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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
During the online discussion at RAN2#116-e meeting[2], Type 2 and Type 3 BH RLF indication triggering and content were discussed. There are still some open issues on the triggering conditions and contents of Type 2 and Type 3 BH RLF indications. This paper shares our view on BH RLF with respect to these open issues. 
2. Discussion
In RAN2#116e meeting, there are the following agreements regarding Type2 and Type2 BH RLF indications, wherein the issues for FFS is marked with yellow color:  
	· Type 2 indication by dual-connected node is triggered when the node initiates RRC re-establishment resulting from BH RLF on both CGs or BH RLF on MCG with no fast MCG recovery.
· A node can transmit type-3 indication if re-establishment is successful. FFS whether to specify a detailed condition for success of re-establishment, e.g., successful transmission of RRC reestablishment complete. FFS whether to also include additional triggering condition such as successful transmission of ReconfigurationComplete, which is for the case the node initiates re-establishment and selects a CHO candidate cell and hence performs CHO successfully.  
· A node can transmit type-3 indication only if it previously sent type-2 indication, i.e., type-3 indication cannot be triggered without triggering type-2 indication previously.
· Upon reception of type-2 indication, the node should perform local re-routing if possible.  
· Upon reception of type-3 indication, the actions (e.g. local re-routing) triggered upon reception of a previous type-2 indication should be reversed, if possible.
· FFS if Type 2 indication by dual-connected node can be triggered when the node detects BH RLF on any BH and it cannot perform re-routing for affected traffic (if agreed see R2-2111539 for more details)
· [032] For triggering condition of type-2 indication by a single-connected node, initiation of RRC re-establishment is a sufficient condition to trigger type-2 indication.
· [032]  Proposal 5_alt: If option 2) is chosen in P1 (i.e. dual-connected node triggers type 2 indication when the node detects BH RLF on any BH link) and option 2 is chosen in P7 (i.e. Received type-2 indication is further propagated),  type-2 indication sent by a single-connected node includes routing ID information indicating which routing IDs are not available. FFS whether inclusion of routing ID can be omitted in some cases. Otherwise, type-2 indication sent by a single-connected node does not carry any further information related to BH RLF.
·  [032]  Conditional mobility is not triggered by reception of type-2 indication.
· [032] For the need of further propagating received type-2 indication, FFS which option to take: 
Option 1) Received type-2 indication is not propagated further (unless a normal type-2 triggering condition is met).
Option 2) Upon reception of type-2 indication, the node should further propagate type-2 indication to the child if it has no alternative path available.
·  [032] RAN2 does not specify UL transmission constraints (e.g. SR/BSR) to a node receiving the type-2 indication, i.e., whether the node can transmit uplink transmission is left to implementation of the node and also up to scheduling policy of a node transmitting the type-2 indication. FFS whether we need to add a Note in stage-2/3 CR.
· [032] RAN2 does not specify that IAB-support indicator is toggled by reception of type-2 indication, i.e., when how to set IAB-support indicator it is up to implementation. FFS whether we need to add a Note in stage-2/3 CR.
· [032] To agree that the following terms are used:
-  Type-2:  “BH RLF detection indication”, 
-  Type-3: “BH RLF recovery indication” , and
- Type-4: FFS whether “BH RLF recovery failure indication” or existing name “BH RLF indication”


Based on the above agreements, the open issues have been further summarized in [2]. In the following, the open issues marked above are discussed respectively in the following sub-sections.

2.1. Type 2 BH RLF indication
From the first marked bullet in the above table, there are the following open issues:
· Type-2 indication:
· Whether a type-2 indication by dual-connected node can be triggered when (1) the node detects BH RLF on any BH link and (2) it cannot perform re-routing for affected traffic
· Whether a type-2 indication may carry info such as available BAP routing ID
· Whether a type-2 indication should be (conditionally) propagated (e.g., if no alternative path is available).
With regard to why the node cannot perform re-routing for affected traffic, there may be some scenarios where the node may node be able to perform local rerouting such as:
· IP tunnel between donor DUs has not been established or could not be established.
· The alternate route is congested
As the alternate route was configured to be used for re-routing purpose, we think if the node cannot perform re-routing on that configured route, it may be necessary for the network to know that such route cannot be used. Thus, triggering a type-2 BH RLF may be useful.
Therefore
Proposal 1 Where a type-2 indication by dual-connected node can be triggered when (1) the node detects BH RLF on any BH link and (2) it cannot perform re-routing for affected traffic
The type-2 indication should be triggered to provide useful information on the route with glitch. But, as for what may be the real actual condition why the node cannot perform re-routing on the concerned configured route may not be known. All the node can do is sending information to indicate that the route is note reachable. Thus,
Observation 1 Type-2 indication should only carry useful information related to the route on which the node cannot perform re-routing 
So, the type-2 indication may carry information of the BAP routing ID. Any other information may not be useful or on the contrary may lead to misunderstanding at child node. 
Therefore,
Proposal 2 Type-2 indication may carry information of the BAP routing ID
As the real condition to why the node cannot perform re-routing on the configured route may not be known, thus propagating the type-2 indication may not be useful.
Therefore,
Proposal 3 In case the IAB node cannot perform traffic re-routing on a configured link, the type-2 indication should not be propagated
Instead, if no alternative path is available, the node may consider performing re-establishment.
Therefore,
Proposal 4 If type-2 indication is triggered and if no alternative path is available, the node may perform re-establishment.
2.2. Type 3 BH RLF indication 
he following open issues are to be discussed in this subclause:
· Type-3 indication:
· For transmission of type-3 indication, whether to specify a condition for the success of re-establishment, e.g., successful transmission of RRC Reestablishment Complete.
From our understanding, BH link reestablishment of an IAB node in case of BH RLF includes radio connection re-establishment by IAB-MT similarly to UE, F1-connection recovery and the BAP routing reconfigurations of IAB node via F1-C signaling if necessary. Successful ReconfigurationComplete message transmission indicates the radio connection re-establishment of IAB-MT has been completed. 
There are two possible cases for the BH RLF recovery:
· Case 1: the IAB node reestablishes the connection without changing donor-DU.
· Case 2: the IAB node reestablishes the connection with a new donor-DU other than the original donor-DU.
For Case 1, the original F1-connection configuration and BAP routing configuration can be reused, i.e. it is not necessary to reconfigure the F1-connection and the BAP routing of this IAB node and its downstream IAB nodes. In this case, successful transmission of ReconfigurationComplete means the original topology has recovered and the UL/DL data forwarding can be performed as before BH RLF occurrence.
For Case 2, both the topology and the destination BAP address for UL BAP data PDU forwarding has changed after BH link recovery of the IAB node suffering BH RLF.  For proper UL/DL data forwarding, the F1-connection may need to be reconfigured and both the BAP routing configuration and the radio resource allocation of the BH links should be reconfigured to align the topology change and associated traffic load change in the affected BH links. There are the following impact on data forwarding after successful ReconfigurationComplete before BAP routing configuration of the IAB node:
· For DL data forwarding, the BAP address carried in a BAP PDU is still valid but the path ID in the BAP header may be incorrect due to the topology change. According to R16 BAP routing policy, the IAB node and its downstream IAB node can determine the usable egress BH link according to the destination BAP address when the path ID is invalid. However, sub-optimal egress link may be selected. 
· For UL data forwarding, the destination BAP address carried in a BAP PDU from its downstream IAB nodes is still the BAP address of the original donor-DU. Though the BAP PDUs could be re-routed to the new donor-DU via BAP header rewriting, there is still IP filtering concern for the new donor-DU.
Observation 2 For BH RLF recovery with a new donor-DU by an IAB node, BH RLF recovery of an IAB node may include: 
a. BH link recovery procedure by IAB-MT,
b. BAP routing configuration procedure of this IAB node and its downstream IAB nodes,
c. Possible IP address reconfiguration of this IAB node and its downstream IAB nodes
Observation 3 During In case of BH link recovery with a new donor-DU, successful ReconfigurationComplete transmission does not mean completion of the IAB topology recovery. 
In another aspect, Type 3 BH RLF indication to a child IAB node upon successful transmission of ReconfigurationComplete message can help a child IAB node to cancel early preparation procedure for possible BH RLF occurrence. In the meanwhile, Type 3 BH RLF indication should be able to indicate if the donor-DU has been changed or not to avoid undesired UL data forwarding by a child IAB node. Based on the joint considerations of the above factors, it is proposed:
Proposal 5 Type 3 BH RLF indication can be triggered in case of successful ReconfigurationComplete message transmission.
Proposal 6 Type 3 BH RLF indication should indicate if the donor-DU has switched or not.
Proposal 7 When Type 3 BH RLF indicating with no topology change (i.e. no donor-DU switch) has been received, an IAB node can perform data transmission/routing as before receiving the corresponding Type 2 BH RLF indication.
If the Type 3 BH RLF indication indicating the topology change (i.e. donor-DU switch) is received, an IAB node should stop generate BAP PDUs using the BAP address of the previous donor-DU. When the BAP routing reconfiguration is completed, the IAB node can generate UL BAP PDUs according to new BAP routing configuration.
Proposal 8 When Type 3 BH RLF indication indicating the donor-DU switch is received, the IAB node is allowed generate new BAP data PDU for UL transmission only after its BAP routing table is reconfigured.

3. Conclusion
The observations and proposals are the following:
Observation 1 Type-2 indication should only carry useful information related to the route on which the node cannot perform re-routing 
Observation 2 For BH RLF recovery with a new donor-DU by an IAB node, BH RLF recovery of an IAB node may include: 
a. BH link recovery procedure by IAB-MT,
b. BAP routing configuration procedure of this IAB node and its downstream IAB nodes,
c. Possible IP address reconfiguration of this IAB node and its downstream IAB nodes
Observation 3 During In case of BH link recovery with a new donor-DU, successful ReconfigurationComplete transmission does not mean completion of the IAB topology recovery. 

Based on the above discussions and observations, we have the following proposals:
1. Where type-2 indication by dual-connected node can be triggered when (1) the node detects BH RLF on any BH link and (2) it cannot perform re-routing for affected traffic Type-2 indication may carry information of the BAP routing ID

Proposal 10 Type-2 indication may carry information of the BAP routing ID
Proposal 11 In case the IAB node cannot perform traffic re-routing on a configured link, the type-2 indication should not be propagated
Proposal 12 If Type-2 indication is triggered and if no alternative path is available, the node may perform re-establishment.
Proposal 13 Type 3 BH RLF indication can be triggered in case of successful ReconfigurationComplete message transmission.
Proposal 14 Type 3 BH RLF indication should indicate if the donor-DU has switched or not.
Proposal 15 When Type 3 BH RLF indicating with no topology change (i.e. no donor-DU switch) has been received, an IAB node can perform data transmission/routing as before receiving the corresponding Type 2 BH RLF indication.
Proposal 16 When Type 3 BH RLF indication indicating the donor-DU switch is received, the IAB node is allowed generate new BAP data PDU for UL transmission only after its BAP routing table is reconfigured.
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