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Introduction
This contribution provides our view on the IAB resource management framework in the context of the Rel-17 IAB WID [1] objectives. Specifically, it summarizes the Rel-16 IAB resource management framework and it identifies the areas within the framework where enhancements might be needed to achieve in a more efficient way simultaneous operation (transmission or reception) of the IAB-MT and the IAN-DU of a given IAB-node. It is envisioned that in principle the Rel-17 IAB resource management framework is an incremental extension of the Rel-16 framework.
[bookmark: _Hlk32401284][bookmark: _Hlk24102609]IAB resource management in Rel-16
Rel-16 has defined a resource management framework to address the primary constraint of mutual interference between the IAB-MT and the IAB-DU, referred as the half-duplex constraint at the IAB-node. In essence, in Rel-16 the assumption is that in general an IAB-node is not capable of operating the IAB-MT and the IAB-DU at the same time, and hence methods to ensure time orthogonalization of the resources were introduced.
The framework relies on the hierarchical structure of the IAB topology, whereby the IAB-DU of a node controls via scheduling the IAB-MT of a child node. As a result, the main aspect that had to be addressed is time division multiplexing of the IAB-DUs of adjacent connected IAB-nodes. This was achieved with the introduction of an additional attribute (beyond the D/F/U marking) for the IAB-DU resources, as summarized in Table 1.
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[bookmark: _Ref47540951]Table 1 – IAB-DU resource attributes
Using these attributes, the IAB-DU is provided a semi-static resource configuration by the CU which includes the D/F/U markings as well as the H/S/NA attributes. The structure of this resource configuration takes elements from the structure of the TDD common and TDD dedicated configurations, as well of the dynamic SFI (DCI format 2_0) slot formats. The granularity for the H/S/NA is per D/F/U resource type. The concept is depicted in Figure 1.
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[bookmark: _Ref47545892]Figure 1- IAB-DU semi-static resource configuration
Using the H/S/NA attributes the IAB-DUs of two adjacent connected nodes (a parent – child pair) can be configured in a time orthogonal way, e.g. when the parent IAB-DU is configured as H, the child IAB-DU is configured as NA or S. When S resources are treated as NA, the resulting resource usage corresponds to the centralized semi-static time domain partitioning of resources across adjacent links, with a corresponding baseline partitioning of the flow capacity among adjacent links. This is illustrated in Figure 2–(a).
The introduction of S resources in the configuration allows however to apply dynamic localized adjustments, controlled by the IAB-nodes. Specifically, a S resource can be used by an IAB-DU when the parent IAB-node explicitly releases the S resource (via an Availability Indicator sent with DCI format 2_5) or by an implicit determination of no impact to the IAB-MT. This enables to adjust the flow capacity amongst adjacent links in a more dynamic fashion, as illustrated in Figure 2–(b).
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[bookmark: _Ref47554491]Figure 2 – Static and dynamic flows amongst adjacent links
While the IAB-DU resource configuration framework allows to orthogonalize in time the resources for adjacent links, in general the CU is not precluded from allowing some resource conflicts. There are two types of conflicts:
1) Type 1: Conflicts between adjacent links, whereby the same resource in time is marked as H for both IAB-DUs.
2) Type 2: Conflicts between S or NA resources and periodic allocations of signals / channels.
An illustration of such conflicts and the associated handling defined in Rel-16 is provided in Figure 3.
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[bookmark: _Ref47556907]Figure 3 – Resource conflicts and associated handling

Resource management extensions for enhanced duplexing
While the main objective in Rel-16 was to define a solution that would handle the case in which the IAB-MT and the IAB-DU are subject to the half-duplex constraint and need to be time division multiplexed, the objectives in Rel-17 call for extending the solution to the case in which the IAB-MT and IAB-DU have a more advanced duplexing ability and can share simultaneous operation in some capacity, e.g. simultaneous Rx (SDM), simultaneous Tx (SDM), or simultaneous Rx and Tx (FD) or simultaneous Tx and Rx (FD).
Looking at the Type 1 conflicts in Figure 3, it can be observed that in general the more sophisticated is the duplexing capability of the IAB-node (i.e. the ability to handle simultaneous operation (transmission or reception) of the IAB-MT with the IAB-DU), the more Type 1 conflicts can be allowed in the IAB-DU configurations. Conversely, if the IAB-node has no duplexing ability between the IAB-MT and the IAB-DU the amount of conflicts should be minimized, particularly in the context of an inter vendor environment. Moreover, it can be observed that if a IAB-node has a high degree of duplexing ability (e.g. it is FD capable), the benefit of such capability cannot be exploited if the IAB-DU configurations strictly separate the resources in time amongst the upstream and downstream links of the IAB-node.
Observation 1:
For improved system performance the IAB-DU resource configurations for a pair of parent and child IAB-nodes need to be commensurate with the duplexing capability of the child IAB-node.
As previously mentioned, Rel-16 mainly focused on the case of no duplexing capability. However, a given IAB-node can already signal to the CU and to its parent node some duplexing capability information. Specifically, an IAB-node can indicate (TDM required, TDM not required) for any {MT CC, DU cell} pair with respect to each transmission direction combination:
· MT-Tx / DU-Tx
· MT-Tx / DU-Rx 
· MT-Rx / DU-Tx
· MT-Rx / DU-Rx
As a result, using the existing Rel-16 framework, the CU is already in a position to determine optimized IAB-DU configurations based on the reported duplexing capability of the IAB-nodes. Moreover, a parent node can be made aware of the duplexing capability of its children nodes and, since it can also be made aware of the IAB-DU configuration of its children, it can act accordingly in presence of a Type 1 conflict with its children. As an example, assuming there is a Type 1 conflict based on the IAB-DU configurations, if the child node reports no duplexing capability (i.e. TDM required for all MT/DU Rx/Tx combinations) the parent node is aware there is a true conflict and may decide to resolve the conflict in favor of the child by not using the conflicting resource. As another example, if the child node reports full duplexing capability (i.e. TDM not required for all MT/DU Rx/Tx combinations), the parent node is aware there is no real conflict and can use the resource without any concern it may cause a conflict at the child node.
The general operation is illustrated in Figure 4.
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[bookmark: _Ref47562448]Figure 4 – DU configuration has a function of duplexing capability
Observation 2:
The Rel-16 framework for is already suitable to support efficient semi-static IAB-DU resource configuration as a function of duplexing capabilities of IAB-nodes.
Based on this observation it seems there is no need in Rel-17 for enhancements to the semi-static IAB-DU resource configuration framework specifically for the support of enhanced duplexing capabilities of IAB-nodes. As a result, we have the following proposal:
Proposal 1:
IAB-DU semi-static resource configuration for enhanced duplexing capabilities (i.e. simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links) is supported using the existing Rel-16 resource management framework.

In general, the duplexing capability of an IAB-node is not in all cases a static property. As an example, the amount of interference from the IAB-DU Tx to the IAB-MT Rx can generally depend on the dynamic beam characteristics and their mutual coupling. As a result, in practice, an indication of duplexing capability may not be representative of an absolute capability, but rather of a conditional capability. It is assumed that a sensible IAB-node design would report a certain duplexing capability if it can guarantee that in the majority of the cases, such capability can effectively be exploited.
Observation 3:
Duplexing capability is in general conditional and not necessarily an absolute property that applies independently of the IAB-MT and IAB-DU beams direction and shape.
As a result, improved system performance may require consideration for the dynamic aspects of the duplexing capabilities of an IAB-node.

Proposal 2:
Rel-17 includes enhancements for the dynamic nature of the duplexing capability of an IAB-node. Details are FFS.

Resource management extensions for multi-parent scenarios
Rel-17 objectives include the specification of enhancements for multi-parent scenarios deriving from the multi-connectivity scenarios defined by RAN2 and RAN3 in the context of topology redundancy for improved robustness and load balancing.
From a RAN1 perspective, regardless of the upper layers signalling specifics for the mulit-connectivity framework, the main remaining issue relates to the case in which multiple parent nodes need to share the same time / frequency resources in the communication with a child node. In this situation the aspects related to IAB-DU resource coordination need to consider the additional duplexing constraint / capability across the links to the multiple parents.
Observation 4:
From a RAN1 perspective, the impact of multiple-parents scenarios on IAB-DU resource coordination resolves to the need to consider the additional duplexing constraint / capability of an IAB-node across the links to the multiple parents.
As a result, we have the following proposal:
Proposal 3:
Rel-17 includes enhancements for efficient IAB-DU resource coordination across links to the multiple parents sharing the same time / frequency resources.




Conclusion
This contribution provided our view on the IAB resource management framework in the context of the Rel-17 IAB WID . The following observations and proposals were made:

Observation 1:
For improved system performance the IAB-DU resource configurations for a pair of parent and child IAB-nodes need to be commensurate with the duplexing capability of the child IAB-node.
Observation 2:
The Rel-16 framework for is already suitable to support efficient semi-static IAB-DU resource configuration as a function of duplexing capabilities of IAB-nodes.
Observation 3:
Duplexing capability is in general conditional and not necessarily an absolute property that applies independently of the IAB-MT and IAB-DU beams direction and shape.
Observation 4:
From a RAN1 perspective, the impact of multiple-parents scenarios on IAB-DU resource coordination resolves to the need to consider the additional duplexing constraint / capability of an IAB-node across the links to the multiple parents.

Proposal 1:
IAB-DU semi-static resource configuration for enhanced duplexing capabilities (i.e. simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links) is supported using the existing Rel-16 resource management framework.

Proposal 2:
Rel-17 includes enhancements for the dynamic nature of the duplexing capability of an IAB-node. Details are FFS.
Proposal 3:
Rel-17 includes enhancements for efficient IAB-DU resource coordination across links to the multiple parents sharing the same time / frequency resources.
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