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1. Introduction
The work item on Integrated Access and Backhaul was approved in RAN#82 [1]. In RAN2#107bis, the details of backhaul radio link failure (BH RLF) recovery and notification were discussed and reached the following agreements [2]; 
	· R2 confirm that when the IAB-node is not configured with DC, it applies for BH RLF handling the same mechanisms and procedures as UE’s RLF handling currently specified in TS 38.331 (including e.g. detection and recovery). FFS on need of additional enhancements.
· When NR DC is configured for the IAB-node, 2.1 RLF is detected separately for the MCG-link and for the SCG-link, and 2.2 existing UE procedures are used for MCG-link and SCG-link failure handling.
· The following is agreed as working assumption: BH RLF recovery for DC case reuses UE’s MCG and SCG failure recovery procedures specified in Rel-16. 

· For an IAB-node not configured with DC, it initiates  RRC reestablishment when it receives downstream notification “Recovery Failure”
· For DC case, the IAB-node considers the radio link is failed and uses RRC existing or Rel-16 Mechanism (e.g. MCG or SCG failure report, RRC reestablishment) if “Recovery Failure” notification is received from parent nodes on MCG-link or/and SCG-link.

· R2 assumes that RLF notification “recovery failure” would be triggered when RRC reestablishment has failed. FFS whether this need to be specified
· BAP layer is used to transmit BH RLF notification(s).
· R2 assumes that Upstream BH RLF notification to Donor CU via current F1-AP signalling is supported.


In this contribution, the possible issues upon the parent’s BH RLF recovery failure, especially from the perspectives of MT and UE behaviours, are discussed. In addition, the other types of BH RLF Notification, i.e., other than “recovery failure”, are explored. 
2. Discussion 
2.1. MT behaviour upon parent’s BH RLF recovery failure 
RAN2#107bis discussed what the BH RLF Notification means and agreed it as parent IAB node’s “recovery failure”, although some companies pointed out it’s quite similar to just turning the cell off [2]; 

	P5

- 
Ericsson think we can just turn off the cell rather than indicating. Kyocera agrees and think turing off the cell is simpler. QC think the difference may be the action taken by downstream nodes. 

- 
Huawei think we already agreed this. 

- 
ZTE think it is more useful to indicate that RLF happens rather than recovery failure, so downstream nodes can start prepare to recover. Intel agrees. LG think both indications are useful. Ericsson also think more notifications are needed. 

- 
Huawei think we should focus on MT behaviour on the indication. Huawei think this mechanism need to be fast. 

- 
Samsung think recovery failure is the most important. 

- 
NEC think turning off the cell is not a good idea as it is possible that the cell backhaul can recover. 


In our understanding, based on the discussion above, the cell anyway continues transmitting SSB after sending BH RLF Notification to the downstream nodes. 

Observation 1 It seems the common understanding was the cell continues transmitting SSB, even after sending BH RLF Notification upon BH RLF recovery fails. 
On the other hand, upon reception of BH RLF Notification, i.e., “recovery failure”, at the child IAB node, RAN2 agreed to reuse the existing recovery procedures [2], i.e.; 
· For non-DC-configured MT, it initiates RRC Reestablishment; 
· For DC-configured MT and the notification from SCG, it initiates SCG failure recovery; 

· For DC-configured MT and the notification from MCG, it initiates MCG failure recovery; and, 

· For DC-configured MT and the notifications from both MCG/SCG, it initiates RRC Reestablishment. 
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Figure 1
 Recovery by BH RLF Notification while still in-coverage
2.1.1. Cell selection after reception of BH RLF Notification 
The RRC Reestablishment procedure involves the cell selection process [3], so the MT shall reselect the suitable cell once it’s found [4]. In light of Observation 1, the MT, during cell selection in RRC Reestablishment, would likely select the cell sending BH RLF Notification again since its SSB is still transmitted. For example, the child even on cell-centre may receive the BH RLF Notification from the parent, i.e., the link between the child and parent is still good but one between the parent and the grandparent is under RLF recovery failure. Moreover, it could be even worse since the parent would always be the best cell in a proper deployment, especially since Rel-16 only supports stationary IAB nodes. This scenario was not considered in the original assumption of RRC Reestablishment upon RLF since it only considered the radio condition of child’s access link and not the parent’s access link. 
Observation 2 After reception of BH RLF Notification “recovery failure”, the MT may select the same cell again since the cell still transmits SSB. 
Obviously, Observation 2 isn’t the intended behaviour since the BH RLF notification is introduced for fast topology adaptation, i.e., the MT should select the cell(s) that didn’t send the BH RLF Notification. Therefore, RAN2 should find a solution to avoid such wrong cell selection. A simple way, for example, is to ensure that the MT excludes the cell that sent BH RLF Notification, as a candidate of cell selection for up to e.g., 300 seconds or a gNB-configured timer. 
Proposal 1 RAN2 should agree the MT may exclude the cell, which sent BH RLF Notification “recovery failure”, as a candidate of cell (re)selection for a certain duration. 
2.1.2. Conditional handover upon reception of BH RLF Notification 
In the section 9.7.15 of TR 38.874 [5], RAN2 identified “Preparation of alternative backhaul links and routes in advance (i.e. before occurrence of RLF)” for efficient BH RLF recovery. This kind of proactive approach is helpful in case the backhaul link deteriorates quickly, especially for mmWave backhauling. In this case, the traditional handover does not work since any dedicated RRC message including “RRC Reconfiguration with sync” cannot be transferred due to BH RLF, i.e., the CU cannot communicate with the DU. 
It should be considered whether the Conditional handover (CHO) that is being discussed in Rel-16 NR mobility enhancements WI [6] can be useful for proactive BH RLF recovery. For the child’s backhaul link recovery, the currently agreed CHO mechanism can be reused as is, since the CHO is executed when a measurement reporting Event is fulfilled, i.e., it’s equal to when the backhaul link becomes worse. 
Observation 3 Conditional handover may be configured to IAB nodes for proactive BH RLF recovery. 
On the other hand, further discussion is needed to determine how CHO should work upon reception of BH RLF Notification, i.e., its own backhaul is still good while the parent’s backhaul fails recovery. For example with non-DC case, upon reception of BH RLF Notification “recovery failure”, the MT initiates RRC Reestablishment as agreed [2]; but if the MT has been already configured with CHO (i.e., when the parent’s backhaul link was still good), it’s desirable to execute CHO since it allows the MT to access a prepared cell and a suitable IAB node that belongs to the same CU.  This optimization can be very simple but effective since the traditional handover does not work as the same reason stated above, i.e., the backhaul link between the CU and the DU fails. So, RAN2 should agree to add one criteria for CHO execution, i.e., upon reception of BH RLF Notification. 
Proposal 2 RAN2 should agree that the MT executes Conditional Handover upon reception of BH RLF Notification “recovery failure” from the parent (if configured). 
2.2. UE behaviour upon parent’s BH RLF recovery failure 
The UE does not have the BAP layer, as shown in any architectures including the architecture 1a in the TR [5]. This principle is important especially for Rel-15 UE, i.e., the IAB networking is transparent from the UE’s point of view regardless of the specification releases. 
On the other hand, RAN2 agreed that “BAP layer is used to transmit BH RLF notification(s).” [2]  It means the UE, even Rel-16 UE, cannot receive the BH RLF Notification. In addition, as mentioned in Observation 1, the cell may continue transmitting SSB even after it fails BH RLF recovery. It may result in bad user experience since the UE will have no service for a certain duration, i.e., it needs to wait for the cell to turn-off before the RRC Reestablishment. 
Observation 4 The UE cannot receive the BH RLF Notification that is sent through BAP layer. 
Observation 5 The UE may need to wait for a long period before RRC Reestablishment, if the serving cell fails its BH RLF recovery but continues SSB transmission. 
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Figure 2
 UE cannot receive BH RLF Notification over BAP
Considering the importance of the URLLC use cases in Rel-16, the IAB network may become unsuitable for e.g., IIoT deployment, unless the UE is allowed to take fast action upon the serving cell’s BH RLF. Therefore, it’s important at least for Rel-16 UE to support a fast re-connection method towards an appropriate cell. 
Proposal 3 RAN2 should discuss how the UE is allowed to quickly avoid the current serving cell that fails BH RLF recovery, at least for Rel-16 UEs supporting e.g., industrial use cases. 
If Proposal 3 is agreeable, and in the light of the discussions in RAN2 [2], SIB1 may broadcast some indication to notify the Rel-16 UEs of BH RLF recovery failure to initiate RRC Reestablishment for non-DC case, or MCG/SCG failure recovery for DC case. This indication can be e.g., the BH RLF Notification (i.e., “recovery failure” in addition to BAP Control PDU), the other type of BH RLF notification (e.g., “recovery in progress”), a simple trigger to inform the UEs to perform RRC Reestablishment/Release, and/or some alternative use of an indication for initial access (e.g., “IAB support indication” or Unified Access Control [3]). The detail should be further discussed. 
Proposal 4 RAN2 should agree that an indication broadcasted in SIB1 notifies BH RLF recovery failure and allows the UE to initiates RRC Reestablishment, MCG Failure Recovery and/or SCG Failure Recovery. The details of indication is FFS. 
2.3. Other types of BH RLF Notification 
Even though RAN2 agreed to support the type “recovery failure” (i.e., “Type 4”) of BH RLF Notification and the corresponding MT behaviours [2], it’s still open issue from the email discussion [106#43] whether to introduce other types of BH RLF Notification [7], i.e., 
	· 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. 


NOTE: The “child IAB-node” can be considered as the parent IAB-node, for consistency with other lines. 
In RAN2#108, many companies actually proposed to support “Type 1” [8]

 REF _Ref30081644 \w \h 
[10]

 REF _Ref30081891 \w \h 
[12]

 REF _Ref30082078 \w \h 
[14], “Type 2” [10]

 REF _Ref30081817 \w \h 
[11]

 REF _Ref30081978 \w \h 
[13] and “Type 3” [9]

 REF _Ref30081644 \w \h 
[10]

 REF _Ref30081891 \w \h 
[12]

 REF _Ref30081978 \w \h 
[13]

 REF _Ref30082078 \w \h 
[14]. So, it should be worth looking further into these options. 
In addition to the current RAN2 agreements [2], It may be further considered that “Type 1” (“Plain”) and “Type 2” (“Trying to recover”) no longer have any significant difference, since it’s specified that the parent shall initiate either RRC Re-establishment, MCG failure report or SCG failure report (i.e., “Type 2”) when BH RLF is detected (i.e., “Type 1”) and also the recovery procedure stops when it fails (i.e., “Type 4”). So, “Type 2” can be merged with “Type 1”, whereby “Type 1” has the simpler and clearer definition. 
Proposal 5 RAN2 should agree to introduce one additional BH RLF Notification for “RLF detected”, which implies both “Type 1” and “Type 2”. 

From the perspective of the child’s MT behaviour upon reception of “Type 1” Notification, it’s natural to suspend the scheduling request and any other uplink transmissions, to avoid unnecessary power consumption and interference. In addition, the MT may start the neighbour cell measurements just for pre-preparation of the next step (i.e., its own recovery after reception of “recovery failure”), as one of MT implementations. 
Proposal 6 If Proposal 5 is agreeable, RAN2 should agree that the MT should suspend the uplink transmission (e.g., SR) when it receives “RLF detected” from its parent. 
If Proposal 6 is agreeable, it would be assumed that the MT moves to a “suspension status” after reception of “Type 1” Notification (“RLF detected”), and it moves further into the “recovery status” after reception of “Type 4” Notification (“recovery failure”).  
On the other hand, it is obvious that the MT should revert back to “normal status” when the parent’s BH recovery successes.  Assuming the BAP Control PDU (for BH RLF Notification) is meant for a “one-shot” signalling, “Type 3” (“BH link recovered”) is needed to allow the UE to e.g., resume uplink transmissions.  
Furthermore, no separate format nor parameter (i.e., “PDU Type” or “Notification Type”) in BAP Control PDU is necessary if the additional Notification, in Proposal 5, is used to toggle the UE’s “status”, i.e., between the “suspension status” and “normal status”. Note that the intention is not to specify the “status”, but the MT just considers “BH RLF recovered” when the additional BH RLF Notification (i.e., common with “Type 1”) is received. 
Proposal 7 RAN2 should agree to support BH RLF Notification for “BH link recovered” (i.e., “Type 3”), which is a common BAP Control PDU for “RLF detected” (i.e., “Type 1”), e.g., to toggle suspension/resumption of uplink transmission (e.g., SR). 
3. Conclusion 
In this contribution, the remaining issues related to BH RLF handling are discussed especially from the perspectives of MT and UE behavours, and some solutions are suggested.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
It seems the common understanding was the cell continues transmitting SSB, even after sending BH RLF Notification upon BH RLF recovery fails.
Observation 2
After reception of BH RLF Notification “recovery failure”, the MT may select the same cell again since the cell still transmits SSB.
Proposal 1
RAN2 should agree the MT may exclude the cell, which sent BH RLF Notification “recovery failure”, as a candidate of cell (re)selection for a certain duration.
Observation 3
Conditional handover may be configured to IAB nodes for proactive BH RLF recovery.
Proposal 2
RAN2 should agree that the MT executes Conditional Handover upon reception of BH RLF Notification “recovery failure” from the parent (if configured).
Observation 4
The UE cannot receive the BH RLF Notification that is sent through BAP layer.
Observation 5
The UE may need to wait for a long period before RRC Reestablishment, if the serving cell fails its BH RLF recovery but continues SSB transmission.
Proposal 3
RAN2 should discuss how the UE is allowed to quickly avoid the current serving cell that fails BH RLF recovery, at least for Rel-16 UEs supporting e.g., industrial use cases.
Proposal 4
RAN2 should agree that an indication broadcasted in SIB1 notifies BH RLF recovery failure and allows the UE to initiates RRC Reestablishment, MCG Failure Recovery and/or SCG Failure Recovery. The details of indication is FFS.
Proposal 5
RAN2 should agree to introduce one additional BH RLF Notification for “RLF detected”, which implies both “Type 1” and “Type 2”.
Proposal 6
If Proposal 5 is agreeable, RAN2 should agree that the MT should suspend the uplink transmission (e.g., SR) when it receives “RLF detected” from its parent.
Proposal 7
RAN2 should agree to support BH RLF Notification for “BH link recovered” (i.e., “Type 3”), which is a common BAP Control PDU for “RLF detected” (i.e., “Type 1”), e.g., to toggle suspension/resumption of uplink transmission (e.g., SR).
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