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Abstract

This document provides an initial draft for TR-RACS based on the meeting decisions. 
Table of contents

31    Scope


32    Reference


43    Definitions and Terms


44    Abbreviations


45    Overview and requirements


45.1    Overview


55.2    High-level requirements


66    Scenarios


66.1    QoS scenarios


87     RACS Architecture


87.1   RACS within the NGN architecture


97.2    Functional architecture


97.3    Functional entities


97.3.1    RACS functional entities


107.3.2    Transport functional entities


117.3.3   Application Function


117.4    Reference points and Interfaces


117.4.1   Reference points


147.4.2    Interfaces between PDF and RCF


158     Procedures


158.1    Procedures for QoS control


158.1.1    The procedure of A-PDF checking resource availability


158.1.2    The procedure of I-PDF checking resource availability


158.2    Procedures for NAPT control


158.3    Procedures for Firewall control


159.    Inter-RACS communication for Support of end-to-end QoS


159.1    Scenarios and requirements for inter-RACS communication within an operator


199.2
Scenarios and requirements for inter-RACS communication between two operators


209.3    Reference point for inter-RACS communication


209.4    Procedures of inter-RACS communication for support of end-to-end QoS control


21Annex A: Examples of realisation


21Annex B: PDF in 3GPP IMS architecture


21Annex C: ARCF and NRCF in Y.e2eqos.2 architecture




1    Scope
This document provides the high-level requirements, scenarios, functional architecture and decomposition of the NGN Resource and Admission Control Subsystems (RACS). The reference points and interfaces between the functional entities are described. The procedures for QoS control, NAPT control and gate control are described.

The inter-RACS communication is also described for support of end-to-end QoS control.  (Note: This statement as well as the related text and figures in the main body doesn’t reflect the consensus of the meeting.)
Network management is outside the scope of this document.

2    Reference
Editors’ note: The final version of references must be released documents.

Y.2011 

Y.FRA-NGN

Y.1291

Y.e2eqos.1

Y.e2eqos.2

3GPP TS23.207

TISPAN ES2021

[1] ITU-T draft Recommendation Y.2011 (Y.GRM-NGN), General principles and general reference model for Next Generation Networks
[2] TR-e2eqos.1, Requirements and framework for end-to-end QoS in NGN 
[3] 3GPP TS 23.228 Release 6, 3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; IP Multimedia Subsystem (IMS); Stage 2

[4] 3GPP TS 23.207 Release 6, End-to-end Quality of Service (QoS) concept and architecture
[5] 3GPP TS 29.207 Release 6, Policy control over Go interface
[6] DSL Forum TR-059, DSL Evolution - Architecture Requirements for the Support of QoS-enabled IP services
[7] RFC 2205, Resource ReSerVation Protocol (RSVP) Version 1 Functional Specification

[8] RFC 2327, SDP: Session Description Protocol

[9] RFC 2475, An Architecture for Differentiated Services (DiffServ).

[10] RFC 2753, A Framework for Policy-Based Admission Control
[11] RFC 3181, Signaled Preemption Priority Policy Element
[12] RFC 3182, Identity Representation for RSVP
[13] RFC 3261, Session Initiation Protocol (SIP)
[14] RFC 3312, Integration of Resource Management and Session Initiation Protocol (SIP)

[15] RFC 3313, Private Session Initiation Protocol (SIP) Extensions for Media Authorization
[16] RFC 3520, Session Authorization Policy Element

3    Definitions and Terms

<Check in ITU-T Terms and definitions database under http://www.itu.int/sancho/index.htm if the term is not already defined in another draft. It could be more consistent to refer to such a definition rather than refined it>

This draft defines the following terms:
4    Abbreviations

This draft uses the following abbreviations:

IETF
Internet Engineering Task Force

3GPP

TISPAN

QoS
Quality of Service

NAPT

IP
Internet Protocol

MPLS
Multiple Protocol Label Switching

DiffServ
Differentiated Service

RSVP
Resource ReSerVation Protocol
SLA
Service Level Agreement

CPE
Customer Premises Equipment

CPN
Customer Premises Network

NGN
Next Generation Network
AF              Application Function

PDF

RCF

BGF

5    Overview and requirements
5.1    Overview

In the NGN Architecture, the Resource and Admission Control Subsystem (RACS) provides QoS control (including resource reservation, admission control and policy control), NAPT control and gate control functionalities. QoS control involves checking authorisation and admitting based on user profiles, on operator specific policy rules, on resource availability within access and core transport.

The following figure 1 illustrates the position of the RACS in the overall NGN architecture. The RACS needs to interface the following components:

· The IP Multimedia Subsystem (IMS)
· The PSTN/ISDN Emulation Subsystem (PES)
· Other multimedia subsystem
· The Network Attachment SubSystem (NASS) 
· Network Management Functions (NMF)
· Transport Functions
· Interconnection Border Control Function (IBCF)
· RACS in other networks

[image: image1]
Figure 1: The position of the RACS in the overall NGN architecture

Editors’ note: This section should be aligned with WG2 effort on NGN architecture.  The NASS has not been defined in the NGN architecture by WG2.

5.2    High-level requirements

The RACS shall meet the following high-level requirements:

 (1) RACS shall control not only resource in access networks and at the network boundaies in accordance with network capabilities, but also resource in core networks.

(2) Acting as the arbitrator for resource negotiation between Application Function and Transport Function

RACS shall provide a mechanism to Application Function in different multimedia subsystems to reserve resources in the access and core transport.

(3) Checking QoS authorization based on not only user profiles and policy rules but also end-to-end resource availability

RACS may check on the end-to-end resource availability for real-time applications and so on. The checking could be loose or strict if the application needs relative QoS or absolute QoS.

(4) Support of both relative QoS control and absolute QoS control

In NGN, some applications need absolute QoS, some need relative QoS, and others may need only best-effort delivery. RACS shall support all.

(5) Support of NAPT control and firewall control

Usually NAPT and firewall functionalities reside on Border gateway function along with packets filtering and marking and traffic policing functionalities. So NAPT control and firewall control could be taken on together with QoS control by RACS.

(6) Support of different access and core transport technologies

RACS shall support different packet transport technologies, including xDSL, UMTS, Cable, LAN, WLAN, Ethernet, MPLS, IP, ATM and etc.

(7) Support of different user terminals intelligence and capability

Some user terminals may support the special QoS signalling (such as RSVP/NSIS) ability, while others may not. For those user terminals without the special QoS signalling ability, especially most of the existing ones, their applications with QoS requirements shall be considered.

(8) Support of applications across multiple administration domains

Consider those applications or services across two or more providers and operators.

(9) Support of different business models

Different business models may need QoS differentiation at different levels. For example:

QoS differentiation at the application flow level means that different application flows may receive different QoS treatment.

QoS differentiation at the service type level means that different service type traffic (such as VoIP, VoD, HTTP) may receive different QoS treatment.

QoS differentiation at the user level means that different user traffic may receive different QoS treatment.

(10) Support of access charging based on resource usage and QoS treatment 

RACS should be able to export charging information and session metrics for support of access charging based on different resource usage and QoS treatment.

6    Scenarios

These scenarios are not presently exhaustive.

Editors’ note: The intention is to indicate which scenarios are for release 1 or release independent. 

6.1    QoS scenarios

According to the different QoS request initiation and negotiation capability, there are four categories of CPE.

(1) CPE that cannot initiate explicit QoS requests through signalling;

(2) CPE that can initiate explicit QoS requests through a special path-coupled QoS signalling (e.g. RSVP, NISIS);

(3) CPE that can initiate explicit QoS requests through the application layer signalling that may be a special one or an existing one with QoS negotiation extensions (e.g. SDP/SIP);

(4) CPE that can negotiate explicit QoS requests through the coordination between the application layer signalling and a special path-coupled QoS signalling.

In accordance with the definitions in Y.1291, “Path-coupled” means that QoS signalling messages are routed only through the nodes that are potentially on the data path. Path-coupled signalling implies that signalling nodes must be co-located with routers. “Path-decoupled” means that QoS signalling messages are routed through nodes that are not assumed to be on the data path. Path-decoupled signalling implies that the entity terminating QoS signalling should be dedicated and separate from the forwarding entity, which is normally located in routers.
Considering different CPE capability, four main scenarios of QoS request initiation and negotiation between CPE and networks can be identified.

Scenario 1: QoS request is initiated by Application Function.

The CPE does not support the native QoS signalling. So it cannot initiate an explicit QoS request through signalling. It is the Application Function's (e.g. P-CSCF in IMS) responsibility to ‘determine’ the QoS needs of the user requested service, to request authorization from the RACS which control the transport layer resource admission, reservation and allocation.

(1) The CPE requests an application-specific service by sending a “Service Request” （e.g. SIP Invite）to the Application Function. This Service Request doesn’t contain any explicit QoS requirement parameters for this service.

(2) The Application Function determines the QoS requirement parameters (including bandwidth, delay, jitter, loss etc.) of the requested service, and then requests authorization from the RACS by sending a ‘Resource Request’ which contains these explicit QoS requirement parameters. 

(3) The RACS checks authorization based on user profile held in the NASS, on operator specific policy rules and on resource availability. If admitted, the RACS sends the gate control, packet marking and traffic control commands to the Transport Functions. 

Scenario 2: QoS request is initiated by CPE through the application layer signalling with QoS negotiation extensions.
The CPE supports the application layer signalling with QoS negotiation extensions. So it can initiate an explicit QoS request through the application layer signalling (e.g. SDP/SIP). It is the Application Function's (e.g. P-CSCF in IMS) responsibility to ‘extract’ the QoS requirement parameters from the user service request, to request authorization from the RACS which control the transport layer resource admission, reservation and allocation.

The difference between scenario 1 and 2 is whether the service request contains the explicit QoS requirement parameters.

(1) The CPE requests an application-specific service by sending a “Service Request” （e.g. SIP Invite）to the Application Function. This Service Request contains the explicit QoS requirement parameters for this service.

(2) The Application Function extracts the QoS requirement parameters (including bandwidth, delay, jitter, loss etc.) from the Service Request, and then requests authorization from the RACS by sending a ‘Resource Request’ which contains these explicit QoS requirement parameters. 

(3) The RACS checks authorization based on user profile held in the NASS, on operator specific policy rules and on resource availability. If admitted, the RACS sends the gate control, packet marking and traffic control commands to the Transport Functions. 

Scenario 3: QoS request is initiated to the Application Function by CPE through a special application layer QoS signalling. 

The CPE supports a special application layer QoS signalling. And it can initiate an explicit QoS request to the Application Function through this special signalling. The Application Function's extracts the QoS requirement parameters from the user QoS request, and then request authorization from the RACS which control the transport layer resource admission, reservation and allocation.

(1) Before or after sending a ‘Service Request’ for an application-specific service, the CPE initiate an explicit ‘QoS Request’ to the Application Function through a special application layer QoS signalling. This QoS Request contains the explicit QoS requirement parameters for this service.

(2) The Application Function extracts the QoS requirement parameters (including bandwidth, delay, jitter, loss etc.) from the ‘QoS Request’, and then requests authorization from the RACS by sending a ‘Resource Request’ to RACS which contains these explicit QoS requirement parameters. 

(3) The RACS checks authorization based on user profile held in the NASS, on operator specific policy rules and on resource availability. If authorized, the RACS sends the gate control, packet marking and traffic control commands to the Transport Functions. 

Scenario 4: QoS request is initiated to the Transport Functions by CPE through a special path-coupled QoS signalling. 

The CPE supports a special path-coupled QoS signalling (e.g. RSVP or NSIS), which means that QoS signalling messages pass only through the nodes on the data path. So the CPE can initiate an explicit QoS request (actually a resource reservation request) directly to the Transport Functions through this special path-coupled QoS signalling. But the QoS request needs prior authorization via the Application Function. 

So this scenario is a two-phase negotiation approach and needs the coordination between the application layer signalling and the special path-coupled QoS signalling. 
At the first phase,

(1) The CPE requests an application-specific service by sending a “Service Request” （e.g. SIP Invite）to the Application Function. This Service Request may or not contain any explicit QoS requirement parameters for this service.

(2) The Application Function extracts or determines the QoS requirement parameters (including bandwidth, delay, jitter, loss etc.) of the requested service, and then requests authorization from the RACS by sending a ‘Resource Request’ which contains these explicit QoS requirement parameters. 

(3) The RACS checks authorization based on user profile held in the NASS, on operator specific policy rules and on resource availability. If authorized, an authorization token is assigned to this service and informed to the CPE.  The token may be optional.

At the second phase,

(4) The CPE initiates an explicit ‘QoS Request’ (actually a resource reservation request) directly to the Transport Functions through a special path-coupled QoS signalling. This QoS Request contains the explicit QoS requirement parameters for an application-specific service. And it may also contain the authorization token.

(5) On receipt of the ‘QoS Request’, the transport function at the network edge sends the RACS an ‘Admission Request’ which may contain the authorization token. 

(6) The RACS makes admission control. If admitted, the RACS sends the gate control, packet marking and traffic control commands to the Transport Functions.
7     RACS Architecture

7.1   RACS within the NGN architecture

Within the NGN architecture, the RACS acts as the arbitrator for resource negotiation between Application Function and Transport Function as shown in figure 2.


[image: image2]
Figure 2:  RACS within the NGN architecture
The Application Function (e.g. P-CSCF in IMS) is an element offering the services that require the control of NGN transport resource.  The Application Function interacts with the RACS for the purposes of authorization of QoS resources, resource reservation, gate control and NAPT control.

The CPE interacts with the Application function and Transport function for QoS request and negotiation.

The RACS interacts with Transport Functions for the purpose of controlling one or more the following functionalities in the transport layer: Packet filtering, policing, classification and marking, Resource allocation and bandwidth reservation, IP addresses and port numbers allocation,  Anti-spooling of IP addresses, Usage and traffic metering.

The RACS interacts with the NASS for checking authorisation based on user profiles held in the NASS.

For those services across multiple providers or operators, the Application Function, RACS and Transport Functions may need to interact with the corresponding functions in other networks.

7.2    Functional architecture

The Figure 3 shows the generic RACS functional architecture.
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Figure 3:  The generic RACS functional architecture

R-BGF     － Residential Border Gateway Function

NASS      － Network Attachment SubSystem

P-CSCF   － Proxy Call Session Control Function

IBCF       － Interconnection Border Control Function
A-PDF    － Access Policy Decision Function

I-PDF      －Interconnection Policy Decision Function

A-RCF    －Resource Control Function over access network (e.g. Bandwidth Manager )

C-RCF    －Resource Control Function over core networks (e.g. Bandwidth Manager )

A-BGF    － Access Border Gateway Function

I-BGF      － Interconnection Border Gateway Function

ATF         － Access Transport Function (i.e. Transport function in access networks)

CTF         － Core Transport Function (i.e. Transport function in core networks)

The RACS consists of two kinds of functional entities: PDF (Policy Decision Function) and RCF (Resource Control Function). PDF interacts with RCF over access networks and core networks for checking the resource availability along an end-to-end data flow path.

PDF and RCF are logically functional entities. Their implementation and physical configuration is flexible, maybe distributed or centralized, maybe a stand-alone box or a module. As for compatibility, the 3GPP IMS PDF and IPCableCom GC could be viewed as the implementation of A-PDF over different types of access networks; the Bandwidth Broker or Manager could be viewed as the implementation of RCF over IP-based networks.
7.3    Functional entities
7.3.1    RACS functional entities

7.3.1.1    Policy Decision Function (PDF)

PDF is deployed to control BGF that's resides at the boundary between an access network and a core network or between to core networks. PDF interacts with Application Function in a multimedia subsystem (e.g. P-CSCF in IMS) to exchange service-based QoS information for checking authorization to the applications that need the transport resource control.

PDF checks QoS authorization based on user profiles held in the NASS, on operator specific policy rules and on resource availability. If authorized, PDF controls the following functionalities of BGF:

· Opening and closing gates (i.e. packets filtering depending on “IP address/port”)

· Packet marking for outgoing traffic

· Resource allocation and bandwidth reservation for upstream and downstream traffic

· Allocation and translation of IP addresses and port numbers

· Policing of incoming traffic

· Usage metering 

The access PDF (A-PDF) is deployed to control the access BGF (A-BGF) at the boundary between an access network and a core network.  

The Interconnection PDF (I-PDF) is deployed to control the interconnect BGF (I-BGF) at the boundary between two core networks. 

7.3.1.2    Resource Control Function (RCF)

RCF is a collective of QoS routing, resource reservation and allocation control functionalities which are distributed over network domains. An implementation example is Bandwidth Manager over IP/MPLS Diffserv.

The access RCF (A-RCF) collects and maintains the network topology and resource status information, and controls the resource reservation in an access network. On receipt of the resource availability checking request from A-PDF, A-RCF checks the access transport resource availability on the basis of the resource status information database, updates the resource allocation status, and then returns the checking confirm to A-PDF. 

The core RCF (C-RCF) collects and maintains the network topology and resource status information, and controls the resource reservation in a core network. On receipt of the resource availability checking request from A-PDF or I-PDF, C-RCF checks the resource (e.g. bandwidth) availability and QoS routes avalability in the core network on the basis of the resource status information database, updates the resource allocation status, and then returns the checking confirm to A-PDF or I-PDF.

In each domain, the implementation of RCF may be different and even none due to different transport technologies and their QoS mechanisms. For example, RCF over IP network, RCF over MPLS network, RCF over Ethernet, RCF over ASON, and so on.

If there are more than one physical RCF entities in a domain, they interact with each other through a protocol.

The RCF in different domains generally interact indirectly through PDF. PDF interacts with RCF through a protocol. If there is the trust relationship between two domains, the RCF in different domains may interact directly as in the same domain.

7.3.2    Transport functional entities 

7.3.2.1    Access Border Gateway Function (A-BGF)

One key control point is at the Access Border Gateway Function (A-BGF) between an access and a core network as illustrated by Error! Reference source not found.. The A-BGF contains QoS policing and access controls to police and limit access to the core network. The A-BGF may be implemented as part of an edge/access router or aggregation device that sits at the edge of the core network.

The A-BGF provides a classifier that classifies the packets that will have access to downstream transport functions and resources.  Transport functions provided by the A-BGF include:

· Queuing and scheduling.

· QoS marking,

· Rate Limiting: based on authorized bandwidth.
· A gating function:  the ability to enable or disable a media flow. A gate that allows the flow to be turned off or on (e.g. the opening and closing of media pin-holes).

The A-BGF may also provide a Network Address and Port Translation (NAPT). 
7.3.2.2    Interconnection Border Gateway Function (I-BGF)

To be developed.

7.3.3   Application Function

The Application Funcion (AF) interacts with the PDF via the Gq interface. It makes requests for bearer resources and may receive notifications when resources are reserved and released. The AF:

· Provides information to the PDF to identify media flows as well as the bandwidth that needs to be authorized and allocated for those flows. Resource priority requirements may also be supplied.

· The AF shall indicate whether the media should be enabled (i.e. gate opened) when resources are allocated. Alternatively, the gate AF may request that the gate be opened later, after resources are committed.

· In the case where a NAPT function is required, the AF shall request address mapping information and shall do any modifications that may be required to address information within application signalling (e.g. SDP).

· In the case where a path-coupled resource reservation mechanism is used the AF shall indicate to the PDF whether it wished to be notified when reservations are obtained and released.

· When an authorization token mechanism is used the PDF may supply the AF with one or more authorization tokens which the AF shall include in application signalling to the UE.

7.4    Reference points and Interfaces
7.4.1   Reference points

7.4.1.1     Reference Point between A-PDF and multimedia subsystems (Gq)

The Gq interface allows service based QoS information needed for QoS authorization to be exchanged between A-PDF and the service control function in a multimedia subsystem. This interface should be identical to or compatible with the Gq interface between 3GPP PDF and AF.

1) Functional requirements

The Gq Interface provides the ability for an AF to make requests:

· For allocation and authorization of resources for a media flow,

· QoS handling,

· For gating (enable/disable) control of a media flow,

· To insert a NAPT function and request address mapping information.

In addition, the AF can request notification of events. 

The PDF applies policy to requests and either allows or denies the request based on operator policy rules. Either a "push" or "pull" model may be used.

Note that the Gq interface is equally applicable to communicating with a PDF within a centralized Bandwidth Manager (see Error! Reference source not found.) as it is for communicating with a PDF that is associated with the edge (Error! Reference source not found.).
2)    Protocol Requirements

This section provides a brief description of the protocol requirements for the Gq interface.

Request-Response Transactions: The protocol must allow the AF to request a transaction to be performed by the PDF and get a response (that can be correlated with the request) in return.

Notifications: The protocol must allow the notification of asynchronous events (from the PDF to the AF).

Reliable Delivery: The protocol should provide reliable delivery of messages.

Extension Mechanisms: The protocol should including extension mechanisms such as versioning or other means to allow changes while ensuring backwards compatibility.

Capabilities: The AF must be able to determine capabilities when requesting resources and other transport plane functions via the PDF.

Security: All messages between AF and PDF must be authenticated such that requests to the PDF from unauthenticated sources will not be performed and such that notifications sent from the PDF to AF can be ensured to come from the authenticated PDF source.

One to Many: Multiple Application Functions must be able to make requests to a given PDF. An AF may also communicate with multiple PDFs. However, only a single AF will make a request to a given PDF for a particular session.
3) Information Exchanged
This section describes the information exchanged across the Gq interface between the AF and PDF.

Policy Request for a Media Session: The AF may request that policy be applied for a given media session. A media session may consist of a single unidirectional media stream or it may be a bi-directional session consisting of two media streams (one for each direction). The AF provides the following information to the PDF when requesting authorization and allocation for a media session: 

· Session Identification Information:

· Direction (in->out, out->in, bi-directional), where "in" refers to inside the core network so that "out->in" refers to the direction towards the core network. In some cases (where there is a centralized PDF with a media flow that spans the core), the terms "in" and "out" may be arbitrary.

· Media Classifiers: either one or two classifiers depending on whether the session is unidirectional or bi-directional. The classifier consists of a 5-tuple: source/destination address and port numbers, protocol Id. Wild-cards may be provided for information that is not available. Note that a given media stream may require that two ports are specified for each direction (RTP and RTCP). 

· Application Identifier: This information may be used by the PDF along with the type of service information to differentiate QoS for different application services.
· Type of Service Information: voice bearer, video telephony bearer, streaming video etc.
· Bandwidth to be Allocated: This value is specified when a "push" type allocation is done. A value of 0 indicates that no bandwidth should be allocated.
· Bandwidth to be Authorized: This is an upper limit on the amount of bandwidth that may be allocated. Note that the authorized amount may be specified during initial setup, while allocation may be done either using a "push" or path-coupled mechanism. A later path-coupled reservation request that remains within the authorized limits will be accepted as long as resources are available.
· Notifications Required:
· A persistent notification (one that does not have to be requested) is provided to the AF in the case that the PDF determines that the bearer is lost or resources de-allocated for some reason.
· Notifications of Forwarding Policy associated with path-coupled mechanisms (e.g. RSVP): reservation allocated; reservation modified; reservation released.
· Media Control Policy: indication of whether the gate should be automatically opened when the resources are allocated or whether the AF will supply a separate "enable" message.
· Revoke Policy: an indication as to whether or not the PDF has the authority to revoke the authorization and de-allocate resources at some future point in time (e.g. pre-emption).

Authorisation tokens: The PDF may generate one or more authorisation tokens on request from the AF. Authorization tokens contain the an identifier that identifies the PDF and a session identifier which allows the PDF to uniquely identify the AF session (e.g. AUTH_ENT_ID and SESSION_ID in [16])

Charging correlation related information: The AF and PDF may exchange charging correlation related information.

Media control commands: These are gate control commands that allow the AF to enable (open the gate) or disable (close the gate) for a given media flow. Note that closing the gate does not de-allocate bandwidth resources.

Address Translation Request: For the case where network address and port translation is required the PDF will act as an intermediary and respond with the address mapping information obtained from the TPF.

Request to Modify: The AF may request the PDF to modify a session.

Request to Release: The AF may request the PDF to release a session. Releasing the session de-allocates all resources associated with that session.

7.4.1.2    Reference Point between RACS and Transport Functions (Go, G1, G2, G3)

The Go interface allows service-based QoS inter-working information to be “pushed” or “pulled” to A-BGF from A-PDF. This interface should be identical to or compatible with the Go interface between 3GPP PDF and GGSN.

The G3 interface allows service-based QoS inter-working information to be “pushed” to or requested by the I-BGF from the I-PDF.

The G2 interface allows C-RCF to collect the network topology and resource status information of a core network, and control the QoS routing and resource reservation of the core network. This interface may be further decomposed.

The G1 interface allows A-RCF to collect the network topology and resource status information of an access network, and control the QoS routing and resource reservation of the access network. This interface may be further decomposed.

7.4.1.2.1  Reference point Go

1)Functional Requirements

The Go Interface allows the PDF to push policy decisions to the TPF and also allows for path-coupled resource allocation mechanisms where the policy decision is requested from the TPF ("pull" mechanism). The PDF may specify:

· Resources to be allocated for a media flow,

· QoS handling such as DSCP marking to use,

· Gate (enable/disable) control for a media flow,

· The insertion of a NAPT function, requesting the necessary address mapping information.

In addition, the PDF can request notification of events and may receive a request from the PDF to verify an authorization token that has been obtained via a path-coupled resource signalling mechanism.

Note that the NAPT function may be contained within the same or different component from the function providing bandwidth allocation. The Go interface should allow for this flexibility.

2)  Protocol Requirements

This section provides a brief description of the protocol requirements for the Go interface. Most of the requirements are either similar or the same as those required for the protocol at the Gq interface.

Request-Response Transactions: The protocol must allow the PDF to request a transaction to be performed by the TPF and get a response (that can be correlated with the request) in return.

Notifications: The protocol must allow the notification of asynchronous events (from the TPF to the PDF).

Reliable Delivery: The protocol should provide reliable delivery of messages.

Extension Mechanisms: The protocol should including extension mechanisms such as versioning or other means to allow changes while ensuring backwards compatibility.

Capabilities: The PDF must be able to determine capabilities when requesting resources and other transport plane functions from the TPF.

Security: All messages between PDF and TPF must be authenticated such that requests to the TPF from unauthenticated sources will not be performed and such that notifications sent from the TPF to PDF can be ensured to come from an authenticated TPF source.

3)  Information Exchanged

This section describes the information exchanged across the Go interface between the PDF and TPF.

Policy Push: The PDF may push policy to the TPF for a given media session. A media session may consist of a single unidirectional media stream or it may be a bi-directional session consisting of two media streams (one for each direction). The PDF provides the following information to the TPF when requesting media session handling: 

· Session Identification Information:

· Direction (in->out, out->in, bi-directional), where "in" refers to inside the core network so that "out->in" refers to the direction towards the core network.

· Media Classifiers: either one or two classifiers depending on whether the session is unidirectional or bi-directional. The classifier consists of a 5-tuple: source/destination address and port numbers, protocol Id. Wild-cards may be provided for information that is not available. Note that a given media stream may require that two ports are specified for each direction (RTP and RTCP).

· QoS handling parameters including DSCP values to use.

· Bandwidth to be Allocated (this would be supplied when path-coupled resource reservation are not applicable). Setting this value to 0 results in allocating no bandwidth (which may result in de-allocating previously allocated bandwidth resources).
· Authorized Bandwidth.
· Charging Correlation Information.
· Notifications Required:
· A persistent notification (one that does not have to be requested) is provided to the PDF in the case where the bearer is lost (or resources de-allocated for some reason).
· Notifications associated with path-coupled mechanisms (e.g. RSVP): reservation allocated; reservation modified; reservation released.
· Accounting reports related to flow-based charging.
· Media Control: enable/disable for each media stream.
Authorisation tokens: In the case of a path-coupled mechanism, an authorization token for the media session may be passed from the TPF to the PDF for authentication check. The token may contain policy data that was previously authorized and authenticated by the PDF. Once the token is received by the PDF, the PDF may push additional policy to the TPF beyond that specified in the authorization token.

Media control commands: These are gate control commands that allow the PDF to enable (open the gate) or disable (close the gate) for a given media flow. Closing the gate does not de-allocate bandwidth resources.

Address Translation Request: For the case where network address and port translation is required the PDF will act as an intermediary and respond with the address mapping information obtained from the TPF.

Session Modify: The PDF must be able to request modification of session parameters.

Release: The PDF must be able to request release of resources for a session.

7.4.1.3   Reference Point between A-RCF and NASS (I1)

The I1 interface allows A-PDF to interact with the NASS for checking on user profiles. 

7.4.1.4   Reference Point between I-PDF and IBCF (Id)

The Id interface allows I-PDF to interact with IBCF (Interconnection Border Control Function) for support of inter-domain QoS control. 

7.4.2    Interfaces between PDF and RCF

The X1 interface allows A-PDF to interact with A-RCF for checking on the resource (e.g. bandwidth) availability and QoS routes availability over an access network.

The X2 interface allows A-PDF to interact with C-RCF for checking on the resource (e.g. bandwidth) availability and QoS routes availability over a core network.

The X3 interface allows I-PDF to interact with C-RCF for checking on the resource (e.g. bandwidth) availability and QoS routes availability over a core network.

The X4 interface allows I-PDF to interact with the RACS in other networks.

8     Procedures

8.1    Procedures for QoS control

8.1.1    The procedure of A-PDF checking resource availability

1) On receipt of a resource request from the Gq interface, A-PDF interacts with the NASS through the I1 interface for checking on the user profile. If the A-PDF has no local policy base, it may check the operator policy rules from the remote policy server. 

2) If there is A-RCF in the access network, A-PDF interacts with A-RCF through the X1 interface for checking on the resource availability in the access network. The checking result may contain the packet marking and QoS routing information. 

3) If the application flow is entering into the core network and there is C-RCF in the core network, A-PDF interacts with C-RCF through the X2 interface for checking on the resource availability in the core network. The checking result may contain the packet marking and QoS routing information. 

8.1.2    The procedure of I-PDF checking resource availability

For the application across multiple operators or providers,

1) On receipt of a resource request from the Id interface, I-PDF checks on the SLA between two operators, on the operator policy rules, and on the resource availability of the interconnection links. 

2) If the application flow is entering into the core network and there is C-RCF in the core network, I-PDF interacts with C-RCF through the X3 interface for checking on the resource availability in the core network. The checking result may contain the packet marking and QoS routing information.   

Other procedures are TBD. 

8.2    Procedures for NAPT control

8.3    Procedures for Firewall control

9.    Inter-RACS communication for Support of end-to-end QoS
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Annex A: Examples of realisation
Notes: The Annex A is to give some realisation examples for support of different access and core transport technologies. They may be different or not. If different, there may be multiple annexes on RACS specific to various access technologies such as DSL, Cable, and GPRS, respectively. 

Editors’ Note: The Annex B and C are just for consideration and discussion about the relationship between these function. They may be removed on completion.
Annex B: PDF in 3GPP IMS architecture

Notes: The following paragraph comes from FGNGN-ID-00057 without any change.
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In the 3GPP architecture, this can be related to functionality between the Gq and Go reference points (PDF) and defined in 3GPP TS 23.207, and should also consider providing the functionality related to Flow Based Charging in the CRF between the Rx and Gx reference points (see figure below, and 3GPP TS 23.125).

The key to the functional entities is as follows:

TPF – Traffic Plane Function

CRF – Charging Rules Function

AF – Application Function (in IMS the AF is the P-CSCF)

CCF – Charging Collection Function

OCS – Online Charging System

PDF – Policy Decision Function
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Figure 1: PDF in the 3GPP architecture

Annex C: ARCF and NRCF in Y.e2eqos.2 architecture

Editors’ Note: At the July meeting, the concept of RACS (Resource and Admission Control Function) was introduced into FGNGN by FGNGN-ID-00057, and it was said that the architecture of the Resource Control Function should be in the scope of RACS. Finally, the meeting decided that Y.e2eqos.2 is re-scoped to cover the functional description and information flows for RACS and accordingly renamed as TR-RACS.
The following paragraphs come from Y.e2eqos without any change.


[image: image12.emf]FGNGN-ID-00045.doc




FGNGN-ID-00045.doc


In the Y.e2eqos.2 architecture, ARCF (Access Resource Control Function) and NRCF (Network Resource Control Function) are identified for support of end-to-end QoS control. It was deemed that they form part of the RACS.
In the following figure 2, the most important QoS-related functional entities are SCF (Service Control Function), NRCF (Network Resource Control Function), ARCF (Access Resource Control Function), ER (Edge Router) and AN (Access Node). They work together to achieve end-to-end QoS control through end‑to‑end QoS signaling. And they interact individually with SMF (Service Management Function), NMF (Network Management Function) and AMF (Access Management Function) to support QoS-related management and billing.
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Figure 2: ARCF and NRCF in the Y.e2eqos.2 architecture

Appendix I: Possible requirements for RACS and its reference points Gq and Go

Editors’ note: There are the following possible high-level requirements and their implementation mechanisms for further study and to be incorporated into TR-RACS.

I.1    Support the source-based congestion control

When congestion happens, the transport device will notify RACS, so RACS should provide a mechanism to receive congestion message from transport device and send it to corresponding service controller.

Below text for Appendix 1 of RACS:

Requirement of information backpressure from transport layer to service layer and its implementation
Abstract


This appendix provides an implementation mechanism for information backpressure from transport layer to service layer in TR-RACS.

Introduction

In current model, guaranteed QoS of service layer mainly depends on resource control before the service is permitted. Namely, service layer requests for resources to transport layer and transport layer reserved corresponding resource if it considers current resources could satisfy this request. This way is to guarantee QoS of service by reasonably planning current network resources, aims to provide corresponding resources to service before permitted. In this way, service will not generate congestion consequently, so that QoS of service is guaranteed. 


But in the transport network, the situation is complicated, and the network resource planning could not reach perfection. Considering various kinds of accidents in network, in some cases, service flows do not have enough resources any more at run-time while they have enough resources when plan is made. For example, bandwidth of some link reduces by half with physical reasons, so services on the link do not have enough resources. In this case, congestion appears, all QoS of services on this link will lower.


when congestion appears, it is controlled by transport layer devices itself in current, which can do is only dropping packets with no distinguish for different services. Suppose that there are multi-voice running on congestion link, the result of transport layer devices dropping packets is that each voice is influenced and all the QoS of services are lowered. Meanwhile, ahead transport layer devices do not know what happened to the latter, and continue to send packets which will be dropped by latter device, so result in waste of network resources.

Requirement

The problem aforementioned results from packets are dropped by congested transport layer devices itself when congestion appears on transport network. The means of solution lies in: when service flows on transport network are congested, no longer to just drop packets by transport layer device congested itself to solve congestion, but to notify service controller that this link has been congested by some signalling mechanism. Service controller will release part of services via this link to achieve source-based traffic control, so guarantee all remaining running-services high QoS and avoid the traffic unnecessary still transmitting on transport layer devices. Actually, this is a backpressure mechanism, which means transport layer devices give backpressure to service controller when congestion appears.


So it is necessary to add backpressure mechanism and corresponding information between transport layer and service layer in the current model. The requirement of adding backpressure mechanism and signalling information is to avoid multi-service being influenced when congestion appears by releasing less service, accordingly guarantee QoS of most services and avoid waste of resources.

Discussion


For the requirement of QoS information backpressure from transport layer to service layer, it could be divided into three logic entities: 

1. Service controller. Service controller is used to manage and control services (e.g. SS controller is a control device for software switch services, it allows permitting and releasing for one call). According to the backpressure information from transport layer, service controller determines which services will be released.

2. Network congestion controller. Network congestion controller is used to process congestion notification of transport layer. It is responsible to receive congestion notification sent by transport layer device, estimate the source of congestion, and notify the congestion to corresponding service controller. Network congestion controller could be realized centralized using a special device, or be realized distributed which work as a software functionality of respective transport device. 

3. Transport layer device. Transport layer device is the entity which judges the generation of congestion as well as the type of service congested and notifies corresponding information to network congestion controller. 

The general model as figure shows:
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Figure 1- The General Model of QoS Information Backpressure
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In the model, the process of QoS information backpressure includes:

1. TLD judges whether congestion happened. If TLD finds the congestion, it will notify NCC that congestion has happened on itself. The parameters in notification include the source and destination address of packets congested (e.g. the loss packets or packets with long latency), service type(or priority) which packets belong to , the packet loss rate or latency and so on.
2. When NCC receives the notification of congestion, it will judge which SC is related to the congestion according to the source address and service type parameter, then send congestion message to the SC. The message includes information such as source address, destination address, packet loss rate or latency and so on.
3. SC receives the congestion message from the NCC and judge if there are any services from source address to destination address. If there are some services,  part of them will be released to make the left services have enough resource. These services may be cancelled or be rerouted to the end via another way. The number of services to be released is based on how serious the congestion is, which could be reflected by the packet loss rate or latency . 
4. Then SC returns information to NCC, and informs NCC that the related services have been partly released.

5. After waiting for a period of time, if NCC still receives congestion notification from TLD, NCC will go on informing SC. 

 By the process above, finally the service number will be proper which will not cause congestion any more on TLD and use the resource as much as possible, thus the remaining service could get high QoS and the transport network resource is used efficiently. 


Information flow of QoS information backpressure

Information flow about QoS information backpressure includes:

1. Information flow included in the notification from TLD to NCC: the source and destination address of packets congested, service type(or priority) which loss packets belong to , the packet loss rate or latency and so on.
2. Information flow included in the message from NCC to SC: the source and destination address of packets congested, packet loss rate or latency and so on.
3. Information flow included in the response from SC to NCC: whether released some services and the number of the services released

I.2    Support the performance control function
The performance request should be added in the interface between service layer and transport layer, so RACS should control performance request from service layer, get the performance parameter by interfering with transport device, and return the result to service layer,

Below text for Appendix 2 of RACS:

Requirement of performance request from service layer to transport layer and its implementation
Abstract


This appendix provides a mechanism to implement the requirement specified in section 5.1 related to completion of performance requests from service layer to transport layer in TR-RACS.

Introduction


 In the current interfaces between service layer and transport layer, before a service is permitted, there need to be a request from service controller to resource manager on transport layer for resource information which mainly refers to bandwidth of links, for guaranteed QoS of the service. Resource manager receives requests and estimates whether there is enough end-to-end bandwidth available to meet the request in terms of its source and destination. If end-to-end bandwidth available is enough, resource manager notifies transport layer device to reserve bandwidth requested in the path and feed back result to service controller; whereas, if there is no enough bandwidth from source to destination, resource manager would notify service manager with lack of resource message. Namely, service admission control is implemented by management of resources (bandwidth) in this kind of model.  



But actually, service requirement is not always met by end-to-end network performance though there is enough end-to-end bandwidth allocated. As what indeed influences QoS is some of transport network performance parameter (e.g. latency, jitter or packet loss rate, ect), which probably can’t be satisfied with the request of service even bandwidth is enough in some cases. In this situation, if the service is permitted, it could not get high-QoS. Further more, the service possesses transport layer bandwidth so the other services could not use it.  For example, for voice service, the demand of delay is very strict. Normally, the total latency is divided into transmit latency and forwarding latency. If end-to-end distance is too long ,the transmit latency will be a large number and the total latency will be even larger, so some cases as following will happen: bandwidth has been reserved, but the end-to-end latency still exceed the the demand of voice service. Now if permit the voice service, the quality of the voice service is low. Also, the network resources of transport layer are wasted. 

Requirement

Therefore, signalling information related to interaction of QoS performance parameter is needed to be added in the interfaces between service layer and transport layer. Namely when service layer sends request information to transport layer, not only bandwidth information from source to destination is requested, but also network performance parameter request(e.g. latency, jitter or packet loss rate, ect) is needed. Transport layer can obtain current performance parameter by some means (e.g. measurement of QoS) and feed back to service controller at service layer. Then, service controller analyses network performance parameter from source to destination obtained, and decides whether to permit the current service in terms of the network performance parameter information combined to the service requirement.


a requirement is put forward to add signalling information related to interaction of QoS performance parameter in the interfaces between service layer and transport layer. This requirement emphasizes that services can be permitted only when QoS performance parameter of current network could satisfy request, avoiding the case that service is permitted with low QoS and the resource waste of transport layer. By implementing this requirement, Qos of permitted service can be indeed satisfied.

Discussion



For the requirement of QoS performance parameter request from service layer to transport, it could be divided into three logic entities: 

4. Service controller. Service controller is used to manage and control services (e.g. SS controller is a control device for software switch services, it allows permitting and releasing for one call). Also, Service controller will determine the QoS request for each service and send it to transport layer.

5. Network performance controller. Network performance controller is used to control and manage QoS performance in the network. It is responsible to receive QoS request sending by service controller, obtain end-to-end QoS parameter requested by negotiate with transport layer device, and feed back the result to service controller. Network performance controller could be realized centralized using a special device, or be realized distributed which work as a software functionality of respective transport layer device. 

6. Transport layer device. Transport layer device is used to transmit data packets, and it is the real device which do the work of measure. When receiving the measure demand of Network performance controller, the transport layer device can send QoS measure packet and feed the result back to network performance controller.

The general model as figure shows:
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Figure 1- The General Model of QoS Performance Parameter Request


SC:

Service Controller


NPC:

Network Performance Controller 


TLD:
 
Transport Layer Device 

Process and information flow
Process of QoS performance parameter request

In the model, the process of QoS performance parameter request includes:

6. Service initiator sends a service request to SC

7. SC sends a QoS performance request to NPC which includes information as performance parameter requested (e.g. latency, jitter, packet loss rate), service class, source and destination information and so on.

8. NPC estimates whether there is enough information in its cache and whether this information is timeout or not. If information is enough and not timeout, feed the performance parameter back to SC directly; whereas, carry on the next step.

9. NPC sends performance request information to corresponding TLD according to source information. This request information includes performance parameter requested (e.g. latency, jitter, packet loss rate), service class, destination of measure and so on.

10. When source TLD receives the request, it sends measure packets to destination according to the performance parameter needed to be measured of corresponding service. After receive measure response, compute performance parameter needed.

11. Source TLD feeds the performance parameter measured back to NPC 

12. NPC sends performance parameter measured back to SC, meanwhile updates itself cache.

13. SC estimates whether current network QoS performance can satisfy current service requirement based on the performance parameter fed back. If can, permit the service; whereas, reject it.


Information flow of QoS performance parameter request

Information flow in this requirement includes:

4. Information flow included in the request from SC to NPC: types of performance parameter requested, service class, source and destination information, response time limit and so on. 

5. Information flow included in the response from NPC to SC: current performance parameter, service class, source and destination information and so on.

6. Information flow included in the demand from NPC to TLD: types of performance parameter requested, service class, source and destination information, priority of measurement and so on.

7. Information flow included in the response from TLD to NPC: current performance parameter measured, service class, source and destination information and so on.

I.3    Support of methods for service layer to test and monitor the QoS provided by transport layer

In order to providing some real-time service,  transport layer should react rapidly to the QoS requirements of service layer. There should be some method for service layer to test and monitor the QoS provided by transport layer.
Below text for Appendix x of racs

This describes a possible implementation for the requirement in xxxx

1 Introduction

《Release 1 Services and Capabilities Working Document》in WG1 defines the specific contents of Session Controller-based service. In order to guarantee QoS of these services, transport layer should be able to guarantee characters of Session Controller-based service.  In WG2 we have defined a SCF as  session control function in NGN architeture

2.1 Applying method for Session Controller-based to QoS Control and management Function in transport layer

For transport layer which adopts RACS, SCF applies forRACS on transport layer by specific interface with needed bandwidth information according to the requirements of service.

· Provide source address and destination address for point-to-point service and provide the addresses of all services for multi-point service.

· Requirement bandwidth for every service node.
· Requirement for latency and jitter
· Whether require transport layer to monitor the process and the door-bound value of parameter feedback.

According to this door-bound value Resource manager function on transport layer should react immediately according to the current state of network.


[image: image14]
2.2 Applying method in transport layer architecture which adopts distributing QoS guarantee.

In distributing QoS guarantee architecture, one terminal send the application of data bandwidth to its nearest data access point at first, then the application will be sent to another terminal by data network according to router regulations. Successful application response should arrive at another terminal or return to the initiative point with applying failure.


[image: image15]
3 Test of data resources implemented by SCF
In NGN QoS architecture service layer can send some requests to transport layer and get some feed-back.  SCF on service layer sends resources requests to transport layer according to its own   service characters. After received successful respondence, service layer can test data resources provided by transport layer through end-end terminal.


[image: image16]
Under the requirements of SCF, terminals can test transport layer’s service parameters such as bandwidth, latency and jitter by using “black box” method. Terminals should return the result to SCF in time.  SCF judges the qualities of data resources according to the result.

4 SCF’s Monitor of data resources provided by transport layer 

There are two methods by which SCF can monitor the quality of data flow in the processing of Controller-based service. 

· Terminals can monitor the quality of service by proceeding result of data stream. For example, voice terminals can measure the resource’s quality provided by transport layer according to the voice’s quality (e.g. PSQM). 
· Implemented by the devices on transport layer.
In order to guarantee service’s quality, SCF will use these two methods mentioned. Before monitor the quality of data stream provided by transport layer, it can also deploy the monitor door bounds value. When the character value exceeds the bounds, terminals and transport layer should send out warning message in time.

 
[image: image17]
When SCF receives alarms about the quality of related data resources, it can execute optimization on service layer such as adopting a further service-restrict measure, limiting lower-level services, guarantying higher-level services, or optimizing service bandwidth occupation in order to avoid influencing other services. 

Appendix II. Inter-RACS communication for Support of end-to-end QoS
This section describes the possible relationship between RACS for support of end-to-end QoS.

II.1    Scenarios and requirements for inter-RACS communication within an operator

Editors’ note: This section copies from FGNGN-ID-152 and needs further editorial changes on terms and structure.

To support the delivery of session and other communications in large-scale core networks, the following scenario may be considered. A large scale core network can be considered to consist of a number of Metro-nodes, providing service entry, interface to the access network and a very large core network. The core network may be sub-divided into smaller sub-networks to simplify the management and QoS paths for user-plane transport.

There are several possible deployment options. A typical deployment is to provide the services at the Metro node, leaving the core network to deal only with transport. QoS mechanisms in the transport system are controlled by a physical entity - the Bearer Resource Manager (BRM). This entity must hold a model of the transport plane connections and to allocate resources in the transport plane on a per-session basis.

It suggests that a single BRM for a large-scale network deployment is inefficient, difficult to manage and is unlikely to be an option that network operators will deploy. A single BRM appears to be part of the RACS entity as access or core Resource Control Function (RCF).

Figure 1 provides a physical scenario for a more realistic deployment. In this scenario, each sub-network is controlled by its own BRM. The metro node provides the interface between the access network and both the core network and the control plane (e.g. IMS).


[image: image18]
Figure 1 - Physical Scenario for Large-scale Network Deployment.

There are, of course, alternative scenarios that can be used. It would be an option to consider the Metro Nodes in Figure 1 to directly interconnect without a core network. However, this would lead to the Metro Nodes performing "transit" network capabilities for geographically large-scale networks.

It is also possible that each BRM is controlled from the Service or Session Control functionality, and do not operate autonomously. If this scenario is considered, there are a further two possibilities: a) that the BRM to Service control is on a 1:1 basis, or b) that each service control functionality (e.g. S-CSCF) interfaces to multiple BRM. In the case of option a) this requires sessions to be routed through multiple Control Plane entities, without providing any additional services other than routing. In the case of option b) the control plane functionality must retain a "model" of the BRM connectivity and have routing knowledge of the core network. Neither of these options provides a simple and flexible approach to managing the resources of a large-scale core network.

It should also be considered that some services, such as Corporate VPN, do not have an associated service subsystem. Such services require only a guaranteed connection. The core network scenario above can be used for services, providing connectivity with signalled QoS.

The communication between BRM is shown as within a single operator's domain. It is left open for discussion whether a protocol to support such communication should be permitted across a point of interconnect (to other operators) or across a UNI. 
There are some scenarios which we will discuss below. 

We assume that there is a call that the source address belongs to Domain 1, and the sink address belongs to Domain 2, the call passes through the other domain or domains. 

For example, A MPLS-IP network is divided into different areas; we call these areas as sub-domain. Here, the prefix “sub” means the domain in the lower layer (i.e. routing management layer rather than resource management layer). Actually, these areas are divided in the routing management level, such as OSPF. On the resource management level, we divided the large scale network into domains. Each domain on the resource manage level may be corresponded to each area on the routing management level.
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Figure1 Scenario 1

In the scenario 1, the SeCFE/SvCFE can identify the domain which the source address of the flow information in the QoS request belongs to. The SeCFE/SvCFE shall know the route information and store it for the routing of BCFE. Each sub-domain has a separate resource management entity, managing the corresponding network of area in routing level. There is no signalling interface for the resource control between these sub-domains. They make the resource query of bearer route along the bearer route, with the SeCFE/SvCFE. This bearer route goes through several sub-domains. For this resource query, the SeCFE/SvCFE needs to communicate with every BCFE of every segment of route. In order to accomplish this function, SeCFE/SvCFE needs record the topology of the sub-domains of the network. And BCFE records the local sub-domain’s topology.

If the bearer network is a network that there are multiple bearer routes between source and destination, the SeCFE/SvCFE can not make the routing judgement.  Information should be commuted between BCFE(s). We can use SeCFE/SvCFE forwarding the exchange information between BCFE(s), unless SeCFE/SvCFE has configured the routing information of bearer network. This will put much stress onto the management of SeCFE/SvCFE.

If the bearer network is a network that there is only one bearer route, the reliability of the network is not very high. Here, single route only need record the information of sub-domain.

Scenario 1 is the same with the situation that one service only has a single route.


[image: image20.emf]Domain 1

An Autonomous System

Area1

Area 2

Area 0

SeCFE/

SvCFE

BCFE

123

456

789

*

8#

SFE SFE SFE SFE SFE SFE

CCI

SCI

SCI

SCI

SCI

SCI

SCI

NCI

NCI

Resource

Management

Routing

Management

Resource

Routing

Domain 0

BCFE

Resource

Routing

Domain 2

BCFE

Resource

Routing


Figure2 Scenario 2

In the situation where multiple routes exist and they are sharing with the others, scenario 2 is the same with it. It simplifies the function of SeCFE/SvCFE. When there are multiple routes between two points, the interaction between BCFE(s) is needed by all means. Here we use the protocol between BCFE(s) to accomplish the transfer of the interaction. No other than source SFE knows that which route the service flow will go via. The sequent SFE does not know which route the service flow will go via. In this way, the sequent SFE needs to be informed by BCFE, and communicate with BCFE.

In the scenario 2, there are some cases where BCFE(s) might be required to communicate with each other:

· Where a particular part of a service providers network is under the sole control of a single BCFE(s) and calls are required to transit through it.

· In the case of a so called “transit network” where two VoIP operators, each with call servers are interconnected by a third transport or transit network that has no call server. In this case each of the VoIP operators must reserve the required bandwidth from the transit network operator via NCI. 

· The service that needs the resources does not rely on session control (i.e. no SeCFE/SvCFE is involved) and the SeCFE does not have access to all BFCEs (e.g. because the transport path crosses several management areas or because the SCFE does not know the address of all the involved BCFE(s)). A typical example could be high speed video downloading, across international boundaries.

· The service that needs the resources rely on session control but there is no "CCI" interface between the SeCFE/SvCFE(s) and the BCFE(s) in intermediate transport domains (e.g. because they do not belong to the same management area). A typical example is a video conference between users located in domains A and B, crossing an intermediate backbone, which is not over-provisioned.
· The service that needs the resources rely on session control, but the  SeCFE/SvCFE(s) have no enough information on the bear networks, so they should rely on BFCEs to select and establish the bearer path.
For the expansibility of IP network which can satisfy the telecom requirements, we use the mechanism of dividing domains in dynamic routing protocols such as OSPF and IS-IS for reference. The IP physical network is divided into Manage Areas. Every Manage Area is managed by a BCFE. The BCFE manages the network resources in its Manage Area, takes charge of selecting path and allocating resource for the sessions which go through its MA. The path selection across different areas is needed the interaction of the BCFE(s) of the two MAs. In the actual applications, a MA can be a Metropolitan Area Network, or a province backbone network, or a nation backbone network; the dividing of MAs is also can accord with that of the routing areas.
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Figure3 Scenario 3

In the situation of single bearer route, the Networking Methodology of SeCFE/SvCFE and that of BCFE is quite different. The networking methodology is unattached. Therefore, if we let the SeCFE/SvCFE to interact with BCFE spanning different domains, SeCFE/SvCFE can not find the corresponding BCFE. Otherwise the data of networking methodology of BCFE(s) should be saved in the SeCFE/SvCFE. It results in the non-agility. 

On the other hand, there is no SeCFE/SvCFE corresponding to the intermediate BCFE(s). The problems met in scenario 1 still exist in scenario 3.

For example, a operator possess of 200 Metro networks, every metro network has a SeCFE/SvCFE, here, the intermediate BCFE needs to interact with hundreds of SeCFE/SvCFE,  It is too complex for the network maintenance. 

Here, SeCFE/SvCFE does the resource routing function which also can be done in BCFE. The NC Interface is embedded into the CCI, as long as the scale of the network is a bit large.

The reliability of single route is not good enough. MPLS-IP network also needs supporting the multiple bearer routes, like the ATM and PSTN support the multiple bearer routes.

In scenario 3, particularly, some MANs whose scales are small, in some cases, the functions of resource management, Connection Admission Control and routing selection and such so on can be put into the SFE. In this case, there is no BCFE physical entity in the network. 

II.2   Scenarios and requirements for inter-RACS communication between two operators

Editors’ note: This section copies from FGNGN-ID-203 and needs further editorial changes on terms and structure.

On receiving the request for network resources (a), a group of functions in a control plane related to the resource and admission control identifies the required resources, e.g. required transport paths (b), retrieves the information of the resource usage on the paths (c), performs the admission control based on the usage information (d), updates the usage information if the request is accepted (e), and performs the gate control (f). 

When the requested resource is not covered in a single provider, the sequence of the procedure described above is performed in all the providers involved in the required paths, because the usage information on the resource usage is kept away to the other providers.

When the requested paths are across the multiple network domains, the RACFs related to this request should interwork for performing the request. 

In general, the resource control and admission control should be performed along the network domains through which the data traffic is transferred. These paths are shown as solid lines in figure 2. On the other hand, the service control is performed independent of the paths of the data transport. These service control paths are shown as dotted line in figure 2. The signalling path between AFs isn't always along with the route of data transport. Some AFs don't have any performing RACF for the QoS request, for which the AFs themselves performs the service control. 
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Figure 2    Consideration on the relation between data transport path and service control path
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Figure 3    Inter-RACS communication across multiple domains

So the interaction between RACFs (i.e. the transmission of the resource request) should be performed directly with each other without the mediation of any AF. This means that it is enough for the association between application functions and RACFs to be established between only one pair of AF and RACF.

Figure 3 shows the proposed assumption on the interaction between functional blocks in the resource and admission control across multi-domains

The RACFs should have direct interfaces with the neighboring RACF(s) without the mediation of any AF(s). 
II.3    Reference point for inter-RACS communication

Editors’ note: There is the related content in the previous Y.e2eqos.2.

TBD.

9.4    Procedures of inter-RACS communication for support of end-to-end QoS control

Editors’ note: There is the related content in the previous Y.e2eqos.2.
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