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1 Introduction

In RAN3 #65 meeting, the baseline solution for supporting Mobility Robustness Optimization was captured in stage 2[1][3]. The exchange of the RLF information between neighboring eNBs is needed for the detection of the handover scenarios. However, there may be wrong HO RLF detection due to PCI confusion. This contribution proposes solutions to enable better too late too early HO detection.
2 Discussion
2.1 The wrong detection of the handover scenarios due to the PCI confusion 
In [1], the detection of the too late or too early handovers is described as below:
22.x 
SON: Mobility Robustness Optimization

One of the functions of Mobility Robustness Optimization is to detect RLF that occur due to Too Early or Too Late Handovers. This detection mechanism is carried out through the following procedures:

· [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.
· [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. 

When a UE re-establishes the radio link at eNB B after a RLF at eNB A, the RLF Event Report sent from eNB B to eNB A shall contain the following information elements:
· Failure Cell ID: PCI of the cell in which the RLF occurred.

· Reestablishment Cell ID: PCI and (optionally) ECGI of the cell where RL re-establishment attempt is made

· C-RNTI: C-RNTI of the UE in the cell where RLF occurred.
The eNB B acquires the RLF information by the RRCConnectionReestablishmentRequest message received from the UE [2].The ReestabUE-Identity in the RRCConnectionReestablishmentRequest message includes the information elements: C-RNTI, PhysCellId and ShortMAC-I. 
The eNB B decides the target eNB based on the failure cell PCI indicated by the UE. If the PCI of the cell in which the RLF occurred confusion occurs, then the eNB B may find a wrong target eNB to report the RLF event, the target eNB may find a wrong cell only by the PCI included in the RLF event report received from the eNB B, and the detection of the handover scenarios may be wrong. This will result in the wrong HO parameters modification and do great harm to the mobility robustness. Therefore it is necessary to identify the cell in which the RLF occurred uniquely when the PCI confusion occurs.
2.2 The Solutions for RLF Event Report
Here we propose some methods to solve the wrong detection of the handover scenarios due to the PCI confusion.
Method 1: Add the unique identifier of the cell in which the RLF occurred in the RRCConnectionReestablishmentRequest message.
The unique identifier of the cell in which the RLF occurred may be the ECGI of the cell. The EARFCN combined with PCI can also identify the cell in which the RLF occurred uniquely.
When the ECGI is used, the ECGI of the cell in which the RLF occurred should be added in the ReestabUE-Identity in the RRCConnectionReestablishmentRequest message. And the ECGI information should be included in the RLF event report. 
When the EARFCN combined with PCI is used, the EARFCN of the cell in which the RLF occurred should be added in the ReestabUE-Identity in the RRCConnectionReestablishmentRequest message. And the EARFCN information should be included in the RLF event report. The PCI and the EARFCN can identify the target cell uniquely.
The eNB B can find the right target eNB for the RLF event report by the unique identifier of the failure cell contained in the RRCConnectionReestablishmentRequest message, and the target eNB can find the right cell by the unique identifier in the RLF event report from the eNB B. So the wrong detection of the handover scenarios due to the PCI confusion can be avoided accordingly.
Method 2: Add shortMAC-I information in the RLF event report message. 
When a UE re-establishes the radio link at the eNB B, the eNB B may find more than one target eNB based on the PCI in case of the PCI confusion, and then it needs to send the RLF event report to each target eNB. 
shortMAC-I and reestablish cell ECGI are included in the RLF event report message. 
The target eNB matches the UE context based on the failure cell PCI and C-RNTI included in the RLF event report. The target eNB calculates the shortMAC-I using re-establishment cell ID i.e. ECI and security information in the UE context. If the calculated shortMAC-I is the same as the one received in RLF event report message, the target eNB regards the cell as the RLF cell indicated by the UE. Otherwise, the eNB discards the RLF event report message.

In this way the right target eNB and the right target cell can be found correctly. So the wrong detection of the handover scenarios due to the PCI confusion can be avoided absolutely. 
3 Conclusion 
In the case of PCI confusion, if the RLF event report was sent to the wrong target eNB or the wrong target cell, the detection of the handover scenarios may be wrong. This will result in the wrong HO parameters modification and do great harm to the mobility robustness.  The following proposals are provided to solve the problem:
Proposal 1: The PCI confusion in the RLF Event report should be resolved.
The Method 1 needs to add new IE in the RRCConnectionReestablishmentRequest message and should be decided by the RAN2. The Method 2 has no effect on air interface and can judge the right cell accurately with additional ShortMAC-I information included in the RLF event report. After the comparison of the above methods, we give the proposal 2.
Proposal 2: The Method 2 is preferred to solve the wrong detection of the handover scenarios in the case of the PCI confusion.
The corresponding CR is in [4]
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