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Introduction

During RAN#82 meeting, IAB WI was approved. One of the objectives is specification of RLF handling. According to TR 38.874 [1], RLF has been divided into three scenarios as shown in the following table. Suppose the IAB-node has connected to multiple parent nodes, if the link with one of its parent IAB node fails, there is still another link available to another parent node. This corresponds to scenario 1. But if the link failure occurs between all the parent IAB nodes and the child IAB node, the child IAB node has to re-connect to a new parent IAB node. If the new parent IAB node connects to the same IAB donor CU as before, that is scenario 2. Otherwise, if the new parent IAB node connects to a different IAB donor CU, that is scenario 3.

	During IAB SI phase, three scenarios of backhaul RLF and subsequent recovery are discussed as follows:

-
Scenario 1: Recovery via an existing BH link (Figures 9.7.13-1, -2).

-
Scenario 2: Recovery via a newly established BH link using the same IAB-donor CU (Figures 9.7.13-3, -4).

-
Scenario 3: Recovery via a newly established BH link using a different IAB-donor CU (Figures 9.7.13-5, -6).


In this contribution we will investigate the link recovery related issues for the three RLF scenarios. Furthermore, we will discuss the potential enhancements for support of link recovery.

Discussion

Scenario 1: Recovery via an existing BH link
According to the current NR specification, if radio link failure is detected for MCG, the UE initiates the RRC connection re-establishment procedure. If radio link failure is detected for SCG, the UE suspends SCG transmissions for all radio bearers and reports the SCG Failure Information to the MN, instead of triggering re-establishment. Similarly, if RLF is detected for SCG, the MT part of IAB-node can also suspend SCG transmissions for all radio bearers and report the SCG Failure Information to the donor CU via MCG. And if RLF is detected for MCG, the MT part of the IAB-node will trigger RRC connection re-establishment procedure. That means the SCG link cannot work independently once MCG RLF happen. In this case, the SCG link cannot work as the backup link. 

As we know, the RRC connection re-establishment procedure may fail which cause longer delay and service interruption for the related UEs. When it comes to IAB node MT, it may impact the service continuity of all the downstream IAB node and UEs. To avoid this, in our opinion, if the RLF is detected for MCG, it is suggested that the MT part of IAB-node does not trigger re-establishment. Instead, it only suspends MCG transmissions for all radio bearers and report the MCG failure information to the donor CU via SCG.

To be specific, there are two options:

Option1: for a IAB-node, if both the parent IAB-nodes connect to the same donor CU, both the parent IAB-nodes can be taken as MCG, so the SRB0, SRB1 and SRB2 can be transmitted through both the parent IAB-nodes. 

Option2: Based on the NR DC specification, one parent IAB-node is the MCG and the other parent IAB-node is SCG, SRB3 shall be setup for the SCG, so the MAG link failure information can be reported to the donor CU via SRB3. Furthermore, when the donor CU acquires the MAG link failure information, it can change the SCG to be the MCG, and optional add a new SCG based on the measurement report of the IAB-node.
By this way,  if a IAB has two parent IAB-nodes  and RLF is detected for one of the link with parent IAB-nodes, the other one can still provide service.
Observation 1: According to the current NR specification, if RLF is detected for MCG, the UE initiates the RRC connection re-establishment procedure. If RLF is detected for SCG, the UE can suspend transmissions for all radio bearers and report the radio link failure information to the MCG. 
Proposal 1: If both the parents IAB-nodes connect to the same donor CU and RLF is detected for one of the link with parent IAB-nodes, the MT part of IAB-node can suspend transmissions instead of triggering re-establishment. Meanwhile, it can report the radio link failure information to the donor CU via the other available link. 

Furthermore, if a IAB has redundant link and if only one of its link happens RLF but the other link can still work,  it can continue to provide service for its child IAB-node, so it seems unnecessary to inform the child IAB node that RLF happens for the parent IAB.

Observation 2：if a IAB has redundant link, and if only one of its link happens RLF but the other link can still work,  it can continue to provide service for its child IAB-nodes.
Proposal 2: It is unnecessary to inform the child IAB node that RLF happens for the parent IAB for scenario1.

Scenario 2&3: Recovery via a newly established BH link
If RLF occurs between all the parent IAB nodes and a IAB-node, the MT part of the IAB-node has to perform RRC re-establishment. According to current specification, the connection re-establishment succeeds only if the concerned cell is prepared i.e. has a valid UE context. Otherwise, the IAB-node MT may move to RRC_IDLE and then re-select suitable cells to perform IAB-node MT setup procedure, which causes longer delay and service interruption. If the new parent IAB node connects to the same IAB donor CU as before, that is scenario 2. Otherwise, if the new parent IAB node connects to a different IAB donor CU, that is scenario 3. Furthermore, after the IAB-node MT succeeds to access to a  new parent IAB-node as a UE, the routing information are updated for all related IAB-nodes due to the topology change. Then the IAB-node DU performs F1-AP setup procedure and provides service to UEs or to other integrated IAB-nodes. The details of this procedure is discussed in section 9.3 of TR 38.874 [1]. 

Observation 3: If RLF occurs between all the parent IAB-nodes and the IAB-node, and the RRC re-establishment fails, the IAB-node may move to RRC_IDLE and perform IAB setup procedure to select a new parent IAB-node. Before the IAB-node finishes the IAB node integration procedure, it cannot serve any UE and child IAB-node. This may longer delay for the UE and child IAB-node that have already accessed to it before.

To avoid longer delay for the UE and downstream IAB-node, it is better to avoid RRC re-establishment failure. This requires the IAB node MT part to select the parent IAB nodes which has its UE context information. For CU/DU split case, donor CU has all the IAB DU context information. Therefore, the IAB DU shall firstly select the parent IAB node connected with the same donor CU  to perform RRC re-establishment. As we know, cell identity is carried in SIB1 which can be used to identify gNB/donor CU id. So it is easy for the IAB-node to know whether the selected parent IAB node is connected with the same donor CU. 
Proposal 3: In order to avoid RRC re-establishment failure, it is suggested the IAB firstly selects the parent IAB node connected with the same donor CU to perform RRC re-establishment.

Next，we will analyze what the child IAB do for scenario2&3. Suppose the IAB which happens RLF has two types of child IAB nodes as shown in figure 1：

Type1: the child IAB node has redundant route (MT4).

Type2: the child IAB node does not have redundant route (MT3).
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Figure 1 an example for RLF
Type1 child IAB

According to the analysis in section 2.1, we proposed that if RLF is detected for the link with one of the parent IAB-nodes, the MT part of IAB-node can suspend transmissions and report the radio link failure information to the donor CU via the other link. For scenario2&3, since all the parent IAB-nodes cannot work, the IAB node cannot report the RLF information by itself. As shown in figure 1, suppose IAB-node MT1 detects RLF, it cannot report the RLF information to the donor CU by itself.  But for its child IAB of type1 such as IAB-node MT4, if it knows one of its parent IAB (IAB-node DU1) cannot work, it can  report the radio link failure information to the donor CU via the other parent IAB (IAB-node DU2). In other words, for the IAB node with redundant routes, if it knows one of its parent IAB cannot work, it can report the radio link failure information to the donor CU via the other parent IAB. 

Proposal 4: For the IAB node with redundant route, if it knows one of its parent IAB cannot work, it can  report the radio link failure information to the donor CU via the other parent IAB. 
Then, how does the child IAB-node knows whether its parent IAB node happens RLF and cannot work? TR38.874 gives several options as below:

	-
Option 1: The IAB-node DU discontinues service. Consequently, the child nodes will also determine BH RLF and follow through the above procedures to recover.

-
Option 2: The IAB-node DU explicitly alerts child IAB-nodes about the upstream RLF. Child IAB-nodes receiving this alert can forward the alert further downstream. Each IAB-node receiving such alert initiates BH-RLF recovery as discussed above. 

-
Option 3: Every IAB-node can regularly share information on, e.g., BH quality, to its child or parent IAB-nodes. In this manner, downstream or upstream RLF can be sensed without taking explicit actions.


According to our understanding, Since gNB-CU is a logical node hosting RRC, SDAP and PDCP layers of the gNB, and the gNB-DU is a logical node hosting RLC, MAC and PHY layers of the gNB, the gND-CU is responsible for  encoding of RRC messages. Therefore,  if the IAB-node happens RLF and has no redundant link, it loses the connection with the donor CU, so it cannot send RRC message to its child IAB-node. For above option 2, RLF indication information can only be carried in MAC CE or physical control signaling, which seems strange since RRC entity is responsible for considering whether radio link failure to be detected. In our opinion, option1 and option3 seems more reasonable. However, even if there is not any enhancement such as option1, it is easy for the IAB-node to know whether its parent IAB node cannot provide service.
Then, when the donor CU acquires the information about which link has happened RLF, it may re-configure or update the route information for related downstream IAB nodes via the other redundant link.
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Figure 2：an example for link recovery procedure
As shown in figure 2, suppose that IAB node1 has two parent IAB nodes, they are IAB-CG1 and IAB-CG2. When the IAB-CG1 happens RLF and cannot provide service for its child IAB nodes, then：

Step1：IAB node1  knows its parent IAB node CG1 happens RLF and cannot work.
Step2：IAB node1 suspends all the related SRB and DRB；

Step3-4：IAB node1 reports the radio link failure information of IAB-CG1 to the donor CU via the parent IAB-CG2. 
Step5~9:  Donor CU may re-configure or update the route information for IAB node1 via the IAB CG2. If necessary, donor CU will re-configure CellGroupconfiguration of IAB CG2 for IAB node1, such as adding or modifying RLC channels.
Step10~11：If IAB CG1 has finished RRC Reestablishment and accessed to the same donor CU again, the donor CU may re-configure CellGroupconfiguration of IAB CG1 for IAB node1 based on the mesurement report, such as establishing new RLC channels. If necessary, it may also re-configure CellGroupconfiguration of IAB CG2 for IAB node1,such as modifying RLC channels.
Step12~13：If the IAB-node 1 finds more suitable paernt IAB-node based on the mesurement report,  the donor CU may indicate the IAB node1 to release the IAB CG1. 

Type2 child IAB

For this case, since there is no redundant route for the child IAB, the MT part of the child IAB-node has to perform RRC re-establishment. According to the analysis in section 2.1, we proposed that the IAB node shall firstly select the parent IAB node connected with the same donor CU with itself to perform RRC re-establishment. We think this way is also suitable for the child IAB to avoid RRC re-establishment failure.
Proposal 5: For the child IAB without redundant route, if it knows its parent IAB node cannot work, it shall perform RRC re-establishment. In order to avoid RRC re-establishment failure, it shall firstly select the parent IAB node connected with the same donor CU as before to perform RRC re-establishment.
Conclusion

In this contribution, we mainly discussed link recovery related issues and potential enhancements for the three RLF scenarios. And we have the following observations  and proposals:

Observation 1: According to the current NR specification, if RLF is detected for MCG, the UE initiates the RRC connection re-establishment procedure. If RLF is detected for SCG, the UE can suspend transmissions for all radio bearers and report the radio link failure information to the MCG. 
Proposal 1: If both the parents IAB-nodes connect to the same donor CU and RLF is detected for one of the link with parent IAB-nodes, the MT part of IAB-node can suspend transmissions instead of triggering re-establishment. Meanwhile, it can report the radio link failure information to the donor CU via the other available link. 

Observation 2：if a IAB has redundant link, and if only one of its link happens RLF but the other link can still work,  it can continue to provide service for its child IAB-nodes.
Proposal 2: It is unnecessary to inform the child IAB node that RLF happens for the parent IAB for scenario1.

Observation 3: If RLF occurs between all the parent IAB-nodes and the IAB-node, and the RRC re-establishment fails, the IAB-node may move to RRC_IDLE and perform IAB setup procedure to select a new parent IAB-node. Before the IAB-node finishes the IAB node integration procedure, it cannot serve any UE and child IAB-node. This may longer delay for the UE and child IAB-node that have already accessed to it before.

Proposal 3: In order to avoid RRC re-establishment failure, it is suggested the IAB firstly selects the parent IAB node connected with the same donor CU to perform RRC re-establishment.

Proposal 4: For the IAB node with redundant route, if it knows one of its parent IAB cannot work, it can  report the radio link failure information to the donor CU via the other parent IAB. 
Proposal 5: For the child IAB without redundant route, if it knows its parent IAB node cannot work, it shall perform RRC re-establishment. In order to avoid RRC re-establishment failure, it shall firstly select the parent IAB node connected with the same donor CU as before to perform RRC re-establishment.
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