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1 Introduction
This contribution provides an updated view on the envisioned IAB node resource management framework (shown at Fig.1) encompassing the agreements made in the SI [1] in the context of the scope of the IAB WID [2]. Semi-static configuration of resource pattern with suggested signalling format is presented at section2, and further discussion on interaction rules is presented in section3.    
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Fig.1 Resource Management Framework for IAB         
2 Semi-Static Configuration of Resource Pattern
As shown in [1], the resource type for an IAB-node MT can be “DL, or Flexible, or UL” similar to an access UE, while the resource type of an IAB-node DU can be “Hard-DL, or Hard-Flexible, or Hard-UL, Soft-DL, Soft-Flexible, or Soft-UL, or not-available (NA)”. 
For 5GNR access network with CU-DU split architecture, the F1-AP protocol spec [3] defines the messages between CU and DU. It can be seen that the semi-static configuration of “DL/Flexible/UL” for DU is supported via existing F1-AP interface [3]. For example, the F1-AP IE “gNB-DU System information” includes SIB1, which contains cell-specific TDD-UL-DL config; and the F1-AP IE “CU to DU RRC information” and “DU to CU RRC information” includes RRC IE of “CellGroupConfig”, which contains both cell-specific and UE-specific TDD-UL-DL config. The existing F1-AP protocol can be extended to IAB-network for interface between CU of IAB-donor and DU of an IAB-node. Therefore, by using existing F1-AP interface, the IAB-node DU can obtain the configuration of “DL/Flexible/UL” in the same way as a gNB DU for access network.
Observation1: The semi-static configuration of “DL/UL/Flexible” for DU is supported by existing F1-AP interface for 5GNR access network, which is also applicable for IAB-node DU at IAB-network.   

Then for configuration of IAB-node DU’s resource pattern, F1-AP interface just needs to be enhanced to support configuration of “Hard/Soft/NA” pattern. It can be seen that “Hard/Soft/NA” pattern for IAB-node DU may have different requirements on periodicity and pattern structure from TDD-UL-DL configuration.
· The periodicity of TDD-UL-DL config may be determined based on average traffic ratio between DL and UL, but the periodicity of “Hard/Soft/NA” may be determined based on factors such as topology of IAB-network, mean channel capability of links, and the number of child nodes at each IAB-node etc. Therefore, the periodicity of “Hard/Soft/NA” pattern can be quite different from TDD-UL-DL config.
· The “Hard/Soft/NA” pattern may not have same constraints imposed on TDD-UL-DL config. For example, the cell-specific TDD-UL-DL pattern is constrained to follow a sequence of DL/Flexible/UL: 0 or 1 segment of DL slots/symbols, followed by 0 or 1 segment of flexible slots/symbols, and followed by 0 or 1 segment of UL slots/symbols; the UE-specific TDD-UL-DL pattern can only override selected slots within flexible segment of cell-specific pattern, and within each overridden slot, the pattern is also constrained to follow a sequence of “DL/Flexible/UL” similar to cell-specific pattern. But “Hard/Soft/NA” may not need to follow a sequence.       
It can also be seen that “Hard/Soft/NA” pattern may be updated based on different triggering conditions from TDD-UL-DL config. For example, CU may determine to update “Hard/Soft/NA” pattern for IAB-node DU based on received resource utilization reports or reports of topology update, while CU may determine to update TDD-UL-DL config based on traffic types in the system.
Observation2: “Hard/Soft/NA” pattern for IAB-node DU may have different requirements on periodicity and pattern structure from TDD-UL-DL config.
Observation3: “Hard/Soft/NA” pattern for IAB-node DU may be updated based on different triggering conditions from TDD-UL-DL config.
Based on above observations, it is proposed to support a separate F1-AP IE for configuration of “Hard/Soft/NA” pattern for IAB-node DU, which can have independent periodicity and pattern structure from TDD-UL-DL Config. The IAB-node DU can derive the full resource type of “Hard-DL, or Hard-Flexible, or Hard-UL, Soft-DL, Soft-Flexible, or Soft-UL, or not-available (NA)” for each resource by combining configuration of “Hard/Soft/NA” with TDD-UL-DL config, where the “DL/Flexible/UL” is applicable for Hard and Soft resources but not for NA resources.
Proposal1: Separate F1-AP IE shall be defined to support configuration of “Hard/Soft/NA” pattern for IAB-node DU, which can have independent periodicity and pattern structure from TDD-UL-DL config. 
Though it is proposed to define a separate F1-AP IE for configuration of “Hard/Soft/NA” pattern for IAB-node DU, some of the high-level ideas or concepts adopted by TDD-UL-DL config can still be applied for configuration of “Hard/Soft/NA” pattern. In TDD-UL-DL config, there are cell-specific configuration and UE-specific configuration, and UE-specific configuration can override cell-specific configuration at selected slots. This idea of supporting multiple configurations with the ability to override a base configuration using another configuration can be extended to configuration of “Hard/Soft/NA” pattern to achieve a good trade-off between flexibility and signalling overhead. In addition, the concept of supporting link-specific configuration on “Hard/Soft/NA” in IAB-network is similar to the concept of supporting UE-specific TDD-UL-DL config in access network.
Observation4: The idea of supporting multiple configurations with the ability to override a base configuration using another configuration adopted in TDD-UL-DL config can be extended to configuration of “Hard/Soft/NA” to achieve good tradeoff between flexibility and signaling overhead.
Observation5:  The concept of supporting link-specific configuration on “Hard/Soft/NA” in IAB-network is similar to concept of supporting UE-specific TDD-UL-DL config in access network.
Therefore, it can be considered to support both a configuration of base pattern and a configuration of a number of optional override patterns in F1-AP for configuration of “Hard/Soft/NA” in IAB-network. The base pattern can be configured per-DU or per-DU-cell (in case of CA or multiple sectors). Multiple override patterns can be optional configured for different purpose. For example, the override pattern can be used to override the base configuration of per-DU for a subset of child links if the override pattern can be link-specific configured. For example, the override pattern can be used to override the base configuration of a simple pattern at selected slots with cell-specific signals/channels, which may have a much larger periodicity and/or more complicated pattern than the simple base pattern. To support the case that override slots may have a much larger periodicity than the base pattern, the override pattern can be configured with a scaling factor so that its periodicity is equal to the scaling factor times the periodicity of base pattern. 
Observation6: For configuration of “Hard/Soft/NA”, override patterns can be used to support link-specific configuration and/or to support potential different patterns at slots with cell-specific signals/channels from a base pattern. 
Proposal2: The following is suggested for configuration of “Hard/Soft/NA”, where final decision is left for RAN2/RAN3: 
· Support a spec-defined table of DU slot formats, where each entry of the table indicates a pattern of “Hard/Soft/NA” over symbols of a slot.
· Support configuration of a base pattern and configuration a number of optional override patterns in F1-AP interface, where the spec-defined DU slot formats can be referred in both configurations and the override pattern can override the base pattern on selected slots. 
· FFS: base pattern can be per-DU or per DU-cell.
· FFS: override pattern can be per-DU, or per DU-cell, or link-specific.
· FFS: Support a scaling factor for override pattern with a periodicity equal to scaling factor times periodicity of base pattern.   
An example design based on proposal 2 for configuration of “Hard/Soft/NA” patterns for IAB-node DU is shown at Fig.2. As we can see, a table of DU slot formats on “Hard/Soft/NA” pattern for a slot is proposed to be defined in spec similar to SFI for “DL/Flexible/UL”. The table consists of L entries of commonly used patterns within a slot, e.g. a slot with all Hard symbols, a slot with all soft symbols, a slot with all NA symbols, a slot with a number of Hard symbols at beginning and end of slots for control channels and remaining Soft symbols in-between for data channels, etc. It is also proposed to define F1-AP IEs for a base pattern and for optional multiple override patterns on “Hard/Soft/NA”. The base pattern specifies a DU slot format for each slot over a periodicity of Nbase slots. There can be multiple override patterns, each with a scaling factor xi and a list of override slots, and each override slot is indicated with a slot index and a DU slot format. The slot index of override pattern i can be within the range of (0, xi*Nbase), which overrides the base pattern at the corresponding slot.         
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Fig.2 An example design for configuration of “Hard/Soft/NA” patterns  
An example configuration to support link-specific resource pattern for IAB-network is shown at Fig.3. As we can see, IAB-node 1 has different resource patterns over different child links. Here, a base pattern is configured per-DU and applied for all child links, and an override pattern is configured for child link2 of IAB-node1 to override slot 1 of base pattern.  
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Fig.3 An example configuration to support link-specific resource pattern in IAB-network
An example configuration to support different resource patterns at slots with SSB is shown at Fig.4. In this example, the configuration target is to achieve a pattern of even slots with Hard type and odd slots with NA type over all slots without SSB, and for slots with SSBs, the SSB symbols must be indicated as Hard. Here a base pattern with periodicity of 2 slots is configured and applied for all slots, and an override pattern with periodicity of 80*2=160 slots is configured over slot 3,7,9 to override the base pattern at these slots due to present of SSB.
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Fig.4 An example configuration to support different patterns at slots with SSB 
3 Interaction Rules 
For case of NA/Soft resources with cell-specific signals/channels, RAN1-96bis has the following agreements. 
	Agreements:
· In case of NA or Soft not Indicated Available DU resources, for potential conflicting configuration between NA and Soft not Indicated Available DU resources and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at the DU, the following alternatives are to be considered (to be down-selected): 
· Alt 1): A resource with cell-specific signals/channels configured at DU shall not be configured as type NA or Soft without being Indicated Available. 
· Alt 2): If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource.


For Alt2, there can be potential conflicting scheduling scenarios between parent and child IAB-nodes. For example, for a resource with Hard||(NA or Soft) alignment between parent and child nodes, parent node may make dynamic scheduling on hard resources over its child links, but the communication may fail if the child node is configured with cell-specific signals/channels at this resource, since in this case the child node treats this (NA or Soft) resource as a Hard resource and may be busy with transmission or reception of cell-specific signals. To reduce the potential conflicting scheduling between parent and child node, one enhancement is to provide the parent node with configuration of child’s cell-specific signals/channels if the cell-specific signals/channels fall into NA or soft resources. With knowledge of child’s configuration on cell-specific signals/channels and resource pattern of Hard/Soft/NA/DL/UL/Flexible, the parent node can decide not to make any dynamic scheduling on a Hard resource that is aligned with child’s (NA or Soft) resource but with cell-specific signals/channels.

Observation7: There can be potential conflicting scheduling between parent and child IAB-nodes at resources with Hard||(NA or Soft) alignment, if Alt2 is used at child DU to treat (NA or Soft) as Hard due to presence of cell-specific signals/channels.
· Potential conflicting scheduling can be avoided if parent node has knowledge of child’s configuration on cell-specific signals/channels.

It also can be seen that defining Alt2 interaction rule in spec does not exclude CU to use a configuration that complies with Alt1; but on the other hand, defining Alt1 interaction rule in spec will exclude DU to use Alt2 solution. Therefore, it is proposed to define Alt2 interaction rule in spec and it is up to CU’s implementation to use a configuration that complies with Alt1 (as shown in the example configuration by Fig.4) or apply Alt2 interaction rules when the configuration does not comply with Alt1.
Observation8: For case of NA/Soft resources with cell-specific signals/channels, defining Alt2 interaction rule in spec does not exclude CU to use a configuration that complies with Alt1; but on the other hand, defining Alt1 interaction rule in spec will exclude DU to use Alt2 solution.
Proposal3: For case of NA/Soft resources with cell-specific signals/channels, it is proposed to define Alt2 interaction rule at spec and it is up to CU’s implementation to decide whether to use a configuration that complies with Alt1.
· FFS: whether a parent node shall be made aware of child’s configuration on cell-specific signals/channels when they fall into child’s (NA or Soft) resources.
4 Conclusion
This contribution provided some clarifications and updates for the IAB node resource management framework.
The following observations and proposals have been made:
Observation1: The semi-static configuration of “DL/UL/Flexible” for DU is supported by existing F1-AP interface for 5GNR access network, which is also applicable for IAB-node DU at IAB-network.

Observation2: “Hard/Soft/NA” pattern for IAB-node DU may have different requirements on periodicity and pattern structure from TDD-UL-DL config.

Observation3: “Hard/Soft/NA” pattern for IAB-node DU may be updated based on different triggering conditions from TDD-UL-DL config.

Proposal1: Separate F1-AP IE shall be defined to support configuration of “Hard/Soft/NA” pattern for IAB-node DU, which can have independent periodicity and pattern structure from TDD-UL-DL config.

Observation4: The idea of supporting multiple configurations with the ability to override a base configuration using another configuration adopted in TDD-UL-DL config can be extended to configuration of “Hard/Soft/NA” to achieve good tradeoff between flexibility and signaling overhead.

Observation5:  The concept of supporting link-specific configuration “Hard/Soft/NA” in IAB-network is similar to the concept of supporting UE-specific TDD-UL-DL config in access network.

Observation6: For configuration of “Hard/Soft/NA”, override patterns can be used to support link-specific configuration and/or to support potential different patterns at slots with cell-specific signals/channels from a base pattern. 
Proposal2: The following is suggested for configuration of “Hard/Soft/NA”, where final decision is left for RAN2/RAN3: 
· Support a spec-defined table of DU slot formats, where each entry of the table indicates a pattern of “Hard/Soft/NA” over symbols of a slot.
· Support configuration of a base pattern and configuration a number of optional override patterns in F1-AP interface, where the spec-defined DU slot formats can be referred in both configurations and the override pattern can override the base pattern on selected slots. 
· FFS: base pattern can be per-DU or per DU-cell.
· FFS: override pattern can be per-DU, or per DU-cell, or link-specific.
· FFS: Support a scaling factor for override pattern with a periodicity equal to scaling factor times periodicity of base pattern.

Observation7: There can be potential conflicting scheduling between parent and child IAB-nodes at resources with Hard||(NA or Soft) alignment, if Alt2 is used at child DU to treat (NA or Soft) as Hard due to presence of cell-specific signals/channels.
· Potential conflicting scheduling can be avoided if parent node has knowledge of child’s configuration on cell-specific signals/channels.

Observation8: For case of NA/Soft resources with cell-specific signals/channels, defining Alt2 interaction rule in spec does not exclude CU to use a configuration that complies with Alt1; but on the other hand, defining Alt1 interaction rule in spec will exclude DU to use Alt2 solution.

Proposal3: For case of NA/Soft resources with cell-specific signals/channels, it is proposed to define Alt2 interaction rule at spec and it is up to CU’s implementation to decide whether to use a configuration that complies with Alt1.
· FFS: whether a parent node shall be made aware of child’s configuration on cell-specific signals/channels when they fall into child’s (NA or Soft) resources.
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