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1
Introduction
Mobility Robustness Optimization (MRO), which is one of the use cases defined by 3GPP for Self-Organizing Networks (SONs), aims to optimize in automated manner the Radio Access Network (RAN) parameters triggering cell handovers [1].  Each mobility related Radio Link Failure (RLF) is analyzed and then classified by MRO as either TOO LATE, TOO EARLY or HANDOVER TO WRONG CELL. To distinguish among these three types of failures, 3GPP Rel. 10 has defined a UE timer which can indicate whether the RLF has occurred shortly after the successful handover or whether the UE was already connected for quite a while and should have had the time for measurements and to properly prepare the handover, but it has missed the handover opportunity [2]. 

By means of the RRC connection re-establishment feature, a cell change can also happen without handover, namely when the UE loses the link to the source cell and re-establishes the connection successfully to another cell. This defective cell change is currently classified by MRO as “TOO LATE handover” failure. The problem of this successful change without a handover is that the timer is not newly started by the UE and any mobility failure occurring from now could not be properly detected and classified by MRO according to three aforementioned failure types.

This paper discusses the need that the UE starts a timer not only after each successful handover but also after each RRC connection re-establishment due to an RLF.

2
Discussion
Figure 1 illustrates the aforementioned problem when the MRO fails to properly classify any new mobility related RLF occurring after a preceding cell change with an RLF and a successful RRC connection re-establishment. In Figure 1, the UE has been successfully handed over from cell A to cell B and the UE has started the timer to observe the connection time. In cell B, the UE has experienced an RLF after some time and this time is stored in the IE TimeConnFailure of the RLF report. Consequently along with the RLF, the UE has stopped the timer and is able to re-establish the connection to cell C. Depending on the duration of the time that the UE has spent in cell B, which is reported in the RLF report and was obtained using the UE timer, MRO would be able to classify properly the RLF to one of the three aforementioned mobility failure types.
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Figure 1: Example illustrating the problem when MRO fails to analyze properly the RLF from cell C to D occurring after a cell change from cell B to C by means of RRC connection re-establishment after an RLF.
After being served by cell C for a while, the UE might experience once again a new RLF with subsequent reconnection/re-establishment to cell D. In that case, the UE will again send an RLF report to cell D. In the RLF report, the Information Element (IE) TimeConnFailure [2] indicating the connection time to cell C until the RLF is empty or set to “void”, since the cell change from B to C has been realized by a RRC connection re-establishment rather than a handover and, therefore, the UE did not start the corresponding timer. Accordingly, MRO does not have the necessary time information to classify properly the RLF occurring in cell C.

Observation 1: MRO lacks the necessary time information needed to classify properly a new RLF occurring after an RRC re-establishment due to an RLF.

One solution for this problem is that the cell C receiving the RLF report with TimeConnFailure set to “void” assumes blindly that the RLF is a TOOLATE handover. This classification would be correct if the UE has stayed quite a while in cell C. However, if the UE has stayed in cell C only for a short time, than the decision of classifying the RLF as a TOOLATE handover is not correct and leads to improper MRO adjustment of handover parameters which in turn might even further degrade the mobility performance of the UEs.

Observation 2: Assuming blindly that any new mobility related RLF without TimeConnFailure information occurring after an RRC connection re-establishment due to an RLF is interpreted as a TOO LATE handover might lead to wrong actions by MRO and to degradation in the mobility performance of the UEs.

Another solution would be that the cell C receiving the RLF report ignores completely the RLF report if TimeConnFailure is set to “void”. In this case, MRO would be able to react only on the RLF occurring from cell B to cell C. In that case, only if MRO was able to adjust the mobility parameters such that the RLF occurring from cell B to C turns into a successful handover, TimeConnFailure would be set and MRO would be able to classify any new RLF occurring afterwards. This solution relies on the fact that MRO would be able to resolve the RLF occurring from cell B to C. However, it is known that each cell has its own propagation conditions and some mobility problems cannot be fixed in some cells due to trade-offs in the number of failures or in different SON use cases running in cell B [1]. As such, if MRO fails to fix the problem in cell B, it will also miss the opportunity to fix the TOO LATE handovers from cell C to cell D provided that the UE has stayed long enough in cell C. This approach disregards the fact that the RLFs occurring in cell B and cell C are independent from each other and should be treated separately by MRO.
Observation 3: Ignoring an RLF report with a TimeConnFailure IE set to void may let the MRO miss the opportunity to correct any mobility failure (including TOOLATE handovers) occurring after an RRC re-connection establishment due to an RLF.

The precise solution for this problem would be that the UE reports the time elapsed between the successful RRC connection re-establishment after RLF in previously connected cell and a new RLF occurring afterwards. This requires that the UE starts a new timer not only after a successful handover but also after an RRC connection re-establishment due to an RLF and the UE stops the timer when a new RLF occurs. After the RLF, the UE reports the elapsed time to the network in an RLF report.

Proposal:  The UE starts a timer when cell change has been achieved after an RLF and successful RRC connection re-establishment in a new cell and stops it when a RLF occurs in the new cell. The elapsed time is recorded and reported by the UE in the RLF report.
3
Conclusion

In this paper, the problem of classifying properly the mobility related RLFs occurring after an RRC connection re-establishment due to an RLF has been discussed for the MRO use case. For a better classification of mobility related failures and improved MRO performance, the following is proposed:

Proposal:  The UE starts a timer when cell change has been achieved after an RLF and successful RRC connection re-establishment in a new cell and stops it when a RLF occurs in the new cell. The elapsed time is recorded and reported by the UE in the RLF report.
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