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1. Introduction

This document provides further details on handover too late, handover too early and handover to wrong cell failure cases. A text proposal is included for each.
2. Too late problem cases
A handover that is triggered too late can experience difficulties and fail in several ways (Figure 1):

F1) UE loses coverage in the source cell and does not attempt to send a measurement report  

· radio link failure (RLF) occurs (detected by the UE using out-of-sync indications)

F2) UE identifies target cell and attempts to send a (triggered) measurement report, but the transmission of the measurement report is unsuccessful (after MAC and RLC retransmissions
).

· RLF occurs when the maximum number of RLC retransmissions has been reached (or possibly earlier by the out-of-sync detection method).

F3) The measurement report is successfully delivered but the eNB does not initiate a handover.  The most probable reason for this is that the target cell is fully loaded and rejects the handover (preparation fails).

· Coverage with the serving cell is lost and radio link failure (RLF) occurs (detected using the out-of-sync detection method)
· This failure case may not be relieved by adjusting handover parameters.
F4) The measurement report is successfully delivered but the eNB, whilst able to prepare a target cell, is unable to successfully deliver the handover command to the UE.

· Coverage with the serving cell is lost and radio link failure (RLF) occurs (detected using the out-of-sync detection method).

[image: image1]
Figure 1. Illustration of different failure cases, F1 to F6

The SON TR currently has the following description for too late handover:

If the UE mobility is more aggressive than what the HO parameter settings allow for, handover can be triggered when the signal strength of the source cell is already too low – leading to a RLF; or handover may not be triggered at all if a RLF preempts it. Signature of Too Late HOs may be summarized by:

· RLF in the source cell before the HO was initiated or during HO procedure,

· UE re-establishes the connection in a cell different than the source cell. 

The text is a reasonable summary of the majority of too-late problem cases but we propose two enhancements:

1) We consider the following scenario to fall into the category of “HO to wrong cell”:

HO Command fails to reach UE (case F4 above), .RLF then occurs in the source cell, and the UE reconnects to a cell that is different to the intended target cell.

2) Also we think the text in the second bullet suggests an RRC Re-establishment when a RRC connection from Idle is also a possibility that would be useful to capture.

A text proposal is presented in section 5.

3. Too early handover

We identify two failure cases for too-early handovers (Figure 1):

F5) The handover command is successfully received by the UE.  The UE starts timer T304.  However, attempts to complete the random access procedure fail

· Timer T304 expires, this is “HO Failure”(see 36.331).  HO failures are treated in the same way by the UE as RLF.
F6) The random access procedure (preamble and the response) succeeds, so T304 is stopped, but the handover confirm to the target cell is unsuccessful (max RLC retx is met).  

· RLF occurs when the maximum number of RLC retransmissions has been reached (or possibly earlier by the out-of-sync detection method).

The SON TR currently has the following description for too early handover:

Too early HO can be triggered when the UE enters unintended island of coverage of another cell contained inside the coverage area of the serving cell. This is a typical scenario for areas where fragmented cell coverage is inherent to the radio propagation environment, such as dense urban areas. Signature of Too Early HO may be summarized by:

· RLF occurred short time after the UE successfully connected to the target cell 

· UE re-establishes the connection in the source cell

This description does not capture cases F5 and F6.  A text proposal to extend this definition and to capture the detection mechanism in these cases is presented in the section 5.
4. Handover to wrong cell

The detection of handover to the wrong cell was discussed in [2].  Below we present a text proposal to extend the description of this problem case, including detection methods.
5. Proposal
-------------------------------- Start of text proposal 1 (too late) to [1] --------------------------------------
4.5.2.1 
Detection of Too Late HO

If the UE mobility is more aggressive than what the HO parameter settings allow for, handover can be triggered when the signal strength of the source cell is already too low – leading to a RLF; or handover may not be triggered at all if a RLF preempts it. Signature of Too Late HOs may be summarized by:
· RLF in the source cell before the HO was initiated or during HO procedure,

· UE re-establishes the connection or reconnects in a cell different than the source cell. 
-------------- break ------------------------

4.5.5.1.1 
Detection of Too Late HOs
The source cell is not always aware of a too late HO because the RLF can occur before the source cell is able to receive the HO-triggering measurement report message (MRM) from the UE. Therefore, a report of the RLF from the target cell in which the radio link is re-established to the source cell is necessary in order to allow the source cell to properly identify the RLF as related to incorrect HO parameter settings. The RLF report can be formalized as follows:

If the UE attempts a RRC re-establisment ofs the radio link at eNB B after a RLF at eNB A then eNB B shall report this RLF event to eNB A. This requires the RRCConnectionRestablishmentRequest message to be successfully received by eNB B (the success of the re-establishment is immaterial).  
------------------------------------------ End of text proposal -------------------------------------------------
-------------------------------- Start of text proposal 2 (too early) to [1] -------------------------------------
4.5.2.2

Detection of Too Early HO

Too early HO can be triggered when the UE enters unintended island of coverage of another cell contained inside the coverage area of the serving cell. This is a typical scenario for areas where fragmented cell coverage is inherent to the radio propagation environment, such as dense urban areas. “HO Failure” events (as defined in 36.331 [5], random access attempts by the UE to the target cell fail) and RLF in the target cell before the successful conclusion of the handover execution can also be considered to be too early handovers. Signature of Too Early HO may be summarized by:
· RLF occurred short time after the UE successfully connected to the target cell 
· Or, HO Failure (as defined in [5])
· Or RLF in the target cell before successful delivery of the RRCConnectionReconfigurationComplete message
· UE re-establishes the connection in the source cell
-------------- break ------------------------

4.5.5.1.2 
Detection of Too Early HO

In the event of a too early handover from cell A to cell B, an RLF event may get reported by cell A to cell B according to the mechanism described in Section 4.5.5.1.1, when the UE returns to cell A after RLF. In this case, the cell B will consider it as an indication of a too late HO. This case needs to be prevented in order to ensure the stability of the MRO function in the network. This following mechanism achieves this goal:

eNB B shall not act upon a RLF report received from eNB A 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. 
For a too early handover failures in which the handover execution is not completed, the UE is able to perform a successful RRC Re-establishment to the source cell where detection is therefore made.
------------------------------------------ End of text proposal -------------------------------------------------
---------------------------- Start of text proposal 3 (Wrong Cell)to [1] --------------------------------------
4.5.2.3 
Detection of HO to a Wrong Cell

If the Cell Individual Offset (CIO) [5] parameters are set incorrectly, the handover, albeit timed correctly, will be directed towards a wrong cell. Signature of HO to a wrong cell may be summarized by:
· RLF occurred a short time after the UE successfully connected to the target cell 
· Or, RLF occurred in the source cell following an unsuccessful delivery of the HO Command, or the failure of the UE to send the HO Confirm to the target cell.
· UE re-establishes the connection or reconnects in a cell other than the source cell or the target cell
-------------- break ------------------------
4.5.5.1.3 Detection of HO to wrong cell

In the case where RLF occurs shortly after a successful handover from cell A to cell B, the HO to wrong cell is detected at the target cell, cell B when a RLF event report is received from cell C.

On the other hand, if the handover from A to B is unsuccessful, when the UE attempts to re-establish the connection in cell C, cell C is able to send a RLF event report to cell A.  Thus detection takes place at the source cell.
------------------------------------------ End of text proposal -------------------------------------------------
6. Reference
[1] 3GPP TR 36.902, “Self-configuring and self-optimizing network use cases and solutions”, v1.2.0

[2] R3-091107, “MRO Signalling Requirements”, Huawei, RAN3 #64 San Francisco.
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