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1
Summary

This contribution provides a proposal for NGN Protocol Architecture for consideration by WG2, in support of the drafting activities currently underway. Specifically, mobility and transport related issues are addressed. The following documents were considered as input material:
-
ITU-T FGNGN-ID-0082 (Functional Architecture Requirements) - Source: Motorola

· ITU-T FGNGN-ID-0081R1 (Soft Router Requirements Document) – Source: Lucent Technologies
The proposal presented here deals with NGN Protocol Architecture aspects. Specifically, a layered structure is addressed consisting of: 

· A ‘NGN Service Convergence Layer’
· A ‘NGN Session Convergence Layer’
· A ‘NGN Protocol Convergence Layer’
· A ‘NGN Message Convergence Layer’
It is proposed to include the contents of this document in the WG2 drafts - FGNGN-FRA, FGNGN-FRMOB and FGNGN-FRSR /3/.

Proposal for Protocol Architecture in NGN

1
Scope

At the FGNGN meeting in Geneva (July 2004) text was adopted for the requirements of a 'soft router' approach, which breaks down logically independent entities into separate elements and provides for a standard interface for communication between such elements. In particular, a dis-aggregation of functionality is adopted: (1) Decoupling of the complex control plane processing functions from the data plane or forwarding plane functions (2) Execution of control plane functions on dedicated, external, reliable and scalable control plane servers and (3) Standard communication interface between the control plane servers and the forwarding plane elements. 

The ‘soft router’ approach is to be coupled with the adoption of the IP Multimedia Subsystem (IMS) as defined by 3GPP and 3GPP2 for providing the initial foundation for session services and application-enablers in the NGN core network, and maintenance of sessions and applications in support of user and terminal mobility. This was highlighted in a Motorola contribution (Geneva, July 2004) /1/, which outlined system requirements in a wider scope. In this respect, it was shown that system requirements could be classified onto ‘families’, like ‘Services capabilities, access and provisioning’, ‘Mobility, handover, location management’, etc.

This contribution proposes the adoption of a layered protocol architecture, in line with the ‘Soft Router’ concept and amenable to addressing Mobility- and Handover- related issues, as well as Network Transport Architecture issues. 

2
References

The following ITU-T Recommendations and other references contain provisions, which, through reference in this text, constitute provisions of this proposal. 

[1]
ITU-T FGNGN-ID-0082 (Functional Architecture Requirements) - Source: Motorola (July 2004)
[2]
ITU-T FGNGN-ID-0081R1 (Soft Router Requirements Document) – Source: Lucent Technologies (July 2004)

[3]
ITU-T FGNGN-MR-0002R1 (WG2 Meeting Report - July 2004) – Source: WG2
3
Definitions

This Recommendation defines the following terms, which would apply to the ‘Soft Router’ network elements:

‘NGN Service Convergence Layer’: This is a service abstraction layer in order to allow inter-working with network elements such as AAA, Application Servers,..
‘NGN Session Convergence Layer’: This layer should provide NGN-related protocol termination points, dealing specifically with (for instance) call control, mobility management, routing functions ‘on top’ of the NGN underlying transport networks.

‘NGN Protocol Convergence Layer’: This layer would contain a number of modules, most notably the existing protocol modules (examples: GSM-A, GSM MAP, ISUP, UMTS Iu-ps, etc.), for terminating Control-plane and Forwarding-plane messages appertaining to existing technology standards.

‘NGN Message Convergence Layer’: This layer would contain two processes, the SS7 Message Handler and the IP Message Handler, that manage the two primary types of incoming and outgoing messages. The former manages messages emanating or directed to the Signaling System 7 entities in the legacy PSTN networks whereas the latter deals with messages to and from the packet-based (IP) entities in the network. The Message Handler Layer encompasses all the L3 sub-layers. 

4
Abbreviations

This Recommendation uses the following abbreviations.

	AAA
	Authentication, Authorization, Accounting

	CCoA
	Collocated care-of-Address

	CSCF
	Call Session Control Function

	DNS
	Domain Name Service

	DVB
	Digital Video Broadcasting

	DVB-T
	Digital Video Broadcasting – Terrestrial

	ESS
	Extended Service Set

	FA
	Foreign Agent

	GPRS
	General Packet Radio Service

	GSM
	Global System for Mobile communication

	HA
	Home Agent

	IMS
	IP Multimedia Subsystem

	IP
	Internet Protocol

	ISC
	IMS Service Control Interface

	ISDB-T
	Integrated Services Digital Broadcasting - Terrestrial transmission

	MAP
	Mobile Application Part

	MGCF
	Media Gateway Control Function

	MIP
	Mobile Internet Protocol 

	NGN
	Next Generation Network

	PSTN
	Public Switched Telephone Network

	SIP
	Session Initiation Protocol

	SM
	Seamless Mobility

	WiMAX
	IEEE 802.16

	WLAN
	Wireless Local Area Network


5
Proposed NGN Protocol Architecture
Preamble

· The evolving 3GPP/3GPP2 IP Multi-Media Subsystem (IMS) is adopted as the session control layer of choice for NGN. Indeed, IMS standards are evolving to be access layer agnostic and to support a variety of service layer interfaces

· Mobility between packet-oriented radio access networks should be best handled by Mobile-IP or a high performance evolution of Mobile-IP. Indeed, a hierarchical, or layered Mobile-IP would keep mobility events hidden from higher, layers except when necessary. 

· The mobility between the packet-oriented radio access networks and the legacy circuit network is a necessary component of NGN. This inter-working capability should be ensured in IMS and MAP-based cellular circuit domains. Hence, NGN protocol architecture should ensure interoperability of Mobile-IP, SIP and IMS.

IMS-based NGN Architecture

An NGN architecture framework is depicted in Fig. 1.

This framework should be considered as an exemplary case of many possible heterogeneous network structures.
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Figure 1
With reference to Fig. 1, it appears that:

i. The IMS-based Converged Core Network should provide Service Access Points to Converged Service Platforms. Such Service Access Points would be part of the ‘NGN Service Convergence Layer’.  

ii. The ‘NGN Service Convergence Layer’ should encompass Control Element functionalities as well as Forwarding Element functionalities.

iii. Additionally, Management Service Access Points are provided towards the operational database ensuring service and network management functions like AAA, DNS, etc.

The following functional blocks appear:

IMS-based Converged Core Network

Call Session Control Function (CSFC), which acts as Proxy CSFC (P-CSFC) in Visited Network, Serving CSFC (S-CSFC) in Home Network or Interrogating CSFC (I-CSFC) in Home Network, to route and control the session establishment.

S-CSFC communicates with service platform(s) via the IMS Service Control Interface (ISC), which transports the SIP protocol.

Media Gateway Control Function (MGCF) with Signalling Gateway (SGW), which controls the Media Gateway (MGW). The SGW is used to interconnect different signalling networks i.e. IP based signalling networks and SS7 signalling networks (for instance, protocol adaptation between SIP and ISUP can take place at SGW).

The MGCF interacts with the MGW to reserve the resources needed for the sessions.

The Breakout Gateway control function (BGCF) selects the network in which PSTN/CS Domain breakout is to occur. If the BGCF determines that the breakout is to occur in the same network in which the BGCF is located within, then the BGCF shall select a MGCF which will be responsible for the inter-working with the PSTN/CS Domain. Otherwise, the BGCF will forward the SIP signalling via an I-CSCF toward the BGCF of the other network.

The MRFC/MRFP are resources of the IMS that provide support for bearer related services such as for example multi-party sessions, announcements to a user or bearer transcoding.

Policy Decision Function (PDF) performs packet control, in terms of a service-based policy ‘gate’ function, the gate being selectively ‘opened’ or ‘closed’ on the basis of IP destination address and port.

Three types of Application Servers are highlighted:

· SIP Application Server
· Parlay Service Capability Center. 

· Application Server for CAMEL (Wireless IN)

Converged Network Database

IMS-based NGN being access independent, one can think of a terminal connecting to IMS via Cellular / WiFi, etc., thus requiring specific access credentials for the access network, while gaining access to IMS services by satisfying IMS specific authentication requirements: this is the reason for a AAA functionality in the Converged Core Network.

Home Subscriber Server (HSS) stores user related data (e.g. user service related data, MSISDN, visited network capabilities, user location, etc) and can communicate with the IMS Application Servers; HSS can hence store a logical ‘binding between the terminal and the application server.

DHCP and DNS allows IP connectivity establishment between a terminal and the CSCF.

Potential Mobility Layering for NGN

Fig. 2 shows a mobility based layered structure. Again, the depicted framework should be considered as an exemplary case of many possible heterogeneous network structures
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Figure 2
With reference to Fig. 2, it appears that:

i. A Converged Mobility layer should overlay a Global Mobility layer. This feature would allow inter-working of packet switched and circuit switched based services. 

ii. Circuit switched mobility would be ensured by legacy PSTN.

iii. Packet switched mobility would be ensured by Mobile-IP functionalities: Home Agent (HA), Foreign Agent (FA), Local Mobility Agents (LMA), Collocated Care-of-Address (CCoA).

iv. Local-area mobility as well as global mobility would be ensured.

v. The PDG can be a Cross-Operator Mobility element for WLAN /WiMAX. The PDG is the functional equivalent of the GGSN to the WLAN access network. It already provides a secure tunnel to the WLAN access network and therefore is a candidate network element to host the Foreign Agent (FA) function used in MIPv4. The UE may have to send an Agent Solicitation message to the PDG/FA in order to obtain a CoA, but once it has the CoA, it shouldn't have to change it again as long as it remains in the WLAN or WiFi AN. 

vi. When ever applicable, RAT specific mobility schemes should be used. E.g. intra system handover and inter system handover for 2G/3G cellular systems, and ESS for 802.11.

vii. Support of Mobile Stations running IPv4 or IPv6 would be ensured.

viii. The special case of unidirectional links (e.g. DVB, ISDB-T) would be taken into account as well. This is possible by means of specific Mobile-IP based functionalities. 

ix. It is to be noted that inter-cell DVB (ISDB-T) mobility without ‘moving’ the unidirectional return path would be ensured as well. Indeed, this case can be treated as ‘local-area mobility’, with no reference to physical coverage aspects.

Note: the described mobility layered structure allows supporting the mobility of both users and terminal equipment. Indeed, different use cases (e.g. a terminal to be moved to different access points and/or a user to utilise different terminals and access points to retrieve their communication and content services) can be mapped onto the described layered structure. 

NGN Protocol Architecture 

A NGN Network Element should be able to encompass functionalities appertaining to the Control Elements (CE) and Forwarding Elements (FE). In this respect, the protocol architecture of the Network Element should be amenable to include, yet decouple, the FE and the CE. 

Fig. 3 shows layered structure of the proposed protocol architecture:
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Figure 3
With reference to Fig. 3, IMS and Mobility Management functionalities can be mapped on the layered architecture as follows (Note: same colour codes as per Fig. 1):

i. The NGN Service Convergence Layer would host the IMS Application Servers as well as the ‘Converged Service Interface’ (see Fig. 1) to the Converged Services and Platforms (e.g. Presence, PTT, etc.). Additionally, SIP mobility (e.g. between CS and PS) function would be included here.

ii. The NGN Session Convergence Layer would host functions related to call control, mobility and routing, like: (S/I/P)CSFC, Mobile IP.

iii. The NGN Protocol Convergence Layer would act as protocol termination point for the existing transport core networks. In this respect, control plane and forwarding plane functionalities would be ensured. Additionally, IMS MGCF and MRFC could be hosted in this layer since they control and configure the IP connectivity at lower layer.

iv. The NGN Message Convergence Layer connectivity for packet data (e.g. L3 layer) as well as CS data. Indeed, the IMS MGW would be hosted in this layer. Also, protocols for LMA implementation, if necessary (e.g. IP-over-IP) would be handled in this layer.

v. The HSS would be a transversal layer, in order to ensure service-user ‘binding’ in a dynamical way, thereby opening / changing / closing protocol instance at all layers of the protocol architecture. An ‘Active Directory Interface’ would allow logical connection of the HSS (appertaining to the Management Element) and the protocol architecture (appertaining to the Control/Forwarding Element).

6 Conclusion

A layered approach for the protocol architecture of a NGN Network Elements has been described. This approach allows compliance with the ‘Soft Router’ requirements.

Besides, a layered mobility structure has been described, allowing to deal with different Mobility situations.

It is proposed to introduce the described approach in the NGN standardization framework; in particular, the inter-layer and peer Service Access Points could be defined according to the proposed approach.
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