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Abstract of the contribution:

The rationale and documentation strategy for adding off-path signalling to 23.401 and 23.402 is described here.

1. Introduction

Use of off-path signalling has been described and motivated in a number of contributions.  The purpose of this document is to describe a comprehensive approach to documenting the resulting changes to 23.401 and 23.402 in a consistent and resilient manner, so that dependencies between the two documents will be contained.  

A brief discussion of the off-path solution is also included to clarify the scope and intent of the changes proposed.  In particular, this contribution discusses how the off-path solution operates when PCC is not deployed.
The actual P-CRs to the TS are presented as separate contributions.

IETF based S5/S8 with off-path signalling (proposes changes to both 23.401 and 23.402)

S2-073136
Attach and Detach Procedures

S2-073138
Dedicated Bearer Procedures

S2-073134
Core Node Relocation: covers Inter eNodeB handover with CN Relocation and TAU procedures

S2-073137
3GPP Inter-RAT HO Procedures

Non-3GPP Access procedures with off-path signalling

S2-073135
Attach and Detach Procedures

S2-073139
Dedicated Bearer Procedures

S2-07xxxx
Handoff Procedures

2. Discussion

Off-path signalling implies that QoS and other policy signalling will be performed by means of a mechanism  based on Release 7 PCC, with additional enhancements.  These enhancements would enable communication of policies and related parameters to the S-GW in the case of IETF based S5, S8 and for S2.

In order to better discuss these enhancements, the reference points involved are further annotated in Figure 1.  

S7a refers to PCRF and S-GW interaction

S7b refers to PCRF and P-GW interaction

S7c refers to PCRF and non-3GPP access policy enforcement entity interaction
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Figure 1: Off-Path Signalling

The off-path signalling approach emphasizes delegation of QoS PCEF functionality to the access specific gateway.  This means that the QoS PCEF could be in the S-GW in the home routed case (employing S7a), in the S-GW in the visited network in the visited network anchored roaming case (utilizing S9 followed by S7a) or the non-3GPP access (using S9 followed by S7c).  There is nothing inherent in the definition of this off-path signalling approach that discourages or prevents other PCEF functions from being assigned to the P-GW, for example, for charging, gating, legal intercept, tracing or other policy controlled functions.

In the case of Off-Path signalling, the control flow originates in the PCRF in the home PLMN and may not pass through the P-GW.  This does not mean that it would be infeasible to define a notification mechanism such that all information passed along S9 destined for the visited or non-3GPP access could also be delivered by means of S7b to the P-GW.

The topology that is established between PCRFs (by means of S9) in the off-path approach is best understood as a hierarchical use of Diameter signalling, as for example, between S9 followed by S7c arcs in Figure 1. The Diameter peer approach is based upon PCC (based upon Gx). Diameter protocol termination needs to be reestablished in the case of S-GW relocation.

The non-3GPP access may employ a stand-alone PCRF-like node. Alternatively, the PCRF functionality may be integrated in a non-3GPP specific gateway node.
2.1 Assumptions

The off-path signalling approach described in this and follow-on documents make the following assumptions:

· Charging is not discussed in this document nor is it covered in the follow-on P-CR documents.

· 0QoS policy will be applied at a SDF level.

· Policy information and recognition of the SDFs themselves are required at the 'access gateways' at which policy will be enforced.  This includes the S-GW in the home-routed or roaming cases in 3GPP EPS accesses and to a non-3GPP gateway in the case of non-3GPP access.  A Diameter protocol interaction will be used to distribute this information, using off-path mechanisms.

· Other policy information besides QoS may be needed at the policy enforcement point (PCEF) and can be transferred as well.  For example, gating rules may be transferred to the S-GW or non-3GPP access.

2.2 Technical Off-Path Approach for IETF based S5 and S8

The goal of the off-path approach will be to require no control signalling between the Serving GW and the PDN GW outside of mobility management (in the form of PMIP messages).

There are three cases in which messages are currently needed between the Serving GW and the PDN GW for the purposes of bearer control.

2.2.1 Create Bearer

The Serving GW sends a message to the PCRF to initiate an IP CAN Session. The PCRF will respond with an Acknowledgement that contains PCC Rules.  This configuration enables the Serving GW to function as a PCEF.  

It may be necessary to provision the PDN GW with PCC rules associated with the Bearer.  In this case, triggered by the PMIP Binding Update, the PDN GW requests the PCRF to initiate an IP CAN session as well.

2.2.2 Modify Bearer 

The Serving GW, acting as a PCEF, sends a Request Policy and Charging Rules message to the PCRF.  The PCRF responds to the Serving GW with a Policy and Charging Rules Provision message.

The PDN GW may also have been provisioned with rules.  These rules may need to be modified as a result of the conditions present in the Request Policy and Charging Rules message sent by the Serving GW. In this case, the PCEF sends a PCEF-initiated IP CAN Session Modification message to the PDN GW.  The PDN GW responds by sending an Ack message to the PCRF.

2.2.3 Delete Bearer 

The Serving GW may terminate a bearer by sending an Indication of IP CAN Session Termination message to the PCRF. 

The PDN GW, if it has been provisioned with a bearer, will delete it at the time that it receives a binding update message with a zero duration (a deregistration message).  

In some cases, no deregistration message of this kind may be sent (for example when preexisting Bearers associated with a UE are deleted by MMEs as a result of an attach).  In this case, the PCRF sends a PCRF initiated IP CAN Session Modification message to the PDN GW.  This session modification indicates that the PDN GW must terminate one or more sessions.  The PDN GW then issues the appropriate IP CAN Session Termination requests to the PCRF.  This two step process is needed as there is no PCRF initiated IP CAN session termination message currently defined.

2.2.4 Off-path signalling in a deployment lacking PCC

SA2 has not agreed upon requiring PCC as a component of a deployment of the EPS.  In the case where PCC is not deployed, only static policies are available. [S2-07xxxx] elaborates the implications of this deployment option and suggests that the PCRF will always be present, if only as a static 'stub' version of the logical function present in the gateway.

While PCC may be considered optional in the EPC, the off-path solution elaborated here and in the follow-on P-CRs assumes that PCRF is mandatory between the hPLMN, vPLMN and the non-3GPP access.  There will always be communication from the trusted non-3GPP access to the hPLMN in the home operator network to allow for appropriate policy configuration of the PCEF in the non-3GPP access.

So in the case that no PCC is deployed in a PLMN, it will be possible to maintain all the existing interaction as specified with the PCRF - with the following implications:

· All policy and charging rules that the PCRF provisions to the access gateway 'off-path' are previously statically configured with the 'stub' PCRF.  This configuration may be in the form of programmatic 'meta-rules' that generate PCC rules based on specific input; the point however is that these 'meta-rules' are static.  

· A 'stub' PCRF shall be present in the serving GW.  A 'stub' PCRF may be present in the PDN GW.  If there is no PCRF available to the PDN GW, the PDN GW has no policy configuration whatsoever and plays no role in user plane policy enforcement.

· There is no coordination between PCRF entities:  The stub PCRF cannot interact over S7 with PCEF instances (outside the GW in which it is deployed) or S9 with other PCRF instances.

· There is no possibility of using the PCC off-path signalling mechanism to communicate changes in conditions, initiating a possible reassignment of rules in another GW.  Specifically, when a change of RAT occurs, it will not be possible to use the PCRF mechanism (as described in the P-CR contributions) to signal the condition.

The last point, inability to signal a change to the PDN GW, implies that without the PCC architecture deployed, the IETF variant of S5 and S8 not perform a function available with the GTP variant.  This is not accceptable.  It is therefore suggested that there will be a mechanism to perform this uplink signalling, even if we do not yet describe how this will be done.  In other words, an editor's note is needed stating "It remains FFS how uplink signalling of  change of RAT is performed in case the PCC infrastructure is not deployed."

A non-exhaustive list of possible non-PCC signalling alternatives include:

· use of S6c/S6d signalling via AAA as an off-path mechanism

· inclusion of an additional vendor option in the PMIP binding update (on-path signalling)

Neither this document nor the follow-on P-CRs discuss this topic or these solutions further.  It is suggested to include an Editor's note to those specific procedural steps in the P-CR which require uplink signalling to the PDN GW: It remains FFS how uplink signalling of  change of RAT is performed in case the PCC infrastructure is not deployed.
3. Documentation Strategy

Since TS 23.401 and TS 23.402 need to develop in parallel, it is important to minimize duplication of material and to eliminate unnecessary changes in one document being required due to evolution of the other.  

It has already been decided that the variants to procedures in TS 23.401 with IETF-based S5 and S8 interfaces will be documented in TS 23.402.

Documentation of alternative steps in procedures poses a challenge in that the common strategy employed in 3GPP technical specifications is to describe only complete procedures. Duplication of procedures from TS 23.401 to TS 23.402 with variations would however lead to the need to reconcile every change in the former in the latter and confusion with respect to which constitutes the normative specification.

An alternative to this approach is to document TS 23.401 in an entirely self-sufficient manner, while calling out the portions of the procedure which will vary between the IETF and GTP based variants.  The text in 23.401 will clearly state that the IETF variant is defined in TS 23.402.

The variant procedure in TS 23.402 will consist only of the portion of the procedure that is indicated in TS 23.401 as diverging between the IETF and GTP flavors.  The rest of the procedure would be left as a reference to TS 23.401.  

An example of this approach follows.  

The following section is ONLY AN EXAMPLE.  No P-CR is suggested by this document.  Rather, the P-CR text is mean to serve as a model of the proposed documentation approach.
===start of first example change: to TS 23.401, section 5.4.1===

5.4.1
Dedicated bearer activation

The dedicated bearer activation procedure for a GTP based S5/S8 is depicted in figure 5.4.1-1. In this procedure, the UE is assumed to be in active mode.
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Figure 5.4.1-1: Dedicated Bearer Activation Procedure, UE in Active Mode

NOTE:
Steps 3-8 are common for architecture variants with GTP based S5/S8 and IETF based S5/S8. For an IETF based S5/S8, procedure step (A) and (B) are defined in 23.402.  Steps 1, 9 and 10 concern GTP based S5/S8.
1.
Optionally, the PCRF sends a PCC decision provision (QoS policy) message to the PDN GW. If the PCC architecture is not present, the PDN GW may apply a local QoS policy.
2.
The PDN GW uses this QoS policy to assign the bearer QoS, i.e., it assigns the values to the bearer level QoS parameters (excluding AMBR); see clause 4.6.2. The PDN GW sends a Create Dedicated Bearer Request message (Bearer QoS, UL TFT, S5/S8 TEID) to the Serving GW.
Editor's note:
The identifier(s) used for bearer identification and linking with the default bearer is FFS.

3.
The Serving GW sends the Create Dedicated Bearer Request (Bearer QoS, UL TFT, S1-TEID) message to the MME. 

4.
The MME builds a Session Management Configuration IE including the UL TFT. The MME then signals the Bearer Setup Request (Bearer QoS, Session Management Configuration, S1-TEID) message to the eNodeB. 
5.
The eNodeB maps the bearer QoS to the Radio Bearer QoS. It then signals a Radio Bearer Setup Request (Radio Bearer QoS, Session Management Configuration) message to the UE. The UE uses the uplink packet filter (UL TFT) to determine the mapping of service data flows to the radio bearer. 

6.
NOTE:
The details of the Radio Bearer QoS are specified by RAN2.
7.
The UE NAS layer builds a Session Management Response IE. The UE then acknowledges the radio bearer activation to the eNodeB with a Radio Bearer Setup Response (Session Management Response) message. 

8.
The eNodeB acknowledges the bearer activation to the MME with a Bearer Setup Response (S1-TEID, Session Management Response) message. The eNodeB indicates whether the requested Bearer QoS could be allocated or not. 

9.
The MME acknowledges the bearer activation to the Serving GW by sending a Create Dedicated Bearer Response (S1-TEID) message. 

10.
The Serving GW acknowledges the bearer activation to the PDN GW by sending a Create Dedicated Bearer Response (S5/S8-TEID) message.

11.
If the dedicated bearer activation procedure was triggered by a PCC Decision Provision message from the PCRF, the PDN GW indicates to the PCRF whether the requested PCC decision (QoS policy) could be enforced or not by sending a Provision Ack message. 

NOTE:
The exact signalling of step 1 and 10 (e.g. in case of local break-out) is outside the scope of this specification. This signalling and its interaction with the dedicated bearer activation procedure are to be specified in 3GPP TS 23.203 [6]. Steps 1 and 10 are included here only for completeness.

===end of first example change: to TS 23.401, section 5.4.1===

===start of second example change: to TS 23.402, section 5.5.x.1===

5.5.x.1 IETF-Based Dedicated Bearer Activation for E-UTRAN Accesses
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Figure 5.5.x.1-1: Dedicated Bearer Activation Procedure, UE in Active Mode
The procedure described in Figure 5.5.x.1-1 shows only the differences which arise when IETF based S5 and S8 are employed instead of GTP based S5 and S8.  The GTP variant of this procedure is given in TS 23.401.
A.1.
Optionally, the PCRF sends a PCC decision provision (Charging, Gating, and other non-QoS policy) message to the PDN GW. If the PCC architecture is not present, the PDN GW may apply a local policy.
A.2.
If the dedicated bearer activation procedure was triggered by a PCC Decision Provision message from the PCRF, the PDN GW indicates to the PCRF whether the requested PCC decision (Charging, Gating and other non-QoS policy) could be enforced or not by sending a Provision Ack message. 

A.3.
Optionally, the Serving GW uses this QoS policy to assign the bearer QoS, i.e., it assigns the values to the bearer level QoS parameters (excluding AMBR); see clause 4.6.2. The Serving GW sends a Create Dedicated Bearer Request message (Bearer QoS, UL TFT, S5/S8 TEID) to the MME.
Steps between A.3 and B.1 are described in TS 23.401, Section 5.4.1.

B.1.
If the dedicated bearer activation procedure was triggered by a PCC Decision Provision message from the PCRF, the Serving GW indicates to the PCRF whether the requested PCC decision (QoS policy) could be enforced or not by sending a Provision Ack message.


===end of second example change: to TS 23.402, section 5.5.1.x===

4. Proposal

It is proposed that we adopt the documentation strategy described in the previous section to specify  the details off-path signalling in TS 23.401 and TS 23.402.  The actual changes shown above are for example only and will be considered in a separate contribution.

Second, it is proposed to add an editor's note where off-path signalling is required for bearer modification (e.g. notification of the P-GW upon change of RAT) stating: "It remains FFS how uplink signalling of  change of RAT is performed in case the dynamic PCC infrastructure is not deployed."
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