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Introduction
This contribution provides considerations and recommendations for the main remaining open issues for IAB resource management. Specifically, this contribution addresses the following topics:
· Per child-IAB link DU configuration of Not Available resources
· Further considerations on the handling of resource overlap at MT-to-DU and DU-to-MT transitions
· Explicit indication of resource availability
· Granularity of Hard/Soft/Not Available DU resource configuration 
Per child-IAB link DU configuration of Not Available resources
There are possible scenarios in which it is desirable to have the ability to restrict the resources available to a DU in a given link to a child node. This is necessary to handle situations in which more information is needed beyond what the DU could infer from the knowledge of the DU configuration of its children nodes. Specifically, there are at least two scenarios:
a) Interference due to neighboring nodes with different parents (illustrated in Figure 1)
b) Co-channel multi-parent (illustrated in Figure 2)
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[bookmark: _Ref16881540]Figure 1 – Interference scenario
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[bookmark: _Ref16881556]Figure 2 – Co-channel multi-parent scenario
Handling of these scenarios can be achieved by simply extending the NA attribute to be per-child IAB node specific. 
Observation 1:
There are possible scenarios in which it is desirable to have the ability to restrict the resources available to a DU in a given link to a child node beyond what the DU could infer from the knowledge of the child node DU configuration. Such scenarios can be handled by making the NA attribute specific to the link to a child IAB node.
Proposal 1:
The NA attribute of a DU resource is optionally provided for each link to a child IAB node.

[bookmark: _Ref16876995]Handling of resource overlap at MT-to-DU and DU-to-MT transitions
Given the timing scheme agreed for IAB (i.e., Case 1 timing), the slot boundaries are not perfectly aligned between the upstream link (link to the parent node) and the downstream link (link to the children nodes). For the TDD case the timing relationship is illustrated in more detail in Figure 3. It can be observed that depending on the type of transition between MT (DU) operation to DU (MT) operation there is in general a resource overlap of at least a fraction of a symbol or a gap. As an example, a transition between DL Rx at the MT to UL Rx at the DU has one of the largest overlaps. Conversely, the reverse transition between UL Rx at the DU to DL Rx at the MT has one of the largest gaps.



[bookmark: _Ref16758207]Figure 3 – Detailed timing view for MT and DU at a given IAB node
As it can be seen in Figure 3, the length of the overlap and gap regions at an IAB node depends on:
a) The propagation delay from the parent node, Tp.
b) The timing skew between the DL slot boundaries and the UL slot boundaries GRx2Tx at the node and at its parent node.

In RAN1 #98 [1] it was agreed that:
	Agreements:
To handle potential misalignment in time of the configured DU and MT resources when determining the validity of H/S/NA at the DU, the following is supported:
· H/S/NA is applied/determined relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing 
· The parent DU should know the information about the misalignment between the MT and DU DL Tx/Rx / UL Tx/Rx timing(s) in order to avoid resource type conflicts
· FFS whether any explicit signalling is necessary or not
· It is up to the parent IAB node implementation and network configuration to handle any potential resource type conflicts (e.g. MT scheduling restrictions or configuration of guard symbols). The child IAB node should handle any remaining conflicts using the existing conflict resolution rules



A FFS point is to determine whether additional information needs to be provided to the parent node to proactively handle the potential conflicts.
Observation 2:
The length of the overlap and gap regions at the MT to DU and DU to MT resource transition boundaries at an IAB node depends on:
a) The propagation delay from the parent node, Tp.
b) The timing skew between the DL slot boundaries and the UL slot boundaries GRx2Tx at the node and at its parent node.
In reference to Figure 3, the relative gaps (negative values) or overlaps (positive values) at node N are summarized in Table 1 and Table 2 for the MT to DU transitions and the DU to MT transitions respectively.
	MT to DU
	DL Tx
	UL Rx

	DL Rx
	Tp
	Tp + GRx2Tx( N )

	UL Tx
	-(Tp + GRx2Tx( N-1 ))
	- (Tp + GRx2Tx( N-1 ) - GRx2Tx( N ))


[bookmark: _Ref16781822]Table 1 – Timing gap / overlap for MT to DU transitions
	DU to MT
	DL Rx
	UL Tx

	DL Tx
	-Tp
	Tp + GRx2Tx( N-1 )

	UL Rx
	-(Tp + GRx2Tx( N ))
	Tp + GRx2Tx( N-1 ) - GRx2Tx( N )


[bookmark: _Ref16781838]Table 2 – Timing gap / overlap for DU to MT transitions

It can be observed that all the above quantities are known at the IAB node (note that GRx2Tx( N-1 ) is indirectly communicated to node N via T_delta of the parent node N-1 in the context of OTA synchronization) but not necessarily at the parent node or at the CU unless additional information is provided to them. Minimally, parent node N-1 would need to know GRx2Tx( N ), considering some estimation of Tp could be done at the parent node N-1. Depending on the allowed range for the Rx to Tx switch time, the effect of this value could be upper bounded, also considering that ultimately, from a conflict resolution point of view, the maximum resolution is symbol level and hence it is only important to characterize the length of potential overlaps in terms of number of symbols.
Observation 3:
In order for the parent node to accurately compute the gaps and overlaps for the various MT to DU Tx/Rx transitions at the child node, minimally the Rx to Tx switch time of the child node needs to be provided. However, the required accuracy for proactive conflict avoidance by the parent node is symbol level, hence it may not be strictly required to compute the overlaps with greater resolution. As a result, using a bound and not requiring signalling of additional information is deemed sufficient for Rel-16, also considering residual conflicts can be dealt by the child node.
Explicit indication of resource availability
In RAN1 #98 [1] it was agreed that:
	Agreements:
For the explicit indication of DU-IA:
· At least DU-IA can be indicated independently of the MT resource configuration:  
· FFS the DCI indicates DU-IA per-resource type (D/U/F), slot, etc.
· FFS: Whether this indication is via a new DCI format or DCI Format 2_0 using existing and/or reserved entries of Table 11.1.1-1 in 38.213
· FFS: Whether for the purpose of signaling optimization a DU/MT resource type can additionally be jointly indicated with DU-IA which overrides the flexible resources in the semi-static DU/MT resource configuration 



The indication of resource availability from a parent node is the mechanism to allow the explicit release of Soft DU resources for the child node. The primary use of release of Soft resources is expected to be for balancing the allocation of resources across the links to best match load and capacity of each link. In that context it seems appropriate and sufficient to use slot resolution for the indication of availability. Moreover, the DCI Format 2_0 framework appears to meet the requirements for this indication of availability, and it is therefore preferred over the introduction of a new framework with similar characteristics.
Proposal 2:
The explicit indication of DU resource availability is provided with slot granularity with the DCI Format 2_0 framework, extended accordingly to accommodate this IAB specific requirement.

Granularity of Hard/Soft/Not Available DU resource configuration
The topic of granularity of the H/S/NA DU resource attribute may require further clarification. In RAN1 #97 [1] it was agreed:
	Agreements:
For the semi-static DU resource configuration, the following is supported:
· […]
· […]
· Indication of H/S/NA for the DU resource configuration is based on one of the following alternatives:
· Alt. 1: H/S/NA is additionally explicitly indicated per-resource type (D/U/F) in each slot
· To handle potential misalignment in time of the configured DU and MT resources when determining the validity of H/S/NA at the DU one of the following sub-alternatives need to be supported:
· 1a: H/S/NA is applied relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing.
· […]



In RAN1 #98 [1] Alt. 1 was downselected and it was agreed:
	Agreements:
To handle potential misalignment in time of the configured DU and MT resources when determining the validity of H/S/NA at the DU, the following is supported:
· H/S/NA is applied/determined relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing 
· The parent DU should know the information about the misalignment between the MT and DU DL Tx/Rx / UL Tx/Rx timing(s) in order to avoid resource type conflicts
· FFS whether any explicit signalling is necessary or not
· It is up to the parent IAB node implementation and network configuration to handle any potential resource type conflicts (e.g. MT scheduling restrictions or configuration of guard symbols). The child IAB node should handle any remaining conflicts using the existing conflict resolution rules



One interpretation of the above agreements is that the H/S/NA attribute can be configured independently for each D/U/F symbol in a slot. Another possible interpretation is that the H/S/NA attribute can be configured independently for each D or U or F segment (consecutive symbols) in a slot. The former obviously offers the most flexibility, however the latter seems sufficient for the foreseeable use cases. Either way it should be more explicitly specified to avoid ambiguity.
Proposal 3:
The H/S/NA attribute for DU resources has the ability to be configured solely with slot level granularity.
The H/S/NA attribute for DU resources has the ability to be configured optionally in one of the following ways, to be downselected:
· Alt 1: with symbol level granularity.
· Alt 2: with segment level (consecutive D or U or F symbols within a slot) granularity.

Conclusion
This contribution provided considerations and recommendations for the main remaining open issues for IAB resource management.
The following observations were made:
Observation 1:
There are possible scenarios in which it is desirable to have the ability to restrict the resources available to a DU in a given link to a child node beyond what the DU could infer from the knowledge of the child node DU configuration. Such scenarios can be handled by making the NA attribute specific to the link to a child IAB node.
Observation 2:
The length of the overlap and gap regions at the MT to DU and DU to MT resource transition boundaries at an IAB node depends on:
a) The propagation delay from the parent node, Tp.
b) The timing skew between the DL slot boundaries and the UL slot boundaries GRx2Tx at the node and at its parent node.
Observation 3:
In order for the parent node to accurately compute the gaps and overlaps for the various MT to DU Tx/Rx transitions at the child node, minimally the Rx to Tx switch time of the child node needs to be provided. However, the required accuracy for proactive conflict avoidance by the parent node is symbol level, hence it may not be strictly required to compute the overlaps with greater resolution. As a result, using a bound and not requiring signalling of additional information is deemed sufficient for Rel-16, also considering residual conflicts can be dealt by the child node.

The following proposals were made:
Proposal 1:
The NA attribute of a DU resource is optionally provided for each link to a child IAB node.
Proposal 2:
The explicit indication of DU resource availability is provided with slot granularity with the DCI Format 2_0 framework, extended accordingly to accommodate this IAB specific requirement.
Proposal 3:
The H/S/NA attribute for DU resources has the ability to be configured solely with slot level granularity.
The H/S/NA attribute for DU resources has the ability to be configured optionally in one of the following ways, to be downselected:
· Alt 1: with symbol level granularity.
· Alt 2: with segment level (consecutive D or U or F symbols within a slot) granularity.
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