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1. Introduction
The work item on Integrated Access and Backhaul was approved in RAN#82 [1]. In RAN2#109bis-e, the backhaul radio link failure (BH RLF) handling reached the further agreements as follows [2]; 
	· [022] IAB-DU behavior after RLF declaration is left up to implementation. IAB-DU should be able to send RLF notification when RLF recovery fails. 
· [022] Fast MCG link recovery is supported for NRDC and ENDC.


Regarding the conditional handover (CHO) aspects, RAN2 actually had several discussions in the study and work phases. For example, in the section 9.7.15 of TR 38.874 [3], RAN2 identified “Preparation of alternative backhaul links and routes in advance (i.e. before occurrence of RLF)” for efficient BH RLF recovery, whereby this mechanism is considered as CHO. So, CHO is likely configured to each IAB node for the stable BH connection. In addition, RAN2 also discussed various CHO usages in the email discussions [Post109e#36][IAB] [4] and [AT109bis-e][018][IAB]; however, the stage-2 specification eventually removed the CHO aspect from section 9.2.7 [5]. 
In this contribution, the possible enhancements of CHO specific to IAB deployment are discussed. 
2. Discussion 
2.1. Radio Link Failure scenarios in IAB
In the up-to-date IAB stage-2 CR [5] on top of current TS 38.300 [6], Radio Link Failure (RLF) is declared when one of six conditions below is met; 
	The UE declares Radio Link Failure (RLF) when one of the following criteria are met:

-
Expiry of a radio problem timer started after indication of radio problems from the physical layer (if radio problems are recovered before the timer is expired, the UE stops the timer); or

-
Expiry of a timer started upon triggering a measurement report for a measurement identity for which the timer has been configured while another radio problem timer is running; or

-
Random access procedure failure; or

-
RLC failure; or

-
Detection of consistent uplink LBT failures for operation with shared spectrum channel access as described in 5.6.1; or

-   For IAB-MT, the reception of BH RLF indication received from its parent node.


Considering IAB deployment, the first five conditions are related to its own BH link failure, while the last condition is associated with its parent’s BH link failure, as depicted in Figure 1.  For the last condition, it’s obvious that the IAB-MT declares RLF even when its own BH link is still good, upon reception of BH RLF Notification, i.e., the “recovery failure” of its parent’s BH link. 
Observation 1 IAB-MT declares RLF even when its own BH link is still good, upon reception of BH RLF Notification. 
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Figure 1
 RLF associated with different BH link
2.2. Conditional Handover in IAB deployment 
2.2.1. Upon RLF related to its own BH link 
This scenario is common with the regular UE, so the NR mobility enhancement WI [7] properly solved the issues related to CHO evaluation, CHO execution and other behaviours. 
Before RLF declaration, it’s typical that the radio condition of its BH link becomes worse. CHO is likely triggered if the triggering condition (CHO Event A3/A5 depending on CHO configuration) is met [6]. That’s the normal scenario to trigger CHO, whereby the IAB-MT can also use CHO for free. 
Observation 2 In case of the problem on its own BH link, and before RLF declaration, the IAB-MT can trigger CHO, if CHO Event A3/A5 is met due to the bad radio condition of its own BH link, as it is in the current specification. 
After RLF is declared, i.e., in case CHO is not yet triggered, the UE performs cell selection and if the selected cell is a CHO candidate then it attempts CHO execution [6], whereby the IAB-MT can use this mechanism without any enhancement; 
	In case of CHO, after RLF is declared in source cell, the UE:

-
stays in RRC_CONNECTED;

-
selects a suitable cell and if the selected cell is a CHO candidate and if network configured the UE to try CHO after RLF then the UE attempts CHO execution once, otherwise re-establishment is performed;

-
enters RRC_IDLE if a suitable cell was not found within a certain time after RLF was declared.


Observation 3 After RLF declaration, the IAB-MT can attempt CHO execution, if the selected cell is a CHO candidate, as it is in the current specification, regardless of RLF scenarios above. 
Therefore, CHO can be directly applicable to IAB and no specification change is foreseen. However, the current Stage-2 text only describes “RLF recovery using RRC reestablishment procedure” [5], i.e., there is no mention of MCG failure information, SCG failure information and also CHO procedures. 
	When RLF occurs at the IAB BH link, the same mechanisms and procedures are applied as for the access link. This includes BH RLF detection and RLF recovery using RRC reestablishment procedure.


RAN2 already agreed that “Fast MCG link recovery is supported for NRDC and ENDC” [2], and the new failure type “bh-RLF” is introduced in both MCG Failure Information and SCG Failure Information [8]. Also, CHO may be utilized in IAB as discussed in Observation 2 and Observation 3 above.  So, the highlighted clause in the sentence above, which may result in unnecessary confusion due to the limitation in RLF recovery, should be removed from TS 38.300. 

Proposal 1 RAN2 should agree to remove “using RRC reestablishment procedure” from section 9.2.7 of TS 38.300, to avoid unnecessary misunderstanding of RLF recovery in IAB. 
If Proposal 1 is agreeable, an example of specification change is shown in Annex A. 
2.2.2. Upon RLF related to its parent’s BH link 
In this scenario, the radio condition is totally different, i.e., its own BH link is still good but its parent’s BH link has a problem. So, the IAB-MT cannot trigger CHO before RLF declaration, and it needs to rely on the CHO attempt after RLF declaration. 
Observation 4 In case the problem is with its parent’s BH link; the IAB-MT cannot trigger CHO since its own BH link is still/always good. 
After RLF declaration upon reception of BH RLF Notification (“recovery failure”), the IAB-MT will perform the cell selection process then the same mechanism can be reused as mentioned in Observation 3. However, it implies CHO may not be executed since it relies on the cell selection procedure, since the IAB-MT may not select a CHO candidate cell. Furthermore, there’s even the possibility that the IAB-MT may select the (former) parent node that has sent BH RLF Notification, as pointed out in [9]

 REF _Ref39685885 \w \h 
[10]

 REF _Ref39685886 \w \h 
[11] and also discussed in [4]

 REF _Ref39686095 \w \h 
[12]. 
Observation 5 Even after RLF recovery failure at its parent’s BH link, the IAB node may not execute CHO since it still relies on cell selection. 
In order to maximize the benefit of CHO in IAB, the IAB-MT should “trigger” CHO when it receives BH RLF Notification (“recovery failure”). 
Proposal 2 RAN2 should agree that the IAB-MT “triggers” CHO upon reception of BH RLF Notification, if CHO is configured. 
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Figure 2
 CHO-related behaviours from IAB-MT point of view (if CHO is configured)
If Proposal 2 is agreeable, it’s the issue how to trigger CHO upon reception of BH RLF Notification (“recovery failure”). It could be considered the following options for CHO evaluation, upon reception of BH RLF Notification; 
· Option 1: The IAB-MT considers the source cell’s RSRP as minus infinity [dBm]. 
· Option 2: The IAB-MT considers all configured CHO execution conditions are met. 
Additionally, it would be considered that these options can be only applicable to the target cells configured with CHO Event A5. 
Proposal 3 RAN2 should discuss whether the IAB-MT considers the source cell’s RSRP as minus infinity (Option 1) or it considers all configured CHO triggering conditions are met (Option 2), if configured, upon reception of BH RLF Notification. 
If Proposal 3 is agreeable, examples of specification changes for Option 1 and Option 2 are shown in Annex B and Annex C respectively. 
3. Conclusion 
In this contribution, the enhancements to enable Conditional Handover in IAB are discussed and the solutions for potential issues are provided.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
IAB-MT declares RLF even when its own BH link is still good, upon reception of BH RLF Notification.
Observation 2
In case of the problem on its own BH link, and before RLF declaration, the IAB-MT can trigger CHO, if CHO Event A3/A5 is met due to the bad radio condition of its own BH link, as it is in the current specification.
Observation 3
After RLF declaration, the IAB-MT can attempt CHO execution, if the selected cell is a CHO candidate, as it is in the current specification, regardless of RLF scenarios above.
Proposal 1
RAN2 should agree to remove “using RRC reestablishment procedure” from section 9.2.7 of TS 38.300, to avoid unnecessary misunderstanding of RLF recovery in IAB.
Observation 4
In case the problem is with its parent’s BH link; the IAB-MT cannot trigger CHO since its own BH link is still/always good.
Observation 5
Even after RLF recovery failure at its parent’s BH link, the IAB node may not execute CHO since it still relies on cell selection.
Proposal 2
RAN2 should agree that the IAB-MT “triggers” CHO upon reception of BH RLF Notification, if CHO is configured.
Proposal 3
RAN2 should discuss whether the IAB-MT considers the source cell’s RSRP as minus infinity (Option 1) or it considers all configured CHO triggering conditions are met (Option 2), if configured, upon reception of BH RLF Notification.
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5. Annex A 

For Proposal 1, the example of specification change to TS 38.300 is as follows: 
	9.2.7
Radio Link Failure

In RRC_CONNECTED, the UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS. In case of DAPS handover, the UE continues the RLM at the source cell until the successful completion of the random access procedure to the target cell.
The UE declares Radio Link Failure (RLF) when one of the following criteria are met:

-
Expiry of a radio problem timer started after indication of radio problems from the physical layer (if radio problems are recovered before the timer is expired, the UE stops the timer); or

-
Expiry of a timer started upon triggering a measurement report for a measurement identity for which the timer has been configured while another radio problem timer is running; or

-
Random access procedure failure; or

-
RLC failure; or

-
Detection of consistent uplink LBT failures for operation with shared spectrum channel access as described in 5.6.1; or

-    For IAB-MT, the reception of BH RLF indication received from its parent node.

In case of regular handover, after RLF is declared, the UE:

-
stays in RRC_CONNECTED;

-
selects a suitable cell and then initiates RRC re-establishment;

-
enters RRC_IDLE if a suitable cell was not found within a certain time after RLF was declared.

In case of DAPS handover, if RLF is declared in source cell, the UE:

-
stays in RRC_CONNECTED;

-
stops any data transmission or reception via the source link and releases the source link, but maintains the source RRC configuration;

In case of DAPS handover, when handover failure is declared at the target cell after source cell RLF was declared, the UE:

-
stays in RRC_CONNECTED;

-
selects a suitable cell and then initiates RRC re-establishment;

-
enters RRC_IDLE if a suitable cell was not found within a certain time after handover failure was declared.

In case of CHO, after RLF is declared in source cell, the UE:

-
stays in RRC_CONNECTED;

-
selects a suitable cell and if the selected cell is a CHO candidate and if network configured the UE to try CHO after RLF then the UE attempts CHO execution once, otherwise re-establishment is performed;

-
enters RRC_IDLE if a suitable cell was not found within a certain time after RLF was declared.

When RLF occurs at the IAB BH link, the same mechanisms and procedures are applied as for the access link. This includes BH RLF detection and RLF recovery using RRC reestablishment procedure.

In case the RRC reestablishment procedure fails, the IAB-node may transmit an BH RLF indication to its child nodes. The BH RLF indication is transmitted on the BAP sublayer.


6. Annex B 

For Option 1 in Proposal 3, the example of specification changes to TS 38.331 is as follows; 
	5.3.5.13.4
Conditional configuration evaluation

The UE shall:

1>
for IAB-MT, if BH RLF indication received on BAP entity: 


2>
consider the RSRP of the cell which sent BH RLF indication as minus infinity; 
1>
for each condConfigId within the VarCondtionalConfig:

2>
consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync in the received condRRCReconfig to be applicable cell;

2>
for each measId included in the measIdList within VarMeasConfig indicated in the condExecutionCond associated to condConfigId:

3>
if the entry condition(s) applicable for this event associated with the condConfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalConfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalConfig:


4> consider the event associated to that measId to be fulfilled;
3>
if the leaving condition(s) applicable for this event associated with the condConfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalConfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalConfig:

4>
consider the event associated to that measId to be not fulfilled;

2>
if trigger conditions for all associated measId(s) within condTriggerConfig are fulfilled for all associated measId(s) in condTriggerConfig:
3>
consider the target candidate cell within the stored condRRCReconfig, associated to that condConfigId, as a triggered cell;

3>
initiate the conditional configuration execution, as specified in 5.3.5.13.5;

NOTE:
Up to 2 MeasId can be configured for each condConfigId. The conditional handover event of the 2 MeasId may have the same or different event conditions, triggering quantity, time to trigger, and triggering threshold.


7. Annex C 
For Option 2 in Proposal 3, the example of specification changes to TS 38.331 is as follows; 
	5.3.5.13.4
Conditional configuration evaluation

The UE shall:

1>
for each condConfigId within the VarCondtionalConfig:

2>
consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync in the received condRRCReconfig to be applicable cell;

2>
for each measId included in the measIdList within VarMeasConfig indicated in the condExecutionCond associated to condConfigId:

3>
if the entry condition(s) applicable for this event associated with the condConfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalConfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalConfig:
3>
or for IAB-MT, if BH RLF indication received on BAP entity:

4> consider the event associated to that measId to be fulfilled;
3>
if the leaving condition(s) applicable for this event associated with the condConfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalConfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalConfig:

4>
consider the event associated to that measId to be not fulfilled;

2>
if trigger conditions for all associated measId(s) within condTriggerConfig are fulfilled for all associated measId(s) in condTriggerConfig:
3>
consider the target candidate cell within the stored condRRCReconfig, associated to that condConfigId, as a triggered cell;

3>
initiate the conditional configuration execution, as specified in 5.3.5.13.5;

NOTE:
Up to 2 MeasId can be configured for each condConfigId. The conditional handover event of the 2 MeasId may have the same or different event conditions, triggering quantity, time to trigger, and triggering threshold.
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