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1
Introduction 
    This work considers one of objectives in [1] - “Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet LTE networks”. Several contributions [2, 3, 4] have discussed the main scenarios and potential problems for the robustness of RRC connection re-establishment procedure in HetNet deployment. There are some solutions to resolve the problem, e.g., context fetch upon re-establishment [3], context prepared in macro cell [4], and network assisted reestablishment [9-10]. In this document, we would like to further address the robustness of the potential solutions for deployment scenarios of small cells [5].

2 Discussion

The UE initiates the RRC connection re-establishment procedure when one of the following conditions is met [6]:

1>
upon detecting radio link failure, in accordance with 5.3.11; or

1>
upon handover failure, in accordance with 5.3.5.6; or

1>
upon mobility from E-UTRA failure, in accordance with 5.4.3.5; or

1>
upon integrity check failure indication from lower layers; or

1>
upon an RRC connection reconfiguration failure, in accordance with 5.3.5.5;

According to the calibration simulation [7], RLF rate and HOF rate are higher in HetNet deployment than in Macro-only deployments. It means that more RRC connection re-establishment procedures may be triggered in HetNet deployments. After triggering the RRC connection re-establishment procedure, two steps will be performed: 
Step 1: UE performs the cell selection procedure in timer T311 to find a suitable cell. The latency of finding a suitable cell [8] is related to the number of frequencies or cells to be detected for RRC connection re-establishment. Therefore, the configuration of the timer T311 should take the possible number of the detectable frequencies or cells into account; otherwise, the RRC connection re-establishment may have higher failure probability.  

Step 2: UE performs random access in the selected suitable cell, and receives RRCConnectionReestablishment message. We have to note that the connection re-establishment succeeds only if the concerned cell is prepared i.e. has a valid UE context. Therefore, a valid UE context maintained in the selected cell will be the main issue. However, the selected cell may not have a valid UE context in HetNet deployments because of no time for handover preparation, especially for the high speed UE. The valid UE context may not be available for the uncoordinated small cell deployments either.
The number of detectable cells in HetNet deployment may be more than in Macro-only deployment due to the small cell deployed within the coverage of a macro cell.  As a result, to find a suitable cell may need less time in HetNet deployment than in Macro-only deployment. However, a UE may select a cell without a valid UE context. RRC connection re-establishment may fail.
Observation 1: Improvements of a valid UE context maintained in the selected cell should be discussed.

When scenarios of small cells enhancements [5] are considered, the dense small cell deployments may catch more attention. We think that more inter-frequency small cells would be deployed. The number of detectable cells for the RRC connection re-establishment would be increased. If the cell list could be provided and an indicator is used to indicate which cells in the cell list have the UE context, it may help UE in the cell selection procedure of RRC connection re-establishment. Next, we consider whether or not a valid UE context exists in the selected cell. If the UE context could be transferred to more cells during HO preparation procedure, such as cells in the cell list, UE may have more chances to select a target cell with a valid UE context. In [5], a small cell cluster is also mentioned. If UE context could be transferred to a group of small cells, we think that the RRC connection re-establishment procedure would succeed with higher probability. 
As mentioned in [9], a cell list can be provided to the UE after the initial connection setup when UE enters a cell and can be updated during the connection in the same cell or when the UE enters a new cell via handover or connection reestablishment. We also think that early HO preparation procedure could be another option to carry a cell list in which the cells have the valid UE context. When an event entering condition is satisfied, the UE starts the TTT timer and then eNB starts the early HO preparation procedure. The source eNB sends the UE context to several potential target eNBs. A cell list can be sent to UE after the early HO preparation procedure. When the UE initiates the RRC connection re-establishment procedure because of HO failure or detecting RLF, UE can use the given cell list to find a suitable cell before T311 expiration. According to this approach, UE would recover from RLF quickly and successfully.
Based on the above discussion, we think that the enhancement of the RRC connection re-establishment procedure may consider designing an approach to let monitored cells have the UE context in advance.
Proposal 1: The enhancement of the RRC connection re-establishment procedure may consider the monitored cell list and the UE context transfer.

3
Conclusions
In this contribution, we discuss about the potential issues of the RRC connection re-establishment procedure. We conclude with the following observation and proposal:
Observation 1: Improvements of a valid UE context maintained in the selected cell should be discussed.
Proposal 1: The enhancement of the RRC connection re-establishment procedure may consider the monitored cell list and the UE context transfer.
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