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1 Introduction

During the R11 Study Item of HetNet mobility enhancements phase, RLF (Radio Link Failure) issues had been identified and evaluated in order to improve the overall mobility improvement for the UEs in LTE HetNet deployments [1].

With respect to the RLF, some initial findings were also observed from the simulation results e.g. as captured in [1] as the following:

· 1. Majority of the companies observed very few RLFs occurrences in most cases. The relatively long T310 timer setting makes the RLF rarely occurring. Many HO failures in state 2 may eventually lead to RLF in the real system but currently they are just logged as HO failures.

· 2. The average RLF/UE/s of the all the companies’ results is higher for the higher UE speed.
In light of these observations, with this paper we intend to further analyze the RLF issue and present our thinking of improving the overall mobility robustness in LTE HetNet deployment.
2 Discussion

2.1 Flexible setting of RLF parameters in HetNet
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Figure 1: Radio Link Failure

Conventional RLM process and UE behaviour associated to radio link failure is shown in Figure 1. As is known, the determination and declaration of RLF depend much on the parameter setting, i.e. T310, N310, Qin and Qout. Usually the Qin and Qout are up to UE implementation, while the T310 and N310 are provided by the eNB in the system information broadcast for both idle and connected mode UEs (i.e. SystemInformationBlockType2) and commonly applicable to the serving cell, i.e. the T310 and N310 as the constants are used by the UE to determine the RLF regardless of the UE’s mobility situation, e.g. the moving speed, direction and target et al. 
This existing RLF process was mainly designed for the scenario where LTE Macro only are deployed and the dominant factor which causes RLF is the radio coverage problem, i.e. weak radio link condition due to lack of radio coverage. However, this situation is changed for the HetNet scenario where more RLF occur due to the interference caused by neighboring overlaid cells, i.e. either a Macro cell interfering the Pico UEs or a Pico cell interfering Macro UEs. Especially, when a high-speed UE moves across the overlapping coverage where the Macro and Pico cells are deployed as HetNet system, the UE behavior might be quite different from the case where only Macro cells are deployed. 
Typical case for high-speed UE 

In order to elaborate this RLF issue in HetNet system, we consider a typical case where a high-speed UE in the HetNet deployment goes through from a Macro to a Pico cell and then back to the Macro. The UE may experience a strong interference from the Pico when it quickly enters into the center area of Pico. 
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Figure 2: RSRP value in macro-pico co-channel deployment scenario
As shown in figure 2, in order to avoid frequently handover between macro and pico cell:

· If macro eNB holds the UE, and not to handover to pico cell, RLF may happen and the UE may tries to re-establish to the Pico when it quickly enters into the center area of Pico at point A. Since the UE is quickly moving out of the Pico coverage and the UE may suffer from the strong interference from the previously severing Macro, then the re-establishment may probably fail. In this case, if a longer T310 and/or bigger N310 are used, the UE may not declare the RLF and then could quickly go through the Pico coverage, the short time strong interference from Pico might be affordable comparing to a potential re-establishment failure (i.e. UE enters to idle). Note this could also avoid unnecessary signaling overhead of the potential re-establishment procedure. 
· On the contrary, if the Macro Handovers the UE to the Pico at Point A, in case the UE is moving out of the Pico coverage and back to the Macro at Point B, the strong interference from the Macro cell may result in a RLF in the Pico cell. In this case, if a shorter T310 and/or small N310 are used, the re-establishment procedure for recovering the UE’s radio connection could be earlier initiated, then the UE may experience a shorter time of service interruption accordingly.  
From the above analysis, we think it might be beneficial to introduce a mechanism to allow a flexible setting of RLF parameters to improve the overall mobility robustness for high-speed UE in HetNet system.
Proposal 1: Introduce a mechanism to allow a flexible setting of RLF parameters to improve the overall mobility robustness for high-speed UE in HetNet system.
2.2 Approach to support flexible setting of RLF parameters
In general, there are several approaches to support a flexible setting of the RLF parameters, as follows:

Alt 1:  early termination of T310 [2]
This approach allows the UE to initiate RRC connection re-establishment before T310 expiry. And this early termination can be configurable via RRC (e.g. with a simple flag) and can be triggered by specific measurement event(s).  
Alt 2: multiple T310 values configured to a UE [3]
This approach allows configuring multiple T310 values to a UE. And it is assumed that the UE is able to determine whether a cell is a pico/macro and hence the mobility scenario and use the corresponding T310 value.
Alt 3: configurable RLF timer per measurement ID [4]
This approach allows the UE to apply a shorter RLF timer T310 if UE experiences out-of-sync after it has triggered an A3 event. And the short RLF timer could be configured per measurement identity (measId).
Alt 4: configurable RLF parameters per cell

This approach allows the network to configure UE different RLF parameters for different cells. And this different RLF parameters could be dynamically (re-)configured according to the UE’s mobility situation, e.g. the moving speed, direction and target et al.
It seems that the above Alt 1 and Alt 3 could support a shorter T310, while in some case there might be also a need to support a long RLF timer and hence these two alternatives have a restriction of flexibility. For Alt 2, it might be difficult for a high-speed moving UE to quickly determine the cell type. For Alt 4, it leaves the network to make a decision based on the knowledge of the UE’s mobility situation and network deployment. Moreover, Alt 4 brings minimum impact on UE and it can easily meet the various requirements for different deployment scenario and different UE speed.
Proposal 2: The flexible RLF parameters are configured by RRC per cell.
3 Conclusion

Proposal 1: Introduce a mechanism to allow a flexible setting of RLF parameters to improve the overall mobility robustness for high-speed UE in HetNet system.
Proposal 2: The flexible RLF parameters are configured by RRC per cell.
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