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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 justified and therefore the research will be resumed. 
However, the abovementioned issues vary in different situations under RAN whether the short-stay and ping-pong HO issues are inevitable, as mentioned in [2]. Therefore, before discussing potential solutions, clarifications on various use cases are needed.
In this contribution, the short-stay and ping-pong HO issues in high-speed scenarios are evaluated and the impacts from the UE’s moving speed on such issues are analyzed.

2 Use case analysis
According to [3], short-stay HO and ping-pong HO are defined as two successive HOs occuring 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.
2.1 Short-stay HO

A typical network deployment in urban area is shown in Fig. 1. Macro cells A and C cover the vertical street, while macro cell B covers the horizontal one. When a UE moves from cell A to cell C along the vertical street, the short-stay issue may occur in cell B if the mobility-related parameters in these cells are improperly configured. Obviously, the successive HOs are unnecessary, if the radio link qualities of cell A and C are good enough along the route of the UE. Otherwise, the signalling overhead is increased and the spectral efficiency is decreased due to the unnecessary HO efforts. Moreover, there should be a cell-specific minimum time of stay for a UE to establish a reliable connection and to conduct efficient data transmission within the cell [4]. Due to the too-short stay in cell B, the user experience in this scenario may be significantly degraded.
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Fig. 1: Example of short-stay HO.
2.2 Ping-pong HO

Another typical use case is a HetNet deployment scenario, where macro cell and pico cell coexist, as shown in Fig. 2. The pico cell is located in the coverage area of the macro cell (usually near the macro cell’s edge). The pico cell can add a specific offset, referred to as Cell Range Extension (CRE) bias, to its mobility setting parameters in order to offload the traffic from the macro cell, and thus improves the overall HetNet capacity and performance.
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Fig. 2: Example of Ping-pong HO in HetNet.
When a UE crosses the pico cell area, ping-pong HOs may occur. But whether the successive HOs can be considered as unnecessary follows a criterion different from that in the use case demonstrated in the previous section. Given that the radio link quality of the macro cell is good enough along the UE’s moving route:
· 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 Coordination (ICIC) performance. Despite the HO overhead, it can still be a viable HO decision;
· in contrast, keeping the UE in the macro cell A could also be reasonable, if the UE’s speed is high. The HO action becomes an overhead as the dwell time is too short. Therefore, the ping-pong HO (A->B-A) is considered as unnecessary in this case and should be avoided.

Furthermore, other HOs (e.g. A->B->C) may also occur, when there are multiple adjacent pico cells deployed within the macro cell area. Similarly, the necessity of these HOs depends on UE’s speed.
The above discussions in the context of HetNet show that simply eliminating the A->B->A or A->B->C HOs may not always be an optimized decision. Therefore, the MRO functions should be capable of distinguishing different scenarios and then properly identifying unnecessary HOs especially in HetNet deployments.
Observation 1: Short-stay and ping-pong handovers are speed-dependent issues in some cases for example HetNet.
Proposal 1: The MRO function should be capable of distinguishing different scenarios and then properly identifying unnecessary HO especially in HetNet deployments.
3 Requirements of HO negotiation
As shown in the two use cases in Section 2, the occurrence of short-stay and ping-pong HO issues depends to some extent on the UE’s speed, which implies that UE’s speed shall be taken into account when optimizing successive HOs.

However, the state-of-art MRO mechanism [5] only provides the negotiation of HO threshold expressed in dB.  According to the simulation results in [6], setting a high HO threshold may mitigate the occurrences of short-stay HOs and ping-pong HOs, at the cost of a higher HO failure rate, more specifically the Too Late HO failure. It means when the target of MRO optimization is to decrease the short-stay HO or ping-pong HO rate, such a unidirectional method may very likely result in an unreasonably high HO threshold between macro cell and pico cell, yielding a high HO failure rate and eliminating the CRE gain. In other words, the existing MRO detection method [5] is unable to tell the necessary HOs from their unnecessary counterparts. It obviously can not fulfil the design objective of the MRO function, which shall allow beneficial HOs to be triggered for low-speed UEs. As a result, negotiation on the HO settings based on thresholds only may not be the best option in certain HetNet circumstances.
Recalling that the RRM measurement performed by RRC_CONNECTED mode UEs where the TimeToTrigger can be adjusted by the SpeedStateScaleFactors, we consider the MRO function can become more adaptive for tackling short-stay and ping-pong HO issues in high-speed scenarios, by exploiting a speed-dependent mechanism. Therefore, we suggest that RAN3 should further study the feasibility of the HO setting negotiation based on TimeToTrigger in the above mobility scenarios to strive for enhanced mobility robustness.
Proposal 2:  RAN3 is kindly suggested to further study the feasibility of the HO setting negotiation based on TimeToTrigger in the above mobility scenarios to strive for enhanced mobility robustness.

4 Conclusion

In this contribution, we discussed the short-stay and ping-pong HO issues in high-speed scenarios, where unnecessary HOs may occur. Moreover, we propose the TimeToTrigger-based HO setting negotiation as a potential solution for these problems.
Based on our analysis, we suggest that RAN3 agree on the following proposals:
Proposal 1: The MRO function should be capable of distinguishing different scenarios and then properly identifying unnecessary HO especially in HetNet deployments.
Proposal 2:  RAN3 is kindly suggested to further study the feasibility of the HO setting negotiation based on TimeToTrigger in the above mobility scenarios to strive for enhanced mobility robustness.
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