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1. Introduction

Stage 2 has specified that "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.", however how the RCAF can correlate/determine the order of these updated reports from the MME/SGSN is unspecified.
2. Reason for Change

One of reasons for the RCAF requires those updates is due to UE mobility procedures(for LTE), the information about IMSIs and APNs which are associated a congested eNB/E-UTRAN cell (for E-UTRAN access) may be changed, e.g. the new UE(s) enters the congested cell, while the old UE(s) may leave the cell, 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 consecutive reports from the MME,  the RCAF could determine which UE stays in the congested eNB/E-UTRAN cell constantly and hence it is 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 the mobility procedures, so the RCAF should inquire the SGSN less often than for the MME. However the RCAF may need a number of consecutive reports from the SGSN, to determine the PDN connection is active constantly and eligible for policy control.
Though 3GPP doesn't specify, how often the RCAF can get updated the congested information from the RAN O&M centre, how often the RCAF should inquire the MME/SGSN to get updated information, and based on which mechanism, e.g. the number of consecutive report, or time elapsed after receiving the first report, the RCAF could determine that a UE/APN is subject to be reported to the PCRF for QoS control, anyway the RCAF should be able to report "correct" UE(s) to the PCRF.
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, specially aiming for those UEs with their active PDN connection with using a large bandwidth constantly (long term). The RCAF should be able to report those UEs correctly. Also the RCAF should report UE who has left the congested RAN to the PCRF, thus PCRF will remove such policy control specific for a congested area, to avoid any ping-pong effect, the RCAF need also determine that UE has really left the congested area. 
For example, the RCAF is configured to determine which UE is eligible for policy control based on 3 consecutive reports from the MME(s). When eNB 1 is congested, the RCAF request the MME to report IMSI and APN for a congested eNB 1; and the PCRF will send queries to get update every 1 minute;

For the first time, the MME report UE 1, 2 and 3; at this stage, UE 1, 2, 3 are candidates to be reported to the PCRF;

For the second time, after 1 minute, the MME report UE 2, 3, 4; at this stage, UE 2, 3 are candidates to be reported to the PCRF;

For the third time, after another 1 minute, the MME report UE1, 2, 3, 5; at this stage, UE 2,3 are reported to the PCRF;
For the fourth time, after another 1 minute, the MME report UE1, 2, 3, 5; at this stage, UE 2,3 are candidate to be reported to the PCRF;

For the fifth time, after another 1 minute, the MME report UE2, 3, 5; at this stage, UE5 is added to be reported the PCRF;

It is very important for the RCAF to know the order of report, if the RCAF receives the first report from the MME after receiving the second report, the UE 1 will be present in three consecutive reports, which is not correct. It is even more problematic as the RCAF will send the request to all MMEs in the pool for a eNB or ECGI, as the RCAF need combine the reports from different MMEs, while some MMEs may not provide any response (as it doesn't have any UE active associated with congested eNB or ECGI).
It is similar for retrieval of APN information from the SGSN.
The order of query report has the same importance when the RCAF determines to report PCRF for No congestion for certain UE/PDN when UE was reported to the PCRF as candidate for policy control and has left the congested cell lately, in this case, we need avoid introducing extra signaling over EPC for any Ping-Pong effects.  
Without knowledge of order of reports from MME/SGSN, it will lead extra and unnecessary signaling in the network, e.g. over Np, Gx, S5/S/S11/S4, as well as NAS and air interface; further service perception to the UE may be downgraded.

3. Proposal

It is proposed to add a new parameter "Sequence Number of the Retrieval request" in the messages NqAP-IMSI-APN-INFORMATION-REQUEST and NqAP-APN-INFORMATION-REQUEST from the RCAF, as well as in the messages NqAP-IMSI-APN-INFORMATION-RESPONSE or NqAP-APN-INFORMATION-RESPONSE from the MME/SGSN, during IMSI and APN Information Retrieval Procedure and APN Information Retrieval Procedure. The RCAF should be aware of the order of reports from the MMEs and SGSN to avoid reporting “wrong” UE for policy control. The introduction of "Sequence Number of the Retrieval request" also simplifies the implementation of RCAF, especially when there is high incoming signalling volume.  
* * * First Change * * * *
5.2.2
IMSI and APN Information Retrieval Procedure Initiation
5.2.2.1
Procedures in the RCAF
When the RCAF needs to retrieve the IMSI(s) / APN(s) information for a given user plane congested area, the RCAF shall send the NqAP-IMSI-APN-INFORMATION-REQUEST message towards the MME(s). 

The RCAF shall include in the NqAP-IMSI-APN-INFORMATION-REQUEST message:

-
the Global eNodeB ID IE(s) if it requests the IMSI(s) and APN(s) for a given user plane congested area at an eNodeB level;

-
the ECGI IE(s) if it requests the IMSI(s) and APN(s) for a given user plane congested area at an E-UTRAN cell level.
-
the Sequence Number of the Retrieval request IE, the RCAF shall increment the Sequence Number of the Retrieval request whenever it sends a new request for the same Global eNodeB ID(s) or ECGI(s). The Sequence Number of the Retrieval request is per Global eNodeB ID or per ECGI. The RCAF may use the time stamp of sending the request, represented in an unsigned integer format, to populate the Sequence Number of the Retrieval request.
NOTE: 
For a given user plane congested area, the RCAF retrieves the IMSI and APN information from the MME at a eNodeB level or E-UTRAN cell level based on local policy at the RCAF.

Editor’s Note:
It is FFS whether to define an additional option to allow the MME to use push mechanism to report delta change IMSI / APN information to the RCAF.

* * * Second Change * * * *
5.2.2.2
Procedures in the MME
When the MME receives the NqAP-IMSI-APN-INFORMATION-REQUEST message from the RCAF, the MME shall report in the NqAP-IMSI-APN-INFORMATION-RESPONSE message, for each eNodeB or E-UTRAN cell requested by the RCAF:

-
the eNodeB ID in the Global eNodeB ID IE or the E-UTRAN cell ID in the ECGI IE for which the MME(s) report the IMSI and the APN information. 
-
the Sequence Number of the Retrieval request IE which is copied from the corresponding request message.
NOTE: The RCAF can use Sequence Number of the Retrieval request to determine the order of the received RAN associated information, and then which UE/APN is subject to be reported to the PCRF.
-
all the subscribers that are currently in ECM-CONNECTED state and having active E-RABs under the given eNodeB or E-UTRAN cell in the Subscriber-Information IE. Multiple instances of the Subscriber-Information IE shall be included if there are multiple subscribers under the given eNodeB or E-UTRAN cell.

-
for each subscriber, the IMSI in the IMSI IE and APNs currently having active PDN connections in the APN IE. Multiple instances of the APN IE shall be included under a Subscriber-Information IE if the subscriber has active PDN connections towards multiple APNs. The encoding of the APN IE follows 3GPP TS 23.003 [5] sub-clause 9.1. The content of the APN field shall be the full APN with both the APN Network Identifier and APN Operator Identifier being present as specified in 3GPP TS 23.003 [5] sub-clauses 9.1.1 and 9.1.2, 3GPP TS 23.060 [3] Annex A and 3GPP TS 23.401 [2] sub-clauses 4.3.8.1. 

For a single NqAP-IMSI-APN-INFORMATION-REQUEST message from the RCAF, the MME may send multiple NqAP-IMSI-APN-INFORMATION-RESPONSE messages. 

Editor’s Note:
It is FFS whether to define an additional option to allow the MME to use push mechanism to report delta change IMSI / APN information to the RCAF.

Editor’s Note:
It is FFS whether every NqAP-IMSI-APN-INFORMATION-REQUEST message shall always have at least one NqAP-IMSI-APN-INFORMATION-RESPONSE message.
* * * Third Change * * * *
5.3.2.1
Procedures in the RCAF

When the RCAF needs to retrieve the APN(s) for the list of IMSI(s) experiencing RAN user plane congestion, the RCAF shall send the NqAP-APN-INFORMATION-REQUEST message towards the SGSN(s).

The RCAF shall include the following information in the NqAP-APN-INFORMATION-REQUEST message

-
the list of IMSI(s) in the IMSI IE. Multiple instances of the IMSI IE shall be included if there are multiple subscribers for which APN information needs to be queried from the SGSN.
-
the Sequence Number of the Retrieval request IE, the RCAF shall increment the Sequence Number of the Retrieval request whenever it sends a new request for the same list of IMSI(s), The Sequence Number of the Retrieval request is per IMSI. The RCAF may use the time stamp of sending the request, represented in an unsigned integer format, to populate the Sequence Number of the Retrieval request.
Editor’s Note:
It is FFS whether to define an additional option to allow the SGSN to use a push mechanism to report delta change APN information to the RCAF.

* * * Fourth Change * * * *
5.3.2.2
Procedures in the SGSN

When the SGSN receives the NqAP-APN-INFORMATION-REQUEST message from the RCAF, the SGSN shall report in the NqAP-APN-INFORMATION-RESPONSE message:

-
list of subscribers for which the APN information is provided by the SGSN, in the Subscriber-Information IE. Multiple instances of the Subscriber-Information IE shall be included if there are multiple subscribers for which the SGSN is reporting the APN information. Each instance of the Subscriber-Information IE contains:

-
the IMSI of the subscriber encoded in the IMSI IE;
-
the Sequence Number of the Retrieval request IE which is copied from the corresponding request message.
NOTE: The RCAF can use Sequence Number of the Retrieval request to determine the order of the received RAN associated information, and then which UE/APN is subject to be reported to the PCRF.
-
the APNs currently having active PDP contexts encoded in the APN IE. Multiple instances of the APN IE shall be included under a Subscriber-Information IE if the subscriber has active PDP contexts towards multiple APNs. The encoding the APN IE follows 3GPP TS 23.003 [5] sub-clause 9.1. The content of the APN field shall be the full APN with both the APN Network Identifier and APN Operator Identifier being present as specified in 3GPP TS 23.003 [5] sub-clauses 9.1.1 and 9.1.2, 3GPP TS 23.060 [3] Annex A and 3GPP TS 23.401 [2] sub-clauses 4.3.8.1.
In a pooled SGSN scenario each SGSN may have only a subset of IMSIs registered. An SGSN shall report the APN information only for the IMSIs it knows.
For a single NqAP-APN-INFORMATION-REQUEST message from the RCAF, the SGSN may send multiple NqAP- APN-INFORMATION-RESPONSE messages. 

Editor’s Note:
It is FFS whether to define an additional option to allow the SGSN to use a push mechanism to report delta change APN information to the RCAF.

Editor’s Note:
It is FFS whether every NqAP-APN-INFORMATION-REQUEST message shall always have at least one NqAP-APN-INFORMATION-RESPONSE message.
* * * End of Changes * * * *

