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1. Introduction

In this document we discuss the issues in backhaul RLF handling including:

· When should an IAB-node send RLF notification?

· By what means to transmit the RLF notification? 

· The behaviour of an IAB-node when upstream BH RLF is detected.
2. Discussion
2.1
When should an IAB-node send BH RLF notification? 
It was agreed in RAN2#105 as a baseline [1] that 
· R2 assumes there is a RLF notification at BH Link RLF, at least to downstream node(s)

and

· Current UE RLF detection and recovery is reused as baseline
For RRC_CONNECTED UE receives out-of-sync (OOS) indication from lower layers, the UE starts T310. The physical layer problem may be recovered before T310 expiry and no need for the UE to perform relevant RLF procedure.
It is similar that an IAB-node received one or more consecutive out-of-sync indications of the upstream BH RLC channel may eventually be indicated from lower layers that the physical layer problem was recovered. 

· Case 1: IAB-node sends RLF notification with RLF handling status before T310 expiry
Assuming a serving IAB-node sends RLF notification to downstream node(s) (with/without status information) upon receiving out-of-sync indication from lower layers, the downstream nodes may halt the sending of SR/BSR/scheduled UL data and wait for further notification. The event that triggered the downstream node to send SR/BSR/UL data remains. 

In the case that the further notification from the serving IAB-node indicating RLF recovered, the downstream nodes may restart/resume the SR/BSR/UL data transmission to the serving IAB-node if the triggering event remains valid. Another case if the further notification indicating RLF confirmed, the downstream nodes may go to RRC_IDLE or perform RRC connection reestablishment procedure. Both cases cause service interruption somehow.
Though the downstream nodes may prepare for cell selection and RRC connection reestablishment before the serving IAB-node confirming the RLF, the preparation would be vainly if the RLF recovered. 
Observation 1: It is possible that physical layer problem recovered before the expiry of T310. If the downstream nodes preform preparation for the tentative RLF upon received early warning RLF notification, the preparation may be in vain.

· Case 2: IAB-node send RLF notification upon T310 expiry
In the opposite, the serving IAB-node only sends RLF notification when upstream BH RLF is detected. The serving IAB-node may alleviate the UL traffic by UL grant and scheduling when OOS was indicated from lower layer but T310 is still running. The downstream node(s) of the IAB-node would not be impacted before the BH RLF detected by the serving IAB-node. 
Observation 2: When OOS was received from lower layer but T310 is not expired, it is IAB-node implementation to alleviate UL traffic and prevent congestion of UL transmission.
Upon T310 expiry and upstream BH RLF is detected the IAB-node sends RLF notification to the downstream node(s), the downstream nodes may go to RRC_IDLE or perform RRC connection reestablishment procedure. A downstream node may start cell search for the target cell. The selection of the target cell could refer to the measurement result gathered and stored by the downstream node to reduce the service interruption time. 
Observation 3: The downstream nodes may refer to the stored measurement results for selecting the target cell to reduce the service interruption time. 

In both cases, the downstream nodes would remain be served by the IAB-node before upstream BH RLF was detected by the IAB-node. The downstream nodes would go to RRC_IDLE or perform RRC connection reestablishment procedure after received RLF notification from the serving IAB-node. Considering no significant benefit of early warning RLF notification and the UL traffic could be alleviated by IAB-node implementation, it is proposed that an IAB-node send RLF notification to the downstream node(s) only when upstream BH RLF is detected by the IAB-node. 
Proposal 1: An IAB-node sends BH RLF notification to the downstream node(s) only when the IAB-node detects RLF of the upstream BH RLC channel.
2.2
By what means to transmit the RLF notification? 
The RLF notifications are used by the IAB-node detected upstream BH RLF to inform the downstream nodes in RRC_CONNECTED state to take reaction to recover the connection with the network. 
According to [2] and [3] gNB-DU is capable of generating and encoding MIB and SIB1, and the scheduling of system information broadcast is carried out in gNB-DU. It is possible for an IAB-node to transmit RLF notification by system information. The solution should not impact R15 UE, as a consequence, the IAB-node may set the cellBarred of MIB or not to provide PDCCH configuration for SIB1. The IAB-node may send system information update by paging to inform RRC_CONNECTED downstream nodes to reacquire MIB and SIB1. 
The RLF notification also could be transmit via MAC CE or by DCI because the scheduling for DL and UL transmission is handled in IAB-node. This approach would require a new designed MAC CE or modification to the DCI to carry the RLF notification. 

Proposal 2: RLF notification can be transmitted to the downstream node(s) via system information, by MAC CE, or by DCI.
2.3
The behaviour of an IAB-node when upstream BH RLF is detected
When upstream BH RLF is detected by an IAB-node, the IAB-node should prevent to be selected as a serving cell by nodes in any RRC state.
The IAB-node may turn off the DU module to be invisible to nodes in any RRC state. However, if the DU module of an IAB-node was turned off, the downstream nodes of an IAB-node would loss connection and trigger cell selection. That would result in connection establishment and involve CN procedures.
Observation 4: If the DU module of an IAB-node was turned off, the downstream nodes of an IAB-node would loss connection and trigger cell selection. That would result in connection establishment and involve CN procedures.

The IAB-node may stop transmitting reference signals (e.g., SSB), set cellBarred in MIB, or not providing PDCCH configuration of SIB1 to prevent to be selected as a serving cell. 
Observation 5: IAB-node may stop transmitting reference signals, set cellBarred in MIB, or not providing PDCCH configuration of SIB1 to prevent to be selected as a serving cell.
Proposal 3: The IAB-node should not turn off the internal DU module when upstream BH RLF is detected.

Proposal 4: The IAB-node can avoid to be selected as a serving cell by e.g., stop transmitting reference signals.
2.4
The behaviour of an IAB-node when RLF notification is received 
If the RLF notification is received from the PSCell of an IAB-node, the IAB-node need not to trigger IAB-node migration. If the RLF notification is received from the PCell, the IAB-node should select a new parent IAB-node which supporting IAB topology. 
As captured in [4]:

· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.

· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 

The IAB-nodes may discover IAB-node/IAB-donor by using the IAB specific SSBs, it is not clear that whether the IAB specific SSBs configuration may overlap with the SMTC configured by a normal gNB. An IAB-node should avoid selecting a normal gNB for service.

Proposal 5: When RLF notification is received from the PCell, an IAB-node should select a new parent IAB-node which supporting IAB topology.
In RAN2#105bis the agreements for IAB-node migration including [5]: 

· 9 is agreed, with the understanding that intra-donor cases have priority. 

Proposal 9: The following is proposed on IAB-node migration [6]
•
The IAB-node can migrate to a different parent node underneath the same or at a different IAB-donor CU. 

•
The IAB-node continues providing access and backhaul service when migrating to a different parent node underneath at least the same IAB-donor CU.

•
The IAB-donor CU controls IAB-node migration as baseline.

•
Uu handover and connection reestablishment procedures are baseline for migration of IAB-node MT.

•
During IAB-node migration, continuity of ongoing sessions should be provided, and packet loss should be minimized.

In order to prioritize intra IAB-donor migration, there is a need for each IAB-node to provide the ID of the associated IAB-donor to the downstream nodes. 
Considering the ID of the associated IAB-donor would be used when there is need for cell reselection or cell selection in the case of upstream BH RLF, it is proposed for RAN2 to consider that each IAB-node provides the ID of the associated IAB-donor by system information.
Proposal 6: In order to avoid inter-CU IAB-node selection, the IAB-node should broadcast the ID of the associated IAB-donor CU.
3. Conclusion

Based on the discussion of the issues in BH RLF handling, the observations including:
Observation 1: It is possible that physical layer problem recovered before the expiry of T310. If the downstream nodes preform preparation for the tentative RLF upon received early warning RLF notification, the preparation may be in vain.

Observation 2: When OOS was received from lower layer but T310 is not expired, it is IAB-node implementation to alleviate UL traffic and prevent congestion of UL transmission.
Observation 3: The downstream nodes may refer to the stored measurement results for selecting the target cell to reduce the service interruption time. 

Observation 4: If the DU module of an IAB-node was turned off, the downstream nodes of an IAB-node would loss connection and trigger cell selection. That would result in connection establishment and involve CN procedures.

Observation 5: IAB-node may stop transmitting reference signals, set cellBarred in MIB, or not providing PDCCH configuration of SIB1 to prevent to be selected as a serving cell

Base on the observations we have the following proposals:
Proposal 1: An IAB-node sends BH RLF notification to the downstream node(s) only when the IAB-node detects RLF of the upstream BH RLC channel.
Proposal 2: RLF notification can be transmitted to the downstream node(s) via system information, by MAC CE, or by DCI.

Proposal 3: The IAB-node should not turn off the internal DU module when upstream BH RLF is detected.

Proposal 4: The IAB-node can avoid to be selected as a serving cell by e.g., stop transmitting reference signals.

Proposal 5: When RLF notification is received from the PCell, an IAB-node should select a new parent IAB-node which supporting IAB topology.
Proposal 6: In order to avoid inter-CU IAB-node selection, the IAB-node should broadcast the ID of the associated IAB-donor CU.
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