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Foreword

This Technical Report has been produced by the 3GPP.

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of this TS, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version 3.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
Indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the specification;

Scope

This technical report will propose an architecture that provisions an all-IP architecture option for release 00.  The purpose of the technical report is to 

· identify key issues and affected ongoing 3GPP work that need to be resolved and 

· propose a high level work plan for completion of an all IP release 00 UMTS standard

in order to provide this architectural option within Release 2000.

1 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.

· A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the same number.

[1]

TS 22.101 version 3.6.0: Service Principles


[2]

TS 23.121: Architectural Requirements for Release 99.
[3]

TS 22.121: The Virtual Home Environment
2 Definitions and abbreviations

2.1 Definitions

Editors note : Reference to Definition document required.

For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.

existing service: services supported in Release 99 and earlier releases for both GSM and UMTS.



2.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

<ACRONYM>
<Explanation>
CSCF
Call Server Control Function

MGW

Requirements

Editors Note:  This section will list the general requirements of the all IP UMTS network, and  contain the assumptions made regarding the services supported on the all IP architecture for this study.  The results of the study will be available to S1 to aid them with their service requirements for Release 2000. Guidance from S1 is sought on these assumptions.

· Which are the services (basic services, supplementary services and location aware services) that shall be offered to end users in all IP UMTS release 00 network? 

· Is roaming and handover possible within and/or between all IP PLMNs comparable to GSM and UMTS feasible?

· Which are the detailed requirements that need to be identified and defined to develop an all IP PLMN?
2.3 General

The aim of the all IP architecture is to allow operators to deploy IP technology to deliver 3rd Generation services.  The architecture should be compatible with IMT-2000, providing global terminal mobility (roaming) [1].  For the purposes of this study, the  key IMT-2000 radio access networks include the UTRAN and EDGE.  In this context, an EDGE radio access network is a 200kHz GSM based network supporting EDGE and evolved to support real time packet services. Although EDGE is not within the scope of 3GPP, there are requirements for the core network of the all IP architecture, to be common to both access technologies. In addition UMTS supports other radio access technologies such as HIPERLAN 2. HIPERLAN 2 provides bitrates in the order of 20 Mbps, which may have impact on such issues as service offerings and mobility management.

2.4 Service Capabilities

2.4.1 General
The standards shall enable the All-IP core network  to support the new and existing (R99 and before) services/capabilities (speech, data, multimedia, SMS, supplementary services, VHE,...)in a manner that is transparent to the users of these services [1].  That is, the network needs to provide the service capabilities required in such a way as to support interworking of these services between the all IP network and the other family networks (GSM pre Release 99, UMTS release 99). 

The support of existing services shall not preclude the extension of service capabilities possible through the use of an all IP architecture.

When the all IP networks are deployed, there will be services and databases provided for existing networks which are non-IP based e.g. local number portability, free phone numbers, specialised corporate services.  The all IP architecture will need to be able to access these services.
2.4.2 Basic requirements for the Service and Application Platforms

List of requirements on the “Application and Service” block:

1. Service capabilities are to be made available to the Applications through Service capability features;

2. Service capability features are provided by one or more service capabilities (possibly directly provided by network functions, e.g. E-HLR, CSCF etc.), as illustrated in figure 1;
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Figure 4‑1: Relationship between Service Capability Features (SCFs) and Service Capabilities.

3. Incremental introduction of service capability features by the network operator has to be possible;

4. A standard interface, called the application interface, has to be introduced for access to Service capability features by Applications. This interface has to provide a controlled, secure and accountable relationship between Applications and Service capability features;

5. The Application interface must provide access to the Service capability features based on user subscription profile;

6. Applications can be located either on servers and/or on (mobile) terminals;

7. Applications can only access the service capabilities through the service capability features;

8. Applications can utilize both capabilities provided by the Mobile Network functions, through the service capability features, and functions provided by IT systems

2.5 Numbering Schemes
The standards shall allow mobile terminated communications to be routed to the user’s terminal on the basis of a single identifier e.g. MSISDN.  This does not preculde multiple addresses being used for different services and capabilities (e.g. data, Fax, SMS).  The network will route the call to the terminal over the available resources, dependent upon, for example, terminal capability, traffic loading and coverage.  Networks migrating to an all IP architecture will require the ability to route based on a single identifier to maintain service transparency.

2.6 Terminals 

· Which classes of terminals are needed to be defined in an all IP network?

1. The standards shall enable the All-IP core network  to  support  UMTS R99  terminals.
2.7 Radio aspects

1. The radio resource usage should be optimised within the architecture for both service and signalling support.
2.8 Interworking

1. The All-IP core network shall support interworking to external IP and non-IP networks (e.g. circuit-switched networks (PSTN, ISDN, GSM PLMN, UMTS PLMN,...).
2.9 Mobility management

1. The All-IP core network shall provide streamlining and CN operated hand-over procedures for UMTS.
2.10 Roaming 

1. The standard shall enable the All-IP core network  to support roaming with 2G GSM/GPRS networks and R99 UMTS networks.
2.11 Handover

The support of handover between release 98, release 99 and release 2000 network technologies is essential in maintaining adequate network coverage. Table 4‑1 illustrates the necessary handover scenarios and the status of development of algorithms.
Table 4‑1: Handover matrix

From   \   To =>
2G-GSM cs
2G-GPRS
UMTS cs (R99)
UMTS ps (R99)
UMTS IP (R00)

2G-GSM cs
OK
S1 FFS
Req R99
S1 FFS
Req R00*

2G-GPRS
S1 FFS
OK
S1 FFS
Req R99
Req R00

UMTS cs (R99)
Req R99
S1 FFS
OK
S1 FFS
Req R00*

UMTS ps (R99)
S1 FFS
Req R99
S1 FFS
OK
Req R00

UMTS IP (R00)
Req R00*
Req R00
Req R00*
Req R00
OK

Key:

OK


Same technology 


S1 FFS


Requirement FFS by S1.
Req R99

Required for release 99

Req R00


Required for release 2000
*

The implications of the requirement for PS to/from CS handover in R00 are the subject of much debate. Alternatives for either the support of handover or to provide service coverage need to be investigated.
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4 
Architecture for an all IP PLMN

The architecture for an all IP PLMN should address the following issues:

· Network reference model for an all IP PLMN including possible options

· Possible physical network architectures to support the reference model

· Functional split between Core Network and RAN (UTRAN and GSM/GPRS/EDGE) to enable an all IP network

· Feasibility of a common all IP core network for both UTRAN and GSM/GPRS/EDGE

· Requirements for interfaces and interworking with legacy networks

4.1 Reference Architecture

The following diagram depicts the all- IP-architecture for IP integrated services (e.g. voice over IP).

This architecture is a draft starting point for the work of 3G.IP, and it is not complete. Neverless it helps to clarify some key issues of the taken approach, such as

1. Two different Radio Access Networks are considered:

· UTRAN: the one presently under development in 3G.PP

· ERAN: based on EDGE access.

2. The core network is an enhancement of the UMTS PS domain, and therefore is based on GPRS

3. Call control is provided in the Operator Networks and it is IP based (SIP, H323 are presently under evaluation).

Editor’s Note: This diagram is an initial proposal showing support for an all IP architecture.  This diagram needs to be expanded to take into account:

· support of legacy terminals and the latest changes in 23.121 [1].

· interoperability of Call Control with the existing GSM/GPRS one has to be taken into account.
Editor’s Note (2): The use of the acronym "Iu_ps" to designate the interface between ERAN (Edge RAN) and E-SGSN ("SGSN that has been enhanced to support of Integrated Services over I") was said to be confusing, as it is already used in SA2 to designate the interface between UTRAN and 3G-SGSN.
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Figure 5‑1: Reference Architecture

CSCF is the Call State Control Function.  The CSCF performs call control functions, service switching functions, address translation functions, and vocoder negotiation functions.

E-GGSN is a GGSN that has been enhanced to support of Integrated Services over IP.

E-HLR is a HLR that has been enhanced to support of Integrated Services over IP.

E-SGSN is a SGSN that has been enhanced to support of Integrated Services over IP.

ERAN is the EDGE Radio Access Network.

Iu is the reference point between URAN and E-SGSN.

Iu-ps is the reference point between ERAN and E-SGSN and is IP based.
MGCF is the Media Gateway Control Function.  The MGCF is the point of interface for signaling between the IP based packet switched network and the circuit switched networks.

MGW is the Media Gateway Function.  The MGW is the point of interface for voice traffic between the IP based packet switched network and the circuit switched networks.

MRF is the Multimedia Resource Function.  The MRF performs all of the multiparty call and conferencing functions.

R-SGW is the Signaling Gateway Function.  The SGW performs the signaling conversion between the legacy SS7 based signaling and the IP based signaling to support Roaming.
A-SGW is the signalling gateway function that puts call related signalling to/from the PSTN (ISUP) on an IP bearer and sends it to the Media Gateway Controller.
UTRAN is the UMTS Radio Access Network.
Editor’s Note: Definitions for each of the interfaces shown in Fig1 are required.
Working Architectural approach

1. Network architecture is based upon IP packet technologies for simultaneous real-time and non-real-time services.

2. Network architecture is based upon an evolution of GPRS.

3. Release 00 terminals are IP based, and the integration of services is obtained through IP.

4. Network architecture should support personal mobility and interoperability between mobile and fixed networks for both voice and data services.

5. Maintain or improve quality of service levels when compared to today’s networks.

6. Maintain or improve network reliability when compared to today’s networks.

7. 
8. All IP interfaces and associated network interfaces should be enhanced to support real-time multimedia services.

9. Network architecture will provide a separation of service control from call/connection control.

10. Network architecture will replace SS7 transport with IP.

11. Network architecture will be independent of network transport layers of Layer 1 (L1) and Layer 2 (L2).

Issue: What is the Border of the Network

In the case that the GGSN  is seen as the border of the network towards the IP network or the GGSN+MGW is seen as the network border towards the PSTN/Legacy network, then the following issue need to be clarified.  On call setup, the SGSN needs to determine the appropriate GGSN for the call.  For example, it needs to determine if the call is to the PSTN or to a Voice Over IP network.  This choice is required to ensure optimal routing to the appropriate anchored GGSN.  Choice of appropriate GGSN in this case requires called party identifier analysis.

Editor’s Note: [FFS} One option to support this could be the addition of an interface between the SGSN and the CSCF. Need to determine if this interface is in addition to the CSCF<-> GGSN interface or a replacement.  Alternatively, the connection is made to the GGSN to reach the CSCF and then an alternative GGSN may be selected to reach the MGW.

Editor’s Note [FFS].  The issue of optimal routing when an MRF is added cannot be determined until there is agreement on what is the border of the network. 

4.2 Key-issues for the support of R99 voice and cs data terminals in the All-IP network

4.2.1 Call and mobility control functionality

4.2.1.1 
R99 Call control functionality

Terminals may be implemented for UMTS R99 that do not support all of the R99 functionality, this may include terminals which only support voice and circuit switched data.

The support of the different possible R99 terminals via an R00 All-IP network may require the R00 network to support the R99 Call Control functionality.

VLR functionality and CAMEL SSF functionality is likely to be needed in order to support inbound roaming mobile subscriber's service data, CAMEL related data and services. 
4.2.1.2 R99 Mobility management functionality

The mobility management functionality chosen for R99 may need to be supported within R00, however alternative mechanisms may be possible to support the UMTS R99 Mobility Management functionality of the terminal within the R00 IP based network. 

4.2.1.3 Issues for further study

The following issues are for further study:

· modeling of this function into R00 reference architecture

· interaction with other R00 network elements 

· impact on other R00 network elements

4.2.2 Transport of user data of R99 voice and cs data terminals in the all IP network

4.2.2.1 Description of function needed

To be able to support R99 voice and cs data terminals from a userplane perspective in an optimal way in the all IP network and reusing as much as possible of the All IP backbone the following issues need to be addressed.  

4.2.2.2 Issues for further study

· Use of the IP backbone in the core network for the transport of voice and cs data to and from R99 terminals

· Use of gateway-functionality at the Radio Access Network border for the support of R99 UMTS  user traffic flows of the radio access bearer.
5 
QoS 

· What is needed to further evolve the QoS mechanisms in UMTS and GSM release 99 to enable an all IP network, taking into account

· End to end QoS requirements impacts for IP networks

· QoS mechanisms for session management

· QoS support in the RAN, including alignment of GPRS and UMTS traffic classes, information passed to the RAN.

· QoS support in the GPRS Core Network

· QoS mechanisms in interfaces to external network

· Alignment between GSM and UMTS QoS mechanisms to enable roaming and handover between EDGE and UTRA based all IP networks and a common CN.
6 
Handover

Identify the topics for development to provide handover for real time services in the PS domain.

7 
Radio Aspects

Editor’s Note:  This section requires support from the RAN group.

1) CN – RAN interface definition

(a) Functional split between CN and RAN

(b) Impact on existing GPRS/EGPRS/UTRAN implementations and deployments

(c) Migration scenarios

(d) Protocol stack evaluation (including evaluation of control and user planes from CN to both RAN and MS)

2) ERAN architecture (Refer to SMG2)

(a) ERAN reference model

(b) Functional split between elements

(c) Definition of interaction between elements

(d) Impact on existing GPRS/EGPRS deployments (BSC, PCU, and BTS) and mitigation strategies

(e) Protocol stack selection for ERAN internal interfaces

3) UTRAN architecture extensions

(a) Identification of required extensions

4) Realtime Handover for Packet Domain

(a) ERAN issues (Refer to SMG2)

(b) UTRAN issues

5) QoS support

(a) Evaluation of S2 QoS Ad Hoc progress for real-time data support

(b) Signalling mechanism

(c) CN issues

(d) Alignment of GPRS with UMTS QoS

(e) Realization of QoS on radio link

6) (E)GPRS Radio issues (Refer to SMG2)

(a) Real-time support including handover and QoS

(b) Spectrum efficiency/performance (e.g. statistical multiplexing and 
source/channel coding)

(c) RLC/MAC enhancements 

7) UTRA Radio issues

(a) Real-time packet data support including handover and QoS – validation and possible enhancement

(b) Radio efficiency/performance (e.g. statistical multiplexing and 
source/channel coding)

(c) RLC/MAC enhancements if needed

Note: The RLC/MAC line items about (sections 6(c) and 7(c)) may include 

· Enhanced for radio resource allocation.

· Radio access bearer definitions (i.e., define for the various traffic classes the path through the protocol stack and the bearer to be used).

· Enhancements to RLC/MAC (e.g. Fast channel allocation schemes for EGPRS).

· Flow classification (e.g. mapping of user traffic onto appropriate radio access bearer)

8) IP adaptation

(a) Header stripping for basic voice service and IP client impact

(b) Header compression

(c) Handover issues with IP adaptation











8 
Call Control

· Examples of Call Control procedures in an all IP network, including

· Mobile originated calls in home all IP PLMN (to all IP user, H.323/SIP, 2G/3G, PSTN)

· Mobile terminated calls in home all IP PLMN (from all IP user, H.323/SIP, 2G/3G, PSTN)

· Mobile originated calls in visited all IP PLMN (to all IP user, H.323/SIP, 2G/3G, PSTN)

· Mobile terminated calls in visited all IP PLMN (from all IP user, H.323/SIP, 2G/3G, PSTN)

· MS-MS calls in home all IP PLMN

· MS-MS calls between users belonging to different all IP PLMNs

· Is H.323 and/or SIP, or alternative approaches, to be used as basis for call control procedures in an all IP network?

· Numbering and addressing aspects

· What is the role of CAMEL and HLR in these call cases?

9 
Service Platform Impacts

· How will service transparency between Release 99 and earlier release networks and an all-IP (release 2000) network be support?

· Services in release 99 are provided via OSA, CAMEL, MExE, SAT.

· How does an all IP user get access to existing IN services (user services, “called number based services” (freephone, premium rate etc))?

· What is the feasibility of using the concepts of the Open Service Architecture in release 99 to offer services (supplementary services, value-added services etc) to all IP users equivalent to those in the CS-domain?

· What is the role of CAMEL in an all IP network?

· How is roaming between all IP PLMNs?

9.1 3GPP Release 2000 Service Architecture

This section describes how the 3GPP release 99 service architecture [3] can be applied to the 3GPP release 2000 network  by extending the VHE/OSA concept to the Multi-Media core network. This can be done by providing an application interface (as described in VHE specification [3]) from the CSCF, see Figure 10‑1.. As VHE expect the service to be located in the home domain of the end–user (the Home Environment), other network elements besides the CSCF may be needed to provide an roaming architecture that allow the serving domain to pass control to the home domain where the service logic resides. 

Editor’s Note:  The architectures in Figure 10‑1 and Figure 10‑2 show the CAMEL Service Environment (CSE) which is not shown in the Reference Architecture in Section 5.
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Figure 10‑1:
3GPP Release 2000  service architecture

The Open Service Architecture consists of three parts, as illustrated in Figure 10‑2(note that the figure is not meant to be exhaustive of all interrelationships):

· Applications, e.g. VPN, conferencing, location based applications. These applications are implemented in one or more Application Servers;

· Framework, providing the applications with basic services that enable applications to make use of the service capabilities in the network. Examples of framework services are Authentication, Registration and Discovery;

· Service Capabilities, providing the applications with services that are abstractions from underlying network functionality. Examples of services offered by the Service Capabilities are Call Control, Message Transfer and Location. Services are possibly provided by more than one Service Capability Server. For example, the Call Control service might be provided by CAMEL and MexE. The Service Capability Servers taken into account for UMTS Release 99 are CAMEL, MExE, SAT and HLR.
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Figure 4
Figure 10‑2: Overview of Open Service Architecture (Editor’s Note: This diagram is taken from the first draft of the VHE/OSA Stage 2 document and will need to be kept consistent)
9.2 IN based Services

The IN based service is one example of legacy services and the IN based service logic is one example of how legacy services may be introduced to the 3GPP Release 2000 networks.  This IN based service logic may need to be enhanced in 3GPP Release 2000 networks, based on the proposed architecture,  when full support for multi-media is required.

When only voice/audio has to be supported several options exist:

1. Re-route call to legacy system. This is applicable to very specific services such as  800- and 900- services.

2. Provide ’INAP’ like interfaces between the 3GPP Release 2000 network functional blocks (e.g. CSCF) and a legacy SCP. These interfaces will be used for inter- and intra-network connections, and as such should be based on a suitable INAP protocol (e.g. CAP). 

3. Provide new interfaces between legacy IN and 3GPP Release 2000 network functions, allowing the AS to access the application in the legacy SCP.

Future contributions will describe the pros and cons of each option and make recommendation. It shall be noted that the Operator Specific Services defined for the QoS enabled GPRS network are still available and apply for the access bearers towards the MM core network. This will for instance enable the pre-paid charging of the GPRS bearer. 

9.3 Issues requiring further contributions

The following issues require further contributions:

· Applications may reside not only in Application Servers (AS) but also in terminals.

· Options for sharing applications or parts of them between AS and terminals

· Which elements, beside the CSCF, will provide API for application design (aligned with VHE/OSA)

· Terminal shall also provide API for application design (aligned with MExE)

· Which new Service Capabilities/Service Capability Features are needed for 3GPP Release 2000 (e.g. WIN)

· Specific implementation cases of the proposed architecture should be provided.

· If and how 3GPP Release 2000 service features could be made accessible to  2G terminals via 2G networks

· If and how 3GPP Release 2000 service features could be made accessible to dual mode 2G/3G terminals via 2G networks

10 
Roaming to and from 2G and 3G networks

· How can roaming to/from 2G and 3G network be enabled, covering the following issues:

· Architectural aspects to offer roaming (signalling options, use of gateways etc)

· Location registration of all IP user in legacy 2G/3G network

· Location registration of 2G/3G user in all IP PLMN?

· Mobile terminated calls to all IP user roaming in legacy 2G/3G network

· Mobile originated calls from all IP user roaming in legacy 2G/3G PLMN?

· Mobile originated calls from legacy 2G/3G user roaming in all IP PLMN?

· Mobile terminated calls to legacy 2G/3G user roaming in all IP PLMN?

· How can supplementary services be in the following cases:

· All IP user roaming in legacy 2G/3G network

· 2G/3G user roaming in all IP network

11 
Security

· How is security (authentication, ciphering etc) affected by an all IP network approach? 

NOTE: Should S3 deal with this?

12 
Operations, Administration, Provisioning and Maintenance

- What are the implications of an all IP network on charging data generation and collection?.

13 


Work Plan

The work plan should cover the following issues:

· Key work items

· Milestones for completion of release 00

· Affected TSGs/WGs

· Involvement, dependencies and liaisons with external SDOs

· Outline of new and affected TSs

13.1 Allocation of Responsibilities

Editor’s Note: It is not the responsibility of this study to allocate work to the different TSGs.  The Project Co-ordination Ad Hocs will agree the work split.  The purpose of this section is to identify the responsibilities in order to ease the work planning study.
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Figure 14‑1: Allocation of Responsibility for the Reference Architecture

Editor’s Note: Figure 14‑1needs to be kept consistent with Figure 5‑1.

14 Annex: Work Items List

Table 2 lists the work items identified by the study in order to standardise an all IP architecture.  The table indicates the TSG-WG2 Project Co-ordination Group (S2-PCG) which has responsibility for the Work Item.  It is not within the terms of reference for the study to allocate work across the TSGs, this will be done within the S2-PCGs.

Key to Table:


S2-PCGs:


U/G
UMTS/GSM interoperation

Sec
Security

BS

Bearer Services

PS

Packet Architecture

CS

Circuit Architecture

Svr

Services and Service Platforms

QoS
QoS

T

Transport Concept

MM
Mobility

LCS
Location Based Services

Editor’s Note: The list above needs to be revised in line with the groups that exist.

Table 15‑1: Work Items for an All IP network
Editor’s Note: The text in the table in Bold Italic font has been included as examples for the table.  As work progresses, these items will need to be accepted/changed or deleted to ensure consistency with the main body of the report.
Work Item
S2-PCG
Specification Required
Issues
Priority

VoIP Call Control and Roaming

Call Control

CAMEL support for VoIP

requirements on roaming capability/scenarios

model for roaming support, including mobility management

 call control/call flows for various roaming scenarios
Do we need to specify SIP or H.323 or can both be supported?


MS registration for VoIP service

VoIP call control server discovery in visiting network

 MS registration to VoIP call control server

 MS terminated call without pre-establishment of PDP context



Support of supplementary services  in the PS domain


Is it feasible to offer SS via the service platforms rather than as part of the call control?


LCS on PS Domain





Real time QoS (existing)





Real Time GPRS Handover





Interface between All IP Core and EDGE access network (Iu_PSPrime )





MAP over TCP/UDP/IP





VHE/OSA support for H.323 and SIP
Svr




15 9
History

Document history

V0.0.0
July 1999
Creation of document.

V0.0.1
11 Aug 1999
Updated after R2000 Ad Hoc Swindon, 10-11th August. 

Scope is clarified and new text added to requirements, Service Platform sections and a new architecture sub-section on support for R99 terminals.
Architecture changes: new CSCF <-> CSCF interface.  MGW split into MGW and Transport signalling gateway.  SGW to legacy network labelled as roaming gateway.  


































Within the current 3GPP specifications this is achieved via CAMEL providing the CAP interface between serving and home network.


