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1 Introduction

This document discusses the means for the eNB to take measurements (to be passed over Itf-N) in support of the MRO performance measurements agreed in SA5. 
At the last SA5 meeting the following text was agreed for inclusion in 32.522 [1]:
Counters related to handover failure are captured in the table below.

The counters are for outgoing handovers.  Further, they should be available on a cell relation basis.
	Counter Name
	Description
	Affected existing specifications

	Number of handover events
	Includes successful handovers plus all identified failures
	3GPP TS 32.425

	Number of HO failures
	All failure cases
	3GPP TS 32.425

	Number of too early HO failures
	Too early HO failure cases
	3GPP TS 32.425

	Number of too late HO failures
	Too late HO failure cases
	3GPP TS 32.425

	Number of HO failures to wrong cell
	HO failures to wrong cell
	3GPP TS 32.425

	HO failure rate
	Percentage, equals 100% * (Number of HO failures) / (Number of handover events)
	3GPP TS 32.425

	HO failure rate without RRC state transition
	Percentage, equals 100% * (the number of handover failure events without RRC state transition) / (the total number of handover events)
	3GPP TS 32.425

	HO failure rate with RRC state transition
	Percentage, equals 100% * (the number of handover failure events with RRC state transition) / (the total number of handover events)
	3GPP TS 32.425


It is expected that RAN specifications should define exactly what is meant by these measurements, and provide the means to measure them.  Namely, RAN should address
· Handover events

· Handover failure events

· Handover too early, too late and to wrong cell failure events

· Discrimination of whether the handover failure resulted in a RRC state transition or not (i.e. the RRC re-establishment following the RLF/HO Failure is successful or not).

Furthermore, the PM counters are for outgoing handovers so measurements must be made at the source cell.  In the next section we discuss how this can be achieved.  A text proposal for [2] addressing all these issues is included at the end of the document.
2 Capturing handover failure events at the source cell
The table below captures key aspects of the handover failure modes.  Note, in some circumstances the failure cannot be identified – these are cases when the UE is unable to deliver the re-establishment request message (RRCConnectionRestablishmentRequest) to the cell it selects (despite MAC and RLC retransmission attempts).  In these cases there is probably a coverage hole which handover optimization cannot eliminate so it is reasonable that they are not counted for this use-case.
	
	Failure mode
	Detection method and signaling (if any) to source
	Detection of whether UE passed to RRC idle state

	Too Late
	Too late handover in which the source cell receives no measurement report, UE connects to target cell
	X2 message (‘RLF INDICATION’) from target cell to source cell enables detection at source cell
	Source cell knows if target cell was prepared

	
	Source cell receives measurement report but does not deliver handover command to the UE.  Cases where the HO preparation fails are not counted as failures. UE connects to target cell.
	Ditto
	ditto

	Too Early
	Too early HO in which HO execution does not complete.  UE reconnects to source cell.
	Detection at source cell (UE reconnects here).
	Source cell knows implicitly.

	
	Too early HO in which HO execution completes OK but then UE suffers RLF.  UE reconnects to source cell.
	With target detection a message over X2 is required from target to source cell (see [2]).
	ditto

	HO to wrong cell
	Handover fails during execution and UE connects to a third cell C (not the intended target cell B)
	A RLF indication is sent from third cell C to the source cell A.
	The source cell should know if the third cell C is prepared or not.

	
	Handover succeeds but shortly afterwards RLF occurs and UE connects to a third cell C.
	A RLF indication is sent from third cell C to the target cell B.  A new message over X2 is required to inform the source cell of the outcome (message from B to A)
	Cell B knows if cell C was prepared or not.  Therefore in the new message a bit should be set to indicate this (otherwise the source cell A will not know).


Note in the “Too Late” and “Wrong Cell” cases the success of the RRC re-establishment procedure is judged from the knowledge that a) the RRCConnectionReestablishmentRequest message to the cell to which a re-establishment attempt takes place is received successfully (this is a prerequisite for the generation of the RLF Indication message), b) that this cell is prepared.  In rare cases the RRC re-establishment procedure may fail despite these conditions being met – the RRCConnectionReestablishment message sent on the downlink could be lost, for example.  Here we ignore these rare cases bearing in mind that some handover failure cases are undetectable (see comment above) .  An optimization, not considered further here, would be to include a re-establishment success flag into the RLF Indication.

The following conclusions may be drawn:
1) to inform the source cell of HO to wrong cell (RLF following HO, UE reconnects to third cell) a new X2 message is required from target to source

2) to allow counting of failures individually for RRC state maintained / RRC state transition to idle this new message needs to indicate the outcome of the RRC Re-establishment attempt by the UE.
3 Text Proposals to 36.902 [2]
The following text proposals tidy up and clarify the definitions of HO too late, too early and to wrong cell (as proposed previously in [3].  Additionally, we address the conclusions made above in section 2.
-------------------------------- Start of text proposal 1 (too late)  --------------------------------------
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 (if the handover was initiated before the failure the UE reconnects/re-establishes in the target 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-establishment of 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)  -------------------------------------
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 or reconnects 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 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. 
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) --------------------------------------
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.  The target cell shall return an indication of HO to wrong cell to the source cell A
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 in this case.
------------------------------------------ End of text proposal -------------------------------------------------
-------------------------------- Start of text proposal 4 (O&M reqts) --------------------------------------

4.5.4
O&M requirements for radio related functions  
While algorithms for mobility robustness optimisation should be located in the eNB SON entities, network operators should have the ability to provide their input reflecting their knowledge about the network and their network management policies, 

In order to enable mobility robustness optimization:

· The relevant mobility robustness parameters should be autoconfigurable by the eNB SON entities. 

· OAM should be able to configure a valid range of values for these parameters (list of parameters described in Section 4.5.5), 

· eNB should pick a value from within this configured range, using proprietery algorithms for HO parameter optimisation. 
Furthermore, in order to support the solutions for detection of Too Late and Too Early HO, it is required that parameter Tstore_UE_cntxt shall be configurable by the OAM system.
To support performance measurements configured at the source cell (outgoing handovers), failure statistics should be available according to whether the UE was able to successfully perform RRC Re-establishment or not.  Additionally, definitions of the handover related failure events “HO too early”, “HO too late”, “HO to wrong cell” are required.  Failure statistics can only be made on these failure modes individually, or as an aggregate.
------------------------------------------ End of text proposal -------------------------------------------------
4 CR to 36.300

A CR to 36.300 is in [3].  This clarifies the definitions of the HO failure cases.
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