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1 Introduction
According to the TR 38.874[1], following requirement are defined:
	5.2.2
Topology adaptation

Wireless backhaul links are vulnerable to blockage, e.g., due to moving objects such as vehicles, due to seasonal changes (foliage), or due to infrastructure changes (new buildings). Such vulnerability also applies to physically stationary IAB-nodes. Also, traffic variations can create uneven load distribution on wireless backhaul links leading to local link or node congestion.

Topology adaptation refers to procedures that autonomously reconfigure the backhaul network under circumstances such as blockage or local congestion without discontinuing services for UEs.

Requirement: Topology adaptation for physically fixed relays shall be supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links.


In this contribution, we will investigate schemes of link switch when blockage or local congestion happens. Furthermore, we will discuss the potential enhancements for support of multiple connectivity of IAB.
2 Discussion

Based on the description in TR 38.874, the following IAB topologies are considered in the study:

	1. Spanning tree (ST)

2. Directed acyclic graph (DAG)
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Figure 9.2-1: Examples for spanning tree and directed acyclic graph. The array indicates the directionality of the graph edge.


For spanning tree topology, each IAB has only one parent IAB node. For DAG topology, IAB node may be single connected or have multiple route to the donor node. In the next section, we will analyze the link switch procedure for the single connectivity scenario and multiple connectivity scenario.

2.1 Single connectivity scenario
In normal case, handover procedure shall be used for changing the DU part of the parent IAB. According to current specification, for Inter-gNB-DU Mobility for intra-NR, the handover procedure is shown in figure 1. When the MT part of the IAB node access to a DU part of the parent IAB node, it will perform measurement and reporting. Then the gNB-CU decides the target DU part of the parent IAB based on the measurement report. After that, the gNB-CU can start handover procedure by sending the UE CONTEXT SETUP REQUEST to the target DU part of the parent IAB. Then the target DU part of the parent IAB performs admission control and prepares radio resource for the MT part of the IAB node. If ok it will send UE CONTEXT SETUP RESPONSE to the gNB-CU. Next, the gNB-CU sends the UE CONTEXT MODIFICATION REQUEST to the source DU part of the parent IAB which includes a generated RRCConnectionReconfiguration message and indicates to stop the data transmission for the MT part of the IAB node. Then the source DU part of the parent IAB forwards the mobility related RRC signaling to the MT part of the IAB node. The source DU part of the parent IAB also sends a Downlink Data Delivery Status frame to inform the gNB-CU about the unsuccessfully transmitted downlink data. When the MT part of IAB node receives this mobility related RRC signaling, it will perform random access to the target DU part of the parent IAB immediately. The target DU part of the parent IAB sends a Downlink Data Delivery Status frame to inform the gNB-CU. Downlink packets, which may include PDCP PDUs not successfully transmitted in the source DU part of the parent IAB, are sent from the gNB-CU to the target DU part of the parent IAB. After the source DU part of the parent IAB releases the UE context and responds the gNB-CU with an UE Context Release Complete message.
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Figure 1: Inter-gNB-DU Mobility for intra-NR (TS38.401)
Proposal1: The legacy inter-gNB DU mobility procedure could be used as baseline for the link switch in single connectivity scenario. 
2.2 Multi-connectivity scenario
Based on the description in TR38.374, Multi-connectivity or route redundancy may be used for back-up purposes, and it is also possible that redundant routes are used concurrently, e.g., to achieve load balancing, reliability, etc. Therefore, in our opinion, there are two types multi-connectivity for MT part of IAB node:

· Type1: The MT part of IAB node has connectivity to multiple DU part of IAB nodes and all the connectivity are activated for data transmission.

· Type2: The MT part of IAB node has connectivity to the multiple DU part of IAB nodes but only one connectivity is activated for data transmission. If blockage happens in the current activated link, a secondary link shall be activated and the IAB node will switch to the secondary link quickly. For activated link, it works normally. 
Generally speaking, MT part of IAB node’s multiple connectivity to parent IAB nodes might work in the same frequency or different frequency. However, intra-frequency multi-connectivity might cause serious interference, especially for Type 1, since multiple connectivity are activated for data transmission. Resource coordination is required between different parent IAB nodes serving the same MT part of IAB node. This will increase the complexity of scheduling. But for type2, since only one connectivity is activated, the intra-frequency interference does not exist.

Proposal 2: Two types of multi-connectivity could be considered: 1) multiple activated connectivity for data transmission; 2) single activated connectivity for data transmission. 

Proposal 3: For type 1 multi-connectivity, it would be better that the connectivity with different parent IAB node works in different frequency. Otherwise, resource coordination between parent IAB nodes should be considered to avoid interference. 

Proposal 4: For type 2 multi-connectivity, it does not matter intra-frequency or inter-frequency since only one connectivity is activated for data transmission. 

2.2.1 Link switch for inter-gNB-DU Multi-connectivity

For type1 multiple connectivity, handover and secondary node addition/release procedure shall be reused for changing the DU part of the parent IAB. 

For type2 multiple connectivity, supposing an IAB node connects to source DU and several secondary DUs for multiple connectivity, and the link with source DU is activated now. If the link with source DU becomes worse, it will switch to a secondary DU. Furthermore, there are two cases for link switch:
· Case 1: the link with source DU becomes worse but is not blocked.

Basically, the link switch procedure can be divided into several steps as below:

Step1: The IAB node reports measurement result to the IAB donor when the link condition become worse;

Step2: The IAB donor decides whether to activate a secondary link and which link shall be activated based on the measurement report. 

Step3: The donor CU sends the message to activate the link between the MT part of the IAB and the target DU by sending the UE CONTEXT MODIFICATION REQUEST and sends RRC reconfiguration message including at least DRB configuration to the MT part of the IAB. The target DU may have established several DRBs for the MT part of the IAB during the UE context setup procedure but not activated for data transmission. When the secondary link is activated, the DRB can be activated for data transmission immediately. In addition, if all the established DBRs are not suitable for the data mapping, the donor CU can request the target DU to establish new DRB for the MT part of the IAB when the link is activated. Then the target DU shall execute the requested DRB configuration. The MT part of the IAB activates the link with the target DU, de-activates the link with the source DU and replies the RRC reconfiguration complete message. 
The signalling flow for IAB-node link switch is shown as below:
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Figure 3 case 1 of Link switch for inter-gNB-DU Multi-connectivity 

· Case 2: the link with source DU is blocked.

For case 2, since the link between the IAB and source DU is blocked, the signalling cannot be transmitted through source DU, so the procedure is a little different from case1. Specifically, the IAB cannot report measurement result through the source DU, then two options can be considered:

Option a: the source DU detects the link situation of IAB node, if blockage happens, the source DU reports this information to the IAB donor via F1 interface.

Option b: the IAB node reports the measurement result information to the donor CU through a secondary link.

Then the donor CU decides which link shall be activated based on the acquired link situation report or blockage indication information. Since the link with the source DU is blocked, the link switch related signaling, such as RRCConnectionReconfiguration is transmitted through the target DU.

The signalling flow for IAB-node link switch is shown as below:
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Figure 4  case 2 of Link switch for inter-gNB-DU Multi-connectivity
1. For option a: the source DU detects the link situation of IAB node, if blockage happens, the source DU reports this information to the IAB donor via F1 interface
For Option b: Measurement report is triggered and sent to target DU, then the target DU sends an Uplink RRC Transfer message to the donor CU to convey the received Measurement Report.
2. Donor CU makes a decision to activate the target cell in target DU to serve IAB node.
3. Donor CU sends an UE CONTEXT MODIFICATION REQUEST message to the target DU, which includes a generated RRCConnectionReconfiguration message and require to activate the data transmission for the IAB node. 
4. Upon reception of UE CONTEXT MODIFICATION REQUEST message, target DU performs the necessary resource establishment and sends an UE CONTEXT MODIFICATION RESPONSE message to donor CU.

5. The target DU forwards the received RRCConnectionReconfiguration message to the IAB node, which includes the link switch command.
6. Upon reception of UE CONTEXT MODIFICATION RESPONSE message, donor CU sends a UE CONTEXT MODIFICATION REQUEST message to the source DU and indicates to stop the data transmission for the UE. 
7. The source DU responds to the donor CU with the UE Context Modification Response message. The source gNB-DU also sends a Downlink Data Delivery Status frame to inform the donor CU about the unsuccessfully transmitted downlink data to the UE.

8. The UE sends RRCConnectionReconfigurationComplete message to target DU to confirm the successful completion link switch procedure.
9. The target DU sends an Uplink RRC Transfer message to the gNB-CU to convey the received RRCConnectionReconfigurationComplete. 
Proposal 5: For type2 multiple connectivity, it is suggested to consider following two cases for link switch:

Case 1: the link between the MT part of IAB and source DU becomes worse but is not blocked.

Case 2: the link between the MT part of IAB and source DU is blocked.
Proposal 6: For case 2, it is suggested to consider following two options to help the donor CU acquire the link situation:
Option a: the source DU detects the link situation of IAB node, if blockage happens, the source DU reports this information to the IAB donor via F1 interface.

Option b: the IAB node reports the measurement result information to the donor CU though a secondary link.
3 Conclusion and Proposals

In this contribution we investigated schemes of link switch when blockage or local congestion happens. Furthermore, we discussed the potential enhancements for support of multiple connectivity of IAB, and we propose:

Proposal 1: The legacy inter-gNB DU mobility procedure could be used as baseline for the link switch in single connectivity scenario. 

Proposal 2: Two types of multi-connectivity could be considered: 1) multiple activated connectivity for data transmission; 2) single activated connectivity for data transmission. 

Proposal 3: For type 1 multi-connectivity, it would be better that the connectivity with different parent IAB node works in different frequency. Otherwise, resource coordination between parent IAB nodes should be considered to avoid interference. 

Proposal 4: For type 2 multi-connectivity, it does not matter intra-frequency or inter-frequency since only one connectivity is activated for data transmission. 

Proposal 5: For type2 multiple connectivity, it is suggested to consider following two cases for link switch:

Case 1: the link between the MT part of IAB and source DU becomes worse but is not blocked.

Case 2: the link between the MT part of IAB and source DU is blocked.

Proposal 6: For case 2, it is suggested to consider following two options to help the donor CU acquire the link situation:
Option a: the source DU detects the link situation of IAB node, if blockage happens, the source DU reports this information to the IAB donor via F1 interface.

Option b: the IAB node reports the measurement result information to the donor CU though a secondary link.
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