (IRU basis) in
Metropolitan areas

4. Fiber Infrastructure in Metropolitan areas
are under construction in Attica and
soon in Thessaloniki & Patra.
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Backbone Optical Fiber Ne
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DWDM technology developments.

Next Generation DWDM

* FlexGrid, frequency and channel width programmable
wavelength by WSS cards in C+L bands

* Phase-amplitude modulation techniques (QPSK, 16
QAM, 64 QAM etc).

* Transmission rates higher than 400G per wavelength
available

* Coherent detection does nor require dispersion
compensation

e Colorless WDM multiplexing using programmable
filters/WSS (LCoS - wavelength-selective switch )

Legacy DWDM

* Fixed Grid — maximum 80 Wavelengths
@50GHz spacing in C Band

* Amplitude modulation

e Typical 10GHz per wavelength

* Requiring Dispersion Compensation

* Fixed frequency WDM multiplexing
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« Point-point topology * Mesh topology + Flexible OTN/Lambda grooming
+ 10G-40G wavelengths + 100G wavelengths + Packet, circuit and A-services
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WSS node structure

East

100/200/400G wavelength or aggregated—O0

DIRECTIONLESS

aggregated

COLORLESS

100/200/400G wavelength or aggregated
Otpical switch

Transponder I %
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Position of the GRID Telecom DWDM equipment in the
network hierarchy

OSN 1800V
OSN 1800 Il OSN 180MJI c

OSN 1800 V /"

OSN 18001 S

0

B

OSN 9800 M24

OSN 1800 Il

s SN 9800 M24 -l
—/ OSN 1200y  OSN 9800 M24

OSN 9800 M24
OSN 1800V

Edgel/Access Metro/Aggregation Backbone/Core
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HUAWEI M SERIES (OSN 9800 FAMILY)

Huawei M Series: The Next-Generation All-Optical Transmission Platform

New Optical Layer

» New spectrum: Super C band with a maximum of
120 wavelengths @50 GHz

» New rate: Super 200G, 200G-800G
programmable

» Up to 48T/fiber capacity, 60 wavelengths x
800G@100 GHz

High Integration

+ Industry’s highest integration platform. One
cabinet can house five M12 subracks and support
a maximum of 256 100GE services.

» 0.33 W/Gbit, which is 35% lower than the industry

average

OSN 9800 M24 OSN 9800 M12
P ——
134) Eeq )
co All-optical metro
—— - hetwork

All-optical backbone s = |
L hetwork )/“
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Optical-Electrical
Convergence

+ Industry’s most powerful optical-electrical
convergence platform, integrating multiple optical
and electrical functions (5-in-1 M24) and
simplifying sites

» 2/3 equipment room space saving, significantly
reducing site cost

OSN 9800 MO5
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HUAWEI (OSN 1800 FAMILY)
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1800 Il Pro (Appearance)
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Technical Features

* Directionless and Colorless Network

e Dispersionless Network with Coherent Detection

* Flexigrid with A rate > 100 Gb/s

* Protection schemes in Optical / Electrical Domain

e Any to any A connection (up to 200 Gb/s rate)

including protection path without 3R

ASON enabled protection in Optical Domain when a third or more

Optical routes are available

* Dynamic allocation of bandwidth / programmable Modulation Formats
(QPSK, 16 QAM etc.)

* Flexible OTN Multiplexing-Grooming and Consolidation

* Real time monitoring of the Network (Physical Layer & Network Elements)
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Network topology (Core)
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Network topology (International)

End-to-End Capacity Reserve : On-demand activation:
* End-to-End Preveza-Milan segment capacity reserve 1.2Tbps
. -will activate capacity on-demand [1x100G per request]

Owned and managed by
GRID or 3 Party

MILAN Ouined tnd masaged by

Dedicated to GRID

Owned and managed by

IONIAN

Submarine cable
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CLS PREVEZA

Backbone Raly
Terrestrial FP
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Metro Core ATTIKNG
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Metro Core Oeo/vikng (under planning)
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Supported Services Types

* OTUk, FEe/o, GEe/o, 10 GE LAN, 10 GE WAN, 100 GE, SAN (FCx00), SD/HDSDI, ESCON, FICON

e Ethernet Services Model (MEF)

E-Line Services

E-LAN Services

- — — —— E-Line1

E-Line2
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A vailability
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Path protection on the optical layer

Path protection may be implemented

e On the upper layer (i.e.IP layer)
e Simplified optical layer
e More than 50% increase on capacity requirements for more than 2 optical paths protection
e Protection switching time not guaranteed
e Higher link utilization when protection is applied
e Complex traffic engineering on L3
e On the optical layer
e Complex optical layer with GMPLS LO / Optical ASON
e Minimum capacity requirements on the optical layer while utilizing all available optical paths
e Fast protection time (sub 50ms) as long as resources are available
e Link utilization does not change when protection is applied
e Traffic profile not affected on L3 even after multiple optical link failures
e Compatibility issues may arise between different IP — Optical vendors (proper sett%géof BFD)
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CHARACTERISTICS (1 of 3)

Leading Optics Flexible OTN Flexible Ponder

100G~100M: Enabling Flexible
Access of Small- and Large-

6.25GHz Flexiable Roadm Boards,
high desity 9/20 degree Roadm board

TNGIDWSS20

]§
-
BT SCIOU0 W AL 20pOnT s ecive swiicheng
et = 2 e LT L = T TIPS GO b 00T

Duan board
(CB0, 5.25 Gz Sice)

AIWESGrALG

PCBs, 825 CHz Shoe)

Expanding New Spectrum, Improving
System Capacity, C80->C96->C120
Wave, 9800M series all support

TR * a4 . . 'm .

A

Qm...m.

Tradthnal C bervd Exiended C bind Sapee C

Pluggable EDFA, support C96,C120

Pluggablie EDFA

D.

(T R

Powerful Platform: 5 in1 Optical-
electrical convergence equipment, 10T
OTN switching capacity, no slot
restrains.

OGN 5800 M24

ET™H Parckr
vagriee Masoem
oo N 5in1
e Ogbcal
Oy pareen OTN Platorm

Unified switching: Unified Bearing of
All-Granularity Multi-Service Access,
Hard Pipe, and Low Latency

Urefied sarvice bearing incerface and pipe resaurce dlocation

Granularity Services

100GE/SOOE(QSFP)
§ X
§  HGEWGESFY) g, e §
g 4 X
o WG-100Mi5FP+) =
Backplane Cross-Connect

Supported by Ponder: Improving
Line-Side Resource Utilization

Cherr! tves

Chent devize

Cartraized croax-cormect board

BAChphirs crosd-oonmeshon
O mscarsure of 000}

AGIEMOGE JO5TPe|

100GEOTLM (Q=rPan|

AMOGENOTUS (|

10GE (I8F P
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CHARACTERISTICS (2 of 3)

24

| AsON20 J Ultra-High Bandwidth All Pluggable Module Real-time Monitroing

Elastic large network, reducing TCO by 10%

~- AS» natatrk
Network

3000+ electrical-Hayer NEs, 1000+ optical-lyer NES, ROADM+OLA urfimiad

Fast self-healing and more stable network

| &“?Q gﬁﬁgmou resoralion

Eiectricaklaver ASON restoration
timex: < 200 ms

P+optical synergy, reducing IP
network fapping

High intelligence and reliability, eliminating service
interruptions

The senvice restoration path can
be planned and predicled.
Prediciable rerouling efminates
senvce inlemuplions.

8T
19.2T
487

Continuously

improved

single-fiber capacity

= 8

100G/200G/400G/800G

/ \. ’, 52(;;:?,
N B35 PON-EAAN
- / (S3TMDer)

-~ Transmission distance
w‘g&e increased by 20%
Channel matching shaping

Hgh priormeincs soarasa

Traditional Cband  » Exterded Cband » Super C band

0Ch 5 106GRE0 GHz

S5Ch x 200G@50 GHz

60Chx 800G 100 Gz

Line-Side Optical Module: Small Size,
Pluggable, and Low Power
Consumption

L

CFPICFP2 madule
100G/200G@50 GHz

High integration
scenang:

200G POM-2160AM
{3000 km) Urique 0
the mdusiry

LB}
LR
(I AL
sa 0

Halved power consumption

{compared with MSA)
16am 2 7 nm AnFET
Cenfinveus a'gorthm opdmizaton

Client-Side Optical Module: High Rate
and Density, Halving Power

Consumption
A Wesnad 1), B Weson
3 * QEFP 0O HE e}
L5 W e ——n
- d *0SFPIS N bery % QPRI (M o)
B0 -
% oo 3
' * 2 (11 ke

—— W B

v GPOI Ny

-

Fibre Doctor: Real-time monitoring of
fiber status, with the monitoring
precision comparable to that of high-
end instruments

Optical Doctor: Real-time network
quality monitoring, pre-warning and
optimization of link deterioration

- R

DA QLA O QLA GADM

Optical Doctor 2.0
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CHARACTERISTICS (3 of 3)

Flexible Grid
Flexible Grid vs Std 50GHz Grid

25

Modulation C-Band (Tb)

. : BPSK
Existing WDM networks based on standard, ITU 50 GHz Grid
QPSK
All channels the same QPSK
Flexible Grid enables flexible channel sizes & center SP-QPSK
frequency 80AM
» Better match between channel size & data rate / modulation 16QAM
* Enables up to 30% additional capacity on smaller (metro) 16QAM
networks 640AM
— 120 channels in C-Band
— Using 37.5 GHz spacing for 100G QPSK signals
* Enables “Super Channels” of nx100G or nx200G carriers y,
X
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50 GHz
100G 375 GHz
100G 50 GHz
100G 625 GHz
200G 625 GHz
200G 50 GHz
250G 625 GHz
400G 62.5GHz

>

F
-

1 1 1 1 1 1
- 50 GHz -t 50 GHz St 50 GHz #-+af 50 GHz i 50 GHz -9

Fixed 50 GHz Grid
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16-AM uniform
B4-0QAM aniferm
Sa-00M Shaped P1
64-0AM Shaped P4
— S hannon

Probabilistic Shaping

» Operate optical systems close to the Shannon limit

» Enable highest flexibility in data rate

Spectral Efficiency [bits/QAM symbnl]

» Based on rectangular QAM formats

* Employ non-uniform distribution of symbols 5 10 15 20
Es/No [dB]

« Emulation of Gaussian shape

0.1

0.08
Traditional QAM Probabilistically Shaped QAM “"‘_
Fixed Probability Distribution Any Probability Di o=

stribution

01

(@) H(P,) = 5.73 bits

o

Uniform Yoo 050 Maxwell- i
e - Boltzmann
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Shaping - Infinitely variable rate / reach tradeoft

Changing rate without changing modulation - simplified programmability

Capacity

Shaping
rur\‘}:‘i\\;{*&%a : 55OG -Tadels
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