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1   Introduction

In the RAN2#113bis-e meeting, we discussed the enhancements regarding how to improve topology adaption. The IAB CHO and potential enhancement are agreed to be enforced in Rel_17. The following agreements regarding CHO for IAB have been reached in previous meetings:
	· RAN2 Agreements

RAN2#112e

· CHO and potential IAB-specific enhancements of CHO is on the table. 

RAN3#113e

· 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.

RAN3#113bis-e

· 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)

· RAN3 Agreements

RAN3#111e

Rel-16 CHO can be considered as baseline for the discussion of CHO for IAB; further analysis is expected

Rel-16 CHO is supported for INTRA-donor migration of IAB-MT

FFS whether the descendant nodes and UEs receive RRC reconfiguration messages before migrating IAB node connects to target path


In this contribution, we will further discuss how to do CHO for IAB. 
2   Discussion

In Rel_16 Mobility enhancement WID, CHO is introduced to reduce the service interruption and reduce the RLF possibility. [1]A Conditional Handover (CHO) is defined as a handover that is executed by the UE when one or more handover execution conditions are met. The UE starts evaluating the execution condition(s) upon receiving the CHO configuration, and stops evaluating the execution condition(s) once a handover is executed (legacy handover or conditional handover execution).

The following principles apply to CHO:
-
The CHO configuration contains the configuration of CHO candidate cell(s) generated by the candidate gNB(s) and execution condition(s) generated by the source gNB.
-
An execution condition may consist of one or two trigger condition(s). Only single RS type is supported and at most two different trigger quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously for the evalution of CHO execution condition of a single candidate cell.
-
Before any CHO execution condition is satisfied, upon reception of HO command (without CHO configuration), the UE executes the HO procedure as described in clause 9.2.3.2, regardless of any previously received CHO configuration.

-
While executing CHO, i.e. from the time when the UE starts synchronization with target cell, UE does not monitor source cell.

In Rel_17 IAB enhancement, in order to enhance the mobility and robustness, CHO can be used for IAB node. 
But due to the IAB multiple hop architecture, as illustrated below, if IAB2 is going to perform handover from source parent IAB3 to target parent IAB4, the descendant node IAB1 and UE behavior should be considered. If we apply the legacy Rel_16 CHO UE behavior to the MT of IAB2, then from the perspective of IAB2 MT, there is nothing needed to be enhanced to support CHO. But how to trigger the handover of descendant IAB node and UE should be considered. 
Since the inter-Donor CU handover is deprioritized, so in this paper, we only discuss the scenario of intra-Donor CU scenario. If the Donor CU is not changed, then there are only three issues to be considered:
Issue 1: the trigger of CHO

In the email discussion of [Post113e][057]CHO and DAPS for IAB, rapporteur listed the following five conditions to trigger CHO for IAB
· Condition 1: condEventA3;
· Condition 2: condEventA5;
· Condition 3: type-4 RLF indication;
· Condition 4: type-2 RLF indication;
· Condition 5: Event A4.
And in the RAN2#113bis-e meeting, only legacy condEventA3 and condEventA5 were agreed to trigger CHO for IAB, which is only the legacy Rel_16 UE behaviour for CHO. 

Potential enhancements to the RLF indication procedure were extensively discussed during the Rel. 16 WI. In the Rel_16 IAB WID, only type 1 RLF notification was agreed. And in RAN2#113 meeting, type 2 and type 3 were agreed to enhance the topology adaption. In general, the proposed approaches to indicating different steps in the RLF/recovery process to descendent IAB nodes can be classified according to table 1:
	 
	Name
	Description

	Type 1
	‎“Plain” notification
	Indication that BH link RLF is detected by the child IAB-node

	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

	Type 4
	Recovery failure‎
	Indication that the BH link RLF recovery failure occurs‎

	Type 4X
	Indicating child nodes to perform RLF procedure‎
	It is implementation when the parent sending this indication, and the child node should perform RLF related ‎procedure when receiving this indication.‎


Table 1: BH link RLF notification types
In the email discussion [2], type 2/3/4 RLF indications were placed on the table to discuss whether these types of RLF indications can be used for CHO. We think for type 2 RLF indication, it means the parent IAB node is “trying” to recovery the RLF. But it is hard to predict whether this parent IAB node can recovery the connection with its own parent node. So for the time being, we can’t have a cursory decision that the type 2 RLF indication can be used for CHO. If the BH link is recovered as what type 3 RLF indication can do, the descendant IAB node may have to handover back to the source parent IAB node, which will cause ping-pong CHO. Furthermore, only type 4 RLF indication can be confirmed that RLF only occurs in the parent link, so we suggest for the time being, type 2 RLF indicating should not be supported. 

Observation 1: type 2 and type 3 RLF notification for CHO cause ping-pong CHO. 

Proposal 1: type 2, type 3 and type 4 RLF indicating for the trigger of CHO of IAB node should not be supported. 

For event A4 (Neighbour becomes better than threshold), this is used for load balancing. Usually A3 is only used for Including Event A4 into existing CHO trigger, it will allow the handover to be performed even when the link quality of serving cell is good enough and CHO candidate cell could be configured due to load balancing or maintaining multiple routes. As usual, if we use event A4 as one of the CHO conditions, ping-pong handover may occur. So we don’t think event A4 should be supported for CHO for IAB.
Proposal 2: event A4 should not be support for IAB CHO.

Issue 2: the UE behavior

For UE1/UE2 in the following diagram, as an intra-Donor CU handover, the PDCP entity is not changed. In addition, the RLC link to IAB2/IAB1 are still not changed. So there is no impact to UE if IAB node performs CHO in intra-Donor CU case. 
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Figure 1: IAB2 CHO
Proposal 3: UE is not impacted in intra-Donor CU CHO case.
Issue 3: the descendant node impact

When IAB2 is performing CHO, IAB1’s routing table should be updated. Since IAB2 will connect to the Donor CU through target parent IAB4. 
In addition, we also should discuss whether IAB1 should perform handover. From the architecture, there is no PDCP entity in IAB1 for RLC channel, but there may be DRB in IAB1. If we consider DRB for IAB1, then IAB1 makes no difference with UE behavior. Since the PDCP entity of IAB1 DRB is still anchored in Donor CU, then the DRB of IAB1 is still not necessarily to be re-established. 
Proposal 4: descendant node DRB is not impacted.
But for the routing table of descendant node, since the parent node occurred CHO, then the routing table of the descendant node should be updated. Furthermore, given the BH between IAB1 and IAB2, the RLC channel should be remapped to the IAB BH between IAB2 and IAB4, so the RLC channel mapping should be updated as well. 
Proposal 5: descendant node routing table and RLC channel mapping should be updated.

In addition, in Rel_16 legacy IAB, the routing table is updated by F1AP BAP mapping configuration message, and the RLC channel mapping is configured by F1AP UE context modification message. These procedures are indeed the subsequent behavior of configuration by Donor CU after CHO is executed. Before the routing and RLC channel mapping is reconfigured by Donor CU, the IAB node/descendant IAB node can only route and map the RLC channel by the default configuration in BAP-config in RRCReconfiguration message:
BAP-Config-r16 ::=                      SEQUENCE {
    bap-Address-r16                         BIT STRING (SIZE (10))                                    OPTIONAL, -- Need M
    defaultUL-BAP-RoutingID-r16             BAP-RoutingID-r16                                         OPTIONAL, -- Need M
    defaultUL-BH-RLC-Channel-r16            BH-RLC-ChannelID-r16                                      OPTIONAL, -- Need M
    flowControlFeedbackType-r16             ENUMERATED {perBH-RLC-Channel, perRoutingID, both}        OPTIONAL, -- Need R
    ...
}
So before the routing and RLC channel remapped by Donor CU, all descendant nodes RLC channels will be mapped to the same UL RLC channel, and all IAB BHs will be routed to the same route. Congestion is predicted before the routing and RLC channel mapping are re-configured by Donor CU. It is proposed to optimize congestion during the gap between CHO is executed and routing and RLC channel mapping are reconfigured. 
Proposal 6: It is proposed to optimize congestion during the gap between CHO is executed and routing and RLC channel mapping are reconfigured. 

3   Conclusion

In this contribution, we discussed the triggering condition of CHO for IAB, and descendant node and the UE behavior, so we will have the following proposals:
Observation 1: type 2 and type 3 RLF notification for CHO cause ping-pong CHO. 

Proposal 1: type 2, type 3 and type 4 RLF indicating for the trigger of CHO of IAB node should not be supported. 

Proposal 2: event A4 should not be support for IAB CHO.

Proposal 3: UE is not impacted in intra-Donor CU CHO case.
Proposal 4: descendant node DRB is not impacted.
Proposal 5: descendant node routing table and RLC channel mapping should be updated.

Proposal 6: It is proposed to optimize congestion during the gap between CHO is executed and routing and RLC channel mapping are reconfigured. 
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