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1 Introduction
The enhancement of mobility state estimation is under investigation as one of objectives of SI, ‘HetNet mobility improvements’. 
This paper briefly reviews some mobility scenarios in terms of mobility state estimation to tailor down the further investigation. 
This paper also classifies the mechanism proposed by companies into two approaches where it is seen that most of the proposals are proposing the mechanisms that employ the knowledge of the cell size or the equivalent information for better estimation of mobility state while new approach that does not take the explicit information on cell size of the similar is also worth having investigation due to its larger applicability. 
2 Discussion
2.1 Considered mobility scenarios in terms of mobility state estimation
There are several type of mobility scenarios that can be considered to be impacting mobility state estimation. 
· Intra-frequency mobility: mobility for a coverage reason
· Inter-frequency mobility: mobility for a frequency priority reason (in reselection) & coverage reason & network load balancing/offloading (in handover)

And, 

· Inter-RAT mobility state: mobility for a coverage reason, service reason (e.g., CSFB)

Currently both intra- and inter-frequency mobility are counted for mobility state estimation. The number of intra-frequency mobility to macro cell during the given time is one good measure to enable estimating the UE mobility state. However, 1) if there are many pico cells in heterogeneous network or 2) if there are many inter-frequency reselections/handovers, the estimation performance is severely impacted.  
The mobility state estimation enhancement is mainly motivated from the heterogeneous network scenario where many pico cells are deployed to offload the macro cell traffic. But it should be noted that the offloading can be often achieved by inter-frequency mobility to pico cells or even by inter-frequency mobility to macro cells. If UE often performs inter-frequency mobility, the mobility state estimation performance becomes degraded due to unnecessary increment of mobility counter. 
Proposal 1 The impact of inter-frequency mobility to mobility state estimation is also considered when  evaluating the need and the solutions for mobility state estimation enhancement 
Note that inter-RAT mobility is currently not counted for mobility state estimation, and this seems a desirable behavior. If the inter-RAT mobility is counted, the estimated result of UE mobility state is quite wrong in early LTE deployment where UE is often directed to 3G RAT due to shortage of LTE coverage and also for service reason, e.g., for CSFB. 

Proposal 2 The enhancement of mobility state estimation should not change the current mechanism, i.e., inter-RAT mobility is not taken into account for mobility counting. 
2.2 Two approaches for enhancement of mobility state estimation
There are a number of ways to enhance mobility estimation. Those enhancement can be classified into two approaches:
Approach1: The knowledge of the explicit cell size (or the equivalent) is known to UE. The knowledge is used to better estimate its mobility state
Approach2: The enhanced mobility state estimation does not take the explicit cell size (or the equivalent) into account. Instead, cell size-transparent mechanism is used to better estimate its mobility state. 
In the approach1, the UE is provided with information on the cell size on which UE is camping. Then the size of the cell is employed to better estimate the UE mobility state. There solutions that fall in the approach1 are 

· Mechanism 1a: If UE is informed that the camped cell’s size is small or if the UE is informed of the equivalent information by at mobility (cell reselection/handover), the UE does not increase its mobility counter such that camping on small cells does not affect estimation of UE mobility state. 
· Mechanism1b: Network provides multiple set of mobility parameters so that each mobility state parameter set is applied to the corresponding cell size the UE is camping on (or attempt to camp on).  
For the approach1 to work, each cell should indicate its cell size or the equivalent information. It may not be easy for network to determine the cell size by which mobility estimation mechanism at UE work differently depending on the indicated cell size because the sensitivity of UE cell searcher may be different for different UEs and cell coverage itself may not be a circular form having the same diameter neither the highly smooth convex form in metropolitan area. 
If we consider the approach 1 for inter-frequency mobility, it can 

In the approach2, we can consider cell-size transparent mechanism for enhanced mobility state estimation. One preliminary example could be 
· Mechanism 2a: A simple timer is introduced such that UE is refrained from counting of UE mobility (reselection/handover) while the timer is running. In this manner, undesirable mobility counting due to camping on pico cell can be somewhat avoided. The details are FFS. 

· Other solutions that do not use cell size information could be further studied. 

The grace of the approach2 is that it does not need cell size information exposed to the UE, so the difficulty in the approach1 seems to be less burdened to network. The approach2 can be also applicable for excluding inter-frequency mobility for mobility state estimation. 

It should be noted that even in approach2 the network should anyway determine the suitable value of the parameter(s), if newly introduced, for better estimations (e.g., prohibit timer value in the case of prohibit timer approach). 
Proposal 3 To find and evaluate the solution in line with approach2, i.e., the mechanism that does not employ the explicit cell size information for enhanced mobility state estimation 
Proposal 4 Prohibit timer approach that is to used to restrict mobility counting is further investigated as potential enhancement for mobility estimation enhancement 
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