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[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
In RAN2#113bis-e, below agreements were reached. This contribution will discuss the FFSs of RLF indication and local rerouting.
	RAN2#113bis-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 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Type-2 RLF indication may be used to trigger deactivation or reduction of SR and/or BSR transmissions 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Local rerouting can be triggered by indication of hop-by-hop flow control. Further details, e.g., on trigger information, trigger conditions, role of CU configuration, are FFS.
RAN2 considers inter-donor-DU local rerouting to be in scope


Discussion
RLF indication
Details of type-2/3 RLF indication
Type-2 and type-3 RLF indication are defined as [1]:
Type 2 – “Trying to recover”: Indication that BH link RLF is detected, and the child IAB-node is attempting to recover from it. 
Type 3 – “BH link recovered”: Indication that the BH link successfully recovers from RLF.
The details of type-2/3 RLF indication include: trigger, cancellation, and transmission.
Trigger
According to the definition of type-2 RLF indication, when IAB-node sends type-2 indication to its child node, it knows the child node may adopt some behaviour, such as local re-routing. IAB-node is aware of channel condition and QoS requirements of all child nodes in this hop. When the IAB-node detects BH link RLF, it will perform RRC reestablishment for RLF recovery. If the IAB-node can recover from BH RLF quickly, or QoS requirement (including delay, reliability) of the service data for the child node is relax, it is not necessary for the IAB-node to send type-2 RLF indication to child node. Meanwhile, if IAB-node sends type-2 RLF indication to all child nodes immediately after it detects BH RLF, the resource consumption is considerable. Considering potential complex factors for the IAB-node to decide whether to trigger a type-2 RLF indication to a child node, we prefer to leave the decision to the IAB-node by implementation.
Observation 1: IAB-node may trigger type-2 RLF indication to a child node by implementation.
After type-2 RLF indication transmission, IAB-node should transmit type-3 RLF indication to the child node if the BH link is recovered, or transmit type-4 RLF indication if RLF recovery is failed.
Observation 2: Type-3 RLF indication should be triggered when BH link is recovered after type-2 RLF indication transmission.
Cancellation
After type-2 RLF indication is triggered but not transmitted, if BH link RLF is recovered, the type-2 RLF indication can be cancelled. However, since IAB-node can trigger type-2 RLF indication by implementation, we don’t need to specify the cancellation of type-2 RLF indication either.
Similarly, after type-3 RLF indication is triggered but not transmitted, if BH link is failed again, IAB-node should cancel the triggered type-3 RLF indication.
Proposal 1: IAB node may trigger or cancel type-2 RLF indication by implementation.
Proposal 2: The trigger condition of type-3 RLF indication should be: BH link is recovered after type-2 RLF indication transmission.
Proposal 3: IAB node can cancel a triggered type-3 RLF indication when BH link is recovered.
Transmission
Type-4 RLF indication is transmitted in a BAP control PDU in which the PDU Type field is 0011. Similarly, type-2 and type-3 RLF indication can be informed by BAP control PDU.


[bookmark: _Ref66997741]Figure 1 BAP control PDU
Two options for type2/type3 BAP control PDU formation can be considered.
· Option 1: Using PDU Type field to indicate type-2 or type-3 RLF indication. For example, in the BAP control PDU format (Figure 1), PDU Type=0100 indicates type-2 RLF indication and PDU Type=0101 indicates type-3 RLF indication.
· Option 2: Using two R bits in BAP control PDU format (Figure 1) to indicate type-2/type-3/ type-4 RLF indications while PDU type is 0011 (BH RLF indication). For example, when PDU Type=0011, RR=00 in Figure 1 indicates type-2 RLF indication; RR=01 indicates type-3 RLF indication; RR=10 indicates type-4 RLF indication.
Both the two options can work well. To align with the regulation of other BAP PDU formats, option 1 is preferred.
Proposal 4: With the BAP control PDU format, new PDU type values are used to indicate type-2 RLF indication and type-3 RLF indication.
Usages of type-2 RLF indication
Three cases are considered in RAN2#113-e agreements:
· Case 1: Type-2 RLF indication may be used to trigger local rerouting;
· Case 2: Type-2 RLF indication may be used to trigger deactivation of IAB-supported in SIB;
· Case 3: Type-2 RLF indication may be used to trigger deactivation or reduction of SR and/or BSR transmissions.
As we discussed in section 2.1.1, when IAB-node transmits type-2 RLF indication to a child node, it knows that the child node needs to do something to recover from it. Case 1 is a typical scenario. When the child node receives a type-2 RLF indication, it can reroute the data with high priority or high QoS requirement to backup path. The child node should decide whether to perform local rerouting and which data should be rerouted by itself.
Proposal 5: Type-2 RLF indication can be used to trigger local rerouting by child node’s implementation.
IAB support is configured by CU to IAB-DU. NW topology and load balance is controlled by CU. If IAB-DU can deactivate IAB support autonomously, the NW topology and load balance may be out of CU’s control.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]If iab-Support can be deactivated by type-2 RLF indication, it should be activated again when the child node receives type-3 RLF indication. Type-2 RLF indication represents a transient state between BH link RLF and BH link recovered or recovery failed. Note system information is updated following the modification period. It is unlikely that the couple of type-2 RLF indication and type-3 RLF indication can match modification period well. Therefore, even if deactivation of iab-Support by child node is allowed, the anticipated effect cannot be achieved. According to above analysis, the deactivation of iab-Support by child node should not be supported
Proposal 6: RAN2 should not support deactivating iab-Support by child node.
For case 3, BSR and SR are mature MAC procedures. Deactivation or reduction of SR and/or BSR transmissions will incur a lot of specification revisions. On the other hand, when IAB-node detects BH link RLF and transmits type-2 RLF indication to child node, it can: 1) receive UL transmission from child node as usual and store them until BH RLF recovery; or 2) reduce/stop resource allocation to child node even if SR/BSR is received. No matter which way is selected by IAB-node, it can reach the same or similar effect as BSR/SR deactivation/reduction. So case 3 is not needed for legacy BSR/SR. Deactivating/reducing pre-emptive BSR and related SR may be allowed. Considering the trigger of pre-emptive BSR is “may”, deactivating / reducing pre-emptive BSR has no specification impact.
Proposal 7: RAN2 should not support deactivating/reducing BSR/SR by child node.
Local rerouting
Local rerouting mechanism in Rel-16 in TS38.300 is quoted as below [2].
	The IAB-node can receive multiple routing configurations with the same destination BAP address but different BAP path IDs. These routing configurations may resolve to the same or different egress BH links. In case the BH link has RLF, the IAB-node may select another BH link based on routing entries with the same destination BAP address, i.e., by disregarding the BAP path ID. In this manner, a packet can be delivered via an alternative path in case the indicated path is not available.


In summary, local rerouting in Rel-16 has three characteristics:
· Triggered by BH link RLF;
· May reroute uplink data to another BH link; 
· Local rerouting is preformed based on pre-configured backup path to the same destination BAP address.
In Rel-17, some companies suggest IAB-node can forward uplink data to its child node when BH link RLF is detected. However, it will incur ping-pong transmission because from the child node’s side, the IAB-node is the Next Hop according to the routing ID in BAP header.
Proposal 8: As Rel-16, local rerouting can be performed on the pre-configured backup path(s) only.
Rel-17 introduced new trigger for local rerouting. RAN2 agreed that “Local rerouting can be triggered by indication of hop-by-hop flow control. Further details, e.g., on trigger information, trigger conditions, role of CU configuration, are FFS.” 
In Rel-16, flow control feedback is triggered by IAB-node by implementation and the BH RLC channel(s) and routing ID(s) to be included in the flow control feedback is up to IAB-node implementation.
So it is impossible to define the trigger information and trigger conditions for the new local rerouting case in detail unless we make major revision on the flow control feedback mechanism.
Observation 3: some details, such as trigger information and trigger conditions cannot be specified unless we make major revision on the flow control feedback mechanism.
After received flow control feedback, the parent node can reroute some data in downstream to other child node(s), or handover the child node to another BH link. The decision should be made by the parent node itself.
Proposal 9: The IAB-node received flow control feedback may perform local rerouting in downstream by implementation.
The last issue of local rerouting is that “RAN2 considers inter-donor-DU local rerouting to be in scope”.
One example of inter-donor-DU local rerouting is shown in Figure 2. In upstream, the routing ID from IAB6 to donor-DU1 is (BDU1, Path1), and the routing ID from IAB6 to donor-DU2 is (BDU2, Path2). IAB3 forwards data from IAB6 to donor-DU1 with routing ID (BDU1, Path1). When IAB3 received type-2 or type-4 RLF indication from IAB1, it may reroute the data in Path2. But donor-DU1 and donor-DU2 have different BAP address, so IAB3 and IAB2 cannot perform local rerouting based on the destination BAP address in BAP data PDU.
There are 3 options to solve the issue:
· Option 1: Configure same BAP address to donor-DU1 and donor-DU2. It is not reasonable for CU to allocate one BAP address to two nodes. 
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Option 2: IAB3 holds 2 routing configurations in the 2 paths, and rewrites the destination BAP address in BAP header from BDU1 to BDU2 when performs local rerouting to donor-DU2. It violates the rule in Rel-16 that BAP header cannot be changed in the intermediate node.
· Option 3: IAB3 and IAB2 store the two BAP addresses of donor-DU1 and donor-DU2, and consider them as same destination. When performing local rerouting, IAB3 and IAB2 mapping the destination BAP address BDU1 to BDU2 internally, and forward the data in the path to dornor-DU2.


[bookmark: _Ref67051102]Figure 2 Example of inter-donor-DU local rerouting
Option 1 is unreasonable. Both option 2 and option 3 can achieve inter-DU rerouting with different specification revisions. Option 2 introduces BAP header rewriting. Option 3 requires the boundary node and the nodes among boundary node and donor-DU2 store two BAP addresses of donor-DUs.
Proposal 10: Select one of below options for inter-DU rerouting:
· The boundary node can rewrite destination BAP address in BAP header;
· The boundary node and impacted node(s) store BAP addresses of two donor-DUs and consider them as one destination.
Conclusion
[bookmark: OLE_LINK60][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the discussion in section 2, we get below proposals:
RLF indication
Observation 1: IAB-node may trigger type-2 RLF indication to a child node by implementation.
Observation 2: Type-3 RLF indication should be triggered when BH link is recovered after type-2 RLF indication transmission.
Proposal 1: IAB node may trigger or cancel type-2 RLF indication by implementation.
Proposal 2: The trigger condition of type-3 RLF indication should be: BH link is recovered after type-2 RLF indication transmission.
Proposal 3: IAB node can cancel a triggered type-3 RLF indication when BH link is recovered.
Proposal 4: With the BAP control PDU format, new PDU type values are used to indicate type-2 RLF indication and type-3 RLF indication.
Proposal 5: Type-2 RLF indication can be used to trigger local rerouting by child node’s implementation.
Proposal 6: RAN2 should not support deactivating iab-Support by child node.
Proposal 7: RAN2 should not support deactivating/reducing BSR/SR by child node.
Local Rerouting
Proposal 8: As Rel-16, local rerouting can be performed on the pre-configured backup path(s) only.
Observation 3: some details, such as trigger information and trigger conditions cannot be specified unless we make major revision on the flow control feedback mechanism.
Proposal 9: The IAB-node received flow control feedback may perform local rerouting in downstream by implementation.
Proposal 10: Select one of below options for inter-DU rerouting:
· The boundary node can rewrite destination BAP address in BAP header;
· The boundary node and impacted node(s) store BAP addresses of two donor-DUs and consider them as one destination.
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