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1 Introduction
RAN2 is studying improvements to mobility state estimation to minimize unnecessary handovers [1]. Enhancements that have been considered include relying on more accurate speed estimation and indicating weights for handovers and relying on measurements to adjust time-to-trigger. 
Mobility state estimation (MSE) was introduced in LTE Release 8 to help both idle and connected mode UEs that are moving fast perform cell changes (reselections or handovers) quickly, so that the link to the serving cell is not lost. In this contribution we discuss the limitations of MSE in a Heterogeneous network and provide our view on the solution directions being considered.

2 Discussion

Mobility State estimation in the UE consists of counting the number of serving cell changes (handovers or reselections) in a given period of time. Based on the count, the UE classifies itself as a being in a normal, medium or high mobility state. In medium or high mobility state, a connected mode UE applies a scaling factor to shorten time-to-trigger. The shorter time-to-trigger enables quicker measurement reporting and consequently quicker handovers. An idle mode UE applies similar scaling to T_reselection and Q_hyst, resulting in quicker reselections.
A Heterogeneous network has overlapping coverage of multiple cells, so that handover of UEs from macro cell to small cells is possible, even when the UE is well within the coverage of the macro cell.  In such a network, when the UE performs handovers to small cells even when in the macro cell coverage, the MSE count increases and can lead to UE considering itself to be medium or high mobility. This results in the use of a shorter time-to-trigger, which causes increases in short-stay handovers and ping-pong handovers.
The MSE feature was introduced to ensure that a fast moving UE (in idle mode or in connected mode) in a conventional network does not lose its connection to the network. In such a network, there is limited overlap of cell coverage, and the handovers that are performed are necessary to ensure connectivity. Thus, the handovers that are counted towards MSE in a conventional network are “essential” handovers. They generally occur when the UE is at the edge of coverage of the source cell and a suitable target cell is identified. In the Heterogeneous network, clearly, there are handovers that are “non-essential” from a radio perspective – i.e., they are performed for offloading purposes.

Various solutions to the problem described above have been considered [1]. It is important to note that MSE applies to both idle and connected mode. Furthermore, the Study item for HetNet Mobility Enhancements [2] applies to both connected and idle mode. While the problem has been studied from the point of view of connected mode mobility in HetNets, it is expected that similar issues will occur in idle mode also. That is, an idle mode UE considers itself to be in medium or high mobility state based on some reselections. This results in adjustment of T_reselection and Q_hyst to aggressive values. The UE can then experience frequent and unnecessary reselections. The reselections can cause the UE to be unreachable via paging for some periods (in addition to a negative impact to battery life), the cumulative unreachable periods increasing with increasing number of reselections. To avoid such scenarios, we think that any MSE enhancement should be applicable to both connected and idle mode.
Proposal 1: Given that the Mobility State Estimation feature applies to both connected mode and idle mode, enhancements to the feature should be useable in both connected mode and idle mode.
The solutions to address the above problem  REF _Ref324704582 \r \h 
 can be classified into 3 types:

Using more accurate speed estimation and avoiding handover of fast moving UEs to small cells

This approach requires either the UE to perform GPS/GNSS based speed estimation or the network to perform speed estimation of the UE. Parameters are then adjusted based on the speed. For example, if the UE estimates the speed, it can scale time-to-trigger based on the speed. If the network estimates the speed, it can reconfigure the UE with a new time-to-trigger value.
Relying on GPS/GNSS based speed estimation at the UE can be a significant battery drain, and is not preferred. Speed estimation at the network is feasible; however, such an approach cannot help the UE in idle mode.
Network telling UE to count or not count handovers (including assigning different weights for different handovers)

Given that the network knows precisely which handovers are to/from small cells, the network can ensure that handovers to/from small cells are not counted in MSE by specifically indicating to the UE in the handover signaling whether or not to count the handover towards MSE. 
We think this is a feasible solution for connected mode; however, it does not help UEs in idle mode.
UE determining which handovers/reselections to count towards MSE
If the network indicates which cells are small cells, UE can adjust its MSE count by not considering handovers/reselections to/from the small cells.
Alternatively, the UE can determine which handovers/reselections are “essential” and count only those handovers/reselections towards MSE. For example, the UE can observe the RSRP of the source cell before and after the cell change. If the RSRP is above a threshold and remains relatively unchanged after the cell change, the handover/reselection could be considered non-essential. This would enable the UE to categorize as non-essential all handovers/reselections that occur from macro to pico when the pico cell is well within the coverage of the macro cell. 
Of the above approaches, only the 3rd approach is useable for both idle and connected mode.

Proposal 2: RAN2 should adopt the “UE determining which handovers/reselections to count towards MSE” approach for MSE enhancements.
3 Summary
We have analyzed the different potential solutions for mobility state esitmation enhancements to address issues in HetNets. The following proposals are made:
Proposal 1: Given that the Mobility State Estimation feature applies to both connected mode and idle mode, enhancements to the feature should be useable in both connected mode and idle mode.
Proposal 2: RAN2 should adopt the “UE determining which handovers/reselections to count towards MSE” approach for MSE enhancements.
RAN2 is requested to discuss and agree on the above proposals.
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