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Discussion
1 Introduction
At the email discussion after RAN3 #75, several solutions for inter-RAT ping pong detection have been identified (solutions are listed in [1]). Inter-RAT ping pong is characterized by at least two successive successful inter-RAT HO forth and back, as defined in [2]. Two different approaches have been discussed: (1) identification of a ping-pong HO only after the UE returns to the previous RAT, or (2) identifaction in the cell where the UE was staying shorter than the limit before being handed over back to previous RAT and notifying the source cell when HO back to previous RAT has been triggered. The main difference between them is how the time limit needed for ping-pong detection is controlled. This paper aims at analysing the proposed options and offers a proposal for a solution.
2 Discussion
2.1 Methods proposed in the email discussion
The problem definition, as agreed in [2], mentions “definable limited time”. This refers to the time a UE spent in the other RAT (in one or more cells). Hence comes the question how this time is controlled.

Solution 1 does not address it explicitly. It is assumed the eNB where the UE returns to from 3G will be able to detect the stay was too short, based on the IDs or types of cells the UE visited and time spent there (as can be read in the UE history information). If the ping-pong is from 3G, the method is the same: the RNC analyses the UE history and decides if the case is to be a ping-pong event. That means the time limit must be informed from OAM to each eNB or RNC that possibly may be involved in inter-RAT HO. The time limit may be set per RAT, cell type or for each cell separately.

Solution 2 proposes different method: the time limit is passed to the target cell at the HO preparation. If the UE is to be handed over back to the RAT that it initially arrived from before the set time elapses, and the eNB (this applies to LTE only) is different than the one that started the ping-pong, the original eNB is notified with a RIM message. Therefore, the time is set from the origin of the ping-pong, not checked after the last HO completes. It has not been discussed how the first eNB defines the time, but it can be assumed that that the limit may be semi-flexible: besides static information on the target cell (which would probably be informed from OAM, as in case of solution 1), the source probably could take into account also specific features of the UE, e.g. its speed, if known.
The two solutions are presented in figure 1. 
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Figure 1: Comparison of solutions 1 and 2 in term of time limit control

At the first look, both of the methods bear some similarity: the information about stay time limit must be provided from the OAM (may be fetched from the OAM after or before a HO, but the philosophy is the same). The approach proposed in solution 2 offers additional flexibility, but at the cost of extra signalling (passing the time limit at the first HO and possibly notifying the source after the second HO with a RIM message). It may also be noted, that this is an advantage only if the eNB originating the ping-pong knows more about the UE than the last one – otherwise also that last eNB may analyse the UE context and send the indication only if certain criteria are met.
2.2 Possible enhancement
The main advantage of the solution 2, as discussed above, is the fact that particular properties of the UE movement, that are known only at the originating eNB, may be taken into account in the ping-pong detection. However, the same effect can be achieved with less demanding signalling (this concerns especially the RIM part). Instead of informing the source of the ping-pong with a RIM message, the cell where the stay is too short could mark this fact in the UE history information. If the UE returns to LTE in different eNB, the ping-pong source will be notified with an X2 message, as proposed in solution 1. 
A separate question is if the target cell should be informed explicitly about the stay time limit in the HO preparation. The UE context is passed to the target and therefore the target may take the UE-specific features into account in the same way as the source. So, the target can assess the time limit for this user on its own. If some information that is not included in the UE context is found relevant for ping-pong detection, it may rather be beneficial to include that information to the context, than to pass plain stay time limit. 
The complete approach would then be:

1) The source triggers a HO. It is up to further discussion if any additional information is needed.
2) At the target, when the next HO is about to be triggered back to the same RAT that the UE arrived from, the controller analyses the UE data, including information received from the source, and its configuration (OAM-defined stay time limit). If the result is that the stay was too short, a “ping-pong flag” is set in the UE history information.

3) The controller receiving the UE checks the UE history. Besides checking the ping-pong flags, the controller may sum up the overall stay time at other RAT. If the controller is at LTE and it is different eNB than the one initiating the ping-pong, an X2 notification is sent.
This approach is presented in figure 2.
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Figure 2: Combined solution
3 Summary
In this paper, two solutions proposed for the ping-pong resolution are compared from the point of view of time limit control and verification. Advantages of each of them are discussed and an enhancement is proposed that can combine those benefits. 
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