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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. The problem was addressed in [1] during the RAN3#73 meeting, where it was proposed to considering HetNet deployment scenarios with high speed UEs and that it might be beneficial to consider the communication of UE speed and target cell size information as part of the already standardised MRO reporting mechanisms. In this contribution, we take the discussion a step further by illustrating how the already standardised MRO reporting mechanisms could be enhanced to support MRO in HetNet scenarios.
2. MRO support in release 10
Connection failure due to intra-LTE mobility can be due to Too Late Handover, Too Early Handover, or Handover to Wrong Cell [2]. 
In the case of Too Late Handover, a connection failure occurs in the source cell (before handover is initiated or during the handover) and the UE tries to re-establish a connection in a target cell (if handover was initiated) or in a cell that is not the source cell (if handover was not initiated).  
If the failure occurs shortly after a successful handover (before Tstore_UE_cntxt expires) and the UE attempts re-establishment in the source cell in the case of Too Early Handover. 
Handover to a wrong cell is characterized by a failure occurring shortly after a successful handover (before Tstore_UE_cntxt expires) or during a handover, with the UE attempting to re-establish the connection in a cell other than the source or target cells. 
In release 10, the three connection failure types are communicated via the X2: RLF INDICATION and X2: HANDOVER REPORT messages, as illustrated in Figure 1 – Figure 3 [2]
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 \* MERGEFORMAT [3]
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 \* MERGEFORMAT [4].  
The X2: RLF INDICATION message contains the following information:
· PCI of the cell in which the UE was connected prior to RLF (known as failure cell) 
· ECGI of the cell where RRC re-establishment attempt was made
· C-RNTI of the UE in the failure cell

The RLF INDICATION may also contain the following additional information:

· MAC ID of the UE in the failure cell
· UE RLF report (in a UE RLF Report Container IE)
· A flag indicating whether the RLF report is retrieved after an RRC Connection Setup or not


[image: image1]
Figure 1: Too Late Handover
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Figure 2: Too Early Handover
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Figure 3: Handover to wrong cell
The UE RLF Report Container IE contains the RLF report that is sent from the UE after RRC Connection Setup or RRC Connection Re-establishment, via the use of UE Information Request and UE Information Response messages. The RLF report contains the measurements the UE performed in the last serving cell before RLF (it may also include the last neighbour cell measurements before RLF). Additionally, the UE may include location co-ordinates as well as speed information at the time of RLF detection, if it is capable of determining its location and speed [4]. It shall be pointed out that support of RLF Report is mandatory for Release 10 UEs and later UE releases.
The handover report, on the other hand, includes the following information:

· A flag indicating whether this is a “too early HO” or a “HO to a wrong cell” report

· The cause of the handover (several options available such as Radio, load balancing, etc.)

· The ECGI of the source cell and failure cell

· If the handover type is “Ho to a wrong cell”, E-CGI of the cell where the UE attempted re-establishment (which is gathered from the RLF INDICATION message that triggered the HANDOVER REPORT)
3. Issues with release 10 MRO in HetNets

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). 
As we have discussed in [1], due to the lack of distinction between high and low speed UEs and due to the lack of target cell size information, the MRO failure resolution in the case of Too Early Handover and Handover to a 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 not be effective in resolving mobility failures of high speed UEs and it might even degrade the mobility performance of low speed UEs. 
System level simulations performed in [5] and presented as part of RAN2 [75#37] email discussion actually show that in the case of UEs moving at speeds between 30Km/h and 60 Km/h and trying to handover to small cells, a substantial increase (in the order of four times) in the number of RLFs during handover can be detected. The latter shall serve as prove of the fact that high speed UEs in the context of MRO shall be taken into consideration as one of the main sources of mobility failures.
4. Proposal

As discussed in Section 3,  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 is included in the RLF Report provided by the UE and the RLF Report is included in the RLF INDICATION message. However, in the case of Handover to Wrong Cell, as shown in Figure 3, this 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. 

Thus, we propose the enhancement of the Too Early Handover and Handover to a Wrong cell, as shown in Figure 4 and Figure 5, respectively. Basically, the changes (shown in red in the figures) are:

· The eNB sending a HANDOVER REPORT message that is indicating a Too Early Handover to include the size of the originating cell in the HANDOVER REPORT message.

· The eNB sending a HANDOVER REPORT message that is indicating a Handover to a Wrong cell to include in the HANDOVER REPORT the size of the originating cell, the size of the cell from which RLF INDICATION was received as well as the RLF report it has received in the RLF INDICATION message that triggered the sending of this handover report.
The cell size could be added in the form of the Cell Type IE already specified as one of the IEs in X2AP 
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Figure 4: Proposed enhancements to Too Early Handover reporting in HetNets.
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Figure 5: Proposed enhancements to Handover to wrong cell reporting in HetNets
Proposal 1: It is proposed to include in the X2: RLF INDICATION message the cell size of the cell from which the message was originated

Proposal 2: It is proposed to include in the X2: HANDOVER REPORT message a list of cell sizes (for non source cells involved in the mobility failure) as well as the RLF report that was included in the received RLF INDICATION that triggered the sending of the HANDOVER REPORT.

5. Conclusion
It seems apparent that the current MRO reporting mechanisms cannot correctly cope with mobility failure resolution in HetNet scenarios where there can be UEs travelling at high speed. In fact, in some cases the failure resolution adopted by the currently standardised MRO function could even result in deteriorating the mobility performance of low speed UEs without addressing the mobility failures of high speed UEs. In order to avoid this, the RLF INDICATION message can be enhanced to include the cell size of the cell that originated it and the HANDOVER REPORT message can be enhanced to include the RLF Report from previously received RLF INDICATION, which includes the UE speed, as well as a list of cell sizes of the cells involved in the mobility failure (excluding the csource cell). 
Thus we propose:

Proposal 1: It is proposed to include in the X2: RLF INDICATION message the cell size of the cell from which the message was originated

Proposal 2: It is proposed to include in the X2: HANDOVER REPORT message a list of cell sizes (for non source cells involved in the mobility failure) as well as the RLF report that was included in the received RLF INDICATION that triggered the sending of the HANDOVER REPORT.
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