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1. Introduction
The objectives of the SI on HetNet mobility enhancements for LTE include:
· 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)
During recent several meetings, some documents [1][2][3] about UE mobility state were submitted. However, no conclusion has been reached on this topic. Based on these previous documents, this document tries to analyze the problems and impacts of UE mobility state estimation. And we propose to consider UE mobility state factor in large scale simulation.
2. Discussion
In homogeneous network the cell size of macro cells are approximate. The amount of cell reselections or handovers during a certain interval can be used to roughly estimate the moving distance of UE. Therefore, the UE judges its mobility state (normal, medium or high) based on the number of cell reselections in idle mode within the mobility state estimation period [4]:

Medium-mobility state criteria:

· If number of cell reselections during time period TCRmax exceeds NCR_M and not exceeds NCR_H
High-mobility state criteria:

· If number of cell reselections during time period TCRmax exceeds NCR_H
The similar rule is applied to connected mode by counting handovers instead of cell reselections. For the UE in medium or high mobility state, it suffers faster changes on signal quality than the UE in normal mobility state. In order to switch to new cells in time, fast UEs speed up cell reselection or handover according to UE mobility state, by scaling Qhyst and Treselection in idle mode or TimeToTrigger in connect mode.
In heterogeneous network, different cell types are deployed together, e.g. macro, pico, femto, RRH, etc. The size of these cells is different with each other. Therefore, the estimation of UE mobility state in hetnet becomes more complex than that in homogeneous network. It is not enough to simply consider the amount of cell reselections or handovers. Many factors, like cell sizes or network deployment, may need to be taken into account in the estimation of UE mobility state.
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      Figure 1: pico uniformly deployed in macro                                Figure 2: pico randomly deployed in macro
For example, in figure 1 pico cells are uniformly placed at the boundary of every two macro eNBs to enhance coverage. In [2] it shows that UE mobility state could be estimated correctly by adjusting the value of NCR_M in the case. Hence, if small cells are uniformly deployed, the existing mechanism of UE mobility state estimation can work well with proper parameters configured.
While small cells are randomly deployed, like figure 2, the problem arises. It is hard to ensure the accuracy of UE mobility state estimation by adjusting existing parameters, e.g. NCR_M [2]. The simulation results in [3] also show that the existing mechanism of UE mobility state estimation can not work well in randomly deployed scenarios, whatever pico cells in macro cell are deployed sparsely or densely (2 or 6 pico cells per macro cell). Some UEs misjudge normal mobility state to medium mobility state. The difference between small cells sparsely and densely deployed scenarios is just the rate of misjudgment.
Observation: When small cell are randomly deployed in hetnet scenario, the existing mechanism of UE mobility state estimation leads misjudgment.

If the UE mobility state is misjudged, what would be impacted? 

The following is the description of scaling TimeToTrigger in [5]:
The UE shall:

1>
perform mobility state detection using the mobility state detection as specified in TS 36.304 [4] with the following modifications:

2>
counting handovers instead of cell reselections;
2>
applying the parameter applicable for RRC_CONNECTED as included in speedStatePars within VarMeasConfig;

1>
if high mobility state is detected:
2>
use the timeToTrigger value multiplied by sf-High within VarMeasConfig;
1>
else if medium mobility state is detected:
2>
use the timeToTrigger value multiplied by sf-Medium within VarMeasConfig;
1>
else

2>
no scaling is applied;

The similar scaling rule is applied to Qhyst and Treselection in idle mode. Based on the above description, UE mobility state only impacts the value of Qhyst and Treselection in idle mode or TimeToTrigger in connect mode.

However, we have no idea about how important of TTT parameter in Hetnet mobility until now. Furthermore, whether the value of TTT for small cells is smaller than that for macro cells or not is also no conclusion. If the UE mobility state is misjudged, it is hard to conclude that how terrible the performance of hetnet network would be. The impact of TTT parameters on hetnet mobility has already considered in current simulation. We suggest further considering UE mobility state estimation on hetnet simulation to verify its impact.

First, simulate the system performance of hetnet with existing UE mobility state estimation mechanism. The simulation scenarios include both sparse and dense picos randomly deployed in macro cells. And we could consider only one frequency in the simulation for simpleness.
If it is proved that the system performance of hetnet with existing UE mobility state estimation mechanism is not acceptable, then enhanced UE mobility state estimation mechanisms need to be considered. Some enhancements on UE mobility state estimation have been proposed to solve the misjudgment of UE mobility state. For example, take cell type into account in UE mobility state estimation:

Option 1: Only count macro cells’ reselections or handovers;

Option 2: Consider small cells’ reselections or handovers, but several small cells’ reselections or handovers may be counted as one cell reselection or handover in UE mobility state estimation.

As for how UE differentiates cell type, some enhancements also have been brought forward, e.g splitting PCI for small cells, broadcasting cell type and so on. However, legacy eNBs and legacy UEs can not be aware of these enhancements. Legacy UEs would still misjudge UE mobility state accurately with these enhancements. The backward compatibility needs to be considered when introducing enhancements on UE mobility state estimation. Anyway, if the UE mobility state estimation has a bad effect on system performance of hetnet, any enhancement needs to be simulated further to prove the improvement.

Proposal: Consider UE mobility state in large scale simulation.
· First, simulate the system performance with existing UE mobility state estimation mechanism;
· Further, simulate the improvement with enhancement on UE mobility state estimation.

3. Conclusion
In this document, we analyze the problem of existing UE mobility state estimation mechanism in hetnet, based on some previous documents. We suggest:

Proposal: Consider UE mobility state in large scale simulation.

First, we can simulate the system performance of hetnet with existing UE mobility state estimation mechanism. Both sparse and dense randomly deployed picos should be considered.

If a bad effect on hetnet is proved with existing UE mobility state estimation mechanism, any enhancement of UE mobility state estimation need to be simulated further.
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