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Introduction
This contribution provides an updated view on the envisioned IAB node resource management framework encompassing the agreements made in the SI [1] in the context of the scope of the IAB WID [2].
Configuration of Resource Type
In RAN1-AH1901, it is agreed to consider semi-static configuration per-link or per-DU. In [3], it is shown that per-link configuration can achieve higher resource utilization than per-DU configuration.
	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


 
In RAN1-96, it is agreed that parent node can be made aware of all or part of DU resource configuration (D/U/F/H/S/NA) of its child IAB node DU to support inter-IAB conflict resolution. 
	Agreements:
· Inter-IAB node conflict resolution can be supported by the following options (to be down-selected) 
· Alt1: the parent node is aware of all of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs, 
· Alt2: the parent node may be made aware of a subset of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs
· FFS: whether the indication of the child DU resources at the parent is via explicit (e.g. F1-AP signaling) or implicit (e.g. based on child MT configuration) means


Though this agreement is intended for conflict resolution, it can be seen that for some cases, the link-specific resource pattern can be achieved by a per-DU configuration with knowledge of child’s resource configuration. 
     [image: ]
Fig.1 Example of semi-static link-specific partition achieved by per-DU configuration with knowledge of child’s resource configuration 
As shown in Fig.1, though both red and blue resources at IAB-node1 are indicated as Hard, by knowing the resource pattern of its child IAB-node2 being Hard at red resources and being NA at blue resources, IAB-node1 can choose to only schedule blue resources for its child link to IAB-node2. Similar operation can be applied to another child link to IAB-node3.
A dynamic link-specific pattern can be also achieved for the same topology by using per-DU configuration together with dynamic control of soft resources as shown at Fig.2. 
     [image: ]
Fig.2. Example of dynamic link-specific resource partition achieved using per-DU configuration with dynamic control of soft resources.
However, it can also be seen that for some cases, Per-DU configuration with knowledge of child’s configuration may not be able to achieve the same as per-link configuration, e.g. for cases with multi-parents as shown at Fig.3, or for cases with interference from neighbor IAB-node as shown at Fig.4.
As shown at Fig.3, IAB-node4 is connected with two parent nodes: IAB-node1 and IAB-node2. It can be desirable to configure orthogonal resources over the two parent links of IAB-node4. From IAB-node1’s point of view, its resource pattern is link-specific, that is different patterns are assigned to different child links. But unlike the case shown at Fig.1, both child nodes (IAB-node3 and IAB-node4) of IAB-node1 are configured with same blue resources. Therefore, in this case, per-DU configuration with knowledge of child’s resource configuration cannot achieve link-specific resource partition. Similar limitation for per-DU configuration can be seen at Fig.4 with single-parent, where link-specific resource partition is desired due to interference from a neighor IAB-node.         
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Fig.3 Example of link-specific partition that cannot be achieved by per-DU configuration with knowledge of child’s configuration: multi-parents scenario
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Fig.4 Example of link-specific partition that cannot be achieved by per-DU configuration with knowledge of child’s configuration: interference from a neighbor IAB-node

Observation 1: In some cases, e.g. cases with multi-parents and /or cases with interference from a neighbour IAB-node, link-specific resource partition may not be achieved by per-DU configuration with knowledge of child’s resource configuration. 
Proposal 1: Per-Link configuration shall be supported by semi-static configuration of resource type. 
Interaction Rules for Resource Management
In RAN1-96, expected behaviour of IAB-node at various resource type is defined and two FFS items are listed to handle potential conflicting configuration with respect to cell-specific signals/channels (e.g. SS/PBCH blocks, SI reception, RACH): one for hard resource type, and one for soft resource type. We think that similar item shall also be considered for not-available (NA) resource type. 
	Agreements:
· If a resource is configured as not available, the DU cannot assume it can use the resource 
· In case of hard DU resources, the DU can assume it can use the resource regardless of the MT’s configuration 
· FFS: Exception cases for specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH) 
· In case of soft DU resources: 
· If the soft resource is indicated as available, the DU can assume it can use the resource
· If the soft resource is not indicated as available, the DU cannot assume it can use the resource 
· The use of soft resources at least corresponds to transmission/reception of specific signals and channels (e.g. PDSCH/PUSCH) at the DU 
· FFS the use of soft resources in case of cell-specific (e.g. SS/PBCH blocks, SI reception, RACH) signals and channels to be potentially transmitted/received at the DU



In general, we have the following potential conflicting configuration between DU resource type and semi-static channel allocation:
· For a resource with DU Hard type: confliction may occur when signals/channels are to be transmitted or received by co-located MT at this resource.
· For a resource with DU NA/Soft type: confliction may occur when signals/channels are configured to be transmitted or received by DU at this resource.
The following 3 types of confliction resolution rules can be considered:
· Type1 (Avoiding confliction): disallow conflicting configuration by constraining resource type
· Type2 (default behaviour): Allow conflicting configuration, and DU applies default behaviour regarding whether it can assume it can use the resource based on resource type.
· Type3 (Overridden behaviour): Allow conflicting configuration, and DU’s default behavior is overridden.
Note that these 3 types of confliction resolution rules can be channel-specific, i.e., different types of rules may be adopted for different types of signals/channels. For UE/MT-specific semi-static signals/channels, with Type2 rule of applying default behaviour, impact of conflicting configuration can be controlled at acceptable level using Rel15 mechanism [3]. For example, SFI framework can be used to cancel UE/MT’s TX or RX for UE/MT-specific semi-static allocation when the corresponding resources fall into NA/Soft resources. In addition, since default behaviour is adopted, Type2 rules will have less spec effort compared to Type1 and Type3. Therefore, Type2 rules can be an acceptable option to handle potential confliction configuration between resource type and UE/MT-specific semi-static signals/channels. 
Observation 2: Three Types of resolution rules can be considered for handling potential conflicting configuration between DU resource type and semi-static signal/channel allocation: 
· Type1 to avoid confliction by constraining resource configuration 
· Type2 to allow conflicting configuration and apply default behaviour,
· Type3 to allow conflicting configuration and override default behaviour.
Observation 3: For conflicting configuration between DU resource type and UE/MT-specific semi-static signals/channels, Type2 resolution rule of applying default behaviour defined by resource type can be an acceptable option with less spec effort than option1 and Option3.
But for cell-specific signals/channels, which are critical for system performance, Type2 with default behaviour may not always be acceptable, and further analysis is required. In the following, we analyse all 3 types of confliction resolution rules for NA and Hard resources. The soft resource can be treated in the same way either as NA when availability of soft resource is not indicated, or as Hard when availability of soft resource is indicated.
RAN1-96 defined the default behaviour of an IAB-node at a NA resource as: If a resource is configured as not available, the DU cannot assume it can use the resource. To handle potential conflicting configuration between cell-specific signals/channels and NA resources, Type2 (default behaviour) rule means that DU does not transmit/receive cell-specific signals/channels that falls into NA resources. As we can see, Type2 may not be acceptable, e.g. if an SSB that covers a specific spatial area is not transmitted occasionally due to NA resources, a Rel15 UE at that specific spatial area may not be able to keep synchronization with the network. 
[bookmark: _Hlk4776798]Observation 4: For conflicting configuration between DU NA/Soft resources and cell-specific signals/channels configured at DU, Type2 resolution rule of applying default behaviour defined by resource type can cause significant performance impact. 
RAN1-96 defined the default behaviour of an IAB-node at a Hard resource as: In case of hard DU resources, the DU can assume it can use the resource regardless of the MT’s configuration. Note that as a scheduler, DU can decide whether to use the resource by itself, or to give co-located MT priority to use the resource, or to release the resource for child’s soft resources, based on system performance. This means that Type2 resolution rule (default behaviour) can be an acceptable option for DU Hard resources. The difference between Type2 rule (default behaviour) versus Type3 rule (overridden behaviour) at hard resources is that: for Type2 rule, it is up to DU’s implementation to decide whether to give priority to co-located MT; while for Type3 rule, DU is forced to always give priority to co-located MT.
Observation 5: For potential conflicting configuration between DU Hard resources and cell-specific signals/channels configured at co-located MT, Type2 resolution rule of applying default behaviour defined by resource type can be an acceptable option, since IAB-node DU can decide to give priority to co-located MT based on performance impact.
In the following, Type1 and Type3 are analyzed for NA resources. Type1(Avoid confliction) rule means that resources with cell-specific signals/channels (SSB, SI, PRACH) configured at DU shall not be indicated as type “NA” at DU. Type3(default behaviour) rule means that for a NA resource, if there are cell-specific signals/channels configured at the DU, DU can assume it can use this resource for configured cell-specific signals/channels but not for other signals/channels.
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Fig.5 Type1 versus Type3 confliction resolution rules for configuration complexity
A comparison of Type1 and Type3 for configuration complexity is shown at Fig.5, where the target is to allow IAB-node to use all even slot for traffic. For Type3 (overridden behaviour), configuration of resource pattern can be made very simple: a periodic pattern of 2 slots, with 1st slot being hard and 2nd slot being NA. But for Type1 (Avoiding confliction), since all transmitted SSB occasions shall be marked as hard, the configuration of resource pattern is much more complicated than option3.
However, as shown at Fig.6, Type3 (overridden behaviour) may cause issues at scenario when both parent and child nodes have overlapping resources for SSB transmission. For this scenario, there could be following two possible pattern alignments configured:
· Pattern1 with Hard||Hard alignment. This pattern is allowed when either Type1 (Avoiding confliction) or Type3 (overridden behaviour) is adopted. By RAN1-96 agreement, parent node can be made aware of all or subset of DU resource configuration of its child node to support inter-IAB confliction resolution. By knowing Hard||Hard alignment, the parent node can decide not to schedule child MT with RBs that are FDM/SDMed with SSB to avoid potential conflicting issue.
· Pattern2 with Hard||NA alignment. This pattern is allowed when Type3 (overridden behaviour) is adopted but not allowed when Type1 (Avoiding confliction) is adopted. In this case, by knowing Hard||NA alignment, the parent node may follow the normal assumption that child node does not use the same resource, and decide to schedule child MT with RBs that are FDM/SDMed with SSB. Since child DU needs to transmit SSB at the same resource, child MT will not receive scheduled data. To resolve this issue, either parent node also needs to know cell-specific configuration of child node; or parent node shall never schedule child MT with RBs that are FDM/SDMed with SSB.         
[image: ]
Fig.6. Type1 versus type2 confliction resolution rules for potential inter-IAB issue 
Similar pros and cons between Type1 and Type3 resolution rules can also be found for hard resources.
Observation 6: Pros and cons of using Type1 resolution rule with confliction avoidance versus using Type3 resolution rule with overridden behaviour are listed: 
· Smaller configuration complexity can be achieved by Type3 than Type1 rule.      
· Inter-IAB confliction issues, for cases e.g. with overlapping SSB cross parent and child nodes, can be caused when Type3 rule is used but can be avoided when Type1 rule is used.     


Proposal 2: For potential conflicting configuration between DU NA/Soft resource and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at DU, following resolution rules can be supported (to be down-selected) 
· Type1: A resource with cell-specific signals/channels configured at DU shall not be indicated as type NA/Soft at DU. 
· Type3: If a DU NA/Soft resource is configured with cell-specific signals/channels, DU can assume it can use this resource for configured cell-specific signals/channels but not for other signals/channels.
For Hard resources, since Type2 rule with default behaviour is an acceptable option, Type1 rule with confliction avoidence by constraining configuration may not be a desirable option due to possible configuration complexity. In the following, we propose to consider both Type2 and Type3 rules for Hard resources. 
Proposal 3: For potential conflicting configuration between DU Hard resource and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at co-located MT, following resolution rules can be supported (to be down-selected):
· Type2: If a cell-specific signal/channel is to be transmitted or received by co-located MT at this resource, DU shall follow its default behaviour to decide whether to give priority to co-located MT based on system performance.
· Type3: If a cell-specific signal/channel is to be transmitted or received by co-located MT at this resource, DU shall always give priority to co-located MT.
      
Conclusion
This contribution provided some clarifications and updates for the IAB node resource management framework.
The following observations and proposals have been made:

Observation 1: In some cases, e.g. cases with multi-parents and /or cases with interference from some neighbour IAB-node, link-specific resource partition may not be achieved by per-DU configuration with knowledge of child’s resource configuration.
 
Proposal 1: Per-Link configuration shall be supported by semi-static configuration of resource type.

Observation 2: Three Types of resolution rules can be considered for handling potential conflicting configuration between DU resource type and semi-static signal/channel allocation: 
· Type1 to avoid confliction by constraining resource configuration 
· Type2 to allow conflicting configuration and apply default behaviour,
· Type3 to allow conflicting configuration and override default behaviour.

Observation 3: For conflicting configuration between DU resource type and UE/MT-specific semi-static signals/channels, Type2 resolution rule of applying default behaviour defined by resource type can be an acceptable option with less spec effort than option1 and Option3.

Observation 4: For conflicting configuration between DU NA/Soft resources and cell-specific signals/channels configured at DU, Type2 resolution rule of applying default behaviour defined by resource type can cause significant performance impact.

Observation 5: For potential conflicting configuration between DU Hard resources and cell-specific signals/channels configured at co-located MT, Type2 resolution rule of applying default behaviour defined by resource type can be an acceptable option, since IAB-node DU can decide to give priority to co-located MT based on performance impact.

Observation 6: Pros and cons of using Type1 resolution rule with confliction avoidance versus using Type3 resolution rule with overridden behaviour are listed: 
· Smaller configuration complexity can be achieved by Type3 than Type1 rule.      
· Inter-IAB confliction issues, for cases e.g. with overlapping SSB cross parent and child nodes, can be caused when Type3 rule is used but can be avoided when Type1 rule is used.     

Proposal 2: For potential conflicting configuration between DU NA/Soft resource and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at DU, following confliction resolution rules can be supported (to be down-selected) 
· Type1: A resource with cell-specific signals/channels configured at DU shall not be indicated as type NA/Soft at DU. 
· Type3: If a DU NA/Soft resource is configured with cell-specific signals/channels, DU can assume it can use this resource for configured cell-specific signals/channels but not for other signals/channels.

Proposal 3: For potential conflicting configuration between DU Hard resource and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at co-located MT, following confliction resolution rules can be supported (to be down-selected):
· Type2: If a cell-specific signal/channel is to be transmitted or received by co-located MT at this resource, DU shall follow its default behaviour to decide whether to give priority to co-located MT based on system performance.
· [bookmark: _GoBack]Type3: If a cell-specific signal/channel is to be transmitted or received by co-located MT at this resource, DU shall always give priority to co-located MT.
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Scenario with overlapping SSB allocation across parent/child nodes
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