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1 Introduction

MRO use cases can be categorized into failure related problems and non-failure related problems. The well-known MRO non-failure related problems are the short stay and the ping-pong HO. 

The initial discussions of short stay issues can be traced back to Rel-9 MRO [1]

 REF _Ref352399013 \r \h [2] and had been continued in Rel-10 [3]

 REF _Ref352399047 \r \h [4] but without any conclusions. At the beginning of Rel-11 MRO study, the short stay and inter-layer ping-pong scenarios in intra-RAT and inter-RAT environments had been officially captured into the WI objectives [5]. But during the discussion, it was decided to drop the short stay scenarios in intra-RAT environments, i.e. HomoNet and HetNet, due to its less severity than failure related problems [6]. Regarding the non-failure related problems, only the inter-RAT ping-pong case had been well treated.

Regardless of its long history, the short stay has not been discussed thoroughly. In this contribution, a review of identified short stay scenarios in intra-LTE environments is provided with the purpose of revealing the necessity of solving short stay issues.
2 Discussions
2.1. Problem descriptions

Short stay is defined as two successive HOs occurring in the same cell within a short interval. More specifically:

· Short stay: 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.

Although no RLF or HOF occurs in case of short stay or ping-pong HO, the resources cost by handovers need to be considered against the benefits, i.e. the QoS/QoE improvements experienced by the UE. The metrics for such computation can be the time that a UE is served by the cell. Hereby, the concept of the minimum-time-of-stay (MTS) has been defined to model the time needed to allow a UE to establish a reliable connection with the cell, plus the time required for conducting efficient data transmission [7]. The value of MTS depends on how to balance the overhead and benefit of the handover. If the UE stays in the cell shorter than MTS, it means the UE would have very limited chances to be scheduled for data transmission, and in that case both QoS and QoE would be degraded. 

In general, if the UE’s time-of-stay (TOS) in a cell is less than MTS, the handover may be considered as an unnecessary handover since short stay would cause unnecessary signalling at the network side and battery consumption at the terminal, no matter the environment is HomoNet or HetNet. 

2.2. Short stay in HomoNet environment

A cell-edge UE may encounter short stay handovers when its location/trajectory is covered by multiple macro cells. Note that such situation is quite common in HomoNet environment. 

A typical HomoNet deployment 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 from cell A to cell C along the vertical street, the short stay problem will happen if improper mobility setting parameters are applied.
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Figure. 1: Short stay in HomoNet environment.
Regarding the short stay issues, some quantity analysis was provided in [3] with respect to irregular macro cell shapes due to shadow fading. The simulation results show that the amount of short stays is greater than ping-pong handovers given the same dwell time threshold is applied for both cases. Increasing HO threshold can depress the rates of short stay and ping-pong HOs, but on the other hand deteriorate the handover failure performance, which implies trade-off is necessary between the unnecessary HOs and Too Late HOs.  

Observation 1: The severity of short stay issue is no less than ping-pong handover in HomoNet environment.
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Figure.2: Simulation results showing the relative number of ping pongs and rapid handovers for different stay time thresholds and different offsets. Handover failure rate is also plotted. [3]
2.3. Short stay in HetNet environment

In HetNet environment, many small cells can coexist with macro cells. A typical HetNet deployment is shown in Fig.3 where a pico cell is located at the cell borders of neighbouring macro cells. When a UE crosses the pico cell area, the short stay issue is likely to happen.
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Figure. 3: Short stay in HetNet environment.
The simulation results in [8] show that instead of adjusting the per cell HO offset alone, jointly optimization of multiple mobility setting parameters, such as TimeToTrigger (TTT) and L3 filter coefficient, can achieve better performance in various scenarios for short stay reduction . 

Note that the cell density may be much greater in HetNet environment than in HomoNet environment. Intuitively speaking, in HetNet the short stay will happen more frequently. Such assumption has been verified in the HetNet mobility SI [7]. As shown in Fig.4, the frequency of short stays is approximately 20% higher in HetNet than in HomoNet. Furthermore, the simulation results in [9] also show that for most of the configuration sets, the number of short stay increases if the number of pico cells increases too. In summary, the short stay performance in HetNet is worse than in HomoNet.

Observation 2: The short stay performance in HetNet is worse than in HomoNet. 

Observation 3: The number of short stays increases if the number of small cells increases too.
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Figure.4: Short Time of Stay (ToS/UE/second) performance for HetNet and legacy systems from calibration [7]
3 Conclusion and proposal
In this contribution, we discussed the intra-LTE short stay issues in HomoNet and HetNet environments. We observed that the severity of short stays is no less than the ping-pong handovers and its performance in HetNet is worse than in HomoNet. 
In contrast to the detection of ping-pong handover which was developed in Rel-9 MRO, the short stay issues are still open. Note that in Rel-12 SON SID [10] it is mentioned for pre-release 12 Small Cells: 
· Identify any gaps between existing SON and further enhancements needed specifically for Small Cells 

· Reduce Network planning efforts for small cells 

· Enhance network optimization efforts including aspects like mobility robustness and load balancing (duplication with HetNET mobility enhancement WI should be avoided)  

Hereby, we suggest that RAN3 agrees on the following proposal:
Proposal 1: RAN3 is kindly asked to study the intra-LTE short stay issues in Rel-12 SON SI.
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