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1. 
Discussion

When considering solutions to address congestion handling for roamers, the following points are worth considering:
· It is in our view unlikely to assume that an operator (i.e. the VPLMN) wants to expose congestion information to another operator (i.e. the HPLMN).

· Even if the VPLMN did inform the HPLMN, the VPLMN cannot rely on the HPLMN to apply mitigation actions.

· The HPLMN does not know the typical traffic mix in the VPLMN, i.e. the HPLMN is not in a good position to define “useful” congestion mitigation actions.

In conclusion the VPLMN needs a means to apply local policies for inbound roamers during congestion anyhow.

For the RCAF solution as documented in section 6.1.5.5 in TR 23.705 this can be easily achieved by enabling the MME/SGSN to limit the UE-AMBR for inbound roamers who are using a congested cell. 
The details are illustrated further below.
2.
Proposal
In line with the discussion above, it is proposed to modify TR 23.705 as follows.

* * * First Change * * * *

6.1.5.5.2.X
Congestion handling during roaming with home-routed traffic
6.1.5.5.2.X.1
EUTRAN

When the RCAF sends the ECGI or eNB ID of the congested cells to the MMEs to determine the list of IMSIs in the congested cell(s), the RCAF also includes the congestion level of the congested cell(s). The MME stores the ECGI/eNB ID and the related congestion level.

For the UEs in the congested cell(s), the MMEs determine whether a given UE is roaming. If so, the MME determines the maximum UE-AMBR for the related HPLMN of the UE for the current congestion level and indicates the modified UE-AMBR towards the eNB.

NOTE 1: 
An operator may also decide to not limit UE-AMBR for roamers for a subset of the congestion levels, e.g. to only limit UE-AMBR for a very high congestion level.
NOTE 2:
The consequence of such a local downgrade is that the APN-AMBR in the HPLMN and the UE-AMBR (derived from the APN-AMBR) enforced in the VPLMN will not be aligned.
If the RCAF updates the congestion level for a given cell, then the MME updates the UE-AMBR of roaming UEs in that cell accordingly as configured for the related HPLMN and congestion level. If the congestion level returns to normal (i.e. when a cell is not congested anymore), the MME recalculates the UE-AMBR as documented in [8] and updates the UE-AMBR towards the eNB.

During a handover, TAU (with or without MME relocation) or service request the (target) MME verifies whether the UE’s current cell is congested (based on information previously received from the RCAF) and based on the stored congestion level for the UE’s current cell adapts the UE’s UE-AMBR.

6.1.5.5.2.X.2
UTRAN

When the RCAF sends the list of IMSIs in the congested area to the SGSNs, the RCAF also includes the congestion level of the related congested cell(s) and a validity time. The validity time indicates how long the congestion information for the list of IMSIs is valid and enables an SGSN to determine that a UE has moved to an uncongested area.
NOTE 1:
The validity time is set based on the congestion detection and reporting interval of the RCAF.
For the UEs in the congested cell(s), the SGSNs determine whether a given UE is roaming. If so then the SGSN determines the maximum UE-AMBR for the related HPLMN of the UE for the current congestion level and indicates the modified UE-AMBR towards the RNC. The SGSN stores the validity time in the UE’s MM context.

NOTE 2: 
An operator may also decide to not limit UE-AMBR for roamers for a subset of the congestion levels, e.g. to only limit UE-AMBR for a very high congestion level.

NOTE 3:
The consequence of such a local downgrade is that the APN-AMBR in the HPLMN and the UE-AMBR (derived from the APN-AMBR) enforced in the VPLMN will not be aligned.
If the RCAF updates the congestion level for a given list of IMSIs, then the SGSN updates the UE-AMBR of the roaming UEs in that cell as configured for the related HPLMN and congestion level accordingly and also updates the validity time. If the congestion level returns to normal (i.e. when a cell is not congested anymore), the SGSN recalculates the UE-AMBR as documented in TS 23.060, updates the UE-AMBR towards the RNC and erases the validity time from the MM context. 

The SGSN learns that a UE has moved to an uncongested cell if no congestion level update is received until the validity time has expired. At that time the SGSN recalculates the UE-AMBR as documented in [4], updates the UE-AMBR towards the RNC and erases the validity time from the MM context. 

* * * Second change * * * *

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.

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.

6.1.5.5.2.4
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:
Based on the agreement with the HPLMN, the RCAF may report the RUCI per IMSI/APN to the PCRFs in the HPLMN for the roaming UEs with home routed scenarios.
NOTE 2: 
For UEs in a local breakout scenario, the RCAF contacts the V-PCRF. Congestion information is not assumed to be exposed via S9 unless explicitly agreed by roaming agreement.

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.
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