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1 Introduction

In further SON enhancement WI [1], the objective of the research on “short stay and inter-layer ping-pong scenarios in intra-RAT and inter-RAT environments” is described as follows:
“Detection and correction of mobility problems that do not lead to connection failure, but cause unnecessary signalling at the network side and battery consumption at the terminal. Both, macro and HetNet deployments should be considered.”
In other words, such objective indicates that the unnecessary handover (HO) should be avoided. In this contribution, we will further discuss the unnecessary HO based on the objective. 
2  Unnecessary handover
2.1 The existing understanding

In majority understanding, the use cases of the unnecessary HO include:

· 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  

To determine the unnecessary HO, one criterion is the dwell time of the UE in one cell, i.e., if the dwell duration is smaller than a certain threshold (e.g., 5s [2]), an unnecessary HO is detected. We call such criterion as dwell time criterion in this paper.   
2.2 Our understanding

In our understanding, the essential reason that calls a HO as unnecessary one is that during staying in one cell, the overhead caused by the HO in and out of such cell (e.g., signalling and UE battery consumption), called HO overhead in the following, is larger than what the UE has obtained in the cell, called HO profit in the following.  
Under such understanding, the dwell time criterion is consistent to that the HO overhead is larger than the HO profit since the staying time in one cell is quite small.  However, the dwell time criterion cannot cover all the cases. Consider in the dwell time criterion, the unnecessary HO is determined when the dwell time in one cell is smaller than 5s. We can consider the following two cases, as shown in Fig. 1:
Case 1: the dwell time is smaller than the threshold
In this case, an UE is handed over to cell B from cell A, and the dwell time in cell B is 2.4s. In such duration, DRX configuration is not applied, and the UE takes 2s for data transmission and reception. Thus, it can be regarded as the unnecessary HO based on the dwell time criterion.
Case 2: the dwell time is larger than the threshold, but the UE is not quite active
In this case, the UE dwell time in cell B is 5.12s after the handover from cell A to cell B. In such duration, DRX configuration with the DRX cycle of 2.56s is applied to the UE, and during the whole active time of 2.4s, the UE takes 2s for data transmission and reception as well. According to the dwell time criterion, such case is not regarded as the unnecessary HO. In fact, the UE gets almost the same HO profit (i.e., the number of transmitted bits) as that in Case 1 (e.g., in both cases, the time for data transmission and reception is the same). For the HO overhead, the signalling at the network side is the same as the Case 1. The UE battery consumption is larger than that in the Case 1 (In particular, if the UE is handed over to cell B, the UE shall continuously measure the cell A and cell B when staying in cell B. While if the eNB of cell A can identify that the handover to cell B is unnecessary, it will not carry out such handover, and then put cell B into blacklist of the measurement). Thus, in case 2, the UE handover from cell A to cell B can be regarded as the unnecessary one from the perspective of HO overhead and HO profit.  In other words, even the dwell time is larger than the threshold, an unnecessary HO can happen as well. Thus, we propose that 

Proposal: RAN3 is kindly asked to consider case 2 when determining the unnecessary HO.   
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Fig. 1 The determination of unnecessary HO
3 Conclusion
Consider the above discussion, we propose

Proposal: RAN3 is kindly asked to consider case 2 when determining the unnecessary HO.
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