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1 Introduction

In the last RAN2 meeting, we issued an email discussion [1] to address the RLF handling due to the lack of time. In this email discussion, we have not come all open issues to consensus. Such as the upstream notification, and DC RLF handling scenarios. 
This paper will further discuss the controversial issues of IAB backhaul RLF handling. 
2 Discussion 
2.1 IAB node behavior upon detection of RLF
2.1.1 DC case
In IAB architecture, we didn’t exclude that one IAB node is dual-connected to two parent IAB nodes. In this case, the child IAB-node has both MCG-link and SCG-link. IAB node 2 is configured dual-connected

In the previous meeting, some companies suggested that in case the child node of the RLF BH is configured with dual-connectivity, if one of the legs is suffering RLF, the child node can is assumed to send the RLF notification via the other leg. All intermediate IAB nodes shall forward the RLF notification to Donor CU. When the RLF notification is forwarded to Donor CU, Donor CU then is able to update the routing table. This approach can be set as the baseline of RLF notification. 

Proposal 1: RAN2 is kindly asked to confirm that in case dual-connection is configured, if one of the legs is suffering RLF, the other leg can be utilized to send RLF notification to Donor IAB.
2.1.2 Non-DC case
According to TS 38.331, UE’s behaviour upon detection of RLF is as the following. 
	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.


As we agreed in the previous discussion, legacy Rel_15 UE behaviour could be agreed as the baseline of IAB MT. But our point of view is other enhanced behaviour should not be excluded for the time being. Some as we know the delay tolerance requirement of an IAB node shall be more critical compared to a regular UE. So upon detection of RLF by IAB MT, MT may be quickly able to connect to a redundant path, in order to recovery the connection for these anchored UEs. 
In addition, if the IAB MT can’t re-connect to another redundant path, the DU shall stop working, and re-direct these UEs to other IAB node/gNB. Since IAB node doesn’t have RRC function, so we can leave to network implementation how to shut down the DU and the re-direct the anchored UEs. 
All in all, we should not preclude other IAB behaviours other than the standard UE behaviour, upon detection of RLF. 
Proposal 2: it is proposed that when the child IAB-node is not configured with DC, IAB behavior other than standard UE behavior, e.g. quick redundant path recovery, DU module shut down should not be precluded. 
2.2 what the IAB node should do upon reception of RLF notification?
2.2.1 Downstream RLF notification case
As we discussed above, the downstream IAB node should attempt to establish a redundant path first, if there is no existing redundant path. If IAB2 finally confirmed that no redundant route is available at this moment, IAB2 has to forward the RLF notification to its downstream node (IAB1). Then IAB1 can find a new connection to IAB3, or IAB3 is already connected as the redundant route. 

Proposal 3: upon reception of the RLF notification, the downstream IAB node shall forward the RLF notification to its child IAB node if it doesn’t have redundant route available. 

In addition, from the specification point of view, the IAB can decide what to do based on the network implementation. The IAB node may have multiple options to do, e.g. to select an appropriate redundant path, the selection condition can be up to the implementation of IAB node, given the throughput of UL transmission and the radio condition of the redundant path, or just forward the RLF notification message to the downstream node. 
Proposal 4: upon reception of downlink RLF notification, the IAB node behaviour, e.g. forwarding the RLF notification, reselecting to another redundant path, are left for network implementation.  
2.2.2 Upstream RLF notification case

In the previous meeting, we have discussed the need for upstream RLF notification. This is because so far RAN2 has no agreement regarding whether BH link RLF notification to upstream nodes is introduced.
Since we assume that Donor CU configures the adaption layer of each IAB node, and we also have agreed that routing is the function of adaption layer. So Donor CU should configure the routing table of the adaption layer in each IAB node. So in case of RLF occurs in an IAB BH, IAB Donor shall be informed regarding the RLF BH, in order to assist the IAB Donor to update the routing table.
Proposal 5: Donor CU shall be informed regarding the RLF BH, in order to assist the IAB Donor to update the routing table. 

Proposal 6: it is proposed to update the routing table in Donor CU when RLF occurs in any IAB BH link. 

In addition, the upstream node is responsible for the data transmission to the downstream node. If the parent IAB node (DU part) detects RLF, the parent node shall request the upstream node to stop downlink transmission, and all its upstream node should take necessary actions after receiving the RLF notification, e.g., stop downlink data transmission to such IAB node in order to avoid the buffer overflow at such IAB node, try to find another routing path for the data packet, inform the parent node of such upstream node to find another routing path if there is another path.

Proposal 7: upon detection of RLF by the DU part of the parent IAB node, this IAB node shall send RLF notification towards upstream node. 
2.2.3 whether the IAB node should send RLF notification in DC case?
Upstream case:

In case the IAB node is Dual connected, then when one of the IAB BH link is suffering RLF, IAB node may still be able to work. But if the Donor CU is not informed regarding the RLF BH, Donor CU may still sending downlink data towards the RLF IAB BH. So the parent node of the RLF BH should update the RLF information to all its upstream node, 
Proposal 8: if the IAB node is configured with dual-connectivity, the parent node of the RLF IAB BH shall send upstream notification. 
Downstream case:

In case the IAB node is Dual connected, then when one of the IAB BH link is suffering RLF, IAB node may still be able to work. For the downstream node, even one of the IAB BH is encountering RLF, the downstream node of the IAB BH can still send uplink data to the child node of RLF IAB BH, because it can still send the uplink data through the other MCG/SCG to the final destination donor CU. 
Proposal 9: if the IAB node is configured with dual-connectivity, the child node of the RLF IAB BH shouldn’t send downstream notification. 

2.2.4 downstream IAB node behavior upon reception of RLF notification
In [1], it is proposed to have the following options to implement the RLF notification message:

· 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. 

Among these 5 types of RLF notifications, the first type covers all conditions of the rest 4 types of notification. The other notifications are actually reporting the status of the RLF IAB node. For example, in type 2, the child IAB node of the RLF BH link is indicating the RLF has already occurred, but it is trying to recover. My understanding of the intension of this type of RLF notification is to suspend the UL transmission of downstream node. But even the data was transmitted to the child node of the RLF IAB BH, these data can be forwarded to other redundant path along with other data stuck. So if type 2 is unnecessary, the other types of RLF notification message are unnecessary as well. 
Proposal 10: it is proposed to use type 1 message to carrier downstream RLF notification. 
2.2.5 upstream IAB node behavior upon reception of RLF notification
When the parent node decides to trigger the upstream RLF notification, it has two message type to send the RLF notification:
1: F1-AP message

If we use F1-AP message to carrier upstream RLF notification message, then the upstream RLF notification will be directly transferred to donor CU, since the F1-AP message is between CU and DU. For F1-AP message, it may update the information of RLF in this hop, in order to assist the donor CU to update the routing table for related IAB node. 
But this F1-AP message can’t be decoded by the intermediate IAB node, namely the intermediate node can’t do anything regarding the RLF hop, e.g. suspend the downlink transmission towards the RLF hop, in resulting the data may get congested in the parent node of the RLF IAB hop. 
2: BAP message upstream RLF notification

On the contrary, if we use BAP message for upstream RLF notification, each upstream intermediate IAB node would be aware of the RLF of that hop, then upon the reception of upstream RLF notification, each intermediate IAB node should suspend the downlink transmission towards the parent node of the RLF IAB hop, in order to avoid data congestion on it. 
In addition, if the intermediate IAB node is configured with multiple routing entries in the routing table, as we agreed in the previous meeting, that the routing table may have multiple entries, and these entries may have priorities, in case RLF, the backup routing entries can be activated. So, by this assumption, upon reception of upstream RLF notification, the IAB node should find an alternative path (if any) to avoid the RLF IAB BH. 
Proposal 11: it is proposed to use BAP message to transmit the upstream RLF notification message. 

Proposal 12: upon reception of upstream RLF notification, the IAB node should find an alternative path (if any) to avoid the RLF IAB BH. 

2.3 Other aspects of RLF notification
As we discussed in the phase of SI, NR IAB is a layer 2 relay node, which only has adaption layer, RLC layer, and MAC layer. RRC layer and PDCP layer are only implemented in UE and Donor IAB node. So in the legacy manner of controlling and configuration, this notification should be done in RRC layer, whose transmission can be ensured by ARQ. MAC layer are used for quick resource allocation and access. In case a very important message which must be guaranteed to be delivered, we need ARQ to ensure the arrival like RRC. Since intermediate IAB node doesn’t have RRC entity, adaption layer is the only approach to ensure the transmission of BH RLF notification. 

Proposal 13: the BH RLF notification should be sent in adaption layer. 

Moreover, we need to define what the RLF notification message includes. It is very clear that the notification message should include the RLF IAB BH information. So both the parent node ID and the child node ID should be included.

Proposal 14: both the parent node ID and the child node ID should be included in the RLF notification message. 
3 Conclusion

This contribution has described issues related to backhaul link RLF notification, regarding when to send RLF notification and what the IAB node should do upon reception of RLF notification. Our observations and proposal are listed below.

Proposal 1: RAN2 is kindly asked to confirm that in case dual-connection is configured, if one of the legs is suffering RLF, the other leg can be utilized to send RLF notification to Donor IAB.
Proposal 2: it is proposed that when the child IAB-node is not configured with DC, IAB behavior other than standard UE behavior, e.g. quick redundant path recovery, DU module shut down should not be precluded. 
Proposal 3: upon reception of the RLF notification, the downstream IAB node shall forward the RLF notification to its child IAB node if it doesn’t have redundant route available. 

Proposal 4: upon reception of downlink RLF notification, the IAB node behaviour, e.g. forwarding the RLF notification, reselecting to another redundant path, are left for network implementation.  

Proposal 5: Donor CU shall be informed regarding the RLF BH, in order to assist the IAB Donor to update the routing table. 

Proposal 6: it is proposed to update the routing table in Donor CU when RLF occurs in any IAB BH link. 

Proposal 7: upon detection of RLF by the DU part of the parent IAB node, this IAB node shall send RLF notification towards upstream node. 
Proposal 8: if the IAB node is configured with dual-connectivity, the parent node of the RLF IAB BH shall send upstream notification. 

Proposal 9: if the IAB node is configured with dual-connectivity, the child node of the RLF IAB BH shouldn’t send downstream notification. 

Proposal 10: it is proposed to use type 1 message to carrier downstream RLF notification. 
Proposal 11: it is proposed to use BAP message to transmit the upstream RLF notification message. 

Proposal 12: upon reception of upstream RLF notification, the IAB node should find an alternative path (if any) to avoid the RLF IAB BH. 

Proposal 13: the BH RLF notification should be sent in adaption layer. 

Proposal 14: both the parent node ID and the child node ID should be included in the RLF notification message. 
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