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1 Introduction
1.1 Problem definition
The problem to solve is defined as follows:

A UE is handed over from a source cell in a source RAT (A) to a target cell in a target RAT (B) different from the source RAT, and where the UE is being handed over back to a cell in the source RAT (A) within a “definable limited time”. Also, if the UE stays at the target RAT still within the “definable limited time”, but passes through more than one cell before returning to the source RAT, should also be considered as an inter-RAT ping-pong. The detection is always in the cell of the same RAT as the cell where the correction should be made: at 3G, when the UE returns from LTE, the problem can be detected at the RNC; at LTE, the UE may return to other cell that the one that started the ping-pong, but within the “definable limited time” the UE is expected to return to an eNB connected to the source eNB via X2.
The solution focuses on problem detection. Following assumptions for the solutions were made:

· At 3G, when the UE returns from LTE, the problem can be detected at the RNC;

· At LTE, the UE may return to other cell that the one that started the ping-pong, but within the “definable limited time” the UE is expected to return to an eNB connected with X2 to the eNB that started the ping-pong;

1.2 Identified solutions

Solution 1:

· The UE history information shall be enhanced with the HO cause value, to enable detect problems caused by traffic steering (including load balancing).

· X2AP class-2 procedure shall be defined (or existing enhanced) to enable informing the eNB that started the ping-pong about the problem (in case the UE returns to other eNB than the one that started the ping-pong).

· SA5 support to configure the solution and to collect statistics, is required.

Solution 2 (applies for L->U->L)
· The IRAT Measurmeent Configuration IE may be enhanced with an IRAT Ping Pong detection timer
· UE history information and unnecessary IRAT handover measurements may be used by target RAT for flagging potential IRAT Ping Pong occurrences to source RAT via a new inidication in HO Report IE
· Detection of IRAT Ping Pong at source RAT shall occur by means of information received via RIM in HO Report IE
Solution 3 (applies for L->U->L)
· Adding IRAT measurement result in UE history information in case IRAT Measurmeent Configuration IE has been transferred to the UTRAN and LTE signal exceeds the configured threshold during the time UE stays in UTRAN. When the UE returns to LTE from UTRAN, based on the enhanced UE history information, the source RAT(LTE) makes the detection of inter-RAT pingpong.

· Candidate LTE cells as well as an indication (i.e. inter-RAT pingpong) should be included in the X2-AP message to help the concerned eNB which starts the pingpong find more suitable target LTE cell than UTRAN (in case the UE returns to other eNB than the one that started the ping-pong).
2 Discussion

2.1 Benefits of detecting ping pong

Consider the following scenario: The network is deployed with a mature UTRAN coverage and a spotty E-UTRAN coverage, or E-UTRAN coverage limited to areas with large capacity requirements. The network is configured with a traffic steering policy pushing LTE capable UEs to hand over to E-UTRAN when possible to free some capacity in UTRAN cells for non-LTE capable UEs.  
The parameter setting would typically be selected in such a way that the LTE capable UEs stay as long as possible in the E-UTRAN cells. When the serving cell quality is approaching a minimum level to support the connection, the UE is handed over to UTRAN. The network may or may not also consider the measured quality of the target RAT (UTRAN) before handing over.

In the other direction, the mobility is triggered by traffic steering, so it is likely that the serving cell quality in UTRAN is not considered as a trigger, but rather only the measured quality of the target RAT (E-UTRAN). 

In order to prevent inter RAT ping pong, the difference between the serving cell criteria in the handover from E-UTRAN to UTRAN and the target cell criteria in the handover UTRAN to E-UTRAN should be configured with an appropriate  margin. This can be designed to control the inter RAT ping pong caused by signal variations due to for example UE mobility and shadow fading on a reasonable level. Using a smaller margin would enable an earlier hand over from UTRAN to E-UTRAN (more efficient usage of the LTE cell) but may also lead to more inter RAT ping pong. A larger margin on the other hand would reduce the inter RAT ping pong while leading to a more inefficient usage of the E-UTRAN cells.
Hence, the analysis of ping pong events are very important when trying to achieve the important trade-off between efficient usage of LTE capacity and keeping the inter RAT ping pong on a reasonable level.

Observation 1: It would be beneficial to make it possible to take detection of inter RAT ping pong events into account for IRAT MRO

2.2 Properties of the suggested solutions

The proposed solutions differentiate in the following aspects:

· Direction – Solution 1 applies for both directions whereas solution 2 and 3 can only be used for ping pongs occurring from E-UTRAN->UTRAN->E-UTRAN

· Transport – Solution 1 and 3 reuses the UE history information to transfer the information between RATs. Solution 2 uses RIM for this. 
· Additional UE measurements: Solution 2 and 3 enables the configuration and collection of additional UE measurements of the source RAT while being in the target RAT. Note however that the collection of additional UE measurements require that the UEs are performing these measurements before it is known that the UE will encounter ping pong. 
Observation 2: Solution 2 relies on RIM signalling and it has previously been agreed that RIM signalling should be used very carefully in order not to congest the involved CN nodes.

Observation 3: Solution 2 and 3 is providing more information but can probably not be used frequently (rather on-demand) since it requires that the UE performs inter RAT measurements.
3 Possible solution
We propose to define a solution to enable two-steps.

· Statistics collection – in this step, statistics are collected without the need for intrusive UE measurements

· Detailed analysis – in this step, additional UE measurements are performed to further investigate the root cause of the ping pong

The idea of using this two-step approach is that detection is first configured without additional UE measurements, and when a problem has been discovered, additional measurements may be configured for a specific inter RAT cell pair.
Solution 1 is most suited for the initial step since it does not require intrusive inter RAT measurements and since it supports collection of statistics for ping pong events initiated in both UTRAN and E-UTRAN. 

Solution 2 or 3 may be used for the second step but only for ping pongs from E-UTRAN->UTRAN-> E-UTRAN. The drawback of using solution 2 for the second step is that this requires RIM signalling. Yet another possibility is to use MDT to collect additional UE measurements.
Proposal 1: Agree that solution 1 is used for detecting ping pong events from ping pong originating from both UTRAN and E-UTRAN.

Proposal 2: Discuss whether there is a need to define a solution for a second step, using solution 2, 3 or MDT to collect additional information (UE measurements) for inter RAT ping pong events from E-UTRAN.

4 Conclusions
We propose:
· Proposal 1: Agree that solution 1 is used for detecting ping pong events from ping pong originating from both UTRAN and E-UTRAN.

· Proposal 2: Discuss whether there is a need to define a solution for a second step, using solution 2, 3 or MDT to collect additional information (UE measurements) for inter RAT ping pong events from E-UTRAN.
