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Abstract of the contribution: This contribution further refines the solution in Section 6.1.5.4.
1. Introduction

This contribution clarifies the following points: 

· parameters for temporal and spatial integration in RAN Congestion Status (RCS),
· support of RAN sharing,
· handing of potentially imprecise location information from the RAN, and
· solutions for reducing RCI signaling.
· Removing Editor’s Note in Section 6.1.5.4.2.2.3 which raises an issue about potential imprecise location information based on the technical justification as described in TS 36.300, subclause 7.5. 

In the case of the carrier aggregation (CA) support, according to TS 36.300, clause 7.5, it is expected that the primary component carrier (PCC) would have the knowledge of UE’s serving primary/secondary component carriers and therefore, it should be able to provide the reliable UE’s location information.  
Note: The details on how such UE’s location information is provided to the core when CA is enabled is to be specified by RAN3.   
It is also expected that each primary/secondary component carrier is capable of supporting the RAN to provide its radio resource utilization status  for the corresponding cell to the OAM system.
2. Proposal

This contribution proposes to revise Section 6.1.5.4 based on the above clarification and to remove the corresponding FFSs.
6.1.5.4
Solution 1.5.4: Integrated on-path and off-path RAN user plane congestion reporting
6.1.5.4.1
General description, assumptions, and principles

This solution addresses the key issue of "RAN user plane congestion awareness".
A new logical function entity, RAN Congestion Awareness Function (RCAF), that is equivalent to the RPPF in Solution 1.5.3, collects the on-going RAN user plane performance status at cell level from OAM system which would be further assembled prior to reporting it to the PCRF as RAN user plane Congestion Status (RCS). RAN user plane Congestion information is provided per-bearer by means of Solution 1.5.1 (RAN User Plane congestion reporting by GTP-U extension) as described in subclause 6.1.5.1.
Depending on the operator’s congestion mitigation policy (e.g. bearer bandwidth, traffic class etc.), an operator specifies the individual EPS bearer(s) of a given UE with the on-path RCI reporting activated.  Consequently, based on operator’s policy, the eNodeB sends the RCI only for those EPS bearers that have "RCI reporting" enabled.
During the bearer establishment, RCI reporting or ULI reporting (if enabled), the PCRF learns about which cell serves the UE that it hosts.  Such UE’s location information (i.e. ECGI) can then identify the target cell which could be used by the PCRF to determine which RCAF it should register with in order to receive/solicit the RCS report. 

For the case of dynamic policy control, when the PCRF receives the RCI reporting regarding the congestion or abatement notification for a given UE’s EPS bearer, the PCRF verifies the on-path RCI information against the off-path RCS in order to determine the appropriate congestion mitigation/abatement status for the given UE's EPS bearer over the Gx or Sd interface.  Both RCI and RCS are indexed by the same ECGI.  It is possible that the PCRF may choose not to respond to the RCI based on the spatial analysis and assessment from RCS report for the corresponding UE’s EPS bearer.  Such spatial analysis and assessment are network implementation decision and outside of 3GPP scope.  In addition, the PCRF may then report UE congestion information to Application Functions that have subscribed to this information over Rx interface.

The reference point Np is introduced by Solution 1.5.3 between the RCAF and PCRF to pass on the RCS to the PCRF.
6.1.5.4.2
High-level operation and procedures

6.1.5.4.2.1
Architecture
Figure 6.1.5.4.2.1-1 shows the proposed UPCON architecture, which is based on Figure 6.1.5.3.2-1.
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Figure 6.1.5.4.2.1-1: UPCON architecture.
New Reference Point:

Np: The reference point between the RCAF and the PCRF to convey the RAN user plane Congestion Status (RCS).
RCS includes following information elements:

(1)
Congestion/abatement location information (i.e. ECGI);

(2)
Congestion level or abatement status w.r.t. non-GBR traffic
(3) Optionally, the time and spatial integration factors. For example, if the congestion status is averaged over 10 minutes, then we put “10” in the “temporal integration factor” attribute. If the congestion status is averaged over 5 neighbor cells around the target cell, then we put “5” in the “spatial integration factor”.

The functionality of the RCAF:
-
Collecting and processing RAN’s cell congestion and abatement information from OAM to provide the spatial congestion/abatement status for given cell and its neighbouring cells; 
-
Communicating with the PCRF for RCS reporting/solicitation

NOTE: 
The capability of the RCAF to perform spatial/temporal integration depends on the availability of the required information via OAM interfaces. Given that the interface between the RCAF and the OAM is not standardized, the details of this are beyond the scope of 3GPP. 
6.1.5.4.2.2
Procedure for Integrated On-path and Off-path Congestion Reporting

6.1.5.4.2.2.1
Dynamic Policy-based RCI Activation/De-activation 
Depending on the operator’s policy, the PCRF may activate the RCI reporting on specific bearer for a given UE during the bearer establishment via IP-CAN session establishment, bearer modification via IP-CAN session modification or bearer release via IP-CAN session termination.  It may not be necessary to have "RCI reporting" activated for all EPS bearers.  According to the activation status for RCI reporting, the eNodeB sends the RCI to the PCRF only for those EPS bearers that have "RCI reporting" activated.  In addition, the eNodeB sends the RCI only when the specific pre-determined congestion or abatement level is based on operator's policy. 
Figure 6.1.5.4.2.2.1-1 and Figure 6.1.5.4.2.2.1-2 show example how to convey the policy from the PCRF to the eNodeB during the E-UTRAN Initial Attach and Detach procedures. Some other procedures can also be used to convey the policy as discussed in subclause 6.1.5.2.3.1.
For the case of intra E-UTRAN handover, the same procedures as specified in subclause 5.5.1 in TS 23.401 are used to transfer the EPS bearer context information, which includes the policy for "RCI signalling", from the source eNodeB to the target eNodeB. 
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Figure 6.1.5.4.2.2.1-1:  Example of PCRF policy-based activation of on-path RCI reporting for a given EPS bearer due to UE attach.
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Figure 6.1.5.4.2.2.1-2:  Example of PCRF policy-based de-activation of on-path RCI reporting for a given EPS bearer due to UE detach.

NOTE: 
It is possible for the PCRF to modify RCI activation or de-activation.  

6.1.5.4.2.2.2
RCAF Discovery 

The PCRF identifies and registers with the target RCAF that serves the corresponding cell/neighbouring cells for its UEs using one of three approaches below:

a)
referring to the UE's location information which is obtained during the IP-CAN session establishment procedure (i.e. during the UE attachment) or during the RCI reporting;
b)
pre-configuring the target RCAF to serve the PCRF for RCS reporting (e.g., based on a geographical region);

c)
referring to the UE location information reporting, if ULI is enabled.
6.1.5.4.2.2.3
Procedure for RAN user plane congestion/abatement information coordination in CN

This subclause describes the integrated off-path and on-path procedures.
Off-path procedures (see Figure 6.1.5.4.2.2.3-1):

A)
Based on network operation policy, RAN OAM events/reports are sent to the RCAF, for example, due to RAN user plane congestion or abatement level being reached to a pre-configured engineered threshold with the indication of the affected area (e.g. a group of cells).
B)
The RCAF obtains the spatial congestion/abatement status of a group of neighbouring cells collected from A), it then further assembles and derives the spatial congestion or abatement status into RCS prior to reporting it to the PCRF.  Based on the mechanisms as described in 6.1.5.4.2.2.2, the PCRF is able to identify and register with the appropriate RCAF for subscribing the RCS that is corresponding to congestion/abatement status for its target UE’s serving cell and the associated neighbouring cells.
NOTE 1:
The PCRF subscribes to the RCAF for RCS spatial congestion/abatement reporting on per cell basis. The PCRF determines the target RCAF based on its area of interest (i.e. a list of cells for the UEs served by PCRF) and performs registration and de-registration accordingly.
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Figure 6.1.5.4.2.2.3-1: Procedure to report RAN user plane congestion information to CN.
On-path procedures: 
1) & 2) The RCI (RAN Congestion Information) may be sent uplink from RAN towards the CN if the RCI has been previously activated by the PCRF on the specific EPS bearer for the given UE. The RCI includes the level of congestion and the location information of the UE (i.e. ECGI).
3)
The GGSN/PGW obtains the RCI and reports to the PCRF. 
4)
The PCRF verifies the RCI received from 3) compared against the corresponding RCS (e.g. identified by the same ECGI) in order to verify the congestion/abatement status w.r.t. the given UE's EPS bearer, by either: 

(a)
 referring to the RCS that has been received, or 
(b)  soliciting the latest RCS from the corresponding RCAF based on the ECGI info obtained from the RCI (e.g. the RCS corresponding to the target cell is not available). 

It is possible that PCRF may not respond to every reported RCI if it determines that there is no need to apply the congestion mitigation/abatement policy. For example, RCAF collects congestion/abatement status for cell, neighbouring cells, and region level congestion at 15, 30, 60 minute time intervals from OAM and performs the spatial and temporal combining of the congestion pattern.  The PCRF can take such information from RCAF into account when deciding the level and duration of mitigation when it receives congestion indication via on-path RCI reporting. The mitigation response for example can be softened if congestion is localized and only recent to a more severe response when congestion is widespread in that region and is longer term. Therefore, if the RCS indicates that the UE’s attached cell and neighbouring cells are not congested but RCIs received indicate congestion, the PCRF, depending on the operator’s policies on the RCS report, may determine that the congestion is transient and not enforce any congestion mitigation. If, however, both the RCS and RCIs indicate the definite congestion impacting the UE, the PCRF may enforce congestion mitigation.
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Figure 6.1.5.4.2.2.3-2:  Integrated on-path & off-path user-plane congestion management – high-level view.
NOTE 2:
RCI must include the UE’s location information in the congested RAN (i.e. ECGI) in order to verify the congestion/abatement status with the corresponding RCS. With regard to RCS, the OAM system is expected to provide satisfactory level of location information on congestion and its abatement event to handle deployment scenarios involving small cells, carrier aggregation etc.
Note: The details on how UE’s location information is provided to the core when CA is enabled is to be specified by RAN3.   

In the case RAN sharing, two RAN sharing deployment scenarios are considered: 

· Gateway Core Network (GWCN) sharing
· Multi-Operator Core Network (MOCN) sharing

In both types of deployment, the RCAF belongs to where the OAM system is located (e.g., RAN operator). Given that the RAN operator has the OAM system for its RAN, a shared RCAF or a dedicated RCAF may be deployed for each CN operator partner. The RCAF then, for example, collects and/or calculates the congestion/abatement information based on the radio resource sharing agreement with each CN operator partner. The RCAF then conveys the RUCI as described above to the corresponding PCRFs that serve the respective operators.

6.1.5.4.3
Impacts on existing entities and interfaces

The impact on PCRF:
-
The PCRF is required to be enhanced to determine the RCI policy for the bearer(s) of the specific UE based on the cell status information in the RCS received from the RCAF. 
-
As for the incoming on-path RCI processing at the PCRF, it is the same as 6.1.5.2.3 or 6.1.5.3.3 depending on which solution is selected. However, the design of this solution remains the same and is agnostic to the to-be selected solution.
-
The PCRF is required to be enhanced with a logic to determine, based on the combination of RCS and RCI, whether to apply congestion mitigation. 
The impact on RAN:
-
It is required to be able to enable RCI reporting activation and then to report RCI to the core network when it reaches the specified engineered traffic congestion or abatement level; in addition, the RCI must include the UE's location information (e.g. ECGI).
NOTE 1:
The exact impact of RCI towards RAN nodes and core network is dependent on the solution selection of the on-path congestion/abatement awareness notification and is orthogonal to the integrated framework as defined by this solution.

NOTE 2:
It is expected that the RAN can determine whether a UE's poor performance is a result of congestion or poor radio coverage and apply the appropriate congestion measures accordingly.
NOTE 3:
With respect to the RCI reporting solution impact, Solution 1.5.1: RAN User Plane congestion reporting by GTP-U extension as described in subclause 6.1.5.1.4.1should be referred.
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