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1 Introduction

The paper was initially provided to RAN3 #79-bis, RAN3#80 and RAN3#81 [1], but not discussed due to limited time. This version has been slightly edited to be technically clearer.
The new SI “Next Generation SON for UTRA and LTE” includes an aspect called “pre-Rel-12 small cells” which aims to identify any gaps between existing SON and further enhancements needed specifically for small cells, in particular the enhancement of network optimization efforts including aspects like mobility robustness. Small cells are placed in areas with high traffic density on top of macro deployment. A typical scenario for a dense small cell deployment as overlay of a macro layer and dedicated frequency assignment (f1: macro, f2: small cells) is shown in Figure 1.
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The outbound handover from small cells requires optimal mobility parameter setting to keep the UEs as long as possible in the capacity layer but not too long in order to avoid “too late handovers”, and mobility robustness optimization (MRO) is helpful to automatically adjust the corresponding measurement thresholds.

Inter-frequency handovers are typically triggered by dual threshold events like A5 (or B2 in case of other inter-RAT HetNets) which consist of two thresholds and, therefore, there are two options to optimize the handover, namely by adapting either threshold_1 or threshold_2. Thus, one important aspect of the root cause analysis procedure is to figure out which threshold caused the problem and should be adapted.
Triggering a handover is matter of timing and, therefore, the cross-check of measurements against the thresholds does not provide the correct decision in some cases. A more robust time based approach is proposed.
2 Discussion
The considered mobility failure case is “too late HO” for UEs leaving small cell area where coverage ends. Inter-frequency handovers are typically triggered by the dual threshold event A5 which consist of two thresholds, one for the leaving serving cell (A5_1) and one for entering target cell (A5_2). The handover is triggered when both conditions belonging to the two thresholds are fulfilled. For “the too late HO” case, the handover was not triggered early enough and RLF occurred before
a) both criteria were not fulfilled,

b) one criterion of them was not fulfilled,

c) both were fulfilled, but handover has not been triggered yet, since either time-to-trigger (TTT)  was not expired yet or RRCConnectionReconfiguration w/ Mobility Config Message was not received yet.

For the cases a) and b) a cross-check of the measurements recorded in the RLF report against thresholds might give already an indication which threshold should be adapted. If one threshold has been achieved while the other did not, it can be decided that the mobility failure has be caused by that threshold which was not reached. The advantage of this approach is that existing measurements can be used. The thresholds are known (provided by measurements configuration messages) and the current signal measurements when RLF occurred are provided with the RLF report [2].
However for case c) where the RLF occurs when already both criteria are fulfilled, i.e. event A5 has been triggered but handover has not been executed yet, because either TTT did not expire or RRCConnectionReconfiguration w/ Mobility Config Message was not received yet. Comparing the measurements against thresholds may lead to wrong decisions: the logical approach is to verify which threshold is fulfilled “less”, i.e. which of the deltas between the measured signal and the threshold is smaller and to assume this threshold leads to the too late HO execution. This works if the pace of the change of the received signals is comparable for both thresholds, but fails if the gradients of the propagation from source and target are different. Tweaking the wrong threshold may even make the situation worse, i.e. would maybe lead to too early HO problems in other areas of the corresponding cell.
An example is shown in the diagram of Figure 2. The signal strength of serving signal (Ms) drops quite fast (gradient high) while the neighboring cell signal (Mn) remains slightly above the threshold for rather long time (gradient low). In that case, an algorithm based on comparing deltas detects A5-1 far more below threshold and therefore proposes to decrease threshold A5-2. However, lowering the A5-2 would not change the situation for this problem case. 
The problem is illustrated with a TTT misconfiguration, but may occur in all cases where RLF happens when both criteria are fulfilled but UE is still connected to serving cell.
Proposal 1: Information about time elapsed since the event criteria are fulfilled is needed to detect properly the misconfigured threshold of a dual threshold event.

The timer-based approach requires time measurement on UE side, where the UE starts a timer when the measurement crosses the threshold and stops it with occurrence of a RLF. This is done for both measurements Ms and Mn (see Figure 3). Those time intervals are reported in the RLF report.
Proposal 2: Measured time intervals between threshold achievement and RLF occurrence is reported in the RLF report.
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Figure 2: Problem case where level based approach fails
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Figure 3: Time intervals to be measured by UE
3 Summary and proposal
In this contribution we have addressed the deficiencies of level based MRO root cause analysis for dual threshold based mobility trigger events as used for inter-frequency handovers in small cell overlay deployments. To tackle them following proposal are made:
Proposal 1: Information about time elapsed since the event criteria are fulfilled is needed to detect properly the misconfigured threshold of a dual threshold event.
Proposal 2: Measured time intervals between threshold achievement and RLF occurrence is reported in the RLF report.
It is also proposed to include the description of the enhancement in the TR [3], as provided below.
4 Text proposal

	*** Fist change ***


4.3
SON for pre-Rel.12 small cells

4.3.X
Detection of misconfigured threshold of a dual threshold event

Problem description:

The comparison of reported measurements against thresholds in the eNB leads to wrong diagnosis, if two thresholds are used to trigger mobility events and the radio link failure occurs before HO execution, while already both criteria are fulfilled. For example, event A5 has been triggered but not yet reported because TTT did not expire or RRCConnectionReconfiguration w/ Mobility Config Message was not received yet.

The comparison of reported measurements against thresholds in the eNB leads to wrong diagnosis of the threshold to be corrected, because the two measured signals change with different gradients of the propagation from the source cell and target cell. For instance, the signal strength of serving signal (Ms) drops quite fast (gradient high) while the neighboring cell signal (Mn) remains slightly above the threshold for rather long time (gradient low). In that case, an algorithm based on comparing deltas detects A5-1 far more below threshold and therefore proposes to decrease threshold A5-2. However, lowering the A5-2 would not change the situation for this problem case, because this threshold was reached long time before A5-1.
Relying on level-based approach would lead to wrong correction decision and can even worsen the situation, i.e. would maybe lead to too early HO problems in other areas of the corresponding cell.
Solutions:

The problem can be solved using time measurement on UE side, where the UE starts a timer when the measurement crosses the threshold and stops it with occurrence of a RLF. This is done for both measurements thresholds. Those time intervals are reported in the RLF report.
	*** Remaining text not changed ***
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