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Abstract of the contribution: The paper analyses mobility scenarios B and D described in S2 -142356 and proposes an optimized solution to resolve outstanding issues.
Introduction

At SA2#104, S2-142356 analyzed the Np mobility scenario and had a result that scenarios B and D can lead to invalid congestion handling at the PCRF. This contribution is trying to analyze the scenarios B and D again and give a new point of view from our side. Finally, a new solution is provided.

Np mobility scenarios
///////////////////////////////////////////////////////////////////Excerpt from S2-142356//////////////////////////////////////////////////////////////
Scenario B: 
UE moves from congested cell X (served by RCAF A) to congested cell Y (served by RCAF B)

During this scenario RCAF B will determine the UE’s IMSI in congested cell Y and will report the congestion level of cell Y for the UE’s IMSI to the serving PCRF(s).

When RCAF A retrieves the list of IMSIs served by cell X, the UE’s IMSI will not be amongst the IMSIs in that list anymore. Consequently, RCAF A will report the non-congestion state for the UE to its serving PCRF(s). Based on this the PCRF would (falsely) consider the UE to be served by an uncongested cell. This is especially problematic if the congestion reporting from RCAF A about non-congested state arrives to the PCRF later than RCAF B’s report about the congested state, since in that case the PCRF could falsely consider the UE to be permanently non-congested. 

Conclusion 5: An RCAF change as part of a UE moving from a congested cell X (served by RCAF A) to a congested cell Y (served by RCAF B) can lead to invalid congestion handling in the PCRF based on congestion reports from RCAF A. This is especially problematic in case RCAF B’s report arrives to the PCRF later than RCAF A’s report, since in that case the PCRF could falsely consider the UE to be permanently non-congested. 
///////////////////////////////////////////////////////////////////Excerpt from S2-142356//////////////////////////////////////////////////////////////
Analysis from ZTE: 
When RCAF A retrieves the list of IMSIs served by cell X, the UE’s IMSI will not be amongst the IMSIs in that list anymore. Actually the RCAF A does not know the real status of UE at this time. (Because UE may moved to another congested cell or uncongested cell) Consequently, RCAF A will report Unknown state for the UE to its serving PCRF(s). Because the PCRF has already update the stored information based on the report from the RCAF B, the PCRF checks that the RCAF reporting the latest RUCI (RCAF A) is different from the RCAF (RCAF B) stored in the PCRF, the PCRF shall not update the store the information if the latest RUCI indicates the Unknown state for the UE. 

///////////////////////////////////////////////////////////////////Excerpt from S2-142356//////////////////////////////////////////////////////////////
Scenario D: 
UE moves from congested cell X (served by RCAF A) to congested cell Y (served by RCAF B) and returns to congested cell X (served by RCAF A)

This is a variation of scenario B where after RCAF B has detected the UE in cell Y and informed the PCRF accordingly the UE moves back to cell X (served by RCAF A). However, if the congestion status at cell X has not changed then RCAF A will not inform the PCRF. This results in the PCRF to incorrectly conclude that the UE is still served by RCAF B with the congestion level as reported by RCAF B for cell Y. 

Once RCAF B does not detect the UE in cell Y anymore it will send the no congestion state to the PCRF. Upon this, the PCRF will incorrectly consider the UE to be in an uncongested cell. 

Conclusion 5: An RCAF change as part of a UE moving from a congested cell X (served by RCAF A) to a congested cell Y (served by RCAF B) and shortly after back to cell X can lead to false congestion reports from RCAF B and subsequently to the PCRF mistakenly considering the UE to be in an uncongested cell.
///////////////////////////////////////////////////////////////////Excerpt from S2-142356//////////////////////////////////////////////////////////////
Analysis from ZTE: 
If the congestion status at cell X has not changed since last report, the RCAF A still needs to report the RUCI periodically because of following two reasons: (1) RCAF A needs to report the RUCI with updates IMSI list, if any UE which located in the cell X in the last report moves out of the cell X. For the E-UTRAN, when the RCAF receives the congestion status of cell X from the OAM, the RCAF A needs to check with the MME if the IMSI list under the Cell X has been changed. For the 2G/3G, the RCAF A can check if the IMSI list under Cell X has been changed directly. In the most of cases, the IMSI list is changed since the last report. (2) RCAF A can’t make sure the congested status reported by the RCAF A is not changed, e.g. UE moves to a cell which is congested and then the status of cell is changed to uncongested and corresponding RCAF detects the change. RCAF will report uncongested status with IMSI list include the UE’s IMSI for the cell. As the result, the status of the UE will be updated to the uncongested in the PCRF.

When the PCRF receives the report from the RCAF A which included IMSI of UE, the PCRF will conclude that the UE is served by the RCAF A. Once RCAF B does not detect the UE in cell Y anymore it will send the Unknown state for UE to the PCRF. But again the PCRF check the latest RUCI(from the RCAF B) is different from the RCAF stored in the PCRF (Updated by the RCAF A), the PCRF shall not update the store the information if the latest RUCI indicates the Unknown state for the UE.
New Np mobility solution
According to the above analysis, a new solution is proposed.

The proposed solution requires the PCRF and RCAF nodes to observe the following rules.
PCRF:

If the PCRF receives the RUCI with Congested status for an IMSI, PCRF shall update the context of IMSI in the PCRF;
If the PCRF receives the RUCI with Uncongested status for an IMSI, PCRF shall update the context of IMSI in the PCRF (It will happen that the status of cell is changed from congested to the uncongested and RCAF really knows that the UE is under this uncongested cell);
If the PCRF receives the RUCI with Unknown status for an IMSI, PCRF shall behave as follows:

· If the RUCI is reported by the same RCAF as the one stored in the PCRF, the PCRF shall update the context of IMSI in the PCRF with the Unknown status. PCRF considers this status as uncongested when PCRF makes the policy;

· Otherwise, the PCRF shall not update the context of IMSI in the PCRF.
RCAF:

If the RCAF received a report which congested status for a cell, RCAF shall behave as follows:

· if there is not status stored in the RCAF (i.e. the cell is never congested before) or status stored in the RCAF is uncongested, the RCAF gets all the IMSI of the UE current under the cell and then report RUCI with congested status together with IMSI list.
· If the status stored in the RCAF for this cell is congested, the RCAF gets current IMSI list under the cell. For the IMSI which has been already stored in the RCAF since last report and exists in the current IMSI list, the RCAF reports the Congested status with the IMSI. For the IMSI which has been already stored in the RCAF since last report but does not exist in the current IMSI list, the RCAF report the Unknown status with the IMSI. 
If the RCAF received a report which uncongested status for a cell, RCAF shall behave as follows: 
· If the status stored in the RCAF for this cell is congested, the RCAF gets current IMSI list under the cell. For the IMSI which has been already stored in the RCAF since last report and exists in the current IMSI list, the RCAF reports the Uncongested status with the IMSI. For the IMSI which has been already stored in the RCAF since last report but does not exist in the current IMSI list, the RCAF report the Unknown status with the IMSI. 
Conclusion
As described in the new proposal, the PCRF does not need to remove the obsolete information in the old RCAF and the signalling from the PCRF to the old RCAF as proposed in S2-142356 is saved. We kindly asked SA2 to have a deep research on these two proposals.
Annex

Example for applying the above principles to scenario B.
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Figure 1. Call flow

Step 101: RCAF1 receives the RAN congestion information including the ID of Cell X which is congested.

Step 102, RCAF1 retrieves the IMSI list and activated APNs of the Cell X including the IMSI1 and APN1;

Step 103, RCAF1 generates the RUCI;

Step 104, RCAF1 reports the RUCI including RUCI of IMSI1 (IMSI1, congestion level, RCAF1 ID)

Step 105: If the RCAF1 does not have the congestion information of IMSI1 yet, RCRF1 updates the context of IMSI1 based on the RUCI. PCRF1 determines that UE1 is under the congested cell;

UE1 moves from the Cell X to the Cell Y;

Step 106: RCAF2 receives the RAN congestion information including the ID of Cell Y which is congested.

Step 107, RCAF2 retrieves the IMSI list and activated APNs of the Cell Y including the IMSI1 and APN1;

Step 108, RCAF2 generates the RUCI;

Step 109, RCAF 1 reports the RUCI including RUCI of IMSI1 (IMSI1, congestion level, RCAF2 ID). 

Step 110: PCRF1 determines that this is a new RUCI related to the IMSI1. According to the RCAF2 ID which is different from the RCAF 1 ID and congestion level in the RUCI, PCRF1 determines that UE1 has moved to a new congested cell. PCRF1 updates the context of IMSI1 based on the RUCI. PCRF1 determines that UE1 is under the congested cell;

Step 111: RCAF1 receives the RAN congestion information including the ID of Cell X which is congested.

Step 112, RCAF1 retrieves the IMSI list and activated APNs. Because UE1 has move to the Cell Y, the IMSI1 is not included in the IMSI list;

Step 113, RCAF1 generates the RUCI

Step 114, RCAF1 reports the RUCI including the RUCI the IMSI1 (IMSI1, Unknown, RCAF1 ID);

Step 115: PCRF1 determines that this is a new RUCI related to the IMSI1. According to the RCAF1 ID and Unknown status in the RUCI, PCRF1 determines not to update the context of IMSI1. So the status of the UE is still congested.
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