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1   Introduction
The ability to detect failed re-establishment has been discussed for several meetings. In this paper we briefly summarize the proposed solutions and the properties for each solution.
The solutions presented so far are:

· 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).

· 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.

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

· 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.

2   Background

The background is that the UE will report a re-establishment cell ID even if an actual re-establishment has not been performed or fails. The problem is that MRO will make an erroneous analysis of the failure event, or more precise will believe that the re-establishment cell is suitable for mobility when in fact it may not be. In summary, the problem scenarios are:

· variations of DL quality between the time the cell is selected as suitable until the re-establishment is complete

· poor UL quality, due to either unbalanced UL/DL or interference
If, for example, as in the second problem scenario, the UL prevents the successful transmission of the RRCConnectionReestablishmentRequest due to an unbalanced UL/DL (poor UL), MRO analysis could result in a “too late handover” and therefore adjust to trigger future handover earlier. But this makes the UL problems in the target cell worse. 

The re-establishment procedure consists of two or three messages (see also TS 36.331):
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Figure 1: RRC connection re-establishment, successful
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Figure 2: RRC connection re-establishment, failure
The RLF indication can be triggered either when receiving the RRCConnectionReestablishmentRequest or at RRC connection setup. Although the same message is re-used, the information included is different. In the remainder of this document we will call the RLF indication triggered by RRC re-establishment the first RLF indication and the one triggered at RRC connection setup the second RLF indication. 

The first RLF indication is triggered when the eNB is receiving an RRCConnectionReestablishmentRequest. In case the context is not available, the eNB may immediately send the RLF indication. But in case the context is available, the eNB may choose to first wait for the RRCConnectionReestablishmentComplete since this message contains the rlf-InfoAvailable which indicates whether there is an RLF report available in the UE. In that case, the eNB may choose to request this information from the UE. Finally, the eNB may include this information in the RLF indication. 

If the re-establishment is not successful, the UE will indicate the availability of the RLF report to the network at connection setup, which may trigger the second RLF indication from the same failure event.

3   Preferred solutions

One simple way is to check whether the first RLF indication was previously received when receiving the second RLF indication. This requires that information from the first RLF indication (failure cell PCI and CRNTI) is stored and correlated with information in the second RLF indication. 
If the eNB, when receiving the 2nd RLF indication, by checking the list of received RLF indication, determines that the first RLF indication is previously received, this means that the eNB has successfully received the RRCConnectionReestablishmentRequest.
With this comparison, we can exclude all cases where the RRCConnectionReestablishmentRequest is not received, which includes cases where the UE determines that this cell is no longer suitable and never transmits the message or when the UL/DL imbalance (poor UL) prevents the message from reaching the eNB. This can be done by implementation without the need for any enhancements in the standard.

Observation 1: It is possible today to detect failed re-establishment for issues preventing the eNB receiving the RRCConnectionReestablishmentRequest. 

If we like to also evaluate the remaining part of the re-establishment, we could try to identify cases where the RRCConnectionReestablishmentRequest is received but the RRCConnectionReestablishmentComplete is not received. One way to do this is to add one flag in the RLF indication message to say whether the Re-establishment was incomplete. This is presented as solution 1 in previous papers.

If the eNB, when receiving the 2nd RLF indication, by checking the list of received RLF indication, determines that the first RLF indication is previously received, and the outcome of this one is incomplete, this means that the eNB has not successfully received the RRCConnectionReestablishmentComplete.
Observation 2: We can extend the detection of problems to also distinguish between cases where RRCConnectionReestablishmentComplete is received or not. 

Proposal 1: Discuss and agree whether there is a need to extend the detection of problems to also distinguish between cases where RRCConnectionReestablishmentComplete is received or not.
Proposal 2: In case there is a need to extend this, we propose to use solution 1
4   Other solutions 
In this section we briefly analyse the alternative solutions presented before.

One immediate observation is that since there are network based solutions which are feasible, we believe we should first rule out the solutions requiring UE impact (i.e. UE based solution).

Proposal 3: Rule out UE based solution

Since the problems may arise from both UL and DL problems, we believe that a solution relying only on DL measurements is not covering all cases. Therefore, we believe that we should rule out network based solution 3.

Proposal 4: Rule out network based solution 3

Further, we believe that it would be advantageous to not modify the behaviour of intermediate nodes for MRO. By doing this, we would partly move the analysis of MRO from the last serving cell to the re-establishment cell. This may also cause problems in mixed scenarios. Therefore we propose to rule out network based solution 2a 

Proposal 5: Rule out network based solution 2a
Solution 2b will not be able to distinguish failed re-establishments from rejected re-establishments when the cell where the UE delivers the RLF report is the same as the re-establishment cell. Consider for example the scenario, where a UE encounters an RLF in cell A, attempts but fails to re-establish in cell B, and transit to idle and eventually manages to establish a connection to B and deliver the RLF report. Since the two cell identities are identical, the re-establishment cell will be considered for MRO adjustments, even if the re-establishment failed. 
Further, this new interpretation to only take the information into account for MRO if the RLF report is reported in the same cell as the re-establishment cell excludes some scenarios previously covered by MRO. In all cases where the UE attempts to re-establish in one cell but is rejected and then connecting from idle in another cell will now be excluded from MRO. 

Solution 2b will have some impact on the existing MRO use cases, and may not be able to detect failed re-establishment in all scenarios.

Proposal 6: Rule out solution 2b
5   Conclusions
In this paper we clarify that the current standard allows for implementations to detect part of the problem. We propose to discuss whether any enhancement is needed. In case an enhancement is needed, we propose to use solution 1, which requires the change in [1].
6   Reference

[1]  R3-142178, Adding a re-establishment success indicator to RLF indication
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