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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous meetings, in principle it was agreed to support the BH RLF related indications and the application of CHO procedure for IAB topology migration. Still further discussions are needed on the details. In this paper, we will share our views on: 
· the Type2/Type3 BH RLF indication triggering, BH RLF indication content and the behavior of an IAB node upon the reception of the BH RLF indications;
· CHO procedure, CHO triggering events, support of both intra-donor-DU CHO and intra-CU inter-donor-DU CHO of a migration IAB node, and CHO of its downstream IAB nodes, etc.

2. Discussion
[bookmark: _Toc68197810]In the following, BH RLF indications and CHO are discussed respectively. 
2.1. BH RLF indication
In previous meetings, it was agreed to support type 2 BH RLF indication (BH RLF Detection) and Type3 BH RLCF indication (BH RLF recovery) in Rel-17 in addition to Type 4 BH RLF indication introduced in Rel-16. Below are related agreements on Type 2 and Type 3 BH RLF in recent meetings:
	On BH RLF indication at RAN2#113-e [1]:
· 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 deactivation or reduction of SR and/or BSR transmissions
On BH RLF indication at RAN2#114-e [2]:
· 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.


It was agreed that the behaviors of an IAB-MT upon reception of type-2/3 RLF indication should be discussed, and one possible action the IAB-MT will perform is to trigger deactivation or reduction of SR and/or BSR transmissions once it receives Type-2 RLF indication.
In Rel-16, it was specified that an IAB-MT may also be configured with pre-emptive BSR procedure while the above agreements does not mention whether preemptive BSR procedure should also be deactivated upon Type 2 RLF indication reception as well. If regular BSR procedure is deactivated upon the reception of Type 2 BH RLF indication, it is meaningless to keep the preemptive BSR procedure effective. Hence, we think the agreement to deactivate BSR procedure upon Type 2 RLF indication reception should be extended to Pre-emptive BSR procedure:
Proposal 1 [bookmark: _Ref68205143]Type-2 BH RLF indication may be used to trigger deactivation or reduction of Pre-emptive BSR transmissions.
Type-3 RLF indication represents that the previously failed BH link has been recovered, in case the SR/BSR/Pre-emptive BSR transmissions are deactivated rather than being cancelled directly, we believe the reception of type-3 RLF indication can also be used as a signal to activate the deactivated SR/BSR/Pre-emptive BSR.
Proposal 2 [bookmark: _Ref68205147]Type-3 BH RLF indication can be used to activate/reactivate SR/BSR/Pre-emptive BSR procedure.
It was agreed that type 3 RLF indication will not be sent to child node(s) unless the link that experienced BH RLF for an IAB node has successfully recovered. For one IAB node whose parent IAB node has detected BH RLF, there are basically two cases for this successful recovery:
· Case a: The parent node recovered to a parent IAB node whose IAB-donor-DU is the original IAB-donor-DU of the IAB node;
· Case b: The parent node recovered to a parent IAB node whose IAB-donor-DU is not the original IAB-donor-DU of the IAB node.
Observation 1 [bookmark: _Ref79147473]For an IAB node, there are basically two cases for the successful BH RLF recovery of its parent IAB node, i.e., 
a. the parent IAB node has recovered to the original IAB-donor-DU; 
b. the parent IAB node has recovered to a new IAB-donor-DU other than the original one.
For Case b above, there are further two subcases:
· Case b1: intra-CU inter-IAB-donor-DU recovery, i.e., the new IAB-donor-DU belongs to the original CU;
· Case b2: inter-CU inter-IAB-donor-DU recovery, i.e., the new IAB-donor-DU belongs a new CU other than the original one.
Observation 2 Case b above includes two subcases: intra-CU inter-IAB-donor-DU recovery and inter-CU inter-IAB-donor-DU recovery.
In case of inter-IAB-donor-DU recovery, for Case a, the existing BH routing configurations to the original IAB-donor-DU is still valid and applicable; while for Case b, the existing BH routing configurations for uplink transmission to the original IAB-donor-DU is not valid any longer. If an IAB node in the downstream of the IAB node recovered from BH RLF generates a BAP PDU with the BAP address of the original IAB-donor-DU, the BAP PDU will be discarded by its parent IAB node according to existing BAP procedure since there is no path to the original IAB-donor-DU after BH RLF recovery. The similar analysis also applies for bearer mapping, i.e. the existing bearer mapping after inter-IAB-donor-DU recovery is also not applicable for a downstream IAB node as well. The sub-optimal of bearer mapping may cause ambiguity of QoS control of the transmissions. 
Observation 3 [bookmark: _Ref79147490]In case the parent IAB node of an IAB node recovers to an IAB-donor-DU other than the original one, for this IAB node,
a. the existing BAP routing and bearer mapping configurations becomes invalid;
b. the generated BAP PDUs with the BAP address of the original IAB-donor-DU may be discarded by its upstream IAB nodes.
To avoid data loss and the meaningless transmission in UL, the downstream IAB-node(s) need to differentiate whether Case a or Case b recovery has occurred for its parent IAB node. Hence, the parent IAB node after successful BH RLF recovery should inform the topology change information to the downstream IAB nodes. 
Proposal 3 [bookmark: _Ref79147493]For IAB node, the Type 3 RLF indication from its parent IAB node should at least indicate if the parent IAB node has recovered to the original IAB-donor-DU or not.
Assuming that a Type3 BH RLF indication can indicate the change of IAB-donor-DU, the IAB node which has received the Type3 BH RLF indication should act according to the content of Type 3 RLF indication. When the Type3 BH RLF indication indicates the parent node has recovered to the original IAB-donor-DU, the IAB node can regard the uplink data routing returns to normal and the UL BAP PDU generation and transmission can perform according to existing BH routing and bearer mapping configurations. Otherwise, if the Type3 BH RLF indication indicates that its parent IAB node has recovered to the IAB-donor-DU other than the original one, the IAB node should stop UL data transmission until its UL BH routing is reconfigured.
Proposal 4 [bookmark: _Ref79147515]When the Type-3 BH RLF indication indicates that the parent IAB node has recovered to the original IAB-donor-DU, the IAB node generates and transmits the UL BAP data PDU according to original BAP routing configurations.
Proposal 5 When the Type-3 BH RLF indication indicates the switch of IAB-donor-DU, the BAP data PDU generation and transmission should be stopped in UL until new BAP routing configuration has received.
According to the above agreements, there is an issue of Type 2/3 BH RLF indication triggering in case of single and DC cases. 
· For single connection case, the logic seems straight forward, i.e. Type 2 BH RLF can be triggered when the RLF is detected in the BH link to the parent IAB node and then Type 3 BH RLF indication can be triggered when the IAB node has recovered the BH link to a parent IAB node. 
· For DC case, there is an issue that whether Type 2 BH RLF indication should be triggered when one of the connection has failed or only when both connection has failed. Further, in case when only one connection encounters RLF for an IAB node in DC, there were also discussions that the IAB node should further evaluate if the rest connection can offer enough capacity to offload the traffic of the connection suffering RLF. 
Regarding the triggering conditions of type 2/3 BH RLF indications, there can be many different cases, it seems complex to list all possible cases when we consider various factors such as the availability of connections, the availability of capacity for offloading, the traffic load situation and the QoS requirement, etc. As IAB node is a network device, we can assume that it can properly determine when to trigger the Type 2/3 BH RLF indications. 
Proposal 6 The triggering conditions of Type 2/3 BH RLF indication can be up to the implementation.

2.2. CHO 
In RAN2-113e, there were the following agreements regarding CHO:
	RAN2 to discuss CHO and start with intra-donor CHO until RAN3 has made progress on inter-donor IAB-node migration.
R2 confirm the intention Rel-16 CHO is / can be used for IAB-MT (FFS whether any modification is needed). 
R2 assumes that Rel-16 specification is the baseline for the configuration of default route, IP address(es) and target path for intra-donor CHO.


In RAN2-113bise, there were the following agreements with respect to CHO:
	The use cases for IAB-MT CHO should be migration and RLF recovery.
RAN2 should have a common solution for intra-CU/intra-DU CHO and intra-CU/inter-DU CHO. 
condEventA3 and condEventA5 are applicable to IAB-MT
FFS if other CHO execution condition is needed (e.g. whether type 2 RLF indication can be used as trigger)



The existing CHO procedure in R16 was designed for single UE handover. When certain preconfigured radio condition for a preconfigured handover command for a UE fulfils, the handover is triggered at the UE side and the UE initiates connection setup with the target cell. However, for an IAB node, there can be descendant nodes (UE/IAB node), wherein the migration of an IAB node impacts on BAP routing of its descendant nodes. 
For intra-donor intra-donor-DU migration of an IAB node, the destination addresses of both UL and DL data transmission for both the migration IAB node and its descendant IAB nodes have not been changed after the migration of an IAB node. However, the configured BAP paths for the descendant IAB nodes of the migration IAB node of the migrated IAB nodes are corrupted due to the parent IAB-DU switch of the migration IAB node. 
Observation 4 After the intra-CU intra-IAB-donor-DU migration of an IAB node based on CHO cmd, the original UL/DL BAP paths for its descendant IAB nodes may become sub-optimal.
According the existing BAP routing configuration, the migration IAB node can select a proper next stop IAB node for data forwarding according to the destination BAP address for any received BAP PDU to be forwarded, even though the carried BAP path in this BAP PDU is invalid. This means that there is no data loss and the service data transmission can continue during and after the intra-CU intra-donor-DU migration procedure. However, the invalid BAP path may cause sub-optimal bearer mapping and sub-optimal egress BH link selection, which may results bad data transmission quality. Hence, egress BH link selection based on the invalid BAP path carried in the BAP PDU should not be a usual situation because it can cause uncertainty for QoS management (e.g., latency, data rate). Considering this, we propose: 
Proposal 7 [bookmark: _Ref68076613]In case that the intra-CU intra-IAB-donor-DU CHO is performed for a migration IAB node, RAN2 to support at least the BAP routing reconfiguration of its descendant IAB nodes in response.
According to the LS regarding reduction of service interruption during intra-donor IAB-node migration [3] from RAN3, there are two candidate top-down migration solutions within which Solution 2 is that an IAB node buffers its handover commands and initiates reconfiguration based on the buffered handover command upon reception of a specific indication from its parent IAB node. The relevant contents from [3] is copied below for reference.
	Solution 2:
The RRCReconfiguration message for TNL migration of the descendant-node IAB-MT is buffered by the descendent-node’s IAB-MT itself, and it is executed only when an indication is received from the parent IAB-DU. The indication of buffering and conditional execution may be included in the RRCReconfiguration. The condition for initiation and propagation of this indication is set so that it causes a sequential execution of RRCReconfigurations downstream.
While exact details of Solution 2 are still FFS, an example procedure is provided in Figure 2.



Figure 2. Example procedure for Solution 2 (R3-211740)




From the above reference, it can be seen that Solution 2 is actually a CHO procedure, i.e. the handover of a downstream IAB node is performed in response the specific indication from its parent IAB node and that the procedure applies both intra-CU inter-IAB-donor-DU migration and intra-CU inter-IAB-donor-DU migration.
Observation 5 In RAN3, CHO based intra-CU migration, including intra-IAB-donor-DU migration and intra-CU inter-IAB-donor-DU cases, was already accepted as candidate solution for topology wise migration.
Based on the above discussions, we think it is reasonable to extend the application of CHO to intra-CU inter-donor-DU case:
Proposal 8 RAN2 to support both intra-CU intra-IAB-donor-DU migration and intra-CU inter-IAB-donor-DU migration based on CHO procedure.
Proposal 9 RAN2 to support the CHO triggering for an IAB node based on the indication (e.g. CHO is triggered) from its parent IAB node. 
According to the minutes from RAN2#113bis-e, there is still one open issue on whether RLF detection, Type 2/4 RLF indication should be supported to trigger CHO for an IAB node. Below are some related analyses:
· CHO triggering by Type 2 RLF indication 
Assuming the topology that is being used has already been well optimized for an IAB node, the current parent IAB node (IAB node A) of this IAB node can be assumed to be the best one among all candidate parent IAB nodes.  When Type 2 RLF indication is received while no corresponding Type 4 RLF indication has been received from its parent IAB node yet, its parent IAB node is trying to recover the radio connection, with either the original parent IAB node or a new one. If an IAB node switches to another parent IAB node upon Type 2 RLF indication reception while afterwards its original parent IAB node has successfully recovered the radio connection, the IAB network topology may have to be adapted back to the original parent IAB node in order to optimize the IAB network topology, which means additional signal procedure and the service interruption due to such back and forth topology adaptation.
· CHO triggering by Type 4 RLF indication or RLF detection
According to the existing procedure for CHO, it has already been allowed for a UE to perform reconfiguration using a stored CHO command if the selected cell is one of the candidate cells of the store CHO command [3]. The corresponding specification [3] is attached below for reference:
	5.3.7.3	Actions following cell selection while T311 is running
Upon selecting a suitable NR cell, the UE shall:
1>	ensure having valid and up to date essential system information as specified in clause 5.2.2.2;
1>	stop timer T311;
1>	if T390 is running:
2>	stop timer T390 for all access categories;
2>	perform the actions as specified in 5.3.14.4;
1>	if the cell selection is triggered by detecting radio link failure of the MCG or re-configuration with sync failure of the MCG, and
1>	if attemptCondReconfig is configured; and
1>	if the selected cell is one of the candidate cells for which the reconfigurationWithSync is included in the masterCellGroup in VarConditionalReconfig:
2>	apply the stored condRRCReconfig associated to the selected cell and perform actions as specified in 5.3.5.3;

NOTE 1:	It is left to network implementation to how to avoid keystream reuse in case of CHO based recovery after a failed handover without key change.




Observation 6 [bookmark: _Ref71307520]CHO triggering by RLF detection or Type 2 RLF indication may result in ping-pong topology adaptation.
Observation 7 [bookmark: _Ref71307523]The IAB-MT can perform migration according to the stored CHO cmd according to Rel-16 CHO procedure in case of RLF, which means that RLF recovery upon reception of Type 4 RLF indication or RLF detection is not necessary.
Proposal 10 [bookmark: _Ref71307532]New CHO triggering conditions for IAB node migration, such as RLF detection, Type 2/Type4 RLF indication, are not supported.
3. Conclusion
In this paper we have discussed BH RLF indications and the intra-CU intra-IAB-donor-DU and intra-CU inter-IAB-donor-DU CHO procedure. There are the following observations:
Observation 1 For an IAB node, there are basically two cases for the successful BH RLF recovery of its parent IAB node, i.e., 
a. the parent IAB node has recovered to the original IAB-donor-DU; 
b. the parent IAB node has recovered to a new IAB-donor-DU other than the original one.
Observation 2 Case b above includes two subcases: intra-CU inter-IAB-donor-DU recovery and inter-CU inter-IAB-donor-DU recovery.
Observation 3 In case the parent IAB node of an IAB node recovers to an IAB-donor-DU other than the original one, for this IAB node,
a. [bookmark: _GoBack]the existing BAP routing and bearer mapping configurations becomes invalid;
b. the generated BAP PDUs with the BAP address of the original IAB-donor-DU may be discarded by its upstream IAB nodes.
Observation 4 After the intra-CU intra-IAB-donor-DU migration of an IAB node based on CHO cmd, the original UL/DL BAP paths for its descendant IAB nodes may become sub-optimal.
Observation 5 In RAN3, CHO based intra-CU migration, including intra-IAB-donor-DU migration and intra-CU inter-IAB-donor-DU cases, was already accepted as candidate solution for topology wise migration.
Observation 6 CHO triggering by RLF detection or Type 2 RLF indication may result in ping-pong topology adaptation.
Observation 7 The IAB-MT can perform migration according to the stored CHO cmd according to Rel-16 CHO procedure in case of RLF, which means that RLF recovery upon reception of Type 4 RLF indication or RLF detection is not necessary.

Based on the above discussions and observations, we have the following proposals:
Proposal 1 Type-2 BH RLF indication may be used to trigger deactivation or reduction of Pre-emptive BSR transmissions.
Proposal 2 Type-3 BH RLF indication can be used to activate/reactivate SR/BSR/Pre-emptive BSR procedure.
Proposal 3 For IAB node, the Type 3 RLF indication from its parent IAB node should at least indicate if the parent IAB node has recovered to the original IAB-donor-DU or not.
Proposal 4 When the Type-3 BH RLF indication indicates that the parent IAB node has recovered to the original IAB-donor-DU, the IAB node generates and transmits the UL BAP data PDU according to original BAP routing configurations.
Proposal 5 When the Type-3 BH RLF indication indicates the change of IAB-donor-DU, the BAP data PDU generation and transmission should be stopped in UL until new BAP routing configuration has received.
Proposal 6 The triggering conditions of Type 2/3 BH RLF indication can be up to the implementation.
Proposal 7 In case that the intra-CU intra-IAB-donor-DU CHO is performed for a migration IAB node, RAN2 to support at least the BAP routing reconfiguration of its descendant IAB nodes in response.
Proposal 8 RAN2 to support both intra-CU intra-IAB-donor-DU migration and intra-CU inter-IAB-donor-DU migration based on CHO procedure.
Proposal 9 RAN2 to support the CHO triggering for an IAB node based on the indication (e.g. CHO is triggered) from its parent IAB node. 
Proposal 10 New CHO triggering conditions for IAB node migration, such as RLF detection, Type 2/Type4 RLF indication, are not supported.
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