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Abstract of the contribution:
 This contribution discusses the how to support the User data collection for charging over Sx interface for CUPS. 
1. Introduction

The charging control related parameters, shown in Table 1 as described in 3GPP TS 29.212 [1] subclause 5.3.0, are sent by the PCRF to the PCEF over Gx interface for charging control. Due to the separation of PGW-C and PGW-U, it’s necessary to analyse whether these parameters should be transferred over the Sx interface.
Table 1: Charging control related parameters transferred over Gx
	Attribute Name
	Description

	Access-Network-Charging-Identifier-Gx
	This AVP contains a charging identifier (e.g. GCID) within the Access-Network-Charging-Identifier-Value AVP, the charging identifier applies to the entire IP-CAN session, to the default bearer, or to the PCC rule(s).

	IP-CAN-Session-Charging-Scope
	The IP-CAN-Session-Charging-Scope AVP indicates that the Access-Network-Charging-Identifier-Gx AVP applies to the whole IP-CAN Session.

	Charging-Correlation-Indicator
	If the Charging-Correlation-Indicator AVP is included within a Charging-Rule-Install AVP it indicates that the Access-Network-Charging-Identifier-Gx AVP assigned to the dynamic PCC rules need to be provided.

	CSG-Information-Reporting
	The PCRF may provide one or more CSG-Information-Reporting AVPs during IP-CAN session establishment, to request the PCEF to report the user CSG information change applicable for an IP-CAN session to the OFCS.

	User-CSG-Information
	Indicates the user "Closed Subscriber Group" Information associated to CSG cell access: it comprises the CSG-Id, CSG-Access-Mode and CSG-Membership-Indication AVPs. During the IP-CAN Session Establishment, the PCEF may send the user CSG information to the PCRF within a User-CSG-Information AVP.

	Event-Trigger
	When sent from the PCRF to the PCEF the Event-Trigger AVP indicates an event that shall cause a re-request of PCC rules. When sent from the PCEF to the PCRF the Event-Trigger AVP indicates that the corresponding event has occurred at the gateway. The following event triggers are charging related:

· OUT_OF_CREDIT (15): This value shall be used by the PCRF to indicate that the PCEF shall inform the PCRF about the PCC rules for which credit is no longer available, together with the applied termination action. When used in a CCR command, this value indicates that the PCEF generated the request because the PCC rules indicated by the corresponding Charging-Rule-Report AVP have run out of credit, and that the termination action indicated by the corresponding Final-Unit-Indication AVP applies.

· REALLOCATION_OF_CREDIT (16): This value shall be used by the PCRF to indicate that the PCEF shall inform the PCRF about the PCC rules for which credit has been reallocated after the former out of credit indication. When used in a CCR command, this value indicates that the PCEF generated the request because the PCC rules indicated by the corresponding Charging-Rule-Report AVP have been reallocated credit after the former out of credit indication.

	Final-Unit-Indication
	The action applied by the PCEF, and the related filter parameters and redirect address parameters (if available), when the user's account cannot cover the service cost.

	Metering-Method
	Within Charging-Rule-Definition AVP, the Metering-Method AVP defines what parameters shall be metered for offline charging. There are 4 values defined: 

DURATION (0), 

VOLUME (1),

DURATION_VOLUME (2)

EVENT (3)

The PCEF may use the AVP for unit request in online charging in case of decentralized unit determination.

	Offline
	Defines whether the offline charging interface from the PCEF for the associated PCC rule shall be enabled

	Online
	Defines whether the online charging interface from the PCEF for the associated PCC rule shall be enabled.

	Reporting-Level
	Reporting refers to the differentiated IP‑CAN resource usage information (measured at the PCEF/TDF) being reported to the online or offline charging functions.

· For SERVICE_IDENTIFIER_LEVEL (0), the Service-Identifier and Rating-Group should be provisioned within the Charging-Rule-Definition AVP;

· For RATING_GROUP_LEVEL (1), the Rating-Group should be provisioned within the Charging-Rule-Definition AVP.

· For SPONSORED_CONNECTIVITY_LEVEL (2), the Sponsor-Identity AVP, Application-Service-Provider-Identity AVP and Rating-Group AVP should be provisioned within the Charging-Rule-Definition AVP.

	Rating-Group
	The charging key for the PCC rule used for rating purposes

	Service-Identifier
	The identity of the service or service component the service data flow in a PCC rule relates to.

	Sponsor-Identity
	For sponsored data connectivity, it Identifies the sponsor willing to pay for the operator's charge for connectivity.

	3GPP-Charging-Characteristics
	The Charging Characteristics applied to the IP-CAN session. Charging Characteristics behaviour in P-GW is used for PGW-CDR generation / and for online charging.

	Access‑Network-Charging-Address
	Indicates the IP Address of the network entity within the access network performing charging (e.g. the GGSN IP address).

	Access‑Network-Charging-Identifier-Value
	Contains a charging identifier (e.g. GCID)

	AF-Charging-Identifier
	The AF charging identifier that may be used in charging correlation. For IMS the ICID. This AVP may only be included in a Charging-Rule-definition AVP if the SERVICE_IDENTIFIER_LEVEL reporting is being selected with the Reporting-Level AVP.

	Charging-Information
	The Charging-Information AVP is of type Grouped, and contains the addresses of the charging functions.

	Flows
	The flow identifiers of the IP flows related to a PCC rule as provided by the AF. May be only used in charging correlation together with AF-Charging-Identifier AVP.

	PDN-Connection-Charging-ID
	Contains the charging identifier to identify different records belonging to same PDN connection. When NBIFOM is supported, this field includes the Charging Id assigned by the PGW for the PDN connection.
Otherwise, this field includes Charging Id of first IP-CAN bearer activated within the PDN connection (the EPS default bearer in case of GTP based connectivity or the unique Charging Id in the PMIP based connectivity case).


According to 3GPP TS 23.214 [2], the charging control information provisioned by the PGW-C to the PGW-U over Sx interface as part of a dynamic URR is shown in Table 2. It shows that only Event-Trigger AVP and Metering-Method AVP over Gx are applicable over Sx interface for charging control management.

Table 2: Attributes within Usage Reporting Rule
	Attribute
	Description
	Comment
	Reflected over Gx

	Session ID
	Identifies the session associated to this URR
	
	

	Measurement Key


	Unique identifier of this Usage Reporting Rule. The PGW-C function uses the measurement key to groPGW-U flows that share a common measurement
	This allows generation of measurements for flow based charging, flow based usage monitoring, bearer based monitoring and session based usage monitoring.
	

	Reporting triggers
	One or multiple of the events can be activated for the generation and reporting of the usage report.
	Applicable events include:

Start/stop of traffic detection; Deletion of last rule for measurement key; Periodic measurement threshold reached; Volume/Time/Event measurement threshold reached; Immediate report requested; Measurement of incoming UL traffic; Measurement of discarded DL traffic.
	Event-Trigger AVP

	Periodic measurement threshold 
	Defines the point in time for sending a periodic report for this measurement key (e.g. timeofday)
	This allows generation of periodic usage report for e.g. offline charging.

It can also be used for realizing the Monitoring time of the usage monitoring feature.

It can also be used for realizing the Quota-Idle-Timeout, i.e. to enable the PGW-C function to check whether any traffic has passed during this time.
	

	Volume measurement threshold
	Value in terms of PGW-Ulink and/or downlink and/or total byte-count when the measurement report is to be generated.
	
	Metering-Method AVP

	Time measurement threshold
	Value in terms of the time duration (e.g. in seconds) when the measurement report is to be generated.
	
	Metering-Method AVP

	Event measurement threshold
	Number of events (identified according to a locally configured policy) after which the measurement report is to be generated.
	
	Metering-Method AVP

	Inactivity detection time


	Defines the period of time after which the time measurement shall stop, if no packets are received. 
	Timer corresponding to this duration is restarted at the end of each transmitted packet.
	

	Event based reporting
	Points to a locally configured policy which is identifies event(s) trigger for generating usage report.
	
	


According to 3GPP TS 23.214 [2], when the PGW-C receiving the charging control information within the Charging-Rule-Definition AVP as part of a dynamic PCC rule provisioned by the PCRF within a RAR/CCA command, the PGW-C shall map the Service-Identifier AVP, the Rating-Group AVP and/or the Sponsor-Identity into one Measurement Key, and then provision the Measurement Key within the URR to the PGW-U over Sx. If the PGW-U is requested to report the usage for the PCC rules to the PGW-C, the usage shall be reported together with the corresponding Measurement Key. Upon reception of the usage report, the PGW-C shall map the Measurement Key into service id level, rating group level and/or sponsor id level, then report the usage on the corresponding level to the PCRF.

When the PCRF provisions a pre-configured group of PCC rules residing at the PGW-C within the Charging-Rule-Base-Name AVP over Gx interface, however, it is up to Stage 3 to determine how to provision the pre-configured group of PCC rules from the PGW-C to the PGW-U over Sx interface.

This discussion paper proposes two solutions to implement the charging related function over Sx interface.
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3. Proposals
(1) Solution 1: the PGW-C sends the following information to the PGW-U for charging:

A. The SDF filter and bearer identifier in the Packet Detection Rule (PDR)
B. The following information in the Usage Reporting Rule (URR)
a) Event-Trigger (i.e. OUT_OF_CREDIT and REALLOCATION_OF_CREDIT)
b) Final-Unit-Indication
c) Metering-Method
d) Reporting-Level

e) Rating-Group

f)    Service-Identifier

g) Sponsor-Identity
h) Online

i)    Offline

j) Total threshold
Pros: 
The PGW-C sends all necessary information to the PGW-U, the PGW-U can detect the service data flow based on the PDR and collect the right charging information based on the URR, and report the charging information back to the PGW-C, then the PGW-C can report the charging to the charging system accordingly.

The bearer identifier is included over Sx interface, which has the backward compatibility. And additionally, as the PGW-U will report the charging related information including the bearer identifier, the PGW-C can easily report such information to the charging system based on the bearer easily. 
As the PGW-C does send the Online, Offline and Final-Unit-Indication to the PGW-U, the PGW-U is capable to aware of the charging method. For offline charging, the PGW-U will report the usage periodically when the threshold runs out, but continue charging. For online charging, the PGW-U will request the PGW-C to provision another threshold according to a volume/time quota value when the threshold runs out, and if it is the final threshold, the PGW-C will provision the final threshold together with a Final-Unit-Indication, then the PGW-U will execute the final unit action indicated by the Final-Unit-Indication when the the final threshold runs out, and will not request the threshold.
It’s easy for both PGW-C and PGW-U to implement the related charging function respectively.

Cons:

The full set of charging related information elements has to be sent over Sx interface.
(2) Solution 2: the PGW-C sends the part of charging information to the PGW-U:

A. The SDF filter in the Packet Detection Rule (PDR)
B. The following information in the Usage Reporting Rule (URR)
a) Event-Trigger 
b) 
c) Measurement Key
d) Metering-Method
e) Total threshold
Pros: 
Less information elements are sent over Sx interface compare with solution 1.   

Cons:

As the PGW-U can’t get enough information elements for the detection and collection of the charging information, this may cause the following problems: 
a) The bearer identifier is not included in the PDR which will causes the backward compatibility; additionally, as the charging information reported to the charging system from the PGW-C is bearer-based, so, the PGW-C needs to map the charging related report from the PGW-U to a bearer. However, because the bearer identifier is not included in the PDR, so, the PGW-C has to use the SDF filter information or other ways to do such mapping, which will make the implementation of PGW-C more complex than solution 1. 

b) 
c) As the PGW-C does not send the Reporting-Level, Rating-Group, Service-Identifier and/or Sponsor-Identity to the PGW-U, the PGW-C has to map each PCC rule related to the Charging-Rule-Base-Name AVP over Gx interface into a Measuremeasure Key, additionally, provision the pre-configured group of PCC rules from the PGW-C to the PGW-U by using multiple Sx rules ( i.e. Rule ID (s)+Measurement Key (s) ), which will make the implementation of both PGW-C and PGW-U more complicated than solution 1.
d) As the PGW-C does not send the Online, Offline and Final-Unit-Indication to the PGW-U, the PGW-U does not aware of the charging method, the PGW-C has to determine when to indicate the PGW-U to stop charging if it is online charging. If not, the PGW-U will continue charging when the threshold runs out, which will make the charging not correct.
e) 
4. Conclusion

From above analysis we can see, solution 2 saves several information elements over Sx, however, this makes the implementation of PGW-C very complex and will make the charging not correct, so, it’s proposed solution 1 as the way forward for the charging control over Sx interface.
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