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Abstraction:


This contribution discusses the transport stratum in NGN framework, and proposes that a three-layer model is used to describe the transport stratum, including IP layer (named “service bearer layer”), CO-PS layer and CO-CS layer. The latter two layers compose of the so-called “transport path layer”.

1 Background

Next Generation Network (NGN) has been expected to provide various types of services to end users, including which require strict Quality of Service(reference to  Y.2001 section 6：“Support for a wide range of services, applications and mechanisms based on service building blocks (including real time/ streaming/ non-real time services and multi-media)”). Upon such requirements, the ability of transport stratum is a key point that determines which services can be implemented in NGN. 

Figure2/Y.2011 illustrates the NGN Basic Reference Model (NGN BRM), including service stratum and transport stratum. Each stratum has three planes: user plane, control plane and management plane. In current Y.NGN-FRA (section 10: Functional architecture of NGN), all three planes of transport stratum are still in TBD status.

This contribution discusses the laying in the transport stratum. 

2 Discussions

Since the TCP/IP protocol has been widely used in today’s data communication and the termination equipments at end user’s side often support IP (Internet Protocol), the NGN services are likely based on IP (reference to section 7.1/Y.2011：For NGN it is considered that IP (Internet Protocol) may be the preferred protocol used to provide NGN services as well as supporting legacy services.)

IP can be regarded as a most “upper” layer network in transport stratum, which provides user-to-user connectivity. Different kinds of applications may be adapted to a unified IP layer network using different adaptation functions, as depicted in figure 1 below (using diagrammatic conventions defined in G.805/G.809,but reference points are omitted)：
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Figure 1: different applications adapted to a unified IP layer network

As IP layer network is connectionless, there are some limitations or shortcomings when the transport functions are merely composed of IP network:

(1) Control of network resource: It is hard to predict and manage the resources to be used when data is forwarded in a hop-by-hop scheme. This will affect the service applications. For example, to a session based application, it is hard to control the call/session admission since no enough resource information. Quality of service is also hare to be guaranteed without precise resource management.

(2)Scalability: From the view of network layering, all forwarding equipments (Routers) in a pure IP networks, are peer-to-peer, they are all l3 equipments, and meanwhile IP layer is not recursive today. Such a network is too “flat” to be scalable. So the routers near the core network need bigger routing table than the routers near the edge. The core routers will be the bottleneck of the network when the network becomes bigger and bigger. 

(3) Recursive: Since all IP routers are peer-to-peer in IP layer, so all carriers’ IP network are peer-to-peer. It is hard to meet the requirement that one carrier need a tunnel passing through another carrier’s network, especially when the “customer” carrier does not want the information of his own network architecture to be detected by the carrier’s carrier.

So it is important to operation of NGN that a connection-oriented layer network is provided under IP layer network. The main advantages are:

(1)Control of network resources: When a connection-oriented technique is implemented between the network elements, the network resources can be fully under control, just as the implementation of MPLS network today. 

(2)Scalability: Since this connection-oriented layer network is under IP layer, tunnels conveying IP flows can be provided. For part of services, data can be transported in these tunnels under IP layer, without being forwarded packet by packet in IP layer. It is helpful to simplify the requirements of core network equipment. 

(3)Flexible operation of network: One carrier can provide tunnels to another carrier; these tunnels are transparent to the service in tunnels. 

(4)Extra services:  Besides conveying IP flows, this connection-oriented layer network can provide some extra services such as lease lines, virtual lease lines etc.

(5) Benefiting the network planning:  With this connection-oriented layer network, it is possible to plan the resources of transport, establish the connection-oriented transport layer network. Based on this transport network, IP layer switching nodes can be deployed to provide service to users.  A manageable network can be established on such a scheme. 

The connection-oriented network that is discussed above can be named “transport path layer”, while IP can be named “service bearer layer” relatively. The definition of “transport path layer” can refer to G.805 (section 5.3.3.2): “Path layer network – provides the information transfer capability required to support various types of services. Path layer networks are independent of transmission media layer networks. The description of the path layer network is the main application of this Recommendation.”
“Transport path layer” can be further divided into CO-PS (connection-oriented packet switch) layer and CO-CS (connection-oriented circuit switch) layer. The technologies for CO-CS are mainly the legacy optical transport technologies, such as SDH etc. 

The protocol stack including IP layer, CO-PS layer and CO-CS layer is illustrated in figure 2 below：
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Figure 2: Protocol stack including IP layer, CO-PS layer and CO-CS layer


Although CO-PS layer is apparently different with CO-CS layer, from view of the network architecture, a lot of common requirements can be found between these two layers, for example, they both provide connection-oriented tunnels for their client layer. 

IP layer and CO-PS layer are both packet switch layer networks, but there are some important differences. Besides the technological difference (connectionless vs connection-oriented), there are some differences in applications. Briefly, IP need take care of service establishing, while CO-PS (with CO-CS) guarantees the quality of service in transportation of service through the whole network. Table 1 lists some attributions, which are different between IP layer and CO-PS layer in NGN:

Table 1: difference between IP layer and CO-PS layer in NGN

	Attributions
	IP layer
	CO-PS layer

	Main objectives
	Establish and switch the end user-end user connectivity 
	Establish and switch the trunk(or tunnel) for IP flows

	User plane functions
	Adapt the information from different applications 
Forward/switch IP flows
	Adapt the information from different IP flows 
Forward/switch trunks/tunnels

	Control plane functions
	Call/session admission control

establish the end user-to-end user connectivity
	Establish the trunk link 

Control the resources of trunk links

	Management plane functions
	Charge by used time

Manage the end user’s account 
	Likely charge by bandwidth 

	scalability
	Non recursive
	recursive


The figure 3 below illustrates the relationship between IP layer, CO-PS layer and CO-CS layer, using the methodology defined in G.805, G.809. Note that reference points and some point-to-point link layer trail are omitted in this figure.
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Figure 3: Illustration of three layers in transport stratum

Necessity of discussing the layering in transport stratum:

(1)From the transport functions of NGN services, it is necessary to consider the requirements for IP layer and requirements for CO-PS separately. Meanwhile, it is necessary to realize the possible existence of CO-PS and IP layer should not unnecessarily be expected to meet all requirements in NGN service transport.

(2)Since NGN emphasizes an open architecture, layering the transport stratum is helpful to discuss the interfaces between these three layers’ user/control/management planes.  

(3)Although CO-PS is a packet switch network, its management and control functions are quite different with IP layer, and analogous with CO-CS network. From technology’ view, IP layer is connectionless while CO-PS and CO-CS are both connection-oriented. That means IP layer forwards packet hop-by-hop while CO-PS forwards packet along a pre-established path. So CO-PS has a quite different manner with IP layer in control and management aspects. From network operation’s view, IP layer provides end user-to-end user connectivity where some service platforms (such as Softswitch) may control the admission of these connectivity, while CO-PS aggregates these IP flows and provides tunnels among those IP nodes. So CO-PS’s management and control function is more similar with CO-CS network, such as SDH network in PSTN today. And it is possible using unified control and management plane technology to control and manage the CO-PS and CO-CS layer networks in NGN. (Reference to section 7.1/Y.2011:
 “In NGNs employing unified control plane technology according to Recommendation G.807, such as ASON  and GMPLS, equivalent control plane functions at multiple layers can be instantiated in a single protocol.”
“ In NGNs employing unified management plane technology according to Recommendation M.3010  equivalent management plane functions at multiple layers can be instantiated in a single protocol (within and across NGN strata).”).
3 Proposals

This contribution proposes:

(1)In Y.NGN-FRA, the transport stratum is composed of two layer networks: service bearer layer (IP layer), transport path layer, transport path layer can be further divided into CO-PS layer and CO-CS layer. 

(2)Figure 2 and 3 of this contribution can be used in section 10/Y.NGN-FRA to illustrate the layering of transport stratum, which is based on G.805 and G.809.

(3)The relation of user/control/management planes between these three layer networks should be discussed further. 
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