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Abstract

Resilience is of basic importance in high capacity transport networks. The high traffic
concentration on network elements increases the risk and the potential impact of network
element failures.

Due to the increased traffic aggregation and high value services resilience is a key issue for
ASON (Automatic Switched Optical Networks). The practical meaning of service resilience in
ASON istheresilience of switched channels.

To provide telecommunication services with high availability different resilience schemes are
applied. The circuit switched character of ASON has a significant impact on the
implementation of standard resilience schemes both from complexity and extra resource needs
aspects.

In frames of EURESCOM FASHION Project significant efforts are dedicated to perform the
techno-economical analysis of selected ASON architectural solutions. Based on the analysis
and comparison of ASON resilience schemes the basic advantages and drawbacks can be
identified.

Introduction

On networks around the globe, traffic volumes are swelling and capacity demand is tremendously growing. To meet large
capacity needs the WDM optical networks are being introduced by numerous network operators. The rapid growth in
demand for bandwidth in the transport network has been driven largely by the growth of new IP based traffic doubled in
every 3-4 months[1]

Network growth patterns in many cases are not predicted by the traditional traffic models that have been used to plan and
provision network capacity. As aresult, network resource allocation often falls short of meeting the demands for bandwidth
placed on the transport network by these new services. The short fall in meeting the demands for new services is based
largely on time consuming manual setup of network connections.

As soon as new services, requiring very high bandwidth, becomes available, networks' customers are likely to ask a direct
optical connectivity at a low price. As a consequence the number of optical point-of-presence in the network increases,
while the traffic generated from a single network node requires high bandwidth only for alimited time.

It is becoming increasingly recognised that automation of the OCh layer network is both practical and useful. There is
clearly a benefit from automatic switching of optical channels; in particular, there is a clear opportunity to create a global
switched optical network. There are a number of value added capabilities proposed for such a solution:

e Reactive traffic engineering: Thisis a prime attribute and allows the network resources to be dynamically allocated
to routes

e Restoration and recovery: These attributes can maintain graduated preservation of service in the presence of
network degradation.



e Linking optical network resources to data traffic patterns automatically will result in a highly responsive and cost
effective transport network.

Under these perspectives Automatic Switched Optical Networks (ASONS), as described by ITU-T SG13 Question 19/13
(G.ASON), offer to the operator additional means for the efficient use of the networks resources and, hopefully, for
reduction of network costs.

ASON improves the OTN's features, providing OChs with the switching functionality, which means that an OCh
connection can be established, maintained and released on signalling basis. As a result, ASON allows dynamic and fast
provisioning of connection through an optical transport network and automate the rules for enforcing SLA (Service Level
Agreement).

Automatic Switched Optical Networks

The ASON has to be seen as a successor of the OTN with extended functionality. As a result of the separate control plane,
the ASON can perform a set of automatic functions that enhance significantly the network reconfiguration flexibility; save
network operation costs and support new OCh services.

These new OCh services are:
a) Permanent OCh service
The permanent OCh service (P-OCh service) provides the customer® with an end-to-end OCh between two end-points. The

service is provided by the network operator (NO) on the basis of an agreement between NO and customer. Provisioning of a
P-OCh service is the responsibility of the NO, who dedicates multiple network resources to the path. It can berealised via

e Manual equipment configuration,
e Centralised TMN-based equipment configuration,
b) Soft-permanent OCh service

The soft-permanent OCh service (SP-OCh service) provides the customer with an end-to-end OCh between two end-points.
The service is provided by the NO on the basis of an agreement between NO and customer. Provisioning of a SP-OCh
service is the responsibility of the NO, who dedicates multiple network resources to the path. It is realised via distributed
signalling-based TMN-activated equipment configuration resulting in provisioning speeds faster than for P-OChs. Like for
P-OCh, a“natural” understanding of SP-OCh service isthat of a“stableintime”’ service, as an enhanced leased line.

¢) Automatically switched OCh service

Automatically switched OCh service (AS-OCh service) provides the customer with an end-to-end, real-time activated OChs
between two end nodes. The provisioning process is activated by the customer himself, via a user network interface (UNI)
signalling interface, when needed only, and completed by means of node-node interface (NNI) signalling. As soon as the
AS-OCh service is not necessary anymore it is torn-down.

d) Optical virtual private network service

An optical virtual private network service (OVPN service) provides the customer with dedicated network resources (OChs)
among customer nodes (two or more). These resources are under the direct control of the customer who can set-up, maintain
and tear-down connections on his sub-network. A common understanding is that an OVPN service is a set of P-OCh
services or SP-OCh services for the NO and is generally used by the customer as an AS-OCh service.

€) Lambda trunking service
Thisis an offer of a bundle of P-OChs/SP-OChs between two endpoints; the P-OChs/SP-OChs of the bundle must have the
same transmission performances, which implies that they should be routed along the same path and possibly on the same
fibre pair. It makes possible a customer to increase the available bandwidth between the endpoint and its flexibility.
ASON, in providing multi-client services, is characterised by a control plane that manages network elements in the optical
transport network plane (Figure 1). This description of ITU Q19/13 [2] is not far from the description provided by OIF [3].
In the next section, a brief description of ASON is being provided.
The ASON is intended to alow switching of (optical) network connections within the Optical Transport Network (OTN)

under control of its own signaling network (Figure 1). ASON definition implies the existence of three separate planesin the
network:

! In this document — unless otherwise stated —"customer” refers to both an end customer and a client layer for ASON.



e the optical transport plane which provides the functionality required for the transport of the client signals of the
ASON; in particular, it provides the capability to cross-connect the characteristic information of the optical
channels;

e the ASON control plane which provides the functionality required for establishing end-to-end connections of client
signals with the properties (in terms of protections applied, duration and time scheduling of the connection, etc.)
that are specified by the customer himself during connection set-up phase;

e the management plane, which performs management functionality, related both to the transport plane and to the
control plane.
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Figurel Logical view of ASON ar chitecture

In addition to these planes, ASON could have interfaces as follows:
e  UNI: User network interface;
e CCI: Connection control interface;
e NNI: ASON control node-node interface;
e IrDI: Inter domain interface;
e NMI: Network management interface.

EURESCOM P1012 FASHION Project

The starting point of the EURESCOM P1012 FASHION ‘Flexible, Automatically SwitcHed, client | ndependent Optical
Networks' Project is the assumption that there exists the possibility of switching automatically optical channels (OChs) in
the optical transport network (OTN). Furthermore, the initial assumption is that this layer is a client-independent layer with
its own control plane and management system. All information required by the client layer in order to establish switched
connections is exchanged through the signaling at the user-network interface. Both switched and permanent connections are
supported in ASON. The client-server (overlay) approach is applied to ASON, with the consequence that the client network
(IP, ATM, etc.) requests resources (connections) from the server network, without any knowledge of itsinternal structure.

FASHION project investigates the applicability of switching approaches to ASON derived from both the circuit switched
and the packet/cell switched networks, with a particular attention to the latter that seems to be more promising.

FASHION project evaluates and analyses the application of different automatic OCh switching solutions to real networks.
Particularly it performs a techno-economic comparison of both traditional OTN (based on wavel ength routing of permanent
paths) vs. ASON (based on automatic OCh switching) and of different solution for ASON.

The main issues addressed by the project are as follow [4]:



e Definition of the major architectural components and networking functionality of automatic switched optical
networks (ASON),

e Investigation of the adaptation of OCh switching for multi-client environment,

e Techno-economical comparison of different optical networking solutions and, specifically for ASON, of different
architectural choices (e.g. routing, protection, demand aggregation),

o Definition of network performance parameters for the analysis of ASON.
The key results to be obtained include
e Architecture and functionality description of an automatic switched optical transport network (ASON).

e The description should focus to the major architectural components, such as the control plane of the user network
interface and network node interface.

e Evaluation of the OCh switched approach to provision OChsto the different client layers

e Assessment of the compatibility of label-switched (M PlambdaS) networks with ASON

e  Techno-economic comparison of optical networking solutions (taking into account agile and traditional OTNSs),
e |dentification and definition of network performance parameters for the analysis of ASONSs.

e Outline of the evolution path from present networks to ASON

Resilience in Automatic Switched Optical Networks

According to a simplified consideration of ASON functionality (automatic optical switching related functionality only)
implementation of resilience schemes based on automatic switching capabilities are analysed in this section.

Requirements and conditions to implement resilience schemesin ASON

To analyse the applicability of different resilience schemesin ASON the specific requirements and conditions the resilience
should be implemented under are summarised first.

Service requirements and operators requirements specify the requirements (fast recovery due to high value services,
selectivity to support different service classes) to be met by the implemented resilience solution. According to the
granularity of the ASON the protected network entity is the switched optical channel. However, taking into account the
physical limitations of the optical signal transport, and the lack of optica functionality to implement all optical signal
transportation, it is not obvious how the protection/restoration of switched channel can be implemented end to end optically.

Further difficulties origin from the segmented network structure. The network is partitioned into domains according to
administrative (e.g. multi-operator environment) and technological (e.g. transparent optical islands) reasons. The domain
structure, the available interaction capabilities and the visibility may limit the set of applicable resilience schemes.

Since ASON isto provide high value wide-band services the protection aspect is not limited to the core part of the network.
The targeted users of specific high value services may need protected access to the ASON; thus protected network solutions
may needed in the access network, as well.

Protection in ASON

Protection based resilience schemes due to their point-to-point oriented structure can be applied both in the core and access
part of the network. The applicability of well-known dedicated 1+1 and shared n:m protection schemes are discussed in this
section.

Dedicated Protection in ASON

In dedicated 1+1 protection scheme the transmitted signal is split and permanently bridged to both working and protection
systems. The decision on which signal to use is made by the receiver end analyzing the signals at the receive terminal. A
non-revertive single-ended protection switching is performed on the receiver end. No transfer of extra information is
required simplifying the procedure considerably.

In access part dual-homing and 1+1 protection can be implemented to connect user endpoints to the network. (Single
homing with 1+1 protected user interconnection can be applied, as well.) Dual-homing of usersin a line switched network
provide high level availability, however, the call set-up supporting the dual-homing becomes more sophisticated (Figure 2).
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Figure 2 Dual-homing inter connection of users

To implementing 1+1 channel protection between edge switches a parallel call set-up process is needed to establish 1+1
digoint switched channels (Figure 3). Protection switching can be implemented in the edge switch or at the user endpoint
according to the overall structure.
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Figure 3 Dedicated 1+1 protected switched channels between edge switches

Shared Protection in ASON

Shared protection schemes (n:m, 1:1) are applied if the protected network entities affected by independent failures. In case
of a single failure only one protected entity is failed and based on a dual-ended revertive switching mechanism one of the
shared protection resources is applied to recover the failure. One of the major application of the scheme in the practice the
protection of terminal equipment failures.

The scheme is applicable to protect switched optical channels, if the routing mechanism of the network results (able to set-
up) digoint routes between the same source-destination pairs. Alternate and adaptive routing mechanisms may fulfil this
reguirement.

Figure 4 gives a simple illustration on the application of 2:1 shared protection to switched optical channels in the ASON
core network. The two solid lines represent two digjoint routes (supporting different applications) between the given ingress
and egress switch pair. The dashed line represents a shared protection route. In case of a failure interrupting one of the
working routes abased on the signaling processes a dual -ended switching is performed and the interrupted channel switched
to the spare one. When a switched channel from a channel set sharing common protection route tears down, the switched
channel carrying the protection route can be torn down if there is no more open channels between the given source-
destination pair sharing the same protection route.
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Figure4 Shared 2:1protected switched channels between edge switches

Restoration in ASON

Restoration can be applied in ASON for network level resilience in the core part of the network. The implementation of the
restoration can be based on call set-up, thus in case of a failure a call re-setup process can be applied to restore the
connection. Interrupted calls can be re-routed between the edge switches (globa re-routing) or between the switches
adjacent to the failed link (local re-routing) according to the general re-routing strategies applied in restoration. The
different re-routing schemes imply different operation complexity and recovery performance.

The restoration can be applied to the calls interrupted by the failure. Then the automatic topology discovery based routing
mechanism can adopt to the changed network configuration to set-up the calls arriving in a failure case. Extra resources can
be installed to support such a solution or penalty should be paid in service level degradations (higher blocking probability,
increased length of call routes).

Proposal resilience strategiesfor ASON

Restoration can be applied in ASON for network level resilience in the core part of the network. In this case where OChs
can be automatically established and torn-down OCh, different resilience mechanisms of the OChs can be identified:

e 1+1 protection: thisisthe best resilience mechanism because of the very short restoration time and its reliability.

e Shared protection with priority levels: this corresponds to all the protection schemes n:m. The m working
connections that share the n protection channels have priority to know which one should be restored before than
another.

e Fast recovery with pre-calculated restoration routes (using the GMPLS label path technology).
e Purerestoration by calculating the restoration route after the failure.
e No protection: the channel is simply dropped in case of afailure.

e Best effort: the channel is not protected and can be used as a protection channel for higher priority channels. If the
higher priority channel has afailure, the best effort is dropped down and the high priority channel takes its place.

Conclusion

The automatic optical channel switching capability of ASON is capable to support the implementation of a wide choice of
potential resilience schemes. A proper functional description and a detailed techno-economical analysis are needed to
evaluate the available options. Besides other important strategic issues EURESCOM P1012 FASHION Project (to be



finalized early 2002) is focused to perform ASON resilience related analysis and comparisons the expected results will be
available on EURESCOM web site [4].
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