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1
Introduction

Mobility Robustness Optimization (MRO) is working on the basis of carrying out a detailed analysis of a Radio Link Failure (RLF) on RAN side [1]. Based on the fact that the RLF occurred in combination of a cell change, it is identified a mobility related issue and then further classified as either TOO LATE, TOO EARLY or HANDOVER TO WRONG CELL depending on timing condition, i.e. how long the UE stayed in the cell before the RLF occurred. The corresponding IE of the RLF is “timeConnFailure” which is started after a successful handover [2].
By means of the RRC connection re-establishment feature, a cell change can also happen without successful handover, provided that re-establishment in a new cell was successful. The probability of these handover-less cell changes will further increase with UE context fetching. Even bigger issue is about initial connection setup: if such call fails, it may be necessary to tell too late HO from wrong cell selection. In all these cases, the timer for recording the timing information “timeConnFailure” is not started and makes detailed failure analysis, as needed for MRO impossible henceforth. 
This problem was presented initially at RAN3 #89-bis. This paper presents more details.
2
Discussion
With RRC connection re-establishment in combination with UE context fetching service continuity and cell change can be guaranteed even for a failed handover. The problem being pointed out here in this paper results from such “handover-less” cell changes where cell change was not triggered by a handover command (i.e. RCConnectionReconfiguration message including the mobilityControlInfo), but resulted from a RLF with subsequent successful re-establishment. With occurrence of RLF the UE sets the “timeConnFailure” to the elapsed time since reception of the last HO command and can be, for instance, identified as TOO LATE Handover. Without the handover command the timer is not newly started and thus timing information is lost for subsequent MRO analysis.
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Figure 1: 
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

The problem is illustrated in Figure 1 where 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. Since UE context was achievable in cell C, re-establishement in Cell C was successful. In cell B (receiving RLF INDICATIOn from cell C) the RLF can be properly analyzed by having UE’s dwell time in cell B expressed be timeConnFailure in the RLF report. But from now on due to missing handover command the IE timeConnFailure maintained by the UE is undefined and useless, and disables MRO specific RLF analysis for failure between cell C and D.

Observation 1: MRO fails to classify a new RLF occurring after a “handover-free” cell change by means of successful RRC re-establishment.
Of course, there might be several implementation specific solutions to treat this problem by either accepting wrong decisions or non-treatment of specific cases. For instance, one solution would be that the cell C receiving the RLF report (via RLF INDICATION from cell D) with undefined TimeConnFailure IE 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 (the common understanding so far), MRO would be able to react only on the RLF occurring from cell B to cell C. 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. 
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 approach to solve the failures one-by-one, starting from the first one, is more or less common sense. But this assumption is only correct, if all the involved eNB are capable of solving the issue. In reality though, some eNBs, depending on the vendor, may need more time to collect statistics – during this time all subsequent failures cannot be resolved. In even more extreme case, some eNBs may not have MRO implemented, which would then disable the correction in all following eNBs!
Observation 4: In a multi-vendor deployment, resolution of the problem would depend on the slowest implementation in the chain.

The deficiencies of the current MRO failure analysis when the UE was not entering cell with a successful handover seems obvious and also the probability of occurrence of these cell changes is not negligible assuming the UE context fetching option. Therefore, the relevance of these deficiencies should be discussed in RAN3 and concluded whether further improvements like enhanced UE timer setting are needed.
It is also important to mention that the solution, as proposed, would enhance the detection and identification of failures right after connection setup: if a call fails immediately after it is set up, the report does not provide sufficient information to tell a too late HO from wrong cell selection settings (UE camped on wrong cell and should not have tried to set up a call there).
3
Conclusion

In this paper, we wanted to make aware that proper MRO failure analysis is limited to those cases where the entering into a cell has been achieved with a successful handover. Cell changes being accomplished with RLF and subsequent RRC connection re-establishment (which might be rather frequent due to UE context fetching) fail in providing the right means for MRO failure analysis. The relevance of these deficiencies should be discussed in RAN3 and concluded whether further improvements like enhanced UE timer setting are valuable.
If this problem is confirmed, the proposed solution is within RAN2’s expertise domain. It may therefore be necessary to send an LS to RAN2. A draft of an LS, that covers this problem, too, is proposed in [3].
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