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Introduction

* Need for new approaches for the ICT
* Main motivations:

— The traffic will grow mainly in the metro area in the next decade, where new constraints have to
be taken into account:

« Easy scalability and capacity
* Energy consumption

+ Costissues

* Ultra-low latency for 5G

— Provide “zero latency” interconnection systems for data centers

— In the core, need to identify new technologies to support 100Tbit/s+ switching capacities for
longer term approaches
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5G: new opportunities for optical technologies
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The cost is a big issue

* Orange labs presented at PS2015 a study comparing electrical aggregation versus optical
aggregation

» The result is that, at any traffic scale, the optical technology designed for core networks
does not show strong cost reductions when compared to electronic aggregation

* In cost sensitive areas, dominated by electronic technologies, like the aggregation, there is
a need for a different approach and technology

':;u.) " For traffic volume V1 ® cost_(¥
RS T \,,” T = cost DIN
aca A = cnst_Opt
e « Electrical vs Optical Aggregation in
wasa | [ Multi-layer Optical Transport
- > T n amnerm Networks », G. Thouénon, et al. Orange
ﬁ . ‘ Labs at PS2015, courtoisie
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The energy is also a big issue

Less sensible to high energy

As of 2013, world-wide telecommunications networks consumed S 2
efficient technologies

around 83 gigawatts, the equivalent of 12 New York Cities. °

SKIP >
Home & Access & Metro Edge Core Service Core &
Enterprise Aggregation Data Center
Need for high 13.7GW 21.6GW 3.6GW 0.7GW 0.4GW 43GW
energy efficient P
technologies
Encompasses Connects users to Provides Serves as the Provides high Consists of
consumer and the network using aggregation, primary entry point  performance IP elecommunication
enterprise fixed or wireless transport and traffic  to service provider  routing and optical " gperational
networking access, aggregates || engineering for core networks and  transport for the systems and the
equipment and wireless sites, and residential, runs service service provider's jata center
customer premises & provides public business and routing, backbone network = f:quipment to host
equipment switched telephonél] wireless services intelligence and and internet ‘ustomer content
network (PSTN) signaling functions  connection and run customer
services ipplications
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Optical technology potential: recall of the main directions adopted

« When trying to find new optical solution

helping electronic to go beyond in terms of bit
rate and capacity, one dimension makes a
big difference: the optical bandwidth

The exploitation of the wide optical bandwidth
is at the origin of the success of optical
technologies:

— The first one is the fiber, offering Tbits of optical

bandwidth to transport capacities, with several order of
magnitude higher than a coaxial cable

— The second one is the optical amplifier allowing an
amplification of ten’s of wavelengths

Need to come back to the fundamentals to
better exploit optical technologies
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Silica glass fibers provide extremely low-loss transmission over tens of Terahertz!
- contrast to electrical cables: 100s of dB/km loss (at GHz frequencies)

R.-J. Essiambre, G. Kramer, P.J. Winzer, G.J. Foschini, and B. Goebel,

"Capacity Limits of Optical Fiber Networks," Journal of Lightwave Teckmology 28, 662-701 (2010)
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Towards WDM packets ﬂ—‘g reen

- AWDM packet is a paCket . Packet format proposed
encoded over N wavelengths %

* The packet can have an in-band WDM packet '\
header or an out-of-band Over 10 wavelengt
header

Packet over one wavelength

* In the case of an out-of-band Ths 10 ps
header, and a fixed duration data
packet; the packet is called slot

Zoom on one wavelength

 Each Wavelength has a Label SDU  Client SDU End of Data Label
specific format to support a T T L '
burst reception. It includes in L A Gl R G Jt 'I
particular a guard band and a C . .
preamble.
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Previous tentatives for WDM packets

Prof. Naoya Wada et al.:
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* Proposal for multi-color packets to increase ?___;‘64 (10%;'?1 ;;) .,I?-’-“’.?.E;
the transport capacity without impacting the £ 106 L — ’.320G
distance .%1606 - ) (106G x 32))
E 806 - 406G (1012562 fﬁ?\) Max of
Optical packet 2° maRE =~ -G s0e T " Electric
E 206 | (106 x 8N) Router
|‘E 10G 1 1 1 1 1 1 1 1
: : : 2001 2002 2003 2004 2005 2006 2007 2008 2009
Year ( A without optical buffering )

1P:192.168.0.1 &
-

IP Packet[ | | 1P Packet (I Label: A

Naoya Wada, "WDM-colored Packet Switching," OFC/NFOEC
2008, OWL1, 978-1-55752-855-1/08. San Diego, USA, Feb.
2008, courtoisie

Atcess Networks
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Where WDM packets ?

- WDM packets will better exploit the Long haul
. g . . backbones,
existing optical bandwidth to create a with mesh
strong differentiators with respect to topologies
electronic technologies
« WDM packets are suitable for network
segments: . Ring
) topology for
— targeting ultra-high transport capacities over long access
. 2
distances \ 7 aggregation,
— In the aggregation network segments :_'_'_'_'_'_'";,~ " fronthaul,
4 6 backhaul and
« Fundamental advantages of the approach: - metro

— WDM packets require WDM TRX, which goes in the
direction of the industry to satisfy the needs of the &

access or the datacom == v CFP2 10x10G TRX

module proposed by Effect
Photonics, (Robert Hughes
courtoisie)
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— WDM packets reduce dramatically the complexity
of the system managing the optical bypass




Previous tentatives to reduce the complexity of OADM

Kiyo Ishii, Osamu Moriwaki, Hiroshi Hasegawa, Ken-Ichi Sato, Yoshiteru Jinnouchi, Masayuki Okuno,
Hiroshi Takahashi, "Efficient ROADM-ring connecting node switch architecture that utilizes waveband
routing and its realization with PLC technologies," in ECOC 2009, Sept. 2009. Courtoisie

Prof. Ken-Ichi Sato et al.:

« Sub-band optical cross-connects
were initially proposed to make
OADMs more compact

» Several studies have been done, in
particular through multi-granular
OADM splitting the granularity into:

Hybrid Optical
Cross-Connect

- Fibers

- Sub-bands

- Wavelengths
- Packets

WEXC: waveband cross-connect
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An historical tendency of the optical packet switching technology from
complexity to simplicity @ £COC 2010

~_® Interconnexion of 2
oy ﬁ ring networks at the

In the 1990’s strong emphasis in All-

_ exhibition of ECOC
Optical Networks with NTT labs
» Exploration phase for the optical technology. KEOPS, RON| DAVID & ROM-EQ
Only point to point systems are deployed Complexity All-optical ngtworks F!proposal of WDM SW
.\ i - 2 PONs + 2 home

A

In the 2000’s, reorientation towards _ armam Nctworks + one
hybrid systems and networks f—s%-)cp;::s?’ metro + RoF
* The optical technology is investigated as a ATMOS Q B 4(ALPHA project)

complementary technology to electronics. pdald WV'D) e Wz"" backplane

ROADMs are introduced in the network. /’ avelength ~ S . Focuson
In the 2010’s, second reorientation for o ser/ IE'E?,‘;; e [l @ wsrom g Sil;phcity,
more simplicity ,/ @WOMTR low cost

SOAs o 1 @ rson

« Strong emphasis in the optical integration, 55 o 2010 3020 i

and in the simplification of the systems. M M

Opportunity for new products. Qps/0BS 0ss oSS
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N-GREEN project in few words: New-Generation of Routers for Energy
Efficient Networks

Type of project: PCRE (Collaborative project between Univ. and Entreprise)
Real cost: 2,096 Meuros

Founded:

Sponsors:

Duration

Partners:

632,7 Keuros

NR  fprmeges:  Asvsmemarnc

: 2-3 years, TO : January 2016

Alcatel-Lucent Bell Labs France project leader, WP0 leader and WP2 leader)
II1-V Lab : WP4 leader
Institut Mines Telecom (IMT) : WP1 leader

* Including : Telecom ParisTech, Telecom Bretagne and Telecom SudParis

University of Versailles : WP3 leader

Technical objective of the project: demonstrate the feasibility of two innovations:

“WDM Slotted Add/Drop Multiplexer for a dynamic optical bypass”

n-green

NOKIA Bell Labs

1-v lab

TELECOM
>arisTech SudParis Bretagne
EEET AT =T

“Self protected high capacity (>100Tbit/s) and fully modular WDM backplane for switch/routers”
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N-GREEN project objectives

. Mma reen

Classical approach S approach
Comt & energy o on
core
. E od
- Desire to reduce —
3 Cost B ¢
the cost and the v =
power i-_-_-_-_-_-_;;" Edge node: {Eo-ré node: Edge node: Core node:
Consumptlon of Tunable, multi- Stacked system: Fixed TRX (fixed L3 SR, +
format and multi L3 SR, L2 switch wavelength, ) . .
metro networks bit rate TRX + single fixed bit rate, Highly integrated ADM :
wavelength fixed modulation L2 /L1, Colorless
« Towards a operation WSS- format) integrated techno, WDM
Simpl ified Amplitude , based ROADM operation
technology £thOAY,
______ .y Free comb, SYNC ronisation Data 10X10G
compllant with' ------1 CPRI, ... 1 sync Sharing of the spectrum to
the eX|st|ng one Data channels Controlchannel  Support different technologies
N sub-bands ¥
* Look for new
opportunities to
target new market wavelengths

shares o xhaul applications for 5G
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WDM Slotted Add/Drop Multiplexer (WSADM) N g reen

WDM packets are proposed to realize very _{ — J
Si m ple Ad dID ro p mu Iti p I exers spiinterface 1 SDN intérface 3 SDN interface 465 ¢\ i

SDN interface 2 l

FDL selection Optical ! Optical
demux

Modular structure operating at a frequency
/ 10 through a optical parallelism

mux

; SOA

System composed of transparent boards 7 =
and bit rate dependent boards ocatpart W g J
Programmable system supporting L2 wsaDM ‘8j Sl |
protocols but also Broadcast-and-Select e clenrs |
mechanisms (L1.5) , X GEN DWOM PROOLCTROADIA?

. . C-Band Semiconductor Optical
Optical components available on the Amplifier ~a / o, ®uc
market place or in the roadmap of \ me L) f En
component makers R, SOAT0135 ”’“’.ég;;g;? 5

£ . 4
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Benefits expected N g reen

Optical input Optical output
Simplified optical technology: noneed |
for critical components : fast tunable L—— voA —— soa- —
lasers or wavelength blockers | _I_ _l ngdsinple
Towards a simple optical add/drop . | VoA | VoA | manage 100’s
multiplexer architecture of Gbiv's
Lower frequency electronic interfaces on b e G
Better network performance . .
Control board -
Easy upgrades offered Boards
Compliant with SDN through by, designed WavehandMUXEDEMUK | Easy ugrade: no
57 foralong WDM S ADM need to open the
programmable systems life time VoAtSORbamrd | twork to
ring node
WDM TRX board upgrade the
Modular : node capacity
b()ards Client 7‘ IOEO LCi Aggregation + buffering +
boards ‘ IOEO LCk Shift register
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SDN orchestration n—-green

SDN

L Northbound VNFs |
Proposal for the SDN : PDU/SDU Monltormg i
i proanizauon view m !
orchestrator B Rules/Definitions : i

v

RestConf based Intent
Networking interface

N-GREEN SDN

! .
i |
i |
i |
i Broaderview scopeddecision Network 5
i (SDN controllerscope) WSADM/N-Green Node interface Topology  FIB :
: : i
i |
i |
i |

|

Policy
Database

b  Jeaiache. Tol SudPari - N-Green Nodes
jamal Zegnlache, lelecom SudParis \.
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CAPEX + OPEX of the WSADM technology

30000

Benchmarking for one node 25000

% 20000
« At the installation, the WSADM technology has 2 15000
the same introduction cost for a higher capacity £ 10000
« The management of the capacity growth is 5000
performed by the SDN control plane o b
« The Ethernet requires regular on site upgrades,

increasing the OPEX
« When changing the bite rate, the cost gains are

even higher for WSADM, since a part of the ..E:;zsooo
node is not changed (control + mux/demux+ g 20000
VOA&SOA boards). g 19000
Reduction of CO2 emissions 2 5000

The WSADM node emits less CO2 than the
Ethernet technology

Switching capacity : 100G

1 2 3

n-green

Switching capacity : 1T

Ethernet
[ g \ /4
Etra c:bs f#:r upgrades
WDM TRX impact the cost S/
WDM packet based ADM
,,,,,,,,,,, rrrtrrasrsgttTseseed
0 1 2 3 4 5 6 7 8
Relative time scale L)

End of life cost

based-OADM
technology

4 5 6 7 8

Relative time scale 1]

Introduction cost

End of life cost

Julien Violet, Franck Plazanet & Mathieu Lucas, TSP
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Physical performance of the WSADM technology n—~g reen

19

Use case under study: s
— Fronthaul/backhaul for 20 km of 30 No power discrepancies:ideal case

circumference o —

. S, Areaofanalsyis ‘ iscrepancies control

- 1OX1OGbItls TRX %_10 01 2 4 & 56 7 K O %IOH12131415161718192021222324252627282930
— SOA with linear characteristics Oj‘; e
Cascade of nodes taking into account i e A
power discrepancies of slots, applying e A RS B A PSRt
some correction at each node
— OSNR evolution = ng%
— Quantification of the Probability Error 2 ]E%

Function to estimate the Bit Error Rate and £ JE-I2 |

verify that a 10-2° can be obtained without E Eig

H -15
FEC, to have system margins vs 10 S 9 10 11 12 13 14 15 16 17

Antoine Bernard, TSP # of cascades
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Performance analysis and benchmarking for the WSADM n*‘g reen

Performance analysis and
benchmarking with a POADM
technology (single channel approach) 90

. . —. 80 —&--POADM 10usec packet, queueing theory i

« Target: Insertion latency evolution versus S —-&-POADM 10 psec packet, simulation
the channel occupancy (the channel is % 70 | —# “WSADM 1psec WDM packet, queueing theory| / §
defined as a virtual resource that can be a 2 60 [~ WSADM 1usec WDM packet, simulation e
single wavelength slot or a multi- S5 7]

wavelength slot).

« Observation: the WDM Slotted A/D .y
multiplexer has a better performance in S
terms of latency than a POADM
technology. The Insertion delay is quite
independent to the load, thanks to the
speed up created. channel occupancy [%]
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WDM Modular Self-Protected backplane for a longer term Nn—

approach

« WDM dimension exploited in that case to

n. Containers
(burst of IP
packets)

0. Line Card

green

__l m. Mux + RX
reduce the connectivity of Fast Optical K Montoring it 1 2? ; (mocizn
: M | ——" resoluions.
SWItCheS (FOS) \ 1648 g 1616, — multkictt::li))r
A\ AL A packe
single color
* Proposal for a backplane based on 2 (4xd P ‘:O : E’n??fiiﬁan
4 - —— j. Optic:
i i 1 d switches i Outout
16x16 and 4x4 FOS to build internal g ——— W o
switching capacities up to 1 Petabit/s e e S intetace
balancing
» The structure offers simplified fiber Lot - ﬁ/ /Ag;g;mm”l
H = modular e. Input
interconnection, modular approach, . o ooy Adaton
. . agn (burstof 1P R ____%10 zszzzt-:;t rate
self-protection at low cost, reliability S (madun
u - . gu - a. Line Cards
increased, simplified scheduling (moduian

venture photonics powerpoint slide.JPG

WDM packets contribute to reduce the optical
switch connectivity and to simplify the fiber
interconnexion
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4x4 from
Venture
Photonics
(James Regan
courtoisie)

IFII.I.I.IF.

16x16 optical switch from TuE (Prof.
Kevin Williams courtoisie)

NOKIA Bell Labs



Conclusion and perspectives

WDM packets:

Perspectives:

Can really create a breakthrough with respect to classical approaches Access F___z_At_g_g_r_q_g_a}ﬁgr_l___l Metr(li& Core
exploit WDM TRX that are targeted for the access and for the data com o A new space o

simplify the node structure, goes in the direction of past successful stories to find T
through an optimized exploitation of the optical bandwidth (fiber, optical amplifier) PON |  totake { Optical core
offer higher system performance through a higher overprovisioning at low cost I SOy i bel;zfti; of ‘ community

offer the possibility to have fully programmable systems through an efficient SDN\ /| communities ’
orchestrator C o

<
________

have the potential to create new opportunities of market in highly cost sensitive
market segments like access aggregation and xhaul N g reen

Offer better energy efficiencies Tries to find this new space

Demonstrate a new xhaul technology satisfying the KPIs of the 5G
(in the N-GREEN project)
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