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1 Introduction

Many contributions introduced ping-pong HO issue and corresponding solutions on IDC configuratioin [1]-[8]. Those discussions would be based on the existing measurment scheme without UE internal coordination. That is, mobility would be determined by measurement result with IDC interference impact. Since IDC interference would fluctuate according to ISM (or GNSS) transmission, a measurement result also do and hence ping-pong HO could occur on IDC circumstances [4]. About this issue, some new possible solutions were suggested and included in TR36.816 [9].
“In order to avoid ping-pong handover back to the problematic frequency, it would be valuable to make the target eNB be aware of the coexistence problem within the UE. The following two options have been identified to transport (part of) the information to a target eNB:

- The information is transferred from the source to the target eNB.

- The information is reported again by the UE to the target eNB.”
In this contribution, ping-pong HO issue will be seen under new measurement scheme, the existing measurement with UE internal coordination. New measurement scheme might be able to report a measurement result eliminating IDC interference, which would be used for mobility decision with other assistant information. And it will be shown that some cases of ping-pong HO could be solved by new measurement scheme.
2 Ping-pong HO problem on IDC by the existing measurement
Four possible cases of ping-pong HO in IDC based on the existing measurement will be introduced in the following explanation. On the existing measurment, a UE report a measurment result with IDC interference. But on the new measurment, a UE report a measurement result eliminating IDC interference. That is, a measurement result on the existing measurment include IDC interference but also inter-cell interference. On the other hand, a measurement result on the new measurement include only inter-cell interference.
Fore two cases assumes that the impact of change of inter-cell interference is weak when IDC problem occur. Hence, measurement result based on the existing measurement scheme would flucturate according to IDC problem, but one based on the new measurement scheme would be kept.

The first case in Figure 2 is that just after a UE hand over into Target cell without IDC problem (i.e. due to mobiltiy reason), IDC problem would occur in Target cell and the UE would return Source cell in short time. In this case, since there is no strong inter-cell interference, the major factor for handover would be IDC problem. That is, the occurrence of potential IDC problem in Target cell would cause ping-pong HO. However, in view of new measurement scheme and assistant information, the ping-pong HO would not occur. As the UE report a measurement result, the value of the measurement result based on new scheme would exclude subtracting IDC interference and the channel quality of Target cell is still higher than Source cell. A network system would decide the UE stay in the Target cell with applying TDM ICO (In-device COexistence interference avoidance) solution. That is because, for FDM ICO solution, the channel quality of the Source cell would not be good enough. This decision would be impossible if a measurement result, reported to eNB, is calculated with including IDC interfere impact.
In the other hand, in this case, it would be possible that TDM solution is selected based on the existing measurement scheme and the selection has no problem in operation on UE side, but a measurement result on the existing measurement could not deliever any useful information to decide which ICO scheme is better. As depicted in Figure 2, FDM solution would be applied.

Observation 1: For case 1, ping-pong handover could be prevented by proper decision of network system if new measurment scheme is applied.
The second case in Figure 2 is that just after a UE hand over into Target cell due to IDC problem, IDC status would be resolved for some reasons (e.g. HO on ISM side, the traffic decrease on ISM side, and so on [10]) and the UE would return Source cell in short time. That is, the resolution of on-going IDC interference in Source cell would cause ping-pong HO. However, in view of new measurment scheme and assistant information, the initial handover by FDM solution so to avoid IDC interference would not be selected and hence following ping-pong handover event would not occur. On the same reason as the first case, even though the channel quality of the Source cell is enough higher than the one of the Target cell, a network system would not decide FDM ICO scheme in order to solve IDC problem.
Observation 2: For case 2, ping-pong handover could be prevented because the initial handover so to avoid IDC interference would not be selected by proper decision of network system if new measurment scheme is applied.
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Figure 1: <Scenarios> Inter-cell interference impact is weak. (Case 1) Target cell suffers on-going interference when UE handover to Target cell. (Case 2) After HO due to IDC impact, the on-going inteference on Soure cell is resolved.
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Figure 2: Measurement results and HO procedure according to each measurement scheme for (Case 1) and (Case 2)
Later two cases (3rd case and 4th case) assumes that the impact of change of inter-cell interference is quite strong as IDC problem occur. In other words, the measurement result based on the existing measurement scheme would flucturate according to IDC problem and additionally inter-cell interference, so one based on the new measurement scheme would also change according to the inter-cell interference.
 The third case in Figure 4 is similar to Case 1 situation except for considiering inter-cell interference. If the existing measurement is used, when on-going IDC interference occurs, since the channel quality of the Target cell would be so worse than the one of the Source cell, a network decide FDM solution on the UE, which would return to the Source cell on the same manner as Case 1. However, in view of new measurement scheme and assistant information, the ping-pong HO could be conditionally prevented. In this case, inter-cell interference is also quite strong, so the measurement result of the Target cell would be similar to the one of the Source cell on the new measurement scheme. If a network system decides the UE stay in the Target cell with applying TDM ICO (In-device COexistence interference avoidance) solution, TDM ICO might not proper operate due to inter-cell interference. Hence, a network system might select FDM solution. That is, ping-pong HO occur. Neverthless, if the network select TDM solution, conditionally there would not occur ping-pong HO.
However, it is wondered whether this FDM operation is actually a problematic ping-pong HO event. For better quality, this would be most likely to be necessary and proper solution. Its purpose would be very similar to original HO, which means handover procedure due to channel quality on no IDC configuration. If this selection is wrong, that is as far the problem of original HO rather than of IDC operation. And this reasonable decision would be possible only on the new measurment scheme. There would be no valuable information for the decision via the existing measurment.

Observation 3: For case 3, whether running handover or not would depend on the decision of a network and, by the way, handover would be most likely to be appropriate operation and not be a problematic ping-pong handover case.
Observation 4: Via the existing measurement, network system could not discrete Case 1 and Case 3.
 The fourth case in Figure 4 is similar to Case 2 situation except for considering inter-cell interference. If the existing measurement is used, since the channel quality of the Target cell would be so worse than the one of the Source cell, a network would decide FDM solution on the UE, which move to the Target cell on the same manner as Case 2. However, in view of new measurement scheme and assistant information, the ping-pong HO could be conditionally prevented. In this case, inter-cell interference is also quite strong, so the measurement result of the Target cell would be similar to the one of the Source cell on the new measurement scheme even though IDC problem resolved. Three alternatives of reactions are possible;

1) The network system decides the UE to stay in the Target cell: There would be no ping-pong handover. 
2) The UE does not signal IDC resolution to the network system: Since channel quality is not bad and IDC problem is not resolved, the network system would not run FDM operation. That is, there would be no ping-pong handover.
3) The UE signal IDC resolution to the netwrok system: Since channel quality is not bad, the network system would run FDM operation even though IDC being resolved. It would be also possible for network system to determine FDM operation for some other issues, e.g. load balancing.
 Here, it is wondered whether handover due to load balancing in above alternative 3) is actually a problematic ping-pong HO event. This is a useful function for network system to be safety. This valuable decision would be impossible via the existing measurement because there is no information so to distinguish various situations in Case 4.
Observation 5: For case 4, whether running handover or not would depend on the decision of a network and could be conditionally prevented. Above reaction alternative 3) is reasonable decision for network load balancing.
Observation 6: Via the existing measurement, network system could not distinguish various situations in Case 4.
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Figure 3: <Scenarios> Inter-cell interference impact is quite strong. (Case 3) Target cell suffers on-going interference when UE handover to Target cell. (Case 4) After HO due to IDC impact, the on-going inteference on Soure cell is resolved.
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Figure 4: Measurement results and HO procedure according to each measurement schemes for (Case 3) and (Case 4)
Comparing the trend of ping-pong HO between the existing measurement scheme and the new measurement scheme, serveral observatioins have been achieved. Every observation seems to show that the existing measurement would cause the problematic ping-pong HO because there are no useful information for an eNB to select which ICO solution is most appropriate. Oppositely, the new measurement could supply useful information. Thus, the new measurement should be insisted on that be used for an eNB to decide mobility and ICO solution.

Proposal 1: Mobility should be based on the new measurement, which use the existing measurement and UE internal coordination. And IDC interference impact should be excluded in reported measurement result.

3 Conclusion

In summary, several observations are achieved as the following;
Observation 1: For case 1, ping-pong handover could be prevented by proper decision of network system if new measurment scheme is applied.
Observation 2: For case 2, ping-pong handover could be prevented because the initial handover so to avoid IDC interference would not be allowed by proper decision of network system if new measurment scheme is applied.
Observation 3: For case 3, whether running handover or not would depend on the decision of a network and, by the way, handover would be most likely to be appropriate operation and not be a problematic ping-pong handover case.

Observation 4: Via the existing measurement, network system could not discrete Case 1 and Case 3.

Observation 5: For case 4, whether running handover or not would depend on the decision of a network and could be conditionally prevented. Above reaction alternative 3) is reasonable decision for network load balancing.

Observation 6: Via the existing measurement, network system could not distinguish various situations in Case 4.

By the above observations, the following proposal is suggested;

Proposal 1: Mobility should be based on the new measurement, which use the existing measurement and UE internal coordination. And IDC interference impact should be excluded in reported measurement result.
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