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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

The exclusive usage of QoS mechanisms as described in 3GPP TS 23.207 [4] is not enough to guarantee full end-to-end QoS when interworking with external IP network domains and backbone networks which do not themselves contain IMS network elements. This is mainly because the described QoS concept presumes that the interconnecting IP networks are controlled by PLMN operators or other IMS operators. As a result, it is problematical to provide complete end-to-end QoS guarantees when interworking with external IP network domains or backbone networks which provide IP QoS mechanisms.

Especially for delay-sensitive services with strict end-to-end QoS requirements such as conversational speech or streaming video, the existing QoS concept may not satisfy the service requirements when interworking with such IP network domains and backbone networks. Consequently, new QoS concepts that are scalable and can take into account overall end-to-end network performance must be assessed.
1
Scope

The present document investigates possible solutions to enhance the end-to-end QoS architecture as currently specified in 3GPP TS 23.207 [4] to achieve improved end-to-end QoS in the case of interworking with IP network domains or backbone networks that provide IP QoS mechanisms and enhanced interworking with other next generation networks. Within this technical report, emerging QoS standardization efforts from TISPAN, ITU-T, and the IETF should be taken into account.
2
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Editor's Note:
References may need to be removed if not required and other references may need to be added if required.

3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and 3GPP TS 23.207 [4] and the following apply.

Admission administrative domain: The Admission administrative domain defines a set of bearer devices and gateways whose resources and routes are managed. One example could be the BCF. 
IP-CAN: A general term of IP Connectivity Access Network. It includes GPRS, I-WLAN and also other type of IP-CAN which may be defined in 3GPP.
Off-path IP QoS control: An IP QoS control method, also may be called Path-decoupled IP QoS control in which QoS signalling messages are routed through nodes that are not assumed to be on the data path.
On-path IP QoS control: An IP QoS control method, also may be called Path-coupled IP QoS control in which QoS signalling messages are routed only through the nodes (i.e. GGSN or routers) that are on the data path.
Editor's Note:
Definitions may need to be removed if not required and other definitions may need to be added if required.

3.2
Abbreviations

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

ABCF

Access Bearer Control Function
AF

Application Function
AMR
Adaptive Multi Rate (*)
APN

Access Point Name (*)

BCF

Bearer Control Function
BGP
Border Gateway Protocol

BR

Border Router
CAC
Call Admission Control

COPS

Common Open Policy Service protocol

DCCP
Datagram Congestion Control Protocol

DiffServ

Differentiated Services

DSCP

DiffServ Code Point

E2E
End-to-End

ECN
Explicit Congestion Notification

ER

Edge Router
GERAN

GSM EDGE Radio Access Network (*)

GGSN

Gateway GPRS Support Node (*)

HTTP

Hyper Text Transfer Protocol (*)

IMS

IP Multimedia Subsystem (*)

IntServ

Integrated Services

IP-CAN

IP-Connectivity Access Network (*)
LAN

Local Area Network (*)

LDP

Label Distribution Protocol

LSP

Label Switching Path
MBAC
Measurement Based Admission Control

MPLS

Multiprotocol Label Switching Architecture

NSIS
Next Steps in Signaling

PDF

Policy Decision Function

PEP

Policy Enforcement Point

PHB

Per Hop Behaviour

QoS
Quality of Service (*)
RNC

Radio Network Controller (*)

RSVP
Resource ReserVation Protocol (*)
SDP

Session Description Protocol (*)

SIP

Session Initiation Protocol (*)

SNMP

Simple Network Management Protocol (*)

TFT

Traffic Flow Template (*)

TR

Transit Router
* 
This abbreviation is contained in 3GPP TR 21.905 [1].
Editor's Note:
Abbreviations may need to be removed if not required and other abbreviations may need to be added if required.

4
General requirements
Editor's Note:
This section will describe the general requirements for enhancing the E2E QoS concept described in 3GPP TS 23.207 [4] from a technical and architectural point of view.

4.1
Enhanced requirements for end-to-end QoS
-
For some important services with strict end-to-end QoS requirements, such as conversational speech or streaming video, the QoS (such as bandwidth etc.) shall be assured in case of interworking with different IP network domains or backbone networks. In this case, the policing of the E2E QoS in UMTS network may be on a per service (i.e. on the basis of specific flows of IP packets identified by the service) or aggregated flow basis (i.e. on the basis of flows of different users and different services having the same QoS requirements).
-
The E2E QoS interworking architecture shall support admission control in all network administrative domains in the path of a flow/aggregate/service subject to E2E QoS guarantees. Admission control should inform service control of the flow about the positive or negative outcome of admission control procedures. Service control at the UMTS edge is responsible for rejecting or releasing a flow/aggregate/service based, among others, on the outcome of admission control.
-
The E2E QoS interworking architecture shall be able to support the ability to request resources for a given flow, aggregate or service to satisfy the required QoS derived from actual service needs and/or subscription information. Furthermore, when an interconnecting administrative domain does not provide QoS support, then the edge domains of a flow/aggregate/service need to be aware of the fact that E2E QoS is not really guaranteed for this flow/aggregate/service. In order to achieve this, the E2E QoS inter-working architecture should provide means to discover whether one or more administrative domains in the path of a flow/aggregate/service is transparent to (i.e. not considering) QoS information.
-
The E2E QoS interworking architecture shall be scalable to support large IP backbones. 'Large' both in terms of topology and link rates (multi-gigabit need to be supported).

-
The E2E QoS interworking architecture shall be transport protocol agnostic, i.e. different transport protocols shall be supported (e.g. RTP, MSRP).

-
The security, reliability, availability and resilience of the E2E QoS interworking architecture shall be considered.

-
The E2E QoS interworking architecture shall be able to interwork with external networks that can report changing network conditions (e.g. link or equipment failures). If there are insufficient resources after changing network condition in the external network, sessions, that cause utilisation to exceed the remaining resources, shall be discontinued in a controlled way.

Editor's Note:
How these sessions that cause remaining resources to be exceeded are determined is FFS.

-
The E2E QoS interworking architecture shall be able to robustly interwork with external networks that have large fluctuations in traffic load or traffic type mix.

-
The E2E QoS interworking architecture shall be able to interwork with different QoS provisioning methods.

-
The E2E QoS interworking architecture shall be able to interwork with multi-service networks carrying different traffic types (i.e. in networks where also other traffic than 3GPP traffic is transported).

-
When considering interaction between the UMTS network and the external network, the work of the ITU-T, TISPAN and the IETF NSIS working group shall be taken into account.
-
Impacts on session establishment delay should be taken into account when considering alternatives for E2E QoS inter-working architecture.

-
The E2E QoS Interworking architecture shall take into consideration of mobility, simultaneous IP-CAN accessing aspects, e.g. handover between different IP-CANs and selection of IP-CANs in case of multi mode terminals.

-
It is preferred that e2e QoS mechanisms developed in ITU-T, TISPAN and/or IETF be adopted rather than a new IP QoS signalling solution being developed by 3GPP. An objective is to align the 3GPP e2e QoS work with the ITU-T, TISPAN and the IETF NSIS working groups.

4.2
General issues of end-to-end QoS
Editor's Note:
This section is for the investigation of the general issues of end-to-end QoS and the clarification of these issues. 
4.2.1
Overview
In order to achieve end-to-end QoS guarantees for an IP flow/flow aggregate/service aggregate, all the network administrative domains in the path of such IP flow need to include the following functionality:

-
ability to receive per IP flow/flow aggregate/service aggregate QoS information from a preceding network administrative domain;
-
ability to process per IP flow/flow aggregate/service aggregate QoS information. This is, to provide IP flow admission control based on the IP flow QoS information received from a preceding network administrative domain; and
-
ability to convey per IP flow/flow aggregate/service aggregate QoS information to a subsequent network administrative domain.

It is assumed that inter-domain routing of IP packets is static. I.e. for an IP flow/flow aggregate/service aggregate the inter-domain path of IP networks remains the same for the whole duration of the flow/flow aggregate/service aggregate.

The following general issues need to be solved to identify the requirements for the development of solutions that enhance the end-to-end QoS architecture:

-
How are the end-to-end QoS requirements for a service generated and signaled?
-
How is the resource check on the end-to-end path combined with the general IMS session setup?
-
What is the impact of insufficient or unavailable external resources? 
-
In case of off-path signaling, how is the next domain identified? 
-
How are external resources negotiated and allocated?

Editor's Note:
Additional issues may be identified.
4.2.2
Signaling of QoS requirements

Editor's Note:
This section is for the investigation of the generation and signaling of QoS requirements. 

In the general case the end-to-end QoS requirements of an IMS session need to be signaled along the end-to-end path to be able to provide QoS. Parts of this information are available in the IMS signaling (SIP/SDP), i.e. bandwidth information and to some extent the QoS class, though it is not possible to differentiate between streaming and conversational. More detailed information may be signaled within the access network, e.g. for GPRS by means of the PDP context QoS parameters (QoS class, transfer delay, error rates). However, within the access network the values for the end-to-end path (especially the value for the end-to-end transfer delay) are not signaled. 
It is FFS how the end-to-end QoS values are generated and signaled. In the general case the UE needs to provide such information. For a number of specific services a set of QoS parameters may be standardized and thus already available in the network.

4.2.3
Resource check and IMS session setup
Editor's Note:
This section is for the investigation of the possibilities to combine the resource check up with the IMS session setup. 

The IMS session setup is based on a clear separation between the IMS session signaling and the allocation of resources. The IMS session setup is started but afterwards set on hold. At this time, both endpoints are responsible for requesting the required resources at least in their access network. The IMS session setup is only successfully finished if both endpoints received sufficient resources. 
For the general end-to-end path a number of possibilities exist at which point in time and under which responsibility the external resources are requested. The external resource request may be coupled with the UMTS internal resource request, i.e. with the PDP context establishment. Both endpoints may be responsible for the resource request for the backbone network. Resources may either be requested by one of the endpoints for both directions or by both endpoints in either sending or receiving direction. 

It is FFS how the responsibility for the resource request is solved and how the UE can detect that the other endpoint is not able to request resources for the backbone network.
4.2.4
Impact of insufficient or unavailable resources
Editor's Note:
This section is for the investigation of the impacts of insufficient or unavailable resources on the IMS session setup. 

The UE is responsible to decide if the resources that were granted by the network are sufficient for an IMS session. As long as only resources of the access network are taken into account, the UE may either accept insufficient QoS or may try to achieve the desired QoS at a later point in time. However, in case of end-to-end resources some more possibilities exist. Resources may be guaranteed by a backbone network but they also may only be statistically granted. It is also possible that there is no feedback at all from a backbone network on the end-to-end path. Consequently, the UE needs to be able to handle a number of cases with some of them being new, like the case that it is not possible to receive guaranteed external resources at all or the case that QoS becomes insufficient during the IMS session.
4.2.5
Identification of next domain for off-path signaling
Editor's Note:
This section is for the investigation of solutions to identify the next domain in case of off-path signaling. 

For off-path signaling the next domain needs to be identified by other means than IP routing.
4.2.6
Negotiation and allocation of external resources
Editor's Note:
This section is for the investigation of impacts coming from the negotiation and allocation of external resources. 

Backbone networks may apply a variety of mechanisms for negotiation and allocation of resources. For instance, a backbone network may support unidirectional as well as bidirectional resource negotiation. Depending on the capabilities of the other endpoint in the IMS session, the usage of such capabilities of backbone networks might allow the provision of end-to-end QoS which otherwise would not be possible.
5
Architectural concept

Editor's Note:
This section will describe the different enhanced E2E QoS architectures including interaction with emerging QoS concepts from other standards organizations.

5.1
General end-to-end QoS reference model

5.1.1
Introduction

For describing the concepts of different ways to provide end-to-end QoS, figure 5.1.1.1 below is used as a reference model. The figure shows the location of the IP backbone network and the main interfaces. The IP backbone network provides IP packet forwarding service for the application nodes. Application nodes are the domain specific nodes that interface with backbone network, such as GGSN, PDF etc.
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Figure 5.1.1.1: Reference model

The application node to backbone user plane interface is a pure IP level interface that provides the transfer of IP packets between application nodes. The application node to backbone control plane interface allows the communication of application node and IP backbone network. Note that, the communication between the application and the backbone network is also possible. This information exchange helps to provide end-to-end QoS for IP flows between application nodes.

Possible information exchange methods between application node and IP backbone network are:

-
no information exchange at all;
-
indirect control information is exchanged (e.g. via marking of user plane IP packets);
-
explicit control function with aggregated resource reservation; and
-
explicit control function with per-flow resource reservation.


The inter-domain interfaces of the IP backbone network, namely the user and control plane interfaces, are to provide the required QoS through multiple backbone IP domains. The application node to application node control interface is out of scope of this document.

A description of the most important provisioning schemes for QoS is given in annex B.

5.2
Connection models

5.2.0
Overview

The following connection models should be studied.
Editor's Note:
The following connection models are not exclusive.
Editor's Note:
The Figures might need to be updated regarding the IMS clouds.

Editor's Note:
The terminology used in this document for the policy control architecture (e.g. functional entities and reference points) should be aligned with the rel-7 study on "Evolution of the policy control and charging" (3GPP TR 23.803).

5.2.1
UE-UE connection via interconnected IMS networks

5.2.1.1
General
In this case, a UE served by IMS connects to a remote UE via one or more interconnected IMS networks. In this case, mechanisms are required within intermediate IMS networks for policy control interactions with the underlying IP backbone network. 
Two cases are possible depending upon whether the media packets are forced to follow the same path (via the same intermediate network) as the control packets or are allowed to take a different (more efficient/direct path). Both cases are valid and should be studied.

The pros and cons of the 2 approaches seem to depend on which charging models are to be adopted by interconnected IMS networks. 

5.2.1.2
Control and media via the same intermediate network

In this connection model the control and media packets are routed through the same intermediate network. This implies a requirement to force the media to follow a particular path based on the routing of the application layer signalling.

By forcing media to follow the same path as the control, it is possible to treat each session as an individual entity. This approach allows IMS interconnect agreements to be modelled on those used today for Circuit Switched calls. Charging by time, by data volume and by service is possible with this approach. Having PDF and PEP functions under control of an intermediate network AF/CSCF allows for policy control, QoS (bandwidth etc.) reservation and call admission control, if required by an Operator. 

The main disadvantages of forcing media to follow the same path as the control are the inefficiencies that might be introduced in terms of the path taken by the media packets.  Backhauling all media packets via an intermediate network  rather than using available local IP connectivity would be higher cost and would provide a inferior quality of experience (more delay etc.).
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Figure 5.2.1.2.1: UE-UE connection via interconnected IMS networks with control and media via the same intermediate network
Several entities are required in the interconnected IMS networks (e.g. AF and PDF) to provide QoS in the corresponding backbone IP networks. QoS negotiation among the IMS domains is done by AFs. The way to provide QoS within the backbone IP network depends on the QoS policy of the intermediate operator.
5.2.1.3
Control and media via different intermediate networks

In this connection model the control and media packets are not routed through the same intermediate network. The media packets could route directly between the IP-CANs or via a different intermediate network. 
The main advantage of allowing the media to take the most direct/efficient path is lower cost and superior quality of experience (less delay etc.)

If media packets are allowed to take the most direct path between UEs then it is not clear what charging model can be used other than charging by aggregate between operators.

In this case the connection models of 5.2.2, 5.2.3 or 5.2.4 apply.

5.2.2
UE-UE connection via backbone IP networks with off-path QoS signaling

UE served by IMS connects to peer UE via a backbone IP network with off-path QoS signaling. This signalling is transferred between policy decision points, i.e. between PDF and BCF. The backbone IP network is an abstraction that represents the set of inter-connecting network administrative domains between two IMS systems.
BCF performs QoS management within the backbone IP network. Gu interface is defined as the interface between the PDF in IMS and BCF in the backbone IP network.

Editor's Note:
Definitions and more detail explanations of the BCF and Gu interfaces would be described in section 3 or 5.

[image: image4]
Figure 5.2.2.1: UE-UE connection via backbone IP networks with BCF

This connection model is an extension of the IMS Rel-6 one to include a horizontal QoS signalling component between the IMS PDF and an equivalent functional entity, named BCF, in the backbone inter-connecting IP network.

Any vertical interface between the BCF in the backbone IP network and other nodes within this network are considered outside the scope of this TR.
The BCF negotiates QoS with the PDF of the IP-CAN. The way to provide QoS within the backbone IP network depends on the QoS policy of the backbone operator.
5.2.3
UE-UE connection via backbone IP networks without QoS signaling

UE served by IMS connects to a remote UE via one or more backbone IP networks. QoS relations is established between the different backbone IP network providers, between backbone IP network providers and PLMN operators, and between different PLMN operators without requiring per-session signalling. The backbone IP networks may be administered by PLMN operators.
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Figure 5.2.3.1: UE-UE connection via backbone IP networks without QoS signalling
There is no means to signal with the routers regarding On-Path IP QoS control. The routers transit user packets based on the static configuration depending on the QoS policy of the backbone operator.
5.2.4
UE-UE connection via backbone IP networks with on-path QoS signaling

UE served by IMS connects to a remote UE via one or more backbone IP networks with on-path QoS signalling. The backbone IP networks may be administered by PLMN operators.

In on-path signalling model, QoS signaling messages are transferred between PEPs through routers that process user data packets.
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Figure 5.2.4.1: UE-UE connection via backbone IP networks with on-path QoS signalling
The routers in the backbone network could be able to handle signalling regarding On-Path IP QoS control (e.g. RSVP, RSVP-TE or Aggregate-RSVP). The routers receive On-Path IP QoS control messages from IP-CAN or another backbone IP network.
5.3
Issues of connection models

Editor's Note:
This section is for investigation of the connection models from the perspective of QoS and clarification of issues. Details are FFS.

5.3.1
Type of information to be exchange end to end

In order to guarantee End-to-End QoS, a connection model should implicitly or explicitly:

-
convey abstract QoS information. This is the QoS parameterisation should be independent of the actual QoS solutions used at lower levels within the network, and of the transport technologies used in the network.

-
convey appropriate QoS information to describe the QoS requirements of the IP flow. The actual information may depend on the nature/type of the flow (e.g. RT, streaming, etc).

-
allow abstraction in the definition of a flow. E.g. it should be possible to define a flow as:

-
all packets with the same source IP address;
-
all packets with the same source and destination IP addresses;
-
all packets with the same five-tuple: source and destination IP addresses, originating and destination port numbers and protocol ID;
-
etc.

Flow abstraction should be provided in a per flow basis. I.e. the "definition" of a flow itself needs to be signaled through the path of the QoS signalling when establishing the flow.

5.4
Architecture for off-path IP QoS interaction between UMTS network and external IP network
5.4.1
General

This section describes an architecture for off-path QoS interaction between UMTS and an External IP network providing QoS-enabled IP transport services.

To provide IP QoS end-to-end, it is necessary to manage the QoS within each domain. In UMTS network, to enable coordination between events in the application layer and resource management in the IP bearer layer, a logical element, the Policy Decision Function (PDF), is used as a logical policy decision element. It is also possible to implement a policy decision element internal to the IP BS Manager in the GGSN. In the external IP network, a logical element, the Bearer Control Function (BCF) is used to control the external IP bearer service path.
When resources not owned or controlled by the UMTS network are required to provide QoS, it is necessary to interwork with the external network that controls those resources. One alternative to provide highly ensured end-to-end QoS capability for realtime sevices is to interwork with external IP network, using interaction between the Policy Decision Function and the Bearer Control Function.

5.4.2
Description of functions

5.4.2.1 
QoS management functions for off-path end-to-end IP QoS in the UMTS network
Policy Decision Function (PDF) is as defined in 3GPP TS 23.207 [4]. In addition, it is responsible for communication with BCFs in interconnecting networks via the Gu reference point.

The PDF makes policy decisions based on information obtained from the AF and the result of interacting with the other related BCF.
5.4.2.2
QoS management functions for off-path end-to-end IP QoS in the external network
Bearer Control Function (BCF) is the alias of a logical function element in external network which performs QoS control within the external IP network. 

For loadsharing and redundancy reasons multiple BCFs may be provided in each external IP network. 
Editor's Note:
It is FFS how a configuration with multiple BCFs should look like and how they interwork (e.g. to coordinate resources etc). 

5.4.2.3 
Interaction between UMTS network and external networks
Within the UMTS network, there is resource management performed by various nodes in the admission control decision. The resources considered here are under the direct control of the UMTS network.

In the external networks, it is also necessary to perform resource management to ensure that resources required for a service are available. Where the resources for the IP Bearer Service to be managed are not owned by the UMTS network, the resource management of those resources would be performed through an interaction between the UMTS network and that external network.

When interaction is needed between the UMTS network and the external network, resource requirements are explicitly requested and either granted, negotiated or rejected through the exchange of signalling messages between PDF and BCFs in the external network. The interface between PDF and the BCF element in backbone IP network, named the Gu reference point, may transfer QoS and other information which can be used for policy decisions.
Editor's Note:
It is FFS how links are configured for the off-path scenario. Does the signalling (Gu) traffic and the media use the same or different links? How are these links negotiated among the different networks?

5.4.3
Enhanced capabilities of functional elements

This section provides functional descriptions of enhanced capabilities in GGSN, PDF, and AF.

5.4.3.1
GGSN
The functionality is the same as defined in 3GPP TS 23.207 [4].
5.4.3.2
PDF

Service-based Local Policy Decision Point

-
The PDF shall exchange the QoS information with the other related BCF via the Gu interface.
5.4.4
Reference points between functional elements

5.4.4.1
Go reference point (PDF - GGSN)
The functionality is the same as defined in 3GPP TS 23.207 [4].
5.4.4.2
Gq reference point (PDF - AF)
The functionality is the same as defined in 3GPP TS 23.207 [4].
5.4.4.3
Gu reference point (PDF - BCF)

5.4.4.3.1 
Gu functional requirements

The Gu reference point is used for exchange of QoS information between PDF and BCF element in backbone IP network.
5.4.4.3.2
Information exchanged via Gu reference point

Service information:

The service information below is derived from Gq reference point, which may include:
-
session Id (to uniquely identify the the session).
-
information defining the IP flows of the media stream. E.g.
-
direction (bi-directional, uplink / downlink);
-
5-tuple (source/destination address and port number, protocol Id);
-
indication of the maximum and/or mean bandwidth required.
-
an indication of the requested type of service information per service-flow.

Editor's Note:
The information passed over the Gu interface may also include other information required to negotiate resources in the external IP networks. 

The result of Session Admission Control (SAC):

The result of SAC by PDF and BCF should be sent via the Gu interface. 
5.5
Architecture for on-path IP QoS interaction between UMTS network and external IP network
This section describes an architecture for on-path QoS interaction between UMTS and an External IP network providing QoS-enabled IP transport services.

Editor's Note:
This on-path QoS interaction is FFS.
6
Procedures
Editor's Note:
This section will describe the procedures for the functional elements contained in the different enhanced E2E QoS architectures.

6.1
QoS procedures in functional elements

6.1.1
General
This section describes the main procedures for each involved network element that is used for the end-to-end QoS management. Procedures to ensure end-to-end QoS may be required. Various scenarios and architectures need to be studied in order to determine if new procedures would be needed to be added to the existing functional elements in order to meet the requirements of end-to-end QoS management.
6.1.2
Procedures in the off-path model
6.1.2.1
Procedures in the PDF

When the PDF received bearer the authorization request from the GGSN, the PDF shall authorize the bearer resources by checking the stored SBLP for the session. 

After this, for some services with strict end-to-end QoS requirement, it is necessary for the PDF to check if there are enough resources.  The PDF shall send the QoS request signalling to the BCF when interaction with the external IP network.

The PDF receives the response from the BCF, containing the information that the requested QoS can be guaranteed, that only lower QoS can be guaranteed, or that no QoS can be guaranteed.

When the PDF received update or revoke request from the AF, the PDF shall send the appropriate update and revoke request to the GGSN and the BCF if needed. The original resource may be modified or released.
Editor's Note:
The mechanism to select BCF is FFS. This includes selecting BCF in an external IP network with multiple BCFs.

6.1.3
Procedures in the on-path model

Note: This is ffs.
7
Message flows

Editor's Note:
This section will describe the message flows between functional elements contained in the different enhanced E2E QoS architectures.

8
Security aspects

Editor's Note:
This section will describe the security aspects that may need to be considered when providing E2E QoS across networks not managed by 3GPP operators.

9
Charging aspects

Editor's Note:
This section will describe the charging aspects that may need to be considered when providing E2E QoS between operators and networks not managed by 3GPP operators.

10
Conclusions and recommendations

Editor's Note:
This section will contain the conclusions and recommendations, if any, from this study.

Annex A (informative):
QoS conceptual models

A.1
Scenarios

These scenarios give examples of concatenating QoS mechanisms in different parts of the network which together can deliver an end-to-end QoS when UMTS network interacts with the external IP network. These scenarios are not intended to describe the details of the interworking between the QoS mechanisms.
The scenario assumes that the GGSN supports label edge router (LER) functions, and the backbone IP network is MPLS enabled. The UE may either provide an IP BS Manager or not.
The application layer (e.g. SIP/SDP) between the end hosts identifies the QoS requirements. The QoS requirements determined from the application layer (e.g. 3GPP TS 23.228 describes interworking from SIP/SDP to QoS requirements) are mapped down to PDP context parameters in the UE.

In this scenario, the control of the QoS over the UMTS access network (from the UE to the GGSN) may be performed either from the terminal using the PDP context signaling, or from the SGSN by subscription data.

The IP QoS for the downlink direction is controlled by the remote terminal up to the GGSN which may use the service based policy decided by the PDF or the TFT.
The end-to-end QoS is provided by a local mechanism in the UE, the PDP context over the UMTS access network, MPLS LSP through the backbone IP network, and the same mechanism in the remote access network in the scenario shown in the figure below. The GGSN provides the interworking between the PDP context and the MPLS LSP function. However, the interworking may use information about the PDP context which is established, or be controlled from static profiles, or dynamically through other means such as proprietary HTTP based mechanisms. The UE is expected to be responsible for the control of the PDP context, but this may instead be controlled from the SGSN by subscription.
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Figure A.1.1: QoS Control Based on Independent Resource Control of IP Backbone Network
Notes:

-
The solid horizontal lines indicate the mechanism that is providing QoS for the flow of data in the direction indicated.

-
The dashed horizontal lines indicate where QoS control information is passed that is not directly controlling the QoS in that link/domain.

-
The arrows on the horizontal lines indicate nodes that receive information about QoS from that mechanism, even if that mechanism is not used to control the QoS over that link/domain.

-
The solid vertical lines indicate interworking between the different mechanisms.

-
In the figure, the term RAP refers to the Remote Access Point, and RUE is the Remote UE.

The TFT and UMTS QoS profile determines the QoS applicable over the UMTS access. However, the configuration of the TFT or SBP may use the QoS profile to select the DiffServ, so there may be interworking between MPLS LSP flow and the PDP Flow via the TFT filters.

Annex B (informative):
Examples of QoS provisioning schemes
B.1
Description of QoS provisioning schemes

B.1.1
General

The IP technology does not have a clear and well-defined scheme to provision QoS. Instead many different provisioning schemes have been described to try to solve the QoS problem. QoS provisioning is done in each domain along the end-to-end path. The overall goal is to meet a specific contract (e.g. in terms of bitrate, delay, jitter) in delivering a stream of IP packets from one host to another over multiple IP domains. This description tries to give an overview over the most accepted QoS provisioning schemes. It should be noted that so far none of the standardized provisioning schemes have been very commercially successful. 

B.1.2
Functionality of the application node to backbone interface

The possible QoS methods can be categorized according to the required functionality at the application node to backbone interface. Forwarding of IP packets is a mandatory functionality of the IP backbone network, but additional control functions can support QoS provisioning. Control functions must be supported on the both sides of the application node to backbone interface. For example, assume that IP backbone network supports some kind of resource reservation protocol then this functionality can only be used if the application node part also supports it, i.e. the application node should be able to request resources from the backbone network and it should be able block new sessions if there are no available backbone resources.

Possible information exchange methods between application node and IP backbone network are:

-
no information exchange exists: Neither IP level resource reservation nor marking of user plane IP packets is used;
-
indirect control information is provided from the backbone to the application node via marking user plane IP packets (ECN, DSCP field marking);
-
explicit control function: resource reservation protocol for traffic aggregates; and
-
explicit control function: per-flow resource reservation.
Information exchange methods can also be possibly combined for optimal performance. 

B.1.3
Over-provisioning

[image: image8.wmf]No traffic limitation in client node

IP layer

 IP user plane

Application

IP layer

 IP user plane

Application

IP

IP

IP

IP

Application node

Application node


Figure B.1.3.1: Over-provisioning

Over-provisioning uses the connection model described in subclause 5.2.3.
The over-provisioning model of ensuring QoS can work in networks with a low fraction of real-time traffic. An over-provisioned network has a performance monitoring driven provisioning, re-dimensioning and extension of the network. The network/path or link is extended when the utilization is reaching a certain level. There is no need to limit the traffic in the application nodes. A well-managed and over-provisioned network should never be overloaded. However, un-expected network conditions may require additional QoS mechanisms to be handled in an appropriate way.

The advantage with over-provisioning is that it is simple – it is the Internet model. The drawbacks are that over-dimensioning is needed, which may result in lower resource utilization. Another drawback is that over-subscription by someone will affect everyone.

With an end-to-end view on QoS where often several network domains are involved, over-provisioning should have a role for ensuring QoS in sub-networks within different domains, rather than as a model ensuring it end-to-end.  

B.1.4
Static provisioning
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Figure B.1.4.1: Static provisioning

Static provisioning uses the connection model described in subclause 5.2.3.
A Call Admission Control (CAC) function resides in the application part of the application node. The network dimensioning is based on the maximum limits in the application node, i.e. the transport demand of each application node is limited.

In the single operator case, traffic limits of application nodes are considered at dimensioning to avoid congestion in the network, i.e. links are dimensioned to have enough capacity to carry the limited traffic without congestion. 

In a multi-domain IP backbone network (see Figure B.1.4.1), operator domains are dimensioned separately. The main task is to derive maximum limits for inter-domain links based on limitations of application nodes (and then the single-domain dimensioning method can be used).

B.1.5
End-to-end measurement based admission control
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Figure B.1.5.1: End-to-end MBAC

E2E MBAC uses the connection model described in subclause 5.2.3.

Admission control is implemented in the application part of the application nodes, illustrated as "MBAC" entity in figure B.1.5.1. The admission control uses measurement on the payload traffic to predict the availability of bandwidth in the network. 

In the multi-domain case (see Figure B.1.5.1), the application of MBAC can be problematic if the MBAC uses measurement on the payload traffic that is for other purposes or if it is not supported by some operator via the path.

B.1.6
Bandwidth broker
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Figure B.1.6.1: Bandwidth broker (BB)

Bandwidth Broker uses the connection model described in subclause 5.2.4 or 5.2.2, depending on if resource requests are initiated from the application node itself or from a policy function external to the application node.
The Bandwidth Broker (BB) solution for QoS, comprises a centralized admission control server for QoS instead of admission control functionality in the network or application nodes. Admission control is made "off-path" e.g. outside the backbone network. BB can use knowledge of routing to better predict the link-load on the links in the backbone network. 

In inter-domain case (see Figure B.1.6.1), the communication of BBs of domains along the path is required. That is, operators involved in the end-to-end backbone service have to be known in advance because this knowledge is required to allocate resources along the path. All changes in the inter-domain routing have to be taken into account in this solution to avoid inconsistency (the path of involved BBs are different from the actual path of the IP traffic).

Editor's Note:
The term Bandwidth Broker might not be the final term. If another term such as BCF or Resource Manager is more adequate is FFS. 

B.1.7
Signalled provisioning
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Figure B.1.7.1: Signalled provisioning

Signalled provisioning uses the connection model described in subclause 5.2.4.

A dynamic and protocol driven admission control in the backbone network is the provisioning scheme showed in figure B.1.7.1 above. In inter-domain case, all domains have to support the applied signaling protocol. 

The well known signalling protocol RSVP is for example described in RFC 2205 [6] and RFC 2210 [8]. There have been several areas of concern about the wide-scale deployment of RSVP. This is discussed in RFC 2208 [15]. A way to try to overcome these issues by using a single RSVP reservation to aggregate other RSVP reservations across a backbone IP network or transit routing region is described in RFC 3175 [16]. There is also work in progress on RSVP aggregation over MPLS TE Tunnels [17]. 

A recent initiative within IETF is NSIS (Next Steps in Signaling). Intention is to standardize an IP signaling protocol with QoS signaling as the first use case. Focus will be on a two-layer signaling paradigm and re-use, where appropriate,
the protocol mechanisms of RSVP, while at the same time simplifying it and applying a more general signaling model. For the latest output from the working group see [19], [20], [21] and [22].

B.1.8
Feedback based provisioning
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Figure B.1.8.1: Feedback based provisioning

Feedback based provisioning uses the connection model described in subclause 5.2.4.
The feedback-based solution relies on congestion indication from the network and the application node reacts with rate-adaptation of the traffic source or with call blocking. One such method could be the use of Datagram Congestion Control Protocol (DCCP - unreliable UDP with congestion control) and AMR. For more information on DCCP, please refer to work in progress [23]. 

In inter-domain case (see Figure B.1.8.1), all domains have to support the congestion indication functionality including also the inter-domain connections. See RFC 3168 [14] for further description of Explicit Congestion Notification. There is also recent work in progress on how the usage of ECN markings for real-time flows that use UDP [18].
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