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1 Introduction
In last RAN#51 meeting, a new study item HetNet mobility improvements for LTE is approved. One of key objectives is UE mobility state estimation to improve the mobility robustness in HetNet networks.  
“Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account. (RAN2, RAN3)”

Several companies in RAN2#73bis discussed the mobility state estimation issue in the HetNets [1]
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[2]. In this contribution, we discuss several potential directions of work with some possible solutions for the enhanced UE speed or mobility state estimation. 
2 Discussion and proposals
2.1 Problem with existing mobility estimation method
The existing UE speed estimation method is based on UE counting the number of HOs or reselections. The method is for the macro cell to macro cell mobility. In the HetNets due to the much smaller size of the pico cells, to enable the UE-speed dependent functions with the pico cells, better UE speed or mobility state estimation is desired.
In the HetNets with significantly varying cell size, a UE could not correctly estimate its mobility state by counting handover numbers without taking cell size into consideration. Further more, even for the cells with the same power (about the same size), the number of the HOs being counted is highly dependent to the travel route of the mobile. The following diagram shows how inaccurate the speed estimation is. In the example, two UEs with the same speed moving in the cells with the same size. But due to that they are at different location, the speed estimation for one UE is twice of the speed of the other UE.
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In general, the number of HOs is significantly impacted by the condition of radio environment. For example the shadowing could impact when HO will occur. It may cause more ping-pongs. The actually size of a cell is highly dependent on its location.
Observations: current HO counting based speed estimation is too rough to be employed to support the mobility in the HetNets
2.2 Potential mobility estimation solutions

2.2.1 Network compensation via adaptive UE configuration

Current standards allow the network estimate the UE mobility state for connected UEs. Since the network has additional information such as cell type and size, the network could perform better mobility state estimation. In heterogeneous network with varying cell size, the connected UE may not correctly estimate its mobility state by counting handover numbers without taking cell size into consideration. The serving eNB has better knowledge of the UE mobility state, it can configure proper speedStatePars to the UE to compensate the estimation error of the UE and make SF scaling reflecting the actual UE speed.
2.2.2 Cell type/size acquisition
In this method, the network may signal the cell type or cell size related information to UE to assist the mobility state estimation. Based on this information, the UE shall take cell type or cell size into account in addition to the number of cell reselections or handovers. The detailed information formation and procedure for connected UEs and idle UEs are FFS. 
This method is reliable enough for UE to estimate its mobility state under the assistance of the network, but some specification effort is needed. 
2.2.3 Velocity estimation methods
It is desired to have more accurate velocity estimation. The velocity estimation at a UE is possible based on the L1 time offset measurement or power measurement. There are also many network-based speed/velocity estimation methods such as Doppler estimation at the eNB. Both mobile-based and network-based UE velocity estimation methods for CONNECTED as well as IDLE modes should be studied.
Proposal 1: RAN2 is kindly suggested to evaluate all the possible mobility estimation methods including the UE velocity estimation for mobility support in HetNets.
3 Conclusion
In this contribution, we provide some analysis of the UE mobility state estimation in HetNet and give some potential solutions to take the discussion forward. 
Observations: current HO counting based speed estimation is too rough to be employed to support the mobility in the HetNets

We propose that:
Proposal 1: RAN2 is kindly suggested to evaluate all the possible mobility estimation methods including the UE velocity estimation for mobility support in HetNets.
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