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1 Introduction

Timers play important roles in detection mechanisms for Too Late Handover, Too Early Handover and Handover to Wrong Cell as specified in TS36.300. Different timers are used in the case of “detection of the failure after RRC re-establishment attempt” and in the case of “detection of the failure after RRC connection setup”, both of which are used in comparison with Tstore_UE_cntxt that is a threshold parameter configured by OAM (TS 32.762).
In this paper, we examine the usage of the timers in MRO failure detection mechanisms and discuss the potential issues related to the setting of the timers and the threshold in the Small Cell scenarios (heterogeneity often being the main characteristic) where MRO and RLF issues become much more complicated and maybe more frequent due to the diversity of base stations in such networks.

2 Discussion
As specified in TS36.300, timers are used to detect MRO failures in different scenarios.
2.1 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. 
… …”

As illustrated in Figure 1, timer T1 is used for MRO failure detection after RRC re-establishment attempt. The main purpose of T1 is for an eNB to identify the last successful handover of a specific UE. The eNB (the Target eNB during a handover procedure of a UE) starts the timer T1 upon transmission of “UE Context Release” to the Source eNB, and stops the timer T1 upon receipt of “RLF Indication” concerning the same UE. If T1 < Tstore_UE_cntxt, the eNB can decide that the reported RLF is related to the last successful handover (where this eNB was a target eNB) of the concerned UE.
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Figure 1:
Failure detection after RRC re-establishment attempt
Observation 1: Timer T1 in MRO failure detection after RRC re-establishment attempt is used for an eNB to identify the last successful handover of a specific UE, where this eNB was a target eNB.
2.2 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.
… …”

As illustrated in Figure 2, timer T2 (corresponding to timeConnFailure specified in TS36.331) is used for MRO failure detection after RRC connection setup. The main purpose of T2 is to determine if there is a recent handover prior to the connection failure. The UE starts the timer T2 upon receipt of “HO Command” (message 7 “RRC Connection Reconfiguration including MobilityControlInformation”), and stops the timer T2 upon detection of connection failure.

Upon receipt of the RLF Indication including UE’s RLF report, if T2 > Tstore_UE_cntxt the eNB can decide that there is no recent handover prior to the radio link failure as shown in (Case 1) in Figure 2. If T2 < Tstore_UE_cntxt the eNB can then decide that there is a recent handover prior to the radio link failure as shown in (Case 2 and Case 3) in Figure 2. 
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Figure 2:
Failure detection after RRC connection setup
Observation 2: Timer T2 in MRO failure detection after RRC connection setup is used to determine if there is a recent handover prior to the connection failure.

As discussed above, in both cases Tstore_UE_cntxt is used as a threshold parameter for comparison purposes (with T1 or T2) to determine if there is recent handover prior to the connection failure event. This parameter is configured by OAM (TS32.762), and it is a cell specific attribute in general.
Observation 3: Threshold Tstore_UE_cntxt is generally a cell specific parameter configured by OAM, which indicates the expected minimum duration between two consecutive handovers regarding a UE in a cell.
2.3 Potential Issues in HetNet intra LTE cases 
As described in R3-120309, MRO and RLF issues become much more complicated and maybe more frequent due to the diversity of base stations in such networks, especially for high speed UEs. As discussed earlier, threshold parameter Tstore_UE_cntxt indicates the expected minimum duration between two consecutive handovers regarding a UE in a cell. However, expected duration between two consecutive HOs regarding a UE in a cell may vary, which is depended on, e.g. cell size, UE speed or UE’s trajectory.
Inappropriate setting of Tstore_UE_cntxt can cause misjudgement of MRO failures. As depicted in Figure 3, there have been two consecutive handovers concerning a UE in both case (a) and (b). After a successful handover(, the UE has been handed over from Mcell A to Pico cell B; the UE then experienced radio connection failure before handover( (i.e. the Measurement Report has been triggered) and re-established RRC connection in Mcell A or set up a new RRC connection in a cell other than Pico cell B.
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Figure 3:
Potential issues with MRO Failure detection due to impropriate Tstore_UE_cntxt
Time duration from the successful completion or the receipt of handover command of handover( till the connection failure happened before or during handover( is smaller than Tstore_UE_cntxt, because of the reason, such as the pico coverage is small and/or the speed of the UE is high. Consequently based on current MRO failure detection mechanisms, 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) 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(.
To solve this issue, there are two alternative solutions:

Solution 1: 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. 

Proposal 1: 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 cell size, cell type and UE speed.

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 3) 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.
Proposal2: UE records the highest RSRP measurement of the serving cell, and include this RSRP measurement in the RLF report.
3 Conclusion

This paper examined the usage of the timers in MRO failure detection mechanisms with the following observations:

Observation 1: Timer T1 in MRO failure detection after RRC re-establishment attempt is used for an eNB to identify the last successful handover of a specific UE, where this eNB was a target eNB.

Observation 2: Timer T2 in MRO failure detection after RRC connection setup is used to determine if there is a recent handover prior to the connection failure.

Observation 3: Threshold Tstore_UE_cntxt is generally a cell specific parameter configured by OAM, which indicates the expected minimum duration between two consecutive handovers regarding a UE in a cell.

The potential issues due to impropriate setting of Tstore_UE_cntxt in the HetNet scenarios were discussed, as well as two solutions. We kindly ask RAN3 to discuss the issues and the solutions described in Section 2.3, and agree on the following proposal:
Proposal 1: 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 cell size, cell type and UE speed.

Proposal2: UE records the highest RSRP measurement of the serving cell, and include this RSRP measurement in the RLF report.[image: image4.jpg]Y
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