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1st change
4.1 
Overview

The S9 reference point is used in roaming scenarios involving a HPLMN and a VPLMN. Two main roaming scenarios are considered: visited access (PCEF in VPLMN and AF in VPLMN or HPLMN) and home-routed access (PCEF in HPLMN and AF in the HPLMN). 

Two Diameter applications are used over the S9 reference point: S9 and Rx. The purpose of the S9 Diameter application is to install PCC rules or QoS rules generated in the HPLMN into the VPLMN and transport the events that may occur in the VPLMN to the HPLMN. Additionally, the S9 Diameter application is used to install ADC rules generated in the HPLMN into the VPLMN and transport the application detection and control information from the VPLMN to the HPLMN, when the H-PCRF and the V-PCRF both support the Application Detection and Control feature. When the AF is in the VPLMN, Rx is used over the S9 reference point to exchange service session information from the V-PCRF to the H-PCRF. 

The AF exchanges session information with the H-PCRF or V-PCRF as specified in 3GPP TS 29.214[5]. The PCRF (H-PCRF and/or V-PCRF) exchanges PCC rules and QoS rules with the PCEF and BBERF respectively as specified in 3GPP TS 29.212[3]. Additionally, the PCRF (H-PCRF and/or V-PCRF) exchanges ADC rules and application detection notifications with the TDF or PCEF supporting Application Detection and Control feature as specified in 3GPP TS 29.212[3].

Signalling flows related to all the PCC reference points (Gx, Gxx, Rx, Sd and S9) are specified in 3GPP TS 29.213[4].
Diameter messages over the S9 reference point shall make use of SCTP [8].
End of 1st  change
2ND change
4.3.2.2 Visited access


The V-PCRF shall request PCC and ADC Rules from and report events to the H-PCRF using the S9 reference point.
The V-PCRF may request QoS Rules from the H-PCRF using the S9 reference point when the available QoS Rules are not related to any IP-CAN session.
If the V-PCRF receives the PCC Rules from the H-PCRF, the V-PCRF extracts the QoS Rules from the PCC Rules, validates the former, and if QoS validation is successful, the V-PCRF shall provision the PCC Rules to the PCEF via the Gx reference point and the QoS Rules to the BBERF via the Gxx reference point. If the QoS validation fails the V-PCRF shall reject the request. For case 2a, there may be additional specific rules to be installed at the BBERF for the sole purpose of allowing the tunnel between the BBERF and the PCEF not directly related with any service. 
If the V-PCRF receives the ADC Rules from the H-PCRF, the V-PCRF shall provide those ADC rules to the TDF or to the PCEF supporting Application Detection and Control feature.  If the V-PCRF receives the application detection notifications from the PCEF or a TDF, the V-PCRF shall provide those notifications to the H-PCRF if the H-PCRF supports the Application Detection and Control feature.
When the AF is located in the VPLMN, the V-PCRF shall exchange Rx messages with the H-PCRF over the S9 reference point.
The V-PCRF shall reject request for sponsored data connectivity when the AF is located in the VPLMN.

NOTE:
Sponsored connectivity for a roaming subscriber with visited access is not supported in this release as specified in 3GPP TS 23.203 [2].
End of 2ND  change
3rd change
4.4.6
Operations on ADC Rules 

ADC Rules operations are defined in 3GPP TS 29.212 [3]. This clause clarifies how those operations are implemented over the S9 interface.

For the Visited Access case, the V-PCRF shall request ADC rules from the H-PCRF using the S9 reference point, the H-PCRF shall provide the ADC rule to the V-PCRF. If the V-PCRF receives the application detection notifications from the PCEF or a TDF, the V-PCRF shall provide those notifications to the H-PCRF if the H-PCRF supports the Application Detection and Control feature.
End of 3rd  change
4th change
4.5.1.3.1
Provisioning of Event Triggers

Provisioning of event triggers may be performed by either the V-PCRF or the H-PCRF. The V-PCRF may receive requests to subscribe to event triggers from the H-PCRF, from the PCEF (VA case) or due to an internal or other external event. The H-PCRF may receive subscription request from the PCEF (i.e. In the HR case, the H-PCRF derives the event triggers from the Event-Report-Indication AVP from the PCEF), or due to an internal or external event (e.g. due to an Rx interaction with the AF).

When the H-PCRF wants to subscribe or unsubscribe to event trigger(s) in the VPLMN, the H-PCRF shall provide to the V-PCRF one or several event triggers by including them within the Event-Trigger AVP. Event Triggers may apply to a specific S9 Subsession(s) or to a specific S9 session. Event Triggers provided for a specific S9 session apply to S9 subsession(s) within the specified S9 session.  

-
When Event Triggers are provided for a specific S9 subsession(s), the H-PCRF includes Subsession-Decision-Info AVP for each of the affected S9 subsession. Each Subsession-Decision-Info AVP includes the Subsession-Id AVP and the list of event triggers within the Event-Trigger AVP.
-
When Event Triggers are provided for a specific S9 session(s), the H-PCRF includes the list of event triggers within the Event-Trigger AVP at command level.

The H-PCRF adds new event triggers or removes previously provided event triggers to the V-PCRF by providing the new complete list of applicable event triggers.

The H-PCRF may provision event triggers to the V-PCRF using both a RAR and a CCA command. However, for the Home Routed case, the H-PCRF shall provision the IP-CAN_CHANGE event trigger to the V-PCRF at the command level in the initial CCA command.
When the V-PCRF receives event triggers from the H-PCRF, the V-PCRF stores them locally as S9-related and proceeds as follows:

-
In both the Home-Routed and Visited Access cases, the V-PCRF shall provision the event triggers over the associated Gxx session to the BBERF using the Gateway Control and QoS Rules Provisioning or Gateway Control Session Establishment procedure described in 3GPP TS 29.212 [3] clauses 4a.5.1 and 4a.5.2.
-
Additionally, in the Visited Access case, the V-PCRF may also provision the event triggers over the associated Gx session to the PCEF using the PCC and ADC Rules Provisioning procedures described in 3GPP TS 29.212 [3] clause 4.5.3 and clause 4.6. For the TDF, the V-PCRF may also provision the corresponding relevant event triggers over the associated Sd session to the TDF using the ADC Rule Provisioning procedure as described in 3GPP TS 29.212 [3] clause 4b.5.2. 

For the Visited Access case, the H-PCRF may remove all previously provided event triggers by providing the Event-Trigger AVP set to the value NO_EVENT_TRIGGERS. The  H-PCRF may stop or resume all unsolicited application detection reports by sending the Event-Trigger AVP set to the value NO_UNSOLICITED ADC_EVENT_TRIGGERS and RESUME_UNSOLICITED_ADC_EVENT_TRIGGERS..  The H-PCRF includes within the Subsession-Decision-Info AVP the affected Subsession-Id AVP and the list of event triggers within the Event-Trigger AVP. When an Event-Trigger AVP is provided with this value, no other Event-Trigger AVP shall be provided in the CCA or RAR command. Upon reception of an Event-Trigger AVP with this value from the H-PCRF, if there are no other locally handled event triggers, the V-PCRF shall provide the Event-Trigger AVP set to the value NO_EVENT_TRIGGERS to the BBERF and PCEF; if there are locally handled event triggers, the V-PCRF shall update the event triggers at the BBERF and the PCEF to remove those triggers previously installed based on requests from the H-PCRF. The V-PCRF shall not inform H-PCRF of any subsequent event except for those events that are always subscribed with no provision.

When the PCEF in the Visited Access case subscribes or unsubscribes to one or several event triggers with the V-PCRF, the V-PCRF stores them locally as Gx-related events and then provision them over the associated Gxx session (identified using the Gateway Control Session to IP-CAN session linking procedure described in 3GPP TS 29.212 [3] clause 4a.5.6) to the BBERF using the Gateway Control and QoS Rules Provisioning procedure described in 3GPP TS 29.212 [3] clause 4a.5.2.
The V-PCRF may also provision event triggers to the BBERF/PCEF due to an internal or external trigger or using the Provisioning of Event Triggers procedure as described in 3GPP TS 29.212 [3] clauses 4a.5.3 and clause 4.5.3.

End of 4th  change
5th change
4.5.3.2
PCC, QoS Rules and ADC Rules Provisioning

The H-PCRF shall provision, via the S9 reference point, PCC,QoS rules and ADC rules, using one of the following procedures:

-
PULL procedure (Provisioning solicited by the V-PCRF): In response to a request for PCC/ADC rules being made by the V-PCRF, as described in the preceding section, to provide QoS rules for case 2a where no corresponding PCC rules are sent, the H-PCRF shall provision QoS rules in the CCA by including the QoS-Rule-Install AVP at the command level; for other cases, the H-PCRF shall provision PCC rules and/or ADC in the CCA command by including the Charging-Rule-Install AVP and/or ADC-Rule-Install AVP correspondingly within the Subsession-Decision-Info AVP on the S9 subsession(s) that requested for PCC rules, in response to a request for PCC Rules being made by the V-PCRF, as described in the preceding section instance, or in response to a request for ADC Rules being made by the V-PCRF, as described in the preceding section instance.  

-
PUSH procedure (Unsolicited provisioning from the H-PCRF). The H-PCRF may decide to provision (install, modify ore remove) PCC Rules or ADC Rules without obtaining a request from the V-PCRF, e.g. in response to information provided to the H-PCRF from the AF (either in the visited or in the home network), or in response to an internal trigger within the H-PCRF, or from a trigger by the SPR. To install or modify QoS Rules without a request from the V-PCRF for case 2a when there are no related PCC rules, the H-PCRF shall provision QoS rules in the RAR by including the QoS-Rule-Install AVP at the command level; to provision PCC Rules without a request from the V-PCRF, the H-PCRF shall include these PCC Rules in an RAR command by including the Charging-Rule-Install AVP on the related S9 subsessions within the Subsession-Decision-Info AVP; to provision ADC Rules without a request from the V-PCRF, the H-PCRF shall include these ADC Rules in an RAR command by including the ADC-Rule-Install AVP on the related S9 subsessions within the Subsession-Decision-Info AVP. To remove installed PCC Rules without a request from the V-PCRF, the H-PCRF shall include these PCC Rules in a RAR command by including the Charging-Rule-Remove AVP on the related S9 subsessions within the Subsession-Decision-Info AVP ; to remove installed ADC Rules without a request from the V-PCRF, the H-PCRF shall include these ADC Rules in a RAR command by including the ADC-Rule-Remove AVP on the related S9 subsessions within the Subsession-Decision-Info AVP.
The V-PCRF shall validate the QoS information contained within the PCC rules of the CCA/RAR command. If the QoS validation fails or other error conditions occur for PCC rules provisioned within the CCA command from the H-PCRF, the V-PCRF shall follow the procedures specified in clause 4.5.3.1 for error handling. Otherwise, if the QoS validation fails or other error conditions occur when provisioning PCC rules using the RAR command, the procedures below apply.
If the QoS information is provisioned at the command level and the validation fails, the V-PCRF shall respond back to the H-PCRF by issuing an RAA command that includes, at the command level, the DIAMETER_PCC_RULE_EVENT (5142) experimental result code, the QoS-Rule-Report AVP to indicate the QoS Rules that were not accepted, the Rule-Failure-Code AVP set to UNSUCCESSFUL_QOS_VALIDATION, and the QoS-Information AVP to indicate the acceptable QoS.
If the QoS information is provisioned at the command level and the validation is successful, the V-PCRF shall follow the procedures described in 3GPP TS 29.212 [3] to provision the QoS rules to the BBERF. If after provisioning the rules to the BBERF, the V-PCRF receives a notification from the BBERF informing that an operation on a QoS rule has failed, the V-PCRF shall immediately inform the H-PCRF. The V-PCRF shall send a RAA command to the H-PCRF including the QoS-Rule-Report AVP to indicate the QoS rules that were affected at the command level. The H-PCRF may decide to reinstall, modify or remove the affected Rules as described in this clause or terminate the S9 session/subsession as described in clause 4.5.3.4.  If the provisioning of the rules was successful, the V-PCRF shall inform the H-PCRF by sending a RAA command containing, at the command level, the information included in the notification received from the BBERF.
If the QoS information is provisioned at the subsession level and the validation for all subsession fails, the V-PCRF shall send a RAA command to the H-PCRF, including the Subsession-Enforcement-Info AVP for each rejected S9 subsession. Each Subsession-Enforcement-Info AVP includes the rejected Subsession-Id, a DIAMETER_PCC_RULE_EVENT (5142) experimental result code, the Charging-Rule-Report AVP to indicate the PCC Rules that were not accepted, the Rule-Failure-Code AVP set to UNSUCCESSFUL_QOS_VALIDATION, and the QoS-Information AVP to indicate the acceptable QoS.
If the QoS information is provisioned at the subsession level and the validation for one or more subsession is successful, the V-PCRF shall provision the validated rules to the PCEF/BBERF first.  For all validated PCC rules, the V-PCRF derives QoS rules based on the PCC rules. The V-PCRF follows the procedures specified in 3GPP TS29.212 [3] to provision the rules to the BBERF/PCEF.
If the ADC rule is provisioned at the subsession level and the validation for one or more subsession is successful, the V-PCRF shall follow the procedures specified in 3GPP TS 29.212 [3] to provision the ADC rules to the PCEF/TDF.
If after provisioning the rules to the PCEF/BBERF/TDF, the V-PCRF receives a notification from either the PCEF/TDF (case 1, 2a, 2b) or the BBERF (case 2a and 2b) informing that an operation on a PCC/QoS/ADC rule has failed, the V-PCRF shall inform the H-PCRF. 
After obtaining the QoS validation and rules installation (if applicable) result, the V-PCRF shall send a RAA command to the H-PCRF and for each subsession, include the Subsession-Enforcement-Info AVP with the Subsession-Id AVP. In addition, for each subsession, the Subsession-Enforcement-Info shall include,

-
if the QoS validation failed at the V-PCRF, a DIAMETER_PCC_RULE_EVENT (5142) experimental result code, the Charging-Rule-Report AVP to indicate the PCC Rules that were not accepted, the Rule-Failure-Code AVP set to UNSUCCESSFUL_QOS_VALIDATION, and the QoS-Information AVP to indicate the acceptable QoS.

-
if the V-PCRF received notification from the BBERF/PCEF/TDF indicating failure in provision, the Experimental-Result-Code AVP or Result-Code AVP received from the PCEF if available or from the BBERF or from the TDF, the Charging-Rule-Report AVP to indicate the failed PCC Rules, or the ADC-Rule-Report AVP to indicate the failed ADC Rules, and any other additional information received from the BBERF/PCEF/TDF.

-
if the provision was successful, the result-code and other information received from the PCEF/BBERF/TDF.

The result code or the experimental result code at the RAA command level shall be set to the following value:

-
DIAMETER_SUCCESS (2001), if all subsessions have been provisioned successfully;

-
DIAMETER_ERROR_SUBSESSION (5470), if one or more S9 subsessions have failed. 

For failed PCC/ADC rules, the H-PCRF may decide to reinstall, modify or remove the affected PCC/ADC Rules as described in this clause or terminate the S9 session/subsession as described in clause 4.5.3.4.

End of 5th  change
End of changes
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