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1. Introduction

The Rel-12 HetNet mobility enhancement WI has been approved in RAN#58 meeting, in [1], it is agreed that the work should focus on the problems already studied in the corresponding Rel-11 SI phase, and handover performance w.r.t. handover failure and Ping-pong is listed as the first issue to be solved. This paper summaries the potential directions for enhancement and tries to give some consideration on how to move on with all these directions.
2. Discussion
1.1.  Mobility performance in HetNet
In the SI [1], the study of HetNet mobility performance mainly focused on co-channel deployment where small cells are deployed for offloading or coverage extension. Compared to macro-only deployment, the number of handovers/cell re-selections in HetNet might increase a lot due to small cell deployment. Moreover, the HO type is enriched by including handover between pico and macro cells and handover between pico cells. Thus the mobility performance may be challenged fiercely. 
Simulation results in [2] indicate that the overall handover performance in HetNet is not as good as in macro-only networks, especially for high speed UEs. Of the different HO types, the Pico-to-Macro case shows the worst performance by around 8% increase w.r.t. HOF rate compared to that in legacy homogeneous networks. Besides, DRX seems to play a non-neglectable role in mobility that longer DRX combined with higher UE speed afflicts the success of the handover in HetNet. 
1.2. Solutions
To improve the handover performance in HetNet, companies proposed different directions and various solutions, which can be categorized as followed.
Enhanced MSE
Mobility state estimation is aimed to evaluate how active the UE is with regard to cell change. Current MSE mechanism is proved to be inaccurate in HetNet due to un-uniform pico cell deployment and lack of cell size consideration [3] [4]. The proposed enhanced MSE schemes can be classified into UE- based solutions and network-based solutions.
For UE-based solutions, people mainly argued how to do the MSE counting. [3] indicates that counting macro cell only is reasonable as such counting makes the MSE stable and will not be biased by uniformly deployed pico cells, [5][6]
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 \* MERGEFORMAT [7] thinks the source and target cell size should be taken into account and we should give different weighting values for different handover types. In [8], it prefers selectively handover counting by excluding the non mobility-based handover from MSE. Furthermore, UE trajectory and pico cell deployment purpose are also believed to be important factors for MSE counting [9]. To achieve UE-based solutions, necessary information should be signalled to the UEs including the cell size, the counting weighting value or the eNB explicitly indicates to the UE that whether the handover could be counted or not.
For network-based solutions, it is argued that many factors impacting on MSE can only be well known at eNB side, such as cell size, network deployment, pico cell location, cell load, etc. Providing current UE history information contains cells the UE has passed in the recent period, to enhance the UE history information for UE mobility state estimation is therefore considered to be an intuitive way [10].
Besides, there are companies considering other directions for mobility state estimation [11]
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 \* MERGEFORMAT [12]. 

Handover parameters adjustment
Handover related parameters have significant impact on the mobility performance as proved by the simulation results in [2], thus it is expected to improve the handover performance by appropriate handover parameter setting. In such solutions, different TTT, A3-offset, threshold are used according to different cell sizes or HO types [13]
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 \* MERGEFORMAT [14]
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 \* MERGEFORMAT [15], different UE speed [16] or based on channel condition [17]

 REF _Ref345852963 \n \h 
 \* MERGEFORMAT [18]. Other parameter adjustment e.g. hysteresis is also studied for mobility enhancement [16].
Excluding high speed UE from connecting to small cells
For fast moving UEs, the benefit obtaining from connecting to small cells is not that attractive because of short staying time in small cells and high handover signalling overhead. Therefore, considering the high handover failure rate for high speed UEs, it makes sense to keep such UEs from handover into small cells. As a result, the handover failure happened in case of macro-pico handovers especially P2M handovers can be avoided for such UEs. Several proposals can achieve this, by either delaying the UE measurement report of the small cells via larger TTT or offset, or a cell list explicitly indicating that the listed cells are not expected for measurement reporting [19], both need the UE to acquire necessary information from eNB. Another way is to exclude the small cells from candidate target cells at eNB when preparing the handover [20].
ABS with/without CRE
The almost blank subframe seems to be an attractive solution to improve the mobility performance which can mitigate the macro-pico interference and consequently reduce the handover failure rate. However, the non ideal ABS coordination between macro cells might even result in mobility performance degradation [21]
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 \* MERGEFORMAT [22]. 
DRX enhancement
[23]
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 \* MERGEFORMAT [24] suggested enhanced DRX solutions in which the UE assumes short DRX in a specific duration, for example, after an inbound handover or after sending out the measurement report to the eNB. With this, the impact of long DRX on delaying the handover may decrease.
1.3. Evaluation criteria
From the above section, we can see that there are many directions for mobility enhancement in HetNet and each includes plenty of solutions which have been proved by the proposed companies to have positive effect on mobility performance in HetNet. In order to select the final enhancements from all these solutions carefully in an effective way, some evaluation criteria should be specified for solution comparison. In this section, we give some consideration on the evaluation criteria to study the feasibility and profits for all sorts of solutions.
Table 1: Aspects for solution evaluation

	Criteria
	Description

	Mobility performance
	Mobility performance should be at the first place for evaluation. Companies hosting the corresponding solutions should provide simulation results to show how much gain can be obtained from the aspect of HOF and Ping-pong. Moreover, simulation assumption should also be provided in detail.

	Standard effort
	What is the anticipated impact on standardization? Is it easy to standardize the proposal? Does it impact only RAN2 specification or also have specification impact on other WGs, e.g. RAN1/3? Candidate solutions should not be too complex.

	Signalling overhead
	How much signalling overhead there is over the Uu interface, as well as other interfaces i.e.X2 and/or S1? The number and frequency of the proposed message/IE exchanging should be evaluated.

	Backward compatibility
	Whether the legacy UE can also benefit from the proposed solution? It would be better to consider the mobility performance for legacy UEs and take this into account when developing the final solution.

	Idle UE applicability
	Though handover performance for connected mode UEs is the most important problem to be solved, it is also hoped that the selected solution can also work well for the idle mode UEs. For example, the enhanced MSE is encouraged to cover these two modes, considering current MSE at UE covers both handover based MSE in connected mode and cell reselection based MSE in idle mode.


Proposal 1: RAN2 is kindly requested to discuss the above criteria when evaluating solutions for mobility improvement in HetNet.
3. Conclusion

In this contribution, we summarize the potential directions and solutions for mobility performance enhancement in HetNet, and in order to make good progress in solution selection, we propose that:
Proposal 1: RAN2 is kindly requested to discuss the above criteria when evaluating solutions for mobility improvement in HetNet.
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