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Introduction

This paper is proposed to take some discussion on the PCC roaming issue. 

On the previous meetings, it was discussed both in SAE and PCC that the roaming scenarios should be considered. Majority concerns there need a connection between Home PCRF and Visited PCRF. But which kind of reference point between these PCRFs (e.g. Rx based or Gx based) should be used is still open. This paper trys to analysis what information should be exchanged between the Home PCRF and Visited PCRF which may help to decide a desirable reference point..

Discussion
In this paper, two roaming scenarios are discussed in which the PCEF both locates in the visited PLMN so as to get the advantage of local breakout. Further more, the visited PCEF should be controlled by the visited PCRF in the same PLMN because it is unreasonable to allow one operator’s control function entity to directly control another operator’s network entity. So in this paper, it is assumed that the visited PCRF makes the final PCC decision for the roaming user’s IP-CAN bearer in the visited PLMN.

The main difference of the two scenarios exists in the location of the AF. In the first scenario, the AF is in the home PLMN which provides the services to the roaming user. While in the second scenario, the AF is in the visited PLMN.

Scenario 1 - AF in the HPLMN, PCEF in the VPLMN

In this scenario, an user accesses to the Home AF via a Visited PCEF which is directly controlled by a visited PCRF in the same PLMN, and the related PCC decisions enforced by the visited PCEF are made by the visited PCRF. It is FFS whether to define an interface between the OCS in the HPLMN and the OCS in the VPLMN. Figure 1 shows the logical architecture for policy and charging control of this scenario.
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Figure 1: AF in the HPLMN, PCEF in the VPLMN
Since the AF belongs to the Home network, most of the application/service related information should be passed to the Visited PCRF as an AF input for PCC decision. To avoid the roaming awareness to the AF, a notable way of passing this information is to send it to the home PCRF firstly and then forward it to the visited PCRF through the reference point between them. Because these information are mostly AF-related, thus such a reference point is a more Rx-like reference point. The information listed below is the related application/service information which describe the roaming user’s IP-CAN session. 
-
Application Identifier: an identifier associated with each service that an AF provides for an operator (e.g. a packet streaming service AF would have one application identifier for the service). Whether the visited PCRF can be aware of this information is FFS. If it can be known to the visited PCRF, then it will be utilized in the PCC decision making process, if not, then it will be simply ignored;

-
Application Event Identifier: an identifier within an Application identifier. It is used to notify the visited PCRF of such a change within an IP-CAN session that affects the PCC rules, e.g. triggers the generation of a new PCC rule;

-
Type of Stream: an indication of the requested type of service information per service-flow, e.g., conversational voice or video, streaming voice or video;
-
Data Rate of Stream: an indication of the maximum and/or mean bandwidth required by the media stream;
-
Direction of Stream: e.g. bi-directional, uplink or downlink;

-
IP Filters of Stream: e.g. 5-tuple (source/destination address and port number, protocol ID);

-
User Information: e.g. IMSI or MSISDN;

-
Charging correlation related information: e.g. ICID in IMS.
Other than the above, some AF related control policies below may also need to be passed from the AF to the visited PCRF which also makes the reference point between home PCRF and the visited PCRF becoming more Rx-like.

-
Resource Reservation Policy: Definition of whether the visited PCRF shall contact the AF at resource reservation during the session even if policy set-up information is already available in the visited PCRF;

-
Media Control Policy: Definition of whether explicit AF media control is used or not in the session. If explicit AF media control is not used, the AF does not explicitly enable or disable the media. At IP-CAN bearer authorization the visited PCRF shall install the gates in the visited PCEF and derive their state (open/close) based on the information defining the media stream;

-
Revoke Policy: Definition of whether the visited PCRF itself may initiate a revoke of authorization;

-
Indication Forwarding Policy: Definition of whether the visited PCRF shall forward IP-CAN bearer indications (e.g. IP-CAN bearer release indication).
If the AF has requested the related IP-CAN bearer indications, the following information may need to be passed from the visited PCRF through the home PCRF to the home AF.

-
IP-CAN bearer reservation indication;

-
IP-CAN bearer release indication;

-
IP-CAN bearer modification indication.

The AF may directly send the following commands to the visited PCRF for media control and authorization revoke. Whether the visited PCRF will directly enforce these commands is FFS.

-
media control commands;

-
revoke authorization commands.

The above information makes the reference point between home PCRF and the visited PCRF becoming more Rx-like. However, some other information is also needed to be passed through this reference point, which makes it more Gx-like.

For accurate charging, the following charging related information may also need be passed from the home PCRF to the visited PCRF.

-
Indication of online or offline charging;

-
Indication of charging unit;

-
Address of the home OCS, if the interface between home OCS and  Visited OCS is considered for supporting online charging in roaming scenarios;

-
Service identifier.

The above information may only be available in the HPLMN, so it should be passed to the visited PCRF for PCC decision.

Further more, the HPLMN may be interested in what has happened in the IP-CAN bearer of the VPLMN which means the requirement of passing the following information.

-
Event triggers.

Some other Gx-like information need to be passed may include:

-
IP QoS: This information contains the QoS class and the maximum and/or mean bit-rate which are stemmed from the application/service related information. If this information is passed to the visited PCRF, then the related application/service information (e.g. Type of stream and Data Rate of Stream) may not need to be passed at the same time;

-
The visited PLMN-ID and the identities of the network entity serving the UE in the VPLMN: this information is passed from the visited PCRF to the home PCRF which may help to choose the other information that need to be passed to the visited PCRF, e.g., rating.

According to the final roaming architecture, the following home OCS-related information may also need to be passed through the reference point between the home PCRF and the visited PCRF.

-
Re-authorisation triggers: if there is a reference point between the home OCS and the visited OCS, or if the Gy reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Gy should support inter-operator communication is FFS;

-
Charging Key: if there is a new reference point between the home OCS and the visited OCS, then the rating/currency translation could be achieved through this new reference point. If the Gy reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Gy should support inter-operator communication is FFS;

According to the home PLMN operator’s policies and the roaming agreement, the following home SPR-related information may also need to be passed through the reference point between the home PCRF and the visited PCRF.
-
Subscriber’s allowed services, i.e. list of Service IDs: If the Sp reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Sp should support inter-operator communication is FFS;  

-
Information on subscriber’s allowed QoS: If the Sp reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Sp should support inter-operator communication is FFS;

-
Subscriber’s charging related information: If the Sp reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Sp should support inter-operator communication is FFS;
-
Subscriber category: This information may not be known to the visited PLMN, so it may be simply ignored by the visited PCRF. If the Sp reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Sp should support inter-operator communication is FFS;

From the above analysis, it’s obvious that so many kinds of information (not only the Rx-related, Gx-related information, but also the OCS-related and the SPR-related information) are needed to be passed through the interface between the VPCRF and the HPCRF. According to the final roaming architecture, it may need a new reference point to fulfil the roaming requirements of the PCC architecture.

Scenario 2 - AF in the VPLMN, PCEF in the VPLMN

In this scenario, the AF is in the VPLMN and the VPCRF needs to contact the HPCRF too. It is FFS whether to define an interface between the OCS in the HPLMN and the OCS in the VPLMN. Figure 2 shows the logical architecture for policy and charging control of this scenario.
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Figure 2: AF in the VPLMN, PCEF in the VPLMN 
Since the AF in this scenario is in the visited PLMN, the AF-related information (e.g. application/service related information) needn’t to be passed through the reference point between the visited PCRF and the home PCRF as that in the above scenario. So in this scenario, the information being passed through the reference point tends to be simpler, and less Rx-like. 

In this scenario, the information need to be passed through the reference point between the visited PCRF and the home PCRF may include the following items.

-
The visited PLMN’s ID and the identities of the network entity serving the UE in the VPLMN;

-
Re-authorisation triggers: if there is a reference point between the home OCS and the visited OCS, or if the Gy reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Gy should support inter-operator communication is FFS;

-
Charging Key: if there is a new reference point between the home OCS and the visited OCS, then the rating/currency translation could be achieved through this new reference point. If the Gy reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Gy should support inter-operator communication is FFS;

-
Subscriber’s allowed services, i.e. list of Service IDs. If the Sp reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Sp should support inter-operator communication is FFS;  

-
Information on subscriber’s allowed QoS. If the Sp reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Sp should support inter-operator communication is FFS;

-
Subscriber’s charging related information. If the Sp reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Sp should support inter-operator communication is FFS;
-
Subscriber category: This information may not be known to the visited PLMN, so it may be simply ignored by the visited PCRF. If the Sp reference point is an inter-operator interface, then this information may not be needed to be passed here. Whether Sp should support inter-operator communication is FFS;

-
Indication of online or offline charging;

-
Indication of charging unit;

-
Address of the home OCS, if the interface between home OCS and  Visited OCS is considered for supporting online charging in roaming scenarios;

-
Service identifier;

-
User Information: e.g. IMSI or MSISDN;

-
other related information.

Receiving the above information, it’s up to the visited PCRF to decide how to use this information and how to make the final PCC decision.

Conclusion
A logical architecture reflecting the roaming cases discussed in this paper is shown below.
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Figure 3: Logical architecture with PCEF in the visited network

It could be concluded that there are so many kinds of information that may need to be passed between the home PCRF and the visited PCRF, which may lead to a new reference point for the roaming cases of PCC. The following is a list of such information which is not exhaustive.
· AF-related

-
Application Identifier;

-
Application Event Identifier;

-
Type of Stream;
-
Data Rate of Stream;
-
Direction of Stream: e.g. bi-directional, uplink or downlink;

-
IP Filters of Stream: e.g. 5-tuple (source/destination address and port number, protocol ID);

-
User Information: e.g. IMSI or MSISDN;

-
Charging correlation related information: e.g. ICID in IMS;
-
Resource Reservation Policy;

-
Media Control Policy;

-
Revoke Policy;

-
Indication Forwarding Policy;

-
IP-CAN bearer reservation indication;

-
IP-CAN bearer release indication;

-
IP-CAN bearer modification indication.

-
media control commands;

-
revoke authorization commands.

· Home PCRF related

-
Indication of online or offline charging;

-
Indication of charging unit;

-
Address of the home OCS or the home OFCS;

-
Service identifier.

-
Event triggers;
-
IP QoS: i.e. QoS class and bitrate. The interpretation of the bitrate depends on the QoS class and the IP-CAN.
· OCS related
-
Re-authorisation triggers;

-
Charging Key.
· SPR related
-
Subscriber’s allowed services, i.e. list of Service IDs;  

-
Information on subscriber’s allowed QoS;

-
Subscriber’s charging related information;
-
Subscriber category.
· others
-
The visited PLMN-ID and the identities of the network entity serving the UE in the VPLMN.

However, it should be noted that the information being passed through this reference point may change (e.g. only including parts of the above list) in different roaming scenarios.
Further more, if some other inter-operator interfaces (e.g. reference point between different OCS, Sp with roaming supporting and Gy with roaming supporting) appear, some of the information above may not need to be passed through this reference point. Whether these inter-operator interfaces should be introduced is FFS.
Proposals

The following changes are proposed to the current TS 23.203.
**** Start of the first change ****

Annex B (informative):
PCC and usage of visited network services 

B.1.5
Architectural aspects

Editor’s note: It is FFS which credit control related interfaces (e.g. Gy, Re, Rc) must support inter-operator communication.

Editor’s note: It is FFS which subscription related interfaces (e.g. Sp, Wm) must support inter-operator communication.
B.1.5.1
Logical architecture of PCEF in the visited network
When the PCEF is in the visited network for routing optimization, a reference point between the home PCRF and the visited PCRF is needed for information exchange. A logical roaming architecture is shown below.
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Figure X: Logical architecture of PCEF in the visited network
Notes: whether to introduce a new reference point between the home PCRF and the proxy PCRF or just to extend the existing reference point to support the PCC roaming is FFS.
Notes: whether to introduce a new reference point between the home OCS and the proxy OCS or just to extend the existing reference points to support the PCC roaming is FFS.
**** End of the first change ****
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