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1. Introduction

In HetNet mobility enhancement SI, performance of UE mobility state estimation (MSE) in HetNet is evaluated [1]. It is observed that the MSE is not as accurate in HetNet environments as in macro only deployments since it does not take into account cell sizes, and there is consensus that enhancements including UE and network based mechanisms should be considered to improve the mobility performance of HetNet. 
In this contribution, we analyze potential solutions for mobility state estimation HetNet mobility scenarios.
2. Discussion
The current UE MSE is based on past number of cell reselections (Idle mode) or handovers (Connected mode). In macro-only deployments, this functionality can be used to estimate UE’s speed and its accuracy is acceptable. In HetNet deployments with different cell-size, however, the MSE might not reflect UE’s real speed. Since the effect of MSE is to scale related mobility parameters and high-mobility users are expected to avoid staying on the small BTS layer, the MSE mechanism should be further studied for HetNet deployment scenarios. 
In HetNet mobility enhancements SI, some options on MSE proposed by different companies are discussed in the relevant email discussions [2] [3]:
a) Count only macro cells for MSE?

b) Indicate in HO command which cells (not) to count for MSE?

c) Weigh different cell types differently in the counting for MSE?

d) Count only cells deployed for coverage (no hot-spots within coverage of another cell)?
We would like to discuss these options in the following 2 scenarios. 
· Scenarios 1: In the time duration TCRmax, UE moves across few macro cells but multiple pico cells, where pico cells are deployed for coverage, e.g. in the subway case. 
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Figure 1

Discussion on the accuracy of the 4 options in scenario 1:
	Options
	Discussion

	a) Count only macro cells for MSE
	UE does not count the number of pico cell changes, so if the number of pico cell changes is large, the MSE result might be inaccurate.

	b) Indicate in HO command which cells (not) to count for MSE
	The network indicates which cells should be count for MSE, thus the MSE result would depend on the network’s decision. 

	c) Weigh different cell types differently in the counting for MSE
	The estimation result would be acceptable, since proper setting of weight would reflect the ratio of pico cell size compared to the macro cell size. 

	d) Count only cells deployed for coverage (no hot-spots within coverage of another cell)
	Pico cell change would also be counted for MSE, thus this option has the same result as the current MSE mechanism, which does not take the different cell size into account. 


· Scenarios 2: In the time duration TCRmax, UE moves between multiple pico cells within one macro cell, where pico cells are deployed for capacity at hotspots.
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Figure 2
Discussion on the accuracy of the 4 options in scenario 2:
	Options
	Discussion

	a) Count only macro cells for MSE
	UE does not count the number of pico cell changes. However, when UE is handed over from pico to macro, UE might count this kind of cell change for MSE, which would cause some inaccuracy.

	b) Indicate in HO command which cells (not) to count for MSE
	The network could indicate the UE in HO command not to count handovers within one macro cell for MSE, and then UE MSE result would be more accurate. 

	c) Weigh different cell types differently in the counting for MSE
	If the weight of pico reflects the size ratio of pico to macro, then MSE may be inaccurate. 
If the weight of pico cell is set to 0 and the weight of macro cell is set to 1, then MSE would have the same result as option a).

	d) Count only cells deployed for coverage (no hot-spots within coverage of another cell)
	Only macro for coverage would be count for MSE, thus this option has the same MSE result as option a).


From the above discussion, it can be seen that each option has some inaccuracy in certain scenarios. We slightly prefer option c) and d). Combining option c) and d), we assume that the operator deployments and UE MSE mechanism could be as following in order to have sufficient accuracy for MSE, and specification details can be further discussed: 
· Small cells (pico) that are deployed for coverage could broadcast a weight which is the ratio of its cell-size to macro cell-size. 

· Small cells (pico) that are deployed for capacity at hotspots could broadcast a weight with value 0. 

· Only handovers from a cell deployed for coverage to another cell deployed for coverage should be counted for MSE. 
· The weight of macro cell could be set according to its size. 
Proposal 1: RAN2 is kindly suggested to discuss UE MSE options.
Proposal 2: In order to have sufficient accuracy for MSE, above deployments and UE MSE mechanism could be considered. 
3. Conclusion
In this contribution, we discuss HetNet mobility scenarios and the potential solutions for MSE. We have the following proposals: 

Proposal 1: RAN2 is kindly suggested to discuss UE MSE options.
Proposal 2: In order to have sufficient accuracy for MSE, above deployments and UE MSE mechanism could be considered. 
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