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1 Introduction

Further to our discussion on timers in MRO failure detection in Small Cell scenarios in R3-130057 and R3-130599, we focus on the failure case descriptions and analysis in this paper and provide a text proposal to be captured in Next Generation SON TR 37.822.
2 Discussion
As specified in TS36.300, timers play important roles in detection mechanisms in the cases of both “detection of the failure after RRC re-establishment attempt” and “detection of the failure after RRC connection setup”; in both cases timers are used in comparison with Tstore_UE_cntxt that is a threshold parameter configured by OAM.

2.1 Current timer-based MRO failure detection mechanisms

Detection of the failure after RRC re-establishment attempt
“… …
-
[Too Early Handover]

If the target cell belongs to an eNB B different from the eNB A that controls the source cell, the eNB B may send a HANDOVER REPORT message indicating a Too Early Handover event to eNB A upon eNB B receives an RLF INDICATION message from eNB A and if eNB B has sent the UE CONTEXT RELEASE message to eNB A related to the completion of an incoming handover for the same UE within the last Tstore_UE_cntxt seconds or there exists a prepared handover for the same UE in eNB B.

-
[Handover to Wrong Cell]

If the type of the failure is Radio Link Failure and the target cell belongs to eNB B that is different from the eNB A that controls the source cell, the eNB B may send a HANDOVER REPORT message indicating a Handover To Wrong Cell event to eNB A upon eNB B receives an RLF INDICATION message from eNB C, and if eNB B has sent the UE CONTEXT RELEASE message to eNB A related to the completion of an incoming handover for the same UE within the last Tstore_UE_cntxt seconds or there exists a prepared handover for the same UE in eNB B. 
… …”

Detection of the failure after RRC connection setup
“… …

-
[Too Late Handover]

There is no recent handover for the UE prior to the connection failure i.e. the UE reported timer is absent or larger than the configured threshold, e.g. Tstore_UE_cntxt.

-
[Too Early Handover]

There is a recent handover for the UE prior to the connection failure i.e. the UE reported timer is smaller than the configured threshold, e.g. Tstore_UE_cntxt, and the first re-establishment attempt cell is the cell that served the UE at the last handover initialisation.

-
[Handover to Wrong Cell]

There is a recent handover for the UE prior to the connection failure i.e. the UE reported timer is smaller than the configured threshold, e.g. Tstore_UE_cntxt, and the first re-establishment attempt cell is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened or the cell that the handover was initialised toward.
… …”
2.2 Potential issues with MRO detection in HetNet 
As depicted in Figure 1, these are the typical use cases where two consecutive handovers concerning a UE happened. If connection failure occurs during or shortly after the second handover wrong MRO detection may occur due to inappropriate Tstore_UE_cntx setting.
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Figure 1:
Potential issues with MRO Failure detection due to inappropriate Tstore_UE_cntxt
In all three cases (a), (b) and (c), after a successful handover( where the UE has been successfully handed over from Mcell A to Pico cell B; the UE then experienced radio connection failure before handover( and re-established RRC connection or set up a new RRC connection in a cell other than Pico cell B. This is a typical “Too Late Handover” case that is associated with the handover(.
Based on the current MRO detection mechanisms, the reported or stored timers are used by the network in comparison of the threshold Tstore_UE_cntxt in order to determine which handover the reported connection failure is associated to. This threshold may be set inappropriately, which is not suitable for the size of the cell coverage, or the speed of the UE, or the UE’s trajectory etc. Consequently for case (a) when Pico cell B receives RLF Indication it may associate this failure with handover( and determines it “Too Early HO”, which in fact should be “Too Late HO” for handover(. Similarly, for case (b) and case (c) the failure event may be determined as “Too Wrong Cell” that is associated with handover( which in fact should be “Too Late HO” for handover(.
2.3 Possible Solutions 
There are three solutions can be considered for the identified issue.

Solution 1: Configuration of time threshold parameter

For pico cells, especially for the UEs at high speed, the time threshold parameter used in MRO failure detection mechanisms, i.e. Tstore_UE_cntxt, should be configured with small value. 

The configuration of time threshold parameter, i.e. Tstore_UE_cntxt, used in MRO failure detection mechanisms for HetNet scenarios should take into account of several factors, such as cell size, UE speed and UE’s trajectory.

Solution 2: UE records the highest RSRP measurement of the serving cell, and include this RSRP measurement in the RLF report. 

Upon receipt of the RLF report including the RSRP, the pico cell (Pico cell B in Figure 1) may analyse the MRO failure based on the retrieved RLF report including the RSRP value. If the RSRP value is greater than a certain threshold, the pico cell determines that the connection failure is not related to the 1st handover, thus will not send a HO report to Mcell A. Otherwise, the pico cell determines that the connection failure (“Too early HO” or “HO to the Wrong Cell” failure) is related to the 1st handover, and sends a HO report to Mcell.

Solution 3: Exchanging of the time threshold parameter “Tstore_UE_cntx” between the involved eNBs.

Based on current MRO mechanisms, the eNB receiving the RLF INDICATION message performs MRO failure detection. In case of Too Early Handover or Handover to Wrong Cell, this eNB uses the HANDOVER REPORT message to inform the eNB controlling the cell where the mobility configuration caused the failure. The eNB receiving the HANDOVER REPORT message may also perform MRO failure detection based on the available information. If the MRO verdict it has concluded is different from the one received in the HANDOVER REPORT message, a notification will be sent to the eNB that initiated HANDOVER REPORT message with the new MRO verdict. This can be used as a good indication that the setting of the time threshold parameter may be inappropriate.
3 Text Proposal
The typical use cases where wrong MRO detection may occur due to inappropriate Tstore_UE_cntx setting have been described in this paper, together with three possible solutions for the identified issue. 
As a conclusion of the discussions, we propose the following text in the Next Generation SON TR 37.822:
4
Description of addressed problems and solutions
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SON for pre-Rel.12 small cells

4.3.x
Scenario x: Issues with MRO Detection due to inappropriate Tstore_UE_cntx setting
Problem description:
As depicted in Figure 1, these are the typical use cases where two consecutive handovers concerning a UE happened. If connection failure occurs during or shortly after the second handover wrong MRO detection may occur due to inappropriate Tstore_UE_cntx setting.
In all three cases (a), (b) and (c), after a successful handover( where the UE has been successfully handed over from Mcell A to Pico cell B; the UE then experienced radio connection failure before handover( and re-established RRC connection or set up a new RRC connection in a cell other than Pico cell B.

Based on the current MRO detection mechanisms, the reported or stored timers are used by the network in comparison of the threshold Tstore_UE_cntx in order to determine which handover the reported connection failure is associated to. This threshold may be set inappropriately, which is not suitable for the size of the cell coverage, or the speed of the UE, or the UE’s trajectory etc. Consequently, for case (a) when Pico cell B receives RLF Indication it may associate this failure with handover( and determines it “Too Early HO”, which in fact should be “Too Late HO” for handover(. Similarly, for case (b) and case (c) the failure event may be determined as “Too Wrong Cell” that is associated with handover( which in fact should be “Too Late HO” for handover(.
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Figure x:
Potential issues with MRO Failure detection due to inappropriate Tstore_UE_cntxt
Solutions:

Solution 1: Configuration of time threshold parameter

For pico cells, especially for the UEs at high speed, the time threshold parameter used in MRO failure detection mechanisms, i.e. Tstore_UE_cntxt, should be configured with small value. 

The configuration of time threshold parameter, i.e. Tstore_UE_cntxt, used in MRO failure detection mechanisms for HetNet scenarios should take into account of several factors, such as cell size, UE speed and UE’s trajectory.

Solution 2: UE records the highest RSRP measurement of the serving cell, and include this RSRP measurement in the RLF report. 

Upon receipt of the RLF report including the RSRP, the pico cell (Pico cell B in Figure 1) may analyse the MRO failure based on the retrieved RLF report including the RSRP value. If the RSRP value is greater than a certain threshold, the pico cell determines that the connection failure is not related to the 1st handover, thus will not send a HO report to Mcell A. Otherwise, the pico cell determines that the connection failure (“Too early HO” or “HO to the Wrong Cell” failure) is related to the 1st handover, and sends a HO report to Mcell.

Solution 3: Exchanging of the time threshold parameter “Tstore_UE_cntx” between the involved eNBs.

Based on current MRO mechanisms, the eNB receiving the RLF INDICATION message performs MRO failure detection. In case of Too Early Handover or Handover to Wrong Cell, this eNB uses the HANDOVER REPORT message to inform the eNB controlling the cell where the mobility configuration caused the failure. The eNB receiving the HANDOVER REPORT message may also perform MRO failure detection based on the available information. If the MRO verdict it has concluded is different from the one received in the HANDOVER REPORT message, a notification will be sent to the eNB that initiated HANDOVER REPORT message with the new MRO verdict. This can be used as a good indication that the setting of the time threshold parameter may be inappropriate.
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