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Introduction

During RAN#82 meeting, IAB WI was approved. One of the objectives is specification of RLF handling. It is agreed that  there is a RLF notification at BH Link RLF, at least to downstream node(s) in RAN2#105 meeting. In addition, an email discussion of [106#43] Backhaul RLF is also running. In this contribution, we will further discuss Backhaul RLF related issues and potential solutions such as IAB RLF recovery scheme, when sending RLF notification to child IAB node, when DU stops service if RLF happens, what child IAB should do if receiving RLF notification and content of RLF notification  related issues.
Discussion

RLF recovery

As we know, it was agreed that MCG failure can be indicated to the network via the SCG in RAN2#105 meeting for Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements WI. In our opinion, this agreement  also can be used for IAB MT with more than one parent IAB nodes. Only if RLF occurs between all the parent IAB nodes and IAB node, the MT part of the IAB node has to perform RRC re-establishment.
Proposal 1: If RLF is detected for one of the link with parent IAB nodes, the MT part of IAB node can suspend transmissions instead of triggering re-establishment. Only if RLF occurs between all the parent IAB nodes and IAB nodes, the IAB node shall perform RRC re-establishment.
 According to current specification, the connection re-establishment succeeds only if the concerned cell is prepared i.e. has a valid UE context. Otherwise, the IAB node MT may move to RRC_IDLE and then re-select suitable cells to perform connection setup procedure, which causes longer delay.

To avoid the potential service interruption of downstream access UE, it is better to avoid RRC re-establishment failure. This requires the IAB node MT part to select the parent IAB nodes which has its context information. For CU/DU split case, donor CU has all the downstream IAB node MT and access UEs’ context information. Therefore, the IAB node MT shall firstly select the parent IAB node connected with the same donor CU to perform RRC re-establishment. As we know, cell identity is carried in SIB1 which can be used to identify gNB. So it is easy for the IAB-node to know whether the re-selected parent IAB node is connected with the same donor CU based on the cell identity. Furthermore, considering RRC re-establishment may introduce a lot of latency, some enhancements related to the Rel-16 NR Mobility Enhancements WI can be considered. For instance, it would be beneficial for the IAB node to switch to/search for a backup/alternative parent (if any are available) before RLF and RRC re-establishment happens. 
Proposal 2: In order to avoid RRC re-establishment failure, it is suggested the IAB firstly selects the parent IAB node connected with the same donor CU to perform RRC re-establishment. And  some enhancements related to the Rel-16 NR Mobility Enhancements WI can be considered to reduce service interruption time.

Furthermore, although it is suggested the IAB firstly selects the parent IAB node connected with the same donor CU to perform RRC re-establishment, if IAB-node cannot find any parent IAB node connected with the same donor CU, then it considers to select a parent IAB node connected with different donor CU to perform RRC re-establishment. In this case, the IAB node DU may need to initiate the  F1AP setup procedure with the new IAB-donor-CU. If it continues to serve the child IAB node, all the downstream  IAB node may also need to initiate the  F1AP setup procedure with the new IAB donor CU. Therefore, if the IAB selects a parent IAB node connected with a different donor CU to perform RRC re-establishment, whether it should continue to serve the child IAB nodes needs further study.

Proposal 3: if the IAB selects a parent IAB node connected with a different donor CU to perform RRC re-establishment, whether it should continue to serve the child IAB nodes needs further study.
RLF notification

Although it was agreed that RLF notification can be sent to downstream node(s), there are still several issues to be discussed, such as when sending RLF notification, how to carry RLF notification, when DU stops service, what child IAB node should do if it receives RLF notification and the contents of the RLF notification. In this section, we will discuss these issues one by one.

When sending RLF notification to child IAB node 

As discussed in the RAN2 meeting before, if RLF is detected in a IAB node, it shall notify its child IAB node. So detecting RLF may be a triggering condition for sending RLF notification. But according to our understanding, besides RLF detection, there may be other potential triggering condition for sending RLF notification to its child IAB node, for example, the IAB MT  initiates the RRC re-establishment procedure.
Based on current NR specification, the UE initiates the RRC re-establishment procedure when one of the following conditions is met: upon detecting RLF of the MCG; upon re-configuration with sync failure of the MCG; upon mobility from NR failure; upon integrity check failure indication from lower layers concerning SRB1 or SRB2; upon an RRC connection reconfiguration failure. So RLF detection is actually one of MT initiates RRC re-establishment.

On the other hand, for IAB node with redundant links, if only one of its link happens RLF but the other link can still work,  it can continue to provide service for its child IAB-node and access UE. So it seems unnecessary to inform the child IAB node that RLF happens .

Observation 1：For IAB node with redundant link, if only one of its link is detected RLF but the other link can still work,  it can continue to provide service for its child IAB-nodes and access UE.

In addition, after RLF notification is sent to child IAB node, the IAB node shall initiate the RRC re-establishment procedure and if the RRC re-establishment succeeds, it is reasonable to send link recovery success notification to the child IAB node, otherwise the child IAB node still consider the parent IAB node has link problem. And if RRC re-establishment fails,  it is also reasonable to send link recovery failure notification to the child IAB, then the child IAB will not wait for the  link recovery any more. 

Based on above analysis, it is suggested that IAB node send RLF notification to its child IAB node when it initiates the RRC re-establishment procedure. After that the IAB node sends link recovery success or link recovery failure notification to inform the RRC re-establishment result to the child IAB nodes.
Proposal 4:  It is suggested that IAB node sends RLF notification to its child IAB node when it initiates the RRC re-establishment procedure. After that the IAB node sends link recovery success or link recovery failure notification to inform the RRC re-establishment result to the child IAB nodes. 
When DU stops service if RLF happens

When IAB node initiates the RRC re-establishment procedure and sends RLF notification to its child IAB node, it can continue to provide backhaul service for its child IAB nodes. However, if the RRC re-establishment procedure fails and the IAB MT enters RRC IDLE, the IAB DU shall discontinue its service.

Proposal 5: After sending RLF notification, the IAB DU can still provide service until it enters  RRC IDLE.
What child IAB should do if receiving RLF notification

When the child IAB node receives RLF notification, it can wait for the link recovery of the IAB node. During this period, the child IAB node can make preparation for potential RRC re-establishment, such as early measurement of neighboring cells. 

Proposal 6: The child IAB node can wait for the link recovery of the IAB node when the child IAB receives RLF notification. During the waiting time, the child IAB can prepare for potential RRC re-establishment such as early measurement of neighboring cells.
In addition, the child IAB node can wait for the RRC re-establishment result from the IAB nodes. If link recovery success notification is received, the child IAB can stop preparing for potential RRC re-establishment. If link recovery failure notification is received, the child IAB shall perform link recovery by its own.
However, the child IAB node cannot wait for the link recovery result of the IAB node forever. A waiting timer can be introduced for the child IAB node. When the child IAB node receives RLF notification, it can start the waiting timer. When the child IAB node receives the link recovery result notification, it stops the waiting timer. However, if the waiting timer expires or link recovery failure notification is received, for the child IAB with only one parent IAB node, it shall perform RRC re-establishment procedure.
Proposal 7: A waiting timer is suggested to be introduced for the child IAB node. If the waiting timer expires or link recovery failure notification is received,  the child IAB node with only one parent IAB node shall perform RRC re-establishment procedure immediately.

Furthermore, for the child IAB node with two parent IAB nodes, it may not need to perform RRC re-establishment procedure. As shown in Figure 1, suppose IAB-node MT1 detects RLF and its child IAB node such as IAB-node MT4 has received the RLF notification from IAB-node DU1, it can report the radio link failure information to the donor CU via the other parent IAB node such as IAB-node DU2. Therefore, if the waiting timer expires or link recovery failure notification is received, the child IAB with two parent IAB nodes can report the radio link failure information of its parent IAB node to the donor CU via the other available link. Then, when the donor CU acquires the information about which link has happened RLF, it may re-configure or update the route information for related downstream IAB nodes via the other link.
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Figure 1 an example for RLF

Proposal 8:  If the waiting timer expires or link recovery failure notification is received, the child IAB node with two parent IAB nodes can report the radio link failure information of its parent IAB node to the donor CU via the other available link.
Furthermore, when the IAB node receives RLF notification from its parent IAB node, it can forward this notification to its child IAB node. Then its child IAB node can also make preparation for potential RRC re-establishment, such as early measurement of neighboring cells. 

Proposal 9: When the IAB node receives RLF notification from its parent IAB node, it can forward this notification to its child IAB node. 
Content of RLF notification

Based on above analysis, the IAB node may send RLF notification to the child IAB when initiating the RRC re-establishment procedure. After that the IAB node sends link recovery success or link recovery failure notification to inform the RRC re-establishment result to the child IAB nodes. Therefore, the RLF related notification at least includes link failure indication, link recovery success and link recovery failure indication.

In addition, when the IAB node receives RLF notification from its parent IAB node, it may forward this notification to its child IAB node. Suppose the IAB node has two parent IAB nodes, it may report the radio link failure information of its parent IAB node to the donor CU via the other available link. In this case, it is necessary to include the IAB node identity in the RLF notification to indicate which IAB node has link problem, which could help the donor CU locates where the RLF happens.
Proposal 10: The RLF notification at least includes link failure indication, link recovery success and link recovery failure indication. And the IAB node identity may be needed in the RLF notification. To be specific, link failure indication indicates that the RRC re-establishment procedure is initiated; the link recovery success and link recovery failure indication indicates the RRC re-establishment result.
Conclusion

In this contribution, we mainly discussed link recovery and the RLF notification related issues. And we have the following observations  and proposals:

Observation 1：For IAB node with redundant link, if only one of its link is detected RLF but the other link can still work,  it can continue to provide service for its child IAB nodes and access UE.

Proposal 1: If RLF is detected for one of the link with parent IAB nodes, the MT part of IAB node can suspend transmissions instead of triggering re-establishment. Only if RLF occurs between all the parent IAB nodes and IAB nodes, the IAB node shall perform RRC re-establishment.
Proposal 2: In order to avoid RRC re-establishment failure, it is suggested the IAB firstly selects the parent IAB node connected with the same donor CU to perform RRC re-establishment. And some enhancements related to the Rel-16 NR Mobility Enhancements WI can be considered to reduce service interruption time.

Proposal 3: if the IAB selects a parent IAB node connected with a different donor CU to perform RRC re-establishment, whether it should continue to serve the child IAB nodes needs further study.
Proposal 4:  It is suggested that IAB node sends RLF notification to its child IAB node when it initiates the RRC re-establishment procedure. After that the IAB node sends link recovery success or link recovery failure notification to inform the RRC re-establishment result to the child IAB nodes. 
Proposal 5: After sending RLF notification, the IAB DU can still provide service until it enters  RRC IDLE.
Proposal 6: The child IAB node can wait for the link recovery of the IAB node when the child IAB receives RLF notification. During the waiting time, the child IAB can prepare for potential RRC re-establishment such as early measurement of neighboring cells.
Proposal 7: A waiting timer is suggested to be introduced for the child IAB node. If the waiting timer expires or link recovery failure notification is received,  the child IAB node with only one parent IAB node shall perform RRC re-establishment procedure immediately.

Proposal 8:  If the waiting timer expires or link recovery failure notification is received, the child IAB node with two parent IAB nodes can report the radio link failure information of its parent IAB node to the donor CU via the other available link.
Proposal 9: When the IAB node receives RLF notification from its parent IAB node, it can forward this notification to its child IAB node. 
Proposal 10: The RLF notification at least includes link failure indication, link recovery success and link recovery failure indication. And the IAB node identity may be needed in the RLF notification. To be specific, link failure indication indicates that the RRC re-establishment procedure is initiated; the link recovery success and link recovery failure indication indicates the RRC re-establishment result.
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