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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 Diameter) to convey the RAN user plane congestion information from the RAN to the core network.
1. Introduction

In SA2#96, 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 the PCEF or the 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 of 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.

To enable the CN to perform the aforementioned CN-based mitigation measure, the CN needs to be informed about the RAN user plane congestion information by the RAN (e.g., eNodeB). In SA2#96, the GTP-U based solution approach was proposed to piggyback the RAN user plane congestion notification in the uplink data packet of the UEs, which are affected by the congested eNodeB. Alternatively, one could also convey the RAN user plane congestion information from the RAN to the CN by enhancing the existing C-plane signalling interfaces that include Gx, S5/S8, S11 and S1-AP interfaces.
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 **********************

6.1.X
Solution X: C-plane Signalling for RAN user plane congestion notification to the Core Network

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

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

This solution provides a mechanism for the RAN to report the RAN user plane congestion information to the CN by using:

· Existing C-plane signalling interfaces: S1-MME, S11, S5/S8, Gx, Rx, and Sd and
· Existing C-plane signalling protocols: S1-AP, GTP-C and DIAMETER.
When the eNodeB is congested, the eNodeB sends the RAN user plane congestion information to the PCRF via the MME, the SGW and the PGW. The PCRF then decides whether to initiate the IP-CAN Session Modification procedure in order to assist the RAN to mitigate the RAN user plane congestion situation. In addition the PCRF decides whether to forward congestion information to the AF and TDF.
The signalling for the RAN user plane congestion information from the eNodeB towards the PCRF shall be done on a per EPS bearer basis.
Editor's Note: Whether the eNodeB sends the RAN user plane congestion information to the PCRF for all UEs, for specific UEs, for all EPS bearers, or for specific EPS bearers is FFS. 
Editor’s Note: Different granularity of the signalling from the RAN to the CN (e.g., aggregate signalling of a single UE for multiple EPS bearers, aggregate signalling of multiple UEs) is FFS. Whether this requires to activate individual location reporting on S1 is FFS.
Editor’s Note: Whether the RAN user plane congestion information is forwarded to the PCRF, and if and how the case of pre-configured mitigation policy at the PCEF/TDF works, where the PCRF provides a policy to the PCEF or TDF to mitigate the RAN user plane congestion in advance to the reception of the RAN user plane congestion notification from the eNodeB, is FFS. 
The RAN user plane congestion information should include:
· Congestion level;
· User identity (e.g., eNB UE S1AP ID and MME UE S1AP ID on S1-MME interface, IMSI on S11, S5/S8 and Gx interfaces );
· EPS bearer ID;
· Direction of user plane congested direction (e.g., radio uplink, radio downlink);
· Optionally user location information (e.g., Cell ID); 
NOTE 1: 
How the congestion level is specified is out of scope of the solution description. 
6.1.X.2
High-level operation and procedures
Figure 6.1.x.2-1 illustrates the procedure for conveying RAN user plane congestion information to the CN. 
1) The eNodeB monitors its RAN user plane congestion situation and detects whether it is congested or not. 

2) Once RAN user plane congestion is detected, the eNodeB sends the RAN user plane congestion information to the MME. Signalling is sent on a per EPS bearer basis via a new S1-AP message or via a new information element in an existing message. 
3) The MME notifies the PCEF via the SGW about the RAN user plane congestion information on a per EPS bearer basis. The RAN user plane congestion information is conveyed by a new GTP-C message or by a new parameter in an existing message.

4) The PCEF acknowledges the notification of RAN user plane congestion.

5) The PCEF forwards the notification of RAN user plane congestion to the PCRF.

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

7) The PCRF makes a decision on how to mitigate the RAN user plane congestion and may initiate IP-CAN Session Modification procedure in order to provide mitigation policies to the PCEF/TDF or decides to forward congestion information to the AF and/or TDF.
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Figure 6.1.X.2-1:  Procedure for RAN user plane congestion notification from the RAN to the CN

In case that the RAN user plane congestion level is changed or abated, the same procedure as described in Figure 6.1.X.2-1 is applied. The only difference is that the value for Congestion level parameter is now set with a new value. 

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 context information from the source eNodeB to the target eNodeB. This enables the target eNodeB to know whether the RAN user plane congestion information shall be reported to CN for the newly handover UE. 
For the case of a UE which performs the Service Request procedure, as specified in sub-clause 5.3.4.1 in TS 23.401, and connects to the congested eNodeB, the congested eNodeB uses the same procedure as described in Figure 6.1.X.2-1 to report the RAN user plane congestion notification to the PCRF.  
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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