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6.1.5.5
Solution 1.5.5: off-path based RAN user plane congestion reporting

6.1.5.5.1

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 report RAN User Plane Congestion Information (RUCI) to PCRF for the purpose of congestion mitigation. For this purpose the RCAF:
-
Collects information related to user plane congestion from the RAN OAM. The RAN OAM corresponds to OSS level features of the RAN operator (the RAN OAM is not assumed to be located within the ENB/RNC/Node B);
-
Determines the list of impacted UE;
-
Integrates the RAN congestion status with an integration time fitting with Core Network mitigation tools (e.g. to provide the PCRF only information on sustained congestion);

-
Provides "spatial" integration of the RAN congestion information, if the RUCI associated with a cell should depend on the congestion status in the neighbouring cells (e.g., in case intra-eNB mobility reporting is not activated);
· 
The PCRF may then provide policies for congestion mitigation as illustrated in section 6.1.6.1.2.
· 
6.1.5.5.2
High-level operation and procedures

6.1.5.5.2.1
Architecture
Figure 6.1.5.5.2.1-1 shows the proposed UPCON architecture.
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Figure 6.1.5.5.2.1-1: UPCON architecture.
The following reference points are added:

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

-
Nq/Nq': Via Nq, the MME provides the RCAF with the list of UEs (IMSIs) in a given eNB ID/ECGI and for each of these IMSI(s) the APNs of the active PDN connections. The Nq' reference point between RCAF and SGSN is used, for a set of IMSI(s), to provide the RCAF with the list of APNs of the active PDN connections of each of these IMSIs. 
The RCAF belongs to the RAN operator. In case of a RAN sharing (MOCN or GWCN) configuration, Np is an inter-operator reference point. In a MOCN configuration, Nq/Nq' is also an inter-operator interface. Whether Np and Nq/Nq' apply in these cases is subject to inter-operator agreements.

Based on the parameters and their values received from the RAN's OAM system, the RCAF reports the congestion level to the core network (e.g. PCRF). In a multi-vendor radio network, the RCAF is configured to perform the required normalization, if needed, before reporting the congestion level. This ensures that the congestion level have same semantics even in multi-vendor radio network in a given operator's network. In accordance with the reported congestion level, the operator configures the mitigation policies in the Core Network.

RAN User Plane Congestion Information (RUCI) is defined over Np and includes following information:

(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.
(4)
IMSI.
The functionality of RCAF:

-
Collecting and processing RAN's cell congestion information from OAM;
-
Congestion coordination point: Communicating with PCRFs (for non-roaming UEs and optionally UEs in a LBO-based roaming scenario) and with the MMEs/SGSNs (for roaming UEs in a home-routed roaming scenario and optionally UEs in a LBO-based roaming scenario) serving the impacted UEs for RAN user plane congestion information reporting.

6.1.5.5.2.2
Procedure to report RAN user plane congestion information to CN
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Figure 6.1.5.5.2.2-1: Procedure to report RAN user plane congestion information to CN.
1.
RCAF retrieves congestion related OAM data as well as the indication of the affected area (e.g. ENB-ID or service area ID) from RAN OAM. A RCAF is assumed to serve a geographical area.
2.
The RCAF determines the list of UEs impacted by the RAN Congestion in a cell. This is further described in sub-clause 6.1.5.5.2.3. 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 if the RUCI associated with a cell may depend on the congestion status in the neighbouring cells (e.g., in case intra-eNB mobility reporting is not activated);
-
(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;
-
In case of Network sharing the RCAF and the PCRF belong to different operators. The RCAF may apply local policies related to the information it sends to PCRFs of different operators. 

-
The RCAF uses the IMSI to determine the PLMN of UE and hence whether it should apply local policies related to the information it sends to PCRFs of different operators.

-
The RUCI being sent may also depend on the relative RAN usage of the various operators sharing RAN resources.

3.
The RCAF reports the RUCI congestion status to PCRFs that are serving the impacted UEs. This is further described in sub-clause 6.1.5.5.2.4.

6.1.5.5.2.3
Determination of the list of UE impacted by a change of RUCI in a cell
When the RCAF has received RAN congestion information from the RAN OAM, the following applies: 
In case of EUTRAN, the RCAF subscribes onto the MME to get the list of UEs in the affected area. To achieve this, the RCAF constructs a TAI-based FQDN for MME discovery.

NOTE 1:
It is assumed that the RCAF receives the TAIs supported by the affected area from the RAN's OAM.

NOTE 2:
Based on the existing mechanism to discover an MME based on the TAI (see TS 29.303 subclause 5.4 [13]) it is assumed that a new Service Parameter for the Nq interface will be specified.

The RCAF receives the list of MMEs serving the TAIs supported by the affected area and establishes the Nq interface towards those MMEs. Once the Nq interface has been established the RCAF queries via Nq for the list of UEs in the affected area. The MMEs provide the list of IMSIs and the list of APNs of the active PDN connections of each of those IMSIs to the RCAF. The RCAF does not need to remember the list of IMSI(s) (and their activated APN) as it is refreshed each time the RCAF interacts with the MME.

NOTE 3:
The list of APNs of the UEs’ active PDN connections is leveraged to determine the serving PCRFs.

For EUTRAN, the RCAF also indicates whether it requests the list of UEs per ECGI or eNB ID. Consequently, 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.

NOTE 4:
Whether the RCAF requests the list of UEs per ECGI or eNB ID is based on local configuration.

In case of UTRAN, the RCAF is assumed to receive the list of UEs (IMSIs) impacted by a change of RUCI in a cell from the RAN’s OAM. The RAN OAM is assumed to have received this information from the RAN (the IMSI is sent by the SGSN over Iu in RANAP Common Id message). Thus, in UTRAN the RCAF queries the SGSN only for the APNs of the active PDN connections of a given impacted IMSI.

To achieve this, the RCAF constructs a RAI-based FQDN for SGSN discovery.

NOTE 5:
It is assumed that the RCAF receives the RAIs supported by the affected area from the RAN’s OAM.

NOTE 6:
Based on the existing mechanism to discover an SGSN based on the RAI (see TS 29.303 subclause 5.5.2 [13]) it is assumed that a new Service Parameter for the Nq' interface will be specified.

The RCAF receives the list of SGSNs serving the RAIs supported by the affected area and establishes the Nq' interface towards those SGSNs. Once the Nq' interface has been established the RCAF passes the list of UEs (IMSIs) in the congested area to the SGSNs. The SGSNs provide the list of APNs of the active PDN connections of each of the reported IMSIs to the RCAF.

NOTE 7:
The list of APNs of the UEs' active PDN connections is leveraged to determine the serving PCRFs.
NOTE 8:
The details of whether the RCAF needs to query the MME/SGSN regularly or whether the MME/SGSN updates the RCAF regularly without further explicit requests from the RCAF is up to Stage 3.

NOTE 9:
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 is in a congested area while the UE has already moved to a non-congested area.

NOTE 10:
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 all the cells from which the UE is currently using resources; however, the congestion status is typically assumed to be similar for the cells from which a UE consumes resources in case of CA, CoMP and small cells/dual connectivity.
6.1.5.5.2.4
Reporting RUCI to PCRFs
For the non-roaming UEs and optionally for the roaming UEs with local breakout scenarios, the RCAF reports RUCI per IMSI/APN to the PCRFs: Based on the list of impacted UEs (IMSIs) and on the list of APNs of their active PDN connections, the RCAF notifies the PCRFs serving those UEs and APN(s).


NOTE 1: For home routed scenarios, based on the roaming agreement with the HPLMN, the RCAF may report the RUCI per IMSI/APN to the PCRFs in the HPLMN for the roaming UEs. This approach may be used e.g., in the case of a group of PLMNs which belong to a single business entity. 

NOTE 2: An operator may apply configuration to use a different QCI for its non-roaming subscribers compared to roaming subscribers with home routing to achieve differentiated handling in the RAN during congestion situations. This approach does not require any normative specifications work.
NOTE 3: For UEs in a local breakout scenario, the RCAF contacts the V-PCRF. Congestion information is not assumed to be exposed via S9.

In networks with multiple PCRFs a DRA is typically deployed. RCAF use the DRA to contact the PCRF(s).This is based on following existing functionality described in TS 23.203/29.213:

-
When Gx gets established, the DRA "assigns" a PCRF for a given IMSI/APN combination and remembers the relationship (IMSI, APN, selected PCRF).
-
Based on this relationship DRAs support finding the PCRF serving an IMSI/APN combination.


















6.1.5.5.3

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 receive RUCI from RCAF;
-
The PCRF should be enhanced to consider RUCI while making congestion policy decision, along with subscriber profile, type of application, type of content, etc.
Impact on MME/SGSN:
-
MME/SGSN are enhanced to support the Nq/Nq’ interface;
-
The RCAF queries the MME/SGSN to get the list of UEs/active APNs 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.
6.1.5.5.4

Solution evaluation
This CN based solution provides the PCRF with RAN congestion information. The RCAF can integrate RAN congestion information both in time and/or space (allowing to aggregate RAN congestion information of neighbour cells/ENB).
Along with Solution 1.6.1: Policy-based congestion mitigation, it resolves key issues #1, and #4 both for downlink and #2 for downlink and for uplink traffic by leveraging PCC mitigation mechanisms.
Traffic prioritization is possible to the extent supported by the existing bearer concept.


This solution does not require work from the RAN WG but entails the definition of a new functional entity (the RCAF) in the architecture. It requires modifications only on the PCRF and on the MME/SGSN (no modification of the SGW/PGW are needed) and does not impact the user plane processing.
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