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Abstract

This contribution proposes a generic functional architecture for RACS (Resource and Admission Control Subsystem). It provides an overview of the functional entities that compose the RACS, the reference points between them and with components outside the RACS.  
Discussion

1. The concept of the RACS

In the ETSI TISPAN NGN Release 1 Architecture, the RACS (Resource and Admission Control Subsystem) is identified for QoS control and NAPT control. This concept has been notified to ITU-T NGN FG for alignment, which accepted it and decided to also start the study of the RACS at the last meeting. The former Y.e2eqos.2 was also decided to be re-scoped to cover the functional description and information flows for RACS and accordingly renamed as TR-RACS.
The following figure 1 illustrates an overview of the TISPAN NGN architecture.
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Figure 1: TISPAN NGN overall architecture

Under the control of the NASS (Network Attachment SubSystem) and RACS (Resource and Admission Control Subsystem), the transport layer provides IP connectivity to TISPAN NGN terminals. The NASS and RACS hide the transport technology used in access and core networks below the IP layer. 

The RACS provides admission control and gate control functionalities (including the control of NAPT and DSCP marking). Admission control involves checking authorisation based on user profiles held in the network attachment subsystem, on operator specific policy rules and on resource availability. 

2. The requirements for the RACS external reference points

As shown in Figure 1, the RACS interfaces Transport Functions, NASS, IMS, PES and other multimedia subsystems at least. 

According to the functional definition of the RACS, the PDF (Policy Decision Function) shall be a part of the RACS. So some RACS external reference points have been identified in the 3GPP IMS functional architecture, such as the Gq interface between P-CSCF and PDF, and the Go interface between PDF and A-BGF.  

Since NGN comprises more than one multimedia subsystems and different access networks, terminals and core networks, RACS may also encompass other functional entities besides PDF, and then other additional RACS external reference points may be required.

2.1. Interface between RACS and IMS

Considering the relationship between the NGN IMS and the 3GPP IMS, we believe that the Gq interface between NGN IMS and RACS should be identical to or compatible with the Gq interface between 3GPP PDF and AF. 

The Gq interface allows service based QoS information needed for QoS authorisation to be exchanged between RACS and IMS.

2.2. Interface between RACS and other multimedia subsystem

The RACS shall be able to serve more than one multimedia subsystems. 

The interface between RACS and other multimedia subsystem may be same as the Gq interface, because their usage seems same.

2.3. Interface between RACS and IBCF

The IBCF (Interconnection Border Control Function) introduced by TISPAN controls the boundary between two operators’ domains. 

As identified in the TISPAN IMS functional architecture, the Id interface is used between the IBCF and the RACS to control resources in the transport plane at the boundary between operators’ domains.

2.4. Interface between RACS and NASS

The RACS interfaces the NASS for checking authorization based on user profiles held in the NASS. 

This interface is new and unnamed.

2.5. Interface between RACS and Transport Functions

The RACS interfaces the Transport Functions for the purpose of controlling packet filtering, marking and policing, resource allocation and reservation, NAPT and so on. 

Due to different transport technologies and operator policies, the transport resource should be controlled domain by domain and even segment by segment in a domain. 

The BGF (Border Gateway Function), which provides the interface between two transport domains, usually interacts with the RACS through the Go interface for the QoS inter-working. The Go interface allows service-based QoS inter-working information to be pushed or pulled to the BGF from the RACS. Considering the relationship between the NGN IMS and the 3GPP IMS, the Go interface between BGF and RACS should be identical to or compatible with the Go interface between 3GPP GGSN and PDF.

The Transport Function in access networks and core networks may also interact with the RACS for the inner-domain or inner-segment QoS control. These interfaces are new and unnamed.

2.6. Interface between RACS in different operators’ domains

The RACS may interact with other RACS in other networks for the QoS inter-working between different operators’ domains.

3. The introduction of Resource Control Function (RCF) 

In the 3GPP QoS model in TS23.207 and the IPCableCom QoS model in ITU-T J.163, the admission control function has been successfully introduced and named PDF (Policy Decision Function) or GC (Gate Controller) which controls GGSN or CMTS.

However, it’s not enough in NGN if only applying admission control at the boundary between an access network and a core network. There are two reasons:

(1) The PDF by itself can’t check resource availability in the access network and in the core network, because the PDF has no such knowledge and ability. 

(2) For end-to-end QoS support, especially for support of absolute QoS, it’s necessary to apply the functionalities of QoS routing control and resource reservation and allocation control over access networks and core networks. In this document, we introduce the Resource control Function (RCF) which represents a collective of these control functionalities.

PDF could interact with RCF over access networks and core networks for checking the resource (e.g. bandwidth) availability and the QoS routes availability in the access network and core network along an end-to-end data flow path.

In fact, we believe that the RCF is not a brand new concept. The study and experiment about RCF has begun several years ago and continued recently, such as Bandwidth Broker/Manager over IP Diffserv, Resource Manager, SoftRouter, and Path Computation Element over MPLS TE, etc.

Proposal
1. The generic RACS functional architecture

The Figure 3 shows the generic RACS functional architecture we proposed. 
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Figure 2:  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.
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. 

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.

2. RACS external reference points

2.1. 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.

2.2. 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.

2.3. Reference Point between A-RCF and NASS (I1)

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

2.4. 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. 

3. RACS internal reference points (X1, X2, X3, X4)

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.

4. The methods of checking resource availability

4.1. The method 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. 

4.2. The method 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.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

Conclusion

We hope the above presented RACS functional architecture is discussed and included into TR-RACS. It is generic, feasible and flexible for implementation. And it is well compatible with the well-known 3GPP QoS model and IPCableCom QoS model. 
Clarification on the relationship with Y.e2eqos.2
At the July meeting, it was decided that Y.e2eqos.2 is re-scoped to cover the functional description and information flows for RACS and accordingly renamed as TR-RACS. 
In order to align with 3GPP IMS, in this contribution we separate PDF from ARCF and NRCF defined in Y.e2eqos.2, rename ARCF A-RCF, rename NRCF C-RCF, use the term “AF” instead of “SCF”, and identify the necessary interfaces between them.

In this contribution A-RCF and C-RCF could be optional, that depends on an operator’s choice. However, NGN shall allow different possibilities, and therefore the interfaces with A-RCF and C-RCF them shall be defined at least. 

If the schedule for TR-RACS is tight, the further decomposition and implementation of A-RCF and C-RCF could be left to the next release or as a release–independent study item.
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Figure 3: End-to-end QoS architecture in Y.e2eqos.2
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