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1   Introduction
For fixed RN, even though the Un link is expected to be a good and reliable link from a radio propagation perspective, there is still a risk of Radio Link Failure (RLF) on Un. Further, there may be some active UEs attaching to or being served by the RN when the Un RLF happens, hence it is important for the RN to recover from Un RLF while minimizing the impacts on the operation on its Un and Uu interfaces.
This contribution analyzes the recovery procedures for Un RLF under different scenarios. And several proposals are provided as the conclusion of the analysis.
2   Recovery Procedures for Un RLF Under Different Scenarios
As shown in Figure 1[1], according to the UE RLF recovery procedure described in TS 36.300 and TS 36.331, once RLF detected, UE shall perform the cell selection in accordance with the cell selection process defined in TS 36.304 (in the second phase), which implies that it is possible that the UE may connect to a different and unprepared eNB in this phase. 
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Figure 1
RLF recovery procedure for UE

However, if this procedure is applied to the RN for Un RLF recovery:
· Since RN mobility is not supported in Rel-10, there will be no RN context store in the new DeNB, and then RN will be required to leave the RRC_CONNECTED and initiate a new Attach procedure, which will introduce considerable delay to the recovery. 

· Besides, the Un RLF may be temporary.  But due to the lack of mobility support, once the RN switches to another DeNB in response to the Un RLF, it may be hard for the RN to come back to the original DeNB, which may still have the best Un performance from the deployment perspective.  In this case, the RN not only misses a better Un link, but also will bear heavier interference from the original DeNB. 

· Moreover, the RN may have some UEs under its service in this situation. These UEs’ context and connections are maintained in the original DeNB. Once the RN attaches to another DeNB, these UEs will lose their context and connections to the EPC, which will lead the interruptions of their services accordingly.
Hence, in order to minimize the impact on the Un performance and the UE(s) attached to the RN, it is reasonable to require that RN should try to re-establish the connection with the original DeNB in the first priority if there is a RLF happens on the Un interface. Hence,

Proposal 1: For Rel 10 RN, it should firstly try to re-establish the connection with the original DeNB when it detects the RLF. 
2.1   Scenario 1 (When the RRC reestablishment succeeds in the original DeNB)
Under this scenario, the DeNB does not provide a dedicated RACH preamble to the RN before the Un RLF occurs.  Thus, the RN uses the contention based RACH in the RRC connection reestablishment as a normal UE. Since the DeNB can not identify the RN at this point, it will send the RACH response indicated by PDCCH.  Therefore, the RN needs to monitor PDCCH during the RRC connection reestablishment.

Once RN recovers from the Un RLF, it will resume the Un transmission followed by the Un activation procedure. And RN will go back to monitor the R-PDCCH afterwards. As shown in Figure 2, the RRC connection reconfiguration procedure is re-used for such Un activation and R-PDCCH activation.
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Figure 2 When the reestablishment succeeds in the original DeNB
2.2   Scenario 2 (When the reestablishment fails, RN re-selects the original DeNB in RRC_IDLE)
Figure 3 shows how RN may recover if it selects the original DeNB in the idle state:
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Figure 3 RN re-selects the original DeNB in RRC_IDLE
Step 1: The RN tries to reestablishment the RRC connection with the original DeNB in RRC_CONNECTED state but fails.

Step 2: The RN goes to the RRC_Idle state, and selects the original DeNB.

Step 3: The RN starts to RACH and begins to monitor PDCCH instead of R-PDCCH.

Step 4: A new RRC connection is setting up between RN and DeNB.

Step 5: RN goes to the RRC_Connected state.
Step 6: The TAU procedure is executed between RN, DeNB and RN’s MME.

Step 7: The RRC reconfiguration procedure to setup the dedicated bearer for the Un bearers, and in which the DeNB may request the RN to transit from PDCCH back to R-PDCCH.

Step 8: The RN resumes the services for UEs.
2.3   Scenario 3 (RN selects the non-original DeNB in RRC_IDLE)
If the RN selects a different DeNB in the idle state, then almost a complete RN start-up procedure can be carried out again since there is no RN’s context in the new serving DeNB. This scenario should be used to deal with the situation where the original DeNB mal-functions. 
3   Conclusion
Proposal 1: For Rel 10 RN, it should firstly try to re-establish the connection to the original DeNB when it detects the RLF. 

Proposal 2: Reuse the existing UE procedures in the recovery of relay from radio link failure on the Un interface with the restriction of Proposal 1.

Proposal 3: Reuse the existing UE states in the recovery of relay from radio link failure on the Un interface.
Proposal 4: Reuse the existing RRC connection reconfiguration procedure to activate the Un subframe configuration and to trigger R-PDCCH monitoring in the recovery from Un RLF.

4   References
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