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1.  Introduction

One of the cases identified with high priority in the SON WI for Rel-11 during RAN3 #74 is about failure cases related to mobility (e.g. RLF or HOF) in heterogeneous deployments (HetNet) [1]. The Mobility Robustness Optimization (MRO) function has been in fact defined mainly based on homogenoeus macro network deployments and further enhancement may be needed for the HetNet case. At the same time, RAN2 is investigating HetNet mobility in terms of robustness with respect to the current mechanisms available for handover triggering and failure recovery [2].
In this paper we illustrate few considerations about MRO in HetNet scenarios, which in our opinion should be taken into account and discussed by RAN3 within the SON WI and possible MRO enhancements. 
2. Discussion
In case of HetNet, cells of different sizes (e.g. macro cell and pico cells) coexist in the same network and mobility among them will have to be managed for correct network operations. This pose the challenge about handling handovers in and out of small cells, as UE traveling at high velocity may incur into failures more often than UE traveling at low velocity while crossing borders of a small cell.
A typical scenario is summarized in the RAN3 offline discussion report [3], where a pico cell is embedded into the coverage of a macro cell, as depicted in Figure 1. In this case, the knowledge of the UE velocity and of the cell size at eNB might be a useful information to be considered by MRO algorithms to address mobility robustness in HetNet as illustrated in [3]. 
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Figure 2: Example of mobility failure in HetNet, with re-establishment in the source cell [3].
However, this information may not be fully sufficient in the case of HetNet, as the pico cells are mainly introduced for offloading macro cells and to benefit from such system capacity increase, it is important that MRO algorithm do not select optimal working point with very conservative handover parameters. In particular, let’s consider the usage of Cell Range Expansion (CRE), which is realized by biasing the handover triggering (e.g. adding an offset to handover threhsold) in order to make the pico cell coverage looking larger to the UE. In this case, users handed over earlier to the pico cell will use e.g. TDM ICIC to counteract interference coming from neighbour macro cells by means of Almost Blank Subframes (ABS). As shown in [4], this feature is particular attractive also for mobility robustness, as providing a very effective way to improve mobility performance in case of HetNet by reducing the macro cell interference at pico cell edge, one of the main causes of possible RLF/HOF at macro-pico cell border. 
It is worth noting that when CRE is used, there will be scenarios in which both users with time domain ICIC and legacy users will exist, whereby the handover boundary for those two user groups is expected to be significantly different. In this case it is beneficial for MRO algorithm to be able to distinguish the two user types and apply separate optimization objectives and handover parameters to secure:

· Robust mobility performance for both legacy and eICIC UEs

· Appropriate offloading between macro and pico cells 
In case this is not considered, it could happen than fast traveling legacy UEs will call for more conservative handover parameters, which in turn will defeat the benefits of pico cell offloading. However, if the two user types are differentiated, MRO could apply e.g. conservative parameters for non-CRE UEs and less conservative parameters for CRE UEs, these last ones also benefiting from more robust mobility mechanisms [4].

In addition, if the proposals illustrated in [3] will be adopted, it becomes less clear what small cell means for users when applying CRE. In fact, while for legacy users a certain cell size could be considered small, for other users the same may not properly hold. As the cells size is a cell parameter defined for each cell, again it seems that MRO algorithsm relying on cell size and UE velocity would benefit by differentiating CRE and non-CRE users.
Principle 1: MRO should be able to distinguish failure cases of CRE and non-CRE users and should optimize them separately to achieved both mobility robustness and proper offloading between macro and pico cells.

Proposal: It is proposed to capture Principle 1 in the WI TR. 
3. Conclusions
In this paper we have illustrated further considerations for MRO in HetNet and propose to RAN3 the following:
Proposal: It is proposed to capture the following principle in the WI TR: 
· MRO should be able to distinguish failure cases of CRE and non-CRE users and should optimize them separately to achieved both mobility robustness and proper offloading between macro and pico cells.
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A mobility failure for a high speed UE can occur after successful HO preparation to CellB, for example due to: 


Failure to connect to CellB (e.g. failed RACH access or failed RRC Conn. Reconfig. Complete) 


Success in connecting to CellB but shortly after being subject to RLF


The UE reappears in CellA after the failure
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