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Introduction

• Data	  traffic	  can	  increase	  between	  10	  and	  25	  times	  by	  2025	  
• Traffic	  from/to	  Data	  Center	  is	  going	  to	  dominate	  (relative	  little	  

impact	  of	  peer-‐to-‐peer)	  
!

• New	  traffic	  distribution:	  	  
a. Edge-‐to-‐DC:	  edge	  routers	  and	  Fog	  nodes	  connected	  to	  core	  

routers	  which	  go	  to	  the	  DCs	  
b. DC-‐to-‐DC:	  direct	  connections	  for	  DC	  backup
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New	  network	  design

a. Router	  interfaces	  (less	  ROADM	  transponders)
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New	  network	  design

a. Router	  interfaces	  (less	  ROADM	  transponders)
b. Distances	  <	  600km	  (less	  long-‐haul)
c. Multiple	  lambdas	  between	  node	  pairs
d. Equal	  Cost	  Multi	  Path	  communication
e. Innovative	  Layer3	  and	  transmission	  solutions:

─ Segment	  routing
─ filterless	  /	  semi-‐filterless
─ alien	  wavelengths
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Filterless	  /	  Semi-‐filterless
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• In	  filterless	  networks,	  excessive	  power	  may	  
enter	  the	  RX	  (all	  DWDM	  channels)	  

Proposal:
• Encompass	  a	  low-‐cost	  tunable	  filtering	  

technology	  within	  the	  RX	  interface
• The	  network	  remains	  filterless	  (i.e.	  only	  

EDFA	  and	  splitter/couplers)
• Interface	  tunability	  operates	  on	  both	  laser	  

and	  filter
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(SOI)	  technology

[Ref] F. Cugini et al., “Receiver Architecture with Filter for Power-Efficient Drop&Waste Networks”, OFC 2016
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Filterless	  /	  Semi-‐filterless

r=6$µm

Arc$lenhgth$

gap_rb

gap_rr

2nd-‐order	  
Buttherworth	  

design

1528 1538 1548 1558 1568

-30

-20

-10

0

Wavelength [nm]

Tr
an

sm
is

si
on

 [d
B

]

• micro-‐ring	  resonators	  !
• silicon-‐on-‐insulator	  

(SOI)	  technology

MZM-‐loaded	  
2nd-‐order	  
Chebyshev	  
design	  and	  

implementation
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Filterless	  /	  Semi-‐filterless

• In	  a	  96ch	  system,	  the	  number	  of	  equivalent	  
channels	  (ECN)	  that	  enter	  the	  photodiode	  is	  
successfully	  reduced	  from	  96	  to	  11.35	  !

à no	  more	  design	  issues
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Objective:	  Alien	  λ	  for	  DC-‐to-‐DC
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Goals:!
• Multi-vendor!
• Fault localizations!
• Hard&Soft failures!
• Plug&play!
• Adaptation
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Plug	  &	  play	  Interfaces	  with	  
adaptation	  capabilities

• In	  a	  single	  Vendor/Domain	  scenario,	  the	  PCE,	  included	  within	  the	  SDN	  
Controller,	  performs	  impairment-‐aware	  path	  computation

• Given	  a	  candidate	  path,	  the	  first	  set	  of	  EON	  parameters	  is	  identified,	  in	  
the	  following	  order:	  

	   1.	  Modulation	  format
	   2.	  FEC/Coding
	   3.	  Sub-‐Channel	  Spacing	  
	   4.	  Frequency	  slot
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Plug	  &	  play	  Interfaces	  with	  
adaptation	  capabilities

• In	  a	  single	  Vendor/Domain	  scenario,	  the	  PCE,	  included	  within	  the	  SDN	  
Controller,	  performs	  impairment-‐aware	  path	  computation

• Given	  a	  candidate	  path,	  the	  first	  set	  of	  EON	  parameters	  is	  identified,	  in	  
the	  following	  order:	  

	   1.	  Modulation	  format
	   2.	  FEC/Coding
	   3.	  Sub-‐Channel	  Spacing	  
	   4.	  Frequency	  slot
• To	  guarantee	  reliable	  transmission,	  this	  first	  set	  is	  typically	  computed	  in	  

a	  conservative	  way	  
• possible	  impairment	  estimation	  inaccuracy
• nominal	  value	  deviations
• margins
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Self	  adaptation	  procedure 
Format	  &	  FEC/Coding

• Step	  0:	  The	  optical	  connection	  is	  first	  established	  considering	  the	  
conservative	  (sub-‐optimal)	  computed	  EON	  parameters	  

• Then,	  adaptation	  for	  self-‐optimization	  starts.	  
!

• Step	  1:	  modulation	  format	  adaptation	  	  
!

• Step	  2:	  FEC/Coding	  is	  optimized,	  considering	  adequate	  safe	  margins
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Self	  adaptation	  procedure	  Carrier	  
spacing

• After	  modulation	  format	  and	  
FEC/Coding:!

• Step	  2:	  sub-‐carrier	  spacing	  is	  
then	  optimized!
!

• If	  Iterations<TH1:	  !
	   hitless	  shift	  (push-‐pull)	  of	  each	  

subcarrier,	  targeting	  12.5GHz	  
of	  spectrum	  saving	  for	  the	  
whole	  super-‐channel!
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Monitoring	  during	  self-‐
optimization

• Validated	  in	  1Tb/s	  field	  trial!
• 1300km	  link	  between	  Milan	  (Italy),	  Finkenstein	  (Austria)	  and	  back	  to	  Milan,	  

traversing	  two	  BV-‐WSS	  and	  21	  amplifiers.	  	  
• 8	  sub-‐carriers	  baud	  rate	  36GB/s,	  net	  information	  rate	  at	  1Tb/s.!
• PM-‐QPSK,	  LDPC	  code	  rate	  8/9,	  channel	  spacing	  	  successfully	  adapted	  from	  200GHz	  

to	  175GHz,	  with	  no	  traffic	  disruption

sporadic	  BER	  in	  
long	  term	  
measurements.
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Control	  plane

F. Cugini et al., “Towards Plug-and-Play Software-defined EONs: Field Trial of 
Self-Adaptation Carrier Spacing”, ECOC 2015
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YANG	  for	  alien	  λ

Goals,	  for	  alien	  wavelengths:	  
• Provisioning:	  multi-‐vendor	  and	  plug&play	  adaptation	  	   
• Monitoring	  &	  management:	  fault	  localizations,	  hard&soft	  

failures..	  	  
!

à YANG	  standardization	  (IETF	  &	  OpenROADM) 
YANG	  model,	  has	  emerged	  as	  a	  standard	  SDN	  technology	  
enabling	  both	  control	  (e.g.,	  data	  plane	  device	  configuration)	  and	  
management	  (e.g.,	  access	  to	  monitoring	  information) 

• NETCONF	  protocol 

• Focus	  on	  monitoring
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NETCONF	  Client

Device
NETCONF	  Server

NETCONF	  -‐	  Example	  

15



Filippo Cugini

Controller
NETCONF	  Client

Device
NETCONF	  Server

<hello>

<hello> DISCOVERY

NETCONF	  -‐	  Example	  

15



Filippo Cugini

Controller
NETCONF	  Client

Device
NETCONF	  Server

<hello>

<hello>

<get>

<rpc-‐reply>

DISCOVERY

WHICH	  	  CAPABILITIES	  ARE	  
SUPPORTED?

NETCONF	  -‐	  Example	  

15



Filippo Cugini

Controller
NETCONF	  Client

Device
NETCONF	  Server

<hello>

<hello>

<get>

<rpc-‐reply>

<edit-‐config>
<ok>

DISCOVERY

WHICH	  	  CAPABILITIES	  ARE	  
SUPPORTED?

DEVICE	  CONFIGURATION

NETCONF	  -‐	  Example	  

15



Filippo Cugini

Controller
NETCONF	  Client

Device
NETCONF	  Server

<hello>

<hello>

<get>

<rpc-‐reply>

<edit-‐config>
<ok>

<create-‐subscription>
<ok>

DISCOVERY

WHICH	  	  CAPABILITIES	  ARE	  
SUPPORTED?

DEVICE	  CONFIGURATION

SUBSCRIPTION	  TO	  SPECIFIC	  
NOTIFICATIONS

NETCONF	  -‐	  Example	  

15



Filippo Cugini

Controller
NETCONF	  Client

Device
NETCONF	  Server

<hello>

<hello>

<get>

<rpc-‐reply>

<edit-‐config>
<ok>

<create-‐subscription>
<ok>

<notification>

DISCOVERY

WHICH	  	  CAPABILITIES	  ARE	  
SUPPORTED?

DEVICE	  CONFIGURATION

SUBSCRIPTION	  TO	  SPECIFIC	  
NOTIFICATIONS

NOTIFICATION	  THAT	  SUBSCRIBED	  
EVENT	  OCCURRED

NETCONF	  -‐	  Example	  

15



Filippo Cugini

• The	  Controller	  based	  on	  PYTHON	  NETCONF	  client!
• The	  device	  runs	  ConfD,	  a	  NETCONF	  server	  implementation	  made	  by	  Tail-‐f!
• A	  100	  Gb/s	  connection	  request	  has	  been	  considered:!
- a	  baudrate	  of	  28	  Gbaud	  PM-‐QPSK	  supports	  100	  Gb/s	  net	  rate	  and	  7%	  FEC!
- 31	  Gbaud	  around	  20%	  FEC!

• The	  controller	  subscribes	  to	  the	  transponder	  Notification	  stream	  specifying,	  through	  a	  filter,	  that	  it	  is	  
interested	  on	  pre-‐FEC	  BER	  exceeding	  9	  ×	  10−4	  threshold.

16

Experimental	  demonstration: 
BVT
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Config
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Subscription	  to	  pre-‐FEC	  increase
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Notification	  of	  pre-‐FEC	  BER	  
increase

M. Dallaglio et al “YANG Model and NETCONF Protocol for Control and Management of Elastic 
Optical Networks”, OFC 2016
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Conclusions

• Evolutions	  in	  network	  design	  driven	  by	  DC-‐centric	  traffic	  are	  
discussed 

• For	  DC-‐to-‐Edge	  traffic,	  a	  semi-‐filterless	  solution	  is	  presented,	  
based	  on	  interfaces	  equipped	  with	  low-‐cost	  tunable	  filters 

• For	  DC-‐to-‐DC	  traffic,	  work	  is	  on-‐going	  to	  enable	  adaptation	  of	  
alien	  wavelengths: 

• Adaptation	  capabilities 

• YANG	   

• NETCONF	  protocol	  implementation 

• Monitoring
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Thank	  you	  
!

	   	   filippo.cugini@cnit.it


