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Introduction

Proposal 
It is proposed to update the solution 7 in the TR 23.705 as highlighted by word-revised text below.
*** 1st change ***
. 
6.7
Solution 7: RCAF based off-path RAN user plane congestion awareness
6.7.1

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 proposed to collect RAN user plane congestion information and further report 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. The PCRF may also change policies sent to PCEF (possibly enhanced with ADC) and/or to TDF.
A new reference point Np is introduced between RCAF and PCRF to pass on the RAN user plane congestion information (RUCI) to PCRF.
6.7.2

High-level operation and procedures
6.7.2.1 
Overview




Figure 6.7.2.1: UPCON Architecture

New Reference Point:

Np: The reference point between RCAF and PCRF. The RCAF communicates RAN User Plane Congestion Information (RUCI) to the PCRF over Np.
RAN User Plane Congestion Information (RUCI) may include following information:

(1) Congestion/Abatement location information (e.g. eNB impacted by congestion);

(2) Congestion level 
(3) The list of UE impacted by the congestion status 
The solution does not aim at providing Congestion information per bearer: even though a higher QoS bearer of an UE served by a congested cell is not congested, action on this bearer may nevertheless be requested to allow more resources for other bearers of lower QoS. 

The solution provides congestion information per eNB and not congestion information per cell. This is aligned with the fact that no S1 signalling is sent for intra eNB hand-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.



The RCAF leverages following information to build the RUCI (RAN User Plane Congestion Information):

· Following information coming from the RAN OAM (The exact nature of this information and the way used by the RCAF to get this information is out of the scope of the 3GPP)

· Notifications of cell congestion status 
· Information on the cell topology (e.g. which cells are served by which eNB, ..). 

-
 The Relationship between cells/eNB and UE. The architectural impacts of how the RCAF gets this information are discussed in section 6.7.2.3.  

6.7.2.2
Procedure to Report RAN User Plane Congestion Information to CN
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Figure 6.7.2.2-1: Procedure to Report RAN User Plane Congestion Information to CN
1. Based on network operation policy, for example, an event/report is sent to RCAF due to radio node/cell user plane congestion or abatement has reached a pre-configured engineered threshold with the indication of the affected area (e.g. eNB); another example is that RCAF may solicit the RAN User Plane Congestion Information based on an engineered interval. 
To build the RUCI, the RCAF may apply local policies such as

· Providing a RAN level “temporal integration”: i.e. communicating to the PCRF about the RAN user-plane congestion information (RUCI) corresponding to sustained levels of congestion/abatement for the target RAN

· The RUCI notifications do not need to be in real-time as it is aimed for medium to long term congestion/abatement notification.

· Providing a “spatial integration”: i.e. reporting taking into account the congestion status about the neighbouring cells (e.g. cells of the same eNB or of neighbouring eNB)
2. The RCAF reports the RUCI-PCRF congestion status to PCRFs that serve the PLMN.
Editor’s Note: The way used by RCAF to identify the PCRF is FFS. Following mechanisms may be studied:

· The RCAF may notify all PCRFs of a PLMN

· The PCRF may subscribe from the pre-configured serving RCAF (e.g. based on geographical region) for notifications of RUCI about an UE. This option avoids a PCRF to receive RUCI notifications about UE that it is not serving. The PCRF may determine the RCAF of which it subscribes based on the Access Network Gateway (SGW) serving the UE 

6.7.2.3 
Procedures for the RCAF to determine the list of UEs impacted by a RAN congestion/abatement status change

6.7.2.3.1 
Alternative-1 using a RCAF co-located with the MME

When the RCAF is co-located with the MME, the RCAF shares the MME knowledge about the relationship between UE and cells. 
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Figure 6.7.2.3.1: UPCON Architecture: RCAF co-located with the MME
6.7.2.3.2 
Alternative-2 using a S11 proxy
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In this alternative, in order to determine which UEs are served by a given eNB, the RCAF contains an S11 proxy (i.e. the MME contacts the SGW via the RCAF). The RCAF leverages following S11messages:

· Create Session Request that contains the ULI: “This IE shall be included on the S11 interface for E-UTRAN Initial Attach and UE-requested PDN Connectivity procedures. It shall include ECGI&TAI”: This message is used by the RCAF to create an association between an UE and a Cell-Id (hence eNB)

· Modify Bearer Request (e.g. issued by the MME at eNB mobility or at UE triggered Service Request): the Modify Bearer Request message is modified to always carry the ECGI&TAI of the target cell. This message is used by the RCAF to change an association between an UE and a Cell-Id (hence eNB)

· Modify Access Bearers Request (e.g. issued by the MME at eNB mobility or at UE triggered Service Request): the Modify Access Bearer message is modified to carry the ECGI&TAI of the target cell. This message is used by the RCAF to change an association between an UE and a Cell-Id (hence eNB)

· Release Access Bearers Request (sent e.g. as part of S1 release, of Iu/RAN release, ..) to determine that an UE is no more associated with an eNB. This message is used by the RCAF to remove an association between an UE and a Cell-Id (hence eNB)
· Delete Session Request (sent e.g. as part of the Detach procedure) to determine that an UE is no more associated with an eNB (when the last PDN connection of an UE has been deleted). This message is used by the RCAF to remove an association between an UE and a Cell-Id (hence eNB)
NOTE: 
In order not to overflow the MME by new messages that would indicate intra eNB (inter cell/sectors) mobility, the granularity of the UE location information known by the RCAF is only the eNB. 

Based on the information learned over S11 signaling, the RCAF can determine which UEs are impacted by the congestion/abatement status of eNB and provide the PCRF with cell congestion status notifications that include the list of impacted UEs

In order for the MME to send an initial GTP-c message to the SGW via RCAF, the MME’s behaviour and the S11 interface are modified as follows:
NOTE:
 An Initial GTP-c message is defined in 29.274

· The MME behaviour for SGW and PGW determination (possibly augmented based on the CNO evolution dealing with GTP-c dynamic load balancing) is strictly un-changed with regard to the mechanism described in 23.401,

· Once the MME has determined the serving SGW for a given UE, the MME adds a new target-SGW-IP IE in the S11 message that contains the Identity (IP address) of the target SGW 
· The MME determines the IP address of the RCAF and sends the S11 message to the SGW via the RCAF. The MME contexts for GTP-c retransmissions are associated with the SGW IP address, not with the RCAF IP address 

· The RCAF extracts the information that it needs, removes the IE that contains the Identity of the target SGW (target-SGW-IP), adds a new IE that contains the (source) IP address of the MME (source-MME-IP) and sends the message to the SGW IP address identified by the target-SGW-IP,

· The SGW stores the source-MME-IP 

NOTE: 
As an optimization, the MME may decide to send only following messages via the RCAF (using the process described above): Create Session Request, Modify Access Bearers Request, Modify Bearer Request,  Release Access Bearers Request, and Delete Session Request. 

NOTE:
 It is assumed that there is a single logical RCAF assigned to a MME Group (e.g. via pre-configuration)

When the SGW has received a message from the MME that contains source-MME-IP, the SGW behaviour to answer to an MME request (for GTPv2 Triggered messages) is modified as follows:

· The SGW uses the IP address received in source-MME-IP as the destination address of the answer instead of the source IP address of the message that triggered that answer. 
The SGW sends Initial S11 signaling directly to the MME same as today.

NOTE: SGW relocation is not impacted by the extensions described above as the introduction of RCAF does not modify the current standardized mechanism between the MME and SGW as specified in TS 23.401.  
6.7.2.3.3 
Alternative-3 using a new reference point between RCAF and MME
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In this alternative, in order to determine which UEs are served by a given eNB, the MME forwards S11 related information to RCAF over a new reference point Nr. This corresponds to following S11 messages:
· Create Session Request that contains the ULI: “This IE shall be included on the S11 interface for E-UTRAN Initial Attach and UE-requested PDN Connectivity procedures. It shall include ECGI&TAI”: This message is used by the RCAF to create an association between an UE and a Cell-Id (hence eNB)

· Modify Bearer Request (e.g. issued by the MME at eNB mobility or at UE triggered Service Request): the Modify Bearer Request message is modified to always carry the ECGI&TAI of the target cell. This message is used by the RCAF to change an association between an UE and a Cell-Id (hence eNB)

· Modify Access Bearers Request (e.g. issued by the MME at eNB mobility or at UE triggered Service Request): the Modify Access Bearer message is modified to carry the ECGI&TAI of the target cell. This message is used by the RCAF to change an association between an UE and a Cell-Id (hence eNB)

· Release Access Bearers Request (sent e.g. as part of S1 release, of Iu/RAN release, ..) to determine that an UE is no more associated with an eNB. This message is used by the RCAF to remove an association between an UE and a Cell-Id (hence eNB)
· Delete Session Request (sent e.g. as part of the Detach procedure) to determine that an UE is no more associated with an eNB (when the last PDN connection of an UE has been deleted). This message is used by the RCAF to remove an association between an UE and a Cell-Id (hence eNB)
NOTE: 
In order not to overflow the MME by new messages that would indicate intra eNB (inter cell/sectors) mobility, the granularity of the UE location information known by the RCAF is only the eNB. 

Based on the information learned over Nr, the RCAF can determine which UEs are impacted by the congestion/abatement status of a cell/eNB and provide the PCRF with cell congestion status notifications that include the list of impacted UEs

NOTE:
 It is assumed that there is a single logical RCAF assigned to a MME Group (e.g. via pre-configuration)

NOTE: SGW relocation is not impacted by the extensions described above as the introduction of RCAF does not modify the current standardized mechanism between the MME and SGW as specified in TS 23.401.  
6.7.3

Impacts on existing entities and interfaces

The impact on PCRF:
· The PCRF should be enhanced to collect RUCI from RCAF, i.e. to support the new Np interface;

· The PCRF should be enhanced to determine congestion policy based on RUCI, subscriber profile, type of application, type of content, etc.
Impacts on MME:
· Alternative-1: The MME supports RCAF functionality
· Alternative-2: The MME inserts an additional IE on S11 messages and forwards them to the RCAF.
· Alternative-3: The MME supports a new interface with the RCAF for sending S11-related information
NOTE: All three alternatives have no impact to the existing procedures as described in TS 23.401 for MME/SGW selection, SGW relocation as well as UE’s mobility support.  In the case of the Alternative-2 and Alternative-3, it is assumed that a single logical RCAF is assigned to a given MME pool (e.g. via pre-configuration). 

Impacts on SGW:
· Alternative-2: If the SGW obtains the IE that includes the source IP address in the initial GTP-c message, the SGW refers to such IE as the destination address in the response to GTP-c message so that SGW responds to the initial S11 signaling directly to the MME same as today.
6.7.4

Solution evaluation
Editor’s note: It is FFS.
***End of the changes***
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