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1 Introduction

The SON use cases are described in [2]. We believe that RLF can be an important source of information especially for the following use cases:

· Mobility robustness, where mobility parameters are tuned by observing handover performance. 
· Coverage and capacity , where the coverage area for the cells are modified to limit coverage problems and extensive overlap causing interference.
However, it might be necessary to add some information transmitted from the UE to the network at re-establishment to enable the network to distinguish between the possible causes for RLF so that the network can take appropriate actions.
2 Discussion
A Radio link failure can be an indication of a problematic situation. The reasons for RLF may be different, and sometimes it may be difficult to pinpoint the exact reason since many reasons may interact. Also, Radio networks are never flawless but in general planned for and designed for certain coverage < 100.0 %. So, it may be impossible to make reliable conclusions based on single RLF event. 

On the other hand, RLF failures by many UEs, analyzed statistically over a period of time can be a very powerful tool to optimize the network.

The following causes can be seen as the main reasons for RLF

· Bad coverage

· High interference

· Bad mobility parameter setting
· Problem in target cell due to Handover to “unsuitable” neighbour
For a UE accessing a cell for the first time, problems can occur already before normal Radio Link Failure handling has started, i.e. during the random access procedure. In this document we call this “access failure”. We think the analysis of access failure and conclusions that can be made based on that is similar to Radio Link failure. 
3 Failure Criteria

This section lists the criteria that could be used to distinguish between different types of errors
The UE could report such event when he eventually establishes a connection to the network again, e.g. at RRC re-establishment or establishment, e.g. for tracking area update.
3.1 Bad coverage

Radio Link Failure can be caused by bad coverage. If there is a coverage-hole and no neighbour cell to handover to this could result in Radio Link Failure. 

This case would be characterized by UE receiving the serving cell weakly at the time of radio link failure <RSRP:low, RSSI:low> and that some time elapses between the RLF and the re-establishment, i.e. UE finds no other cell that he can connect to. 
The SON corrective action of high intensity in this event could be to increase the coverage of the cell (coverage and capacity optimisation use case) or e.g. to notify the operator that indoor coverage need to be improved. In order to have more information about the location of the erroneous event, such statistic counter could be per cell pair <cell where RLF occurred> <next cell that UE could use>.
3.2 High interference

Radio Link Failure can be caused by high DL interference. This should be an exceptional case. Interference could come from other cells, or from another source. 
In some cases of urban deployments, e.g. high-rise buildings, and overshoot over open water, there can be cases where the UE has “good” propagation conditions to many cells at the same time. This case would be characterized by the UE measuring very high broadband received signal strength, and reporting many strong cells <RSSI: very high> but still not being able to stay connected to one of these.
The SON corrective action of high intensity in this event (coverage and capacity optimisation use case) could be to increase down-tilt antennas of other strong cells, and/or Initialize the concerned cells to take part of ICIC over X2, tune threshold parameters of the ICIC. 

In order to have more information, such a statistic counter could be per cell pair <cell where RLF occurred> <strongest cell measured>

3.3 Bad handover parameter settings: problems in source cell
RLF failure could occur e.g. due to HO parameters tuned too aggressively, i.e. there is a possible neighbour cell, but handover parameters are set such that the handover is triggered “too late”. Alternatively, there could be a possible neighbour cell, but it has not been detected or configured yet. We assume this is valid for mainly IFREQ, IRAT neighbours as it is assumed that intra-freq LTE handover can be done based on UE detected cells.
An indication of this event could be that a) RLF occurs in a cell b) UE can immediately successful access and use another cell. 

We think the UE behaviour can indeed be different depending on which cells are involved, i.e. the cell pair <cell where RLF occurred> <cell that UE could use/report strongest> and suggest that any statistic counter or event indication should be per such cell pair.

The SON corrective action of high intensity in this event could be to trigger handover earlier between cells, or if the cell is not a configured neighbour, it could become a configured neighbour.

Note, that we have the ANR function for detection of neighbour cells, but right now it is difficult to estimate its performance in various networks as the impacts to UE battery, service, mobility is not clear.
3.4 Bad handover parameter settings: problems in target cell
A radio link failure can occur because a handover was done to an unsuitable cell, e.g. when a handover is done to a distant base-station across open water when nearer cells are shadowed, and when the across-open-water-cell is later shadowed the connection is lost. 

Thus, if a radio link failure occurs very shortly after an inbound handover, or if failure occurs already in the access procedure, there are reasons to believe that the handover decision was wrong, especially if the UE can, immediately after the failure, establish a connection to a cell (source or another cell), i.e. there is another alternative cell that is possible.
The SON corrective action of high intensity in this event could be to tune handover parameters to delay or reduce likelihood of handover between <source cell><cell where failure occurred>, or even to blacklist the cells. 

If the UE can immediately establish connection to a third cell, another possible SON corrective action could be done according to previous chapter: A high intensity in such event could be to trigger handover earlier between <source cell> and <cell that UE could use/report strongest>, or if the cell is not a configured neighbour, it could become a configured neighbour.
4 Conclusions
1. At establishment or re-establishment of RRC connection, the UE shall report if RLF or access procedure failure has occurred, and the identity of the cell where this failure occurred.
2. In case of a failure in the access procedure, the UE shall also report cell identity of the cell where he was last successfully connected.
3. In case of a handover occurring shortly before the RLF, the UE shall also report cell identity of the cell he was connected to before this handover.
4. At establishment, or re-establishment after RLF, The UE shall provide the last mobility measurement results before RLF: RSSI, RSRP of serving cell, RSRP of strongest other cell and the identity of strongest other cell.

5. The UE shall measure the time between RLF event or access procedure failed event and the successful establishment to a cell, and report this.
6. If the UE cannot make this reporting in the cell where successful rrc establishment is done (e.g. due to this is an IRAT cell that has no capability to receive such reports), UE shall record also the identity of the cell where successful establishment is done, for delayed reporting. This is also suggested in [3].
Note: It is here assumed that cell identity includes all information needed to identify a cell. If UE does IFREQ IRAT mobility, also Frequency and RAT information is needed.  
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