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1 Introduction

Mobility Robustness Optimization (MRO) has been identified as one of the key use cases for self-optimizing-networks. It has been recognized in [1] that inappropriate handover (HO) settings might be resolved if the involved entities are informed about details of occurred radio link failures (RLFs). Currently proposed procedures enable detection of too late and too early HOs. However, this can lead to erroneous action, if a coverage hole is interpreted as a too late HO. We propose therefore a mechanism that enables eNB, to which the RRC connection is re-established, to recognize the actual reason for RLF. Such an extension would be highly advantagous for other use cases such as coverage and capacity optimization (coverage hole detection) and drive test minimization.[3].
2 UE originated RLF reporting

2.1 Too late HO and a coverage hole
As described in TR 36.902 ([2]), too late HO is detected when an RLF occurs in eNB A and the connection is re-established in eNB B. In such a case the eNB B reports the problem to eNB A. However, exactly the same sequence of events (RLF in eNB A and reconnection in eNB B) can occur if there is coverage discontinuity between the two cells. In such a case the report about too late HO may trigger incorrect action in eNB A. 

It is not possible to distinguish the two cases based only on events recorded at eNBs. However, full information is available at the UE. If the UE passes the necessary information to the eNB B while re-establishing the connection, the eNB can make correct decision regarding further actions.

It is important to mention that even if HO was not initialized prior to RLF, the UE will try to re-establish the RRC connection in eNB B. This attempt will fail, but eNB B will be able to detect the RLF and send a report to eNB A.
2.2 Transmission of RLF reports
When a UE that has detected a RLF condition re‑establishes the UE connection using the RRCConnectionReestablishmentRequest message, this message already contains the physical cell ID and C-RNTI of UE in the cell where the RLF occurred. Further information that needs to be provided from the UE to allow for a proper mobility robustness optimization shall be included within a new ‘RLF Report’ Information Element that allows the receiving eNB to perform further failure analysis. 
2.3 Content of the report
The following information will be helpful to identify the reason for an RLF in the network:
· Last cell ID (before RLF)

· Set of last available RSRP (and RSRQ) measurements (before RLF)
· Set of new available RSRP (and RSRQ) measurements (after RLF)

· Last Location (before RLF), if available

The last cell ID should be obvious, it indicates on which cell boundary the RLF has occurred. The new eNB can check whether the last cell is in the neighbour cell list, and possibly may forward the RLF report to this cell as discussed in [1]. This information is already available from the RRCConnectionReestablishmentRequest message and therefore does not need to be added in the new RLF Report.
The last set of RSRP/RSRQ measurements are necessary to distinguish between RLFs due to a coverage hole and RLFs due to inappropriate setting of HO parameters. For instance, if the set includes only a single and small value, the cause is likely to be a coverage hole. In contrast, if the set includes two or more values, and some of them are larger than some thresholds, the cause is clearly bad setting of HO parameters.

The set of new RSRP/RSRQ measurements, recorded and reported immediately after re-establishing the connection, provide further assistance to resolve and localize an RLF and the ability to do consistency checks. For instance, the size of the coverage hole can be approximated by the difference between last RSRP set and new RSRP set (small differences would speak for HO-related failure).
The last location could be important information to OAM, but also to enable correction of the HO settings. It should be noted that positioning methods and UE’s support are currently discussed in RAN2, so the actual content of the report may be not the location itself, but the data needed for the CN to estimate the location.
The task to deduce the exact cause of a RLF is not straight forward and should be left vendor-specific. It is much simpler to define appropriate information (as proposed above) in the RLF report rather than specifying causes as well as procedures to evaluate them in the UE. Therefore we have not included a cause information, since the evaluation thereof should be left to the eNB.
3 Summary and Proposal

We have discussed how exactly involved eNBs are informed about details of HO-related RLF so that they can take appropriate action such as adjusting HO parameter. In particular we propose to include an RLF report into the RRC connection reestablishment procedure in order to be able to uniquely identify the root cause. This information is also highly valuable input for the SI to minimize drive tests [3], and also for other SON use cases (coverage hole detection). 
It is proposed to accept an LS to RAN2 that request that RAN2 specifies necessary mechanism to provide UE-originated RLF reports [4].
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