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1 Introduction

According to the Rel-11 SON WI approved at the TSG RAN#53 meeting [1], the issues of short-stay and inter-layer ping-pong scenarios in intra-RAT and inter-RAT environment have been confirmed. Therefore, further research is needed for tackling these identified problems.
A complete solution for the short-stay (SS) and ping-pong (PP) HO avoidance can be divided into two phases, namely the detection phase and the correction phase. In this contribution, we will discuss the issues arising from the detection phase.
2 Discussions 
According to [2], SS/PP HOs are defined as two successive HOs occurring in the same cell within a short interval. More specifically:

· Short-stay HO: Two successive HOs span in three cells, i.e.cell A->B->C HOs.

· Ping-pong HO: Two successive HOs span in two cells, i.e. cell A->B->A HOs.

In the sequel, we define the following terminologies:

· the original cell: the source cell in first HO (i.e. cell A in both SS and PP HO scenarios);

· the final cell: the target cell in  second HO (i.e. cell C in SS HO scenario and cell A in PP HO scenario);

· the middle cell: the cell involved in both successive HOs (i.e. cell B in both SS and PP HO scenarios).
The first step of identifying the SS/PP HO problems is to detect its key symptoms. A symbolic indicator of these issues is the UE’s dwell time in the middle cell. Another critical property is that within the middle cell area, whether the radio link qualities of its adjacent cells are good enough so that the occurrences of unnecessary handovers can be minimized without causing RLFs.
Following the above insights, we will discuss the two key issues below:

· Awareness of SS/PP HO occurrences;
· Coverage verification of adjacent cells in middle cell.
3.1. Awareness of SS/PP HO occurrences
Currently, the UE History Information, which is based on statistics of UE’s dwell time, is exploited as a coordinated method mainly for PP HO detection in HomoNet scenarios. On the other hand, SS/PP HOs are recognized as speed-dependent issues, particularly in HetNet scenarios [3][4]. Nevertheless, the UE History Information defined in current specifications does not contain speed-related information. Thus, enhanced UE History Information carrying additional information related to UE speed has been tentatively proposed in as a potential solution [5].

However, the middle cell has readily the advantage to exploit the information of time interval between UE’s entry and departure for estimating UE’s speed precisely. In other words, if the detection of SS/PP HO occurrences is performed by the middle cell, it seems unnecessary to extend UE History Information to accommodate UE speed-related information.
Furthermore, the middle cell may evaluate the necessity of HOs by comparing benefits and costs inflicted by these HOs. An example metric of detecting unnecessary HOs can be formulated by:
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(1)
According defined in [2], no RLF occurs in SS/PP HOs. Thus, we can safely assume that the radio link quality or power consumption experienced by UE is better than or at least as good as the original and final cells. Therefore, the UE_Served_Time parameter may to some extent represent the benefits provided to the UE by the middle cell. By contrast, there should be a cell-specific Minimum Time of Stay (MTS) parameter that ensures UE to establish a reliable connection and to conduct efficient data transmission within the cell [6], which may be considered as some kind of cost of the HO. As shown in Eq. (1), the middle cell can simply compare the ratio of benefit/cost to a predefined threshold for detecting unnecessary HOs. Nonetheless, such methods can be implementation-based and therefore no standardization impact is expected.
Proposal 1: It is unnecessary to extend the current UE History Information definition with UE speed related information for detection of SS/PP HO occurrences.
3.2. Coverage verification

In existing MRO function, there is a retro-propagation method triggered by RLF events where the UE measurement results are reversely delivered to source cell [7]. This is useful for neighbouring cells to negotiate accurate handover settings or to detect coverage hole problems. In SS/PP HOs, though, no existing function can be used to verify the radio link qualities of the original and the final cells dispensing with occurrence of RLF. However, the involved cells could neither detect the issues nor react appropriately without such knowledge. Therefore, a coordinated measurement method is needed to solve this issue and to assist in improving the accuracy of the SS/PP HO detection method.
Proposal 2: For coverage verification, a coordinated measurement method is needed.
In fact, the “Unnecessary HO to another RAT” topic has addressed the similar issue [7]:
In inter-RAT HO, if the serving cell threshold (E-UTRAN) is set too high, and another RAT with good signal strength is available, a handover to another RAT (e.g. UTRAN or GERAN) may be triggered unnecessarily, resulting in an inefficient use of the networks. With a lower threshold the UE could have continued in the source RAT (E-UTRAN).
Consequently, the method of inter-RAT unnecessary HO reporting configured by source E-UTRAN has been developed for coverage verification of the LTE cell [7][8]. For the sake of minimizing standardization impact, the applicability and reusability of this method to SS/PP HO avoidance in E-UTRAN can be evaluated. Another aspect for further consideration is that which cell should be responsible for triggering the measurement configuration of coverage verification, since more cells are involved in the SS HO scenario than in the inter-RAT HO scenario.
Proposal 3: The applicability and reusability of the method of inter-RAT unnecessary HO reporting to SS/PP HO avoidance in E-UTRAN should be evaluated.
3 Conclusion

In this contribution, we discussed the detection method for SS/PP HO avoidance from two essential aspects, namely the awareness of these problems and the coverage verification issues. We demonstrated how the middle cell detects the SS/PP HO issues in an implementation-specific way and justified the necessity of some proposed way-forwards.
Hereby, we suggest that RAN3 agrees on the following proposals:
Proposal 1: It is unnecessary to extend the current UE History Information definition with UE speed related information for detection of SS/PP HO occurrences.
Proposal 2: For coverage verification, a coordinated measurement method is needed.
Proposal 3: The applicability and reusability of the method of inter-RAT unnecessary HO reporting to SS/PP HO avoidance in E-UTRAN should be evaluated.
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