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1 Introduction
During RAN3#76 a way forward document was drafted and cosigned by a number of companies in [1]. In the way forward document the following two steps (which we call phases here to avoid confusion) were proposed for the detection and correction of IRAT Ping Pong events:
Phase 1: The method based on enhanced UE History Information (HO cause value added) and possible PP indication on X2 is assumed;

Phase 2: The method based on the unnecessary HO to another RAT procedure is assumed;

During the course of RAN3#76 it was agreed to use phase 1 above as the mechanism to detect potential Ping Pong events. However, a conclusion on phase 2, i.e. the phase according to which it is detected whether the Ping Pong event can be corrected or not, was not achieved. 

This paper explains that the currently available functionalities for unnecessary IRAT handover detection are sufficiently adequate to fulfil phase 2. The paper therefore proposes to reuse such functionalities.
2 Reuse of Unnecessary IRAT Handover Detection
The agreed phase 1 relies on the target eNB to detect the presence of a potential IRAT ping pong from the UE History Information IE. The proposal is to enhance the UE History Information with HO cause values, so that the target eNB can understand if e.g. the first and/or second handover in the ping pong was a “Handover desirable for radio reasons” or a “Resource optimisation handover” (see Cause IE in TS36.413). For example, if both handovers are for resource optimisation it could be already deduced that mobility across different RATs is due to load conditions and therefore the ping pong event is most likely not due to misconfiguration of IRAT mobility parametersb. In this case the target eNB may decide not to flag a potential IRAT Ping Pong to the source eNB.
On the contrary, when the UE History Information does not allow to unequivocally determine whether the ping pong can be corrected, the proposal is that the target eNB (eNB3 in Figure 1) would notify the source eNB (eNB1 in Figure 1) of the IRAT ping pong event via an X2 message. It is a shared understanding that “potential IRAT ping pong” notifications via X2 will be interpreted statistically, i.e. an attempt to correct the ping pong event will be made only after a frequent enough number of notifications have been sent/received.
It needs to be observed that once a potential IRAT ping pong event has been flagged for a sufficient number of times, both source and target eNBs are aware that there is a potential mis-configuration in the IRAT handover parameters.
The only way identified so far to understand if the ping pong is avoidable (i.e. due to handover parameters mis-configuration) is to trigger IRAT measurements in 3G and use the results of these measurements to determine if the LTE coverage is continuous and therefore handovers to 3G are unnecessary.

The latter implies that at the start of any procedure for Phase 2 there will have to be configuration of the IRAT Measurement Configuration IE contained in the Source RNC to Target RNC Transparent Container IE sent by the source eNB to the target RNC, which allows collection of IRAT measurements while in 3G. 
If no changes to current specifications are made, and if LTE coverage while in 3G fulfils the thresholds set in the IRAT Measurement Configuration IE, the RNC receiving the IRAT Measurement Configuration IE will respond with a RIM message containing a HO Report IE. This IE includes the LTE cells providing good enough coverage while in 3G and therefore some or all of those cells can be used as handover target instead of the 3G cell by means of updating mobility inter RAT and intra RAT thresholds. The latter will resolve the IRAT ping pong case, as shown in Figure 1, where, if IEs marked as “optional” are excluded, the procedures utilized are already supported.
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Figure 1: Phase 2 – Validation of IRAT Ping Pong event by means of unnecessary IRAT handover detection
With respect to Figure 1, an important observation is that after Phase 1 is completed (as per introduction section) and potential IRAT ping pongs have been detected, eNB3 could also start unnecessary IRAT handover detection. Namely, for those UEs handing over from Cell 3 to Cell 2, eNB3could decide to start unnecessary IRAT handover detection in order to gather more information about the possible mis-configuration. 
Hence by means of existing specifications both source and target eNBs (eNB1 and eNB3 in Figure 1) can gather an understanding of whether the ping pong event is avoidable and how it could be corrected.

Observation 1: Existing specifications allow both source and target eNBs to detect if an IRAT ping pong is avoidable and to take corrective measures
3 Possible Optimisation of Current Procedures
As shown in Figure 1, current procedures described in section 2 could be optimised by means of minimal changes in order to allow a clearer detection of the IRAT ping pong event.
For example, two possible improvements could be adopted at signalling level:

1) To add a Ping Pong detection timer to the Source RNC To Target RNC Transparent Container IE:

This addition would allow the source eNB to tailor the detection to its own specific criteria. Such criteria could change from cell to cell due to e.g. type of deployments (HetNet, wide area, etc.). 
Alternatively, a common ping pong timer could be held by each involved base station for potential ping pong detection (i.e. phase 1), which could be configured via e.g. OAM.
2) To add a new HO Report Type value (e.g. HO Report Type = Early IRAT Handover) included in the HO Report IE:
This addition would help the source eNB to understand that the HO Report received indicates a ping pong event. Namely, the cause value helps understanding that a new outgoing inter-RAT handover towards LTE occurred within the configured measurement duration and the measurements up to the handover occurrence have fulfilled the established thresholds.

Not that the addition of a new value for the HO Report Type IE is important to understand that the IRAT handover interrupting the measurement period is towards LTE and not towards other systems. If the handover was towards other systems no report should be sent as it cannot be deduced if the handover is avoidable. Further, the new value helps to evaluate if the corrective measure to take are due to ping pong (case of IRAT HO back to LTE, where corrective measures could also be applied to 3G) or if the corrective measure to take are purely due to wrongly set mobility parameters in the source LTE (case of full measurement duration completion with measurements fulfilling the thresholds). 

A further improvement would consist of updating the functional description of the Unnecessary IRAT Handover Detection feature. In fact, TS25.413, section 9.2.1.96 quotes the following:

“No HO Report shall be sent in case no E-UTRAN cell could be included, or if the indicated period of time is interrupted by a new outgoing inter-RAT handover or by an intra-UMTS handover with SRNC relocation.”

The above description should be amended to say that if an outgoing handover towards LTE occurs within the measurement period and if the thresholds up to the handover occurrence have been fulfilled, the HO Report may still be sent. The latter, in combination with a new HO Report Type cause “Early IRAT Handover” should clearly indicate that the HO Report corresponds to an IRAT Ping Pong event. The sentence could be modified as follows:

“No HO Report shall be sent in case no E-UTRAN cell could be included, or if the indicated period of time is interrupted by a new outgoing inter-RAT handover or by an intra-UMTS handover with SRNC relocation. An HO Report may be sent if a new outgoing inter-RAT handover towards LTE occurs within the measurement interval and if the HO Report Type IE is set to “Early IRAT Handover””
Observation 2: By means of minimal changes to existing unnecessary IRAT handover procedures it is possible to improve detection of IRAT ping pong
4 Conclusions

This paper described how existing procedures for unnecessary IRAT handover detection can be reused to fulfil Phase 2 of the IRAT ping pong avoidance solution.
The following observations were captured:

Observation 1: Existing specifications allow both source and target eNBs to detect if an IRAT ping pong is avoidable and to take corrective measures
Observation 2: By means of minimal changes to existing unnecessary IRAT handover procedures it is possible to improve detection of IRAT ping pong
Changes proposed as part of Observation 2 can be found in [2], [3] and [4].
The authors believe that invoking of Phase 2 in the IRAT ping pong avoidance solution will be a seldom event. As such design of solutions for Phase 2 should be aimed at minimising impacts on the existing specifications. 
For these reasons the reuse of unnecessary IRAT handover procedures seems to be adequate enough, as it fulfils the tasks required and it is supported by current specifications. The following is therefore proposed:
Proposal: It is proposed to reuse unnecessary IRAT handover procedures for phase 2 of the IRAT ping pong avoidance solution.
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