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1 Introduction

This paper deals with the problem defined in [1].

Problem description:

The UE is currently reporting which cell it will attempt to re-establish after a failure in the RLF report. The actual outcome of the re-establishment is currently not available for the MRO analysis. The reported re-establishment cell is used to diagnose the failure by MRO and may lead to a corrective action by MRO. For certain UEs, it may be possible that the re-selected cell becomes unsuitable just after being selected. This may either have no impact on MRO, assuming that a statistical evaluation in MRO allows to discard these error cases or the appropriate corrective actions may differ depending on the actual outcome of the RRC re-establishment.
With respect to the problem, solutions have been identified as follows [1]:
Solutions:

Following solutions have been identified (applicable, if the problem is confirmed):

1.
Network-based solution 1: A flag is added into the first RLF indication (triggered by the re-establishment). This information can be stored in the receiving eNB and combined with a second RLF indication (triggered by the RLF report).

2.
Network based solution 2: 

a.
A comparison between the cell the UE was connected at the moment the RLF report was retrieved and the re-establishment cell indicated in the RLF report is carried out. If these cells are matched, the re-establishment cell should be considered for MRO adjustments at the eNB where the failure has occurred. The comparison is performed at the eNB retrieving the RLF report and a new IE is added to the RLF indication to identify the matched and unmatched cases

b.
A similar comparison to the one done in Network Solution 2a is carried out. The comparison is performed by the eNB where the RLF has occurred (the one receiving the RLF Indication) and no additional IE is needed. Instead the existing IE called Re-establishment cell ECGI in the RLF Indication can be used to signal the cell where the RLF report has been retrieved i.e. a cell where a successful RRC re-establishment has occurred.

3.
Network based solution 3: The radio measurement in UE RLF Report can be used to decide the suitable handover target.  

4.
UE-based solution: enhancement to the RLF reporting:

a.
The result of the reestablishment is recorded in the RLF Report;

b.
Only include re-establishment cell ID if the re-establishment was either successful or rejected;

c.
Only send RLF Report when the re-establishment was either successful or rejected.

RAN3 had discussed on the problem for several meetings, but no conclusion has become available so far.

Besides, relevant input from SA5 via an LS was provided [2]. The excerption from the LS:
The following two KPIs are proposed by NGMN Top OPE Recommendations to be considered for MRO performance evaluation, SA5 is discussing how to support them by the corresponding counters:

a) Rate of failures related to handover without RRC state transition, 

b) Rate of failures related to handover with RRC state transition

An RRC transition from RRC_CONNECTED state to RRC_IDLE state occurs if the RRC re-establishment (if any) by the UE after radio link failure is unsuccessful. That means, to support the KPI mentioned above the source eNB needs to judge whether a RLF caused by a handover failure was followed by a successful RRC re-establishment.
SA5 would like to ask RAN3 for the following questions:

· Does RAN3 think that mentioned KPIs a) and b) will be still useful for MRO performance evaluation in releases with the capability for context fetching between eNBs which is being addressed in RAN3/2? For which releases this capability is relevant?
· If the answer for the question above is yes, are the means for the source eNB to judge whether a RLF caused by a handover failure was followed by a successful RRC re-establishment available in RAN specifications? 

· If yes, please let SA5 know the details;

· If no, would RAN3 like to provide the means to support this requirement?
In this paper, criteria for the meaningful classification are identified. A new solution is proposed and evaluated with the existing solutions. The evaluation shows that the newly proposed solution has advantages over the existing solutions, thus, it is proposed to endorse the newly proposed solution.
2 Discussion
The problem discussed in RAN3 and the relevant NGMN Top OPE Recommendations are slightly different:

· RAN3’s problem is to differentiate whether the re-establishment cell is suitable for a while, i.e. appropriate.

· NGMN’s problem is to distinguish whether the re-establishment was a success or a failure.
RAN3’s problem has clear benefit once solved. Enhancement in the MRO performance is expected. On the other hand, however, NGMN’s problem does not have a clear advantage to solve.

Observation 1: The benefit of judging whether a connection failure was followed by a successful re-establishment is not clear.

We believe that RAN3-defined problem is much worthier to solve. Thus, it is proposed:

Proposal 1: To endorse a solution for the RAN3-defined problem and inform SA5 of the solution via the reply LS.

The rest of the paper focuses on the RAN3-defined problem.

2.1 Appropriateness criteria
There should be clear criteria on determining whether the re-establishment cell is appropriate, i.e. suitable for a while. Two criteria can be considered: “Re-establishment outcome” and “identity between the re-establishment cell and the RLF report receiving cell.” Based on these criteria, we have classified as follows:
Table 1: Classification.
	
	RLF report @ re-est. cell
	RLF report @ other cell
	RLF report @ no cell

	Re-est. success
	Case S1
	Case S2
	Case S3

	Re-est. failure
	Rejected
	Case R1
	Case R2
	Case R3

	
	Uncompleted
	Unlikely
	Case I2
	Case I3


The application of context fetch mechanism would reduce Cases R1, R2 and R3 with a significant amount. Thus, let us focus on Cases S1, S2, S3, I2 and I3. It is noteworthy that SA5 also focused on the environment where the context fetch mechanism is enabled.
· Case S1: Appropriate; the re-establishment was a success and the UE stayed at the re-establishment cell long enough that it could make the RLF report at the re-establishment cell.
· Case S2: Inappropriate; the re-establishment was a success but the UE left the re-establishment cell so early that it made the RLF report at a cell other than the re-establishment cell.
· Case S3: Appropriate; the re-establishment was a success but the rel-9 UE left the re-establishment cell so early that it could not make any RLF report.
· Case I2: Inappropriate; the re-establishment was incomplete and the UE re-connects to a cell other than the re-establishment cell and makes the RLF report at a non-re-establishment cell. The RLF report receiving cell and the re-connection cell are not necessarily the same.
· Case I3: Inappropriate; the re-establishment was incomplete and the rel-9 UE re-connects to a cell other than the re-establishment cell thus it could not make any RLF report.
In short, only in Case S1 the re-establishment cell is appropriate. This can be understood intuitively: The re-establishment cell is appropriate if and only if the re-establishment is a success in the network where the context fetch mechanism is enabled and the UE stayed at the cell long enough (to make the RLF report to the cell).  As a result, we propose:

Proposal 2: To distinguish Case S1 from the other cases.
2.2 Evaluation
In addition to those solutions proposed so far [1], let us propose a new solution:
Network-based solution 4: The receiver of the RLF INIDICATION message considers that the re-establishment cell is appropriate if the RLF INDICATION message contains the RLF report but does not include the RRC Conn Setup Indicator IE.
Note that only in Case S1 the RLF report is included without the RRC Conn Setup Indicator IE. It is also noteworthy that an eNB can detect multiple RLF INDICATION message receptions from a single failure event [3]. Furthermore, we can make the following observation.
Observation 2: The receiver of the RLF INDICATION message can already detect Case S1.
Table 2: Evaluation of the solutions.
	
	Ability to distinguish Case S1
	Impact on eNB
	Impact on UE

	
	
	TS 36.423
	Other
	

	NW-based sol. 1
	No (
	Yes (
	Yes (
	No (

	NW-based sol. 2a
	Yes (
	Yes (
	Yes (
	No (

	NW-based sol. 2b
	Yes (
	Yes (
	Yes (
	No (

	NW-based sol. 3
	No (
	No (
	Yes (
	No (

	UE-based sol.
	Yes (
	No (
	Yes (
	Yes (

	NW-based sol. 4
	Yes (
	No (
	Yes (
	No (


From the table above, following observations can be drawn:

Observation 3: Network-based solutions 2 and 4 and UE-based solution are effective.
Observation 4: Among those effective solutions, Network-based solutions 2 and 4 have no impact on UEs.

Observation 4: Among Network-based solutions 2 and 4, network-based solution 4 is better since there Network-based solution 4 does not require any change in the X2 interface.

Based on these observations, it is proposed:

Proposal 3: To endorse Network-based solution 4.

3 Conclusion
RAN3’s proposal and NGMN’s proposal have been compared and it is observed that:

Observation 1: The benefit of judging whether a connection failure was followed by a successful re-establishment is not clear.

Thus, it is proposed:

Proposal 1: To endorse a solution for the RAN3-defined problem and inform SA5 of the solution via the reply LS.

Based on the two criteria, re-establishment outcome and identity between the re-establishment cell and the RLF report receiving cell, Table 1 has been presented and it has been proposed:

Proposal 2: To distinguish Case S1 from the other cases.
In addition, based on the observation that:

Observation 2: The receiver of the RLF INDICATION message can already detect Case S1,
which is coming from the proposed solution, following observations have been drawn:

Observation 3: Network-based solutions 2 and 4 and UE-based solution are effective.

Observation 4: Among those effective solutions, Network-based solutions 2 and 4 have no impact on UEs.

Observation 4: Among Network-based solutions 2 and 4, network-based solution 4 is better since there Network-based solution 4 does not require any change in the X2 interface.

Based on these observations, it is proposed:

Proposal 3: To endorse Network-based solution 4.

A draft LS conforming the spirit of this paper is provided in [4].
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