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1	Introduction
[bookmark: _Hlk61469411]This contribution discusses the aspects of re-routing and RLF indications for topology-adaptation enhancements.
In that context, RAN2 has made so far the following agreements:
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.

2	RLF-indication types 2 and 3
2.1	Conditions for transmission of BH RLF type 2/3/4 notifications
RAN2 needs to discuss the procedure defining when the IAB node sends RLF Type 2 “Trying to recover” or RLF Type 3 “BH link recovered” indication. Three cases can be differentiated: 
· IAB node in single connectivity detects RLF
· IAB node in DC detects MCG RLF
· IAB node in DC detects SCG RLF
2.1.1 IAB node in single connectivity detects RLF
For Rel-16, TS 38.300 [4] clause 9.2.7 describes the condition for sending BH RLF indication Type 4 (Recovery failure): 
“In case the RRC reestablishment procedure fails, the IAB-node may transmit a BH RLF indication to its child nodes. The BH RLF indication is transmitted as BAP Control PDU.”
The procedure for Type 2 and Type 3 RLF indications could be harmonized with the approach specified for RLF Type 4, by triggering those in dependency on the RRC reestablishment procedure:
[bookmark: _Hlk67501418]Proposal 1:	In case the RRC reestablishment is initiated (i.e., when timer T311 is started), the IAB-node shall transmit a BH RLF Type 2 indication – “Trying to recover” to its child nodes. 
Proposal 2:	In case the RRC reestablishment is successful (i.e., when timer T311 is stopped) and the node has previously sent a BH RLF Type 2 indication, the IAB-node shall transmit a BH RLF Type 3 indication – “BH link recovered” to its child nodes.
In case the RRC reestablishment fails (i.e., when timer T311 has expired, and the IAB-MT goes to RRC_IDLE), type 4 RLF (recovery failure) indication shall be sent as already specified. 
2.1.2 IAB node in DC detects RLF in MCG
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.
Observation 1:	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. 
[bookmark: _Hlk67501434]Proposal 3:	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 – “Trying to recover” to its child nodes. 
If an IAB node in DC indicates to its child nodes nothing more than that it is trying to recover from RLF, its child nodes may trigger local re-routing (and/or alter IAB-support indication in SIB or reduce SR/BSR transmissions) unnecessarily. For example, the child nodes may re-route traffic that remains fully routable via the still-functional cell group of the IAB node sending the indication.
Observation 2:	If an IAB node in DC, regardless of whether it detects MCG RLF or SCG RLF, indicates to its child nodes nothing more than that it is trying to recover from RLF, its child nodes may trigger local re-routing (and/or alter IAB-support indication in SIB, or reduce SR/BSR transmissions) unnecessarily.
Proposal 4:	For the case that only part of the traffic cannot be rerouted, the type-2 RLF indication shall contain a list of BAP-destinations (from the indicating node’s routing configuration) that are unreachable due to the RLF. The absence of this list indicates that no upstream destination is reachable via the indicating node.
Proposal 5:		In case the MCG failure has been solved or is no longer relevant (e.g., after RRCReconfiguration with reconfigurationwithSync for the PCell or after MobilityFromNRCommand when all BAP destinations are reachable again) and the node has previously sent a BH RLF Type 2 indication, the IAB-node shall transmit a BH RLF Type 3 indication – “BH link recovered” to its child nodes.
In case the IAB node in DC performs RRC reestablishment (e.g., after the expiry of T316), the IAB node shall send the BH RLF Type 2/3/4 indications upon the same events as a node in SC (as in proposal 1 and 2 above). 
2.1.3 IAB node in DC detects RLF in SCG
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.
Observation 3: 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.
[bookmark: _Hlk67501447]Proposal 6:	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 – “Trying to recover” to its child nodes. 
As stated in Proposal 4, the type-2 RLF indication may contain a list of BAP-routing destinations that are unreachable due to the RLF.
The MN handles the SCG Failure Information message and may decide to keep, change, or release the SN/SCG. (Secondary Node Modification/Secondary Node Release/Secondary Node Change)
[bookmark: _Hlk67501459]Proposal 7:	In case the SCG failure has been solved or is no longer relevant (e.g., after Secondary Node Modification or Secondary Node Change or after a Secondary Node Release with a change of the BH routing configuration so that all BAP destinations are reachable) and the node has previously sent a BH RLF Type 2 indication, the IAB-node shall transmit a BH RLF Type 3 indication – “BH link recovered” to its child nodes.
2.2	Behaviour upon reception of RLF type 2 and type 3 indications
If a received Type-2 indication contains a list of unreachable BAP destinations, there is no reason for local re-routing of traffic addressed to other destinations.
Proposal 8:	If a received Type-2 RLF indication contains a list of unreachable BAP destinations, local re-routing is allowed only for traffic addressed to the listed destinations.
In case a BH Type-2 RLF indication if followed by a BH Type-3 RLF indication, it implies recovery of the BH, hence BAP destinations reachability. In that scenario, the traffic continues and it should be possible to reverse the actions triggered by the Type-2 RLF indication: 
[bookmark: _Hlk67501467]Proposal 9:	After reception of a BH RLF Type 3 indication, the actions triggered upon reception of a previous BH RLF Type 2 indication may be reversed. 
Please note that with these procedures, a received RLF Type 2 indication is NOT directly forwarded to other child nodes. As example, a node may first receive a RLF Type 2 indication from its parent node and act on it, at a later stage, the node may receive then a RLF Type 4 indication from its parent node which would then trigger RRC re-establishment and sending of RLF Type 2 indications to the child nodes. 
3	Re-routing
3.1	IAB node as dead end for downstream traffic
An IAB node can become a dead end for downstream traffic toward a given destination node if all downlink hops toward the destination are no longer available. In such a case, Rel-16 IAB does not allow re-routing of such data from the dead-end node, or re-transmitting and re-routing from an ancestor node of the dead-end node.
Observation 4:	Rel-16 IAB does not allow re-routing of downstream data having reached an IAB node with all downlink hops toward a given destination unavailable.
There are different options for guiding such traffic to its destination.
Option 1:	BAP-routing paths towards a descendant node with a parent node as next hop. As discussed in [3], this is a generalization of routing paths with both UL and DL hops, from its previously proposed version where upstream data is routed via dual-connected descendant nodes. In this case, such routing paths would remain as re-routing options at an IAB node that has run out of DL-only routes toward the destination (Figure 1).
[image: ]
Figure 1. Re-routing towards a descendant node with a parent node as next hop
Option 2:	uplink indication that certain BAP destination(s) have become unreachable. Reception of such an indication allows re-routing by the parent node, if it has alternative routes available, or else forwarding the indication further to grandparent node(s). This option has two possible variants:
2A:	indication not accompanying data. This could be a BAP control PDU listing BAP destinations that are unreachable from the node sending this indication. It would allow re-routed retransmission by the parent node, of data that the parent node has buffered possibly despite RLC ACKs received, as proposed in the next section. It minimizes the number of hops that the data needs to travel to the destination.
2B:	undeliverable indication in the header of a BAP PDU returned to parent node. This variant, like option 1, involves the data being sent back and forth (from and to the parent node), but allows buffering of data at only one node at a time.
Proposal 10: 	Re-routing of downstream data having reached an IAB node with all downlink hops toward a given destination unavailable is supported by: 
1) BAP-routing paths with a parent node as next hop, or
2A) uplink indication (not accompanying data) that certain destinations are unreachable, or
2B) undeliverable-indication in the header of a BAP PDU returned to parent node.

3.2	Local rerouting enhancements in case of BH RLF 
In Rel-16, when a BH RLF occurs, rerouting can be done locally at the IAB node if there is an alternative route to the same destination node. As illustrated in Fig. 1, in case Path#1 is not available due to the BH RLF between IAB#1 and IAB#2 (see Scenario a), IAB#1 may select Path#2 via IAB#4 for the BH data destined to Donor DU. However, if IAB#2 cannot deliver a packet to IAB#3 due to the BH RLF between IAB#2 and IAB#3 (see Scenario b), local rerouting is not feasible at IAB#2 as there is no alternative route to the same destination node. 
Observation 5:	Local rerouting can be done at the IAB node if there is an alternative route to the same destination node.
[bookmark: _Ref31279811][image: ]
Figure 2. Multi-hop IAB deployment with two paths to the destination (Upstream traffic)
Rel-16 also introduces the BH RLF indication for the failure handling when an IAB node fails to recover from a BH RLF. For instance, in Fig. 1, in case Path#1 is not available due to the BH RLF recovery failure between IAB#2 and IAB#3 (see Scenario b), BH RLF indication may be sent to IAB#1. If the rerouting is possible at IAB#1, IAB#1 may select Path#2 via IAB#4 for the BH data, which is destined to Donor DU, for the future routing. On the other hand, BAP PDUs which were successfully sent to IAB#2 but not to IAB#3 (due to a BH RLF in Path#1) cannot be rerouted by IAB#1 to IAB#4. That is because BAP entity may only reroute the BAP Data PDUs, which were not acknowledged by the lower layer, to an alternative path [1]. However, to enable improved local rerouting by a child IAB node in case of BH RLF at a parent node, the BAP PDUs can be stored by the BAP entity until the expiry of a BAP discard timer despite the received RLC ACKs. This way, the data packets can be rerouted by a child IAB node via an alternative path if a BH RLF indication is received while the PDUs are still not discarded. In this case, to avoid congestion and fulfil the QoS requirements, the BAP discard timer needs to be specified, which determines the maximum time interval that a PDU can be stored by the BAP entity. The BAP discard timer was also proposed at 3GPP RAN2#111e meeting [2]. 
Observation 6:	In case of BH RLF, BH RLF indication may be sent to the child nodes. Rerouting may be possible at a child IAB node if an alternative path exists when the BH RLF indication is received. 
Observation 7:	Since the BAP entity may only reroute the BAP Data PDUs, which were not acknowledged by the lower layer, to an alternative path, it is not possible at the child IAB node to locally reroute the BAP PDUs which were successfully sent to the parent IAB node but not to the ancestor in case of a BH failure between the parent and ancestor nodes.
[bookmark: _Hlk61469229]Proposal 11:	BAP PDUs are not discarded by the BAP entity until the expiry of a BAP discard timer despite the received RLC ACKs. In case of a received type-2 or type-4 BH RLF indication, buffered PDUs are rerouted by the child IAB node via an alternative path.
3.3	Flow-control feedback as re-routing trigger
RAN2#113 agreed the following re-routing trigger.
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#114 agreed:
	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.



While the options in the email discussion [Post114-e][075][eIAB] Open Issues on Re-routing (Huawei) further develop various enablers, they do not  fully address the question what kind of value would justify local re-routing? Rel-16 BAP flow-control feedback indicates Available buffer size either per RLC channel, or per Routing ID. The Available buffer size can be anything between 0 and 16 GB. 
In Rel.16, local re-routing was allowed only upon RLF. To make the new flow-control-based re-routing trigger as aligned as possible with the Rel-16 behavior, local re-routing should be allowed only for traffic for which the received flow-control feedback indicates Available buffer size = 0.
Proposal 12:	An indication of Available buffer size = 0 is the only allowed local-re-routing trigger based on received flow-control feedback (to maximize alignment with Rel-16 local re-routing).
4	Conclusion
In this contribution we made the following observations and proposals:
Proposal 1:	In case the RRC reestablishment is initiated (i.e., when timer T311 is started), the IAB-node shall transmit a BH RLF Type 2 indication – “Trying to recover” to its child nodes. 
Proposal 2:	In case the RRC reestablishment is successful (i.e., when timer T311 is stopped) and the node has previously sent a BH RLF Type 2 indication, the IAB-node shall transmit a BH RLF Type 3 indication – “BH link recovered” to its child nodes.
Proposal 3:	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 – “Trying to recover” to its child nodes. 
Proposal 4:	For the case that only part of the traffic cannot be rerouted, the type-2 RLF indication shall contain a list of BAP-destinations (from the indicating node’s routing configuration) that are unreachable due to the RLF. The absence of this list indicates that no upstream destination is reachable via the indicating node.
Proposal 5:		In case the MCG failure has been solved or is no longer relevant (e.g., after RRCReconfiguration with reconfigurationwithSync for the PCell or after MobilityFromNRCommand when all BAP destinations are reachable again) and the node has previously sent a BH RLF Type 2 indication, the IAB-node shall transmit a BH RLF Type 3 indication – “BH link recovered” to its child nodes.
Proposal 6:	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 – “Trying to recover” to its child nodes. 
Proposal 7:	In case the SCG failure has been solved or is no longer relevant (e.g., after Secondary Node Modification or Secondary Node Change or after a Secondary Node Release with a change of the BH routing configuration so that all BAP destinations are reachable) and the node has previously sent a BH RLF Type 2 indication, the IAB-node shall transmit a BH RLF Type 3 indication – “BH link recovered” to its child nodes.
Proposal 8:	If a received Type-2 RLF indication contains a list of unreachable BAP destinations, local re-routing is allowed only for traffic addressed to the listed destinations.
Proposal 9:	After reception of a BH RLF Type 3 indication, the actions triggered upon reception of a previous BH RLF Type 2 indication may be reversed. 
Proposal 10: 	Re-routing of downstream data having reached an IAB node with all downlink hops toward a given destination unavailable is supported by: 
1) BAP-routing paths with a parent node as next hop, or
2A) uplink indication (not accompanying data) that certain destinations are unreachable, or
2B) undeliverable-indication in the header of a BAP PDU returned to parent node.

Proposal 11:	BAP PDUs are not discarded by the BAP entity until the expiry of a BAP discard timer despite the received RLC ACKs. In case of a received type-2 or type-4 BH RLF indication, buffered PDUs are rerouted by the child IAB node via an alternative path.
Proposal 12:	An indication of Available buffer size = 0 is the only allowed local-re-routing trigger based on received flow-control feedback (to maximize alignment with Rel-16 local re-routing).
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