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6
QoS Architecture

6.1
Overview of Different Levels of QoS

Network Services are considered end-to-end, this means from a Terminal Equipment (TE) to another TE. An End-to-End Service may have a certain Quality of Service (QoS) which is provided for the user of a network service. It is the user that decides whether he is satisfied with the provided QoS or not.

To realise a certain network QoS a Bearer Service with clearly defined characteristics and functionality is to be set up from the source to the destination of a service.
A bearer service includes all aspects to enable the provision of a contracted QoS. These aspects are among others the control signalling, user plane transport and QoS management functionality. A UMTS bearer service layered architecture is depicted in figure 1, each bearer service on a specific layer offers it's individual services using services provided by the layers below.
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Figure 1: UMTS QoS Architecture

6.1.1
The End-to-End Service and UMTS Bearer Service

On its way from the TE to another TE the traffic has to pass different bearer services of the network(s). A TE is connected to the UMTS network by use of a Mobile Termination (MT). The End-to-End Service on the application level uses the bearer services of the underlying network(s). As the End-to-End Service is conveyed over several networks (not only UMTS) it is not subject for further elaboration in the present document.

The End-to-End-Service used by the TE will be realised using a TE/MT Local Bearer Service, a UMTS Bearer Service, and an External Bearer Service.


In UMTS access reference configuration a TE may either be integrated in the MT (MT0) or separated (e.g MT2
/TE2 for non ISDN terminals), [4]. When referring to all elements 
(MT, TE, USIM) at the end-user site the term User Equipment (UE) is alternatively used. 

Having said that the End-to-End Bearer Service is beyond the scope of the present document it is however the various services offered by the UMTS Bearer Service that the UMTS operator offers. It is this bearer service that provides the UMTS QoS.

The External Bearer Service is not further elaborated here as this bearer may be using several network services, e.g. another UMTS Bearer Service.

__________________________________________________________


Skip to section 6.2

___________________________________________________________
6.2
QoS Management Functions in the Network

The purpose of this subclause is to give a comprehensive overview of functionality needed to establish, modify and maintain a UMTS Bearer Service with a specific QoS. The QoS management functions need not necessarily all to be standardised. Their allocation to the UMTS entities shall indicate the requirement for the specific entity to enforce the QoS commitments negotiated for the UMTS bearer service. The specific realisation of these functions is implementation dependent and has only to maintain the specified QoS characteristics. The QoS management functions of all UMTS entities together shall ensure the provision of the negotiated service between the access points of the UMTS bearer service. The end-to-end service is provided by translation/mapping with UMTS external services. 
Subsection 6.2.1.2 defines the functions used to provide IP QoS end-to-end and is therefore only applicable to the UMTS packet core network accessing an external IP bearer service.
· To provide IP QoS end-to-end, it is necessary to manage the QoS within each domain. An IP BS Manager is used to control the external IP bearer service. Due to the different techniques used within the IP network, this communicates to the UMTS BS manager through the Translation function.

· To enable coordination between events in the application layer and resource management in the IP bearer layer, an element called IP Policy Control 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. The IP policy architecture does not mandate the policy decision point to be external to the GGSN.

· Whenever resources not owned or controlled by the UMTS network are required to provide QoS, it is necessary to interwork with an external resource manager that controls those resources. 

For the policy control the following guidelines shall apply:

· The IP policy framework employed in UMTS shall, as far as possible, conform to IETF “Internet Standards”. The IETF policy framework may be used for policy decision, authorization, and control of the IP level functionality, at both user and network level.   

· There shall be separation between the scope and roles of the UMTS policy mechanisms and the IP policy framework. This is to facilitate separate evolution of these functions.
6.2.1
Description of functions

6.2.1.1
QoS management functions for UMTS bearer service in the control plane

Service Manager co-ordinates the functions of the control plane for establishing, modifying and maintaining the service it is responsible for. And, it provides all user plane QoS management functions with the relevant attributes. The service manager offers services to other instances, it signals with peer service managers and uses services provided by other instances. The service manager may perform an attribute translation to request lower layer services. Furthermore, it may interrogate other control functions to receive permission for service provision.

Translation function converts between the internal service primitives for UMTS bearer service control and the various protocols for service control of interfacing external network and  bearer service managers of higher layers. In the CN gateway the translation includes the converting between UMTS bearer service attributes and QoS parameters of the external network service control protocol (e.g. between IETF TSPEC and UMTS service attributes). The service manager may include a translation function to convert between its service attributes and the attributes of a lower layer service it is using. 

Admission/Capability control maintains information about all available resources of a network entity and about all resources allocated to UMTS bearer services. It determines for each UMTS bearer service request or modification whether the required resources can be provided by this entity and it reserves these resources if allocated to the UMTS bearer service. The function checks also the capability of the network entity to provide the requested service, i.e. whether the specific service is implemented and not blocked for administrative reasons. The resource control performed by the admission control supports also the service retention.

Subscription Control checks the administrative rights of the UMTS bearer service user to use the requested service with the specified QoS attributes.
6.2.1.2 

QoS management functions for end-to-end IP QoS
NOTE:
The end-to-end QoS management functions do not cover the cases of a circuit switched service, or an IP service interworking with an ATM service at the gateway node.
IP BS Manager uses standard IP mechanisms to manage the IP bearer service. These mechanisms may be different from mechanisms used within the UMTS, and may have different parameters controlling the service. The translation/mapping function provides the interworking between the mechanisms and parameters used within the UMTS and the external IP bearer service, and interacts with the IP BS Manager. 

If an IP BS Manager exists both in the UE and the Gateway node, it is possible that these IP BS Managers communicate directly with each other by using relevant signalling protocols.
The required options in the table define the minimum functionality that shall be supported by the equipment in order to allow multiple network operators to provide interworking between their networks for end-to-end QoS. Use of the optional functions listed below, other mechanisms which are not listed (eg over-provisioning), or combinations of these mechanisms are not precluded from use between operators. 

The IP BS Managers in the UE and GGSN provide the set of capabilities for the IP bearer level as shown in Table 9-1. Provision of the IP BS Manager is optional in the UE, and required in the GGSN. 

Table xx: IP BS Manager capability in the UE and GGSN

Capability
UE
GGSN

DiffServ Edge Function
Optional
Required

RSVP/IntServ
Optional
Optional

IP Policy Enforcement Point
Optional
Required (*)

 (*)Although the capability of IP policy enforcement is required within the GGSN, the control of IP policy through the GGSN is a network operator choice. Where the APN is not located at the GGSN, the location of policy enforcement point is for further investigation.
IP Policy Control is a logical policy decision element which uses standard IP mechanisms to implement policy in the IP bearer layer.  These mechanisms may be conformant to, for example, the framework defined in IETF [RFC2573] “A Framework for Policy-based Admission Control” where the IP Policy Control is effectively a Policy Decision Point (PDP).  The IP Policy Control makes decisions in regard to network based IP policy using policy rules, and communicates these decisions to the IP BS Manager in the GGSN, which is the IP Policy Enforcement Point (PEP).

A protocol interface between the IP Policy Control and application servers/proxies (e.g. local SIP proxy) supports the transfer of policy related information from the application layer to the policy decision point. 
[Editor’s Note: 
The exact mechanisms, protocols whether proprietary or standardized, and how they are used are for further study.]
A protocol interface between the IP Policy Control and GGSN supports the transfer of information and policy decisions between the policy decision point and the IP BS Manager in the GGSN.  
[Editor’s Note:
The exact mechanisms, protocols whether proprietary or standardized, and how they are used are for further study.  One possible candidate is the COPS protocol [RFC2748] which describes a simple query and response protocol that can be used to exchange policy information between a policy server (PDP) and its client (PEP).  Where RSVP is used as the signalling protocol in the IP bearer level, a COPS protocol variant carrying embedded RSVP information, i.e., COPS-RSVP, defined in [RFC2749] may be used.]
The IP Policy Control bases policy decisions only on information obtained from nodes / elements within its domain or from nodes with which it has a trust relationship.  The IP Policy Control needs to be in the same domain as the GGSN or have a trust relationship with the GGSN. 

NOTE:
Currently in IETF, inter-domain policy interactions are not defined. 

NOTE:
The security issues regarding the trust relationship between the nodes / elements is outside the scope of this chapter.
[Editor’s Note:
Additionally, the IP Policy Control may have protocol interfaces to other devices (e.g., AAA, bandwidth broker) which support transfer of information (e.g., authentication, availability of resources, etc.) for use in policy decisions.  These are for further study.]
[Editor’s Note:
Where the access point of the APN is not located at the GGSN, the location of policy enforcement point is for further investigation.  The IP policy architecture for cases where the access point of the APN is located in a third party network, e.g., a corporate network, is for further study.]
[IP 
Resource Manager]  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.
[Editor’s Note:
The term “Resource Manager” is also used to describe, e.g., the scheduling, bandwidth management, and power control functionality internal to the UMTS bearer service in the user plane in Subsection 6.2.1.3, and may cause confusion.  There is a need to revisit the use of terminology.  A preliminary suggestion is using the phrase [IP Resource Manager] when referring to external resource management function for the IP network.]
In IP 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 external resource management function for the IP network.

In addition, where the UMTS network is also using external IPnetwork resources as part of the UMTS bearer service (for example for the backbone bearer service), it may also be necessary to interwork with an [IP Resource Manager].

[Editor’s Note:
The following needs further clarification: (1) the functional split between the IP BS Manager and [IP Resource Manager], and between the  IP Policy Control and [IP Resource Manager], (2) the exact location and control scope of the [IPResource Manager], (3) the interface between the IP BS Manager and the [IP Resource Manager], the exact mechanisms, protocols whether proprietary or standardized, and how it is used.]
Figure 2 shows the scenario for control of an IP service using IP BS Managers in both possible locations in the UE and Gateway node and an [IP Resource Manager]. The figure also indicates the optional communication path between the IP BS Managers in the UE and the Gateway node.
6.2.1.3
Functions for UMTS bearer service in the user plane

User plane QoS management functions maintain the signalling and user data traffic within certain limits, defined by specific QoS attributes. UMTS bearer services with different QoS attribute values shall be supported by the QoS management functions. These functions ensure the provision of the QoS negotiated for a UMTS bearer service.

Mapping function provides each data unit with the specific marking required to receive the intended QoS at the transfer by a bearer service. 

Classification function assigns data units to the established services of a MT according to the related QoS attributes if the MT has multiple UMTS bearer services established. The appropriate UMTS bearer service is derived from the data unit header or from traffic characteristics of the data.

Resource Manager distributes the available resources between all services sharing the same resource. The resource manager distributes the resources according to the required QoS. Example means for resource management are scheduling, bandwidth management and power control for the radio bearer.

Traffic conditioner provides conformance between the negotiated QoS for a service and the data unit traffic. Traffic conditioning is performed by policing or by traffic shaping. The policing function compares the data unit traffic with the related QoS attributes. Data units not matching the relevant attributes will be dropped or marked as not matching, for preferential dropping in case of congestion. The traffic shaper forms the data unit traffic according to the QoS of the service. The reference algorithm for traffic conditioning is described in Annex B. This reference algorithm should not be interpreted as a required implementation algorithm.

6.2.2
Allocation of QoS management functions

6.2.2.1
QoS management functions for UMTS bearer service in the control plane and QoS management functions for end-to-end IP QoS
The QoS management functions for controlling the UMTS bearer service as well as the external IP bearer services are shown in figure 2. These control functions support the establishment and the modification of a UMTS bearer service by signalling/negotiation with the UMTS external services and by the establishment or modification of all UMTS internal services with the required characteristics. 
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Figure 2: QoS management functions for UMTS bearer service in the control plane and QoS management functions for end-to-end IP QoS
[Editors note: Figure 2 and this chapter shows UE only as a combined element.  This TS also need to consider the case where the TE and MT are split. A section providing  the split and the distribution of functionalities should be added to this TS and is for further study. Standarization 
of the  interface between the TE and MT is the responsibility of the 3GPP working group TSG T2, and is outside the scope of this TS.]
The translation functions (Trans.) in the UE and the Gateway convert between external service signalling and internal service primitives including the translation of the service attributes. 
The UMTS BS manager in the UE, CN EDGE and the Gateway signal between each other and via the translation function with external instances to establish or modify a UMTS bearer service. Each of the UMTS BS managers interrogates its associated admission/capability control whether the network entity supports the specific requested service and whether the required resources are available. Additionally, the CN EDGE UMTS BS manager verifies with the subscription control the administrative rights for using the service. 

The UMTS BS manager of the UE translates the UMTS bearer service attributes into attributes for the IP BS manager. 
The UMTS BS manager of the CN EDGE translates the UMTS bearer service attributes into RAB service attributes and Iu bearer service attributes and it translates UMTS bearer service attributes into CN bearer service attributes. Also, the UMTS BS manager of the CN EDGE requests its Iu BS manager, its CN BS manager and the RAB manager in the UTRAN to provide the required services. 

The RAB manager verifies with its admission/capability control whether the UTRAN supports the specific requested service and whether the required resources are available. It translates the RAB service attributes into radio bearer service and Iu bearer service attributes and requests the radio BS manager and the Iu BS manager to provide bearer services with the required attributes.

The Gateway UMTS BS manager translates the UMTS bearer service attributes into CN bearer service attributes and requests its CN BS manager to provide the service. Furthermore, it translates the UMTS bearer service attributes into the external bearer service attributes and requests this service from the external BS manager.

Radio, Iu and CN BS managers use services provided by lower layers as indicated in figure 2.


[Editor’s Note:
Elements external to the nodes are used to highlight and explain possible solutions to requirements that have been identified.  If elements or interfaces are specified or mandated within 3GPP, they shall be included in the Reference Architecture.]
____________________________________________________________________

skip to 9.4
____________________________________________________________________
9.4
UMTS-Internet

In the case of Internet applications, the selection of the class and appropriate traffic attribute values is made according to the Internet QoS parameters. Internet applications do not directly use the services of UMTS but they use Internet QoS definitions and attributes, which are mapped to UMTS QoS attributes at API. Currently there are two main Internet QoS concepts, namely Integrated Services and Differentiated Services. The mapping between Internet QoS and UMTS QoS is presented in following clauses.

IP based QoS models shall be supported for PDP contexts, meaning both Integrated Services (IntServ) signalled by RSVP [RFC2205] and Differentiated Services (6-bit QoS parameter on each IP packet, DiffServ). Both mechanisms are controlled by applications residing in the TE or MT depending on MT type, allowing different application specific QoS levels for the same PDP context. Application level IP based QoS shall be mapped to UMTS packet core QoS by a network element at the border of the network, such as the 3G gateway node. RSVP support would require flow establishment, and possibly aggregation of flows, within the UMTS packet core network. Differentiated services would require that there is either one QoS profile for each traffic type or alternatively the priority and traffic type information is included in the data packets.

NOTE:
The details are to be solved by CN WG3.
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