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1 Introduction

A study item on integrated access and backhaul for NR is finished in the last meeting and a new work item is made based on the study [1]. In this contribution, we discuss on resource multiplexing among backhaul and access links based on following work item objectives.
	· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:

· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.

· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 

· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 

· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 

· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 

· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.

· Specification of mechanism to support the “case-1” OTA timing alignment.


2 DU configuration
From an IAB node DU point of view, there are four types of time resource for child link: Downlink (DL), Uplink (UL), Flexible (F), and Not available (NA). Not available resource means the resource is not used for communication on DU child links).

Each of the downlink, uplink and flexible time-resource of the DU child link can be hard or soft resource. Hard resource means it is always available for communication on the DU child link. But, for soft resource, but the availability for communication on the DU child link is explicitly and/or implicitly controlled by the parent node.
In this contribution, we call the configuration on link direction (DL/UL/F/NA) and link availability (Hard/Soft) of time resource for DU child link as ‘DU configuration’. This configuration will be used for effective multiplexing and interference handling among IAB nodes. For example, it can be used to indicate which link is valid for a time resource between parent link and child link. Also, by configuring only a subset of child nodes can utilize the time resource for DU operation, it can be used to adjust interference among child nodes. Considering these aspects, DU configuration will be more effective when it can be configured semi-statically and IAB node specifically.
Proposal 1: DU configuration can be configured by semi-static and IAB node specific RRC message.
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. However, if we consider SDM/FDM among parent link and child link, link direction between two links should be reversed. So other structure might be necessary.
It also needs to be discussed whether NA and soft resource can be allocated anywhere or not. We think restriction on NA and soft resource location should be minimized for flexible resource and interference management, but further discussion seems be required.
3 MT configuration

Similar to SFI configuration for access link, IAB node MT can have three types of time resource for its parent link: Downlink (DL), Uplink (UL), and Flexible (F).
The configuration for link direction of parent link time resource is called ‘MT configuration’. This configuration can be based on SFI configuration for access link. For access link SFI configuration, both of semi-static and dynamic configuration is used. For semi-static configuration, cell-specific configuration by SI is transmitted at first and slot format for flexible region configured by SI can be overridden by UE-specific RRC configuration. Also, dynamic configuration by group-common PDCCH configures slot format for semi-statically configured flexible resource. We think similar mechanism can be applied for MT configuration.
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 2: MT configuration is based on slot format configuration for access link.
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Figure 1. DU configuration and MT configuration for a link between IAB node and its child node
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 3: When a node configures link direction dynamically for its child node or access UE, it should not be violated its DU configuration.
4 DU soft resource handling
According to TR 38.874 [2], DU operation has priority to MT operation in hard resource configured by DU configuration. On the other hand, MT operation has priority in NA resource configured by DU configuration. Regarding on soft resource, DU operation is available when the resource is indicated as IA, and MT operation is available when INA is indicated. 

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 2.(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 2.(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 2.(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.
Proposal 4: If the availability is not configured by explicit L1-signaling for DU soft resource, an IAB node assumes INA for the resource.
According to priority rule in [2] between MT configuration and DU configuration for a node perspective, MT operation is not allowed in DU hard resource and soft resource with IA configuration. However, it can be discussed whether dynamic scheduling for MT operation can override previous DU configuration. For example, a DL grant (or UL grant) can schedule data transmission on hard resource or soft resource indicated as IA. In this case, the node can assume these resource are allowed for MT operation and receive data from the parent node. Or, based on explicit configuration, the node drop to receive the DL data from the parent node.
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(b)
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Figure 2. Examples of L1-signaling transmission for the availability indication of soft resources
5 Conclusion 

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

Proposal 1: DU configuration can be configured by semi-static and IAB node specific RRC message.

Proposal 2: MT configuration is based on slot format configuration for access link.
Proposal 3: When a node configures link direction dynamically for its child node or access UE, it should not be violated its DU configuration.

Proposal 4: If the availability is not configured by explicit L1-signaling for DU soft resource, an IAB node assumes INA for the resource.
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