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Discussion
1 Introduction
There are many proposals on the table for mobility estimation enhancement (MSE) for Rel-11. Before going into details and comparing them, it is desirable to establish general requirements and directions from which we can further discuss MSE enhancement. Hence, this paper aims at drawing some general requirements and enhancement direction for MSE enhancement. 

This paper also discusses some solutions that are proposed for MSE enhancement. We classify them into two category; 1) cell size dependent weighted counting, 2) cell size agnostic MSE. Most of proposed solutions are based on cell size dependent weighted counting, but it is also interesting to look at characteristic of cell size agnostic MSE for our further discussion. 
2 Discussion
2.1 MSE enhancement requirements and directions
General requirements of MSE enhancement in Rel-11
The need of MSE enhancement is mainly motivated by the use of heterogeneous network. However, the usefulness of existing MSE is already being challenged due to the complicated cell deployment and resultant complicated shapes of cell. In metropolitan area where the many tall building, bridges, and big roads are complicatedly placed, the cell coverage is not nice-shaped. For example, the cell coverage in big crossway in metropolitan is prolonged towards each road, resulting in a concave cell shape or ellipsoid. Depending on antenna tilt and the setting of directional antenna, the cell shape may not be expectable, i.e. much more complicated than we expect. The deployment of heterogeneous cells adds up the complexity and thus challenges the usefulness of existing MSE mechanism. The mechanism we will have for MSE enhancement in Rel-11 should work in such complicated real network. 
Proposal 1 MSE enhancement in Rel-11 should be applicable to complicated-shaped coverage area, e.g., in metropolitan area where heterogeneous cells on multiple frequencies exist

The existing MSE mechanism does not have any meaningful difference between idle mode and connected. The only difference is the mobility parameters that are scaled by estimated mobility state for each state, i.e. Treselection and TimeToTrigger for idle mode and connected mode respectively. 

In some area where there is heavy traffic in metropolitan area, offloading by means of pico cells may often take place. The pico cell can be deployed on intra or inter-frequency. In general, it is beneficial to take into account the offloading to the inter-frequency pico cell for MSE enhancement. For example, the mobility to inter-frequency pico cell for offloading purpose would be better to be excluded from mobility counting for MSE. 
Proposal 2 It should be possible that inter-frequency mobility for offloading rather than for coverage reason is not counted for MSE in Rel-11.

Whenever possible, we should keep the similarity of the MSE mechanism in Rel-11 for idle and connected mode. The similarity 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 scenarios. 
Proposal 3 MSE enhancement should be applicable for both idle mode and connected mode with minimal disparity.

There are two approaches that we can consider for MSE control with network assistance:
· 1) Broadcast control of MSE, e.g., cell specific control of mobility counting via broadcast signaling.

· 2) Dedicated control of MSE, e.g., UE specific control of mobility counting via dedicated signaling.
The second option becomes necessary only if UE specific signaling is essential, otherwise the first option would be sufficient. To check this, let us consider the MSE enhancement for idle mode. In this case, broadcast signaling is a natural way to provide assistance information for MSE to idle UE. Even for MSE in connected mode, broadcast assistance information can be used, as the UE needs to anyway obtain system information of the target cell after handover completion. 
Note that when UE performs mobility into small cell, UE status (e.g., UE current mobility state) should not affect the decision on whether the UE should count or not this mobility into mobility counter. Instead, it is the cell size of the target cell that affects the decision on whether the UE should count or not this mobility into mobility counter. In this sense, the necessity of dedicated control of mobility counting is not strong. 
Proposal 4 For MSE enhancement in both idle and connected mode, the broadcast control of MSE is sufficient. That is, providing assistance information, if needed, via broadcasting is sufficient. 
2.2 MSE enhancement solutions

2.2.1 
Cell size dependent weighted counting

Following proposed solutions fall into this category of cell size dependent weighted counting. 

· Counting of macro cell only, 

· Weighted counting of cells, with the range of the weight value {0, .. other values...,1}

There is the case that the target is apparently small enough such it is better to skip counting the mobility into the small cell for MSE. In that case, cell size dependent weighted counting for MSE is beneficial 
Proposal 5 Cell size dependent weighted counting for MSE is supported.

When the cell size dependent weighted counting for MSE is considered, a key question is how many steps we should differentiate for the size of cells in terms of MSE counting. 
In theory, as there are more steps, there will be more accuracy we could achieve for MSE. For example, one may argue that many steps like {0, 0.1. 0.2, …, 0.8, 0.9, 1} is beneficial, where 0 corresponds to the mobility counter increment for smallest cell, 0.1 corresponds to the one for very small cell,…, 0.9 corresponds to the one for large cell that is comparable to macro cell, and 1 corresponds to the one for normal macro cell. 

However, in practice, it is often the case that cell size is hardly mapped onto one value of many, because cell coverage is quite complicated in metropolitan and the cell size highly depends on the surroundings of the cell sites. Furthermore, the use of time domain ICIC blurs the boundary of small cell coverage by introducing cell range expansion towards certain UEs. 
It is our opinion that it is sufficient to differentiate whether the target cell is macro cell or non-macro cell, which is equivalent to differentiate whether the target cell is large enough to count for MSE or not. It does not introduce meaningful benefit to know more, i.e. how small the target cell is. 
Proposal 6 If cell size dependent weighted counting is introduced for MSE enhancement, only the weight set {0,1} is supported.  

2.2.2  
Cell size agnostic MSE enhancement

Considering the variety and non- homogeneity in the shape of cells, it may be difficult or inaccurate in some cases to apply cell size dependent weighted counting for MSE. 

Another way of MSE enhancement is to consider cell size agnostic MSE enhancement. Note that existing MSE mechanism is cell size agnostic mechanism. As an example of cell size agnostic MSE enhancement, we can introduce a timer; the timer starts when mobility takes place, and while the timer is running, another mobility, if happens, is not counted for MSE. With this simple timer approach, mobility to small cell is excluded from mobility counting for MSE. Figure 1 illustrates one example of cell size agnostic approach for MSE enhancement. This mechanism can be used as supplementary mechanism to the cell size dependent weighted counting. This mechanism can be commonly applied for both idle mode and connected mode without any difference. 
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Proposal 7 RAN2 discuss cell size agnostic approach for MSE enhancement.

3 Conclusion 
Proposal 1 MSE enhancement in Rel-11 should be applicable to complicated-shaped coverage area, e.g., in metropolitan area where heterogeneous cells on multiple frequencies exist

Proposal 2 It should be possible that inter-frequency mobility for offloading rather than for coverage reason is not counted for MSE in Rel-11.

Proposal 3 MSE enhancement should be applicable for both idle mode and connected mode with minimal disparity.

Proposal 4 For MSE enhancement in both idle and connected mode, the broadcast control of MSE is sufficient. 
Proposal 5 Cell size dependent weighted counting for MSE is supported.

Proposal 6 If cell size dependent weighted counting is introduced for MSE enhancement, only the weight set {0,1} is supported.  

Proposal 7 RAN2 discuss cell size agnostic approach for MSE enhancement.
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