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1. Introduction

During RAN3#75 and post meeting email discussions it was agreed to include in the scope of the SON Enhancements WID also the case of IRAT Ping Pong.
The definition of IRAT Ping Pong as agreed in [1] is as follows:
Inter-RAT ping-pong resolution: 
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.

This contribution discusses the general problem of IRAT Ping Pong and proposes solutions with minimum impact on current specifications to resolve it.

2.  Problem Description

As mentioned in section 1 the problem of IRAT Ping Pong has been clearly defined in RP-120314. In such description it is already mentioned that 
“at 3G, when the UE returns from LTE, the problem can be detected at the RNC”

The presence of this sentence derives from the fact that, during discussions on the IRAT Ping Pong scenario, it seemed appropriate to limit the scope of the problem to cases where the UE performs Ping Pong within one 2G/3G RNS. Namely, in cases of 3G-LTE-3G Ping Pongs, the UE would return to a 3G cell within the same RNC domain and, in cases of 2G-LTE-2G Ping Pongs, the UE would return to a 2G cell within the same BSS domain. 
In cases of LTE-2G/3G-LTE Ping Pongs, due to the flat LTE architecture, it was assumed that Ping Pong detection should be triggered also when the UE comes back to a cell served by an eNB different from source eNB.
Observation 1: For 2G/3G-LTE-2G/3G Ping Pong cases, Ping Pong detection is triggered only when the UE returns to a cell within the source RNS domain (i.e. within source RNC/BSS domain).
On the basis of Observation 1, it is straightforward to understand why Ping Pong detection in 2G/3G-LTE-2G/3G cases is already possible without any further changes to the specifications. In fact, the target RNS (which is also the source RNS) will receive the UE History Information IE as part of the LTE->2G/3G handover signalling and from that it will be able to detect a Ping Pong event. 

The 2G/3G RNS will therefore be able to modify its IRAT handover policy towards LTE in order to avoid future occurrences of the IRAT Ping Pong.

Conclusion 1: 2G/3G-LTE-2G/3G Ping Pong cases can be detected and resolved within the source 2G/3G RNS involved without any changes to current specifications.
The scenario not addressed by the conclusion above is the one where LTE constitutes the final target RAT. In the next section solutions to address this problem will be presented.
3. Analysis and Potential Solutions

As an example of the Ping Pong scenario under analysis let’s consider the case in Figure 1.
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Figure 1. Example of 3G-LTE-3G Ping Pong


In such figure the UE connects to Cell1 of eNB1, thereafter it hands over to Cell2 of RNC1 and finally it hands over to Cell3 of eNB3.

According to the definition quoted in section 1, if the UE is handed over back to Cell3 within a pre-configured time from the first handover to Cell2, then the case under analysis can be considered IRAT Ping Pong. 
Note that this case of Ping Pong is different from a “classic” case of Ping Pong within the same RAT. Indeed, in a classic Ping Pong case, a UE is handed over between cells not because of mobility, but because of radio signals fluctuation, e.g. even in cases of static UEs. In the IRAT case, due to the frequency thresholds configured during IRAT mobility, it is unlikely that a UE will be handed over between cells even when not moving. It is plausible to think that an IRAT Ping Pong case would occur when the UE is moving.
Therefore, an important factor to consider in the detection and resolution of IRAT Ping Pong cases is whether the handover to the “middle cell” can be avoided or whether it is absolutely necessary. For example, in the mobility path of the UE in Figure 1, if the handover to Cell2 was due to genuine coverage reasons, such handover would not be avoidable. In such case, any corrective measure aimed at avoiding handover to the “middle cell” may result in mobility failure and shall be avoided.
However, the function that allows to determine whether an handover from LTE to 2G/3G is avoidable is the Unnecessary IRAT Handover. Therefore, there is a tight connection between such function and the IRAT Ping Pong avoidance.

During the Unnecessary IRAT Handover function, the source LTE RAN sends measurement configuration parameters to the target 2G/3G RAT by means of the Source to Target Transparent Container IE. Such information is stored in the IRAT Measurmeent Configuration IE (see TS25.413). 
As mentioned in TS25.413, if a single source RAT cell or if “a group of source RAT cells together provide coverage that fulfils the threshold during the whole measurement period, HO Report should also be triggered, in which the cells that exceed the threshold in the first UE measurement report are included.”
Hence, looking at Figure 1, the information that would enable eNB1 to recognise whether the handover to Cell2 was avoidable reside at least in part in the HO Report IE sent back from RNC2 to eNB1 via RIM.

The other key element to consider is that RNC2, by virtue of the UE History Information IE received from eNB1 knows whether the sequence of handovers for a UE could be subject to IRAT Ping Pong. Namely, RNC2 knows from of the UE History Information IE that the UE came from LTE. At the same time RNC2 knows which cells the UE visited while in 3G and which is the target of the next IRAT handover. If such target is an LTE cell then there could be a case of IRAT Ping Pong. 

The only piece of information missing to RNC2 in order to judge if an IRAT Ping Pong shall be flagged is an “IRAT Pingo Pong Detection Time”, which we will name TIRATPingPong. Such timer could be configured via OAM in source and/or target RAT. However, a better interoperable solution could be where the source (eNB1) communicates this timer to the target (RNC2). It would be in general a good principle to let the source communicate such information to the target so that any IRAT Ping Pong detection received by the source would be in line with its failure detection criteria.
If RNC2 is in possession of the TIRATPingPong it is possible to correctly flag the Ping Pong case to the source RAT (eNB1), which will be able to detect the event and eventually address it.

Proposal 1: On the bases of the information collected for Unnecessary IRAT Handover and of information about IRAT Ping Pong detection time it is proposed that the 2G/3G RAT identifies a possible IRAT Ping Pong event and signals this back to the LTE RAT. 
A possible solution enabling the procedures explained above could consist of the following:

1) Enable transmission of the IRAT Ping Pong Identification timer from source LTE to target RAT as part of Source to Target Transparent Container IE, e.g. via the IRAT Measurmeent Configuration IE. 

2) Enable identification of potential IRAT Ping Pong at target RAT by means of UE handover history information and/or UE measurements collected for unnecessary IRAT handover avoidance
3) Enable signalling of an IRAT Ping Pong “flag” from target RAT to source LTE RAT by means of HO Report IE

4) Enable source RAT to analyse the Ping Pong case, identify whether the problem requires opportune corrections and eventually modify IRAT handover policy

By keeping the example in Figure 1 as reference, a description of signalling procedures used to support the approach described above is shown in Figure 2.
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Figure 2: Example of signaling procedures to support IRAT Ping Pong detection

Proposal 2: It is proposed that RAN3 discusses the approach presented above for IRAT Ping Pong detection and considers it as a possible solution 
4. Conclusion

In this paper the boundaries of the solution scope for IRAT Ping Pong avoidance were set and the following observation and conclusions were drawn:

Observation 1: For 2G/3G-LTE-2G/3G Ping Pong cases, Ping Pong detection is triggered only when the UE returns to a cell within the source RNS domain (i.e. within source RNC/BSS domain).

Conclusion 1: 2G/3G-LTE-2G/3G Ping Pong cases can be detected and resolved within the source 2G/3G RNS involved without any changes to current specifications.

It was explained that detection of IRAT Ping Pong can only be useful if information is provided about whether the Ping Pong may be avoided. Failure to provide such information might result in corrective measures that would trigger a mobility failure.
To enable correct detection of IRAT Ping Pong events and effective application of corrective measures a tight synergy with the Unnecessary IRAT Handover function was proposed, as quoted below:

Proposal 1: On the bases of the information collected for Unnecessary IRAT Handover and of information about IRAT Ping Pong detection time it is proposed that the target RAT identifies a possible IRAT Ping Pong event and signals this back to the source RAT. 
The concepts at the basis of the proposed solution were presented and the following was proposed as a way forward:

Proposal2: It is proposed that RAN3 discussed the approach presented above for IRAT Ping Pong detection and considers it as a possible solution 
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