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Abstract of the contribution: this paper proposes the list of the PCF services in the section 7 of TS 23.501 based on the analysis of the specifications: TS 23.502 and PCC specifications including TS 23.203 (PCC architecture), TS 29.212(Gx: PCEF-PCRF), TS 29.213(PCC procedures) and TS 29.214(Rx: AF-PCRF).
1
Discussion

In TR 23.799, the following agreements are captured on Key Issue #7: Network function granularity and interactions between them
	3.
Network functions within the NG Control plane unless determined otherwise during the normative phase, shall exhibit service based interfaces for services that can be re-used by multiple network functions. This will be evaluated on a case by case basis when specifying the procedure. The NG1, NG2, NG4 interface are not considered to support the service based interface.


In this paper, we focused on the service-based interface for the PCF by analyzing the existing Gx and Rx reference point features in addition to the PCF related procedures described in TS 23.502.
Since we decided to extend the PCC framework, it is assumed that PCC features will be used for the 5G System.  
We analyzed focus on a detailed analysis of the existing diameter-based Gx interface to see if we can convert it into the service-based interface. The table shows the high level overview of Gx [TS29.212] interface analyzed in [S2-170338]
[S2-170338] “Discussion for service based architecture,” Samsung, SA WG2 Meeting #118-Bis, 16 - 20 Jan 2017 Spokane, WA, USA

	Features
	Related Stage 2 Procedure
	Short description
	Protocol aspects

	Request for PCC rules
[4.5.1 of TS29.212]
	IP-CAN session establishment
	The PCEF sends a CC-Request with CC-Request-Type AVP set to the value "INITIAL_REQUEST".
	PCEF ( PCRF (CCR)

PCEF ( PCRF (CCA)

(Request/Response)

	
	IP-CAN session modification
	IP-CAN session modification with PCEF-requested rules can occur for various reasons: bearer establishment, termination,  modification, or an event trigger
	PCEF ( PCRF (CCR)

PCEF ( PCRF (CCA)

(Request/Response)

	Provisioning of PCC rules
[4.5.2 of TS29.212]
	Solicited by the PCEF
(PULL procedure)
	In response to a request for PCC rules being made by the PCEF, the PCRF shall provision PCC rules in the CC-Answer
	PCEF ( PCRF (CCR)

PCEF ( PCRF (CCA)

(Request/Response)

	
	Unsolicited provision by the PCRF
(PUSH procedure)
	The PCRF may decide to provision PCC rules without obtaining a request from the PCEF, e.g. in response to information provided to the PCRF via the Rx reference point, or in response to an internal trigger within the PCRF
	PCEF ( PCRF (RAR)

PCEF ( PCRF (RAA)

(Request/Response – opposite direction)

	Provisioning of Event Triggers
[4.5.3 of TS29.212]
	PCRF subscribes the PCEF on the event
PCEF notifies the PCRF
	The PCRF may provide one or several event triggers within one or several Event-Trigger AVP to the PCEF using the PCC rule provision procedure. Event triggers may be used to determine which IP-CAN session modification or specific event causes the PCEF to re-request PCC rules.
	Event Subscription:
PCEF ( PCRF (CCA or RAR)
Event Report:
PCEF ( PCRF (CCR)

	Provisioning of Event Report Indication

[4.5.11 of TS29.212]
	PCEF subscribes the PCRF on the event report
PCRF reports the event to the PCEF
	Whenever the PCEF subscribes to an event report indication by using the CCR command, the PCRF shall only send the corresponding currently applicable values which have been updated (e.g. 3GPP-User-Location-Info, 3GPP2-BSID, etc.) to the PCEF in the CCA
	Event Subscription:
PCEF ( PCRF (CCR)

Event Report:

PCEF ( PCRF (RAR)

	…. (we don’t describe all the features of Gx)………….


<Table 1: Example of PCC features of Gx interface>
The analysis on Gx [S2-170338] shows PCRF have two types of services. 

1) Request/Response type over Gx. For example, the PCEF requests the PCC Rule. PCRF provides the PCC Provisioning service.

2) Subscribe/Notify type over Gx. For example, the PCEF subscribes the PCRF on the event report. “Provisioning of Event Report Indication” can be categorized as this type. 
Detailed analysis on the type of service mechanism is described in [S2-170338] as follows:
	Based on the guideline described in [S2-167183], we categorized the Gx transaction into the four categories as described in the figure 1.


[image: image1.emf]<Type A-1. X requests Y' Service> <Type B-1. Y requests X' Service>

<Type A-2. X subscribes Y on the event

Y notifies X on the event>

<Type B-2. Y subscribes X on the event

X notifies Y on the event>

X

(PCEF)

Y

(PCRF)

Request

(RAR)

Response

(RAA)

X

(PCEF)

Y

(PCRF)

Request

(CCR)

Response

(CCA)

X

(PCEF)

Y

(PCRF)

Subscribe

(CCA or RAR)

Notify

(RAR)

Notify-Ack

(RAA)

X

(PCEF)

Y

(PCRF)

Subscribe

(CCA or RAR)

Request

(CCR)

Response

(CCA)


<Figure 1: Four cases of mapping service-based interface for Gx interface>
For the Type A-1, X requests Y’s service. The feature is describes as the Y’s service. For Gx example, “Request for PCC rules” of the existing Gx and “Provisioning of PCC rules (solicited by the PCEF)” can be categorized as this type. Y (PCRF) can have PCC rule service.

For the Type A-2, X subscribes Y’s service on the event and Y notifies X on the event. For Gx example, “Provisioning of Event Report Indication” can be categorized as this type. Y (PCRF) can have Event Report service.
NOTE: Since the Y has a capability of monitoring some event and it can report to X1, or X2 which subscribe the same event. It is categorized as the Y’s service (not X’s service).
For the Type B-1, Y requests X’s service. The feature is described the Y’s service. For Gx example, “Provisioning of PCC rules (Unsolicited provision by the PCRF) can be categorized as this type. X (PCEF) can have “SM session creation/modification service”

NOTE: One scenario for this example is that AF may trigger the change of QoS through Rx. We considered this scenario as the Y (PCRF) requests X (PCEF)’s IP-CAN session modification service.

For the Type B-2, Y subscribes X’s service on the event and X notifies Y on the event. For Gx example, “Provisioning of Event Triggers” can be categorized as this type. X (PCEF) can have an Event Report service.

NOTE: As an example, the PCRF subscribes the event of Usage Reporting for the heavy traffic user as a trigger. While the PCEF monitoring the data traffic, upon detecting the exceeding the spending limit, the PCEF reports the event to the PCRF. We considered this scenario as the PCEF’s service since the Y2 (OCS) also can utilize the same or similar service on the X (PCEF).


We also review the current version of TS 23.502 v0.1.1 to find out the potential PCF services, we found following procedures which may be related with PCF services.

In section 4.2.2.2.2 General Registration, “UE Context Establishment Request/Acknowledged” in step 16/17 and “UE Context Termination Request/Acknowledged” in step 20/21. We derived the access and mobility policy (AM policy) provisioning service for the PCF as follows:
	Service Name
	Description
	Reference in TS 23.502 [3]
	Example Consumer
	Mechanism

	Initial Provisioning of AM Policy Rule
	UE Context Establishment
	4.2.2.2 Registration procedure step 16/17
	AMF
	Request/Response

	Termination of AM Policy Session
	UE Context Termination
	4.2.2.2
	AMF
	Request/Response


We also found the PDU-CAN Session Establishment and PDU-CAN Session Modification procedure from 4.3.2.2.1 UE requested PDU session establishment (Non-roaming and Roaming with Local Breakout) step 5b and 7 as well as 4.3.2.2.2 UE requested PDU session establishment (Home-routed Roaming) step 8b and 10 respectively.

We could derive “Initial Provisioning PCC Rule” and “Modification of PCC Rule” service of PCF which can match the existing Gx reference point.
	Service Name
	Description
	Reference in TS 23.502 [3]
	Example Consumer
	Mechanism

	Initial Provisioning of PCC Rule
	PDU-CAN Session Establishment
	4.3.2.2
4.3.2.2.2
	SMF
	Request/Response

	Modification of PCC Rule
	PDU-CAN Session Modification
	4.3.2.2
4.3.2.2.2

4.2.3.2 
	SMF
	Request/Response


In addition, we analyze the existing diameter-based Rx interface to see if we can convert it into the service-based interface. Rx interface between the PCRF and the AF to see which types of interaction is required. The table shows the high level overview of Rx interface [TS23.203] and [TS29.214].
In the Rx interface, the AF acts as the client of the Diameter protocol and the PCRF acts as the server of the Diameter protocol.
	Features
	Related Stage 2 Procedure
	Short description
	Protocol aspects

	Initial Provisioning of Session Information
[4.4.1 of TS 29.214]
	AF session creation
	When a new AF session is being established and media information for this AF session is available at the AF and the related media require PCC supervision, the AF shall open an Rx Diameter session with the PCRF for the AF session using an AA-Request command.
	AF ( PCRF (AAR)
AF ( PCRF (AAA)

(Request/Response)

	Modification of Session Information
[4.4.2 of TS 29.214]
	AF session modification
	The AF may modify the session information at any time (e.g. due to an AF session modification or internal AF trigger) by sending an AA-Request command to the PCRF containing the Media-Component-Description AVP(s) with the updated Service Information. The AF shall send an AA-Request command to the PCRF, only after the previous AA-Request has been acknowledged.
	AF ( PCRF (AAR)
AF ( PCRF (AAA)

(Request/Response)

	AF Session Termination
[4.4.4 of TS 29.214]
	AF session termination
	When an AF session is terminated, if the AF had received a successful AA-Answer for the initial AA-Request, the AF shall send a Session-Termination-Request command to the PCRF.
	AF ( PCRF (STR)
AF ( PCRF (STA)

	Subscription to Notification of Signalling
[4.4.5 of TS 29.214]
	
	An AF may subscribe to notifications of the status of the AF Signalling transmission path. To do so, the AF shall open an Rx Diameter session with the PCRF for the AF signalling using an AA-Request command. The AF shall provide the UE’s IP address (using either the Framed-IP-Address AVP or the Framed-Ipv6-Prefix AVP) and the Specific-Action AVP requesting the subscription to "INDICATION_OF_LOSS_OF BEARER" and/or "INDICATION_OF_RELEASE_OF_BEARER"
	For subscription, 
AF ( PCRF (AAR)
AF ( PCRF (AAA)

	Traffic Plane Events

[4.4.6 of TS 29.214]
	IP-CAN Session Termination
	When an IP-CAN session is terminated, the PCRF shall inform the AF about the IP-CAN session termination by sending an ASR (abort session request) command to the AF on each active Rx Diameter session.

When the AF receives the ASR command, it shall acknowledge the command by sending an ASA (abort session answer) command to the PCRF.
	Termination
AF ( PCRF (ASR)

AF ( PCRF (ASA)

	
	Service Data Flow Detection
	When the PCRF gets the knowledge that one or more SDFs have been deactivated, (e.g. due to a bearer release or loss of bearer or out of credit condition), the PCRF shall inform the AF accordingly if the AF has previously subscribed using the Specific-Action AVP in the AAR command.
	AF ( PCRF (RAR)
AF ( PCRF (RAA)

(Notification)

	
	Notification of Signalling Path Status
	In the event that the PCRF is notified of the loss or release of resources associated to the PCC/QoS Rules corresponding with AF Signalling IP Flows, the PCRF shall inform the AF about the Loss of the Signalling Transmission path by sending a Re‑Authorization Request (RAR) command to the AF
	AF ( PCRF (RAR)
AF ( PCRF (RAA)

(Notification)

	
	IP-CAN type change Notification
	If the AF has successfully subscribed to change notifications in UE’s IP-CAN type and RAT type, the PCRF shall send an RAR command when the corresponding event occurs, i.e. when the UE’s IP-CAN type or RAT type changes or becomes available
	AF ( PCRF (RAR)

AF ( PCRF (RAA)
(Notification)

	
	Reporting Usage for Sponsored Data Connectivity
	The PCRF shall report accumulated usage to the AF, when the PCRF detects that the usage threshold provided by the AF has been reached; or 
the AF session is terminated by the AF or ….
	AF ( PCRF (RAR)
AF ( PCRF (RAA)

(Notification)

	…. (we don’t describe all the features of Rx)………….


<Table 3: Example features of Rx interface>

Based on the guideline described in [S2-167183], we categorized the Rx transaction into the four categories as described in the figure 2. Interestingly, we found that the PCRF initiated transfer of information for the AF session between the AF and PCRF is delivered through RAR and RAA. Those RAR/RAA interaction is only exchanged after the subscription based. We could conclude that AF doesn’t expose any service based interface over Rx reference point.
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<Figure 2: Four cases of mapping service-based interface for Rx interface>
For the Type A-1, X requests Y’s service. The feature is describes as the Y’s service. For Rx example, “Initial Provisioning of Session Information” of the existing Rx and “Modification of Session Information” can be categorized as this type. Y (PCRF) can have Session Information service.

For the Type A-2, X subscribes Y’s service on the event and Y notifies X on the event. For Rx example, “Service Data Flow Detection” and “Notification of Signaling Path Status” can be categorized as this type. Y (PCRF) can have Event Report service.
NOTE: Since the Y has a capability of monitoring some event and it can report to X1, or X2 which subscribe the same event. It is categorized as the Y’s service (not X’s service).
We didn’t find that the unique Y (PCRF)’s service in the Rx reference point.
For the Type A-3, X requests to terminate the existing session with some piggy backed information. In this case, we can consider this transaction as request/response type.

For the Type B-3, Y requests X to terminate the existing session.

We could derive “Initial Provisioning of Session Information”, “Modification of Session Information” service of PCF. We considered whether “AF Session Termination” is a service or not. Since the AF session termination request is not only terminating the AF Session, but it also has a side effect to un-subscribed the events which it might have subscribed, we concluded to include as a service.
	Service Name
	Description
	Reference in TS 23.502 [3]
	Example Consumer
	Mechanism

	Initial Provisioning of Session Information
	AF Session Creation
	NOTE 1
	AF
	Request/Response

	Modification of Session Information
	AF Session Modification
	NOTE 2
	AF
	Request/Response

	AF Session Termination
	AF Session Termination
	NOTE 3
	AF
	Request/Response


In addition, there are features agreed in TR 23.799 which can be PCF services as follows:

	26.  An application function (such as an AS controller documented in § 6.5.5) may send requests to route (e.g break-out) selected traffic to application(s) in a local data network. Such requests may contain at least:

-
Information to identify the traffic to be routed

-
information on where to route the traffic 
-
location or potential locations of the application to where the traffic routing should apply 
NOTE 14: The normative phase will determine the nature of the Location Information exchanged with the Application environment 

-
information on the UE(s) whose traffic is to be routed.

-
information  on when (time indication) the traffic routing is to apply
SMF may, based on local policies, take this information into account to 

· (re)select UPF(s) for PDU sessions

· activate mechanisms for traffic multi-homing, enforcement of an UL Classifier, etc… 

· provide the UPF with traffic forwarding (e.g break-out)  rules

· inform the application function  of the (re)selection of the UP path

NOTE 15: The normative phase will determine  how the application function request is routed to SMF e.g. whether the SMF receives it from the NEF or the PCF . 

27.  An application function (such as an AS controller documented in § 6.5.5) may  request to get notified about the Location Information of UE(s).
NOTE 16: The nature of the Location Information exchanged with the Application environment will be determined during the normative phase.

NOTE 17: The normative phase will determine  how the request of the application function is routed to SMF e.g. whether the SMF receives it from the NEF or the PCF


According to NOTE 15 & 17, the normative phase will determine how the application function request is routed to SMF e.g. whether the SMF receives it from the NEF or the PCF. 

In order to support this feature, the PCF or NEF (as a service server or producer) will be enhanced to provide the new service which is to configure traffic routing based on the request by the AF (requester or consumer). 

So, this AF-provided traffic routing feature is also can be considered as a PCF service if PCF is decided to support this feature.
This feature may be a new service or it can be an extension of the existing AF session service. The detailed design should be considered before defining a service.
2
Proposal

As discussed during the Feb 3rd conference call, as a first step to describe service based interface, we analysed the services for PCF and propose the list of the service exposed by the PCF in the section 7 of TS 23.501.
In summary, we derived the PCF services with two categories (i.e. request/response type and subscribe/notify type) based on the analysis of the specifications TS 23.502 and PCC specifications including TS 23.203, TS 29.212, TS 29.213 and TS 29.214.

It is proposed to update TS 23.501 7.2.4 as follows:
* * * Start of Change#1 * * * *
7.2.4
PCF Services

The following NF services are specified for PCF:

Table 7.2.4-1: NF Services provided by PCF (Request/Response Type)
	Service Name
	Description
	Reference in TS 23.502 [3]
	Example Consumer
	Mechanism

	Initial Provisioning of AM Policy Rule
	UE Context Establishment
	4.2.2.2 Registration procedure step 16/17
	AMF
	Request/Response

	Termination of AM Policy Session
	UE Context Termination
	4.2.2.2
	AMF
	Request/Response

	Initial Provisioning of PCC Rule
	PDU-CAN Session Establishment
	4.3.2.2.1

4.3.2.2.2
	SMF
	Request/Response

	Modification of PCC Rule
	PDU-CAN Session Modification
	4.3.2.2.1

4.3.2.2.2

4.2.3.2
	SMF
	Request/Response

	Initial Provisioning of Session Information
	AF Session Creation
	NOTE 1
	AF
	Request/Response

	Modification of Session Information
	AF Session Modification
	NOTE 2
	AF
	Request/Response

	AF Session Termination
	AF Session Termination
	NOTE 3
	AF
	Request/Response

	NOTE 1. AF Session Establishment procedure is described in TS 29.213 4.3.1.2.1 and the detail description is described in TS29.214 4.4.1
NOTE 2. AF Session Modification procedure is described in TS 29.213 4.3.1.2.2 and the detail description is described in TS 29.214 4.4.2

NOTE 3. AF Session Termination procedure is described in TS 29.213 4.3.1.2.3 and the detail description is described in TS 29.214 4.4.4


Editor’s Note: It is FFS whether PCF supports the routing policy based on AF provided traffic routing information.
Table 7.2.4-2: NF Services provided by PCF (Subscribe/Notify Type)
	Service Name
	Description
	Reference in TS 23.502 [3]
	Example Consumer
	Mechanism

	Traffic Plane Event
	On event of changes on the traffic plane, PCF notifies AF.
	NOTE 4
	AF
	Subscribe/Notify

	NOTE 4. The detail description is described in TS 29.214 4.4.6


* * * End of Change#1 * * * *
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