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Introduction

The last several years have witnessed the emergence of data protocols as the preponderant traffic elements on the public wide area network (WAN). In response, the ITU-T has begun work on the requirements for a future Packet-based Bearer Network (PBN).
This contribution will offer an evaluation mechanism against which to view the various candidate technologies for PBN. 

Discussion

Packet services remarkably diverge from legacy TDM services by their attributes. Typically packet services attributes are:

· Bandwidth profile (<CIR, PIR, CBS, PBS> or <CIR, EIR, CBS, EBS>), and 

· Quality of service (QoS) profile (<delay (Urgency), jitter, loss ratio (Importance)>). 

· Service resiliency (Quality of Protection)
Given the increasing proliferation of packet services on public telecommunications networks, the current practice of using of SONET/SDH Time Division Multiplexing, which has been designed to aggregate telephony circuits, is proving to be increasingly inefficient carrying packet services characterized by a range of B/W, QoS and Resiliency profiles, as it results in low bandwidth utilization.

Better performance, and as a result better cost, can be achieved, when Packet-based Bearer Network (PBN) layer mediates between the services layer and the transport/transmission layer.
PBN requirements can be analyzed from two different points of view: from the transport layer (L1, typically SONET/SDH) perspective, or the service layer (L3, typically IP) perspective.
In order to provide seamless integration between the services layer and the transport layer it would be beneficial to embed the same PBN technology as the ‘L2’ packet switching technology inside the service layer and inside the transport layer. This commonality will enable carriers to built multi-service transport networks that efficiently connect Next Generation service nodes. 
Hundreds of billion of dollars have been invested in SONET/SDH networks since 1985. As the popularity of packet services increases, one has to consider the architecture of transport networks. The problem is how to leverage existing transport networks to be 'packet friendly' i.e. enabling cost-effective, secure, scalable, manageable, and reliable packet services.

As the current situation in the telecom market creates business and technological uncertainties, it is essential that we: 

· Create packet “friendly” architectures that carry packet efficiently and is flexible enough to accommodate the ever-changing and unpredictable needs of packet services

· Substantially reduce operational costs, including provisioning and maintenance of bearers for emerging services.

· Leverage existing transport network assets and maintain interoperability with existing infrastructure and services.

· Support new low-cost transmission protocols like IEEE 802.3 (Ethernet). 

Fundamental requirements

The coming generation of PBN devices will have to meet the following requirements, in order to provide packet services and improve the profitability of service providers:

Multiservice support: Efficient adaptation of multiple clients (e.g. IPv4, IPv6, Ethernet?, MPLS?)  to PBN connections. The ability to carry new and legacy services from the same network element, besides the obvious CAPEX savings, fewer boxes to manage also results in lower OPEX.

Aggregation: efficient sharing of the physical bandwidth between multiple services with strict Service Level Specification requirements characterized by QoS profile. Data services by their very nature are “bursty”, and the transmission rates between customer end-points vary intermittently. The transition from legacy data services like Frame Relay, to new IP services is accompanied by continuous increase in peak rate to average rate ratio. Accordingly the importance of packet-based traffic management (e.g. over-subscription, statistical multiplexing, and CoS-based forwarding) within the PBN network is becoming more crucial, in order to guarantee cost-effective data services. 
Guaranteed performance: In order to enable high-value services, PBN must enable various connectivity services, with a range of qualities and prices. Network performance of high-quality services must be guaranteed under congestion conditions. 

Privacy: Strict separation of different services.
Lawful intercept: TBD.
Scalability: Support arbitrary network topologies (e.g. mesh, ring) and be able to expand bandwidth, topology and number-of-services monotonically without structural obstacles inherent to the network.

Managements: easy integration with existing OSS environment.

Billing and performance monitoring: Ability of the provider to monitor the traffic conditions and bill for the service delivered.

High availability / Reliable delivery of client traffic: Prevent, detect, and recover from facility and equipment failures and performance degradation.
A proposed criteria for candidate technologies

Requirements from Packet-based Bearer Network (PBN) can be decomposed to Data Plane, Control Plane and Management Plane requirements.

General requirements 
1. Provide simple solutions for simple problems, while being extensible to meet more complex needs. 

2. Where appropriate, leverage existing technologies available on the market.

3. Must support an extensible set of COPS and CLPS client services.
4. Must efficiently support p-t-p, multipoint and multicast services.
5. Must enable strict allocation of network resources for modes (COPS and CLPS), plans (Data, Management, Control) and individual services.
Data Plan requirements
6. Must support an extensible set of packet service types.

7. Should support unidirectional p-t-p and p-t-mp bearers.
8. Must support asynchronous packet multiplexing using traffic management capabilities that are suitable for controlled multiplexing of best-effort traffic, but can be extended to support contracted end-to-end service level specifications (SLSs) in the form <B/W profile, QoS profile, QoP profile >.

9.  Must work with any network topology.

10. Must be server layer / transmission layer agnostic.
11. PBN Packet header must provide client agnostic Urgency (priority/CoS) indication to support CoS characteristics.
12. PBN Packet header must provide client agnostic Importance (drop precedence) indication to aid in meeting QoS characteristics.
13. PBN Packet header must support for service tag with guaranteed uniqueness over the service domain.

14. Should Support service domain extensibility (multiple domains, extended domains, etc. implying large address space, address space expansion, or tag-stacking).
15. Packet forwarding should be based on fixed number of header bytes (at each stack level).
16. Packets belongs to flow/CoS should not be reordered. 
17. Single bearer may extend multiple server layer / transmission layer networks.
Control plan requirements
18. Must carry Control Plan signaling out-of-band in order to protect the network against security attacks. 
19. If data plan hierarchy (tag-stacking) will be supported, then control plan signaling at hierarchy ‘n’ must be ‘transparent’ to control plan at hierarchies ‘n-1’ and ‘n+1’. 
Management plan requirements
20. Carry Management Plan OOB in order to enable data plan fault isolation and repair.
21. Should provide a simple means of administering tags, compatible with existing carrier practice.
22. Must support protection mechanisms appropriate to ring and mesh topologies. 

23. Support various levels of resiliency (QoP) according to the service requirements.
24. Allow support for service independent OAM tools like

· Continuity verification

· Loopback

· Performance monitoring and SLS-compliance verification
25. Support Resource Management / Traffic management tools (e.g. pre-congestion indication).
Proposal
Based on the above, this contribution proposes that the list of criteria be adopted as preliminary evaluation mechanism against which to view the various candidate technologies for PBN.
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