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Abstracts

In this document, work scope for establishing Ethernet based NGN architecture is proposed. Optical Ethernet is an architecture that employs intelligent, lightweight IP protocols for control of cost-effective Ethernet switches. The extent of work and issues beyond the scope are defined. Distinction to other liaison body, such as MEF (Metro Ethernet Forum) and IEEE, are specified. Future plan and some important issues to study are listed.

Introduction

In the last several years, Ethernet has become a prevalent technology in the area of both private network and metro access network mainly because it is inexpensive and easy to use. Some network service providers now desire to push Ethernet beyond the range of MAN/WANs where long-haul technologies, such as SONET, are still dominant. The hope the network could be based entirely on Ethernet simplify network management as well as make operations more efficient and less expensive by eliminating overhead for converting between Ethernet and other technologies. However, industry experts note that Ethernet doesn’t offer the scalability, reliability and quality of service that ATM and MPLS provide. 
In order to overcome such limitation, Ethernet needs some enhancement. However, the level of sophistication must not harm simple and economic feature of Ethernet. One way to achieve this goal with reasonable solution will be applying the approach taken when ATM and IP are combined using MPLS technology [ATMMPLS]. In ATM-MPLS network, ATM switches provide service for reliable and efficient transmission of IP data via ATM domain. While IP protocols govern ATM switches, intrinsic feature of underlying cell-switching hardware is not required to modify. Similar approach can be taken when considering improvement of Ethernet.

The Optical Ethernet architecture is broadly characterized as employment of lightweight Internet protocol for control of Ethernet data flows. In underlying hardware layer, most data link feature and interface defined in IEEE 802.3 will not be altered. However, intelligent signaling and routing control that understands IP protocols will be necessary in replacement to simple bridge control algorithms [STP][MSTP]. 
Relationship with previous work and similar approaches in other standard body are explained in chapter 1. The area of work can largely be divided in two domains, Customer Premise Network (CPN) and Provider Network (PN), depends on the characteristics of requirements. Some major issues related to CPN are support for user level QoS signaling, flow identification in local switches, auto-configuration, etc. Detail of the work scope in CPN is proposed in chapter 2. In provider’s network (PN), major subject will be control and management of high-performance Ethernet switches, including optical switches, in replacement to sophisticated core routers. Work scope in PN is presented in chapter 3. 
1. Clarification on Position of Optical Ethernet to Related Work

Recommendations Y.2001 and Y.2011 contains general overview, requirements and reference model for NGN architecture. While the documents well define conceptual elements that will necessary for building NGN, practical issues such as simple and integrated solution helpful for equipment manufacturers have not been discussed in depth. There can be many technical solutions achieving the goal of NGN, however the proposed Optical Ethernet group [OPETH] will mainly focus on Ethernet switching technology to meet the requirements of NGN.

The overall scope of the work will cover not only the area of customer’s local network but provider’s access network and core network that employ Ethernet switch for primary building block. Each individually administered Ethernet, whether it is residential network or national backbone, is termed as Ethernet cloud. While recommendation Y.123.qos and others deal with similar issues regarding QoS management in an access network, this group will put most effort on control and management aspect across clouds of Ethernet spanning core network.
 The area of interest may overlap with MEF (Metro Ethernet Forum) since MEF is also motivated on carrier service of Ethernet. However, MEF focuses on issues related to technical interoperability between manufacturers of different implementation [MEF]. In contrast, Optical Ethernet group will concentrate on technical solutions and producing specifications helpful for implementers. 

There have been similar approaches in IEEE, such as 802.1ad Provider Bridging [PBRG]. Major goal of 802.1ad is providing transparent MAC service between users in different LAN via provider network. In terms of base technology, it is somewhat similar to Optical Ethernet. However, key solution will be slightly different because Optical Ethernet will broadly employ IP like technology, such as routing and MPLS. Furthermore, support for multi-protocols other than IP, such as IPX, Appletalk, is not considered imminent task in achieving NGN. Hence this group will focus only on efficient delivery of IP data over Ethernet. 

In Optical Ethernet, primary means for forwarding data is MAC level frame switching. Although gateway function such as IP packet lookup and forwarding is necessary at some border of Ethernet clouds, IP level interworking between clouds of network is not direct concern of the group. In general, techniques that do not rely on information in Ethernet header in forwarding decision, such as EoS (Ethernet over SONET) or EoMPLS (ex, L2VPN, VPLS, VPWS…), are out of scope. Thus the group will, at the moment, only consider Ethernet over dark-fiber or WDM technology for transmission medium of Ethernet frames. 
It is noted that in current specification of MPLS [MPLS] and GMPLS architecture [CCAMP], support for switches that are only capable of layer-2 forwarding, such as Ethernet bridge, is not defined. As a result, when two MPLS nodes are connected via Ethernet switches, Ethernet nodes do not take a role in managing MPLS traffic, although the actual performance bottleneck may be in Ethernet switches. However in Optical Ethernet domain, routers and Ethernet switches will tightly cooperate in controlling traffic and reliving congestion.

Figure.1 describes conceptual overview of host-to-host deliver of user data through Optical Ethernet. In figure.1, CPNs are connected to PN via IP gateways. User data is switched via MAC layer except PN’s edge. Ethernet switches and IP gateways share knowledge of network condition using IP protocols. IP gateways in PN’s boundary control traffic flows crossing Ethernet switches. 
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Figure.1   Ethernet based NGN structure
In summary, major issues that this group will discuss are listed below.

-
QoS architecture of Optical Ethernet and mapping of service class with other protocols

-
Control and management structure including routing and signaling protocols

-
Requirements to MAC level switching hardware for service differentiation

-
Recommendation for UNI and NNI interface

-
MAC level support for IPv4 and IPv6 specific functions

-
Application guideline for major upper layer services such as VoIP, IP-TV or VoD

-
Support for generic mobility

-
Near-zero configuration and auto discovery

· Strategy for non-destructive transition to all-Ethernet based NGN
· May support for both synchronous and asynchronous transports at MAC layer
2. Optical Ethernet in Customer Premise Network (CPN)

A CPN is the source and sink of Ethernet traffic. Residential network or enterprise network that consists of Ethernet switches belong to this category. Terminal users locate in CPN and produce diverse requests for network service to ISP, such as call request for high-quality videophone or channel request for HD movie. In this case, per flow resource reservation may be necessary even in residential network. For example, a user may not want his important videophone communication disrupted because kids in next room enjoy high-quality videogame via network. Hence a mechanism is necessary to protect value-added traffic from non-commercial traffic.

Furthermore, reliability and security of individual communication, in short per-flow protection, are prime concern in network of open, shared community, such as University campus, because theft of service quality from internal user may happen. It is required that service providers are able to provide value-added traffic of guaranteed quality via any private network without worry of payment dispute. For these reasons, an important mission of Optical Ethernet in the area of CPN is provisioning simple, trustworthy, and scalable means for signaling and resource reservation per service flow of individual user. 

Note that it has been known that methods for per-flow reservation in backbone network is not scalable, however, we argue that ability to identify micro-flows in local network is not only appropriate for commercial service, but useful for traffic management in backbone because backbone operator may precisely control input flows according to network condition. This does not necessarily mean that millions of states for each micro-flows must be maintained at backbone switches. Micro-flows in CPN can be aggregated at the entrance node of PN according to provider’s policy. However, a reversible de-aggregation method at the exit of PN must also be provided.

The method for flow identification and resource allocation must be simple enough that vendors are able to implement the technique without burden of excessive processing overhead compared to legacy Ethernet switches. In order to support per-flow resource reservation in CPN, capability for processing MAC level signaling and dynamic provisioning will be necessary at local switches. Some type of access media, such as EPON, has intrinsic mechanism for flow reservation, but others may not. Broad range of proposals for signaling and reservation will be investigated, and a generic mechanism for signaling in CPN will be proposed. Note that QoS control mechanism suggested in Y.123.qos does not deal with issues within CPN. 

Some major study items in relation to CPN service are listed below.

-
MAC level signaling and resource reservation for host-to-host connection

-
Simple QoS architecture for CPN and MAC level identification of service class

-
Micro-flow traffic management and load sharing in enterprise scale CPN

-
Seamless transition between wired and wireless connection

-
User triggered host-to-host connection protection

· Architecture for MAC level security and authentication for commercial service
· May support for both synchronous and asynchronous transports at MAC layer
3. Optical Ethernet in Provider Network (PN)

Typical ISP’s network consists of mixture of Ethernet switches, routers and other equipment. The role of Ethernet switches is usually simple aggregation of links, and routers perform major function for Internet service. Although IP router in modern network is important, not all functions of router are necessary at every node of network. For example, once a packet is examined and admitted at an ingress node of PN, the packet only needs forwarding service of approved quality inside the network. If core switches tightly cooperate with edge routers and have means to identify classified packets, data forwarding can be carried out at a simple, sub-IP level, such as MAC layer or optical layer. The Optical Ethernet achieves this goal by employing IP routing protocols and MPLS/GMPLS signaling protocols for control of high-performance Ethernet switches or optical switches. 

Note that work scope of GMPLS group [CCAMP] in IETF also includes optical switched network, however, support for layer-2 packet interface, such as Ethernet, is not considered at the moment. A clear distinction to GMPLS architecture is that Ethernet address will be the common denominator that relates IP prefixes, service classes and wavelengths, in Optical Ethernet. IP protocols control Ethernet hardware, however, forwarding hardware only examines MAC header and treats traffic flow according to Ethernet addresses. 
Some important work items to solve in relation to PN service are listed below.

-
Lightweight routing and signaling protocol for core Ethernet switches

-
MAC level frame classification in PN ideal for mapping to other protocols

-
Carrier class fast path protection and restoration

-
Transparent service provisioning for other protocol network

-
Support for optical switching network dedicated to Ethernet

-
Provisioning MAC level VPN service

-
Fast join and prune mechanism for scalable MAC level multicast 

· Support for generic mobility and fast handover in wide-area Ethernet backbone
· May support for both synchronous and asynchronous transports at MAC layer
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