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1	Introduction
[bookmark: _Hlk61469411]For the the type2/3 RLF indications in the enhanced Rel-17 IAB framework, RAN2#116-e and RAN2#116bis-e meeting had progressed several aspect making the following agreements:
RAN2#116-e:
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)













Agreements based on email discussion [AT116-e][032][eIAB] RLF indications:
· [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”

















RAN2#116bis-e:
· Type-2 indication by a dual-connected node is triggered when the node detects BH RLF on a BH link and it cannot perform re-routing for any traffic, i.e. NR RLF for ENDC scenario, (FFS UP Link RLF for CPUP split scenario 1).
· For these cases, the Type-2 indication is handled in the same way as for the case when both links goes down. 
· FFS whether Type-2 is propagated further (for all its cases)
· [048] Execution of local re-routing of all affected traffic among re-routable traffic upon BH RLF is not mandatory for a node capable of local re-routing. This can be revisited if there is a severe issue.
· [048] For a dual-connected node, e.g., configured with CP-UP split/NR-DC/EN-DC, type-2 indication is triggered when all the CG(s) providing F1-over-BAP fail.
· [048] Not sufficient support that Type-2 indication triggered by a single-connected node includes routing information (such as unavailable routing IDs).
· [048] RAN2 does not specify suspending routing data to a parent node in case of receiving type-2 indication. 
· [048] No network configurability on triggering/propagation of type-2/3 indication is needed.
· [048] RAN2 to not support any other triggers for reverting actions triggered by a previous Type 2 BH RLF Indication than reception of type-3 indication   
· [048] RAN2 to deprioritize discussion on the case where failure of first BH link had triggered type-2 indication (but not re-establishment) and there happens a failure on other link prior to the recovery of the first BH link, yielding re-establishment, which then triggers another type-2 indication (e.g., FFS this is a valid case whether to handle/prevent the second type-2 indication.) 
· [048] Type-3 indication is triggered upon successful CHO executed during re-establishment or upon successful RRC setup complete as a result of re-establishment. 
· [048] NO need to introduce a successful RRC setup complete during re-establishment as triggering condition of type-3 indication. (It is already clear in the current spec that RRC re-establishment is considered successful if RRC setup initiated during re-establishment is successful).
· [048] FFS if successful CHO executed during re-establishment should be captured as an explicit triggering condition of type-3 indication or if genetic condition “upon recovery” from BH RLF is sufficient.  
· [048] No further clarification on the triggering condition of type-3 indication is needed for successful re-establishment ending with RRCReestablishemntComplete.
· [048] If further propagation of type-2 indication is supported, further propagation of type-3 indication should be supported, such that a node propagates received type-3 indication, if it previously propagated received type-2 indication. 
· [048] If further propagation of type-2 indication is not supported, further propagation of type-3 indication is not supported.  
· [048] If type-2 indication does not contain any routing information Type-3 indication does not include any routing information. 
· [048] If type-2 indication contains routing information, Type-3 indication includes corresponding routing information, indicating recovered destinations or routing ID(s). 
· [048] FFS whether to use a new name “BH RLF recovery failure indication” for type-4 indication from Rel-17, and whether it should be made applicable to Rel-16
· [048] RRC re-establishment to a different IAB-donor-CU should not be introduced as triggering condition of type-4 RLF indication.
In this contribution we elaborate the remaining open issues on RLF Type-2 propagation and propose suitable options to solve those. 
2	BH RLF-indications 
2.1	Type-2 indication triggering
For Dual Connected node, there are few principles agreed for the transmission of the RLF indication, based on the following agreements:
1. 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. (RAN2#116-e)
 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) (RAN2#116-e)
2. Type-2 indication by a dual-connected node is triggered when the node detects BH RLF on a BH link and it cannot perform re-routing for any traffic, i.e. NR RLF for ENDC scenario, (FFS UP Link RLF for CPUP split scenario 1). (RAN2#116bis-e)
3. [048] For a dual-connected node, e.g., configured with CP-UP split/NR-DC/EN-DC, type-2 indication is triggered when all the CG(s) providing F1-over-BAP fail. (RAN2#116bis-e)

The principle #1 for the transmission of the RLF indication in DC is referring to the case where both CGs fail at the same time. Even though, it may not be very probable scenario in DC, as the DC aims to provide redundant connection, especially to cope with the BH link failures. Nevertheless, transmission of the RLF indication in such case will be a correct behaviour in order to give required information to the child/descendant nodes. The other trigger for RLF indication is the MCG failure when fast MCG recovery is not supported. In such scenario the failure of the SCG would not trigger RLF indication even though it would be the only available path for the BH connection. This would be the case at least in EN-DC where the MCG would be only for control signalling. 
The principle #2 introduces another, supposedly less restrictive condition to trigger type-2 RLF indication, once the node detects BH RLF on a BH link, but additionally it is conditioned by determining the node cannot perform re-routing for any traffic Hence, the rule is explicitly dedicated for EN-DC scenario and RLF on the SCG. The same applies with NR DC with CP-UP split where the UP is carried only via the other leg of DC. This problem is intentionally covered by the rule  #3.
The agreed principles are dedicated to specific scenarios. Lack of generic principle leave other scenarios handling unresolved.
In case of RLF in the MCG, the IAB-MT can continue operating on the still-functional SCG and, using the MCG-failure recovery introduced in Rel-16, inform the Donor CU about the RLF. BH traffic with MCG as the primary next hop may be locally rerouted to the SCG if e.g. there is a Routing ID with a matching BAP address, or inter-DU re-routing can be performed. Thus, if all possible traffic with MCG as the primary next hop can be rerouted via SCG, there is no need to send a BH RLF Type-2 indication provided that the fast MCG recovery is supported. However, in case MCG failure has been detected (i.e., for a node in DC when RRC sends the MCG failure to the MN and T316 is started) and not all possible traffic can be locally rerouted, the IAB-node shall transmit a BH RLF Type 2 indication to its child nodes.
[bookmark: _Hlk67501434]Observation 1:	In case MCG failure is detected (i.e., for a node in DC when RRC sends the MCG failure to the MN and T316 is started) and not all possible traffic can be locally rerouted, the IAB-node should transmit a BH RLF Type 2 indication to its child nodes. 
In case of RLF in the SCG, the IAB-MT can continue operating on the still-functional MCG and inform the Donor CU about the RLF using the MCG/SCG-failure recovery introduced in Rel-16. 
BH traffic with SCG as the primary next hop may be locally rerouted to the MCG if e.g. there is a Routing ID with a matching BAP address. Hence, if all possible traffic with SCG as the primary next hop can be rerouted via MCG, there is no need to send a BH RLF Type-2 indication.
Observation 2:	In case SCG failure has been detected (i.e., for a node in DC when RRC sends the SCG failure to the MN) and not all possible traffic can be locally rerouted, the IAB-node should transmit a BH RLF Type 2 indication to its child nodes. 
To generalize the determination when to send Type-2 indication when either MCG or SCG link fails, it is proposed following aligned with the definition:
Proposal 1: To cope with all RLF scenarios, a generic rule for triggering Type 2 indication is that the IAB-node should send RLF indication when the node detects BH RLF on any BH and it cannot perform re-routing for affected traffic (unless specified otherwise, i.e., previously agreed rules for specific scenarios hold). 

2.2	Execution of local re-routing
The principles for the local re-routing based on the RLF type-2 indication have been evolving as follows:
1. If an IAB node with dual parents (via DC) receives type-2 BH RLF indication from one parent, IAB-node may trigger a local re-routing to the other parent. The detail of local re-routing and whether/how the action on type-2 indication is configurable is FFS (RAN2#114-e agreement)
2. Upon reception of type-2 indication, the node should perform local re-routing if possible (RAN2#116-e agreement)
3. [048] Execution of local re-routing of all affected traffic among re-routable traffic upon BH RLF is not mandatory for a node capable of local re-routing. This can be revisited if there is a severe issue. (RAN2#116bis-e agreement)
In our view, the agreements built a conflicting framework where:
4. the node receiving type-2 indication should perform local re-routing if possible
5. the node “upon BH RLF” does not have to re-route all affected traffic.
Though the agreements refer to different IAB nodes, there are two different approaches agreed. Furthermore, the already detailed  principles for the transmission of the RLF indication (see section 2.1) in different scenarios, imply that optional behaviour on re-routing execution cannot be generalized. Thus, we propose to clarify the intended Rel-17 behaviour:
Proposal 2:  RAN2 to confirm (RAN2#116-e agreement) that the IAB node upon reception of type-2 indication should perform local re-routing of all affected traffic, if possible.
2.3	Propagation of the RLF Type -2 indication
Two options are considered for the IAB-node behaviour when receiving Type-2 indication:
· 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.
It makes sense to propagate the Type-2 indication in certain scenarios. E.g. if the receiving node is single connected and therefore does not have an alternative route available, the Type-2 indication should be forwarded to the following child node(s) which can make similar assessment of possibility for rerouting as the first forwarding node. 
Proposal 3: Type-2 indication propagation is supported if the receiving node does not have an alternative route available. If the IAB node has no alternative path available, upon reception of Type-2 indication, the node should further propagate type-2 indication to the child.
Related to the propagation, RAN2#116-e made also further proposal on the forwarding:
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
In this case the dual connected IAB-node is including the routes that are no longer available to the child node, which in this case is single connected. Forwarding of the Type-2 indication with the routing information allows the following child node to re-route data destined to the unreachable node(s) when that is possible. One could think of omitting the routing information as an optimization if all destinations are unreachable when receiving the Type-2 indication. To remove the FFS, the behaviour of the receiving IAB-node should be specified so that Type-2 indication without destination information shall be interpreted that all destinations are not reachable via that link, also in the case where the Type-2 indication is forwarded to the following child node.
Proposal 4: Destination/routing ID can be omitted in the Type-2 indication if all destinations are unreachable via that link.
2.4 Type-3 indication triggering
RAN2#116-e agreed that the trigger for Type-2 indication is the initiation of RRC re-establishment. With single connection there is no need to include additional information to the indication to the child node. It was also agreed that Type-3 indication can be sent only in association with earlier sent Type-2 indication. Furthermore, as per agreement, 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. Although being appropriate reaction, this seems to refer only the case where the re-establishment is successfully done to the same cell/parent. However, another case could be that the re-establishment is done to another cell/parent which could be successful at least within the same topology where the CU is not changed. The destination can therefore change and the routing should correspond to the new connection.
The following FFSs related to the trigger of Type-3 indication:
RAN2#116-e:
· 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.  
· [048] FFS if successful CHO executed during re-establishment should be captured as an explicit triggering condition of type-3 indication or if genetic condition “upon recovery” from BH RLF is sufficient.  

The detailed condition for success of re-establishment can be declared when RRC sends the RRCReestablishmentComplete message to lower layers for transmission. However for CHO, when initial CHO execution attempt fails or HO fails, the UE performs cell selection, and if the selected cell is a CHO candidate and if network configured the UE to try CHO after handover/CHO failure, then the UE attempts CHO execution once (38.300). Thus, during the recovery, the selected cell is a CHO candidate cell, it might be used to perform handover. In this case the procedure is completed by RRCReconfigurationComplete.
As already agreed: 
1. The trigger for type 3 RLF indication transmission is successful recovery after BH RLF and
2. Type-3 indication is triggered upon successful CHO executed during re-establishment or upon successful RRC setup complete as a result of re-establishment. 
The agreements resolve the open points, on triggering conditions for Type-3 indication and we believe there are no new conditions needed. Though, the agreed options will refer to different RRC procedures and implementation details:
Proposal 5:  The detailed stage 3 conditions for the agreed trigger for type-3 RLF indication transmission (i.e., successful recovery after BH RLF) can be declared when RRC sends to lower layers for transmission:
· RRCReestablishmentComplete message, or
· RRCSetupComplete message as a result of re-establishment, or
· RRCReconfigurationComplete message as a result of successful CHO execution.
[bookmark: _Hlk61469229]3	Conclusion
In this contribution we have elaborated remaining issues related to RLF indications and routing in RLF scenarios. Based on the analysis we made the following observations and proposals:
Observation 1:	In case MCG failure is detected (i.e., for a node in DC when RRC sends the MCG failure to the MN and T316 is started) and not all possible traffic can be locally rerouted, the IAB-node shall transmit a BH RLF Type 2 indication to its child nodes. 
Observation 2:	In case SCG failure has been detected (i.e., for a node in DC when RRC sends the SCG failure to the MN) and not all possible traffic can be locally rerouted, the IAB-node shall transmit a BH RLF Type 2 indication to its child nodes. 
Proposal 1: To cope with all RLF scenarios, a generic rule for triggering Type 2 indication is that the IAB-node should send RLF indication when the node detects BH RLF on any BH and it cannot perform re-routing for affected traffic (unless specified otherwise, i.e., previously agreed rules for specific scenarios hold). 
Proposal 2:  RAN2 to confirm (RAN2#116-e agreement) that the IAB node upon reception of type-2 indication should perform local re-routing of all affected traffic, if possible.
Proposal 3: Type-2 indication propagation is supported if the receiving node does not have an alternative route available. If the IAB node has no alternative path available, upon reception of Type-2 indication, the node should further propagate type-2 indication to the child.
Proposal 4: Destination/routing ID can be omitted in the Type-2 indication if all destinations are unreachable via that link.
Proposal 5:  The detailed stage 3 conditions for the agreed trigger for type-3 RLF indication transmission (i.e., successful recovery after BH RLF) can be declared when RRC sends to lower layers for transmission:
· RRCReestablishmentComplete message, or
· RRCSetupComplete message as a result of re-establishment, or
· RRCReconfigurationComplete message as a result of successful CHO execution.
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	Annex: RAN2 agreements on RLF indications enhancements in Rel-17 
RAN2#113-e:
RAN2 to support type-2/3 RLF indication (FFS specified behavior(s) TS impact, FFS details)
Type-2 RLF indication may be used to trigger local rerouting 
Type-2 RLF indication may be used to trigger deactivation of IAB-supported in SIB 
Type-2 RLF indication may be used to trigger deactivation or reduction of SR and/or BSR transmissions 
RAN2#113bis-e:
FFS if other CHO execution condition is needed (e.g. whether type 2 RLF indication can be used as trigger)
RAN2#114-e:
Local re-routing based on flow control feedback is allowed based on certain value of available buffer size. FFS further details. (Current hbh fc is for DL traffic.
The trigger to generate a type 2 RLF indication is at RLF detection. FFS whether for both: single and dual connection cases.
The trigger for type 3 RLF indication transmission is successful recovery after BH RLF. FFS whether for both: single and dual connection cases.
Type 2 and Type 3 BH RLF Indications are transmitted via BAP Control PDU.
Upon reception of the type-2 indication, the IAB node does not initiate RRC re-establishment.
If an IAB node with dual parents (via DC) receives type-2 BH RLF indication from one parent, IAB-node may trigger a local re-routing to the other parent. The detail of local re-routing and whether/how the action on type-2 indication is configurable is FFS.


RAN2#116-e:
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)














Agreements based on email discussion [AT116-e][032][eIAB] RLF indications:
· [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”

















RAN2#116bis-e:
· Type-2 indication by a dual-connected node is triggered when the node detects BH RLF on a BH link and it cannot perform re-routing for any traffic, i.e. NR RLF for ENDC scenario, (FFS UP Link RLF for CPUP split scenario 1).
· For these cases, the Type-2 indication is handled in the same way as for the case when both links goes down. 
· FFS whether Type-2 is propagated further (for all its cases)
· [048] Execution of local re-routing of all affected traffic among re-routable traffic upon BH RLF is not mandatory for a node capable of local re-routing. This can be revisited if there is a severe issue.
· [048] For a dual-connected node, e.g., configured with CP-UP split/NR-DC/EN-DC, type-2 indication is triggered when all the CG(s) providing F1-over-BAP fail.
· [048] Not sufficient support that Type-2 indication triggered by a single-connected node includes routing information (such as unavailable routing IDs).
· [048] RAN2 does not specify suspending routing data to a parent node in case of receiving type-2 indication. 
· [048] No network configurability on triggering/propagation of type-2/3 indication is needed.
· [048] RAN2 to not support any other triggers for reverting actions triggered by a previous Type 2 BH RLF Indication than reception of type-3 indication   
· [048] RAN2 to deprioritize discussion on the case where failure of first BH link had triggered type-2 indication (but not re-establishment) and there happens a failure on other link prior to the recovery of the first BH link, yielding re-establishment, which then triggers another type-2 indication (e.g., FFS this is a valid case whether to handle/prevent the second type-2 indication.) 
· [048] Type-3 indication is triggered upon successful CHO executed during re-establishment or upon successful RRC setup complete as a result of re-establishment. 
· [048] NO need to introduce a successful RRC setup complete during re-establishment as triggering condition of type-3 indication. (It is already clear in the current spec that RRC re-establishment is considered successful if RRC setup initiated during re-establishment is successful).
· [048] FFS if successful CHO executed during re-establishment should be captured as an explicit triggering condition of type-3 indication or if genetic condition “upon recovery” from BH RLF is sufficient.  
· [048] No further clarification on the triggering condition of type-3 indication is needed for successful re-establishment ending with RRCReestablishemntComplete.
· [048] If further propagation of type-2 indication is supported, further propagation of type-3 indication should be supported, such that a node propagates received type-3 indication, if it previously propagated received type-2 indication. 
· [048] If further propagation of type-2 indication is not supported, further propagation of type-3 indication is not supported.  
· [048] If type-2 indication does not contain any routing information Type-3 indication does not include any routing information. 
· [048] If type-2 indication contains routing information, Type-3 indication includes corresponding routing information, indicating recovered destinations or routing ID(s). 
· [048] FFS whether to use a new name “BH RLF recovery failure indication” for type-4 indication from Rel-17, and whether it should be made applicable to Rel-16
· [048] RRC re-establishment to a different IAB-donor-CU should not be introduced as triggering condition of type-4 RLF indication.


