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1. Introduction
During the last meeting, RAN2 agreed that HOF/RLF is more likely to occur in heterogeneous networks and one way to reduce the impact of those could be to improve the recovery from RLF. 
According to the current mechanism, RRC connection re-establishment procedure is used to recover from RLF. In this contribution, we evaluate the failure rate of the RRC connection re-establishment initiated by pico UE and proposed to consider the RLF recovery enhancements which help to decrease the failure rate of RRC connection re-establishment. To facilitate the study, the relative methods proposed so far are summarized and some evaluation metrics for methods selection are also proposed.
2. Discussion
2.1.  Failure rate of the RRC connection re-establishment
Due to the small coverage range of pico cell, the signal strength changes rapidly. When moving out of pico cell, UE is very likely to suffer handover failure and eventually radio link failure. Among the various types of handover, the pico-to-macro handover shows the worst performance. Hence we focus on improving the performance of the UEs served by pico cells. 
We implemented the simulation according to the set 3 defined in [1] and the setting detail of simulation parameters is listed in Appendix. 
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Figure 1 failure rate of re-establishment under different pico densities
Figure 1 depicts the failure rate of re-establishment of UEs served by pico cells before the re-establishment under different pico densities. It is shown that the failure rate of re-establishment is high in hetnet and increases as the pico density increases. Hence it is desirable to do some enhancements to improve the success rate of re-establishment.
Observation: The failure rate of re-establishment is high in hetnet for pico UEs and it increases as the pico density increases.
2.2. Candidate enhancements
Whether a RRC connection re-establishment attempt will success depends on two issues. One is the cell selection result which is as long as a certain cell meets the cell selection criteria (i.e. S-criteria). The other is whether UE context is available at the target cell of the re-establishment. In hetnet deployment, a RLF UE can accomplish cell selection in most case for macro layer provides seamless coverage. Most failure of RRC connection re-establishment attempts are caused by UEs selecting non-prepared cells to attempt connection re-establishment, since a RLF UE may receive signal from several neighboring cells and there is a higher risk of selecting a non-prepared cell to attempt connection re-establishment.
Three solutions proposed to improve the probability that UE select a prepared cell are listed as below.

 - Solution 1: According to the cell information received in the measurement report, the source eNB send essential UE context to the candidate target eNBs to prepare for potential re-establishment procedure [2], even the source eNB may not intend to hand the UE over to the target eNB at the moment. 

- Solution 2: The concept of “default” RLF recovery cell is introduced in [2], the “default” cell is always prepared for the Pico UE triggering re-establishment procedure, and namely the “default” cell is the overlaid Macro cell of the Pico cell that is serving the Pico UE. The thought of this solution is that the Pico UE will select macro cell for re-establishment with most chance.  

- Solution 3: The UE context is fetched in time for successful RRC connection re-establishment, if the accessing UE context is not available in the re-establishment cell. The re-establishment eNB will get UE context from the original serving eNB via X2 interface or from the original serving MME via S1 interface, and this procedure is also called Context Fetch as discussed in previous discussion of RAN2/RAN3 [3].

While the enhancements being discussed on shortening the interruption time caused by RLF can’t help improve the success rate of re-establishment, the enhancements on UE context preparation could improve the probability that UE selects a target cell with UE context to improve the success rate of re-establishment.
Proposal 1: RAN2 to discuss the enhancements to improve the success rate of RRC connection re-establishment.
3. Consideration on evaluation criteria
We would like to introduce our considerations on the evaluation criteria to help make a comprehensive understanding on all the candidate enhancements discussed in section 2. Detailed evaluation metrics and explanation is presented in the table below.
Table 1 Detailed description on evaluation metrics

	Criteria
	Description

	RLF Recovery Performance
	To what extent the RLF recovery ratio could be improved? To what extent the service interruption time could be improved.

	Standard Impact
	What is the anticipated impact on standardization? Does it impact only RAN2 specification or also have specification impact on other WGs, e.g. RAN3? 

	Signalling Overhead
	How much signalling overhead there is over the Uu interface, as well as other interfaces i.e. X2? The number and frequency of the proposed message/IE exchanging should be evaluated.

	Implementation Impact
	Whether the solution introduces significant impact on UE implementations, e.g. requiring new type of inter-layer interactions.

Whether appended functions are required to make the solution feasible, e.g. requiring accurate UE speed estimation function.

	Impact on Legacy UEs
	Whether the solution degrades the mobility performance of legacy UEs? 

	Backward Compatibility
	Whether the legacy UE can also benefit from the proposed solution? It would be better to consider the RLF recovery performance for legacy UEs and take this into account when developing the final solution.


In our understanding, it’s beneficial for RAN2 to agree on the justified evaluation criteria before making the all-around evaluation on all candidate enhancements and doing narrow-down afterward.
Proposal 2: RAN2 to discuss the evaluation criteria mentioned above and determine the justified evaluation criteria.

4. Conclusion
In this contribution, we analyze the issues on RLF recovery and give a simulation evaluation on performance of re-establishment success. It has been shown the failure rate of re-establishment is high in hetnet for UEs served by pico cells. To solve the problem, we propose to discuss the enhancements on UE context preparation and give the evaluation criteria.
Observation: The failure rate of re-establishment is high in hetnet for pico UEs, and it increases as the pico density increases.

Proposal 1: RAN2 to discuss the enhancements to improve the success rate of RRC connection re-establishment.
Proposal 2: RAN2 to discuss the evaluation criteria mentioned above and determine the justified evaluation criteria.
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Appendix: Simulation parameters

Table 1 simulation parameters
	HO Parameter
	Value

	Pico cells per macro cell
	2, 4, 10

	Time to Trigger
	160 ms

	A3 offset
	2dB

	L1 to L3 period 
	0.2 s

	Filtering Factor K
	1

	RLF: Qout Threshold
	- 8 dB

	RLF: Qin Threshold
	- 6 dB

	UE speed
	30km/h

	Channel model
	ITU

	Handover preparation (decision) delay
	50ms

	Cell Loading 
	100%


PAGE  
3
R2-132388

