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Abstract of the contribution: This paper proposes a solution for the key issue of RAN user plane congestion awareness by provisioning the UPCON related policy rules from CN to RAN to enable RAN node to report RAN user plane congestion information to CN.
1. Introduction

In SA2#96, a requirement for the RAN user plane congestion notification from the RAN to the Core Network (CN) has been approved. For this requirement, there are several ways of notifying the CN about the RAN user plane congestion. For example, one can piggyback the congestion information in the uplink packets either by simply set the ECN bit of the IP header or by introducing a new GTP-U extension header. Alternatively, one can also use a new C-plane signalling message or even a new interface to convey the congestion information from the RAN to the CN. 
However, for the requirement of congestion notification from the RAN to the CN, it was left opened whether the RAN user plane congestion notification shall be performed for all flows delivered over the same bearers, or for all bearers of the same UE, or even for all UEs affected by the congested cell. Also, it has not been discussed whether such RAN user plane congestion notification shall be dynamically configured or rather static.
From an operator’s view, it is advantageous if an operator is able to select which UE or which bearer the congestion notification shall be signalled from the RAN to the CN, and then applying a mitigation measure only for the selected UEs or bearers. For instance, an operator might not want to apply any congestion mitigation measure to their premium UEs, but only apply a congestion mitigation measure (e.g., further decrease the limit of Maximum Bit Rate (MBR) or block certain traffic) to non-premium UEs by taking into account the RAN user plane congestion situation as informed by the RAN as mentioned above. In this case, it only makes sense that the notification of RAN user plane congestion is done only for the non-premium UEs and not for the premium UEs. 
Alternative to the configuration at the UE level, an operator might want to configure the notification on a per-bearer level. For instance, an operator might want to get the RAN user plane congestion notification only for the bearer which transports high-demanding traffic such as video and not for the bearer which does not have much data to be transmitted in its bearer. Another example is that an operator might not want to get a RAN user plane congestion notification for the GBR bearer and any dedicated non-GBR bearer, but only for the default bearer with QCI 9.
Figure 1.1 and 1.2 depict two usage examples for the UPCON related policy for the specific group of UEs and for the specific bearer respectively. 

In these examples, the UPCON related policy is used to configure the RAN such that the RAN knows whether the congestion notification should be applied for the selected UE or selected bearer. However, the UPCON related policy may contain an information of timescale of congestion information to be reported.
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Figure 1.1:  Application of UPCON related policy for RAN user plane congestion notification for a specific group of UE
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Figure 1.2:  Application of UPCON related policy for RAN user plane congestion notification for a specific bearer
According to the PCC architecture, signalling mechanism for the Figure 1.1 and Figure 1.2 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, an event trigger 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 “event trigger” message actually occur.
2. Advantages of the proposed solution
Advantages of the proposed solution for the C-plane/PCC signalling for provisioning the UPCON related policy for RAN user plane configuration notification are:

· Enabling an operator to select specific UE or bearer to be notified about the RAN user plane congestion notification, which an operator wants to perform a congestion mitigation measure in case of RAN user plane congestion.

· Reduction the number of signalling introduced to the network for the case that the RAN user plane congestion notification is done via a C-plane interface (off-path).

· Reduction the computational load of network entities
· For the C-plane based congestion notification, the proposed solution reduces the computational load for processing the signalling of C-plane based congestion notification.

· For the U-plane based congestion notification, the proposed solution reduces the computational load for processing the RAN user plane congestion information that are piggybacked in the uplink user plane packet.
3. Proposal
This paper proposes a PCC/C-plane signalling based solution that allows an operator to select a specific UE or a specific bearer to be notified about the RAN user plane congestion via the UPCON related policy. 
***************** Start of 1st changes **********************

6.1.X
Solution X: Policy control for RAN user plane congestion notification 

6.1.X.1
General description, assumptions, and principles

This solution addresses the key issue on “RAN User Plane congestion awareness”. Specifically, the solution provides a means to control, based on policies, the activation and deactivation of congestion notifications for individual UEs.The current EPS architecture and related procedures can be enhanced to provision UPCON related policy rules for congestion notification per cell level, per user level or per bearer level. The UPCON related policy rules are used to enable the RAN to report the RAN user plane congestion information to the CN for the requested info (e.g. per cell level, per user level or per bearer level). 
Editor’s NOTE: It is FFS whether the UPCON related policy rules should contain information about a condition to be fulfilled, before the RAN sends RAN user plane congestion information to the CN. For instance, a notification of RAN user plane congestion shall be sent only once a certain load threshold has been reached. The load threshold condition can be defined on a per-cell level, or on a per-bearer level. In case of per-cell level, this can be a threshold for the total amount of traffic load at the eNodeB. In case of per-bearer level, this can be a threshold for the total amount of traffic load of the EPS bearer.
NOTE 1:
The proposed solution is used to provision UPCON related policy rules from the CN to the RAN and doesn’t preclude any kind of RAN user plane congestion notification mechanism such as user plane based solution or control plane based solution.
6.1.X.2
High-level operation and procedures
Figure 6.1.x.2-1 illustrates a generic procedure to provision UPCON related policy rules for the RAN user plane congestion notification to the RAN. 
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Figure 6.1.X.2-1:  Provisioning of UPCON related policy rules from PCRF to RAN

1) Based on the operator’s policy, the PCRF decides to activate the RAN user plane congestion notification for the EPS bearer of a specific UE by provisioning the UPCON related policy rules to the RAN. 
2) The PCRF sends the UPCON related policy rules for a UE’s specific EPS bearer to the PGW. The PGW stores the policy rules in the UE’s EPS bearer context. 3) The PGW forwards the policy rules for the EPS bearer to the SGW. The SGW stores the policy rules in the UE’s EPS bearer context.
4) The SGW forwards the policy rules for the EPS bearer to the MME. The MME stores the policy rules in the UE’s EPS bearer context.

5) The MME forwards the policy rules for the EPS bearer to the eNodeB. The eNodeB stores the policy rules in the UE’s EPS bearer context.

NOTE 2: 
The procedure described above is performed on a per EPS bearer basis.

The procedure described in Figure 6.1.x.2-1 can be mapped to the following procedures specified in the TS 23.401.

· Procedure for E-UTRAN Initial Attach (subclause 5.3.2.1): Step 2 to step 5 in Figure 6.1.X.2-1 are piggybacked as an additional bearer context information in the signalling messages from step 14 to 17 as specified in the subclause 5.3.2.1. 

· Procedure for Dedicated bearer activation (subclause 5.4.1): Step 2 to step 5 in Figure 6.1.X.2-1 are piggybacked as an additional bearer context information in the signalling messages from step 1 to 4 as specified in the subclause 5.4.1.

· Procedure for PDN GW initiated bearer modification with bearer QoS update (subclause 5.4.2.1): Step 2 to step 5 in Figure 6.1.X.2-1 are piggybacked as an additional bearer context information in the signalling messages from step 1 to 4 as specified in the subclause 5.4.2.1.

· Procedure for UE requested PDN connectivity (subclause 5.10.2): Step 2 to step 5 in Figure 6.1.X.2-1 are piggybacked as an additional bearer context information in the signalling messages from step 4 to 7 as specified in the subclause 5.10.2.

For the case of deactivating the RAN user plane congestion notification, the same procedure as described in Figure 6.1.X.2-1 is applied. The only difference is that the “Reporting Action” for the configuration policy for the RAN user plane congestion notification of the IP-CAN bearer shall be set to “Stop”. 

For the case of intra E-UTRAN handover, the same procedures as specified in sub-clause 5.5.1 in TS 23.401 are used to transfer the bearer contexts from the source eNodeB to the target eNodeB. The only change is to include the configuration policy for the RAN user plane congestion notification when transferring the EPS bearer contexts to the target eNodeB. 

Editor's Note: Supporting of roaming and RAN sharing scenarios is FFS.
Editor’s Note: Supporting of PMIP-based S5/S8 is FFS.
6.1.X.3
Impact on existing entities and interfaces

6.1.X.4
Solution evaluation

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