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Introduction
Possible issues linked to the co-existence of two different MRO methods for handling of RLF have been discussed throughout the Rel-10 work. The main stage 2 Rel-10 update for MRO was agreed in May 2011 (RAN3#72), capturing an "FFS" linked to the handling of multiple failure indications leading to double counting of the same failure event [1]. A proposal to remove this "FFS" was agreed by RAN3#73bis as a working assumption [2]. In this paper we analyse what RAN3's working assumption means in terms of choice of detection method. We also provide alternative choices, and a proposal for the way forward.
2
Discussion
2.1 Definition of the problem

As stated by TS 36.300, two different functions may be used in a solution for detection / analysis of failure scenarios:

"Solution for failure scenarios consists of one or more of following functions:

-
Detection of the failure after RRC re-establishment attempt

-
Detection of the failure after RRC connection setup

Triggering of each of these functions is optional and depends on situation and implementation. "
Detection after RRC re-establishment attempt was specified in Rel-9, and works with all LTE UEs (from Rel-8 onwards). Detection after RRC connection setup requires the UE as well as involved eNBs to be Rel-10 or later. 
If an implementation chooses to use both functions, they will overlap whenever, for a Rel-10 (or later) UE, an MRO evaluation is performed based on RRC reestablishment attempt without the UE having delivered the RLF Report. This happens in case of unsuccessful reestablishment attempt or successful reestablishment attempt where the eNB doesn't upload the RLF Report. In these cases the Rel-10 UE mandatorily indicates availability of the RLF Report next time it performs an RRC Connection Setup procedure, provided that the RPLMN at the time of the connection failure was selected again for the RRC Connection Setup procedure by the UE. 
Strictly speaking the issue is not limited to reception of two X2 RLF INDICATION messages for the same failure event. (The paragraphe title in TS 36.300 may therefore be misleading: "Handling multiple reports from a single failure event"). For the case of Too Early Handover, when the UE has performed an unsuccessful RACH attempt at the target cell, MRO evaluation may be done at the source cell (following successful RRC reestablishment) without any RLF INDICATION message being sent. The double evaluation would in this case result from the RLF Report not having been uploaded by the eNB following the RRC Reestablishment procedure. It is then made available to the network by the UE at a later RRC Connection Setup.
2.2 Overview of solutions

RAN3 made in Rel-10 an explicit choice not to propose the UE identifier (C-RNTI) to be available in the RLF Report, because this identifier is valid only during the limited period following the connection failure during which the eNB keeps the UE context. So even in cases where a RRC Connection Setup procedure is triggered following an unsuccessful Reestablishment attempt, there are no means to detect that the two procedures are linked to the same UE, and hence relate to the same failure event.

Table 1 provides an overview of how an implementation could trigger the optional functions while avoiding or taking into account possibilities of double counting. 

	#
	Description
	Comment

	1
	"Pure Rel-9 approach": Use "RRC Reestablishment method" only. Never trigger MRO evaluation following RRC Connection Setup.
	RAN3's current working assumption is to use this approach for pre-Rel-10 UEs, which is anyway the only solution available for these UEs. 

Note 1: In this solution UE radio measurements are not available for coverage verification when reestablishment fails (e.g. when handover has not been initiated).

	2
	"Pure Rel-10 approach": Only perform MRO evaluation if RLF Report is available. 
	RAN3's current working assumption is to use this approach for Rel-10 (or later) UEs.

Note 1: By the adoption of this solution, there may be a reduced need for vendors to implement the "RRC reestablishment method" in future releases. 

Note 2: Risk that some failure events are not counted (see section 2.4).

Note 3: UE Context information (e.g.  handover cause and UE History) can't be used in this approach.

Note 4: TS 36.300 may be understood to mandate the use of "RRC reestablishment method" for the MRO evaluation in case of successful RRC Reestablishment. However in this case performing MRO evaluation based on the RLF Report would be possible for Rel-10 UEs. This method avoids timing uncertainty linked to the delay of uploading the UE RLF Report, which was one of RAN3's reasons to introduce the Rel-10 enhancements.

	3
	"Improved Rel-9 approach": RRC Reestablishment method is the basis for MRO evaluation. In case the re-establishment is successful and provides a Rel-10 UE RLF report the responsible eNB may use it, if supported, as an additional information for a better MRO verdict. Statistical correction of counters based on reception of Rel-10 UE RLF Report following RRC Connection Setup from Rel-10 UEs is only used for coverage hole detection. 
	This approach is in line with RAN3's initial intention behind the Rel-10 MRO enhancements.


Table 1: Possible ways to exploit the two detection methods for MRO.
2.3 RAN3's working assumption
RAN3's working assumption is materialised by the CR [2] containing the following update of TS 36.300:
"To avoid duplicated failure counting and unnecessary triggering of HANDOVER REPORT message, an RLF INDICATION message may be discarded if the message does not contain the RLF Report from the UE and the UE is known to be of Rel-10 or later."

First we would like to observe that although clarifying stage 3 aspects of the approach, the functional signification behind the proposed handling (discard) of the RLF INDICATION message may be hidden to the user. As also described in Table 1, the functional signification is in our view:

· Pre-Rel-10 UEs: Only the RRC Reestablishment method shall be used (no other available option). => "Pure Rel-9 approach"
· Rel-10 (or later) UEs: MRO evaluation shall only be performed if RLF Report is available.  => "Pure Rel-10 approach"
A detailed analysis per MRO failure case is provided in the Annex of this paper.
2.4 Issues linked to RAN3's working assumption

The issues linked to the "Pure Rel-9 approach" are well know and also provided the justification for the Rel-10 MRO enhancements.

The issues linked to a "Pure Rel-10 approach" are in our view two-fold.  
First we believe there's a risk that some failure events are not counted if this approach is used:
· for quickly moving UEs (or deployment of small cells), where the RRC Connection Setup may take place in an eNB without X2 link towards the eNB in which the failure happened

· for inactive UEs kept in connected mode (DRX). These will perform RRC Reestablishment attempt shortly after detecting loss of DL coverage, but may not perform NAS Recovery before there's user traffic. This may happen a quite long time (e.g. 30 sec) after the RRC Reestablishment attempt, which increases the risk that the RRC Connection Setup is done at an eNB without X2 connection to the eNB where the failure happened.
· in inter-PLMN scenarios, e.g. in networks using Equivalent Home PLMNs (the RLF Report will only be made available by the UE in the PLMN where the failure happened).

Secondly we believe that the use of context information by the implementation dependent MRO algorithm, like the Handover Cause and the UE History, could be useful in some scenarios (e.g. hetnet). The pure Rel-10 solution doesn't permit such use.
2.5 An additional issue in current stage 2 specification.
The MRO evaluation method based on RRC Reestablishment uses a timer (Tstore_UE_cntxt), and the outcome of the decision algorithm depends on whether this timer is running or not upon reception of the RLF INDICATION message. However the sending of this message may be somewhat delayed in case of successful RRC Reestablishment if the eNB requests the upload of the UE RLF Report, which is done in a separate RRC procedure.
As mentioned in Table 1 (option 2 note 4, as well as option 3), it would be preferable to use the UE RLF Report for MRO evaluation in this case. The timer information contained in this report is provided by the UE, without inaccuracy induced by delays on the Uu and X2 interfaces.
3
Proposal
Current stage 2 MRO specification describes 2 methods for MRO evaluation, without providing guidance linked to the selection between these methods. RAN3's working assumption favours the "Pure Rel-10 approach (Table 1 option  2). (The "Pure Rel-9 approach" is anyway unavoidable for pre-Rel-10 UEs). However as described above we see issues with the option 2, and would like to propose option 3. 
Option 3 overall provides three main advantages over option 2:

· it avoids to miss the detection when there is no X2 available to report the RLF indication after the connection setup (as it is the case in option 2),

· it still allows a (Rel-9) detection if the responsible node has remained Rel-9 (even if receiving node from other vendor has implemented Rel-10)

· at same time when the responsible node has been upgraded Rel-10, it allows to combine the benefit of the richer information provided by Rel-10 UE RLF Report + the UE Context information available in that responsible node.

Proposal: RAN3 to agree on the "Improved Rel-9 approach" (option 3 in Table 1). 
4
Conclusion
We have analysed RAN3's current working assumption related to [2] in terms of choice of MRO detection methods, and have identified issues linked to the method proposed for Rel-10 UEs. Alternative solutions have also been identified.
We have made the following proposal:
Proposal: RAN3 to agree on the "Improved Rel-9 approach" (option 3 in Table 1). 

We have drafted a corresponding CR, submitted to this meeting [3].
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Annex - MRO failure case analysis according to RAN3's working assumption
	#
	Scenario
	RRC reestablishment (UEs of all releases)
	Availability of UE RLF Report at RRC Connection Setup (only for UEs Rel-10 or later)
	Method to be used for Rel-10 UEs according to [2].
	Comment

	1
	[Too Late Handover] A connection failure occurs in the source cell before the handover was initiated; the UE attempts to re-establish the radio link connection in a cell that is not the source cell.
	Unsuccessful reestablishment in the target cell (target cell not prepared): RLF INDICATION message will not contain UE RLF Report.
	Available.
	RRC Connection method
	

	2
	[Too Late Handover] A connection failure occurs in the source cell during a handover; the UE attempts to re-establish the radio link connection in the target cell.
	Successful reestablishment in the target cell (target cell was prepared): RLF INDICATION message may contain UE RLF Report.
	Not available in principle (cf. comment). 
	RRC reestablishment method. 
	The eNB should retrieve the RLF Report upon RRC Reestablishment, if not the UE will make it available at next RRC Connection setup.

	3
	[Too Early Handover] A connection failure occurs shortly after a successful handover from a source cell to a target cell; the UE attempts to re-establish the radio link connection in the source cell.
	Unsuccessful reestablishment in the source cell (UE context has been released in the source cell): RLF INDICATION message will not contain UE RLF Report.
	Available.
	RRC Connection method
	

	4
	[Too Early Handover] A connection failure occurs during a handover; the UE attempts to re-establish the radio link connection in the source cell.
	Case 1 - Successful RACH access by the UE in the target cell: Unsuccessful reestablishment in the source cell -RLF INDICATION message is sent to the target cell (without RLF Report).

Case 2 - Unsuccessful RACH access by the UE in the target cell: Successful reestablishment in the source cell.  

RLF INDICATION is not sent (but MRO counters shall still be updated).
	Case 1: Available.

Case 2: Not available in principle (cf. comment).
	Case 1: RRC Connection method 

Case 2: Needs clarification - not covered by [2].
	Case 2: The eNB should retrieve the RLF Report upon RRC Reestablishment, if not the UE will make it available at next RRC Connection setup.

	5
	[Handover to Wrong Cell] A connection failure occurs shortly after a successful handover from a source cell to a target cell; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
	Unsuccessful reestablishment (in case of multiple preparation, UE context has been released following reception of HANDOVER CANCEL): RLF INDICATION message will not contain UE RLF Report.
	Available
	RRC Connection method
	

	6
	[Handover to Wrong Cell] A connection failure occurs during a handover; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
	The outcome of the reestablishment attempt depends on the availability of the UE Context (multiple preparation).
	Depends on the availability of the UE Context in the reestablishment cell.
	Depends on the availability of the UE Context in the reestablishment cell.
	If the UE Context is available in the reestablishment cell, the eNB should retrieve the RLF Report upon RRC Reestablishment. If not the UE will make it available at next RRC Connection setup.


Table 2: MRO failure case analysis according to RAN3's working assumption.
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