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TECHNOLOGY OVERVIEW

The Dual-Homing Network Topology Design for ISP Optical Access Rings
represents a carrier-grade architectural framework engineered to eliminate
single points of failure within metropolitan and regional optical access
networks. This design methodology enables ISP access rings to maintain
continuous  service availability through redundant physical paths,
hardware-level failover mechanisms, and sub-50ms protection switching
compliant with ITU-T G.8032 Ethernet Ring Protection Switching (ERPS)
standards. The topology supports simultaneous dual-homed connectivity
between access ring nodes and dual aggregation routers, ensuring that any
single fiber cut, transceiver failure, or chassis fault does not interrupt subscriber
traffic. This document serves as the authoritative compliance register and
technical specification for network architects, ISP infrastructure planners, and

carrier engineering teams deploying high-availability optical access rings.



HARDWARE-LEVEL FAILOVER REDUNDANCY

The Dual-Homing Network Topology Design integrates hardware redundancy
at every critical layer of the access ring infrastructure. Each access ring node is
equipped with dual hot-swappable power supplies, redundant fan trays, and
dual-homed uplink interfaces connected to physically diverse aggregation
routers. The forwarding plane utilizes hardware-based link aggregation (LACP)
and Ethernet Ring Protection Switching (ERPS) to achieve deterministic failover
without relying on software-based convergence. In the event of a primary path
failure, the secondary path is activated within 50 milliseconds, ensuring voice,
video, and mission-critical data services remain uninterrupted. The aggregation
layer employs redundant control plane processors and non-stop forwarding
(NSF) capabilities to maintain routing adjacencies during supervisor failover

events. The access ring nodes support dual-homing to two distinct aggregation



routers through independent physical interfaces, providing both link-level and

node-level redundancy.

PROTOCOL SUPPORT MATRIX

The Dual-Homing Network Topology Design supports a comprehensive suite of
carrier-grade protocols essential for ISP optical access ring deployments.
Ethernet Ring Protection Switching (ERPS) per ITU-T G.8032 v1/v2 provides
sub-50ms protection switching across ring topologies. Link Aggregation
Control Protocol (LACP) per IEEE 802.3ad enables resilient bundled uplinks with
load-sharing capabilities. Rapid Spanning Tree Protocol (RSTP) and Multiple
Spanning Tree Protocol (MSTP) per IEEE 802.1w/802.1s provide additional loop
prevention and topology convergence mechanisms. For routing redundancy,
the design supports Virtual Router Redundancy Protocol (VRRP), Border
Gateway Protocol (BGP) with graceful restart, and Open Shortest Path First
(OSPF) with fast hello and bidirectional forwarding detection (BFD). Carrier
Ethernet services are delivered in compliance with MEF CE 2.0 standards,
including E-Line, E-LAN, and E-Access service types. Synchronization is
maintained through ITU-T G.8262/G.8264 Synchronous Ethernet and IEEE

1588v2 Precision Time Protocol (PTP).

CORE PARAMETERS



Each access ring node within the Dual-Homing Network Topology Design
delivers wire-speed forwarding across all interfaces with a switching capacity of
480 Gbps and a packet forwarding rate of 357 Mpps. The hardware platform
supports up to 48 x 10GE SFP+ ports, 4 x 40GE QSFP+ uplink ports, and 2 x
100GE QSFP28 aggregation interfaces. The packet buffer architecture provides
12 MB of shared buffer memory per port group, enabling effective traffic
shaping and QoS enforcement under bursty traffic conditions. The system
operates with a typical power consumption of 350W under full load and
supports dual redundant -48V DC or 220V AC power inputs. The operating
temperature range is -5°C to 55°C, with an MTBF rating exceeding 350,000
hours. The chassis supports 1RU form factor for space-constrained access sites
and modular 2RU configurations for aggregation nodes requiring additional

line card flexibility.

Parameter Specification

Form Factor 1RU Standard / 2RU Modular Chassis
Switching Capacity 480 Gbps (full-duplex)

Packet Forwarding Rate 357 Mpps (64-byte packets)

Uplink Interfaces 4 x 40GE QSFP+ / 2 x T00GE QSFP28
Access Interfaces 48 x 10GE SFP+ / 48 x 1GE SFP
Packet Buffer 12 MB shared buffer per port group




Power Supply

Dual  Hot-Swappable  Redundant

AC/DC (-48V DC / 220V AQC)

Power Consumption

350W typical (full load)

Operating Temperature

-5°C to 55°C

MTBF

>350,000 hours (Telcordia SR-332)

Protection Switching

<50ms (ITU-T G.8032 ERPS)

NEBS Compliance

Level 3 (GR-1089-CORE, GR-63-CORE)

RoHS Compliance

Yes (RoHS 2.0)

Lifecycle Support

10 years hardware / 5 years major

software

LIFECYCLE ASSURANCE (MTBF)

The Dual-Homing Network Topology Design is engineered for a minimum

service life of 10 years under continuous operation. The MTBF rating for the

access ring node platform exceeds 350,000 hours, validated through Telcordia

SR-332 reliability prediction methodology. The redundant power supply and

fan tray assemblies are designed for hot-swappable field replacement with an

MTTR of less than 15 minutes. Software lifecycle support includes five years of

major release updates and ten years of critical security patches. The hardware

platform complies with NEBS Level 3 (GR-1089-CORE, GR-63-CORE) for




carrier-grade environmental and electromagnetic robustness. All components
are RoHS compliant and support end-of-life recycling programs. The
dual-homing architecture itself reduces operational expenditure by minimizing
truck rolls and service interruptions, with an estimated 40% reduction in mean

time to repair (MTTR) for ring-level faults.

TARGET BACKBONE TOPOLOGIES

The Dual-Homing Network Topology Design is optimized for the following ISP
optical access ring deployment scenarios: Metro Ethernet access rings with 4 to
16 nodes per ring, where each node dual-homes to two aggregation routers
located in separate points of presence (PoPs). Regional ISP backhaul rings
connecting remote DSLAMs or OLTs to a centralized BNG or service edge
platform. Mobile backhaul rings connecting cell site routers (CSRs) to
pre-aggregation and aggregation nodes with strict latency and jitter
requirements. Enterprise campus ring topologies where building access
switches dual-home to core switches with ERPS and LACP protection. The
design supports mixed ring and hub-and-spoke topologies, allowing seamless
integration with existing SDH/SONET or dark fiber infrastructure. All topologies
are validated for interoperability with major NMS/OSS platforms and support

zero-touch provisioning (ZTP) for rapid service activation.
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