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1 Introduction

RAN3 has agreed that obtaining UE measurements in case of unsuccessful re-establishment after connection failure would be captured in the MRO specification [1] [2], which means the main use cases corresponding to RLF occurred after or during HO are well treated. So, in [3] it suggests that the next step is to enable detection and to provide tools for possible correction of HO to wrong cell (in intra-LTE environment) that does not cause connection failure (e.g. short stay problem).
In this paper, the justification of short stay problem avoidance is studied, and a detection mechanism for short stay problem is proposed. 

2 Justification of short stay problem avoidance 
According to the definition in [3], short stay problem means that two successive HOs happened to one cell within a short interval. Depending on whether the source cell of the first HO and the target cell of the second HO are different or not, the short stay problems can be divided into two categories:
· Category 1: Two successive HOs span in three cells, i.e.cell A->B->C HOs. Details of this concept are discussed in [4]. 
· Category 2: Two successive HOs span in two cells, i.e. cell A->B->A HOs. The paper [5] is address to this kind of issue. 
Some further study based on these contributions is presented in the following sections.
2.1. Use cases discussion

A typical network deployment in city is shown in Fig.1. Macro cells A and C cover the vertical street, and macro cell B covers the horizontal one. When a UE moves straightforward from cell A to cell C along the vertical street, the cell B will encounter the short stay problem if the values of the mobility setting parameters in these cells are assigned improperly. Obviously, the two successive HOs in this use case are unnecessary because the UE doesn’t change its movement direction, no matter of how fast it moves. The MRO function should detect the short stay problem and eliminate the unnecessary HOs.
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Fig. 1: short stay problem involving three macro cells.
Another use case is a typical HetNet deployment where macro cell and pico cell coexist, which is shown in Fig.2. The pico cell is located in the coverage of the macro cell, usually near the cell edge. The pico cell can add a specific offset to its mobility setting parameters in order to absorb traffic flows from the UEs and thus to improve the capacity and performance of the HetNet. 
When a UE crosses the pico cell area, the A->B->A HOs may happen. But whether it can be identified as a short stay problem has a different rule in comparison to the use case above. 

· The A->B HO is reasonable if the UE moves slowly. The advantages may include power saving in the UE, better service quality and especially better Inter-Cell Interference (ICI) performance. In spite of the HO overhead, it is still beneficial for the HetNet to take positive decision for HO. 
· In contrast, holding the UE in the macro cell could be reasonable if the UE’s speed is high. The HO action becomes to be overhead since the dwell time is really short. Therefore, the HO (A->B-A) is deemed as unnecessary here and better to be avoided. 

The discussion in HetNet above shows that simply eliminating the A->B->A HOs is not always an optimized decision for the network capacity and performance. Therefore the HetNet should be capable to distinguish the different scenarios and then identify the short stay problem correctly.
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Fig. 2: short stay problem in HetNet.
Observation 1: Whether the successive HOs lead to a short stay problem depends on UE’s speed in some cases like HetNet. 
Proposal 1: The HetNet should be capable to distinguish the different scenarios and then identify the short stay problem correctly.
3 Detection method for short stay problem
In this section, we will focus on the three prime questions below:

· How to identify a short stay problem? 

· Who is suitable to take such decision?

· How to report it to other cells?

3.1. Identify the short stay problem
The basis of identifying the short stay problem is to figure out its critical features. Literally, one of the most key signs of short stay problem is the UE’s dwell time in the middle cell (cell B in the use cases presented in this paper).  Another critical feature is whether the radio link qualities of the adjacent cells of the middle cell are good enough. 
Exploiting UE’s dwell time in middle cell to detection short stay problem have been discussed in [4] and [6]. Such methods are applicable to the A->B->C HOs use case mentioned in section 2.1, but not appropriate to the A->B->A HOs case in HetNet. Because these methods may result in a high HO threshold or even no HO between macro cell and pico cell, which obviously is not what the MRO function intended for. In other words, this detection method is unable to distinguish the necessary HO and the unnecessary HO [7]. 

Our proposed solution is to take the speed factor into account as below:

· The detection method should be pre-configured with a timer of UE normal dwell time;

· The value of the timer is implicitly corresponding to a range of UE’s speed.

· The detection method should be able to evaluate the mobile UE’s speed;
· Such functionality could be implemented by exploiting capability of lower layers, i.e. PHY and MAC, and/or the UE history information.

· The detection method should be able to tune the timer setting according to the evaluating result of UE’s speed. 

· Different thresholds of the timer are defined for different speed ranges, e.g., larger threshold for lower speed and vice versa.
Indeed, this method sets the threshold of UE dwell timer in proportions to UE’s speed inversely. If the timer hasn’t expired when UE’s outbound HO happens, the middle cell can identify the short stay problem. Comparing to the method proposed in [4] and [6], this solution works in a more precise way to distinguish the necessary HO and the unnecessary HO. Additionally, introduction of the speed factor concept enables the network to make suitable policies for UEs moving at different speeds. Hence the HetNet profiled in section 2.1 will have the chance to block high-speed UE rather than low-speed UE handing over from cell A to cell B. 
Furthermore, the network could not identify the short stay problem without the knowledge of radio link qualities. As mentioned in [7], the detection method should obtain the measurement reports first to verify whether the radio link quality is “good enough”. Otherwise, oscillations would be happened because of emerging fake alarms of short stay problem. A measurement frame is proposed to solving this issue in [8], where the accuracy of the detection method can be improved. 
Proposal 2: For short stay problem detection, the moving speed of UE is a key factor which should be taken into consideration, and the radio link quality information of the cells in the coverage area of the middle cell is mandatory for the detection method being able to work properly.
3.2.  Actor to discover the problem 
Concerning about the aforementioned A->B->C HOs use case, we basically share the same point of view with [4] and [6] that the middle cell is responsible for discovering the emerging short stay problem.  A further consideration is that the middle cell (cell B) will have more detailed information to help itself to discover the short stay problem, such as:
· the middle cell can evaluate the UE’s speed in its coverage area more precisely than the other cells;
· the middle cell can instruct the UE to report measurement results directly.

These facts indicate that the middle cell is the most suitable actor to make the judgement. Furthermore, in the A->B->A use case, we also propose that the middle cell (cell B) is responsible to perform this detection function due to the same reason. 

Proposal 3: For short stay problem detection, the middle cell is responsible to perform the function.
3.3. Notification to other cells

When the middle cell identified the short stay problem, it should trigger a report procedure to notify the original cell (cell A), considering that the HO relationship is unidirectional by default. The X2 AP Handover Report signalling procedure can be extended for this purpose.
Additionally, as being lacking of UE’s speed information, the macro cell (cell A) may delay or prevent the low-speed UE from HO directed to the pico cell (cell B) in the HetNet use case. From this perspective, the original cell (cell A here) would be enabled to tune its mobility policy more precisely and with less oscillation if the middle cell (cell B here) reports the UE’s speed information to it. The implementation choices include the X2 AP signaling messages Handover Report or Mobility Setting Change message, where extension is needed for this purpose. The feasibility of the latter depends on the assumption that the middle cell is indispensable in the MRO parameters setting negotiation procedure.  
Proposal 4: For short stay problem notification, the middle cell is responsible to inform the original cell by X2 AP Handover Report signaling procedure.

Proposal 5: For MRO mobility parameters setting, the middle cell should inform the original cell about the UE’s speed correlated to the short stay problem. 
4 Conclusion

As the two use cases shown in section 2, the validity of short stay problem depends on not only the UE’s dwell time but also the UE’s speed. Based on the discussions in Section 2 and 3, we suggest that RAN3 agrees on the following proposals:
Proposal 1: The HetNet should be capable to distinguish the different situations and then identify the short stay problem correctly.
Proposal 2: For short stay problem detection, the moving speed of UE is a key factor which should be taken into consideration, and the radio link quality information of the cells in the coverage area of the middle cell is mandatory for the detection method being able to work properly.
Proposal 3: For short stay problem detection, the middle cell is responsible to perform the function.
Proposal 4: For short stay problem notification, the middle cell is responsible to inform the original cell by X2 AP Handover Report signaling procedure.

Proposal 5: For MRO mobility parameters setting, the middle cell should inform the original cell about the UE’s speed correlated to the short stay problem. 
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