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1   Introduction
In RAN3#83, network-based solutions to the RRC re-establishment problem in MRO have been proposed in R3-140320 [6]. Several arguments have also been outlined about the relevance of the re-establishment cell problem in MRO.

The problem has been pointed out for the first time in RAN3#81 [1] and it consists of the following:

the UE reports the cell ID of the cell where a re-establishment will be attempted when the suitable E-UTRA cell is selected, while the eNB will generate the RLF indication for each attempted re-establishment, independent if it is completed (succeeded or rejected) or incomplete. Thus, when the VarRLF-report reaches the eNB where the RLF has occurred (via X2 RLF indication) this eNB cannot interpret this re-establishment properly since it could be any of the three cases: successful re-establishment, failed re-establishment (e.g. selected cell not available anymore) or rejected re-establishment.
In this paper we evaluate the available solutions i.e. the ones proposed in [4] and [3].  We propose that this evaluation is captured in the SON TR37.822 for the study item.
2   Summary of the conclusions about the relevance of the problem
Contributions have been submitted in the previous meetings [2], [3], [4], in order to highlight the relevance of the problem. The main conclusions pointed that:

Conclusion 1: The measurements in the RLF report cannot be used to deduce whether or not the re-establishment cell is a suitable cell [4]. Therefore, the eNB cannot be sure about the outcome of the re-establishment cell indicated at the RLF report.
Conclusion 2: It has not been discussed in RAN2 whether the appropriate MRO corrective actions may differ depending on the actual outcome of the RRC re-establishment in HetNet scenario [4].

After these clarifications, a way forward has been proposed in RAN3#83 to discuss solutions for the problem, which has been described in TR37.822 as follows:
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. It may be possible that the re-selected cell becomes unsuitable just after selected for certain UEs. 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.
3   Proposed Solutions
Four solutions have been proposed to this problem. All of them rely on making possible for the eNB where the failure has been originated to correctly interpret the reestablishmentCellId in the VarRLF-report in order to perform proper MRO adjustments e.g. towards candidate cells where re-establishments were successful. These solutions have been described in detail in [6] and captured in TR37.822 as follows:
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.

4   Evaluation of the solutions for inclusion in TR37.822
Despite TR37.822 includes a list of the solutions proposed for the MRO re-establishment cell problem, the TR does not contain an evaluation of such solutions. However, discussions were carried out during the Next Generation SON SI on the merits of each solution and it seems plausible to capture such discussions in the SI TR.

Therefore, for completeness, it is proposed to include in TR37.822 criteria according to which the solutions should be analysed and an evaluation table pointing out the advantages and disadvantages of each solution. The proposed additions are highlighted below in the form of a CR to the current TR37.822v12.0.0:

-----------------------------------------Proposed Change Start-----------------------------------------

4.3.1
Taking the outcome of the RRC re-establishment into account for MRO

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.
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 connection 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.

Solutions Evaluation:

The criteria proposed to evaluate the solutions are the following:

· Impact on UE procedures: this criterion evaluates weather UE changes are needed in order to implement the solution;
· Impact on existing X2 procedures such as the X2 RLF Indication: this criterion evaluates whether X2 procedures, e.g. the RLF indication, have to be modified.
· Complexity of the eNB implementation: evaluates how complex the solution is for the network.

· Effectiveness: evaluates how effective the solution is.
	
	Impact at UE procedures
	Impact at the X2 RLF Indication
	Additional implementation at the eNBs
	Effectiveness

	Solution 1
	None

Network-based solution without any UE impact


	Medium

Addition of a new IE in the RLF indication to flag the outcome of a re-establishment.
	High

Additional complexity at the eNB sending the RLF Indication e.g. to include the outcome of the re-establishment

Additional complexity at the eNB receiving the RLF indication messages e.g. storing parameters and correlating to next incoming messages.
	Medium

This solution provides full results on re-establishment, i.e. it specifies if the re-establishment was successful, incomplete or rejected, only if the UE context is available at reception of second RLF Indication which is not the most typical case.

	Solution 2a
	None

Network-based solution without any UE impact.
	Medium

Addition of a new IE in the RLF indication to include the outcome of the comparison between the re-establishment cell at the RLF report and the cell where the report has been retrieved.
	Medium
Additional complexity at the eNB retrieving the report in order to perform the comparison between cells before sending the RLF indication.


	Medium

This solution provides information on whether the re-establishment was successful or not (i.e. incomplete or rejected). The solution functions also when the UE context is not available at receiving eNB

	Solution 2b
	None

Network-based solution without any UE impact.
	Low

Use of an existing IE that is re-interpreted i.e. no need for stage 3 changes. 
	Medium

A comparison is required by the eNB retrieving the RLF report and by the eNB receiving the RLF Indication. 
	Medium

This solution provides information on whether the re-establishment was successful or not (i.e. incomplete or rejected). The solution functions also when the UE context is not available at receiving eNB. 

	Solution 3
	None

Network-based solution without any UE impact. 
	Low

Use of existing measurements in the RLF Report i.e. no need for stage 3 changes. 
	Medium

eNB needs to deduce the outcome of the re-establishment from the measurements contained in RLF Report 
	Low

Measurements in RLF Report may be stale, e.g. as old as T310 duration (up to 2 seconds) plus re-establishment time (up to 30 seconds). Evaluation of re-establishment result from such measurements may be unreliable

	Solution 4
	High

Changes in the RLF report e.g. add the outcome of the RRC re-establishment.

Changes in the UE behaviour upon the re-establishment e.g. only include the re-establishment cell ID if successful or rejected.

Changes in the UE behaviour upon the RLF report retrieval e.g. only send RLF report when the re-establishment was successful or rejected.
	None

UE-based solution without any impact on X2 procedures.
	None

The same procedures are performed by the eNB retrieving the RLF report and the one receiving the RLF indication.
	Medium
Although this solution provides the highest granularity in terms of re-establishment result information, the solution would be available only for Rel12 onwards capable UEs. Hence the number of statistics available may not be sufficient. 


-----------------------------------------Proposed Change Start-----------------------------------------

Proposal 1: It is proposed to include the proposed changes in section 4 in TR37.822v12.0.0
When looking at the solutions proposed and at the main problem highlighted in this discussion, it appears evident that the most important issue to be solved is that of detecting that a re-establishment cell in the RLF Report was in fact not suitable in the sense that re-establishment was not successful on that cell. 

It should be noted that it is rather unlikely that a cell suitable for re-establishment (i.e. prepared and suitable from a radio point of view) would reject a UE attempting to re-establish. Indeed, even in cases of high cell loads, it would be better to admit the UE and use release with redirection to steer it towards a more suitable frequency/RAT.
With the above in mind, the only plausible possibility for a re-establishment to be explicitly rejected by re-establishment eNB is that the re-establishment cell was not prepared. However, this case would be well known to the source eNB receiving the first RLF Indication (not including RLF Report) because that eNB will know if the re-establishment cell was prepared or not.

Therefore, the most important case to be flagged is one where the re-establishment failed, i.e. the re-establishment procedures could not conclude because the re-establishment cell was no more available. These are the cases where MRO should consider avoiding mobility optimisation towards the re-establishment cells.
Indeed these cases can be easily identified by means of a very simple solution that does not need any stage 3 changes, such as Solution 2b. 
In this solution the eNB sending the RLF Indication message containing the RLF Report decides how to encode the Re-establishment Cell ECGI IE. By setting this field with the same value of the reestablishmentCellId IE in the RLF Report the eNB communicates that the re-establishment cell ID in the RLF Report is the cell where re-establishment succeeded. On the contrary, by setting the Re-establishment Cell ECGI IE with a different value of the reestablishmentCellId IE, the eNB indicates that successful connection happeneed in the cell stated by the Re-establishment Cell ECGI IE in the RLF Indication message.
Based on this and other information MRO can take a decision on whether or not to consider the reestablishmentCellId in RLF Report in the process of mobility robustness optimisation.

Therefore, in order to provide a solution that minimises the impact on specification and allows to recognise the most important cases where a re-establishment cell can be filtered out of MRO optimisation, the following is proposed:

Proposal 2: In order to minimise the impact on specifications and provide a mechanism to indicate that a re-establishment cell can be unsuitable for mobility it is proposed to agree to solution 2 for the resolution of the re-establishment cell issue in MRO
5   Conclusion 

A summary of the discussion concerning the relevance of the RRC Re-establishment problem has been presented. The solutions proposed to this problem have been evaluated and a proposal to be included I TR37.822 has been presented.
The evaluation reveals that the most effective solution (solution 1) is also the one with the highest impacts on the UE implementation. On the opposite hand, the solution with the minimum impact (solution 2b) can also provide some useful re-establishment information.

In light of the above the following proposals are brought forward: 
Proposal 1: It is proposed to include the proposed changes in section 4 in TR37.822v12.0.0

Proposal 2: In order to minimise the impact on specifications and provide a mechanism to indicate that a re-establishment cell can be unsuitable for mobility it is proposed to agree to solution 2 for the resolution of the re-establishment cell issue in MRO
A CR presenting changes in line with the proposals above has been provided in [5].
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