Cisco SYSTEMS

White Paper

Cisco Service Provider Metro Ethernet Architecture Guidelines

In the last few years, the service provider industr  y has adopted the Ethernet technology as a viable m  ethod of providing
both point-to-point and multipoint services. Major drivers for this emergence of this familiar technol ogy has been the
scalability and flexibility delivered for broadband economically. Additionally, the abundance of new f iber deployment to
business areas has made Ethernet the logical choice for deployment. By utilizing Ethernet switching eq uipment to

exploit this fiber, and by enabling service ubiquit y by incorporating Ethernet over SONET as wellas A TM interworking,
there is new value to many different types of enter  prise customers, along with opportunity for SPs to sell services to

those enterprises from a converged infrastructure.

This paper is the first in a series of documengetian the continuing work at Cisco Systéfosused on service providers’ markets. The
paper is addressing networking architecture fotajepent of a Metro Ethernet Network for businesstomers. It offers architectural roles
and considerations that drive the optimum deploytmsadel for providing services.

Metro Ethernet Architecture

Metro Ethernet Islands
This chapter describes the architecture, functionaiponents, network topologies, hardware, andveoét configurations identified in a Metro
Ethernet architecture.

The functional components represent the individagrs that form the Metro Ethernet architectuteege architectural layers break down into
the following categories:

Layer 2 Ethernet access layer

Layer 2 Ethernet aggregation layer

Layer 2 Ethernet/MPLS edge layer — MultiprotocobebSwitching (MPLS) demarcation between Layer @as and Layer 3 core

MPLS core layer

The platforms within the network layers operat¢hie following rolek

User-facing provider edge (U-PE) within the acdagsr
Provider edge aggregation (PE-AGG) within the aggtien layet
Network-facing provider edge (N-PE) within the edayer

Provider core within the core layer

*This terminology is described in draft-ietf-I2vpn-12-framework-05bd RFC 4026.

*Note that PE-AGG is not named specifically in draft-ietf-I2vpririPnework-05.txt but it is acknowledged that a Layer 2 aggregatioridnnzn exist. (Section 3.4.3).
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In some cases, a given Metro Ethernet deploymegihtnmiot contain all of these layers. In fact, thehdectural functions can be merged into a
single layer and platform. For example, various bimrations of network technologies and topologies lva formed to deliver Ethernet
services without passing through the MPLS core agtwin this case, the core layer is not needed qnite possibly, neither is the N-PE or
PE-AGG layer, either. In this context, these acoeswork technology and topology combinations cawiewed as separate and independent
from the interconnecting core network and are heefssred to as Metro Ethernet islands (or Etheaceess domains [EADs]). Note that
because Ethernet services can be offered solehnittiese islands, they are by definition MetroeEttet networks.

Within an island, or EAD, access topologies canld&gloyed as either star (hub and spoke) or ringgafi& Ethernet or SONET/SDH). The
decision to adopt a particular access topologyimarily set by fiber availability.

Figure 1 provides examples of islands that inclGigabit Ethernet hub and spoke, Gigabit Ethermegs;i and Ethernet over SONET rings.

Figure 1
Metro Ethernet Islands

Furthermore, it is useful to describe Metro Ethéseevices according to their scope or reach im#tevork, that is, whether services are
provisioned within or between islands:

Services whose endpoints reside within one EADrefieared as Intra-EAD services.

Services whose endpoints reside among two or mAsEre referred to as Inter-EAD services.

Figure 2 illustrates Intra-EAD and Inter-EAD semlsc

*For details, see MEF &/etro Ethernet Network Architecture Framewgnktp://www.metroethernetforum.org/TechSpec.htm
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Figure 2
Intra-EAD and Inter-EAD Services

Architectural Roles
The service provider network is organized into fiplgtfunctional layers, each of which is charaatedi by a specific architectural role. These
architectural roles are described in the followsegtions, and Figure 3 illustrates the mappindnéoMetro Ethernet architecture.

Figure 3
Metro Ethernet Architecture

User Provider-Edge Role

The device with the user provider-edge (U-PE) eales as the demarcation point between the custantethe service provider network.
Typically, it is a Layer 2 device located in theess layer at the customer premises or outsidé plarowned and managed by the service
provider. Some service providers install this equept in basements and wiring closets, and othstalirplatforms with U-PE functions in the
central office. As the entry point into the serviwevider network, the U-PE should be secure.

The primary U-PE functions are:

Aggregate multiple customers at the access layer

Define the Ethernet services by providing the appate User-Network Interface (UNI) characteristiics example, 802.1Q tunneling (Q-
in-Q) and 802.1Q trunking
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Segregate customer traffic with the use of uniaareise provider VLAN IDs per service

Help ensure that bandwidth meets the required seteivel agreement (SLA) by applying traffic cléissition, policing, marking, and
gueuing

Enforce the service and admission control polioiethe network

Offer traffic multiplexing and congestion manageitnen

Provider-Edge Aggregation Role
The device with the provider-edge aggregation (RE=A role resides in the aggregation network lagerintermediate and optional layer
between access and edge devices. The aggregat@rplavides a way to scale the number of accedsateconnected to the edge platfoims

The primary PE-AGG functions are:

Efficient aggregation of traffic
Traffic multiplexing and congestion management
Local switching for Ethernet services

These devices are usually connected in redundshioia so that the access devices can be dual-htiikd redundant aggregation platforms
to improve resiliency. Being a Layer 2 network lgyedundancy and fault recovery is handled by @an8jmg Tree protocol, specifically IEEE
802.1w/1s. Note that this document does not intertzk a Spanning Tree tutorial. Refer to the foilmMURLSs for detailed information about

the protocolhttp://www.cisco.com/warp/public/473/146.htarhdhttp://www.cisco.com/warp/public/473/147 .html

Network Provider-Edge Role

The device in the network provider-edge (N-PE) aadts as the demarcation point between the Lapeot®cols in the EAD and the Layer 3
domain (if in the presence of an MPLS core). Thenesfthe edge device interfaces directly to thes&¢or aggregation) network and, if
required, to the MPLS core. At the edge, serviawigier VLANs are mapped to Ethernet-over-MPLS (Ed8Pvirtual circuits for point-to-
point services or to Virtual Private LAN ServiceRVS) instances for multipoint-to-multipoint service

The main N-PE functions are:

MPLS and IP services gateway

VPLS and Virtual Private Wire Service (VPWS) defimns
Layer 2 VPN service interworking gateway

Layer 3 VPN service layer

Local switching for Ethernet services

MAC addresses learning for Layer 2 multipoint VPNs
Sophisticated traffic and congestion management
Load balancing across equal-cost multipath (ECNAKEI

Redundancy mechanisms for EADs with two or moref¢-P

“Note that in many instances, the PE-AGG role takes place atitfeelayer.
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VPLS information specific to Cisco Systehtsmn be found at:
http://www.cisco.com/univercd/cc/td/doc/productkfmis7600/cfgnotes/optical/122sx/mpls.htm#wp1231075

Provider Core Role

When the network has an MPLS core, the provides couter is the device that performs the MPLS lakéiching. Here, the service provider
backbone or core network consists of multiple rigeting in the provider core and N-PE roles, Witionnect in a partial or full-mesh
configuration and provide for end-to-end MPLS cartivity. The main functions of the provider corderare to:

Offer reliable backbone connectivity
Interconnect edge devices using an MPLS-basedalgritme
Provide sophisticated traffic-management mechanisms

Balance loads across multiple ECMP links

Mapping Network Layers to Roles

Each architectural layer consists of componentspdaitforms that can play single or multiple rol€able 1 summarizes the various
combinations of roles that can exist within theh#tectural layers. For example, a platform in tdgelayer performs its main N-PE role, but
in addition, it could also have PE-AGG and U-PBpaessibilities. This happens, for example, when st@mmer requires an interface directly to
the N-PE. In Table 1, the green cells (indicatedbyasterisk) identify valid role combinations.

Table 1. Mapping Network Layers to Roles

Layer U-PE PE-AGG N-PE Provider Core
Access *

Aggregation * *

Edge * * *

Core *

Mapping Platforms to Roles

Metro Ethernet architecture considers specificfptats for each of the roles and summarizes, resmdgtthe recommended product-to-
network layer mappings and product-to-role mappiisge Table 2). The green cells (indicated by &eriak) identify valid configurations,
and the red cells highlight configurations not ird#d in the Metro Ethernet architecture.

Table 2. Mapping Metro Ethernet Platform to Network Layers

Platform Access Aggregation Edge Core
Cisco® Catalyst® 3550 Series' *

Cisco Catalyst 3750 Metro Series *

Cisco Catalyst 4507 (Supervisor Engine V) * *

Cisco ONS 15310 *

Cisco ONS 15454 * *

Cisco Catalyst 6500 Series Supervisor Engine 32 — 8 Gigabit Ethernet *

(Cisco Catalyst OS)

Cisco Catalyst 6500 Series Supervisor Engine 720 PFC 3B/3BXL * *

(Cisco Catalyst OS)
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Platform Access Aggregation Edge Core

Cisco 7600/Cisco Catalyst 6500 series Supervisor Engine 720 PFC * * *
3B/3BXL (Cisco 10S® Software)
Cisco 12000 Series * *

1. Cisco has announced the end-of-sales and end-of-life milestones for this platform:
http://www.cisco.com/en/US/products/hw/switches/ps646/prod_eol_notice0900aecd8029f777.html.

Table 3 associates each Metro Ethernet platforthegaoles it can assume in the network. For exantipéecolumn labeled “U-PE and PE-
AGG" refers to those platforms that can interfazeatly to customer equipment as well as to aggeegaultiple access platforms. Similar
considerations apply for the other columns.

Note: The Metro Ethernet solution remains independentitiee selection of the devices playing the MPL®vjter core role. Although the
solution includes provider core routers in the ctine emphasis centers on the access, aggregatidicore edge layers (U-PE to N-PE).
Further characterization of provider core-capaleeicks is out of the scope of Metro Ethernet.

Table 3. Mapping Metro Ethernet Platforms to Roles

U-PE and

U-PE and U-PE and PE-AGG PE-AGG

Metro Ethernet Platform U-PE PE-AGG N-PE PE-AGG N-PE and N-PE and N-PE
Cisco Catalyst 3550 Series' *
Cisco Catalyst 3750 Metro Series *
Cisco Catalyst 6500 Series *

Supervisor Engine 32 — 8 Gigabit
Ethernet (Cisco Catalyst OS)

Cisco Catalyst 4507 (Supervisor * * *
Engine V)

Cisco ONS 15310 *

Cisco ONS 15454 * * *
Cisco Catalyst 6500 Series * * *

Supervisor Engine 720 PFC
3B/3BXL (Cisco Catalyst OS)

Cisco 7600/Cisco Catalyst 6500 * * * * * * *
series Supervisor Engine 720 PFC
3B/3BXL (Cisco I0S Software)

Cisco 12000 Series *

1. Cisco has announced the end-of-sales and end-of-life milestones for this platform:
http://www.cisco.com/en/US/products/hw/switches/ps646/prod_eol_notice0900aecd8029f777.html.

Metro Ethernet Network Topologies
This section describes the hardware and softwargooents for the Metro Ethernet network topologieshle 4 summarizes the topologies by
platform and network layer. Each row in the tabldi¢ates a combination of products that can be fmeuouilding a specific topology.
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Table 4.

Topology
Switched hub and spoke

Switched hub and spoke
with NID

Switched Gigabit
Ethernet ring

Integrated optical

Summary of Metro Ethernet Topologies

Access

Cisco Catalyst 3750 Metro
Series

Cisco Catalyst 3550 Series

Cisco Catalyst 6500 Series
Supervisor Engine 720 PFC
3B(XL) (Cisco Catalyst OS)

Cisco Catalyst 6500 Series
Supervisor Engine 32 (Cisco
Catalyst OS)

Cisco Catalyst 4500 Series
Supervisor Engine V

Cisco Catalyst 3750 Metro
Series

Cisco Catalyst 3550 Series

Cisco ONS 15454-ML/CE
Cisco ONS 15310-ML/CE

Metro Ethernet Topology Details

Aggregation

Cisco 7600/Cisco Catalyst 6500
series Supervisor Engine 720
PFC 3B(XL) (Cisco 10S
Software)

Cisco Catalyst 4500 Series
Supervisor Engine V

Cisco 7600/Cisco Catalyst 6500
series Supervisor Engine 720
PFC 3B(XL) (Cisco 10S
Software)

Cisco Catalyst 4500 Series
Supervisor Engine V

Cisco 7600/Cisco Catalyst 6500
series Supervisor Engine 720
PFC 3BXL (Cisco 10S Software)

Cisco Catalyst 4500 Series
Supervisor Engine V

Cisco ONS 15454-ML

Edge

Cisco 7600/Cisco Catalyst 6500
series Supervisor Engine 720
PFC 3B(XL) (Cisco 10S
Software)

Cisco 12000 Series

Cisco 7600/Cisco Catalyst 6500
series Supervisor Engine 720
PFC 3B(XL) (Cisco 10S
Software)

Cisco 7600/Cisco Catalyst 6500
series Supervisor Engine 720
PFC 3BXL (Cisco 10S Software)

Cisco 7600/Cisco Catalyst 6500
series Supervisor Engine 720
PFC 3BXL (Cisco I10S Software)

This section describes in greater detail the tagieincluded under the Metro Ethernet effort. Tailowing hardware recommendations
should be considered an initial baseline. Howelvecause they do not include traditional componentemplete evaluation of the end-to-end
network must be performed.

The component tables in the following sectionsaaganized by network roles and layers. For eacWwartrole, the hardware components
split into systemwide (supervisor engines, for eplenand line-card-specific sections. For examiple,aggregation layer column labeled “PE-
AGG, U-PE" lists the hardware that is common toehére platform plus details of line cards facthg access and the edge layers.
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Switched Hub-and-Spoke Topology

Figure 4
Switched Hub-and-Spoke Topology

The main characteristic of switched hub-and-spokelbgy is the interconnection model between acardsaggregation/edge equipment
following a star fiber topology (Figure 4). The Ulthrough the U-PE role) can attach directly todleess, aggregation, or edge platforms. In
this configuration, the access device is typichitated in building basements or in business pamkisnot in the service provider’s central
office.

The aggregation devices are optional and would:allyi be connected in redundant fashion to prowaelware and data path diversity. A
Spanning Tree protocol (IEEE 802.1w/1s or Cisco\RgkN Rapid Spanning Tree Plus [PVRST+]) is implertex in the Layer 2 access
network to prevent Layer 2 loops in a meshed tagpplo

Finally, point-to-point and multipoint-to-multipai'VLAN-based (802.1Q trunk UNI) and port-based (8@2tunnel UNI) services can be
offered concurrently in this network infrastructure

Table 5 highlights the benefits and limitationghué topology.

Table 5. Benefits and Limitations of Switched Hub-and-Spoke Topology

Benefits Limitations

Uses dedicated links from U-PE to It requires dedicated fiber connectivity between spoke/access and hub nodes. This topology
PE-AGG/N-PE, and therefore access requires more fiber than an equivalent ring topology. Therefore the cost of installing or leasing
bandwidth is not shared among access the fiber must be considered in these implementations.

devices.

Note: A logical hub-and-spoke topology can be overlaid over a physical ring layout with the use
of coarse wavelength division multiplexing (CWDM) or dense wavelength division multiplexing
(DWDM). This eliminates the need for new fiber but adds the cost of the optical equipment.

Subsecond Spanning Tree convergence The number of required interfaces at the aggregation/edge node is directly proportional to the
on redundant access network when using | number of access nodes. This might be an issue on platforms with low Gigabit Ethernet density.
IEEE 802.1W (Rapid Spanning Tree In these situations, an intermediate aggregation layer helps scale the deployment and reduces
Protocol) or Cisco PVRST+. the number of interfaces required at the edge platform.

Note: Dual-home connections between the customer edgeadeand the service provider's network are notwshim Table 6. For more
information on this topic, please contact your @iaccount representative.
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Table 6 lists the hardware components in Metro ifeteto deploy this architecture.

Table 6.

U-PE

la ME-C3750-
24TE

1b WS-C3550-
12T

WS-C3550-
12G

WS-C3550-24

Access-Facing
Line Cards

WS-X6724-SFP
WS-X6748-SFP
WS-X6748-GE-TX

WS-F6700-
DFC3BXL

WS-X4448-GB-
RJ45

WS-X4306-GB

WS-X4448-GB-
SFP

PE-AGG, U-PE
Chassis/Supervisor
Engines

Cisco 7600/Cisco
Catalyst 6500 series
with:

WS-SUP720-3B(XL)

Cisco Catalyst 4500
Series with:

WS-X4516

Switched Hub-and-Spoke Component Product Numbers

Edge-Facing Line
Cards

WS-X6724-SFP
WS-X6748-SFP
WS-X6704-10GE
WS-X6748-GE-TX

WS-F6700-
DFC3BXL

WS-X4306-GB

WS-X4448-GB-
SFP

N-PE, U-PE (in Central Office)

Aggregation-
Facing Line Cards

WS-X6724-SFP
WS-X6748-SFP
WS-X6704-10GE
WS-X6748-GE-TX
WS-X6582-2PA"
PA-A6-OC3MM

WS-F6700-
DFC3BXL

WS-X6724-SFP
WS-X6748-SFP
WS-X6748-GE-TX
WS-X6582-2PA"
PA-A6-OC3MM

WS-F6700-
DFC3BXL

Chassis/Supervisor
Engines

Cisco 7600/Cisco
Catalyst 6500 series
with:

WS-SUP720-3B(XL)

Cisco 7600/Cisco
Catalyst 6500 series
with:

WS-SUP720-3B(XL)

Core-Facing Line
Cards

OSM-2+4GE-
WAN

OSM-10C48-
POS-SI+

OSM-2+4GE-
WAN

OSM-10C48-
POS-SI+

1. This module replaced the OSM-ATM-OC12+ recommendation in Metro Ethernet 3.0 because of shaper inaccuracy issues discovered with the ATM OSM line card.

Note:

engine PFC (PFC3 BXL and DFC 3BXL, for example).

Topology la applies to deployments with a starrflagout and small access devices aggregating pheltustomers outside the central office.

For distributed mode operation, the Cisco 7600/CSatalyst 6500 series Distributed Feature Card))D¥hould match the supervisor

Topology 1b applies to deployments with an insthibase of Cisco Catalyst 3550 Series in which tharization wants to migrate from a
Cisco 7600/Cisco Catalyst 6500 series Supervisgiren? to a Supervisor Engine 720 PFC 3B/3BXL.
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Network Interface Device to Hub-and-Spoke Topology

Figure 5
NID to Hub-and-Spoke Topology

In concept, the network interface device (NID) tiokand-spoke topology (Figure 5) is identical te pineviously described Switched Hub-
and-Spoke Topology. However, in this scenario,ateess switch is deployed at the service providerdral office or point of presence
(POP), whereas in the previous scenario it is delan basements and business parks. As a consajtess equipment has different
requirements for port density, line card redundaacygl standards compliance.

In the topology depicted in Figure 5, the custoemripment connects to an access or an edge déviagyh an NID). The NID is typically
deployed at the customer site, and it providesHerfiber loop termination and fiber-to-copper siation.

As mentioned previously, aggregation equipmenpisonal and would typically connect in a redundiashion to provide hardware and data
path diversity. A Spanning Tree protocol (IEEE 80@1s or Cisco PVRST+) is implemented in the La¥@ccess to prevent Layer 2 loops in
a meshed topology.

Point-to-point and multipoint-to-multipoint VLAN-Is&d (802.1Q trunk UNI), and port-based (802.1Q ¢liiNI) services can be offered
concurrently on this network infrastructure.

This topology is also used to highlight new funotat the access or aggregation layer, which walldev the service provider to offer value-
added services on top of an existing port-basedrEét Multipoint Service (EM$)he desired behavior includes the capability ehiifying
service frames based on the value of an outer VUAKSP-VLAN) and an inner VLAN ID (CE-VLAN). Bothfahese values are used in
combination as a unique identifier for mappingfteafor special handling, which could include mappito an EOMPLS virtual circuit, VPLS
virtual circuit, or MPLS VPN. Figure 6 illustratdéisis topology.

*Some service providers have termed this behavior “service gateway.”
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Figure 6
Service Gateway Functions

For more information on Bundling UNI Attribute, plee contact your Cisco Systems account represantati
This topology shares the same benefits and liroitatas the Switched Hub-and-Spoke Topology predesasier.
Table 7 lists the hardware components coveredeneasted Cisco Metro Ethernet solution requiredejploy this architecture.

Table 7. NID to Hub-and-Spoke Component Part Numbers

U-PE PE-AGG, U-PE, Gateway N-PE
Customer
Equipment- Chassis/ Aggregation- Access- Chassis/ Aggregation- Chassis/
Facing Line Supervisor Facing Line Facing Line Supervisor Edge-Facing Facing Line Supervisor Core-Facing
Cards Engines Cards Cards Engines Line Cards Cards Engines Line Cards
2a | WS-X6748- | Cisco WS-X6724- WS-X6724- Cisco WS-X6704- 4GE-SFP-LC | Cisco 12000 ISE E3
GE-TX Catalyst 6500 = SFP SFP 7600/Cisco 10GE Series with: POS/GE
Serieswilh: | \ys 6748 ws-xe7ds. | CHAVSLES00 g ya7os. PRP-2
WS-SUP720- series with:
SFP SFP SFP
3B(XL) WS-SUP720-
(CatOSs) WS-X6748- 3BXL WS-X6748-
GE-TX XL) SFP
WS-F6700- OSM-2+4GE-
DFC3BXL WAN
WS-F6700-
DFC3BXL
2b | WS-X4448- | Cisco WS-X4306- WS-X4448- Cisco Catalyst WS-X4306-GB | WS-X6724- Cisco OSM-2+4GE-
GB-RJ45 Catalyst 4500 | GB GB-RJ45 4500 Series SFP 7600/Cisco WAN
Series with: with: WS-x4448- Catalyst 6500
WS-X4306- ' WS-X4448- WS-X4306- ' GB-SFP WS-X6748- . ith: OSM-10C48-
GB WS-X4516 GB-SFP GB WS-X4516 SFP series with: POS-SI+
WS-X4448- WS-X4448- WS-X6748- \é\éS)—(SLUWZO—
GB-SFP GB-SFP GE-TX XL)
WS-X6582-
2PA
PA-AB-
OC3MM
WS-F6700-
DFC3BXL
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Customer
Equipment-
Facing Line
Cards

2c | WS-

X6148A-
GE-TX

WS-X6148-
FE-SFP

U-PE

Chassis/
Supervisor
Engines

Cisco
Catalyst 6500
Series with:

WS-SUP32-
8GE (Cisco
Catalyst OS)

Aggregation-
Facing Line
Cards

WS-X6724-
SFP

WS-X6748-
SFP

Access-
Facing Line
Cards

WS-X6724-
SFP

WS-X6748-
SFP

WS-X6748-
GE-TX

WS-F6700-
DFC3BXL

PE-AGG, U-PE, Gateway

Chassis/
Supervisor
Engines

Cisco
7600/Ciso
Catalyst 6500
series with:

WS-SUP720-
3B(XL)

Edge-Facing
Line Cards

WS-X6704-
10GE

WS-X6724-
SFP

WS-X6748-
SFP

OSM-2+4GE-
WAN

WS-F6700-
DFC3BXL

Aggregation-
Facing Line
Cards

4GE-SFP-LC

N-PE

Chassis/
Supervisor
Engines

Cisco 12000
Series with:

PRP-2

Core-Facing
Line Cards

ISE E3
POS/GE

Note: For distributed mode operation, the Cisco 6500/7&68ks line card’s DFC should match the supengsgine’s PFC (PFC 3BXL and
DFC3 BXL, for example).

Topology 2a represents deployments using a scadaoldully redundant access device using the Giatalyst 6500 Series Supervisor Engine
720 PFC 3B/3BXL. Observe also that the optionalisergateway function could be performed at theA®&s layer with the presence of an
OSM-2+4GEWAN (used for advanced Q-in-Q mapping aotdfor performing MPLS provider edge functions).

Topology 2b represents deployments in which the®@atalyst 4500 Series is used as U-PE/PE-AGG.

Topology 2c represents a deployment scenario gitailda but is suited for a smaller central offmeess device using the Cisco Catalyst 6500
Series Supervisor Engine 32.
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Switched Gigabit Ethernet Ring Topology

Figure 7
Switched Gigabit Ethernet Ring

The switched Gigabit Ethernet ring topology is etterized by the deployment of access equipmelawiolg a ring fiber layout (Figure 7).
The UNI (through the U-PE) can attach directlyhte access or edge devices.

Gigabit Ethernet rings can also aggregate to aiomgitaggregation device or directly to the edgefptms. A Spanning Tree protocol (IEEE
802.1w/1s or Cisco PVRST+) is implemented in theeas to prevent Layer 2 loops in a meshed topology.

Point-to-point and multipoint-to-multipoint VLAN-z&d (802.1Q trunk UNI), and Port-based (802.1QeukiNI) services can be
concurrently offered on this network infrastructure

Table 8 highlights the benefits and limitationglté topology.

Table 8. Benefits and Limitations of Gigabit Ethernet Ring Topology

Benefits Limitations

Fits deployments in which fiber availability for a star topology is Bandwidth in the ring is shared among the access nodes. Proper
unfeasible, thus allowing for the interconnection of access devices capacity planning and engineering or protocol operation must be
over a ring layout. considered in order to guarantee fair access to this common resource

and to protect traffic with tighter SLAs.

The number of interfaces required at the aggregation or edge node is | Sizing the number of nodes in the ring must be done in alignment
not directly proportional to the number of access nodes. with the expected traffic restoration times (jitter, latency) in case of
ring failures.

Note: Dual-home connections between customer equipmehthenservice provider network are not considendgigure 7. For more
information about this topic, please contact yoisc@ Systems account team.
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Table 9 lists the hardware components coveredeneasted Cisco Metro Ethernet solution requiredeploy this architecture.

Table 9.

U-PE

3a ME-C3750-
24TE

3b WS-C3550-
127

WS-C3550-
12G

WS-C3550-24

Note:

Access-Facing
Line Cards

WS-X6724-SFP
WS-X6748-SFP
WS-X6748-GE-TX

WS-F6700-
DFC3BXL

WS-X4448-GB-
RJ45

WS-X4306-GB

WS-X4448-GB-
SFP

DFC 3BXL, for example).

PE-AGG, U-PE

Chassis/
Supervisor
Engines

Cisco
7600/Cisco
Catalyst 6500
series with:

WS-SUP720-
3B(XL)

Cisco Catalyst
4500 Series
with:

WS-X4516

Gigabit Ethernet Ring Component Product Numbers

Edge-Facing Line
Cards

WS-X6724-SFP
WS-X6748-SFP
WS-X6704-10GE
WS-X6748-GE-TX

WS-F6700-
DFC3BXL

WS-X4306-GB

WS-X4448-GB-
SFP

Aggregation-Facing
Line Cards

WS-X6724-SFP
WS-X6748-SFP
WS-X6704-10GE
WS-X6748-GE-TX
WS-X6582-2PA
PA-A6-OC3MM

WS-F6700-DFC3BXL

WS-X6724-SFP
WS-X6748-SFP
WS-X6704-10GE
WS-X6748-GE-TX
WS-X6582-2PA
PA-A6-OC3MM

WS-F6700-DFC3BXL

N-PE, U-PE (in CO)

Chassis/Supervisor
Engines

Cisco 7600/Cisco
Catalyst 6500 series
with:

WS-SUP720-3B(XL)

Cisco 7600/Cisco
Catalyst 6500 Series
with:

WS-SUP720-3B(XL)

Core-Facing Line
Cards

OSM-2+4GE-WAN

OSM-10C48-POS-
Sl+

OSM-2+4GE-WAN

OSM-10C48-POS-
Si+

For distributed mode operation, the Cisco 6500/7&8es line card’'s DFC should match the supendsgine’s PFC (PFC 3BXL and

Topology 3a applies to deployments with a ring ffilagout and small access devices aggregating pheltustomers outside the central office.

Topology 3b represents a deployment with an iredatlase of Cisco Catalyst 3550 Series accessiringsich the organization might
consider a migration of the Cisco 7600/Cisco Catahp00 series Supervisor Engine 2 to Supervisgirten720 PFC 3B/3BXL.

Cisco Systems, Inc.
All contents are Copyright © 1992—-2005 Cisco Systems, Inc. All rights reserved. Important Notices and Privacy Statement.

Page 14 of 17



Integrated Optical Topology

Figure 8
Integrated Optical Topology

The access network in an integrated optical topotmyld be Ethernet over dark fiber or Etherner d&@NET/SDH while keeping the service
characteristics consistent (Figure 8). The SONEHS$IBtwork is provisioned with Resilient Packet R{RPR) for ring protection.

A Spanning Tree protocol (IEEE 802.1w/1s or CistRBT+) is implemented in the Layer 2 Ethernet pathe network in order to prevent
Layer 2 loops in a meshed topology, but it is mofuired over SONET/SDH because RPR takes careyefr l2aredundancy.

Point-to-point and multipoint-to-multipoint VLAN-Is&d (802.1Q trunk UNI), and port-based (802.1Q ¢liiNI) services can be offered
concurrently in this network infrastructure. In #&@xh to a switched Ethernet offering, the topolagpuld also support Ethernet Private Line
(EPL) services.

Note: Dual-home connections between customer equipmehttemservice provider's network are not illustcaite. For more information
about this topic, please contact your Cisco Systrosunt representative.

Table 10 highlights the benefits and limitationdto$ topology.

Table 10.  Benefits and Limitation of Integrated Optical Topology

Benefits Limitations

Fits deployments in which fiber availability for a star topology is Advanced data capabilities (Ethernet switching, RPR, and MPLS, for
unfeasible, thus allowing for the interconnection of access devices example) might not be present in existing add-drop multiplexer
over a ring layout. (ADM) and thus require a full upgrade.

The number of interfaces required at the aggregation or edge node is | Cost of equivalent solution based on Ethernet switches and routers
not directly proportional to the number of access nodes. might be lower.
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Benefits

Limitations

Meets 50-millisecond resiliency requirements typical of SONET/SDH

networks

Allows a service provider to continue to offer (if desired) traditional
time-division multiplexing (TDM) services

Table 11 lists the hardware components covereldendsted Metro Ethernet solution required to defiés architecture.

Table 11.

Customer
Equipment-
Facing Line
Cards

4a 15454-
ML100T-12

15454-
ML1000-2

4b 15310-CE-
100T-8

15310-ML-
100T-8

Note:

U-PE

Chassis/
Common
Cards

15454-
TCC2

15454-XC-
10G

15310-CL

Aggregation-
Facing Line
Cards

15454-
0OC12xx

15454-
OC48xx

oc12LC

Integrated Optical Component Details

PE-AGG, U-PE
Access- Chassis/
Facing Line Common
Cards Cards
15454-OC12xx 15454-
15454-0C48xx Teez
15454- 12254-xc-
ML100T-12
15454-
ML1000-2
15454-OC12xx 15454-
15454- Teez
ML100T-12 15454-XC-
15454- 106
ML1000-2
15454-CE-
100T-8

Edge-
Facing Line
Cards

15454-
ML1000-2

15454-
ML1000-2
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Aggregation-
Facing Line
Cards

WS-X6724-SFP
WS-X6748-SFP

WS-X6748-GE-
>

WS-X6582-2PA
PA-A6-OC3MM

WS-F6700-
DFC3BXL

WS-X6724-SFP
WS-X6748-SFP

WS-X6748-GE-
X

WS-X6582-2PA
PA-A6-OC3MM

WS-F6700-
DFC3BXL

N-PE

Chassis/
Supervisor
Engines

Cisco
7600/Cisco
Catalyst 6500
series with:

WS-SUP720-
3B(XL)

Cisco
7600/Cisco
Catalyst 6500
series with: WS-
SUP720-3B(XL)

Core-Facing
Line Cards

OSM-2+4GE-
WAN

OSM-10C48-
POS-SI+

OSM-2+4GE-
WAN

OSM-10C48-
POS-SI+

For distributed mode operation, the Cisco 7600/C{Satalyst 6500 series line card’s DFC should m#tetsupervisor engine’s PFC
(PFC 3BXL and DFC 3BXL, for example).
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