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1. Introduction
In the Hetnet mobility enhancement WID [1], one objective is
· Improvements to help with recovery from RLF to help improve the overall mobility robustness of Hetnet LTE networks. 

During the SI phase, several contributions have already tried to discuss the RLF recovery related issues. However, due to the limited time allocated to the SI, this discussion has not been touched at all, which means even the actual challenges of current RLF recovery procedure in Hetnet as well as the necessity to improve the RLF recovery procedure have not been identified yet. In our understanding, identifying the challenges of the current mechanism in a new application scenario should always be prior to the solution discussion. So, in this paper we give analysis on the RLF recovery procedure to see whether there is challenge to the RLF recovery in Hetnet.
2. Discussion
In the current specification, when RLF/HOF happens, RRC connection re-establishment procedure is used by UE as recovery mechanism to resume the radio connection. Once the re-establishment procedure fails, the UE will transit to RRC idle state and initiate the NAS recovery procedure if needed, in which a new RRC connection setup procedure is performed. During the RLF recovery period, the normal data transmission will be interrupted. To minimize this interruption time, first, the re-establishment procedure should be avoided to be triggered as much as possible, and second, if the re-establishment procedure is triggered, it should be guaranteed to be successful as much as possible to avoid the transition to RRC idle state as well as the subsequent NAS recovery procedure. 
In Macro only network, both the number of the triggered re-establishment procedure and the re-establishment failure rate are considered as acceptable. So, to identify the challenges of RLF recovery in Hetnet, the analysis is given with respect to the following two questions:

1) Whether the re-establishment procedure is triggered more frequently in Hetnet than in Macro only network?

2) Whether the probability of re-establishment procedure failure is higher in Hetnet than in Macro only network?  

· Whether the re-establishment procedure is triggered more frequent in Hetnet than in Macro only network?

In [3], the RLF/HOF performance in intra-frequency Pico deployment scenario has been investigated and the simulation results show that the UE encounters more RLF/HOF events than in macro only network, which means that the re-establishment procedure will be triggered more frequent in Hetnet deployment. 
So the answer to this question is positive. However, we already put effort to reduce the higher RLF/HOF failure rate/events under the objective 1 in [1]. If this objective can be achieved satisfactorily, the handover failure rate/events will be comparable to that in Macro only network, which means the RRC re-establishment procedure will not be triggered more frequently in Hetnet than in Macro only network. Thus we have the observation that
Observation 1: The re-establishment procedure is triggered more frequently in Hetnet than in Macro only network resulted by high RLF/HOF rate/events. However, this challenge would be solved if the objective to reduce the RLF/HOF rate/events to be comparable to that in Macro only network is achieved. 
· Whether the probability of re-establishment procedure failure is higher in Hetnet than in Macro only network?

According to [2], the reasons that cause the re-establishment procedure failure mainly include:

(1) The UE couldn’t select a suitable cell until T311 expiry;

(2) T301 expiry;

(3) The selected cell becomes no longer suitable before the re-establishment procedure complete;

(4) The selected cell is not a prepared cell i.e. has no valid UE context and thus the re-establishment is rejected by the network.
For (1), it happens in case that the UE is in a bad radio condition area e.g. coverage hole. Due to more complex radio situation in Hetnet, e.g. the complex interference situation, none of the surrounding cells can fulfil the cell selection criterion in some scenarios, which means the UE may encounter more “coverage hole”. Thus we think the probability of case (1) may be higher in Hetnet than that in Macro only network. However, if smart cell deployment or further interference coordination/ schemes are used to avoid such coverage holes, this issue may not be that serious.
Observation 2-1: the probability of re-establishment procedure failure due to case (1) in Hetnet may be higher than that in Macro only network, however, this issue may not be serious if coverage holes can be avoided in some way.
For (2), it happens mainly in case that the RA to the re-establishment cell fails. In intra-frequency Hetnet deployment, the RA failure rate may be higher than in Macro only network because of strong interference.  But considering that the UE will ingeniously select a cell with good radio condition (good RSRP and RSRQ) and relying on further interference coordination/mitigation methods, the said interference can be eliminated, thus the re-establishment failure due to unsuccessful RA can be alleviated in Hetnet.
Observation 2-2: the probability of re-establishment procedure failure due to case (2) in Hetnet is similar to that in Macro only network.
In case (3), for the similar reason of case (1), i.e. the complex radio condition in intra-frequency Hetnet due to varying interference situation, the selected re-establishment cell may become unsuitable with bad RSRQ, thus one possible challenge is that interference makes case (3) happens more frequently. But we believe the interference situation varying so fast during T301 is not a common case.

Another potential challenge is from the high speed UE. If the high speed UE selects a small cell as the re-establishment cell, because of the UE moving fast, the selected cell may become unsuitable or the UE has passed by the small cell before completing the whole re-establishment procedure, consequently the subsequent RRC re-establishment fails.

Observation 2-3: the probability of re-establishment procedure failure due to case (3) in Hetnet may be increased than that in Macro only network, especially for high speed UEs.
For (4), simulation results from [4-5] indicate that the handover failure happens mainly in state 2 as a result of the failed received HO command message, which means the handover preparation has been finished and the handover target cell is always prepared. Moreover, the source eNB can prepare multiple target eNBs/cells in handover which has already been supported in current specification. Thus it is believed that there are always several prepared eNBs/cells to guarantee the successful re-establishment. Furthermore, depending on the implemented handover algorithm, the source eNB could select the potential prepared cells according to e.g. the measurement report from UE. And for UE using stored information for cell selection, it could also select a cell of good radio condition as its re-establishment cell which may probably the same cell in the measurement report. So by smart implementation, the probability that the UE selects a prepared cell during RRC re-establishment procedure could be comparable in Hetnet than that in Macro only network.
However, for high speed UE, the surrounding cell list may be time-varying. Since the source eNB are not able to prepare all the cells for handover/re-establishment, the fast moving UE may have moved out of the prepared cells area during the cell selection phase, so the UE selects an unprepared cell for re-establishment in the last. Therefore, there may be some challenge for such UEs to achieve a successful re-establishment.
Observation 2-4: For normal speed UEs, the probability of re-establishment procedure failure due to case (4) in Hetnet is the same as that in Macro only network. However, there may be some challenge for high speed UEs due to case (4).
Based on the above analysis and observations, we have the following proposal:

Proposal: RAN2 is respectfully required to identify the real challenge of the RLF recovery in Hetnet compared with that in Macro only network.

3. Conclusions
This contribution analyze if there is any special issues of RLF recovery in Hetnet than in macro only network, based on the analysis, we think that the performance of re-establishment may be challengeable due to fast varying radio environment for high speed UE, so we propose the following: 
Proposal: RAN2 is respectfully required to identify the real challenge of the RLF recovery in Hetnet compared with that in Macro only network.
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