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Motivation 

•  Current core networks are based on several layers. 
•  Mid-term scenario: IP/MPLS network over reconfigurable 

wavelength switched optical network (WSON). 
•  Two key elements to help in the management and 

coordination of such multi-layer architectures: 
–  Path Computation Element (PCE) 
–  Virtual Network Topology Manager (VNTM).  

•  PCE aim is to calculate the route between endpoints, 
especially in complex scenarios (e.g. WSON with 
physical impairments, multilayer or multidomain) 

•  VNTM is in charge of maintaining the topology of the 
upper layer by connections in the lower layer. 
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Introduction to the experiment 

•  This work shows an experimental validation of 
cooperation between a simple NMS, a multilayer PCE 
and a VNTM in an IP/MPLS over WSON scenario with 
commercial equipment.  

•  Testbed is composed by Juniper routers and ADVA 
optical nodes. 

•  Telefonica I+D has developed a prototype of both a 
multilayer PCE and a VNTM to demostrate the feasibility 
of the approach. 
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Testbed 

•  3 Juniper MX240 routers representing an IP/MPLS 
network 

•  4 ADVA optical nodes with wavelength switching 
capabilities representing a photonic mesh 

•  Simple NMS to configure routers. 
•  Multilayer PCE:  

–  MPLS & WSON topology 
–  TE information 

•  VNTM  
–  Interlayer TE Link information (not available in PCE) 
–  Virtual topology. 
–  No WSON information 
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Validation Testbed 
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Validation Testbed 
Addressing 
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Experiment description 

•  The network operator wants bandwidth for a new 
service. 

•  The NMS queries the PCE for the PATH. 
•  Two cases: 

–  A) Enough resources at MPLS layer: MPLS PATH in the 
response 

–  B) No resources at MPLS layer: Multilayer PATH  
•  In case of a Multilayer PATH, the NMS sends the VNTM a 

TE_LINK_SUGGESTION message. 
–  The NMS extracts the part of the new TE-Link from the response  

•  The VNTM checks the policies. 
•  The VNTM accepts the suggestion and configures the WSON 

layer LSP using the UNI of the routers. 
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Validation Testbed 
Message Exchange 

02 

1 2 

3 4 

1.  NMS path request to ML-PCE 
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NMS
(172.16.1.71)

VNTM
(172.16.1.72)

MULTILAYER	  PCE
(172.16.1.70)

NMS	  begins	  PCEP	  
session	  with	  MPLS	  PCE
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Message Exchange 

Diagram of the Message Exchange  
Example shows the Multilayer Case 
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Message Exchange 
Message Exchange 1:  NMS path request to ML-PCE  
(MPLS resources available case) 
 
TCP Handshake initiated 
from NMS (172.16.1.71) to PCE (172.16.1.70)  

* CAPTURED AT PCE server (172.16.1.70) 

PCEP Handshake (OPEN + KA messages) between NMS (172.16.1.71) and PCE (172.16.1.70). 
 
PCEP Messages are sent almost simultaneously  

First PCEP Request 

ML-PCE NMS 
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Message Exchange 
Message Exchange 1:  Detailed PCEP Request 
(MPLS resources available case) 
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Message Exchange 
Message Exchange 1:  Detailed PCEP Response 
(MPLS resources available case) 

First PCEP Response:  MPLS ONLY path, as 
resources are available at MPLS layer 

List of router IDs 
ML-PCE NMS 

1 

03 

* CAPTURED AT PCE server (172.16.1.70) 



Page 17 iPOP2012, Kanagawa, Japan 

Message Exchange 
Message Exchange 1:  Detailed PCEP Response 

Second PCEP Request 

ML-PCE NMS 
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Message Exchange 
Message Exchange 2:  Detailed PCEP Reply.  
(NO resources available at MPLS layer) 

03 

Second PCEP Response:  Multilayer ERO Included! 

MPLS node 

MPLS node 

LAYER CHANGE 

LAYER CHANGE 

WSON PATH 

ML-PCE NMS 

1 

Multilayer ERO from draft-ietf-pce-inter-layer-ext-05  
Extensions to the Path Computation Element communication Protocol 
 (PCEP) for Inter-Layer MPLS and GMPLS Traffic Engineering             

* CAPTURED AT PCE server (172.16.1.70) 
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Message Exchange 
Message Exchange 2:  TE-Link suggestion 

03 

TE LINK SUGGESTION WITH MULTILAYER ERO 

TE LINK CREATION CONFIRMATION 

2 

VNTM 

NMS 

Two new messages proposed for the communication between to a VNTM: 
à TE LINK SUGGESTION: Includes a PATH formed by the two MPLS endpoints 

and the lower layer Path 
à TE LINK CONFIRMATION: Acknowledges the acceptance of a new TE-LINK 

suggestion 

* CAPTURED AT VNTM (172.16.1.72) 
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Validation Testbed 
Control Plane Configuration 
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Message Exchange 
UNI Request: RSVP Path at destination 
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Message Exchange 
UNI: RSVP Resv at destination 
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Conclusions 

•  Multilayer PCE, VNTM and UNI can cooperate 
together  

•  They have proven to be feasible elements for the 
automatic operation of an overlay MPLS over WSON 
network. 

•  PCEP is a suitable protocol to communicate to the 
VNTM. 

•  The current standards need to be extended to 
suggest new configurations (e.g. new TE-Links) to the 
VNTM. 
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