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1
Introduction
One of the main objectives of the Rel-11 study Item titled “HetNet mobility improvements for LTE” [1] is:

· Further study and define automatic re-establishment procedures that can help improve the mobility robustness of HetNet LTE networks. Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account. (RAN2, RAN3)

In this contribution we will provide our analysis on re-establishment problems in HetNet scenarios.  This is a re-submission of R2-120525.
2
Discussion
Current specifications define the RRC connection re-establishment procedure to recover UE’s connection when one of the following events happens [1]:

1) 
PCell radio link failure;

2) 
handover failure;

3) 
integrity check failure indication from lower layers;

4) 
RRC connection reconfiguration failure;

Upon triggering re-establishment, UE will perform cell selection and send re-establishment request message to the selected cell. UE’s connection can only be recovered when this target cell has the UE context; otherwise UE will lose the connection and return back to the idle mode.

Compared with homogeneous networks, a poorly deployed/managed heterogeneous network poses greater challenges to the connection control of UE. Let’s take the above first two triggers as examples. When a UE served by a macro cell is moving towards a non-allowed CSG cell, radio link failure is more likely to happen either due to the fact that this CSG cell is not applying any ICIC technique with the macro cell, or because the macro cell does not provide timely configuration of the RRM measurement restriction option to the UE even if the time-domain eICIC (e.g. ABS) feature has been implemented. When these CSG cells are widely deployed, it is possible that the probability the UE will experience more frequent radio link failures will increase and all these connection failures will finally lead the UE to the connection re-establishment procedure. Besides this RLF issue, handover failure is another factor which could make the connection re-establishment procedure triggered more frequently in HetNet scenarios. For example, in the case of inbound handover from a macro cell to a CSG cell, due to the large cell size difference, the actual handover region would be much smaller compared to the case of macro-to-macro handover, which has been mentioned by [3]. This smaller handover region would imply that a moving UE has a narrower time window to complete the handover procedure, which can be interpreted as a higher probability of suffering handover failure. 

Observation 1: connection re-establishment procedure is likely to be triggered more frequently in heterogeneous network scenarios than in homogeneous network scenarios.

In selecting which cell to initiate re-establishment request, current specifications describe a rather simple UE behaviour, i.e. performing cell selection procedure. That is, as long as a certain cell meets the cell selection criteria (i.e. S-criteria), it can be selected by the UE to attempt re-connection. However, we should note that signal quality alone cannot guarantee re-establishment success which should also be dependent on whether UE context is available in this selected cell. In HetNet scenarios, a moving UE may encounter more cells of various types and most of these cells might not have the UE context. Therefore, the UE will run a higher risk of selecting a non-prepared cell to attempt re-connection and being rejected eventually. 

Observation 2: in HetNet scenarios, UE are having more chances to select a non-prepared cell and then experience re-establishment failure.

Unlike conventional macro cells which are carefully deployed by operators, some HetNet cells are deployed in an uncoordinated manner, e.g. for residential use by subscribers. Due to the lack of coordination, some PCI confusion issues might be faced from the macro cell’s perspective to identify e.g. a specific CSG cell. This could probably weaken the robustness on UE’s connection control, as some existing procedures are using PCI to identify a cell. For example in re-establishment procedure, the selected cell judges the availability of UE context through PCI information contained in the re-establishment request message. 

Observation 3: uncoordinated deployment of HetNet cells makes the re-establishment procedure less robust by having e.g. the PCI confusion issue.

Based on above three observations, we recommend RAN2 to discuss the robustness issue of current re-establishment procedure in HetNet scenarios and then further decide whether any enhancements are needed.
Proposal: RAN2 to discuss above mentioned robustness issues of re-establishment procedure in HetNet scenarios and decide whether to introduce any enhancements. 
3
Conclusion
In this paper we discuss the robustness issue of re-establishment procedure in HetNet scenarios and make following observations and proposals.

Observation 1: connection re-establishment procedure is likely to be triggered more frequently in heterogeneous network scenarios than in homogeneous network scenarios.

Observation 2: in HetNet scenarios, UE are having more chances to select a non-prepared cell and then experience re-establishment failure.

Observation 3: uncoordinated deployment of HetNet cells makes the re-establishment procedure less robust by having e.g. the PCI confusion issue.

Proposal: RAN2 to discuss above mentioned robustness issues of re-establishment procedure in HetNet scenarios and decide whether to introduce any enhancements. 
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