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Abstract of the contribution: This contribution refines the solution in section 1.5.3 by introducing a variant of the off-path solution

1. Introduction
void
2. Proposal

Update 23.705 section 1.5.3 as documented below

6.1.5.X
Solution 1.5.X: off-path based RAN user plane congestion reporting

6.1.5.3.1

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)), is added to collect user plane congestion information from the RAN and further report RAN User Plane Congestion Information (RUCI) to PCRF for the purpose of congestion mitigation. 
The PCRF may then report over Rx UE congestion information to applications that have subscribed to this information.
A new reference point Np is introduced between RCAF and PCRF to pass on the RAN user plane congestion information (RUCI) to PCRF.
6.1.5.3.2

High-level operation and procedures

6.1.5.3.2.1
Architecture
Figure 6.1.5.3.2-1 shows the proposed UPCON architecture.
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Figure 6.1.5.3.2-1: UPCON Architecture

A New Reference Point Np is added:

Np: The reference point between RCAF and PCRF. Over Np, RAN User Plane Congestion Information (RUCI) is sent from RCAF to PCRF
RAN User Plane Congestion Information (RUCI) includes following information elements:

(1) Congestion/Abatement location information (e.g. ENB ID or Cell ID or 3G Service Area ID);
(2) Congestion level  
(3) The validity time of the information. When this time has elapsed and no further congestion information has been received, the congestion is assumed to be over.  
Editor’s Note: It is FFS to determine if more information is needed (e.g. to optimize the congestion mitigation operation) 
The functionality of RCAF:

· Collecting and processing RAN’s cell congestion information from OAM; 
· Communicating with PCRFs serving the PLMN for RAN user plane congestion information reporting.


Mechanisms used to determine the UE location in order to be able to determine the UEs affected by congestion of specific cells are discussed in further sections.
Editor’s Note: Support of RAN sharing by this solution is FFS 
6.1.5.3.2.2 
Procedure to Report RAN User Plane Congestion Information to CN
A pre-requisite for this procedure is that PCRF subscribe onto the RCAF about RUCI (RAN User Plane Congestion Information) corresponding to areas they are interested in: 

The PCRF can subscribe to receiving RUCI notifications for the entire PLMN. Alternatively, , to optimize the signalling (e.g. to avoid that RUCI notifications about Cell IDs/ENB IDs/SAIs are sent to a PCRF even though the PCRF serves no user in that area) following mechanism can be used: Based on location information (e.g. RA, SGW identity ) received from the PCEF, the PCRF may determine the areas it is interested in and subscribe to the RCAF to receive RUCI notifications corresponding to these areas only (e.g. subscribe to the RUCI corresponding to a RA, a TA or a serving Node). The PCRF determines the RCAF to contact as follows:
· When the area the PCRF is interested in corresponds to a (set of)  RAI or TAI, new 29.303 (DNS) records corresponding to the RAI/TAI and to the “Np” service are used 
· Otherwise (the area the PCRF is interested in corresponds to a serving Node)  the PCRF uses the identity of the SGW of the UE(s) it is serving. This requires a new kind of 29.303 record in the DNS.  
Editor’s note: the validity of the mechanism described above to determine the address of the RCAF may require further studies. Other mechanisms are FFS
The PCRF subscription also indicates whether the PCRF is interested in RUCI with a granularity at ENB or at Cell level. This is controlled by Local policies in the PCRF 
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Figure 6.1.5.3.2.2-1: Procedure to Report RAN User Plane Congestion Information to CN
1. an event/report is sent to RCAF due to a change of radio node/cell user plane congestion status ( a pre-configured congestion / congestion abatement threshold has been reached).  This notification contains the indication of the affected area (e.g. Cell) as well as the congestion level; The RCAF may also solicit the RAN User Plane Congestion Information based on a  configured interval.  
2. The RCAF may, based on local policies, further process the information received from the RAN in order to build the RUCI, e.g. the RCAF may: 
-
Integrate the RAN congestion status upon time (to provide the PCRF only with sustained congestion levels)

-
Provide “spatial” integration of the RAN congestion information (as due to mobility and to UE being possibly served by multiple cells
, the RUCI associated with a cell may depend on the congestion status in the neighbouring cells)
-
(for LTE) As many RAN features (Carrier Aggregation, COMP,…) may involve multiple cells of an ENB and as  intra ENB mobility reporting is generally not activated (to save signalling), RUCI at ENB level may provide enough information. This does however not preclude RUCI reporting at cell level.

-
Determine the list of UE impacted by the RAN Congestion in a Cell.  This is further described in section 6.1.5.3.2.3  
Then the RACF reports the RUCI-PCRF congestion status to PCRFs that have subscribed to this information:
 It is assumed that RAN OAM provides the RCAF with relevant cell information.
6.1.5.3.2.3 
Determination of the list of UE impacted by a change of RUCI in a cell
It may be envisaged that RUCI does not contain information about the impacted UE but only about cells and their congestion status. This would mean that the PCRF use other mechanisms to determine the list of UE impacted by a cell congestion. Such mechanisms may involve:
 -
use UE location Information reporting
-
use location reported as part of on-path user plane congestion reporting

When such mechanisms are not deemed relevant, the procedure described in this section may be used:

-
A new reference point Nq is added between the MME/SGSN and the RCAF

-
 The RCAF subscribe onto the MME/SGSN to get the list of UE served by a given area of interest and to build RUCI that contains the list of impacted UE together with the information listed in section 6.1.5.3.2.1
-
Thus the RCAF transforms information received from its (not subject to 3GPP standard)  interface with the RAN OAM and from its standard Nq interface with the MME/SGSN into information sent onto its standard Np interface.
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-
The RCAF subscribes onto the MME/SGSN to get the list of UE served by a given area of interest. This area of interest may consist of a a (list of)  RA, a (list of) TA or the whole MME/SGSN area. This subscription is also associated with a granularity (per cell or per ENB):
-
The area of interest as well as the granularity with which the RCAF subscribes onto the MME/SGSN, depends on the information to be reported to PCRF as well as on local policies on the RCAF

- 
For LTE, depending on the level of granularity requested by the RCAF, the MME may need or does not need to activate location reporting over S1-AP.

-
For 3G, the SGSN needs to activate service area location reporting over Iu.
-
The RCAF determines the MME/SGSN to contact as follows:

-
When the area of interest is a RA or a TA, a new 29.303 record corresponding to the RAI/TAI and the new Nq service is used.
-
When the area of interest is a whole MME/SGSN area, the RCAF uses local configuration of the MME/SGSN Pools it is serving and sends the subscription request to all the MME/SGSN of the pool.
Editor’s note: other mechanisms are FFS
-
The MME/SGSN report the list of UE per each cell or ENB or TA in the area for which the RCAF has subscribed to. This reporting does not need to be immediate, i.e. the RCAF subscription indicates the maximum time accuracy for this reporting (e.g. the RCAF indicates to the MME/SGSN that it does not need to receive more reporting per ENB than one per second). 

-
The RCAF leverages this information to build the RUCI to send to the PCRF: the RUCI contains the list of impacted UE together with the information listed in section 6.1.5.3.2.1
-
Thus the PCRF neither need to use ULI nor information from the on-path RUCI reporting to determine the list of UE impacted by a cell congestion
NOTE 1: 
As both temporal and “spatial” integration are provided, the RUCI sent to the PCRF does not intend to provide the PCRF with information on the instantaneous congestion status in a given cell. This is in line with the fact that this information is to be used to act on a sustained congestion status in an area. It cannot be excluded that in some cases the PCRF still considers that a fast moving UE to be in a congested area while the UE has moved to a non congested area. 
NOTE 2:
In some scenarios the CN may not know all the cells / ENB a given UE is using (multi-site CA, small cells, . As a consequence the RUCI reporting may not reflect the actual congestion status of the cell from which the UE is currently using resources 
6.1.5.3.3

Impacts on existing entities and interfaces

A new node RCAF is added in the architecture
The impact on PCRF:
· The PCRF is enhanced to support Np in order to collect RUCI from RACF;
· The PCRF subscribes to RUCI events
· The PCRF receives RUCI related notifications
· The PCRF should be enhanced to determine congestion policy based on RUCI, subscriber profile, type of application, type of content, etc.
When the mechanism described in section 6.1.5.3.2.3, applies, furthermore, the MME/SGSN is to be updated to support Nq:
· The RCAF subscribe onto the MME/SGSN to get the list of UE served by a given area of interest

· The MME/SGSN issues the related notifications

Impacts on RAN: 
· OAM to provide RCAF with relevant cell information including the cell load
6.1.5.3.4

Solution evaluation
Editor’s note: It is FFS.
� Due e.g. to Rel12 multi-cell Carrier Aggregation
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