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1. Introduction
The simulation results presented in [1] indicate an increased handover failure ratio for HetNet deployments compared to regular macro deployments, and moreover handover failures in LTE will lead to subsequent RLF recovery procedures, and therefore one of the objectives of the Rel-12 work Item “HetNet Mobility Enhancements for LTE” [2] is:

- Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet LTE networks. 
In this contribution we categorize the RLF recovery enhancements introduced in the contributions before and give a further analysis from our point of view.
2. Discussion
2.1. Background information
Figure 1 shows the current RLF detection process. During UE executes CQI measurement for radio link monitoring, if the long term average wideband CQI is below Qout, the T310 will be triggered, and it is likely that the radio link condition deteriorates at the moment and thus the measurement report and/or the handover command will fail and lead to a handover failure. If before the expiry of T310 the RLM measurement is above Qin, the UE will have its T310 stopped, and the radio link is considered to be self-recovered. If the RLM measurement is not above Qin till the expiry of T310, the RLF is detected. 
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Figure 1 Radio Link Monitoring (RLM) process and RLF detection
After the RLF is detected by UE, UE will try to select a proper cell to initiate re-establishment request, and currently a rather simple UE behavior is specified, 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 connection re-establishment. However, it should be noted that signal quality alone cannot guarantee re-establishment success, which is also dependent on whether UE context is available at the target cell.
2.2. Analyses on candidate enhancements

Basically two categories of candidate enhancements are proposed to solve the issues mentioned above, which are
- Category A: Enhancement on RLF detection procedure to shorten service interruption time;

- Category B: Enhancement on UE context preparation to increase the successful ratio of RRC connection re-establishment.

Category A: Enhancements on RLF detection procedure 
One main concept to improve RLF detection procedure is to shorten the unnecessary waiting time for radio link self-recovery, and several solutions were introduced and listed as below.

- Solution A1: After A3 event is triggered and measurement report is successful transmitted to the network, UE is allowed to apply a short T310 value and after the short T310 expiry RLF is detected [3].
- Solution A2: When A3 event is triggered, if T310 is running, UE is allowed to declare RLF detected before expiry of the normal T310 or declare RLF detected at the expiry of a cut-down of normal T310 [4] [5].
- Solution A3: For high speed UE, in the process of P2M handover, UE is allowed to apply a short T310 value and after the short T310 expiry RLF is detected. To shorten the configuration time, network is allowed to configure multiple T310 values according to handover types concurrently [6].
Category B: Enhancements on UE context preparation  
One essential demand for successful RRC connection re-establishment is that the UE context should be prepared in the target re-establishment eNB in advance. Several solutions were proposed to increase the ratio that UE select a target cell controlled by the eNB with UE context prepared, and the solutions are listed as below.

 - Solution B1: 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 [5] [7], even the source eNB may not intend to hand the UE over to the target eNB at the moment. 
- Solution B2: The concept of “default” RLF recovery cell is introduced in [7], 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 B3: 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 [8].
From the analyses mentioned above, it could be observed that enhancements on RLF detection procedure may shorten the service interruption time but can not help improve the RLF recovery ratio, while enhancements on UE context preparation can help to improve the RLF recovery ratio, and therefore our proposal is as below.
Proposal 1: We propose RAN2 to discuss the enhancements on UE context preparation in high priority since it directly improves the RLF recovery ratio.

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, and therefore our proposal is as below.
Proposal 2: We propose RAN2 to discuss the evaluation criteria mentioned above and determine the justified evaluation criteria.

4. Conclusion
In this contribution analysis on the candidate RLF recovery enhancements are discussed and in addiction our consideration on evaluation criteria is introduced. According to the analysis presented we conclude our observations and make the proposals as below.
Proposal 1: We propose RAN2 to discuss the enhancements on UE context preparation in high priority since it directly improves the RLF recovery ratio.
Proposal 2: We propose RAN2 to discuss the evaluation criteria mentioned in this contribution and determine the justified evaluation criteria.
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