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Abstract of the contribution: This paper proposes a solution for key issue of RAN user plane congestion awareness that uses the C-plane signalling (S1-AP, GTP-C and PCC) to convey the RAN user plane congestion information from the RAN to the core network.
1. Introduction

In S2-130871, it has been discussed that a CN-based mitigation measure helps to alleviate a RAN user plane congestion problem. Although, the decision on policies for traffic prioritization, bandwidth limitation, or gating is taken in the PCRF and signalled to PCEF or TDF, but this is independent of the user plane congestion situation in the RAN. This means that the same bandwidth limitations apply whether a user is in a heavily congested cell or in a lightly loaded cell. Also, the decisions which applications to block or which applications to prioritize are taken independent on the congestion situation in the RAN. 

Applying different policies for different congestion situations in the RAN allows an operator to better realize the desired rate and performance plans differentiating user subscription levels, applications, user behaviour, etc. For example, an operator might block a certain traffic intensive application like video streaming for best effort users during heavy congestion, limit it to a certain bandwidth for medium congestion, and put no limit on it when there is no congestion.
This paper proposes a C-plane signalling based solution for a congestion notification of RAN user plane congestion in order to enable the CN to perform the aforementioned CN-based mitigation measure. 
***************** Start of 1st changes **********************

6.X
Solution X: C-plane/PCC Signalling for RAN user plane congestion notification to the Core Network
6.X.1
General description, assumptions, and principles

This solution addresses the key issue on “RAN User Plane congestion awareness”.

According to the PCC architecture, signalling mechanism is implemented by using e.g. GTP-C protocol for the signalling between the MME, SGW and the PGW, and furthermore DIAMETER protocol for the signalling between the PGW and the PCRF. The PCC architecture allows a signalling mechanism to convey event based reporting, such as “Location change event report”. In principle, a trigger event message is sent from the PCRF to the PGW using the DIAMETER protocol and further forwarded to the MME using the GTP-C. In this manner, the EPC entities (PGW, SGW and MME) involved are informed about “what to do” if the circumstances which are defined in the “trigger event” message as trigger event actually occur.
The existing “PCC architecture” with some small modifications is used for congestion event policy initialization from the CN to the RAN, and for RAN user plane congestion notification from the RAN to the CN as explained below.

Congestion event policy initialization;

In order to enable the transmission of a congestion notification form the RAN to the CN, a “initialization” or “setup” procedure has to be performed which informs the EPC components involved about the congestion event policy. 

It should be noted here that the term “congestion event policy” has two different meanings. A first meaning is that the congestion event policy defines whether there should be a congestion status notification or not for the UE, or for the specific communication bearer in a communication network, or even for the specific flow within the EPS bearer. A second meaning is that the congestion event policy defines the condition under which a congestion status notification should be sent. The EPC network entities involved are informed by the congestion event policy “when” a congestion status notification is to be sent. This congestion event policy further includes which kind of information is to be sent, e.g. congestion status, cell ID, etc.
For the purpose of disseminating, this kind of information is to be sent from the PCRF to the PGW with PCEF, then from there via the SGW to the MME and from there to the eNB. For the signalling path from the PCRF to the PGW, the congestion policy is sent as a “PCC event trigger” message using the DIAMETER protocol and it contains an attribute value pair AVP specific for the purpose of distributing the congestion event policy. 

Once the PGW with PCEF has been informed, it forwards the congestion event policy to the MME via the SGW using the GTP-C protocol. From there, the MME forwards the congestion event policy to the base station using the S1AP protocol.

Once the initialization has been performed, the congestion status notification can be generated and transmitted from the eNB to the MME, and from there via the SGW to the PGW and from the PGW to the PCRF.
RAN congestion status notification:

The base station (or eNB) monitors its status and determine whether it is congested or not. Once a congestion status occurs, the eNB sends a congestion status notification to the MME using a S1-AP signalling mechanism. 
NOTE 1: 
The algorithm to determine whether the RAN is congested and which UE are experiencing a user-impacting congestion is implementation specific and thus is not considered in the scope of UPCON.

The congestion status notification contains an indication of the congestion status. This can be either congested/non-congested status or a congestion level. Additional information like the cell-ID or list of UEs affected by the congested base station can also be included depending on the configuration as specified in the congestion event policy. 

NOTE 2: 
It shall be noted that existing RAN parameters available at the eNB are to be extracted and used as information to be signalled along with the message of congestion status notification, and hence, no new parameters are to be invented. For example, an indication of load level as described in TS 36.423 can be used as an indication of congestion level.

The MME then forwards this congestion information via the SGW to the PGW using the GTP-C protocol.

Once the congestion notification arrives at the PGW, the PGW signals the congestion notification to the PCRF by using the DIAMETER protocol to convey a PCC event report. 

Once the PCRF has been informed about the congestion status by receiving the congestion event report, an appropriate action for congestion mitigation is taken in the core network such as traffic blocking or traffic limitation with a different Maximum Bit Rate (MBR). Alternatively, an external network entity can also be applied to perform a traffic reduction with compression or transcoding.
NOTE 3: 
In case there are already adequate congestion mitigation policy rules available at the enforcement entities such as PGW (PCEF), an event report for RAN user plane congestion is not necessarily to be sent to the PCRF. Hence, there is no further action to be taken at the PCRF.
6.X.2
High-level operation and procedures
The solution depicted in Figure 6.x.2-1 works in a high-level operation as described below:

1) The PCRF provides the PGW a PCC rule that indicates whether a congestion event report should be notified. This PCC rule can be sent along during a bearer establishment. No new message specific for the congestion event reporting purpose is needed. The PCC rule enables an operator to activate and deactivate a congestion notification and can be configured per-bearer, or per-UE. The PCC rule is conveyed over the Gx interface by using a PCC event trigger message. The PGW forwards this rule of congestion event report to the MME using the GTP-C signalling message. 

2) Based on the rule specified by the PCRF, the MME requests the eNB to report its congestion status and (if specified by the PCC rule) additional information such as Cell-ID, congestion level, etc. The MME needs to notify the eNB only when a new PCC rule requires a change in the already established reporting procedure between the eNB and the MME.

3) When the RAN user plane congestion occurs, the eNB sends the MME a congestion notification report that contains a congestion status and, if configured, other addition information such as Cell-ID, congestion level. 

4) The MME forwards the congestion notification report to the PGW.  

5) The PGW enforces a congestion mitigation policy rule that may be provided already in advance. In case of no rules available, the PGW forwards the congestion report to the PCRF so as to receive a rule for mitigating the RAN user plane congestion. 
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Figure 6.X.2-1:  High-level operation of C-plane/PCC based signaling for RAN user plane congestion notification
Procedure of congestion event policy initialization:

Figure 6.x.2-2 illustrates the messages flow for the case of activating the reporting of a RAN congestion notification event policy. 

1) Based on the operator’s policy, the PCRF decides to activate the RAN user plane congestion report for the specific UE. 

2) The PCRF forwards the PCC Event Trigger with the activation of the RAN congestion event report to the PGW.

3) The PGW stores the EPS bearer context info. 

4) The PGW forwards the rule of activation of RAN user plane congestion report to the MME via the SGW.

5) The MME stores the EPS bearer context info.

6) The MME sends the eNB the S1-AP RAN congestion status reporting control message in order to activate the congestion report at the eNB.

7) The eNB may send an immediate to report about its RAN congestion status to the MME.
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Figure 6.X.2-2:  Messages flow for initialization procedure of congestion event policy
Procedure of RAN user plane congestion notification from the RAN to the CN:

Figure 6.x.2-3 illustrates the messages flow for the case of reporting of a RAN congestion notification. 

1) The eNB detects that its user plane congestion is congested. 

NOTE 4: 
The algorithm to determine whether the RAN is congested is implementation specific and thus is not considered in the scope of UPCON.

2) The eNB notifies the MME about its congestion status that the eNB is congested. The eNB may include additional information such as its cell ID (e.g., ECGI), or congestion level.

3) Due to the fact that the MME always know about the UE’s location, and thus able to determine which UEs are served by the congested eNB.

4) The MME notifies the PGW(PCEF) about the status of RAN user plane congestion with the “congested” status, the Cell-ID, the list of UEs and the list of bearers affected.

5) The PGW acknowledges the notification of RAN user plane congestion.

6) The PGW forwards the notification of RAN user plane congestion to the PCRF.

7) The PCRF acknowledges the notification of RAN user plane congestion.

8) The PCRF makes a decision on how to mitigate the RAN user plane congestion.

NOTE 5: 
In case there are already adequate congestion mitigation policy rules available at the enforcement entities such as PGW (PCEF), an event report for RAN user plane congestion is not necessarily to be sent to the PCRF and no further action is needed at the PCRF. Hence, step 6 to 8 are not to be done.
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Figure 6.X.2-3:  Messages flow for notification of RAN user plane congestion
6.X.3
Impact on existing entities and interfaces

6.X.4
Solution evaluation

***************** End of 1st changes **********************
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