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1. Introduction
CT4 has agreed to use a new protocol Nq-AP for Nq/Nq' reference point between the RCAF and the MME/SGSN. The next step is to determine the procedures in the Nq-AP to serve different use cases specified in stage 2 for Nq and Nq' interfaces. This paper analyzes the possible procedures to fulfil the stage 2 requirements. 
2. Requirements
The RAN Congestion Awareness Function (RCAF) is an element that provides RAN User Plane Congestion Information (RUCI) to the PCRF to enable the PCRF to take the RAN user plane congestion status into account for policy decisions.

The RCAF collects information related to user plane congestion from the RAN’s OAM system based on which the RCAF determines the congestion level (and the identifier) of an eNB or E-UTRAN cell. Via the Nq interface the RCAF determines the UEs served by a congested eNB or congested E-UTRAN cell and retrieves the APNs of the active PDN connections of those UEs. The decision whether the RCAF operates on eNB or E-UTRAN cell level is up to operator configuration.

The RCAF collects information related to user plane congestion from the RAN’s OAM system based on which the RCAF determines the congestion level, the identifier of the impacted UTRAN cell and the IMSIs served by the impacted cell. Via the Nq’ interface the RCAF retrieves the APNs of the active PDN connections of the UEs in the congested cell.
The following procedures/use cases are specified:

1. IMSI and APN information retrieval procedure as specified in the clause 5.9.4 in TS23.401: this procedure is used by the RCAF to determine the UEs that are served by a congested eNB or E-UTRAN cell and the APNs of the active PDN connections of these UEs. This information is used to determine the PCRFs serving these UEs and subsequently report RAN user-plane congestion information (RUCI) to the PCRFs.
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3. Figure 5.9.3-1: IMSI and APN information retrieval procedure

a) The RCAF sends an IMSI/APN information request to the MME. The request shall identify whether the request refers to an eNB or an E-UTRAN cell and shall contain the related eNB ID or ECGI.

b) The MME sends the IMSI/APN information response to the RCAF. The response shall contain the list of UEs (identified by the IMSIs) served by the eNB or E-UTRAN cell and the list of APNs of the active PDN connections of each IMSI.

2. APN information retrieval procedure as specified in the clause 6.17 in TS23.060: this procedure is used by the RCAF to retrieve the APNs of the active PDN connections of the UEs served by a specific (congested) UTRAN cell. The RCAF leverages this information to determine the PCRFs serving these UEs and subsequently report RAN user-plane congestion information (RUCI) to the PCRFs.
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Figure 6.17-1: APN information retrieval procedure

a) The RCAF sends an APN information request to the S4-SGSN/Gn-SGSN. The request shall include the IMSIs for which the RCAF wants to retrieve APN information.

b) The S4-SGSN/Gn-SGSN sends the APN information response to the RCAF. The response shall contain the list of APNs of the active PDN connections of each IMSI.
In general, from the protocol point of view, the above two procedures, respectively for E-UTRAN and UTRAN, require only one signaling procedure, request (inquiry) and response (result): 

for E-UTRAN, the inquiry keys are Global eNB ID or ECGI, the RCAF inquires about associated UEs and active APNs to the MMEs, for those congested eNBs or cells;

for UTRAN, the inquiry keys are IMSIs, the RCAF inquires about active APNs of these UEs to the SGSNs, for those IMSIs, which are associated with a congested UTRAN cell.

The MME/SGSN just need just to report the information available in the node, i.e. a snapshot of the current status: 

for E-UTRAN, a list of IMSIs associated congested eNB or cell and APNs for active PDNs;
for UTRAN, a list of APNs for each IMSI under the inquiry.

3. Observations
However we need consider the following SA2 requirements:

1) If the RCAF requested the IMSI/APN information on E-UTRAN cell level, then the MME first determines the list of UEs served by that E-UTRAN cell. The MME achieves this by querying the eNB that the E-UTRAN cell belongs to for the exact ECGI for all UEs served by this eNB using the Location Reporting procedure (clause 5.9.1).  (Issue 1)

2) In order for RCAF to maintain the list of impacted UEs (identified by the IMSIs) (and related APN information) for a congested cell, the RCAF needs to regularly receive IMSI/APN information updates from the MME. The details of whether the RCAF needs to query the MME regularly or whether the MME updates the RCAF regularly without further explicit requests from the RCAF is specified in Stage 3." (Issue 2) (this is a note )
For the bullet 1.), when the congested ECGI is used as inquiry key, the MME is required to activate Location Report Control for all UEs served by the eNB to which the ECGI belong, as specified in TS 36.413, clause 8.11, the MME is possible to set Request type differently, i.e. as following:
On receipt of a LOCATION REPORTING CONTROL message the eNB shall perform the requested location reporting control action for the UE.
The Request Type IE indicates to the eNB whether:

-
to report directly;

-
to report upon change of serving cell, or

-
to stop reporting at change of serving cell.
If reporting upon change of serving cell is requested, the eNB shall report whenever the UE changes its serving cell to another cell belonging to the eNB.

We can clearly see, to fulfil the 1.), providing a list of IMSIs associated with a congested E-UTRAN cell, to set Request type IE to let eNB report the current ECGI where the UE locates is the simplest approach, which are having least impact on the network signalling and processing load in the both MME and eNB, since it doesn't requires the MME and eNB to store the information which UEs have been activated for Location Report Control, (thus be able to deactivates later (for MME) and to report subsequent change of ECGI for the given UE).
To get location report for a few thousand UEs (which is the maximal number of UEs an eNB can serve) over S1AP may take at most a few seconds, thus the RCAF can subsequently get inquiry result (a list of IMSIs associated with a congested E-UTRAN cell) with a reasonable time (a few seconds).

Observation 1: to be able to report a list of IMSIs associated a congested E-UTRAN cell (ECGI) requires NO additional procedures, e.g. requires the MME to acknowledge the inquiry from the RCAF first and report later once the MME collects all the location information for all the UEs.

For the bullet 2, we need first to understand why the RCAF requires a number of updates from the MME and SGSN for the information, i.e. a list IMSIs associated a congested  eNB/E-UTRAN cell (for E-UTRAN access) and a list of APNs for active PDN connections for the IMSIs associated with a congested UTRAN cell (for UTRAN access)?

We understand, the RCAF requires those updates mainly due to UE's mobility (for LTE), the information a list IMSIs associated a congested eNB/E-UTRAN cell (for E-UTRAN access) may be changed; certainly the RCAF shall not report a UE who has left the congested eNB/E-UTRAN cell to the PCRF. 
Based on a number of reports from the MME, the RCAF could determine which UE stays in the congested eNB/E-UTRAN cell "always" and eligible to be reported to the PCRF, so that the policy decision for this UE/APN can be updated.

For UTRAN, UE may activate new PDN connection or deactivate the PDN connection, though it remains less frequent than mobility, so the RCAF may inquire the SGSN less often than for the MME.

However:

· 3GPP doesn't specify how often the RCAF can get updated the congested information from the RAN O&M centre, while those inquiry keys, no matter Global eNB ID or ECGI, or a list of IMSIs (for UTRAN case) are dynamic, may be changed at any time, it doesn't justify to require MME/SGSN store any of these keys and the result of inquiry using these keys; 
· 3GPP doesn't specify how often the RCAF should inquire the MME/SGSN to get updated information; 
· 3GPP doesn't specify, based on which mechanism/number of report, the RCAF could determine a UE/APN is subject to be reported to the PCRF for QoS control.

The whole purpose of UPCON mechanism is to get rid of RAN congestion situation, through reducing the user plane bandwidth consumed by a number of UEs in the congested area.  It doesn't require reporting associated IMSIs with the congested RAN entities in a real time manner, i.e. report IMSI/APN as soon as the IMSI/APN enters the congested eNB/Cell, since it doesn't make sense considering the latency of the whole procedure, e.g. UE may quick leave the congested eNB/cell after it being reported as a candidate.
Observation 2: It should remain up to the implementation in the RCAF how to handle above, e.g. to determine how often to inquiry the MME/SGSN, and based on what mechanism to report to the PCRF. There is NO need for MME to report to the RCAF as long as UE enters congested eNB/ECGI.
6. Conclusions

Nq-AP should be designed in a way (as illustrated below) just to allow the RCAF to pull the relevant IMSIs and active APNs using eNB ID or ECGI as keys to the MME or to pull relevant active APNs using IMSIs in a congested UTRAN cell a key to the SGSN; and the MME/SGSN should always provide a full report of the current status. It is up to RCAF to sort out those information and decide to report to the PCRF.
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NOTE: step 2&3 are applicable only when inquiry key is one or more ECGI.
With above approach, the MME/SGSN always provides a full report of information about IMSIs/APNs upon the pull request from the RCAF, though the message size may be bigger; however a larger message size is never a problem considering the large available bandwidth in the control plane backbone network. 

To reduce the impact to the MME/SGSN, we should aim for keeping the MME/SGSN stateless of  the congestion information, i.e. don't require MME/SGSN to store the inquiry key(s) and the content of previous report, just providing a list of IMSI/APN based on inquiry keys – congested eNB/Cell (for LTE) or IMSIs (for UTRAN). So that it doesn't require MME/SGSN to store the inquiry key(s) and the content of previous report need, i.e. no need to keep the information about the congested eNB/cell information together with the associated IMSIs and its active APNs. With this approach, it further simplifies that neither MME/SGSN nor the RCAF need extra mechanism to handle any restoration situation. 
It does also make sense to keep more complicate logic in the RCAF, as it is a new network entity designed for UPCON function. Technically, it is also more reasonable, as it is the RCAF that decides how/when/what to report to the PCRF to enable to get rid of user plane congestion situation.
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