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1. Introduction
In RAN2#114e, Enhancements to Integrated Access and Backhaul for NR (eIAB) [1] achieved the following agreements for topology adaptation enhancements [2]: 
	· RAN2 preference is to support inter-topology routing via BAP header rewriting based on BAP routing ID option 4
· Assume that the IAB-donor will configure (alternative) egress links that can be used at local re-routing (at least with same destination, FFS same routing ID)
· 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.
· NR DLInformationTransfer and ULInformationTransfer messages can be enhanced to transfer F1-C related packets in CP/UP separation.

· A new IE named DedicatedInfoF1c can be defined to transfer F1-C related packets via NR RRC message 
· F1-C over RRC and F1-C over BAP should not be supported simultaneously on the same parent link.
· 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.


In this contribution, the details of Type 2/3 BH RLF Indications and local rerouting are discussed. 
2. Discussion 
2.1. Type 2/3 BH RLF Indications 
2.1.1. Type 2 Indication in dual connectivity case 
RAN2 agreed “The trigger to generate a type 2 RLF indication is at RLF detection. FFS whether for both: single and dual connection cases” [2]. In case of single connection with a parent node, the agreement is quite straightforward. On the other hand, it should be further discussed how Type 2 Indication is sent in case of dual connections with two parent nodes. 
In RAN2#113-e, the use cases for Type 2 Indication from the child node’s perspective were agreed as follows [3]: 
	· 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 


In the context of agreements above, it could be considered as the expected behaviour that the child node, who receives Type 2 Indication, does not forward upstream packets to the concerned IAB-node, who sent Type 2 Indication, due to BH RLF at the concerned IAB-node. It’s consistent with the latest agreement that “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” [2]. 

Observation 1 The child node may not be expected to forward upstream packets to the IAB-node who sent Type 2 BH RLF Indication. 
In case of the concerned IAB-node with dual connectivity, Observation 1 is not always true since the concerned IAB-node may perform local rerouting as a Rel-16 behaviour [4]; 

	NOTE:
Data buffering on the transmitting part of the BAP entity, e.g., until RLC-AM entity has received an acknowledgement, is up to implementation. In case of BH RLF, the transmitting part of the BAP entity may reroute the BAP Data PDUs, which has not been acknowledged by lower layer before the BH RLF, to an alternative path.
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Figure 1
 Two cases for upstream packet forwarding from child node’s perspective
So, it’s questionable if the concerned IAB-node should send Type 2 Indication, when it still has an alternative path even after its BH RLF on MCG. Note that the concerned IAB-node may continue local rerouting during MCG Failure Information procedure [5]. 

Observation 2 The child node may forward upstream packets when its parent (the concerned IAB-node) can perform local rerouting, i.e., due to dual connectivity. 
Another scenario with EN-DC is also worth considering. 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) [6]. In this case, SCG RLF directly impacts to the child node’s packet forwarding, so the concerned IAB-node needs to send Type 2 Indication to the child node. On the other hand, MCG RLF (i.e., at LTE link) may not need to trigger Type 2 Indication since SCG link is still available during subsequent RRC Connection Reestablishment procedure, and if the reestablishment fails then Type 4 Indication is sent as in Rel-16 [6]. 
Observation 3 In EN-DC, the parent node should inform the child node of its SCG RLF (i.e., NR link) by Type 2 BH RLF Indication, since the parent node (the concerned IAB-node) cannot perform local rerouting via MCG (i.e., LTE link). 
Considering the observations above, for the IAB-node with dual connections, the following options would be considered when RLF on either MCG or SCG is detected: 
· Option 1: IAB-node does not send Type 2 Indication if it still has alternative path for local rerouting [6]. 

· Option 2: IAB-node sends Type 2 Indication with an information that it has alternative path. 

For both options, the intended outcomes are the same, i.e., the child node can still forward upstream packets to the concerned IAB-node. However, it depends on what the child node will do based on reception of Type 2 Indication and Option 2 is expected to provide more options for better topology-wide management, e.g., the “partial” local rerouting as mentioned afterwards. So, RAN2 should discuss which option is preferable from the child node’s perspective. 
Proposal 1 RAN2 should discuss whether the IAB-node does not send Type 2 BH RLF Indication (i.e., Option 1) or sends it with additional information, e.g., “alternative path available” (i.e., Option 2), when it can perform local rerouting after BH RLF declaration. 
2.1.2. Partial local rerouting due to 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 2: 

· 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 is simple and it’s only the child node’s behaviour if Option 1 above is chosen. However, it may cause the overload at the parent since the parent loses one of link (i.e., MCG or SCG) due to BH RLF. 
Option B is enabled by Option 2 above and can distribute the load among the two parents of the child. So, it’s expected Option B is working for better topology-wide performance. 
Observation 4 If the concerned IAB-node in dual connectivity sends Type 2 BH RLF Indication with some information (i.e., Option 2 in Proposal 2), the child node can have the option if the “partial” local rerouting is performed for better load balancing (i.e., Option B). 
If Option B is preferable, there are two further alternatives for the child node to perform partial local rerouting. 
· Option B1: The child node decides locally which traffic is routed to another parent, based on additional information in Type 2 Indication, e.g., congestion status at its parent node (the concerned IAB-node). 

· Option B2: The donor configures the child node which traffic is routed to another parent. For example, the donor pre-configures the IAB-node with the list of routing IDs for the partial local rerouting when Type 2 Indication informs the child node of its parent’s MCG RLF. 
Option B1 is a distributed scheme by each IAB-node, while Option B2 is a centralized scheme by the donor. Option B1 may be able to follow the dynamic variation of load on a route, while Option B2 may be regarded as a semi-static optimization. Considering the topology-wide objective is managed by the donor, Option B2 would be slightly preferable. 
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 2
 A couple of child node behaviour, no local rerouting and partial local rerouting
2.1.3. Donor’s controllability for Type 2 Indication 
The most promising use case upon Type 2 Indication is for the child node to perform local rerouting, as RAN2 agreed [2]. In RAN2#114-e, it was discussed how Type 2 works together with Type 4, since Type 4 Indication triggers the child node to declare BH RLF which results in local rerouting at the end, as in Rel-16 [4]

 REF _Ref75375209 \w \h 
[6]. Some companies pointed out the local rerouting upon Type 2 reception is configurable by the donor [2]. It makes sense since the donor manages topology-wide objective and knows up-to-date topology-wide performance. 

Proposal 3 RAN2 should agree that the donor configures the IAB-node whether the local rerouting is performed upon reception of Type 2 BH RLF Indication. 

In addition, the donor should be allowed to configure the concerned IAB-node whether Type 2 Indication should be sent when BH RLF is detected. For example, the donor may turn it off, e.g., in case the concerned IAB-node implements Rel-17 while its child node only supports Rel-16, i.e., the “mixed” deployment. 

Proposal 4 RAN2 should agree that the donor configures the IAB-node whether Type 2 BH RLF Indication is sent upon detection of its BH RLF. 

2.1.4. Type 3 Indication in single and dual connectivity cases 
RAN2 agreed “The trigger for type 3 RLF indication transmission is successful recovery after BH RLF. FFS whether for both: single and dual connection cases” [2]. It seems a common understanding that Type 3 Indication reverts the child node behaviour that was initiated by reception of Type 2 Indication. So, Type 3 Indication is only useful if the child node received Type 2 Indication [6]

 REF _Ref75197442 \w \h 
[8]

 REF _Ref75197444 \w \h 
[9]. Such a condition for Type 3 Indication is applicable commonly for both single and dual connection cases, since only Type 2 Indication depends on these cases, e.g., as in Proposal 1 above. 
Proposal 5 RAN2 should agree as common for both single and dual connection cases that Type 3 BH RLF Indication is only sent if Type 2 BH RLF Indication was sent, in addition to the agreed behaviour, i.e., successful recovery of BH RLF. 
2.1.5. Type 2 Indication propagation 
The propagation of Type 2 Indication was suggested in [6]

 REF _Ref75198347 \w \h 
[10]

 REF _Ref75198349 \w \h 
[11]

 REF _Ref75198350 \w \h 
[12]

 REF _Ref75198351 \w \h 
[13], 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 [6]

 REF _Ref75198351 \w \h 
[13], 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 [10], 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 6 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. 
2.1.6. Deactivation or reduction of SR and/or BSR by Type 2 Indication 
RAN2 agreed “Type-2 RLF indication may be used to trigger deactivation or reduction of SR and/or BSR transmissions” [3], but it has not been discussed how to handle this agreement. In our understanding, it could be considered to be an IAB-MT behaviour, so it should be clearly specified.  Regarding deactivation or reduction, the “deactivation” may be simpler from the specification point of view. However, it means SR and/or BSR can be transmitted only after Type 3 Indication reception, which may cause scheduling delay. On the other hand, the “reduction” may allow for the resumption of scheduling immediately after BH link is recovered, although it may cause unnecessary interference. So, RAN2 should discuss whether to support the SR and/or BSR “deactivation”, “reduction” or both. In case both are supported, it should be configurable by the IAB-donor.  In addition, if the “reduction” is supported, it’s unclear how the reduction of SR and/or BSR should be handled. One possibility may be to reuse the concept of prohibit timer, but it should be left as FFS at this point. 
Proposal 7 RAN2 should agree to specify that the IAB-MT deactivates or reduces SR and/or BSR transmissions when it receives Type 2 BH RLF Indication. 
Proposal 8 RAN2 should discuss whether to support SR and/or BSR “deactivation”, “reduction” or both (i.e., configurable), when Type 2 BH RLF Indication is received. 
.
2.2. Local rerouting 
2.2.1. Alternative path configuration by donor 
As quoted in section 2.1.1, the local rerouting is only allowed when BH RLF happens in Rel-16, which covers both BH RLFs on its BH link and its parent’s BH link (i.e., reception of Type 4 Indication. Also, it’s up to IAB-MT which path is used for alternative path at local rerouting, from multiple routes with the same DESTINATION configured by the IAB-donor [4]: 
	For a BAP Data PDU to be transmitted, BAP entity shall:

[…]
-
else if there is an entry in the BH Routing Configuration whose BAP address matches the DESTINATION field, whose BAP path identity is the same as the PATH field, and whose egress link corresponding to the Next Hop BAP Address is available:

-
select the egress link corresponding to the Next Hop BAP Address of the entry;

NOTE 1:
An egress link is not considered to be available if the link is in BH RLF.

NOTE 2:
For each combination of a BAP address and a BAP path identity, there should be at most one entry in the BH Routing Configuration. There could be multiple entries of the same BAP address in the BH Routing Configuration.
-
else if there is at least one entry in the BH Routing Configuration whose BAP address matches the DESTINATION field, and whose egress link corresponding to the Next Hop BAP Address is available:

-
select an entry from the BH Routing Configuration whose BAP address is the same as the DESTINATION field, and whose egress link corresponding to the Next Hop BAP Address is available;

-
select the egress link corresponding to the Next Hop BAP Address of the entry selected above;


On the other hand, for Rel-17 local rerouting, RAN2#114-e agreed “Assume that the IAB-donor will configure (alternative) egress links that can be used at local re-routing (at least with same destination, FFS same routing ID)” [2].  Considering the RAN2#112-e agreement that “RAN2 to discuss local rerouting, including the benefits over central route determination, and on how topology-wide objectives can be addressed” [14], the IAB-donor should have more controllability for local rerouting in terms of alternative path configuration, comparing to Rel-16 mechanism. For example, the IAB-donor knows which route may experience congestion e.g., by number of UE bearers aggregated within a BH RLC channel, so it may want to make the IAB-node to select other route as the alternative path at local rerouting. In this case, the IAB-donor may explicitly configure the IAB-node with the specific alternative path, and the IAB-node shall follow the configuration at local rerouting. In this case, the specific alternative path (i.e., for local rerouting) will be associated with the normal route (i.e., for normal routing) in BH Routing Configuration [6]

 REF _Ref64645265 \w \h 
[15].  Note that Rel-16 mechanism can be still applicable if the IAB-donor does not configure the IAB-node with any specific alternative path, i.e., the IAB-node may still select any path with the same DESTINATION. 
Proposal 9 RAN2 should agree that the IAB-donor can configure the IAB-node with specific alternative paths, which are associated with each normal route, for local rerouting. 
If Proposal 9 is agreeable, the IAB-node, who performs local rerouting, may re-write BAP header even for intra-topology local rerouting, as similar to inter-topology routing as agreed, i.e., Option 4 [2]. It enables to indicate the specific route for local rerouted packets, i.e., in not only one egress link but also the topology-wide route. 
Proposal 10 If Proposal 9 is agreeable, RAN2 should also agree that BAP header re-writing is applicable also for intra-topology local rerouting, as similar to inter-topology routing Option 4. 

2.2.2. Local rerouting command by donor 
As the other aspect for IAB-donor’s controllability, it should be considered that the IAB-donor should be aware of local rerouting and may start/stop the local rerouting at an IAB-node, for coexistence between the local rerouting and the topology-wide objective. For example, if the IAB-donor notices the topology-wide objective cannot be met, the IAB-donor may instruct the IAB-node(s) to start/stop the local rerouting, i.e., load balancing among the routes. 

It’s totally up to IAB-donor implementation how to handle the topology-wide objective due to the local rerouting, but the IAB-donor may need the information and controllability of IAB-nodes’ local decisions. 
Proposal 11 RAN2 should discuss whether the IAB-node needs to inform the IAB-donor when the local rerouting starts/stops. 

Proposal 12 RAN2 should discuss whether the IAB-donor may instruct the IAB-node to start/stop the local rerouting, e.g., for load balancing among the routes. 

3. Conclusion 
In this contribution, the details of Type 2/3 BH RLF Indications and local rerouting are discussed. The issues based on Rel-16 IAB and current agreements are identified, and possible solutions for Rel-17 enhancements are proposed.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
The child node may not be expected to forward upstream packets to the IAB-node who sent Type 2 BH RLF Indication.
Observation 2
The child node may forward upstream packets when its parent (the concerned IAB-node) can perform local rerouting, i.e., due to dual connectivity.
Observation 3
In EN-DC, the parent node should inform the child node of its SCG RLF (i.e., NR link) by Type 2 BH RLF Indication, since the parent node (the concerned IAB-node) cannot perform local rerouting via MCG (i.e., LTE link).
Proposal 1
RAN2 should discuss whether the IAB-node does not send Type 2 BH RLF Indication (i.e., Option 1) or sends it with additional information, e.g., “alternative path available” (i.e., Option 2), when it can perform local rerouting after BH RLF declaration.
Observation 4
If the concerned IAB-node in dual connectivity sends Type 2 BH RLF Indication with some information (i.e., Option 2 in Proposal 2), 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 the donor configures the IAB-node whether the local rerouting is performed upon reception of Type 2 BH RLF Indication.
Proposal 4
RAN2 should agree that the donor configures the IAB-node whether Type 2 BH RLF Indication is sent upon detection of its BH RLF.
Proposal 5
RAN2 should agree as common for both single and dual connection cases that Type 3 BH RLF Indication is only sent if Type 2 BH RLF Indication was sent, in addition to the agreed behaviour, i.e., successful recovery of BH RLF.
Proposal 6
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 7
RAN2 should agree to specify that the IAB-MT deactivates or reduces SR and/or BSR transmissions when it receives Type 2 BH RLF Indication.
Proposal 8
RAN2 should discuss whether to support SR and/or BSR “deactivation”, “reduction” or both (i.e., configurable), when Type 2 BH RLF Indication is received.
Proposal 9
RAN2 should agree that the IAB-donor can configure the IAB-node with specific alternative paths, which are associated with each normal route, for local rerouting.
Proposal 10
If Proposal 9 is agreeable, RAN2 should also agree that BAP header re-writing is applicable also for intra-topology local rerouting, as similar to inter-topology routing Option 4.
Proposal 11
RAN2 should discuss whether the IAB-node needs to inform the IAB-donor when the local rerouting starts/stops.
Proposal 12
RAN2 should discuss whether the IAB-donor may instruct the IAB-node to start/stop the local rerouting, e.g., for load balancing among the routes.
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