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Discussion
1 Introduction

In SI HetNet mobility enhancements, it was 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. There was consensus that MSE enhancements should be considered to improve the mobility performance of HetNet and the enhancements include UE and network based mechanisms.
LTE UE scales mobility related parameters, TimeToTrigger and Treselection, depend on its estimated mobility state. In HetNet environment, MSE will be positively biased than macro only deployments. So the UE will scale down mobility related parameters and this may increase handover failure rate and ping-pong rate. To avoid this problem, the existing UE based MSE should be enhanced, apart from the NW based mechanism. In this paper, we compared only UE based MSE enhancements proposed in Rel-11.
2 Discussion
2.1 Classification of MSE enhancement solutions
MSE enhancement with consideration of target cell info only
· Alt 1. MSE with target cell -specific weighting

The cell specific weighting can be determined according to the cell size and deployment type: whether the cell has its own independent coverage (=standalone small cell) or the cell is overlapped with macro cell (=overlapped small cell). The cell broadcasts its own weighting and the UE counts using this weighting when moves to the cell. Generally, the larger the cell size, the bigger weighting the cell broadcasts, and standalone small cell may broadcast a larger weighting than the overlapped small cell.

Alt1 can make MSE more accurate by subdividing the unit of weighting but it needs more resources allocation to broadcast weighting.

· Alt 2. MSE with target cell type-specific weighting

The cell informs UE of just cell type, whether it is small cell or macro cell, for MSE enhancement. The UE uses pre-configured weighting according to the cell type when it counts handovers/reselections. In figure 1, UE uses weighting ‘1’ and ‘0.2’ for macro cell and small cell, respectively. 

This alternative doesn’t consider the deployment type of small cell as a determination factor of weighting. So in dense small cell scenario, as shown in Figure 1, the MSE may be positively biased when the overlapped small cells form cluster. But the assistance information UE needs is simple and the broadcast resource required for MSE enhancement is smaller than cell specific weighting


[image: image1.emf]Weighting=1

0.1 0 0.1

0.3

1.6 1.3

0.1

0.1

2.5

1.2

type =Macro

small

1.8 1.6

0.4

0.2

2.8

1.4

Alt 1. target cell specific weighting Alt 2. target cell type specific weighting

0 0

0.9 Macro

small small small


Figure 1. The example about target cell-specific weighting and target cell type-specific weighting (when UE uses weighting ‘1’ and ‘0.2’ for macro cell and small cell, respectively in Alt2)
· Alt 3. MSE with target cell type-specific weighting, where non-macro weighting set to zero

The cell broadcasts cell type identifier like Alt 2 and UE counts handovers/reselections only when the cell type is macro cell. Actually, this alternative is covered by Alt2. The added restriction is that UE uses weighting ‘1’ and ‘0’ for macro cell and small cell, respectively. By not counting small cell, two differences arise in Alt 3 from Alt 2. The one thing is that there is no positive bias of MSE in Alt 3 by not counting overlapped small cell and another is that the MSE can be negatively biased by not counting standalone small cell.

Alt 3 provides same level of accuracy with current MSE in macro only deployments in most cases as shown in Figure 2.
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Figure 2. The comparison between current MSE in macro only deployments and Alt 3 in HetNet deployments
MSE enhancement with joint consideration of source and target

· Alt 4. MSE with source & target cell type-specific weighting
Subdivided weighting factors are used according to handover types. For example, weighting factors of [a1,a2,a3,a4| where 0 <= ai <=1] are mapped onto [macro-macro, macro-pico, pico-macro, pico-pico| where the first one is source cell and the second one is target cell]. The UE uses these factors according to handover types when it counts handovers/reselections.
In common with Alt 2 and 3, Alt 4 doesn’t consider the deployment type of small cell as a determination factor of weighting. Instead, Alt 4 considers the type of previous cell. However, finding the appropriate weightings for various scenarios is not feasible; since possible pico deployment type is various, it is very hard to find the appropriate weighting factors for each case. 

2.2 Analysis on MSE enhancement solutions
Accuracy
Alt 1 makes MSE more accurate than Alt 2, 3, and 4 by providing cell specific weighting to UE. However, considering that the need to enhance MSE in HetNet is that the MSE is not as accurate in HetNet environments as in macro only deployments, a higher degree of accuracy than current MSE in macro only deployments is not integral part of the MSE enhancement. And more broadcast resources are required to improve the accuracy of MSE in Alt 1. Besides, some operators could be reluctant to open their cell size. The target cell type based weighting (Alt2 and 3) is enough to give the same level of accuracy with the current MSE in macro only deployments. Therefore,

Conclusion 1: Alt 1 is the best in terms of accuracy of MSE, but target cell type based weighting (Alt2 and 3) is sufficient.
Stability
In Alt 2, small cells have the same weighting irrespective of whether the small cell is standalone small cell or overlapped small cell. This is the same for Alt 4. In dense small cell scenario, the overlapped small cell may form cluster. Therefore, even the weighting for overlapped small cell is very small, the degree of positive bias of MSE by counting overlapped small cells can in no way be negligible when the density of overlapped small cell is high. 
In Alt 3, positive bias of MSE as above does not occur because the weighting for small cell is zero, but negative bias can occur by not counting standalone small cell. However, standalone small cell may be deployed alone for the purpose of filling the coverage hole or coverage extension, so negative bias of MSE caused by not counting standalone small cell may be negligible.
Conclusion 2: Stability will decline if standalone small cell and overlapped small cell have the same weighting not zero (as in case of Alt 2 and 4). 

Complexity

Alt1 is more complex in terms of broadcast signalling then Alt 2, 3 and 4. In UE aspect, UE applies different weighting to each cell when it counts handovers/reselections. In Alt 2 and 4, the mapping process between cell type(s) and weighting will be introduced in UE. In case of Alt 3, UE doesn’t count when the target cell is non-macro cell. It is the simplest.
Table 1. SUMMARY
	
	Alt 1
	Alt 2
	Alt 3
	Alt 4

	performance
	accuracy
	more accurate than current MSE in macro only deployments
	similar level of accuracy with the current MSE in macro only deployments
	The same level of accuracy with the current MSE in macro only deployments in most cases. 
	similar level of accuracy with the current MSE in macro only deployments

	
	stability
	Better than current MSE
	Bad: MSE is positively biased when the density of overlapped small cell is high
	Good: MSE is negatively biased a little by standalone small cell
	Bad: MSE is positively biased when the density of overlapped small cell is high

	Signalling overhead
	complex
	simple
	simple
	simple

	UE complexity
	more complicated
	a little complicated
	simple
	a little complicated


Based on the above analyses and conclusions, Alt 3 is optimal. If we hope that the enhanced MSE will be more accurate than current MSE in macro only deployment and allow more broadcast resources are allocated for MSE enhancement, Alt 1 is desirable too.

Proposal 1: Considering several aspects, Alt3 is taken for the MSE enhancement. Only if higher accuracy is required accuracy, Alt 1 is alternatively considered.
2.3  Applicability of MSE enhancement in idle mode
The advantage of dedicated weighting is that the cell is able to signal a different weighting to each UE. For example, macro cell signals weighting ‘0’ to a UE when the UE is moved from intra-eNB cell and signals weighting ‘1’ to another UE which is moved from inter-eNB cell. The MSE using dedicated weighting gives higher performance in terms of accuracy than the broadcast weighting by eliminating the unnecessary counting like this. However, this is acceptable error case in current MSE and the MSE enhancement using dedicated signalling is not applicable for idle mode UE.
Whenever possible, we should keep the commonality of the MSE mechanism in Rel-12 between idle mode and connected mode. The commonality makes it easier for the performance of enhanced MSE to be more expectable from both UE and network side under the several/different network deployment types. Furthermore, in some WIs, it was proposed that UE informs NW of the MSE when initiates RRC connection. The MSE enhancement for idle mode will be of assistance to such future works. For these reasons,

Proposal 2: we should keep the commonality of the MSE mechanism in Rel-12 between idle mode and connected mode. And to achieve this, assistance information for MSE enhancement should be signalled via broadcasting.
3 Conclusion
In conclusion, we proposed
Proposal 1: All things considered, Alt3 may be the best solution for the MSE enhancement. If we want a higher accuracy, Alt 1 is suitable solution.
Proposal 2: we should keep the commonality of the MSE mechanism in Rel-12 between idle mode and connected mode. And to achieve this, assistance information for MSE enhancement should be signalled via broadcasting.
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