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1. Introduction
As stated in the approved Rel-12 SI on SON [1], one objective is to identify any gaps between existing SON and further enhancements needed specifically for small cells. In small cells scenarios, the network condition may be more complex, UEs may likely to experience mobility related failures, i.e. RLF and HOF. Thus SON functions become more critical in order to optimise the network performance while reducing OPEX. 
Based on the current specifications, after detecting RLF/HOF, the UE may not perform RRC re-establishment procedure, or such procedure may be failed due to various reasons. In this case using the existing SON mechanisms, the network cannot derive sufficient information on RRC re-establishment for MRO detection and HO optimization. In this paper, we further discuss the causes of failed RRC re-establishment and analyse the impact of these causes on MRO, especially for small cells scenarios. 
2. Discussion
Based on current specification TS36.331, after detecting a connection failure (RLF or HOF) the UE may make the RLF Report available to the eNB after reconnecting from idle mode in the following cases: 

· Case 1: the UE selects an inter-RAT cell
· Case 2: the UE does not perform RRC re-establishment procedure due to, e.g., AS security is not activated. 

· Case 3: T311 expires, which indicates that no suitable cell can be selected; 

· Case 4: T301 expires, during which no RRCConnectionReestablishment message was received;
· Case 5: the selected cell becomes no longer suitable;
· Case 6: the RRC connection re-establishment request is rejected by eNB due to, e.g., no UE context.

Among these cases, in the first three cases RLF report does not include reestablishmentCellId. 
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Fig. 1 Causes of failure detection after RRC connection setup

In the following, we will focus on the analysis of the necessity to differentiate Cases 1~6.
2.1  Cases that result in the absence of reestablishmentCellId in RLF report

The eNB is able to detect Case 1 based on the identity of the selected inter-RAT cell in UE RLF report, (which is one of agreements in Rel-11 inter-RAT MRO discussion). 
Observation 1: the Case 1 can be detected by the eNB according to the discussion of Rel-11 inter-RAT MRO. 

For Case 2, a typical scenario is that after RRC connection establishment, RLF is detected before receiving SecurityModeCommand message from eNB. In this case, the UE cannot perform RRC connection re-establishment procedure. In this scenario, two use cases may be possible even if AS security is activated: 
2a) no suitable cell is available, which indicates a coverage issue; 
2b) there was suitable cell available but the UE didn’t select, which indicates that such RLF is due to wrong cell selection when establishing RRC connection rather than mobility/coverage issue. 
In another word, Case 2 may be due to coverage issue or non-coverage issue. To make correct MRO verdict for Case 2, Samsung proposed to use measurement results in the RLF report to infer reestablishmentCellId, i.e., if a suitable cell is found through measurement results, the eNB can take it as the re-establishment attempt cell for MRO [2][3][4]. We think such MRO detection scheme is reasonable. 
However, since RLF occurs just after RRC connection establishment, the UE may not start (i.e., the measurement configuration is not received) or finish measurements of all configured frequencies/cells (e.g., in small cell scenario, the high speed UE may not have enough time to perform all configured measurements.). In other words, a suitable cell cannot be found due to incomplete measurement. Thus, the measurement results in RLF report may be inaccurate to decide if there was a suitable re-establishment attempt cell or if it is a coverage issue when Case 2 occurs. 
For Case 3, it indicates the coverage issue since no suitable cell is selected. In some cases, the measurement results in RLF report may be incomplete for MRO detection. For example, 1) in dense small cell scenario, the eNB may not configure the measurements of all neighbouring cells considering cell load, or the UE may not finish all configured measurements; 2) RLF occurs after AS security is activated following RRC connection establishment (i.e., the UE may not start or finish the measurements); 3) For high speed UE in small cell, RLF may occur soon after s-Measure is achieved (Note that the inter-freq measurements are carried out after the PCell RSRP, after L3 filter, is lower than s-Measure). 
In conclusion, the measurement results in RLF report may be insufficient for MRO detection in Cases 2 & 3, especially in small cell scenario. Since Case 3 indicates the coverage issue unambiguously, the eNB can make correct MRO verdict based on such information if available. After that, Case 2 can be identified if the reestablishmentCellId, inter-RAT cell information and Case 3 are not included in the RLF report. However, the coverage issue and non-coverage issue for Case 2 cannot be differentiated. 
Observation 2: the Case 3 is useful for coverage issue identification. 

2.2  Cases resulting in the presence of reestablishmentCellId in RLF report
For Cases 4 & 5, the eNB uses the reestablishmentCellId in RLF report to make MRO verdict. However, such information may cause inaccurate detection of connection failure. Fig. 2 gives two examples:

a) Too early HO due to Case 4/5 (e.g., Fig. 2 (a))
Step 1: RLF is detected shortly after HO from Cell A to Cell B;

Step 2: UE selects Cell A so that reestablishmentCellId =Cell A;

Step 3: T301 expires or Cell A becomes no longer suitable; 

Step 4: UE re-connects to Cell C.

Based on the current specification, such case is regarded as Too early HO. However, as shown in the figure, if the UE selects Cell C instead of Cell A, the MRO verdict should be HO to wrong cell (i.e., HO from cell A to cell B is wrong).

b)  HO to wrong cell due to Cause 4/5 (e.g., Fig. 2 (b))
Step 1: RLF is detected shortly after HO from Cell A to Cell B;

Step 2: UE selects Cell C so that reestablishmentCellId =Cell C;

Step 3: T301 expires or Cell C becomes no longer suitable; 

Step 4: UE re-connects to Cell D.

Based on the current specification, such case is regarded as HO to wrong cell (i.e., the HO should be from Cell A to Cell C rather than Cell B). However, as shown in the figure, if the UE selects Cell D instead of Cell C, the MRO verdict should be HO to wrong cell (i.e., HO should be from cell A to cell D rather than B).

Obviously, in both cases, the correct MRO verdict depends on the cell selection algorithm on the UE. Moreover, in dense small cell scenario, those cases may occur more often since small cell scenario has more complex coverage than Macro-only scenario, e.g., different small cells may have different coverage area. Thus, if Cause 4/5 occurs, the reestablishmentCellId in RLF report cannot be always used as the re-establishment attempt cell for MRO verdict. 
Observation 3: the Cause 4/5 is useful for excluding inaccurate MRO verdict. 
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Fig. 2. Too early HO/HO to wrong cell due to Cause 4/5

For Case 6, the re-establishment failed due to no UE context. In another word, if the eNB receiving RRCConnectionReestablishmentRequest message has UE context, the RRC connection reestablishment procedure can be successful. Thus, reestablishmentCellId in RLF report can be used to make correct MRO verdict.
By including Case 4/5 in RLF report, the Case 6 can be detected if the reestablishmentCellId is included in RLF report without Case 4/5.
Proposal 1: The re-establishment failure causes corresponding to Case 3/4/5 can be included in the RLF report for MRO.    

3. Conclusion

In this contribution, we discussed failed RRC connection re-establishment and proposed that 
Proposal 1: The re-establishment failure causes corresponding to Case 3/4/5 can be included in the RLF report for MRO.
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