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1   Introduction
During the discussion in the RAN3#72 meeting, the meeting agreed [1] on a stage 2 definition of MRO problem definitions and the two methods for detecting MRO problems. 
In this document, we highlight remaining problems and suggest a solution.  

2   Discussion

2.1   Detection of Too late 

The current definition of too late MRO problem definition [2] is: 

[Too Late HO] An RLF occurs in the source cell before the handover preparation was initiated or during handover preparation while UE has not received HO command; the UE attempts to re-establish the radio link connection in the target cell (if handover preparation was initiated) or in a cell that is not the source cell (if handover preparation was not initiated).

As can be seen, only problems in the source cell shall be considered. Looking at the C-plane handling during mobility (section 10.1.2.1.1 in [2]), this would correspond of step 1 to 7. Step 7 is the RRC Conn. Reconf. incl. mobilityControlinformation, also known as HO command.
For the RRC re-establishment detection method, where information from a re-establishment attempt is sent to the source cell using the RLF indication, it is however not straightforward to know whether the HO command is initiated or not. One obvious method would be to use knowledge from the delivery of the HO command and store this information in the source eNB. This may be available since RRCConnectionReconfiguration messages are sent using RLC AM, but in 5.3.5.4 of 36.331 there is a note: 

The UE should perform the handover as soon as possible following the reception of the RRC message triggering the handover, which could be before confirming successful reception (HARQ and ARQ) of this message.

This means that the source eNB may not know whether the message was successfully delivered. There is however other information available. The UE will provide a cause value for the RRC re-establishment, which should be set to HOF in case the failure is handover failure. 

One solution could instead be to put an additional requirement on the eNB generating the RLF indication to not generate any RLF indication if the failure cause is HOF and the HO to the cell in which the UE is re-establishes is prepared (this is the target cell). This solution will work for most cases, but not for cases where multiple targets are prepared. If multiple targets are prepared and a handover to wrong cell occurs, this will not trigger any RLF indication.
Observation 1: Current solution for MRO will not work for scenarios where multiple targets are prepared 
2.2   Different judgment for different detection methods
Consider the following example: UE is connected to cell A for a long time, the eNB prepares handover to cell B, but the UE fails to receive the HO command and re-establishes in cell C.

The current definition of too late MRO problem definition [2] is: 

[Too Late HO] An RLF occurs in the source cell before the handover preparation was initiated or during handover preparation while UE has not received HO command; the UE attempts to re-establish the radio link connection in the target cell (if handover preparation was initiated) or in a cell that is not the source cell (if handover preparation was not initiated).

According to this problem definition, the example above shall not be considered as “too late” since the re-establishment cell C is not the target cell. 
The MRO problem detection is defined in two different ways. One method is using the information from the RRC re-establishment attempt forwarded with the RLF indication. The other method is using the contents of the evolved Rel10 RLF report.

Using the first method, it is possible to distinguish whether the handover has been prepared and whether the re-establishment cell is equal to the prepared target cell using stored information in the eNB receiving the RLF indication combined with the reported CRNTI. 

When using the second method (Rel10 RLF report) however, the following detection mechanism is proposed:

[Too Late HO] There is no recent HO 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.

With this detection mechanism, the example above will be considered as Too Late. Therefore, we will have an inconsistency between the two detection mechanisms 

Observation 2: A Rel10 eNB will make different judgement depending on the detection method.
2.3   Definition of Successful HO

The current problem definition for wrong cell and too early contains the term “successful hand over”. This definition is a bit ambiguous if we consider the handover to be successful from UE or network point of view. From UE point of view, the handover is successful after successfully completing the RACH (step 9 in section 10.1.2.1.1 in [2]). After this, any error that occurs are considered to be RLF (and not HOF), while for the network the handover is successful after receiving the context release (step 17 in section 10.1.2.1.1 in [2]).
Observation 3: There is an ambiguity regarding the term successful handover.
3   Solutions
3.1   Detection of Too late

One straightforward solution enabling the eNB receiving the RLF indication to judge whether the problem is in the source or target cell, is to include the RRC re-establishment cause into the RLF indication message. This requires an update of TS36.423.

In addition to this, we do need to include this in the description of the detection of Too late Handover: 

-
[Too Late Handover]
If the UE attempts to re-establish the radio link connection in a cell that belongs to eNB B, after a failure at the source cell belonging to eNB A, different from eNB B, then eNB B may report this event to eNB A by means of the RLF Indication Procedure. eNB A may then use information in the RLF INDICATION message to determine whether the failure occurred in the serving cell.
Proposal 1: Introduce the RRC re-establishment cause into the RLF indication.  

3.2   Different judgment for different detection methods

The problem of this ambiguity is that the judgment will be different depending on the detection method and therefore, one of the detection methods are not aligned with the MRO problem definition. In order to make the standard consistent, one possibility is to include separate problem definitions for the two different detection mechanisms. 
We would however prefer aligning the two detection methods and updating the problem definition. 
Since the detection method based on the RLF report will not have information on prepared neighbour cells, we propose modifying the problem definition and the detection method based on information from the RRC re-establishment attempt, to align this with detection method based on the evolved RLF report. 

This can be achieved by first modifying the MRO problem definition of Too Late into:
[Too Late Handover] An RLF occurs in the serving cell and the UE attempts to re-establish the radio link connection in a cell that is not the serving cell.  
This would result in that the example described in section 2 will be detected as a Too Late Handover. 

This however creates a second ambiguity since the described example can now be interpreted both as Too Late or HO to Wrong Cell. To resolve this, we propose the following modification in the problem definition of [HO to wrong cell] to only consider problems in the target cell (and not in the source cell) during a handover:
-
[Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a HOF occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.

And, in order to align the problem definitions, we also suggest introducing the same changes to the too early case. 

-
[Too Early Handover] An RLF occurs shortly after a successful handover from a source cell to a target cell or a HOF occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell. 

Proposal 2: Modify the MRO problem definitions as discussed in this section.

The judgement of the two different detection mechanisms in the current version of the standard is compared with the judgement after modifying the MRO problem definition in the table below. As can be seen, the ambiguity is resolved and no other ambiguity is introduced. 
	Failure event
	Cell where RRC connection is (re)established
	Detection type
	Current MRO verdict
	Redefined MRO verdict

	MR transmission failure
	A
	Re-est. attempt
	Not MRO
	Not MRO

	
	
	NAS recovery
	Not MRO
	Not MRO

	
	B
	Re-est. attempt
	Too late
	Too late

	
	
	NAS recovery
	Too late
	Too late

	HO Command transmission failure
	A
	Re-est. attempt
	Not MRO 
	Not MRO

	
	
	NAS recovery
	Not MRO
	Not MRO

	
	B
	Re-est. attempt
	Too late
	Too late

	
	
	NAS recovery
	Too Late
	Too Late

	
	C
	Re-est. attempt
	Wrong cell
	Too Late

	
	
	NAS recovery
	Too Late
	Too Late

	HO RACH failure
	A
	Re-est. attempt
	Too early
	Too early

	
	
	NAS recovery
	Too early
	Too early

	
	B
	Re-est. attempt
	Not MRO
	Not MRO

	
	
	NAS recovery
	Not MRO
	Not MRO

	
	C
	Re-est. attempt
	Wrong cell
	Wrong cell

	
	
	NAS recovery
	Wrong cell
	Wrong cell

	RLF after HO completion
	A
	Re-est. attempt
	Too early
	Too early

	
	
	NAS recovery
	Too early
	Too early

	
	B
	Re-est. attempt
	-
	-

	
	
	NAS recovery
	-
	-

	
	C
	Re-est. attempt
	Wrong cell
	Wrong cell

	
	
	NAS recovery
	Wrong cell
	Wrong cell


3.3   Definition of Successful HO

The current working assumption is that the definition of successful hand over should be UE centric concerning the usage of the term “successful handover”. This since it refers to the successful completion of RACH and not to the successful completion of the HO procedure in the network (UE context release) and would like to clarify this with a short sentence below the current definition:

In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RACH (step 9, as presented in subclause 10.1.2.1.1).
Proposal 3: Add the definition of successful handover.

4   Conclusion 
Based on the discussion in this document, we propose to:

· Proposal 1: Introduce the RRC re-establishment cause into the RLF indication.  

· Proposal 2: Modify the MRO problem definitions as discussed in section 3.2

· Proposal 3: Add the definition of successful handover.

These changes have previously been proposed in two CRs which will be resubmitted for this meeting. 
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