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In RAN1 #94bis, the following agreements on IAB resource allocation were achieved [1].
	Agreements:
From an MT point-of-view, the following time-domain resources can be indicated for the parent link:
· Downlink time resource,
· uplink time resource, 
· flexible time resource 
as in release 15.
From a DU point-of-view, the child link has the following types of time resources
· Downlink time resource,
· uplink time resource, 
· flexible time resource 
· not available time resources (not to be used for communication on the DU child links) 
Exact configuration for DU is FFS
Agreements:
For each of the downlink, uplink and flexible time-resource types of the DU child link there are two flavors, hard and soft:
· Hard: The corresponding time resource is always available for the DU child link
· Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node.


In this contribution, we discuss some further details of resource coordination and dynamical scheduling for IAB. A unified resource allocation mechanism is proposed which can support both semi-static and dynamic resource coordination between parent link and child link. Dynamic resource coordination is also discussed assuming either explicit or implicit control from the parent node. 
[bookmark: _Ref129681832]Scheduling and resource allocation/coordination
In RAN1 #94, it was agreed that an IAB node can be configured with IAB-node specific resources in time in order to support TDM between its parent backhaul link, child backhaul link and access link. In addition, it was clarified that SDM/FDM Tx (Rx) means simultaneous transmission (reception) at the parent link and child link, i.e. the resources allocated for the parent link and child link can be overlapped in time. 
From signaling point of view, it is preferred that a unified mechanism can be adopted in order to support TDM/FDM/SDM. For instance, the resources allocated to the different links can either be orthogonal or overlapped in time. Then it depends on the IAB node capability (out-of-band or in-band, half duplex or full duplex, single-panel or multi-panel, etc.) and deployment scenarios (level of cross link interference) which schemes will be used in practice. For an IAB node, whatever TDM/FDM/SDM is applied, at least the semi-static resource configurations in time are needed. These configurations determine the resources which can be used by the MT and the DU. 
Semi-static resource configuration
In RAN1 #94bis, it was agreed that the MT of an IAB node can be indicated with three types of time domain resources for the parent link: downlink, uplink and flexible, which are same as Rel-15. For the DU of an IAB node, there are four types of time resources for the child link: downlink, uplink, flexible and not available. For each of the DL, UL and flexible time resources of the child link, there are two flavors, hard and soft:
· Hard: The corresponding time resource is always available for the DU child link,
· Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node.
Although the exact signaling mechanisms are still FFS, it is clear that the time resources for the MT and the DU are configured by the CU or parent node separately. For the MT of an IAB node, the existing signaling scheme for Rel-15 UEs, e.g. slot format configuration, CORESET and search space configuration, PDSCH and PDSCH configurations etc., can be reused as a starting point. For the DU of an IAB node, the time resources configurations is essentially from CU to DU which is quite different from the configurations for a UE or MT. The detailed signaling format can be designed by RAN3 while the design principles should be discussed in RAN1.
In any case, some hard time resources need to be reserved for DU such that the DU can at least transmit or receive periodic and semi-persistent signals (e.g. SSBs, periodic CSI-RS/SRS). The hard time resources cannot be used by MT for the parent link hence they are orthogonal with resources for the parent link in time. The soft time resources can be shared between the parent link and the child link and the availability is controlled by the parent node.
Assuming L2 IAB architecture, the time resource configuration for MT and DU can be done as follows
1) The CU configures time resources for the MT, i.e., downlink, uplink, and flexible, by RRC signaling.
a) The CU configures a set of candidate time resources for the MT by RRC signaling similar as in LTE relay, and the MT of IAB node can only be scheduled in the candidate time resources. As an example, a bitmap “1010100001” is indicated to the MT where 1 means the corresponding slot is allocated to MT as its candidate time resource, and 0 means the slot is not allocated to MT.
2) The CU configures time resources for the DU, i.e., downlink, uplink, flexible, and not available, by F1-AP signaling.
a) The DL, UL and flexible time resources configured for the DU which are overlapping with the candidate time resources for the MT are soft resources;
b) The DL, UL and flexible time resources configured for the DU which are orthogonal with the candidate time resources for the MT are hard resources;
c) The not available resources are explicitly configured by the CU;
 
Figure 1:  Resource coordination between MT and DU
Based on the above mechanism, it can be seen that the soft and hard time resources for the DU are not explicitly configured but rather a consequence of some resource configurations. Specifically, both the MT of IAB node and the DU of parent node know the configuration of candidate time resources, the IAB node can derive the hard D/U/F resources for its DU from the configuration, and the DU of parent node will not schedule the IAB in those resources which are orthogonal with the candidate time resources. i.e., the hard resources for DU. Therefore, with the configuration of candidate time resources, the IAB node can truly decide the usage of hard time resources by itself. 
The not available time resources are configured explicitly. The not available time resources for the CU can either overlapping or orthogonal with the candidate time resources for the MT. The CU may configure the not available time resources for several reasons, e.g., resources reserved for parent link or interference coordination among IAB nodes. 
Proposal 1: Explicit semi-static time resource configuration should be supported to indicate the candidate time resources for the MT.
· For L2 IAB architecture, the configuration is from CU to MT
· For L3 IAB architecture, the configuration is from parent node to MT
Proposal 2: Explicit semi-static time resource configuration should be supported to indicate the downlink, uplink, flexible, and not available time resources for the DU.
· The downlink, uplink and flexible time resources configured for the DU which are overlapping with the candidate time resources for the MT are regarded as soft resources;
· The downlink, uplink and flexible time resources configured for the DU which are orthogonal with the candidate time resources for the MT are regarded as hard resources;
· The not available time resources are explicitly configured for the DU;
Dynamical resource coordination
Based on the semi-static resource configuration proposed above, the parent node can indicate the usage of the candidate BH resources dynamically. The following two options can be considered assuming explicit or implicit control from the parent node as shown in Figure 2:
· Explicit control (Option 1): Introduce an additional L1 signaling (e.g. GC-PDCCH) from parent node to MT, to dynamically indicate the usage of the configured candidate resources for MT. To be specific, the L1 signaling will indicate the MT that the configured candidate resources are released or not. For the released time resources, the DU can use them for its child link, and the unreleased backhaul slots will be used for the MT’s parent backhaul link.
· Implicit control (Option 2): The Rel-15 scheduling mechanism is reused to support dynamic resource sharing between MT and DU. To be more specific, the MT monitors the PDCCH for parent backhaul link and the DU dynamically determine the resources for its child link according to the scheduling results from its parent node for MT.

Figure 2:  Dynamic resource coordination
If a Rel-15 UE is configured to monitor GC-PDCCH, i.e., DCI format 2-0, it should determine the slot format for each slot in a number of continuous slots. However, in IAB, if a time resource is not a candidate resource for MT, the GC-PDCCH does not need to indicate it, because the indication is useless and increases the overhead of the GC-PDCCH dramatically. Therefore, the GC-PDCCH only needs to indicate whether the candidate time resources for MT are released or not, where the candidate time resources are indicated by RRC signaling.
Proposal 3: Dynamic resource coordination between the MT and DU should be supported by the following two options 
· Introducing additional L1 signaling to indicate the usage of configured candidate time resources for MT
· Reusing Rel-15 dynamic scheduling mechanism
For a given time resource, if the IAB node can decode the dynamical signaling of MT and prepare the transmission of DU before it, it can be shared between the DU and MT dynamically. To ensure some resources can be dynamic shared between the MT and DU, some scheduling and processing delays have to be considered. As shown in Figure 3, during offset 3, the IAB node should decode the PDCCH for MT and prepare the PDCCH for DU, or the corresponding resource cannot be used by the DU even if the parent node releases it.

Figure 3: The PDCCH time location constraint for dynamic resource sharing
In conclusion, we have the following proposal:
Proposal 4: In order to support dynamic resource sharing between MT and DU, the following processing time constraint should be considered:
· The MT’s PDCCH should be ahead of its associated PDSCH/PUSCH
· The MT’s PDCCH should be ahead of the DU’s PDCCH for its child link.
The resources coordination and dynamic scheduling can be generalized to support SDM/FDM. 
For resource coordination, the direction of resources should be properly configured to support FDM/SDM. As shown in Figure 4, for slot 2, both the MT and DU are downlink, and thus the FDM/SDM is not allowed. For slot 4, the MT of the IAB node is downlink, the DU is uplink, and thus FDM/SDM RX is possible. For slot 5, the MT of the IAB node is uplink, the DU is downlink, and thus FDM/SDM TX is possible.

Figure 4:  Resource coordination between MT and DU for FDM/SDM
The dynamic scheduling for SDM/FDM is also similar to the TDM. In summary, we have:
· Dynamic TDM: If the MT is not scheduled in the configured backhaul occasions, the DU can schedule its child links to utilize these occasions. 
· Dynamic FDM: If the MT is scheduled in the configured backhaul occasions and does not occupy all PRBs, the DU can schedule its child links to utilize the unused PRBs without violating the half-duplex constraint.
· Dynamic SDM: If the MT is scheduled in the configured backhaul occasions and does not occupy all panels/beams, the DU can schedule its child links to utilize the unused panels/beams without violating the half-duplex constraint.
Therefore, we have the following proposal:
Proposal 5: Whether FDM/SDM is allowed for a specific resource should be derived from the resource configurations for MT and DU implicitly.
Conclusions
In this contribution, we discuss the resource coordination and dynamic scheduling of IAB.  Based on the discussion, the following proposals are made,
Proposal 1: Explicit semi-static time resource configuration should be supported to indicate the candidate time resources for the MT.
· For L2 IAB architecture, the configuration is from CU to MT
· For L3 IAB architecture, the configuration is from parent node to MT
Proposal 2: Explicit semi-static time resource configuration should be supported to indicate the downlink, uplink, flexible, and not available time resources for the DU.
· The downlink, uplink and flexible time resources configured for the DU which are overlapping with the candidate time resources for the MT are regarded as soft resources;
· The downlink, uplink and flexible time resources configured for the DU which are orthogonal with the candidate time resources for the MT are regarded as hard resources;
· The not available time resources are explicitly configured for the DU;
Proposal 3: Dynamic resource coordination between the MT and DU should be supported by the following two options 
· Introducing additional L1 signaling to indicate the usage of configured candidate time resources for MT
· Reusing Rel-15 dynamic scheduling mechanism
Proposal 4: In order to support dynamic resource sharing between MT and DU, the following processing time constraint should be considered:
· The MT’s PDCCH should be ahead of its associated PDSCH/PUSCH
· The MT’s PDCCH should be ahead of the DU’s PDCCH for its child link.
Proposal 5: Whether FDM/SDM is allowed for a specific resource should be derived from the resource configurations for MT and DU implicitly.
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