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1 Introduction

In the last RAN2 meeting, we discussed [1], and based on this paper, RAN2 have the common sense that in case of RLF in IAB BH, at least the child node of the RLF IAB BH can send a notification to its downstream node.
“Baseline: 

· R2 assumes there is a RLF notification at BH Link RLF, at least to downstream node(s)”
Companies identified there are two issues necessary to be resolved:

1: when the IAB node should send RLF notification?

2: upon reception of RLF notification, what the IAB node should do?
This paper will discuss these two aspects one by one, as they are toughly connected, and try to give a full IAB BH RLF working procedure. 

2 Discussion 
2.1 When the IAB node should send RLF notification?
2.1.1 RLF notification towards downstream IAB node

In the last RAN2 meeting, we confirmed that at least RLF notification towards downstream IAB node is needed:

Baseline: 

· R2 assumes there is a RLF notification at BH Link RLF, at least to downstream node(s)

We will discuss when the RLF notification towards downstream node should be sent first. 

In order to illustrate when the IAB node should send RLF notification, we draw a diagram below to give an example:
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Figure 1: when the IAB node should send RLF notification
In this figure, we assume that the BH link between IAB2 and IAB4 is broke. Upon detection of RLF, the MT of IAB2 shall try to re-establish RRC connection towards IAB4 first. But it may fail. So at this moment, IAB2 doesn’t have any redundant route, or is not configured with dual connectivity, IAB2 should send RLF notification towards its downstream IAB node (IAB1) to notify the RLF. 
Proposal : upon detection of RLF by the MT in IAB, and with no redundant route configured, the IAB should send RLF notification to its downstream node. 
2.1.2 RLF notification towards upstream IAB node

In the last RAN2 meeting, we have the following working assumption as a common sense:

· R2 assumes that Donor CU configures the Adaptation layer, and R2 assumes that the routing is a function of the Adaptation layer. FFS the detail routing functionality, e.g. what is configured vs. what is decided locally. 

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.
Observation 1: Donor CU shall be informed regarding the RLF BH, in order to assist the IAB Donor to update the routing table. 

Proposal 1: RAN2 is kindly asked to confirm that the routing table in Donor CU should be updated when RLF occurs in any IAB BH link. 

In order to update the routing table in Donor CU, we introduced following alternative for discussion and down-selection:

Alternative 1: father node of RLF BH sends RLF notification to its upstream node, and this RLF notification will be forwarded to Donor CU. 

This is the most straight-forward method. During the online discussion, some companies suggested that the father node of the RLF IAB BH also can send a notification message to its father node, in order to assist the IAB donor to update the routing table. But some company identified that the father node of the RLF IAB BH is not able to detect the RLF. In our understanding, from the point of view of a UE, 3GPP specification clearly defined how UE detects RLF, but we don’t define the criteria how DU detects RLF. This doesn’t mean a DU is not able to detect RLF, but as per the rational of 3GPP, we only define the UE behavior, and leave the behavior of network by implementation. 

Observation 2: DU is able to detect RLF by proper implementation, and the RLF detection capability is mandatory to a DU. 

Alternative 2: the routing table Donor CU is updated due to the new connection of the downstream node of the RLF IAB node. 

This alternative is illustrated by the figure below: upon reception of RLF notification, IAB1 will establish the connection towards, and IAB4 updates the connection towards Donor CU. 
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Figure 2: routing table updated by new connection
It is obvious that this alternative has three flaws:

1: IAB1 may not be able to always find a new redundant path

In the current TR 38.874, we defined some procedures to establish redundant path, and we assume that topological redundancy has the goal to enable robust operation, e.g., in case of backhaul link blockage, and to balance load across backhaul links. Establishment and management of topological redundancy is part of topology adaptation [2]. But in the network deployment case, it is impossible that all IAB nodes can always find a redundant route. In figure 2, if IAB1 can’t find a redundant route, the only thing IAB1 can do is to release all the attached UEs, letting all UEs selects another IAB node (IAB3), or even another gNB. 

Observation 3: upon reception of RLF notification from an upstream node, the downstream IAB node may not be able to search another parent node. 

2: IAB node1 may connect another Donor CU as a new route.

This alternative is illustrated by the figure below:
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Figure 3: IAB reconnects to another Donor CU

In this scenario, when IAB1 connects another IAB node (IAB3), then it finally connects to another Donor CU (Donor CU 2). In this particular case, in order to update the routing table in Donor CU 1, Donor CU 2 has to update the Donor CU 1, which will introduce a lot of inter Work Group work. 

Observation 4: relying on the downstream node to update the Donor CU’s routing table may cause additional Xn signalling in case IAB reconnects to another Donor CU.
3: the downstream IAB node could be an UE.

In case the child node of the RLF BH is the access node, in that the access node has to send RLF notification to UE. As we know, one of the objectives of IAB SID/WID is not to enhance legacy Rel_15 UE. Without enhancement of Rel_15 UE, UE can’t decode RLF notification message sent from the access IAB node. 
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Figure 4: RLF notification towards UE
Observation 5: without enhancement to legacy Rel_15 UE, UE can’t recovery the connection upon reception of RLF notification in case access IAB node is suffering RLF. 
Proposal 2: upon detection of RLF, DU shall send RLF notification towards upstream node. 

2.2 what the IAB node should do upon reception of RLF notification?
2.2.1 downstream IAB node behavior upon reception of RLF notification

For downstream RLF notification, 
Here we will separate this issue in two scenarios: IAB node 2 is configured dual-connected, and IAB node2 is NOT configured with dual-connectivity. 

a) IAB node 2 is configured dual-connected
In the last 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 3: 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.

b) IAB node2 is NOT configured with dual-connectivity:
We will discuss what the downstream node should do upon reception of RLF notification based on the figure below:
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Figure 5: IAB behaviour upon reception of RLF notification
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 4: 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 the most extreme case, if IAB1 doesn’t have redundant route available, the only thing IAB1 can do is to handover all attached UEs to another IAB. But IAB node doesn’t have mounted RRC entity, IAB1 can’t detach/bar attached UEs, since detach and BAR function are RRC function, IAB1 can only turn off the internal DU module, until it re-establish the connection to the network. 

Proposal 5: in case the access IAB node doesn’t have redundant route, access IAB node shall turn off the internal DU module upon the reception of RLF notification, until it re-establish the connection to the network. 
2.2.2 upstream IAB node behavior upon reception of RLF notification
If we agree to send RLF notification to upstream IAB node, there are some behaviors that the upstream IAB node should do upon reception of RLF notification, which will be illustrated by the flow chart below:
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Figure 6: upstream IAB node behavior upon reception of RLF notification
1: downlink transmission termination
With no upstream RLF notification, the Donor CU can’t be notified at once, in that the upstream node (IAB3 in figure 6) keeps downlink transmission towards the RLF HOP, as well as Donor CU, so the IAB node 2 will be buffer overflowed.  If we count on flow control mechanism to resolve, IAB node 2 can feedback the downlink delivery status to IAB node 3, in order to assist the upstream node to alleviate the downlink transmission. But if the buffer status in Downlink Delivery Status report message is low, IAB node 3 will keep transmit to IAB node 2. So in case RLF occurs, the RLF notification can request its upstream node (IAB3) to completely terminate the downlink transmission. Moreover, IAB3 shall forward the RLF notification to Donor CU in order to assist the Donor CU to terminate the downlink transmission. 
Proposal 6: the upstream node shall completely terminate the downlink transmission upon reception of RLF notification.

2: routing table update

As we commented in section 2.1.2, the major purpose of upstream RLF notification is to update the routing table of Donor CU. So upon reception of upstream RLF notification, all IAB nodes shall forward the RLF notification message to its upstream node, until to Donor CU.
Proposal 7: all IAB nodes shall forward the RLF notification message to its upstream node, until to Donor CU.

3: data recovery
In the last meeting, during the discussion of IAB BH RLF handling, some companies identified that upstream can be used for data recovery. In [1], it is clearly discussed the scenario and necessity of data recovery. When the Donor CU is notified with the RLF notification, Donor CU will initiate the data recovery procedure, by which PDCP in Donor CU will ensure the end to end reliability. 

Proposal 8: upon reception of RLF notification, the Donor CU will initiate data recovery. 
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 9: 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 10: 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.

Observation 1: Donor CU shall be informed regarding the RLF BH, in order to assist the IAB Donor to update the routing table. 

Observation 2: DU is able to detect RLF by proper implementation, and the RLF detection capability is mandatory to a DU. 

Observation 3: upon reception of RLF notification from an upstream node, the downstream IAB node may not be able to search another parent node. 

Observation 4: relying on the downstream node to update the Donor CU’s routing table may cause additional Xn signalling in case IAB reconnects to another Donor CU.
Observation 5: without enhancement to legacy Rel_15 UE, UE can’t recovery the connection upon reception of RLF notification in case access IAB node is suffering RLF. 
Proposal 1: RAN2 is kindly asked to confirm that the routing table in Donor CU should be updated when RLF occurs in any IAB BH link. 

Proposal 2: upon detection of RLF, DU shall send RLF notification towards upstream node. 

Proposal 3: 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 4: 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 5: in case the access IAB node doesn’t have redundant route, access IAB node shall turn off the internal DU module upon the reception of RLF notification, until it re-establish the connection to the network. 
Proposal 6: the upstream node shall completely terminate the downlink transmission upon reception of RLF notification.

Proposal 7: all IAB nodes shall forward the RLF notification message to its upstream node, until to Donor CU.

Proposal 8: upon reception of RLF notification, the upstream node should initiate data recovery. 
Proposal 9: the BH RLF notification should be sent in adaption layer. 

Proposal 10: both the parent node ID and the child node ID should be included in the RLF notification message. 
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