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1. Introduction
As per stage 2 procedures for UPCON, the RCAF queries or gets the list of impacted IMSIs and APNs for a given congested cell / eNodeB from the MME and the list of APNs used by a given set of IMSIs from the SGSN.

Stage 2 has left whether RCAF uses pull mechanism to get the information from MME and/or SGSN or MME and/or SGSN periodically pushes/notifies the list of IMSI / APN to RCAF, decision to stage 3. This is evident from the following note in 3GPP TS 23.401 (added in S2-142876)
NOTE 4:
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.
For both the push/notify and pull mechanisms, the MME/SGSN can either send the full list of IMSI/APNs for the congested cell or the MME/SGSN can send the full list for the first time, but for subsequent updates, they can send the delta changes from last update. Stage 3 should first decide whether the information across the Nq/Nq' interface from MME/SGSN to the RCAF is sent as a full report or a delta report and for the selected reporting mechanism whether the pull model fits best or the push/notify model fits best.
This paper analyses the following aspects and proposes a conclusion.

1. Sending the full list of IMSI/APN under a given ECGI / eNodeB in each report vs sending the full list for the first time and sending delta changes thereafter.
2. For the each mechanism analyse how the pull mechanism works and how the push/notify mechanism works.
2. Full Reporting Mechanism
The RCAF can query (pull mechanism) the MME and SGSN periodically to provide the list of IMSI/APNs for a given ECGI/eNodeB ID or the list of APNs for a given set of IMSIs respectively, and the MME / SGSN can return the current snapshot of the complete list of IMSIs / APNs under the given ECGI/eNodeB ID or the current snapshot of all the APNs used by each IMSI queried by the RCAF.

This requires,

1. MME to maintain the list of IMSIs under each queried ECGI / eNodeB.

2. SGSN to return the list of APNs used by each IMSI queried.

3. RCAF to compare the received full list with the earlier received list to identify which IMSI / APNs are new and which have left, so as to trigger the Np level RUCI reporting.

Alternatively instead of RCAF querying MME/SGSN periodically, it may request MME/SGSN to periodically report (push/notify mechanism) the full list of IMSI/APNs for a given ECGI / eNodeB Id. 

Whether the RCAF queries and pulls the information or requests the MME/SGSN to push the information periodically, the requirements on the MME/SGSN and RCAF are same as listed above.
3. Delta Reporting Mechanism
3.1
Delta Reporting on Nq

The following are the sequence of steps involved when delta reporting mechanism is used on the Nq interface (RCAF-MME)

3.1.1
Delta Reporting with Pull Mechanism on Nq:

1. The RCAF periodically queries the MME to return the list of IMSIs / APNs under a given congested cell (ECGI) / eNodeB.

2. For the first query, the MME returns in response, the full list of IMSIs / APNs under the given ECGI / eNodeB.

3. After this, MME internally collects the following lists

a. List of IMSI / APNs that newly entered the congested ECGI / eNodeB since the last report.

b. List of IMSIs that left the congested ECGI / eNodeB since the last report.

4. When the RCAF subsequently queries MME, these delta change lists are reported back to RCAF. If there are no changes, these lists can be empty.

5. If the RCAF detects that the ECGI / eNodeB has gone out of congestion, the RCAF needs to explicitly update the MME to stop collecting the delta change report so that MME can free these data structures.

3.1.2
Delta Reporting with Push Mechanism on Nq:
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The RCAF gets the list of congested cells from the E-UTRAN through OAM.

1. RCAF informs the list of congested cells (ECGI) / eNodeBs along with an expected periodicity of report to the MME.
2. Upon receiving the request, the MME walks over the subscribers' MM context and identifies the IMSIs that are currently under the given congested cell / eNodeB.
3. MME immediately sends the current list of IMSIs under the congested cells / eNodeBs and the APNs used by each IMSI. If it is not possible to encode all the IMSIs and APNs in one message (due to potentially large number of IMSIs and APNs), it should be allowed to report the list as multiple notifications with the last message of a particular reporting interval, providing an "end of reporting" flag.
a. After sending the initial list, the MME starts a timer for the periodicity of report requested by the RCAF. MME also resets the delta report list.
4. After sending the initial list, the MME internally collects a delta report with the following information
a. List of IMSIs that entered the congested cells / eNodeBs along with their respective APNs, after the last report to the RCAF.
b. List of IMSIs that left the congested cells / eNodeBs after the last report to the RCAF.
5. At the expiry of the timer, the MME pushes the delta report collected as mentioned in step 4, to the RCAF. After pushing the delta report, the MME then repeats the steps 3a to 5.
NOTE 1: 
The RCAF gets the full list only the first time. After that it is only the delta changes that are reported to the RCAF thus reducing the message size of successive reports.

NOTE 2:
If there are no delta changes at MME for a particular period, the MME does not send any delta notification to RCAF for that period.

6. RCAF acknowledges the delta report sent from MME
7. Once the RCAF knows that a given cell is no longer congested, it requests the MME to stop reporting delta changes.
3.2
Delta Reporting on Nq'
The following are the sequence of steps involved when delta reporting mechanism is used on the Nq' interface (RCAF-SGSN)

3.2.1
Delta Reporting with Pull Mechanism on Nq':
Unlike Nq, on the Nq' interface the RCAF explicitly queries the SGSN to give the APNs used by a list of IMSIs. This list of IMSI can change during every query at the RCAF. So if the RCAF is expecting a delta change report from SGSN since the last report, it should send the IMSIs in two separate lists from subsequent request onwards

1. List of IMSIs that are retained since the last query

2. List of new IMSIs

The SGSN will return the delta change only for the first list. It will use the second list to prepare the delta change for the next report. Any IMSI that the SGSN is already tracking since the previous report, but it is not there in either of the above two lists are the IMSIs that have left the congested cell. The SGSN will stop collecting delta changes for such IMSIs.

3.2.2
Delta Reporting with Push Mechanism on Nq':
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RCAF gets the list of IMSIs under a congested cell from the RNC.

1. RCAF informs the list of IMSIs under the congested cells along with an expected periodicity of report to the SGSN.
2. For each of the IMSI provided by RCAF, SGSN walks over the PDPs activated for them and gets the APNs used for those PDPs.
3. The SGSN immediately sends the current list of APNs used by the IMSIs under the congested cells. If it is not possible to encode the APNs for all the IMSIs in one message (due to potentially large number of IMSIs), it should be allowed to report the list as multiple notifications with the last message of a particular reporting interval, providing an "end of reporting" flag.
a. After sending the initial list, the SGSN starts a timer for the periodicity of report requested by the RCAF. The SGSN also resets the delta report list.
4. After sending the initial list, the SGSN internally collects a delta report with the following information
a. A tuple of form <IMSI, APNs of PDPs newly activated after last report, APNs of PDPs deactivated after last report>.
5. At the expiry of the timer, the SGSN pushes the delta report collected as mentioned in step 4, to the RCAF.
6. If the RCAF has received a new set of IMSIs that have entered the congested cell(s) / the set of IMSIs that have left the congested cell(s), then in response to the delta report pushed from SGSN, the RCAF returns the following tuple <list of IMSIs to be added for tracking, list of IMSIs to stop tracking>.
7. If there are no delta changes at the SGSN when the timer expired, then steps 5 and 6 are skipped. The RCAF waits for SGSN to push the delta changes at the intervals it has requested SGSN to report. If the SGSN did not send any report to the RCAF at a particular interval, and if the RCAF has an updated IMISI list for that interval, it can issue an Update IMSI list to SGSN. This step is conditional.
The SGSN and RCAF repeat steps 3a to 6 (or) 7.
8. Once the RCAF knows that a given cell is no longer congested, it requests the SGSN to stop reporting delta changes for all the IMSIs.

4. Comparison of Full Report vs Delta Reporting Mechanism:

The following table compares the full reporting mechanism against the delta reporting mechanism

	Sl.No
	Comparison Vector
	Full Report
	Delta Report

	1
	Ease of implementation
	Easy. MME / SGSN need not maintain an internal list of delta changes from previous period to current period. 


Status: 
	Not complex. Maintaining a list of delta changes from the last period of reporting is not very complex. But it adds to memory utilization at the MME / SGSN.
Also on the Nq' interface, implementing delta report with the pull mechanism involves, the SGSN updating its current list of tracked IMSIs every time (if the list of IMSIs queried by RCAF has changed)
Status: 

	2
	Execution Efficiency
	Poor. RCAF has to compare the list received every time with the last received list to get the delta, since RCAF has to inform the PCRF over Np to about the RUCI for the delta changed IMSI / APNs.

Status:
	Good. Since MME/SGSN only reports the delta every time along with whether a particular IMSI added or moved away from a cell, it is very easy for RCAF to process this delta and update the PCRF over Np.

Status: 

	3
	Protocol Efficiency – Number of Messages Required

	Every periodic messaging involves 2 messages – the request from RCAF and the response from MME/SGSN or the push from the MME/SGSN and the Ack from RCAF.

Status:
	Every periodic messaging involves 2 messages. Additionally when the congestion eases, the RCAF has to update MME/SGSN to stop reporting any further. However this additional message is offset by the no need to send any delta change update in the push mechanism if there are no delta changes since last report.

Status:


	4
	Protocol Efficiency – Size of each message

	Every periodic messaging contains full list (could potentially run into 1000s of IMSIs)

Status:
	Every periodic messaging only carries the delta from last reported. If there are no changes, then in pull mechanism, the list will be empty and in push mechanism there is no report generated at all.
Status:


From the comparison table above, it is very clear that delta-reporting mechanism has significant advantages in terms of execution and protocol efficiency. In the subsequent sections how the delta reporting mechanism fits into pull / push mode is investigated.
5. Handling Restoration Scenarios with Delta Reporting
When delta reporting is used, then it is important to understand how the mechanism would work in the event of MME/SGSN and RCAF restarts. This section discusses them.

5.1
Handling MME/SGSN Restarts:
If the MME / SGSN restarts after the RCAF has armed the MME / SGSN with a delta reporting period, then the RCAF has to re-arm the MME / SGSN for the reporting after the MME / SGSN restarts. The RCAF detects the restart of the MME / SGSN through the mechanisms specified in the protocol to be used on the Nq / Nq' interface.

5.2
Handling RCAF Restarts:

If the RCAF restarts after it has armed the MME / SGSN with a delta reporting period, then the RCAF would anyways have lost all its earlier context and would start building congested cells information from the OAM fresh. Hence it would trigger re-arming of the delta reports from MME/SGSN for the congested cells.

When the MME/SGSN detect the RCAF restart through protocol specific mechanism, they can stop notifying the delta reports to RCAF until the RCAF re-arms them.

6. Handling Load Rebalancing TAU Triggered Race Condition in Pooled Scenarios with Delta Reporting

In a pooled MME scenario, it is possible that between two reporting intervals a UE was moved from one MME to another MME due to load re-balancing TAU. In such cases, one MME would report the UE to be out of the cell and the other MME would report the UE to be in the cell, during the next reporting interval. These messages can be received at the RCAF in any order and may cause race conditions. This race condition can be solved with a simple mechanism as given below.

Solution: The RCAF shall only accept any delta report of UE leaving a congested cell if it is coming from the same MME that reported the presence of the UE in that cell.
NOTE:
In a pooled scenario, the initial request about periodic delta reporting of UEs in that cell would have gone to all the MMEs in the pool. When UE moves from one MME to another MME in pool due to load re-balancing, the new MME will provide “UE entering the cell” delta report. 
Now consider the following sequences:

Case 1: Old MME reports UE leaving cell before new MME reports UE entering cell:
1. Since old MME is the one reporting the leaving, this will satisfy the condition given in the solution above. So RCAF will accept it and will think UE left congested area (which is momentarily true because UE is made to go IDLE)

2. Now new MME reports UE presence in the cell. The RCAF will accept it anyways.
Case 2: Old MME reports UE leaving cell after new MME reports UE entering cell:
1. When new MME (say MME X) reports UE entering cell, RCAF will note in the UE context that the MME reported is X.

2. Old MME Y reports UE leaving. Y != X in UE context at RCAF. As per the condition specified in the solution above, the RCAF will ignore this report.
7. Conclusion and Proposals 

From the analysis it can be concluded that 
1. Reporting the full list of IMSI / APNs every time in both pull and push/notify mechanisms is inefficient.

2. If delta reporting is used then there are advantages in push mechanism
a. When there is no delta change, nothing is reported and hence messages are saved. 
b. Helps in splitting huge messages (due to large number of IMSIs and APNs) into multiple smaller notifications. 
Hence it is proposed that the normative work on Nq/Nq' interface uses the delta reporting through push/notify mechanism to provide the IMSIs / APNs under a given congested cell to the RCAF from MME / SGSN.
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