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1 Introduction

In the last meeting, following agreements were made regarding on resource multiplexing among backhaul and access links. [1]

	At least existing resource definitions (D/U/F) and semi-static and dynamic signaling methods defined in Rel-15 for access UEs are reused for configuration and indication of MT resources to be used by the backhaul link between the IAB node and its parent.

· FFS details

Agreements:

IAB-node/IAB-donor DU resources are provided by a semi-static configuration which is provided separately from the MT resource indication

· FFS: whether the configuration is per-link or per-DU 

· FFS: details for the configuration

Agreements:

Support indication of the dynamic availability of soft resources at an IAB node from a parent

FFS details, including explicit vs. implicit indication


In this contribution, we provide our view on IAB node multiplexing based on above agreements.
2 DU and MT configuration
Resource configurations for IAB DU and MT are provided semi-statically and separately. For MT configuration, resource direction related information is provided based on legacy slot format configuration for access UE. On the other hand, for DU configuration, resource direction (DL/UL/F) and resource availability (hard/soft/NA) information are configured. For DU and MT configurations, we propose that IAB node is operated based on following assumptions.
(a) An IAB node knows MT configuration of its child node.

Semi-static MT configuration would be configured by SI and RRC, so it can be assumed that IAB node knows MT configuration of its child node. So, IAB node can configure slot format dynamically for semi-statically configured flexible resource.

(b) An IAB node knows DU configuration of its child node.
An IAB node should know DU configuration of its child node considering following aspects.
If dynamic and explicit availability configuration for DU soft resource is supported, an IAB node would determine IA/INA information and transmit it by DCI for its child node. To support it, the node should know the location of DU soft resource for its child node at least. Therefore, it seems necessary an IAB node have information about DU configuration for its child node.
It would be possible that both of IAB node and its child node have DU hard resource (or soft resource with IA) at the same time. For example, to make both of IAB node and its child node perform communication with access UEs (e.g., access SSB transmission), the time resource for both nodes can be configured as hard resource by DU configuration. On the other hand, IAB node and its child node have DU hard resource at the same, the IAB node cannot communicate with its child node. However, if the IAB node does not know the DU configuration of its child node, the IAB node may try to transmit/receive data with its child node wastefully. Also, let’s assume that an IAB node requests PUSCH transmission at slot #n to its child node but the child node cannot transmit PUSCH since it should perform DU operation. In this case, even if the child node does not transmit PUSCH at slot #n, the IAB node would use it for PUSCH HARQ combining and it would cause performance impact. Therefore, information about DU configuration of child node would be useful to an IAB node.
If DU configuration is delivered to an IAB node by F1-AP signaling, its parent node cannot know the DU configuration. In this case, to make the parent node know the DU configuration, 1) the IAB node transmits its DU configuration to the parent node, or 2) the DU configuration also can be delivered to the parent node by F1-AP signaling. Alternatively, RRC signaling can be used to deliver DU configuration to an IAB node.
(c) An IAB node can use dynamic soft resource availability configuration to control DU operation
An IAB node would be configured dynamic IA/INA configuration for its DU soft resource from its parent node. The dynamic configuration is received by MT and this information should be delivered to DU and utilized to control DU operation. 
(d) An IAB node can use its DU configuration to control MT operation
DU configuration would be delivered to IAB DU by F1AP signaling. Then, MT and DU may be separated device within an IAB node, and only DU can receive the DU configuration from the donor. However, similar to assumption in (c), it should be assumed that the IAB node can utilize the DU configuration to determine the availability of MT operation. It means that the MT operation can be controlled without additional configuration for parent link availability to MT.
Proposal 1: An IAB node can acquire MT configuration of its child node. 
Proposal 2: An IAB node can acquire DU configuration of its child node.
Proposal 3: It is assumed that an IAB node can use its DU configuration to control MT operation
2.1 DU configuration
To an IAB node, the configuration on DU link direction (DL/UL/F) and DU link availability (Hard/Soft/NA) of time resource is configured. At the same time, child link direction to multiple child nodes and access UEs should be aligned. In case of child link availability, only a part of child links can be available at a time, but it can be controlled by scheduling or MT configuration. Therefore, if there is no strong reason to support link-specific DU configuration, it seems sufficient to configure DU configuration per DU and apply the DU configuration for all child links.

Proposal 4: One DU configuration is configured to a DU and it is applied to all child links.
In current NR system, slot format of access link follows the order of DL-F-UL. It seems natural to applying the similar rule for DU configuration, considering that an IAB node also support legacy NR UEs and backhaul link would be based on the current access link operation. Then, it seems natural to reuse semi-static SFI configuration to indicate DU link direction. In case of link availability configuration (Hard/Soft/NA), the configuration should target flexible allocation of Hard/Soft/NA resource.

Proposal 5: Configuration of DU link direction (DL/UL/F) can be based on legacy semi-static SFI configuration.
Proposal 6: It seems desirable to minimize restriction on the location of DU Hard/Soft/NA resource.

2.2 MT configuration
In the last meeting, it was agreed that MT configuration is based on SFI configuration for access link for both of semi-static and dynamic. In this case, one point that needs to be clarified is the relationship between slot format configuration by SI for access UEs and MT configuration by SI for child nodes needs. For instance, slot format configuration by SI for access UEs also can be applied to MT configuration, or they can be configured independently.

Proposal 7: Discuss whether slot format configuration by SI for access UEs also can be applied to MT configuration or not.
For flexible resource configured by semi-static MT configuration for IAB node and SFI configuration for access UE, parent node can determine and indicate link direction dynamically by L1-signaling. In the parent node perspective, the link direction determination for the flexible resource should be based on its DU configuration. For example, for an IAB node perspective, a child link resource can be configured to flexible by ② MT configuration as shown in Figure 1. Then, for example, if this resource is configured to downlink resource by its ② DU configuration, the resource cannot be configured as uplink by dynamic MT configuration. Table 1 shows configurable link direction for flexible resource based on DU configuration. 

A parent node can configure the link direction for flexible resource implicitly by DL/UL grant. In this case, similarly to the above, the determined link direction should be aligned to its DL configuration.

Table 1. Configurable link direction for flexible resource by dynamic L1-signaling

	DU configuration
	Configurable link direction to child node/access UE

	DL
	DL, F

	UL
	UL, F

	F
	DL, UL, F

	NA
	DL, UL, F


Proposal 8: When a node configures link direction dynamically for its child node or access UE, it should not be violated its DU configuration.

3 DU soft resource handling

The availability of soft resource can be configured dynamically by L1-based explicit signaling. In an IAB node perspective, since it may not be able to apply the configuration for soft resource directly after receiving the L1 signaling, some minimum timing gap would be required between reception timing and applying timing of the configuration. 

Then, let’s assume that an IAB node is configured its MT configuration and DU configuration as shown in Figure 1.(a), and the availability of DU soft resource is not determined yet in slot n. It also can be assumed that the node monitors PDCCH in downlink symbols which is configured to NA by DU configuration. Then, L1-signaling for the availability indication of soft resource can be received within these symbols and the configuration can be applied from the next slot as an example.

However, if MT operation is allowed not only in NA resource but also soft resource without IA/INA indication, the IAB node can have more opportunities to monitor PDCCH from its parent node. Then, as depicted in Figure 1.(b), the node can receive L1-signaling for the available resource configuration in symbol #4 or #5 in slot n, and the indication can be applied in the next slot. 

If MT operation is not allowed in soft resource without IA/INA indication, it would cause significant problem when DU configuration for an IAB node does not have NA resource. In this case, since the node cannot monitor PDCCH anywhere, it cannot receive L1-signling for the available resource configuration for its DU soft resource. As a result, the node cannot communicate with its parent node anymore. Therefore, to prevent this issue, MT operation in DU soft resource without IA/INA indication seems necessary at least for PDCCH monitoring as shown in Figure 1.(c). 

Considering above aspect, we propose that default assumption for the DU soft resource is INA and the location of IA resource in configured by the explicit L1-sigaling at least for PDCCH monitoring resource.

Proposal 9: If the availability is not configured by explicit L1-signaling for DU soft resource, an IAB node assumes INA for DU at least for PDCCH monitoring resource.

The granularity of explicit IA/INA resource configuration needs to be discussed. For instance, symbol(s)-level/slot(s)-level IA/INA resource configuration can be considered.

Regarding on soft resource without explicit soft resource configuration, we can consider two ways to determine the availability.

· Alt 1. INA is assumed for DU and MT operation is prioritized in soft resource without explicit IA/INA configuration.
· Alt 2. INA is assumed for DU and MT operation is prioritized in PDCCH monitoring resource and dynamic data scheduling related resource. 
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(b)
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(c)

Figure 1. Examples of L1-signaling transmission for the availability indication of soft resources
4 Priority rule for DU and MT operation

According to TR 38.874 [2], DU operation has priority to MT operation in DU hard resource and soft resource with IA indication. On the other hand, MT operation has priority in NA resource and soft resource with INA indication.

Basically, IAB node operation should follow this rule. For example, if there is a data scheduling by parent node in DU hard resource, this scheduling is dropped and DU operation is performed. However, it should be discussed whether to consider some exception cases. 
For example, access SSB transmission needs to be assured to support access UEs. However, the resource for access SSB transmission can be configured to be not available for DU operation. In this case, access SSB transmission can be performed regardless of DU configuration. Similar rule can be considered for backhaul SSB transmission and measurement.

Proposal 10: DU operation has priority to MT operation in DU hard resource and soft resource with IA indication, and MT operation MT operation has priority in NA resource and soft resource with INA indication. Discuss whether some exception cases are required.
5 Conclusion 

In this contribution, we discussed on resource multiplexing among backhaul and access links and obtained following proposals.

Proposal 1: An IAB node can acquire MT configuration of its child node. 
Proposal 2: An IAB node can acquire DU configuration of its child node.
Proposal 3: It is assumed that an IAB node can use its DU configuration to control MT operation

Proposal 4: One DU configuration is configured to a DU and it is applied to all child links.
Proposal 5: Configuration of DU link direction (DL/UL/F) can be based on legacy semi-static SFI configuration.

Proposal 6: It seems desirable to minimize restriction on the location of DU Hard/Soft/NA resource.

Proposal 7: Discuss whether slot format configuration by SI for access UEs also can be applied to MT configuration or not.
Proposal 8: When a node configures link direction dynamically for its child node or access UE, it should not be violated its DU configuration.

Proposal 9: If the availability is not configured by explicit L1-signaling for DU soft resource, an IAB node assumes INA for DU at least for PDCCH monitoring resource.

Proposal 10: DU operation has priority to MT operation in DU hard resource and soft resource with IA indication, and MT operation MT operation has priority in NA resource and soft resource with INA indication. Discuss whether some exception cases are required.
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