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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:
· DU configuration approaches
· Handling of potential resource overlap at the edge of a transition between MT operation and DU operation
DU configuration approaches
An open discussion item from RAN1 #97 [1] relates to the semi-static configuration of the Hard (H) / Soft (S) / Not Available (NA) attribute for DU resources. Specifically, two options are to be analyzed:
Alternative 1:  H / S / NA are explicitly indicated for each DU resource type in each slot.
Alternative 2:  NA is explicitly indicated as a resource type in each slot for both the DU and MT configuration. H / S for the DU is not explicitly indicated, but implicitly determined by the DU based on the corresponding MT configuration. Specifically, if the MT resource is marked as Available, the corresponding DU resource, if not marked NA, is marked as Soft. Similarly, if the MT resource is marked as Not Available, the corresponding DU resource, if not marked NA, is marked Hard.
The guidance was to compare the options at least in terms of signalling overhead, configuration complexity at the CU, support for inter-IAB node conflict resolution, and IAB node implementation considerations.
From a DU perspective, for each DU resource, the following information is required:
· Alternative 1: H / S / NA attribute for the DU.
· Alternative 2: NA attribute for the DU plus Available / Not Available bitmap for the MT.
It can be observed that from a configuration overhead point of view the two approaches are essentially equivalent.
When considering the need for optimized resource scheduling across multiple hops, under the assumption of Alternative 1 (prior to RAN1 #97), it was agreed that at least some information from the DU configuration of the children nodes to be made available to the parent DU. The minimum required information for this purpose is the location of the Hard resources of the DU of each child node. Similarly, in the context of Alternative 2, the MT Available / Not-Available bitmap of each child node needs to be made available to the parent DU for scheduling purposes. It can be observed that in both cases the same amount of information about the child node DUs needs to be made available to the parent.
It should also be noted that a variation of Alternative 1 in which a per child IAB node bitmask is provided to the parent DU to indicate which resources are available to be used in a given link is also equivalent in terms of amount of information made available at a given DU (as in this case no additional information from the child DU configurations is strictly needed to achieve the optimized scheduling objective).
In summary it can be observed that from a signalling overhead point of view, in terms of amount of information, all the described options above are essentially equivalent.
Observation 1:
The evaluated DU configuration options are equivalent in terms of amount of information to be signalled.
From a configuration complexity at the CU, assumed to be a measure of the complexity for the CU to identify suitable resource patterns to meet the desired system behaviour, all options appear to be equivalent, as a given resource pattern can be achieved with any of the listed alternatives. In other words, the selection of the resource pattern by the CU is not constrained in any way by the method used to make such pattern available at the DU.
Observation 2:
The evaluated DU configuration options are equivalent in terms of associated configuration complexity at the CU.
In regard to inter-IAB node conflict resolution, there are two cases to consider:
1) Slot resource conflicts due to the half-duplex constraint.
2) Partial slot conflicts during MT to DU transition (and vice versa) due to skewed slot timing between upstream and backstream links.
With respect to 1), none of the DU configuration options being considered precludes a specific pattern, hence the CU has full flexibility with either option. With respect to 2), there was discussion in RAN1 #97 suggesting a potential difference in the ability to deal with partial symbol conflicts in the neighbourhood of a transition from upstream link communication to downstream link communication (and vice versa). As described in section ‘Handling of potential resource overlap at MT-to-DU and DU-to-MT transitions’ the recommended approach does not have bearing on the method used for DU resource configuration.
Observation 3:
The evaluated DU configuration options are equivalent in terms of ability to manage conflict resolution, provided the herein recommended approach is taken for such conflict resolution.
In regard to IAB node implementation considerations, the main related aspect is the assumed sharing of information at an IAB node between the MT and the DU. Alternative 2 explicitly requires sharing of information between the MT and the DU. While Alternative 1 does not strictly require the same for this specific purpose, in general it is conceivable that indeed such requirement is necessary for other reasons anyway (e.g. in the context of implicit determination of availability of a Soft resource).
Observation 4:
The evaluated DU configuration options are equivalent in terms of implementation considerations.
An additional pertinent consideration relates to the possibility of an IAB node with multiple DUs, possibly operating in different channels and/or bands. In such a scenario the derivation of all DU configurations from the MT configuration is not applicable and some special handling would need to be additionally defined.
Observation 5:
Alternative 2 requires some special handling in case of multiple DUs allocated to different channels and/or bands.
Moreover, it should be noted that 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:
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

[image: ]
[bookmark: _Ref16881556]Figure 2 – Co-channel multi-parent scenario
Handling of these scenarios can be achieved with Alternative 1 by simply extending the NA attribute to be per-child IAB node specific. As previously indicated, with this variation of Alternative 1 there is also no additional information from the child DU configurations that is strictly needed for optimized scheduling of resources across multiple hops.
Observation 6:
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. For such scenarios can be handled by extending Alternative 1 to have the NA attribute to be per-child IAB node specific.
In summary, after comparing the DU resource configuration options in the suggested dimensions, there does not seem to be any tangible benefit of Alternative 2 while there are some potential complications, hence the recommendation is to select the more intuitive and previously assumed Alternative 1 approach. In the context of Alternative 1 it is also recommended to have the option for a child IAB node link specific NA attribute for increased future-proofness of the framework with no additional overhead.
 Proposal 1:
The DU is semi-statically configured with H / S / NA attributes for each resource.
The NA attribute is optionally provided for each link to a child IAB node.

[bookmark: _Ref16876995]Handling of potential 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). The situation is illustrated at a high level in Figure 3.
For the TDD case the timing relationship is illustrated in more detail in Figure 2. 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. Moreover, it can be observed that such resource overlap, when present, it is an intrinsic consequence of the relative timing relationships between transmission and reception at the DU and the MT, and hence does not depend on the specifics of the resource configuration scheme at the MT and the DU.
The transitions with the largest overlap are:
· Upstream link (MT) to downstream link (DU): DL Rx to UL Rx.
· Downstream link (DU) to upstream link (MT): DL Tx to UL  Tx.
The transitions with the largest gap are:
· Upstream link (MT) to downstream link (DU): UL Tx to DL Tx.
· Downstream link (DU) to upstream link (MT): UL Rx to DL  Rx.


[bookmark: _Ref16757318]Figure 3 – Illustration of partial overlap of resources at transition between upstream (MT) and downstream (DU) communication



[bookmark: _Ref16758207]Figure 4 – Detailed timing view for MT and DU at a given IAB node
As it can be seen in Figure 2, 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 at the node, GRx2Tx.

Observation 7:
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 at the node, GRx2Tx.

As an example, it can be shown that for the DL Rx to UL Rx transition the overlap is given by:
Tov = Tp + GRx2Tx( N ) = TA/2 + T_delta( N – 1 ) + GRx2Tx( N ),
where:
· Tp is the one-way propagation delay from the parent N – 1.
· TA is the Timing Advance at node N (controlled by its parent N – 1).
· T_delta ( N – 1 ) is the T_delta value communicated to node N from his parent N – 1.
· GRx2Tx( N ) is the UL reception to DL transmission gap at the DU of node N.
Similarly, it can be shown that for the DL Tx to UL Tx transition the overlap is given by:
Tov = Tp + GRx2Tx( N – 1 ) = TA/2 – T_delta( N – 1 ).
The relative gaps (negative values) or overlaps (positive values) 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 obviously known at the IAB node but not necessarily at the parent node or at the CU unless additional information is provided to them.
In general, there are two solutions to deal with the partial overlap of resources:
1) Explicitly introduce gaps in the resource configuration to avoid the overlap.
2) Define a conflict resolution behaviour.
Solution 1) requires knowledge of the overlap length, unless a conservative approach is taken and a worst case value is chosen. That is not an optimum approach, as in all other cases it leads to underutilization of resources. An optimum solution, if implemented outside of the given IAB node (e.g. at the CU), would require additional information so that an appropriate gap length can be configured. There is also some additional complexity as these gaps would need to be specified with symbol level resolution.
Solution 2) does not require any resource configuration change and relies on the IAB node to a) determine the presence of a resource overlap and to b) define a behaviour, left to the implementation, to manage the resource conflict. Essentially an overlap over a symbol is treated as a Hard || Hard resource conflict and the already agreed method to manage such situation applies [2]. One key benefit of this approach is that it does not require any additional change and it can already be supported within the available framework. Hence solution 2) is recommended.
Observation 8:
In general, there are two solutions to deal with the partial overlap of resources:
1) Explicitly introduce gaps in the resource configuration to avoid the overlap.
2) Define a conflict resolution behaviour.
Solution 2) does not require any resource configuration change and relies on the IAB node to a) determine the presence of a resource overlap and to b) define a behaviour, left to the implementation, to manage the resource conflict, similarly to the agreed handling of residual resource conflicts not addressed in the semi-static resource configuration stage.

Proposal 2:
Partial slot resource conflicts originating from the timing skew between MT slot timing and DU slot timing are treated in the same way as Hard || Hard resource conflict, i.e. the decision on whether to give priority to the DU or to the MT for the use of the resource is left to the IAB node implementation. 







Conclusion
This contribution provided considerations and recommendations for the main remaining open issues for IAB resource management.
The following observations were made:
Observation 1:
The evaluated DU configuration options are equivalent in terms of amount of information to be signalled.
Observation 2:
The evaluated DU configuration options are equivalent in terms of associated configuration complexity at the CU.
Observation 3:
The evaluated DU configuration options are equivalent in terms of ability to manage conflict resolution, provided the herein recommended approach is taken for such conflict resolution.
Observation 4:
The evaluated DU configuration options are equivalent in terms of implementation considerations.
Observation 5:
Alternative 2 requires some special handling in case of multiple DUs allocated to different channels and/or bands.
Observation 6:
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. For such scenarios can be handled by extending Alternative 1 to have the NA attribute to be per-child IAB node specific.
Observation 7:
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 at the node, GRx2Tx.
Observation 8:
In general, there are two solutions to deal with the partial overlap of resources:
1) Explicitly introduce gaps in the resource configuration to avoid the overlap.
2) Define a conflict resolution behaviour.
Solution 2) does not require any resource configuration change and relies on the IAB node to a) determine the presence of a resource overlap and to b) define a behaviour, left to the implementation, to manage the resource conflict, similarly to the agreed handling of residual resource conflicts not addressed in the semi-static resource configuration stage.





The following proposals were made:
Proposal 1:
The DU is semi-statically configured with H / S / NA attributes for each resource.
The NA attribute is optionally provided for each link to a child IAB node.
Proposal 2:
Partial slot resource conflicts originating from the timing skew between MT slot timing and DU slot timing are treated in the same way as Hard || Hard resource conflict, i.e. the decision on whether to give priority to the DU or to the MT for the use of the resource is left to the IAB node implementation. 
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