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1. Introduction 
During RAN3#72, discussions were carried out regarding the scenarios addressed by the MRO function and whether there are relevant failure cases so far not addressed by this feature.

It is believed that the range of scenarios addressed by the current MRO feature is sufficient to identify all the most relevant failure cases during UE mobility. However, the current MRO function does not allow correct interpretation of mobility failure cases depending on UE’s mobility state.

This contribution analyses some of the mobility failure cases already addressed in the MRO feature description and reinterprets them in light of the UE’s mobility state. 
2. Discussion

A typical homogenous deployment scenario, where cells of comparable sizes are deployed with adjacent cell borders, was considered for development of MRO reference scenarios. In such scenarios, it is relatively easy to detect the cause of the mobility failure (i.e. too early handover, too late handover, or handover to wrong cell), and also the most appropriate action to resolve the failure is rather straightforward. For example, if a considerable number of Too Early Handovers from a certain CellA towards a certain CellB are detected, it is intuitive to think that the CIO from CellA to CellB should be increased in order to delay the handover. Likewise, when a considerable number of Handover to Wrong Cell, e.g. CellC, is detected, the CIOs from CellA to CellC and from CellA to CellB should be adjusted in order to allow UEs to be handed over to the right cell (e.g. increase the CIO towards CellB and/or decrease the CIO towards CellC).
However, the pre-assumption in all these possible failure solutions is that CellA, CellB and CellC are neighbour cells of comparable sizes and that the potential solution will be equally effective for all UEs moving amongst these cells, regardless of their mobility state (i.e. speed). To illustrate how such pre-assumptions could be misleading, two scenarios are considered, as represented in Figure 1 and Figure 2.
In Figure 1, a HetNet scenario is considered where the target CellB is a hot-spot small cell neighbouring source CellA and CellC. In this figure the UE is assumed to be moving at relatively high speed. Two possible failures could occur: the UE could completely fail to connect to CellB and reconnect directly to CellC or the UE could succeed to connect to CellB but shortly after experience an RLF and reconnect to CellC.  Provided that handover preparation has been carried out successfully, both these failure scenarios would be interpreted by MRO as Handover to Wrong Cell, via the X2 RLF INDICATION and HANDVOVER REPORT messages in the first and second failure cases, respectively. The detection of considerable number of such failures might trigger MRO to address these failures by readjusting the CIOs. 
However, these failure cases may not occur for UEs moving at a relatively low speed. In fact, a low speed UE might be handed over to CellB without any problems and then, if mobility still holds, handed over again to CellC later on. Thus, modifying the CIO from CellA to CellC and/or CellB as a consequence of failures experienced only by high speed UEs can have a negative impact on the mobility for low speed UEs.
Observation 1: Due to lack of distinction between high and low speed UEs and due to lack of target cell size information, the MRO failure resolution in case of Handover to Wrong Cell might not resolve the mobility problems encountered in a HetNet deployment scenario. In fact, MRO failure resolution in line with Rel10 principles might even degrade the mobility performance of low speed UEs.


[image: image4.emf] 
Figure 1: Example of mobility failure in HetNet, with re-establishment in a cell other than the source and the target
In Figure 2, a different HetNet scenario is illustrated, where CellB is completely overlapped by CellA and is deployed for cases of e.g. increasing the capacity in hot spot areas. Similar to the scenario in Figure 1, the UE is assumed to move at a relatively high speed. As explained in Figure 2, assuming that the handover preparation has been successfully carried out, two possible failure cases could occur: the UE could completely fail to connect to CellB and reconnect to CellA or the UE could succeed to connect to CellB but shortly after it could experience RLF and return to CellA. Both these failure cases would be reported as Too Early Handover to MRO, the multiple occurrences of which could prompt MRO to try delaying the handover. However, by delaying the handover the mobility failures will not be resolved and possibly new mobility failures will be experienced by slow moving UEs.
Observation 2:  Due to lack of distinction between high and low speed UEs and due to lack of target cell size information, the MRO failure resolution in case of Too Early Handover might not resolve the mobility problems encountered in a HetNet deployment scenario. In fact, MRO failure resolution in line with Rel10 principle might even worsen mobility performance of low speed UEs.

[image: image2]
Figure 2: Example of mobility failure in HetNet, with re-establishment in the source cell

3. Proposal

The mobility failures described in the scenarios in Section 2 are due to the fact that the current MRO solution does not consistently convey information concerning the UE speed and it does not convey at all information concerning the size of the neighbour cells involved in mobility. 
For example, UE speed information are included in the RLF Report provided by the UE and included in the RLF INDICATION message, but in the case of Handover to Wrong Cell, it might happen that such information is only propagated from CellC to CellB, never reaching CellA. Nevertheless, eNB A serving CellA is probably the node that would need such information the most, in order to be able to adjust target cell selection accordingly.
Further, neighbour cell size information is not at all conveyed in the procedures adopted by MRO. For instance, it would be useful for eNB A to know that a Too Early HO occurred for a high speed UE trying to handover to a very small CellB. With such data at hand, eNB A could for example decide that in the future a UE served by CellA moving at similar speed shall not be handed over to CellB. 

Proposal: it is proposed that RAN3 takes into consideration, as part of MRO discussions, HetNet deployment scenarios where UEs can move at high speeds.  It is proposed to analyse the value of conveying UE speed and target cell size information as part of the already standardised MRO reporting mechanisms.
Conclusion
In this paper an analysis of the applicability of MRO solutions to HetNet scenarios where UEs move at relatively high speed has been carried out.
It seems apparent that the current MRO solution cannot correctly cope with mobility failure resolution for such types of mobility and deployments. In fact, in some cases the failure resolution adopted by the currently standardised MRO function could even end up deteriorating the mobility performance of low speed UEs.

The following proposal has been brought forward:

Proposal: it is proposed that RAN3 takes into consideration as part of MRO discussions HetNet deployment scenarios where UEs can move at high speeds.  It is proposed to analyse the value of conveying UE speed and target cell size information as part of the already standardised MRO reporting mechanisms.
Furthermore, the authors would like to ask RAN3’s opinion on whether the scenarios listed in this paper are in need of further analysis and whether solutions addressing such scenarios are worth analysing as part of the group activities.







































































































































































































































































































































































































































































































































































































































































































A mobility failure for a high speed UE can occur after successful HO preparation to CellB due to: 


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


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


The UE reappears in CellA after the failure
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A mobility failure for a high speed UE can occur after proper HO preparation to CellB 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 Cell C after the failure and re-establishes the connection
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