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Discussion and Decision 
1 Introduction 
During RAN#52 plenary, a new SI “Study on Hetnet Mobility Enhancements for LTE" was approved for Rel 11.0 which was decided to continue after RAN#53 plenary [1]. The SI proposes following objectives:-
	The study shall consider both network centric solutions and possible UE assisted enhancements.
· Identify and evaluate strategies for improved small cell discovery/identification. (RAN2)
· Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe (RAN2, RAN1 if requested by RAN2)
· Further study and define automatic re-establishment procedures that can help improve the mobility robustness of HetNet LTE 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)
· Robust mobility functionality under various supported assumptions for the availability of UE measurements (including DRX functionality) shall be ensured/taken into account as well as UE power consumption and complexity (RAN2, RAN4)

· Further study and define mobility enhancements for Home eNodeBs with multiple carriers (or CA) with CSGs (potentially different CSG on different carriers) (RAN2, RAN3)


In this contribution we discuss the issues related to UE mobility state estimation in Hetnet. 
2 Background
In current specification UE mobility state estimation is a procedure where the UE estimates whether it is in low (normal), medium or high mobility state with respect to the network.  The UE is configured to count the number of handovers in connected mode and number of reselections in idle mode. UE estimates the mobility state as low (normal), medium or high based on the number of counts (cell reselections or handovers) during a configured period of time [2]. Once UE estimates the mobility state, the UE applies mobility state specific scaling factor (if configured) on mobility related parameters. The connected mode mobility is controlled by the network. In connected mode when the configured handover event is triggered the UE applies the scaling factor to Time-to-Trigger (TTT) to control the measurement reporting to the network. The idle mode mobility i.e. cell re-selections is handled by the UE itself based on the best ranked cell principle controlled by the Treselection time and Qhyst parameters. These parameters are scaled applying the scaling factors depending on the UE mobility state.  
The current mobility state estimation procedure is applicable for homogenous network (i.e. network of cells with same cell size) and if the scaling factors are configured by the serving cell, the mobility parameters is optimized when the UE speed is high. When the UE applies the current mobility state estimation mechanism in heterogeneous deployment topology (i.e. network of cells with different cell size), the mobility state estimation may not work properly as argued in previous RAN2 contributions [3], [4], [5]. 
Therefore we see the following two issues that need discussion:
1. Improving the mobility state estimation in Hetnet. 
2. Applicability of scaling factors taking both mobility state and different cell size into account.  

3 Mobility State Estimation 
In Rel 10.0 we studied Hetnet in the context of macro-pico and macro-femto scenario. Currently UE can distinguish femto (CSG) cell while it cannot distinguish between macro and pico cells. Therefore, the rest of the discussion for mobility state estimation is in the context of macro-pico cells. The problem to the existing UE mobility state estimation is introduced because of deployment of co-channel pico cells within the macro layer. 
In [5] it is shown that counting uniformly deployed cells could be used to eliminate unreliable mobility state estimation. Also when considering the fact that most pico cell deployments will be within the Macro cells, for mobility state estimation considering only the Macro-Macro HO/reselection should be good enough. 
Proposal#1: RAN2 to consider mobility state estimation based on macro count only in Hetnet with the assumption that UE is able distinguish pico cells.
4 Scaling Factors for a given Mobility State
In Hetnet, the following mobility scenarios are possible with the assumption that UE is able to distinguish the macro and pico cell:

A. Macro ( Macro

B. Pico(Pico 

C. Pico ( Macro

D. Macro ( Pico
The serving cell will configure the mobility related parameters (TTT, Treselection, Qhyst) and it is understood that these parameters will be set by taking the cell size into account. This means the mobility parameters configured by macro and pico cell will be scaled in accordance to the target cell size.  A UE when applying the scaling factors would take mobility state into consideration and it is expected that an operator will provide different scaling factors considering different cell sizes.
The mobility related parameters are chosen by an operator based on the deployment considerations, ex: the CRE bias between the Macro and Pico cells or the speed of selection of a Pico cell from a Macro cell or vice versa. Under high mobility scenarios, an operator might prefer that UEs do not see Pico cells at all. 
Observation#1: Though it looks intuitive to have different set of mobility related parameters, one set when a UE moves into a Pico cell and one set when a UE moves into a Macro cell, the choice of network providing different or a single set of mobility parameters will also be subject to deployment considerations.
Macro(Macro and Pico(Pico Mobility

The macro(macro mobility is legacy behavior and applicability of existing scaling rules should work fine based on mobility state. With the assumption that configured mobility parameters are serving cell size dependent applicability of existing scaling rules should also work fine for the pico(pico mobility case.

Macro(Pico Mobility

For the pico(macro mobility it is expected that existing scaling rules should work fine for low speed UEs.
For the macro(pico case as the serving cell is macro cell and the cell size dependent mobility parameters are configured according to macro(macro mobility, there might be issues for the macro(pico mobility. Even here under low speed conditions, it is unclear if there is any need for additional cell specific scaling. However, if the mobility state is medium or high there could be issues as shown in [6] that for high speed UEs the radio link failures and handover failures rates are high.  Thus we should only make enhancements if the large scale simulations really show problems at relevant speeds.
5 Proposals
Based on above discussion:
Proposal#1: RAN2 to consider mobility state estimation based on macro count only in Hetnet with the assumption that UE is able distinguish pico cell.
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