
3GPP TR 23.882 V0.1.1 (2005-04)
Technical Report

3rd Generation Partnership Project;

Technical Specification Group Services and System Aspects;

3GPP System Architecture Evolution:

Report on Technical Options and Conclusions

(Release 7)


[image: image11.wmf]GGSN

FBC

LI

IMS

Internet

Gi

ME

USIM

SGSN

HSS

GTP-U

Upgraded

Iu 

?

Home Gateway

Figure 3

Figure 3

Roaming

Roaming

architecture

architecture

GGSN

FBC

LI

SGSN

VPLMN Proxy

GTP-U+

GTP-C

BTS

RNC

BTS-Site


[image: image2.jpg]K oy




The present document has been developed within the 3rd Generation Partnership Project (3GPP TM) and may be further elaborated for the purposes of 3GPP.
 
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.
 
This Specification is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this Specification.
Specifications and reports for implementation of the 3GPP TM system should be obtained via the 3GPP Organizational Partners' Publications Offices.

Remove GSM logo from the cover page for pure 3rd Generation documents.

Keywords

<keyword[, keyword]>

Select keywords from list provided in specs database.

3GPP

Postal address

3GPP support office address

650 Route des Lucioles - Sophia Antipolis

Valbonne - FRANCE

Tel.: +33 4 92 94 42 00 Fax: +33 4 93 65 47 16

Internet

http://www.3gpp.org

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© 2004, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TTA, TTC).

All rights reserved.


Contents

4Foreword

Introduction
4
1
Scope
5
2
References
5
3
Definitions, symbols and abbreviations
6
3.1
Definitions
6
3.2
Symbols
6
3.3
Abbreviations
6
4
Architecture Baseline
6
4.1
Architecture starting point
6
5
Requirements on the Architecture
7
6
Scenarios and Solutions
8
7
Key Architectural Issues
8
8
Consolidated architecture
8
9
Conclusions
8
Annex A:  Open Issues
8
Annex B: Change history
10


Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (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 the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater 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 document.

Introduction

To ensure competitiveness of the 3GPP systems in a time frame of the next 10 years and beyond, a long-term evolution of the 3GPP access technology needs to be considered.

In particular, to enhance the capability of the 3GPP system to cope with the rapid growth in IP data traffic, the packet-switched technology utilised within 3G mobile networks requires further enhancement. A continued evolution and optimisation of the system concept is also necessary in order to maintain a competitive edge in terms of both performance and cost. Important parts of such a long-term evolution include reduced latency, higher user data rates, improved system capacity and coverage, and reduced overall cost for the operator. 

Additionally, it is expected that IP based 3GPP services will be provided through various access technologies. A mechanism to support seamless mobility between heterogeneous access networks, e.g. I-WLAN and 3GPP access systems, is a useful feature for future network evolution.
In order to achieve this, an evolution or migration of the network architecture, as well as an evolution of the radio interface, partly addressed already by individual WIDs, should be considered.

Architectural considerations will include end-to-end systems aspects, including core network aspects and the study of a variety of IP connectivity access networks (e.g. fixed broadband access).

1
Scope

The objective of this feasibility study is to develop a framework for an evolution or migration of the 3GPP system to a higher-data-rate, lower-latency, packet-optimized system that supports, multiple RATs. The focus of this work will be on the PS domain with the assumption that voice services are supported in this domain. 

The main objectives are to address the following aspects:

1) Overall architecture impacts stemming from requirements coming out from TSG-RAN’s Study Item on Radio Evolution (see SP-040915). The architectural developments should take into account the targets for the evolution of the radio-interface, e.g.:

i. whether there is a need for a modified network architecture and/or different functional split between network nodes (compared to the current 3GPP architecture);

ii. how to provide a very low latency (including C-plane) for the overall network (including core network, radio access network and radio access technology);
iii. how to provide the efficient support of the various types of services, especially from the PS domain (e.g. Voice over IP, Presence).
2) Overall architecture impacts stemming from the work in SA1 on an All-IP Network (AIPN) (see TR 22.978), e.g.:

i. support of a variety of different access systems (existing and future) and access selection based on combinations of operator policies, user preferences and access network conditions;
ii. how to realize improvements in basic system performance e.g. communication delay, communication quality, connection set-up time etc….;
iii. how to maintain the negotiated QoS across the whole system; in particular to address  inter-domain and inter-network interworking, and, QoS on the network link to the Base Station site.
3) Overall architecture aspects of supporting mobility between heterogeneous access networks, including service continuity. E.g.: 

i. service continuity between I-WLAN and the 3GPP PS domain;

ii. how to support multiple radio access technologies and terminal mobility between different radio access technologies;  
iii. how to maintain and support the same capabilities of access control (authentication, authorization), privacy and charging when moving between different radio access technologies.
Migration aspects should be taken into account for the above, i.e. how to migrate from the existing architecture.

In the course of conducting this feasibility study additional individual Work Items may be identified and prepared to address certain aspects and to take care of the respective specification work. The timelines of those Work Items may or may not concur with the timeline of this feasibility study.
2
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.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[<seq>]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

[1]
3GPP TR 41.001: "GSM Release specifications".

[2]
3GPP TR 21 912 (V3.1.0): "Example 2, using fixed text".

[3]
3GPP TS 23.002: “Network Architecture”

3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Subclause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

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

Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

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

Symbol format

<symbol>
<Explanation>

3.3
Abbreviations

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

Abbreviation format

<ACRONYM>
<Explanation>

4
Architecture Baseline

4.1
Architecture starting point

This chapter describes the architecture baseline as the basis for further evolving the architecture. The full view of Release 6 network architecture is the reference logical architecture with some additions from Release 7 work. 

The Release 7 work that is included in the baseline architecture is:

- PCRF and related reference points

Editors Note: It is FFS what other Release 7 work that may be added to the baseline architecture

Note: For simplification reasons Gx+ and Rx+ is made explicit in the figure but it should be clear that in Release 6 then the interfaces Gx/Rx and Go/Gq are applicable towards the CRF and PDF respectively.

More specifically the feasibility study shall focus on evolving the PS and I-WLAN architecture, functionalities and figure 4.1-1. Refer to 3GPP TS 23.002 [3] for further detailed description. The functional entities that are depicted in figure 4.1-1 are those that are potentially impacted as a result of this study, in relation to the reference points shown. 

Editors Note: The interfaces and network entities related to CAMEL and LCS are currently not shown in figure 4.1-1. 
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Figure 4.1-1. Logical baseline architecture for 3GPP

5
Requirements on the Architecture

[Editors Note: This clause identifies the major requirements on the architecture that guide the architecture evolution.]

High-level principles

· 3GPP and non 3GPP access systems shall be supported.

· Shall provide scalable system architecture and solutions without compromising the system capacity, e.g. by separating the control plane and the transport plane.

· Interworking with release 6 3GPP systems (i.e. 3GPP-PS core, 3GPP-IP access and IMS) shall be supported

 [Editor’s note: Initial list to be completed]
6
Scenarios and Solutions

[Editors Note: This clause identifies potential scenarios based on drivers such as social and new emerging technologies that have an impact on the existing reference architecture. The identified scenarios are used to explore the architecture options and as a base for identifying the key architectural issues. The scenarios may be based on the outcome from AIPN in SA1 and the TSG-RAN’s Study Item on Radio Evolution (see SP-040915). The scenarios should identify how migration and/or evolution from current systems occur.]
6.1
Scenario 1

6.1.1 Introduction

This scenario describes an architecture intended to meet the requirements of the evolved UTRAN and the desires of operators to cut operational costs. 
Some of the assumptions behind this architecture are:

-
Voice will be supported over the “packet domain”.

-
This architecture is for equipment to be deployed in a different frequency than that in use with UMTS today.

-
IMS is used for services and interconnection.

-
IMS will evolve separately from this work.
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Features and attributes of this architecture include:

1
low U plane latency. 

2
Provides Flow Based Charging capability and permits the continuation of existing business models while not precluding the adoption of new business models.

3
Provides regulatory capabilities such as LI

4
Uses “Iu-flex” style many-many connectivity between BTS sites and Home Gateways.

5
Avoids the direct connection of BTS sites to the HSS.

6
Uses existing Session Management and  RANAP protocols and GTP-U functionality to provide and enforce QoS on the radio interface.

7
By allocating each downlink GTP Tunnel Endpoint ID as a distinct IP multicast address to each mobile, IP Multicast signalling can be used from the BTS sites to bicast/switch the downlink user data from one BTS site to another BTS site at handover.

8
Supports SMS – even when no IP address has been allocated to the mobile.
9
By informing the UE of the GGSN’s GTP TEID; the “cell ID” of the SRNC; and using User plane encryption from the UE to the GGSN, fast transitions from URA-PCH state to “active data transfer” can be achieved.

10
Paging can be performed on a URA or RA basis.
11
The Ix interface between the base station is used for handover signalling; paging (in URA-PCH states) and UE context retrieval. Cell load information is exchanged between sites by piggybacking this information in the handover messages (c.f. release 5).

12
Soft Handover can be supported (see 6.1.2 below)
13
USIM based security is used. Separate encryption streams are used for the RRC signalling; NAS signalling and for the U plane.

14
Both IPv4 and IPv6 mobiles can be supported.

15
Within the PLMN, IPv4 and/or IPv6 transport can be used.
16
The architecture is RAT neutral (Ix can be developed in a RAT neutral manner, and, Iu already supports different RATs – eg FDD and TDD).
17
Interworking with R’99 networks is provided by inter-RNC, inter-SGSN hard handover.

18
Roaming is supported by using two instances of the Home Gateway box: one in the VPLMN and one in the HPLMN (see 6.1.3 below)

19
Interworking to W-LAN and other such radio technologies can be provided by the addition of a Mobile IP Home Agent to the Home Gateway (see 6.1.4 below). Within the evolved 3GPP network, the mobile is on the “home local area network” and no MIPv4 packet encapsulation is performed.

20
The Home Gateway can probably be developed from existing GGSN products. The only significant enhancement is the addition of the U plane encryption functionality. If desired, it is likely that this could be split off into a separate, co-located, server.
21
By reusing many existing protocols (eg RRC, SM, GMM, RANAP, GTP, MAP) rapid deployment of this architecture should be feasible. 
6.1.2
Soft Handover
6.1.2.1
Background

Is Soft HandOver (SHO) needed?  On the down link, HSDPA etc have shown that SHO can probably be avoided. 
On the uplink, any “single frequency reuse” technology probably requires fast power control and systematic use of the ‘best’ base station.  So, multiple base stations will need to send power control commands to the mobile, and, multiple base stations may also receive the uplink packets. 

Probably SHO is needed most for conversational services at low (<128 kbit/s) bit rates.

Because the RAN WGs are unlikely to rapidly agree whether or not uplink SHO is needed, SA 2 should consider an architectural concept that can work both with and without SHO.
Do we loose much “radio performance” if the BTS sites merely decide whether the packet is ‘error free’ or ‘mostly error free’ (and is then sent towards the GGSN) or ‘erroneous’ (and discarded)?

6.1.2.2
Proposed Solution
Figure 2 shows the proposed solution. 

It places a selection combining function on the ”route towards the GGSN” to discard duplicate packets (or) select the error free one. 

The discard of duplicate packets is needed (at least) to avoid overloading the far end radio channel.) 

This discarding of duplicate packets might be best performed by the first hop router near the BTS site as the cumulative jitter is less.  The SHO Combiner is not placed in the BTS site in order to avoid excessive transmission requirements on the ‘last mile’ to the SRNC function located in the ‘anchor’ BTS site.
To avoid boundaries between these ‘combiner’ areas, the concept of the dynamic allocation (at 2ndry PDP ctx activation) of a “combining node” that sits in the GTP-U path is added.

The addition of the Soft Handover Combiner node in figure 2 would require some signalling messages and sequences to allocate it and to distribute its address and the GTP Tunnel Endpoint IDs.  

To keep the Home Gateway, “RAT neutral”, the RNC function discovers, selects and signals to the SHO combiner.

The Soft Handover Combiner is not moved/relocated while the 2ndry PDP context is active. 

GTP-U is upgraded so that packets from the BTS site to the combining node can be “timestamped” and marked as “perfect” or “good”.
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6.1.3 Roaming
Roaming is supported by using two instances of the Home Gateway box: one in the VPLMN and one in the HPLMN.

The R’99 roaming interfaces (MAP and GTP) are maintained thereby ensuring easy migration to this architecture.
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6.1.4
Interworking to WLAN and other non-3GPP systems

Interworking to W-LAN and other such radio technologies can be provided by the addition of a Mobile IP Home Agent to the Home Gateway (see figure below). Within the evolved 3GPP network, the mobile is on the “home local area network” and no MIPv4 packet encapsulation is performed.
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Scenario 2
Editors note: text to be added.
7
Key Architectural Issues

[Editors Note: this clause identifies key issues e.g. related to mobility and QoS mechanisms, solutions for key Issues and impact on the Architecture i.e.

7.1
Key Issue 1

7.1.1
Description of Key Issue 1

7.1.2 
Solution for key issue 1

7.1.3
Impact on the baseline CN Architecture
7.1.4
Impact on the baseline RAN Architecture
7.1.5
Impact on terminals used in the existing architecture]

8
Consolidated architecture

9
Conclusions

[Editors Note: both interim and final conclusions can be documented]

Annex A: 
Open Issues

· How do UEs discover Access Systems and corresponding radio cells ? Autonomous per Access System and the UEs scans/monitors any supported Access System to discover Systems and cells. Or, do Access Systems advertise other Access Systems to support UEs in discovering alternative Access Systems ? How is such advertising performed (e.g. system broadcast, requested by UE, …) ? How do these procedures impact battery lifetime ?

· In case Access Systems advertise other Access Systems: will any Access System provide seamless coverage (avoiding loss of network/network search), or is a hierarchy of Access Systems needed  to  provide seamless coverage for continuous advertisement ?

· Is user access control/authentication per access system or more centralized for multiple access systems ?

· How are Access Systems, PLMNs and operators discovered and selected ? Can a UE access/attach multiple PLMN/operator in parallel ? If yes, how many ? Or, has a UE to select the same PLMN/operator for each Access System in case the UE accesses/attaches multiple Access systems in parallel?

· How many identities and temporary identities has a UE/subscriber? For every Access System another identity? In case of multiple identities: is user context transfer and identity translation required at a change of the Access System to avoid re-authentication?

· In case a UE accesses/attaches multiple Access Systems in parallel: how does reservation of guaranteed resources work? Are multiple reservations in parallel required (same resource on every Access System) to allow for fast change between Access Systems ? Or, does a mobility/handover mechanism reserve resources during the mobility/handover process ?

· Shall inter Access System mechanisms and signaling for load sharing and mobility be generic for all Access Systems or peer-to-peer between Access Systems ?

· Will any Access Systems have an idle or paging mode ? And, shall the wake-up work over multiple Access Systems (e.g. paging in multiple Access Systems in parallel) ?

· Are User or UE access and service rights specific per Access Systems or common for all or multiple Access Systems ?

· How many network nodes are between UE and top level mobility anchor ? And is there only one set traffic plane functions for user data (policing and charging) ? Or, may the traffic plane functions change during an ongoing service because of an Access System change?

· Are there layers of multiple Access Systems in same physical location required ? And how dynamic do UEs change between different Access Systems in the same location in idle and in connected mode? What signaling traffic is acceptable during such mobility (e.g. signaling via HPLMN) and how does it influence system performance and QoS (e.g. packet loss / service interruption during change of Access System)?

· May functions be transferred to application/services level (e.g. mobility supported by IMS services) ? If yes, to which extent is this feasible for application/services ?

· Does every Access System provide its own security mechanisms (encryption, integrity) ? Is a parameter mapping between different security mechanisms possible? Or, can security associations be established in parallel to ongoing services ?

· How is data compression provided for the different access systems ? And how re-synchronizes compression when the access system changes ?
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