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Foreword

This Technical Specification 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

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

The present document discusses and describes procedures and protocols from CT3 aspects of System Architecture Evolution (SAE) towards a higher-data-rate, lower-latency, packet-optimized system that supports multiple access technologies. 
These CT3 aspects include the PCC enhancements (including impacts coming from the inter-access system handover, roaming and LBO), the QoS aspects for both 3GPP and non-3GPP networks, inter-working with external networks, MBMS and any other functions in the Evolved Packet Core (EPC) network that CT3 has impact on.
The present document is used as a placeholder for CT3 SAE materials to be moved to appropriate 3GPP technical specifications when it is sufficiently stable.
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 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 23.401: "GPRS enhancements for E-UTRAN access".
[3]
3GPP TS 23.402: "Architecture Enhancements for non-3GPP accesses".

[4]
3GPP TS 23.107: "Quality of Service (QoS) concept and architecture".

[5]
3GPP TS 29.060: "General Packet Radio Service (GPRS); GPRS Tunnelling Protocol (GTP) across the Gn and Gp interface".

[6]
3GPP TS 23.203: "Policy and charging control architecture".

[7]
IETF RFC 2475: "An Architecture for Differentiated Services".

It is preferred that the reference to 21.905 be the first in the list.

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 terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].
Definition format

<defined term>: <definition>.

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

Access Gateway (A-GW): The gateway functionality located in a non-3GPP access network where the policy enforcement should take place. 

Aggregate Maximum Bit Rate: The maximum bit rate that limits the aggregate bit rate of a set of non-GBR EPS Bearers of a UE belonging to the same PDN connection. Definition derived from 3GPP TS 23.401 [2].

Evolved packet core network: the successor to the 3GPP Release 7 packet-switched core network, developed by 3GPP within the framework of Release 8.
Evolved packet system: The evolved packet system (EPS) or evolved 3GPP packet-switched domain consists of the evolved packet core network and the evolved universal terrestrial radio access network. Definition derived from 3GPP TS 23.401 [2].

Default bearer: An EPS bearer that is established when the UE connects to a PDN, and that remains established throughout the lifetime of the PDN connection to provide the UE with always-on IP connectivity to that PDN. Definition derived from 3GPP TS 23.401 [2].
Dedicated bearer: An EPS bearer that is the additional EPS bearer that is established to a PDN for which a Default bearer has already established for the same UE. Definition derived from 3GPP TS 23.401 [2].

GBR bearer: An EPS bearer that uses dedicated network resources related to a Guaranteed Bit Rate (GBR) value, which are permanently allocated at EPS bearer establishment/modification. Definition derived from 3GPP TS 23.401 [2].

Label: A label is a scalar that is used as a reference to node-specific parameters that control bearer level packet forwarding treatment that have been pre-configured by the operator owning the node. Definition derived from 3GPP TS 23.401 [2].

Non-GBR bearer: An EPS bearer that uses network resources that are not related to a Guaranteed Bit Rate (GBR) value. Definition derived from 3GPP TS 23.401 [2].

PDN address: an IP address assigned to the UE by the Packet Data Network Gateway (PDN GW).

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 abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].
A-GW
Access Gateway

DSCP
Differentiated services code point

ePDG
evolved Packet Data Gateway

P-GW
PDN Gateway

S-GW
Serving Gateway

4.
Overview of CT3 Aspect of System Architecture Evolution
5.
PCC Enhancements
From the stage 2 architecture pictures in [2] and [3], the PCC architecture can be extracted and simplified as drawn in the pictures as shown in the  below:


[image: image3]
Figure 1: PCC architecture (non roaming)

[image: image4]
Figure 2: PCC roaming architecture for home-routed traffic

[image: image5]
Figure 3: PCC roaming architecture for LBO with AF in the H-PLMN


[image: image6]
Figure 4: PCC roaming architecture with AF in the V-PLMN

The following interfaces are defined for PCC:

· S7: based on Rel-7 Gx (Diameter). It is placed between the PCEF (located at the P-GW) and the PCRF (H-PCRF or V-PCRF). S7 supports all the functionality to install and remove PCC rules for policy and charging control.
· S7a: based on Rel-7 Gx (Diameter). It is placed between the trusted non-3GPP A-GW and the PCRF (hPCRF or vPCRF). This interface is only used when the UE is using a trusted non-3GPP access network. PCC rules handling in S7a is limited to policy and QoS information.

· S7b: based on Rel-7 Gx (Diameter). It is placed between the ePDG and the PCRF (hPCRF or vPCRF). This interface is only used when the UE is using an un-trusted non-3GPP access network. PCC rules handling in S7b is limited to policy and QoS information.

· S7c: based on Rel-7 Gx (Diameter). It is placed between the S-GW and the PCRF (hPCRF or vPCRF). This interface is only used in case that the UE is using a 3GPP access network and  PMIP-based S5/S8b between the S-GW and the P-GW. PCC rules handling in S7c is limited to policy and QoS information.

· S9: based on Diameter. It is placed between the V-PCRF and the H-PCRF. It is used for Local Break Out scenario and for roaming scenarios with  home-routed traffic. 
· Rx+: based on Rel-7 Rx (Diameter). It is placed between the AF and the PCRF (H-PCRF or V-PCRF)

5.1 
Functional Entities

5.1.1
AF

The AF (Application Function) is an element offering applications that require the Policy and Charging Control of traffic plane resources (e.g.  EPC domain resources). One example of an application function is the P-CSCF.
5.1.2

PCRF
5.1.2.1
General
PCRF encompasses policy and charging control decision functionalities to support the operator’s IP services, e.g. IMS, PSS etc. The PCRF receives session information from the AF and informs AF of IP-CAN session events through the Rx+ interface. The PCRF provisions PCC rules to the PCEF in the PDN Gateway via the S7 interface (refer to 3GPP TS 23.401 [2]), to the policy enforcement point in the Serving Gateway via the S7c interface in case of a PMIP based S5/S8 interface (refer to 3GPP TS 23.402 [3]) and to the policy enforcement points of non-3GPP accesses via the S7a and S7b interfaces (refer to 3GPP TS 23.402 [3]).
PCRF can support use cases with home routed traffic with IMS.Interworking between PCRFs is applicable via S9 interface e.g. to support routeing optimization such as local breakout scenario in the roaming architecture.

The PCRF can act as H-PCRF or V-PCRF depending of the location (H-PLMN or V-PLMN respectively).

Editor's note: There may be several PCRF entities in a network. A single PCRF entity within a PLMN shall be associated with all PCC sessions of a UE over different PCRF interfaces (e.g. Rx+ session, S7 session, S9 session).

Editor's note: Mechanisms on how to associate all PCC sessions of a UE with a single PCRF entity are FFS on stage 2 level.

5.1.2.2
H-PCRF
The H-PCRF (Home-Policy and Charging Rules Function) is a functional element that encompasses policy and charging control decision functionalities in the H-PLMN.
When home operator’s AF is used and a UE is roaming in a visited network which applies policy control to the session(s) of the UE, the H-PCRF shall provision PCC rules to the V-PCRF through the S9 interface. Such roaming scenarios are e.g. a local breakout scenario (refer to 3GPP TS 23.401 [2] and 23.402 [3]) and a home routed scenario where the Serving Gateway employs a policy enforcement point and is controlled by the V-PCRF (refer to 3GPP TS 23.402 [3]).

Editor's note: Requirements for H-PCRF and S9, when only the visited operator’s AF is used, is FFS in stage 2.

5.1.2.3
V-PCRF
The V-PCRF (Visited-Policy and Charging Rules Function) is a functional element that encompasses policy and charging control decision functionalities in the V-PLMN..

When home operator’s AF is used with a local breakout scenario (refer to 3GPP TS 23.401 [2] and 23.402 [3]) or with the Serving Gateway employing a policy enforcement point e.g. in a home routed scenario (refer to 3GPP TS 23.402 [3]), the V-PCRF shall request PCC rules from the H-PCRF through the S9 interface. The V-PCRF may reject the authorized QoS received from the H-PCRF based on operator policies (refer to 3GPP TS 23.401 [2] and 23.402 [3]). 

Editor's note: Requirements for H-PCRF and S9, when only the visited operator’s AF is used, is FFS in stage 2. 

Editor's note: Stage 2 does not clarify, how the charging rules possibly sent by the H-PCRF to the V-PCRF should be handled by the V-PCRF. For example, the H-PCRF could possibly deliver charging specific subscription information like default charging method (online/offline). On the other hand, the VPLMN knowing the rating, could mean that the V-PCRF generates the charging rules.

Editor's note: It is open whether the V-PCRF should be able to change the QoS, e.g. by donwgrading, instead of simply rejecting the authorized QoS received from the H-PCRF.

5.1.3

PCEF 
The PCEF (Policy and Charging Enforcement Function) is a functional element that encompasses policy and charging enforcement functionalities.

5.2
Procedures

5.2.1 
IP-CAN session establishment
This procedure is performed between PCEF and PCRF in the case of Attach, UE-requested PDN connectivities, Trachking Area Uupdate (TAU), and NW node Relocation (e.g. Intra-LTE TAU and Inter-eNodeB Handover with CN Node Relocation).

This procedure contains the following flows

· Interface S7a/b/c:

· Gateway Control Session Establishment. The S-GW/A-GW/ePDG requests a new PCC session to the PCRF. 

· Interface S7:

· Indication of IP-CAN session establishment. The P-GW indicates that the IP-CAN session has been established. 

· Policy and Charging Rule provision. The PCRF provisions the needed PCC rules to the PCEF. 

5.2.2 
IP-CAN session modification

This procedure is performed in the case of Dedicated Bearer establishment, modification, and Deactivation or default bearer modification.  It may also happen when Tracking Area Update (TAU), and NW node Relocation (e.g. Intra-LTE TAU and Inter-eNodeB Handover with CN Node Relocation).

This procedure contains the following flows
· Interface S7a/b/c:

· Policy and Charging Rule provision. The PCRF provisions the needed PCC rules to the S-GW/A-GW/ePDG. 

· Interface S7:

· Policy and Charging Rule provision. The PCRF provisions the needed PCC rules to the PCEF. 

5.2.3

IP-CAN session termination

This procedure is performed in tha case of Dedicated Bearer Deactivation of the last active bearer within the IP-CAN session, and Detach.  It is also performed between home PCEF and PCRF in the case of Tracking Area Update (TAU), and NW node Relocation (e.g. Intra-LTE TAU and Inter-eNodeB Handover with CN Node Relocation).

This procedure contains the following flows
· Interface S7a/b/c:

· Gateway Control Termination. The S-GW/A-GW/ePDG requests a termination of an IP-CAN session to the PCRF. 

· Interface S7:

· Indication of IP-CAN session termination from the PCEF to the PCRF. 
5.3
Protocol impacts
5.3.1 
Protocol impacts on S9

S9 reference pointresides between the H-PCRF and V-PCRF. The S9 interface is used for transferring policy and charging control information between the H-PCRF and the V-PCRF to support scenarios where both the H-PCRF and the V-PCRF are employed, e.g. routeing optimization with a Local Breakout scenario in the roaming architecture and the Serving Gateway employing a policy enforcement point in the visited network. 
Editor's note: SA2 is considering to use the standard Diameter realm based routing between the PCC client (i.e. PCEF/GW) and the targeted H-PCRF. In this scenario the V-PCRF may act as a Diameter proxy, routing authorization requests from the PCEF to the H-PCRF based on the home domain of the visiting UE, and routing the reply messages from the H-PCRF back to the PCEF, possibly rejecting/changing the QoS authorized by the H-PCRF. This implies that the S9 reference point is based on the S7 and Rx reference points. The feasibility of using the Diameter realm based routing, and whether additional parameters (like user identification) are required to ensure that all related network elements (e.g. AF, PCEFs/GWs, V-PCRF) end up using the same H-PCRF, is FFS. 

Editor's note: The Allocation-and-Retention-Priority AVP, as specified for the S7 reference point, shall be included in the S9 reference point.
5.3.2 
Protocol impacts on Rx+

The operator's services providing service information over Rx+ to the PCRF is supported.
5.3.3 
Protocol impacts on S7 S7a, S7b, S7c

5.3.3.1 
General

The S7 protocol is based on Gx and incorporates the needs specified in TS 23.401, TS 23.402 and TS 23.203.

There are four different variants defined for the S7 interface: S7, S7a, S7b, S7c. The S7a, S7b and S7c interfaces should be as similar as possible and willshall be based on the S7 interface. 

Editor’s note: 
It is FFS whether S7a, S7b and S7c need to have different application identifiers.

The service level (per SDF) QoS parameters are conveyed in PCC rules (one PCC rule per SDF) over the S7 reference point. The service level QoS parameters consist of a QoS Class Identifier (QCI) Allocation and Retention Priority (ARP) and authorised Guaranteed and Maximum Bit Rate values for uplink and downlink. 
NOTE: 
For E-UTRAN, the value of the Label of an EPS bearer is identical to the value of the QCI of the SDF(s) mapped to that EPS bearer, and the value of the ARP of an EPS bearer is identical to the value of the ARP of the SDF(s) mapped to that EPS bearer.
5.3.3.1.1
Allocation and Retention Priority (ARP)
The following service level QoS parameters are conveyed in PCC rules from the PCRF to the PCEF: 

· QoS Class Identifier (QCI), 

· Allocation and Retention Priority (ARP), 

· Guaranteed Bit Rate Uplink (GBR uplink), 

· Guaranteed Bit Rate Downlink (GBR downlink),

· Maximum Bit Rate Uplink (MBR uplink),

· Maximum Bit Rate Downlink (MBR downlink).

ARP is a new parameter compared to the Rel-7 PCC (refer to 3GPP TS 23.401 [2]). 

The primary purpose of ARP is to decide whether a bearer establishment or modification request can be accepted or needs to be rejected in case of resource limitations. In addition, the ARP can be used to decide which bearer(s) to drop during exceptional resource limitations. 
The service level ARP assigned by PCRF in a PCC rule may be different from the bearer level ARP stored in subscription data. For E-UTRAN the value of the ARP of an EPS bearer is identical to the value of the ARP of the SDF(s) mapped to that EPS bearer. 
Editor's note: It is open, how the PCRF is supposed to derive the values for the service level ARP. 

The PCRF sends the ARP to the PCEF with the other service level QoS parameters in the QoS-Information AVP. The QoS-Information AVP shall be revised accordingly. 
5.3.3.1.1.1
QoS-Information AVP
AVP Format (Rel-7 AVP revised with Allocation-and-Retention-Priority):

QoS-Information ::= 
< AVP Header: 1016 >






[ QoS-Class-Identifier ]






[ Max-Requested-Bandwidth-UL ]






[ Max-Requested-Bandwidth-DL ]






[ Guaranteed-Bitrate-UL ]






[ Guaranteed-Bitrate-DL ]






[ Allocation-and-Retention-Priority ]






[ Bearer-Identifier ]

5.3.3.1.1.2
Allocation-and-Retention-Priority AVP
The Allocation-and-Retention-Priority AVP (AVP code xxxx) is of type Enumerated. The AVP is sent from the PCRF to the PCEF. The AVP indicates a priority for deciding whether a bearer establishment or modification request can be accepted or needs to be rejected in case of resource limitations, or which bearer(s) to drop during exceptional resource limitations.
Editor's note: The following values are defined for 3GPP access types E-UTRAN, UTRAN and GERAN (refer to 3GPP TS 23.107 [4] and 29.060 [5]): 1, 2 and 3. It is open whether new values will be defined for SAE accesses within Rel-8.

5.3.3.2 
S7a protocoldelta
5.3.3.3 
S7b protocoldelta
5.3.3.4 
S7c protocoldelta
6.
Interworking between EPC and external PDNs
6.1 
Functional Entities

6.2
Procedures

6.3
Protocol impacts
7.
QoS mechanisms
7.1 
Functional Entities

7.1.1 
PCRF
PCRF makes the QoS authorization for an SDF and provides it to the PCEF over the S7 interface. The authorized QoS for the SDF consists of a QoS Class Identifier (QCI) and authorized Guaranteed and Maximum Bit Rate values for uplink and downlink.
The PCRF selects a QCI in such a way that the IP-CAN receiving it can support it. If a set of service information which can not be served by the current IP-CAN system is received from the AF, the PCRF should reject it.

For E-UTRAN and for the same UE/PDN connection, SDFs associated with different QCIs shall not be mapped to the same EPS bearer.
The set of QCI values may be access type specific, e.g. the QCI values for E-UTRAN are different from the QCI values for UTRAN/GERAN. The PCRF identifies the correct set of QCI by the access network type, i.e. by the IP-CAN Type and RAT Type AVPs which the PCRF gets from the PCEF upon the initial attach to the radio network or upon a possible later access network type change. 
7.1.2 
PCEF
For E-UTRAN, the value of Label is identical to that of QCI. In this way, a mapping from the QCI to Label based QoS profile is not required in the PCEF. 
The set of QCI values may be access type specific, e.g. the QCI values for E-UTRAN are different from the QCI values for UTRAN/GERAN. The PCEF maps the correct set of QCI according to the prevailing/used access network type.

When packet marking is performed by the S-GW (uplink and downlink packet marking) and P-GW (downlink packet marking) as per stage 2 (3GPP TS 23.401 [2]), the PCEF/GW derives the DSCP codes from the QoS Class Identifier, if available. 

Editor's note: It is open whether the packet marking applies also to the GTP variant or whether it should be applied only to the PMIP variant. If the packet marking is valid also for the GTP variant, it is open how  the S-GW is supposed get or derive the DSCP codes. 

7.2
Procedures

7.3
Protocol impacts
7.3.1 
Protocol impacts on S7
The authorized QoS for the SDF is conveyed in a PCC rule over the S7 interface. It comprises a QCI and the relevant GBR and MBR for both uplink and downlink. The QCI is a scalar that represents the QoS characteristics that the EPS is expected to provide for the SDF.
The value of the Label of an EPS bearer for E-UTRAN is identical to the value of the QCI of the SDF(s) mapped to that EPS bearer.
The set of QCI values may be access type specific, e.g. the QCI values for E-UTRAN are different from the QCI values for UTRAN/GERAN. However, the QCI values can use the same QoS-Class-Identifier AVP in the S7/Gx interface. The PCRF and PCEF identify the correct set of QCI by the access network type, i.e. by the IP-CAN Type and RAT Type AVPs which the PCEF sends to the PCRF upon the initial attach to the radio network. 

Editor's note: SA2 has defined QCI values for E-UTRAN in stage 2 TS 23.401 / Annex B (Informative). However, the work is still in progress. The intention is to define a normative set of values. Whether this set will be included in stage 3 specifications (as the corresponding set of UTRAN/GERAN QCI in the Rel-7 TS 29.212), is FFS.

Editor's note: A new RAT Type value is required for E-UTRAN. (RAT Type values are defined in TS 29.060).

8.
E-MBMS

Editor's Note: It is FFS if the CP and UP functions of the MBMS entity are separated and connected with a reference point in between or if it is one entity handling both MBMS CP and UP functions.
8.1 
Functional Entities
8.1.1
MBMS CP

8.1.2
MBMS UP

8.1.3
eBM-SC

8.1.4
PDN-GW
NOTE: No special work for this function entity in CT3 is expected.
8.2
Protocols

8.2.1
Protocol for SGi-mb interface

8.2.2
Protocol for SGmb interface
8.2.3
Protocol for SGi interface

NOTE:
No special work for this interface in CT3 is expected.
9.
SAE impact on existing capabilities
8.1
GPRS MBMS

8.2
Lawful Interception

8.3
Trace
9.
Conclusion
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