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1   Introduction
Based on agreements of the RAN2#69 meeting [1], one of item that needs to be investigated further is the Radio Link Failure (RLF) of the Un interface. In Rel-8/9, the radio link failure on the Uu interface has been defined for UE [2][3]. When the RN experiences RLF, procedures for recovering from RLF would be complicated than that on the Uu interface; because the Un interface may be operated under the MBSFN subframe limitations for inband RN with resource portioning required. In addition, minimizing the service interruption for UEs serving by the RN also needs to be taken into considerations while designing RLF recovery procedures and policies.
This contribution investigates the Un RLF of RN and corresponding policies and recovery procedures.
2   Discussion
2.1 RN DL Re-synchronization with DeNB
The physical layer problem is detected when RN receives N310 consecutive "out-of-sync" indications from the lower layer. For the inband RN with resource partition required, in case of RN loses DL synchronization, it needs to monitor PSS/SSS and RS to re-synchronize with DeNB. During this DL re-synchronization window, the RN may not be able to transmit to UEs connected to the RN. Hence, RN may require suspending radio bearers of its sub-ordinate Uu interface. Note that for the outband RN and inband RN without resource partition required, this is not an issue. Radio bearers of its sub-ordinate Uu interface could still be operational without being suspended while RN is performing DL re-synchronization with DeNB.
The RN resumes its radio bearers after receiving N310 consecutive "in-sync" indications before T310 expiry. If RN fails to re-sync before T310 expiry, RN starts actions on detecting RLF.
2.2 RN Actions on Detecting RLF
Ideally, when an RLF occurs, the RN needs to know how long the RLF will last to decide the subsequent actions properly. If the RLF can be recovered in a short period of time without causing UE’s service interruption, it should hold on to its serving UEs and performs Un recovery procedures. On the contrary, if the RLF will last and UE’s service interruption is inevitable the RN should release its serving UEs as soon as possible to shorten the UEs’ service interruption time.

However, it is difficult for an RN to know how long an RLF will last at the moment when it occurs. The deployment environment of the RN should be the practical reference on choosing the subsequent actions, which are pre-configured by the operator via OAM based on the deployment scenario.
· Alternative A: the RN is deployed in a location where the Un channel quality is stably good (e.g., LOS between DeNB and RN). In this case, the RLF is unlikely caused by a transient degradation of the channel quality. It is more likely that the RLF will last and eventually cause service interruption to UEs. Therefore, the RN should release its serving UEs when RLF is detected. Actions of Alternative A are described in 2.2.1.

· Alternative B: the RN is deployed with variable Un channel quality (e.g., NLOS between DeNB and RN). In this case, RLF occurs more frequently because of the unstable channel condition. When an RLF occurs, it is more likely that the RLF is caused by transient channel quality degradation. Therefore the RN should hold on to its serving UEs, when RLF is detected, and performing re-establishment procedures. Actions of Alternative B are described in 2.2.2.

2.2.1 Alternative A
In this case the deployment of fixed relay node is pre-planned and it is assumed that the channel quality between the DeNB and RN is stable and RLF of the Un interface happens rarely. When there is RLF of the Un interface, it has very high probability to be a persistent failure of the radio link and the probability of RLF successfully recovering from the failed Un link is very low. For the two-hop scenario, if the wireless backhaul link between RN and DeNB disconnects due to RLF, RN could not perform network-controlled UE-assisted handovers for its UEs. When the RLF is detected, RN releases its serving UEs immediately to reduce the service interruption duration of UEs caused by RN performing the RLF recovery procedure in the Un interface. 
For example, RN is pre-configured with DeNB1 and DeNB2; if RN releases its Uu connections when there is RLF in the Un link, UE1 could attach to the nearby cell DeNB2 right away without waiting for RN fails the re-establishment procedures as depicted in the Figure 2.2.1-1 (a). After RN is released from DeNB1, and then attaches to DeNB2, UE1 could be HO back to RN. In this case, the service interruption of UE1 is minimized. However, in 2.2.2-1 (b), because there is no cell coverage of DeNB2 for RN to recover its RLF, when RLF with DeNB1 is detected, UE2 loses services whereas UE1 attaches to DeNB2 immediately as depicted in the Figure 2.2.1-1 (b).
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Figure 2.2.2-1: Alternative A

When RN releases its Uu links of UE, the RRC state of UE leads to RRC_IDLE and then neighbouring cell measurements and cell (re-)selection are performed. UE either searches for nearby cells to attach or returns to the same cell when Un interface is successfully recovered by RN. 
In Alternative A, RN is in the IDLE mode process after RLF is detected. The Un interface is de-activated and RN utilizes its Uu interface (by RN-UE module) to perform cell reselection to reconnect to the network based on a list of DeNB that was pre-configured by the operator. If RN fails to re-connect to the network, RN should stay in the UE mode and try to connect to OAM for trouble shooting via any accessible eNB in neighbouring cells.
According to the above descriptions, we conclude the following procedure can be used for Alternative A:
1. On detecting RLF of Un, RN releases its serving UEs. 
2. RN goes to RRC_IDLE.
3. RN performs cell reselection based on a list of DeNB, which was pre-configured by the operator.

4. If RN is pre-configured in target DeNB, RN starts the attach procedure.
5. If RN fails to re-connect to the network, RN should stay in the UE mode and try to connect to OAM for trouble shooting via any accessible eNB in neighbouring cells.
2.2.2 Alternative B

In this case, we assume RLF is caused by transient channel quality degradation. So the purpose of Alternative B is holding on UE’s connections while performing Un recovery procedures.
When the RN experiences RLF, RA procedure shall be initiated during performing the re-establishment procedure. If there is no dedicated RA preamble to distinguish the RN from a UE, the RN shall perform RA procedure on Uu interface. There are three types of RN: outband RN, inband RN with resource portioning required, and inband RN without resource portioning required. 

· For outband RN and inband RN without resource portioning required, the RN monitors PDCCH after the Un interface is activated. In this case, regular RA procedure described in subclause 5.1 is performed [4].

· For inband RN with resource portioning required, the RN monitors R-PDCCH after the Un interface is activated. In this case, when the RN experiences RLF, it could also monitor PDCCH for the RA response.

Actions of Alternative B are summarized as follows:

1. On detecting RLF, the RN shall initiate connection re-establishment and reconfiguration procedures defined in [2] for all RBs of Un.

2. When the re-establishment is not successful, the RN shall follow actions of Alternative A.

3. For inband RN with resource portioning required, RA procedure during re-establishment shall apply the regular RA procedure if no dedicated preamble is reserved for the RN. For outband RN and inband RN without resource portioning required, regular RA procedure is used.

3   Conclusion

According to above discussions, we have analyzed RLF in the Un interface and conclude the following.
1. For the inband RN with resource partition required, in case of RN loses DL synchronization, it needs to monitor PSS/SSS and RS to re-synchronize with DeNB. During this DL re-synchronization window, the RN is not able to transmit to UEs connected to the RN. Hence, RN requires suspending radio bearers of its sub-ordinate Uu interface.
2. When RN is configured to handle transient RLF (Alternative B), on detecting RLF of Un, the RN shall initiate connection re-establishment and reconfiguration procedures while avoiding the serving UEs experience RLF.

3. When RN is configured to handle persistent RLF (Alternative A), on detecting RLF of Un, RN releases the serving UEs immediately while performing network re-connection.

We ask RAN2 to agree on the following proposal:
Proposal 1: The policy for RN actions on detecting RLF is pre-configured by the operator.

Proposal 2: For inband RN with resource portioning required, during the DL re-synchronization window, the RN is not able to transmit to UEs connected to the RN. Hence, RN requires suspending radio bearers of its sub-ordinate Uu interface.
Proposal 3: For inband RN with resource portioning required, RA procedure during re-establishment shall apply the regular RA procedure if no dedicated preamble is reserved for the RN.
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