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1 Introduction
As discussed and agreed at RAN3#65, the handling of Too Late and Too Early HO is the mechanism to achieve Mobility Robustness as part of the ongoing SON efforts. This was captured in sub clause 22.5 of ‎[1].
Left to be done is to introduce signalling support for the use case in stage 3 specifications, in particular over the X2 interface.

This contribution discusses how an eNB can indicate to another eNB Too Late and Too Early HO, more over it discusses the benefits of also signalling information not necessarily related to a specific UE.
2 Discussion
2.1 Support for indication of Too Late and Too Early Handovers

As already described in ‎[1], the way to detect that Handover was performed too late is according to:

-
[Too Late HO] If the UE re-establishes the radio link at eNB B after a RLF at eNB A then eNB B may report this RLF event to eNB A;

A new Class 2 Elementary Procedure, ‘RLF Event Indication’, in the X2AP protocol would provide the necessary support.
The situation is described in the picture below.
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Figure 2.1-1: Detection of Too Late Handover -

Similarly, the detection of a Too Early HO is given by:

· [Too Early HO] eNB B shall return an indication of a Too Early HO event to eNB A when eNB B receives an RLF report from eNB A and if eNB B has sent the UE Context Release message to eNB A related to the completion of an incoming HO for the same UE within the last Tstore_UE_cntxt seconds
The situation is again depicted below.
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Figure 2.1-2: Detection of Too Early Handover -

From the above it can be seen that in this case what is needed is again an indication of a RL re-establishment attempt (Class 2 Elementary Procedure, ‘RLF Event Indication’) and also an indication of the Too Early Handover, which can be specified again as New X2AP Class 2 EP, ‘Early Handover Indication’.
2.2 Enhancement with statistical information

Given the support for the functionality described above is introduced, it can be seen that in a situation where handover thresholds/margins are incorrectly set, it could happen that the Late and Early Handover Indications may generate quite a lot of signalling before corrective measures are put in place.

A way to minimize the risk with a standardized approach would be to let the initiating nodes indicate the Late and Early Handovers not on a specific UE basis (this is always true for the Early Handover Indication), but on a UE population basis, as the problem the initiating node communicates to its peer is not a UE problem (though the symptoms appears in relation to specific handover executions), but a handover settings problem.
This way, an eNB could have some hysteresis associated to the detection of the problem and then indicates that there may be a recurrent issue of, for example, Too Early handovers, without tying the indication to a particular UE and a particular HO attempt.

In practice, it would be beneficial to enhance the procedures being introduced as per sub clause 2.1 with the possibility to omit the C-RNTI and optionally the possibility to signal more than one concerned cell in the same message.
3 Conclusion and Proposal
Considering the discussion in sub clause 2, it is concluded that:
· New X2AP Class 2 EP ‘RLF Event Indication’ is needed to support the indication ofradio link re-establishment attempts between two eNBs;

· New X2AP Class 2 EP ‘Early Handover Indication’ is needed to support indication of Too Early Handovers between two eNBs;

· As incorrect HO settings may increase X2 signalling in undesirable way, it would be beneficial to also have the possibility to indicate the detection of late and early HO on a statistical basis.
Hence, it is proposed that RAN3 agrees to the following:

· Introduction of X2AP RLF Event Indication elementary procedure;

· Introduction of X2AP Early Handover Indication elementary procedure;

· Possibility to omit C-RNTI in the above procedures and possibility to indicate more than one concerned cell pair in each message.

If agreement is reached, the corresponding change requests are provided in ‎[2] and ‎[3].
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