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1. Introduction
The work item on Enhancements to Integrated Access and Backhaul for NR (eIAB) [1] aims to topology adaptation enhancements, which includes support of BH RLF Indication and local rerouting. In RAN2#116e, the significant progress was achieved such as the details of triggering condition of Type 2 BH RLF Indication [2]. 
In this contribution, the remaining issues of Type 2/3 BH RLF Indications are discussed on top of up-to-date agreements. 
2. Discussion 
2.1. Type 2 Indication transmission in dual connectivity case 
RAN2#116-e agreed the following as the triggering condition for Type 2 BH RLF Indication [2], 

	· 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.

	· [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.


The agreements are well aligned for both single-connected IAB-node and dual-connected IAB-node, which might intend to have a common behaviour in terms of Type 2 BH RLF regardless of single/dual connection cases.  However, there is an issue that the agreed behaviour could not be applicable to EN-DC case. 
In EN-DC, MCG link (i.e., MeNB) is only used for control plane signalling, i.e., data is always forwarded via SCG link (i.e., SgNB) [4]. In this case, SCG RLF directly impacts the child node’s packet forwarding, so the concerned IAB-node needs to send Type 2 Indication to the child node, even if MCG is still working. However, SCG RLF cannot trigger Type 2 Indication since RRC Reestablishment is not initiated when MCG link is still available. 
Observation 1 In EN-DC, Type 2 BH RLF Indication needs to be sent upon SCG RLF (i.e., NR link), since local rerouting cannot be performed via MCG (i.e., LTE link), whereby this scenario does not experience BH RLF from both CGs (i.e., RRC Reestablishment is not initiated). 
A similar scenario could be considered for NR-DC with CP/UP separation, i.e., MCG is only used for CP transfer while SCG serves for UP transfer. 

Observation 2 In NR-DC with CP/UP separation, e.g., MCG is only for CP while SCG is for UP, Type 2 BH RLF Indication needs to be sent upon SCG RLF (i.e., UP link) even if MCG is still good, similar to the EN-DC case in Observation 1. 
RAN2 left as FFS on the following behaviour [2], which would cover the scenarios above, i.e., Type 2 BH RLF Indication is sent only upon SCG RLF (i.e., no BH RLF on MCG). 
	· 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)


Needless to say, this behaviour can cover the basic scenario which RAN2 intended in their agreements, i.e., Type 2 BH RLF Indication is sent when both links (i.e., MCG and SCG) experience BH RLF (or when RRC Reestablishment is initiated) since all the routes cannot be locally rerouted in this case. Also, this behaviour can cover the cases of EN-DC and NR-DC with CP/UP separation in Observation 1 and Observation 2 respectively. 
Observation 3 The FFS solution “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” is applicable to all the scenarios. 
Considering the observations above, it could be considered as a simple solution that Type 2 Indication is sent when at least one route is unavailable due to BH RLF. In particular, one solution can cover both cases with single connection and with dual connections, as well as for both NR-DC and EN-DC.  For example, BH RLF in a single connection leads to the unavailability of all routes. In EN-DC, MCG RLF has no impact to any route, while SCG RLF leads to the unavailability of all routes. In NR-DC, BH RLF may or may not affect some routes depending on mapping between BH links and routes.  So, RAN2 should agree on this unified behaviour for the triggering condition of Type 2 Indication. 
Proposal 1 RAN2 should agree that Type 2 BH RLF Indication is sent when at least one route is unavailable upon BH RLF on any link, i.e., when local re-routing cannot be performed, regardless of whether the IAB-node is configured with single connection or dual connection, and also regardless of whether EN-DC or NR-DC. 
2.2. Partial local rerouting upon reception of Type 2 Indication 
It’s worth considering how the child node with dual connectivity behaves upon reception of Type 2 Indication. When its parent (the concerned IAB-node) detects its BH RLF but it can still perform local rerouting, the child node with dual connections actually has a couple of behaviour options below, and depicted in Figure 1: 

· Option A: All upstream traffics remains in this parent, i.e., no local rerouting at the child node. 
· Option B: A part of upstream traffics are rerouted to another parent, i.e., “partial” local rerouting. 
Option A has a simple behaviour, but it may cause overload at the parent since the parent loses one of the links (i.e., MCG or SCG) due to BH RLF. On the other hand, Option B can distribute the load among the two parents of the child, although Type 2 Indication needs to convey additional information. So, it’s expected that Option B to better topology-wide performance. 
Observation 4 Upon reception of Type 2 BH RLF Indication, the child node can have the option if the “partial” local rerouting is performed for better load balancing (i.e., Option B). 
Proposal 2 RAN2 should discuss whether the "partial” local rerouting is performed at the child node (i.e., Option B), when its parent in dual connectivity experiences BH RLF. 
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Figure 1
 A couple of child node behaviour, no local rerouting and partial local rerouting
If the partial rerouting (i.e., Option B) is the preferred behaviour as in Proposal 2, the child node needs to know which route is unavailable since the child node has to determine which traffic can remain in the original route and which traffic should be subject to local rerouting. It’s straightforward that Type 2 Indication includes the Routing IDs that are unavailable due to BH RLF. Upon reception of Type 2 Indication, the child node considers the Routing ID, which is informed by Type 2 Indication, to be unavailable, so that the child node’s BAP layer performs local rerouting.  So, RAN2 should agree with these behaviours at the concerned node and the child node. 
Proposal 3 RAN2 should agree that Type 2 BH RLF Indication indicates the Routing IDs that are unavailable due to BH RLF. 

Proposal 4 RAN2 should agree that the child node considers the Routing IDs to be unavailable, if these Routing IDs are indicated in received Type 2 BH RLF Indication. 
2.3. Type 3 Indication in single and dual connectivity cases 
RAN2#116e agreed when to send Type 3 BH RLF Indication as follows [2], which is aligned with the current RAN2 agreement that Type 2 BH RLF Indication is sent when both links are in BH RLF. 

	· 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.


However, if Proposal 1 in section 2.1 is agreeable, it’s reasonable that Type 3 Indication is only sent when at least one route becomes re-available due to successful BH RLF recovery, i.e., the condition changes from “unavailable” to “available”. This behaviour could be applicable to single connection and dual connection cases including NR-DC and EN-DC, as same with Proposal 1. 
Proposal 5 RAN2 should agree that Type 3 BH RLF Indication is sent when at least one route becomes re-available upon successful BH RLF recovery. 
In addition, if Proposal 3 in section 2.2 is agreeable, the Routing IDs that become re-available needs to be informed to the child node, as well. The child node considers these Routing IDs as available for routing, so that the child node stops local rerouting for the corresponding traffic. 
Proposal 6 RAN2 should agree that Type e BH RLF Indication indicates the Routing IDs that are re-available due to successful BH RLF recovery. 

Proposal 7 RAN2 should agree that the child node considers the Routing IDs to be available, if these Routing IDs are indicated in received Type 3 BH RLF Indication. 

2.4. Other possible conditions for reversing the actions 
RAN2#116e agreed that upon reception of Type 3 Indication, the actions triggered upon reception of a previous Type 2 Indication is reverted, as follows [2]. 

	· 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.


On top of these agreements, it could be considered if there is any other condition for the IAB-node to revert the actions triggered by a previous Type 2 Indication. A possible condition may be when the routing configuration on the IAB-node is updated by the donor, e.g., due to an update for load balancing, handover or RRC Reestablishment. After the configuration update, the parent node may no longer be able to send Type 3 Indication, or the child node cannot receive Type 3 Indication, due to the new configuration, e.g., since the parent node is no longer the parent of child node. 
Proposal 8 RAN2 should discuss if there is any condition, other than Type 3 BH RLF Indication, for the IAB-node to revert the actions triggered by a previous Type 2 BH RLF Indication, e.g., when the routing configuration is updated. 
2.5. Type 2 Indication propagation 

RAN2#116e agreed the following FFS [2]. 

	· [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.


The propagation of Type 2 Indication was suggested in [4]

 REF _Ref75198347 \w \h 
[5]

 REF _Ref75198349 \w \h 
[6]

 REF _Ref75198350 \w \h 
[7]

 REF _Ref75198351 \w \h 
[8], which aims to provide better topology management, e.g., load balancing and/or reduction of service interruption. 
In detail, there are various proposals from companies. One of the options is for the IAB-node to forward Type 2 Indication if it receives Type 2 Indication and there is no alternative path [4]

 REF _Ref75198351 \w \h 
[8], which is mainly aligned with IAB-node behaviour with Option 1 in Proposal 1. In other words, this condition can also be interpreted as the condition whereby the IAB-node does not perform local rerouting, including the partial local rerouting in Proposal 2.  Another option is to limit the propagation of Type 2 Indication to only one hop [5], which is expected for stable topology management.  Obviously, it’s still depends on how Type 2 Indication is sent in the dual connectivity case, i.e., Proposal 1 and whether the “partial” local rerouting at the child node is considered, i.e., Proposal 2. So, the details should be left as FFS at this point.  
Proposal 9 RAN2 should agree that the propagation of Type 2 Indication to descendant nodes is supported. FFS on detailed condition, e.g., forwarding only if the IAB-node does not perform any local rerouting. 
2.6. Deactivation or reduction of SR and/or BSR by Type 2 Indication 
RAN2#113e agreed “Type-2 RLF indication may be used to trigger deactivation or reduction of SR and/or BSR transmissions” [3], but RAN2#116e agreed the following [2]. 
	· [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.


It could be considered to be an IAB-MT behaviour, so we still think it should be clearly specified; otherwise, it’s unclear how the implementation works, e.g., whether the IAB-MT is allowed to avoid the UL transmission even if the condition specified for UL transmission is fulfilled. Although the agreement above has been reached, there is still the FFS issue of whether a Note in specifications needs to be added. In our understanding, a Note is useful for implementing IAB-MT since it prevents unnecessary misunderstanding of specification compliances, e.g., the condition where one implements it according to RAN2’s intention while another complains it’s not stated in the specification. So, in our view a Note should be added in Stage-2 and Stage 3 specifications. 
Proposal 10 RAN2 should agree to add a Note in Stage-2/3 specifications that the IAB-MT deactivates or reduces SR and/or BSR transmissions when it receives Type 2 BH RLF Indication. 
2.7. Toggling IAB-Support in SIB by Type 2 Indication 
RAN2#116e agreed the following [2]. 

	· [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.


Unlike the case of SR/BSR in section 2.6, it could be considered to be an IAB-DU behaviour, so it’s up to IAB-DU implementation from the beginning. In this sense, we don’t see the need to add a Note for this behaviour. 
Observation 5 The handling of IAB-Support IE is up to IAB-DU implementation, as in Rel-16. 
3. Conclusion 
In this contribution, the remaining issues of Type 2/3 BH RLF Indications and local rerouting are discussed and the possible solutions are proposed.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
In EN-DC, Type 2 BH RLF Indication needs to be sent upon SCG RLF (i.e., NR link), since local rerouting cannot be performed via MCG (i.e., LTE link), whereby this scenario does not experience BH RLF from both CGs (i.e., RRC Reestablishment is not initiated).
Observation 2
In NR-DC with CP/UP separation, e.g., MCG is only for CP while SCG is for UP, Type 2 BH RLF Indication needs to be sent upon SCG RLF (i.e., UP link) even if MCG is still good, similar to the EN-DC case in Observation 1.
Observation 3
The FFS solution “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” is applicable to all the scenarios.
Proposal 1
RAN2 should agree that Type 2 BH RLF Indication is sent when at least one route is unavailable upon BH RLF on any link, i.e., when local re-routing cannot be performed, regardless of whether the IAB-node is configured with single connection or dual connection, and also regardless of whether EN-DC or NR-DC.
Observation 4
Upon reception of Type 2 BH RLF Indication, the child node can have the option if the “partial” local rerouting is performed for better load balancing (i.e., Option B).
Proposal 2
RAN2 should discuss whether the "partial” local rerouting is performed at the child node (i.e., Option B), when its parent in dual connectivity experiences BH RLF.
Proposal 3
RAN2 should agree that Type 2 BH RLF Indication indicates the Routing IDs that are unavailable due to BH RLF.
Proposal 4
RAN2 should agree that the child node considers the Routing IDs to be unavailable, if these Routing IDs are indicated in received Type 2 BH RLF Indication.
Proposal 5
RAN2 should agree that Type 3 BH RLF Indication is sent when at least one route becomes re-available upon successful BH RLF recovery.
Proposal 6
RAN2 should agree that Type e BH RLF Indication indicates the Routing IDs that are re-available due to successful BH RLF recovery.
Proposal 7
RAN2 should agree that the child node considers the Routing IDs to be available, if these Routing IDs are indicated in received Type 3 BH RLF Indication.
Proposal 8
RAN2 should discuss if there is any condition, other than Type 3 BH RLF Indication, for the IAB-node to revert the actions triggered by a previous Type 2 BH RLF Indication, e.g., when the routing configuration is updated.
Proposal 9
RAN2 should agree that the propagation of Type 2 Indication to descendant nodes is supported. FFS on detailed condition, e.g., forwarding only if the IAB-node does not perform any local rerouting.
Proposal 10
RAN2 should agree to add a Note in Stage-2/3 specifications that the IAB-MT deactivates or reduces SR and/or BSR transmissions when it receives Type 2 BH RLF Indication.
Observation 5
The handling of IAB-Support IE is up to IAB-DU implementation, as in Rel-16.
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