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1   Introduction
RAN1#AH1901 has the following agreements for resource allocation in IAB. 
· At least existing resource definitions (D/U/F) and semi-static and dynamic signalling methods defined in Rel-15 for access UEs are reused for configuration and indication of MT resources to be used by the backhaul link between the IAB node and its parent.
· FFS details

· 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

· Support indication of the dynamic availability of soft resources at an IAB node from a parent
· FFS details, including explicit vs. implicit indication

In this contribution, based on those discussion and agreements, we further elaborate on mechanisms for resource multiplexing among backhaul and access link. 

2   Semi-Static Configuration for IAB DU resources
We illustrate an example of an IAB network with CU/DU split architecture and signalling in Figure 1, where we mark MT and DU in a parent IAB node as P-MT/P-DU; MT and DU in a child IAB node as C-MT/C-DU; and a child UE as C-UE. 
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Figure 1: IAB network illustration
From MT/UE point of view, semi-static and dynamic indication of D/U/F time-domain resource allocation can be supported in Rel-15 design. 

For an IAB DU, the semi-static resource configuration can consider downlink/uplink/flexible/not available/hard/soft (D/U/F/NA/H/S) resources. 
2.1   Per-link vs Per-DU configuration

Regarding the per-link (specific configuration for each child link of one DU) or per-DU (configured as a whole for one DU) semi-static configuration for an IAB DU, firstly, per-link based NA configuration at one IAB DU can tailor the resource allocation for each child link for the purpose of interference management. Secondly, the hard downlink/hard uplink (H-D/H-U) configuration at a DU needs to map to each of the child link’s D/U configuration. Thirdly, the soft resource pool for each C-UE/C-MT can be different depending on the D/U/F configuration of that C-UE/C-MT, hence soft pool configuration (S) at a DU should also be per-link configuration. Based on these facts, semi-static configuration regarding D/U/F/NA/H/S for an IAB DU should be per-link based (specific configuration for each child link of one DU). 

Proposal 1: Semi-static configuration regarding D/U/F/NA/H/S for an IAB DU should be per-link based (specific configuration for each child link of one DU). 

2.2   Per-link Semi-static Configuration for an IAB DU

Regarding the per-link semi-static configuration for an IAB DU, we discuss the following schemes. 

Scheme 1: An IAB DU’s per-link semi-static configuration only considers H/S/NA indication; the per-link D/U/F configuration is aligned with each child link’s D/U/F configuration and no additional per-link D/U/F configuration is needed for the DU. 

In this scheme, since each child (C-MT or C-UE) of an IAB DU will have its own D/U/F configuration and this information is known to the IAB DU, the per-link D/U/F configuration at the IAB DU is aligned with each child link’s D/U/F configuration and no additional per-link D/U/F configuration is needed for the DU. Then, an IAB DU’s semi-static configuration only considers per-link H/S/NA indication. 
For Scheme 1, we can have two configuration options. 

· Option 1-1: A C-MT/C-UE’s D/U resources are always considered as hard resources, and an IAB DU’s per-link semi-static configuration considers H/S/NA indication only on C-MT/C-UE’s flexible resources. 

· Option 1-2: An IAB DU’s per-link semi-static H/S/NA indication can overlap with any of C-MT/C-UE’s D/U/F resources. 

In Option 1-1, a C-MT/C-UE’s D/U resources are always considered as hard resources and are always available for the child DL/UL transmission. DU’s per-link semi-static configuration considers H/S/NA indication on flexible resources, as illustrated in Figure 2. The benefit of this configuration option is that we don’t need to change the semi-static configured D/U resources type for a C-MT/C-UE and define new overwriting rules for that purpose. In current Rel-15 specifications, semi-static configuration of D/U resources for a UE cannot be overwritten by dynamic SFI or UE-specific DCI. Hence, although Option 1-2 configuration seems more flexible without the D/U always hard constraint, later it will cause much complicated controlling regarding the usage of the C-MT/C-UE’s D/U resources. Hence, Option 1-1 is preferred for Scheme 1. 
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Figure 2: Scheme 1/Option 1-1 illustration
Scheme 2: An IAB DU’s per-link semi-static configuration includes D/U/F/NA indications which do not overlap with each other, and H/S indication on the configured D/U/F.
In this scheme, an IAB DU’s per-link semi-static configuration is decoupled from its child (a C-MT or a C-UE) for that link, i.e. unlike Scheme 1, the IAB DU will not align its per-link D/U/F configuration with its child’s D/U/F configuration. The IAB DU will have its own per-link semi-static configuration regarding D/U/F/NA resources which do not overlap with each other, as illustrated in Figure 3(a). Then, the H/S resources will be indicated based on the D/U/F configuration, as illustrated in Figure 3(b).
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Figure 3: Scheme 2 illustration
Compared with Scheme 1, Scheme 2 has more signalling overhead since D/U/F/NA/H/S all need to be signalled to the DU. Furthermore, there should be additional rules defined for the connection with the per-link semi-static configured D/U/F/NA/H/S resources for the DU and its child’s semi-static configured D/U/F resources. 
Scheme 3: An IAB DU’s per-link semi-static configuration includes hard-downlink/hard-uplink/hard-flexible/soft-downlink/soft-uplink/soft-flexible/not available (H-D/H-U/H-F/S-D/S-U/S-F/NA) indications.
In this scheme, one semi-static configuration with explicit per-link resources regarding different types (H-D/H-U/H-F/S-D/S-U/S-F/NA) are provided to an IAB DU. Compared with Scheme 1 and Scheme 2, this scheme has the highest signalling overhead and no clear benefit. 
Proposal 2: The per-link D/U/F configuration for an IAB DU can be aligned with its child link’s semi-static D/U/F configuration so that no additional per-link D/U/F configuration is needed for the DU.
Proposal 3: The semi-static configuration for an IAB DU should consider that a child IAB node or a child UE’s semi-static D/U resources should always be hard resources.  
Proposal 4: If an IAB DU’s per-link semi-static configuration is decoupled from its corresponding child link’s D/U/F configuration, additional rules should be defined to connect the per-link semi-static configured D/U/F/NA/H/S resources for the DU and its child’s semi-static configured D/U/F resources. 
3   Dynamic Indication of Soft Resource Availability
The soft resource pool is semi-statically configured to an IAB DU, and the availability of the soft resources among the soft resource pool can be dynamically indicated from its parent node. 
For dynamic indication of soft resource availability at an IAB node from its parent node, the parent node can explicitly and/or implicitly inform the IAB node about it: 

· Implicit Method: Implicit notification from the parent node based on Rel-15 scheduling mechanism

· Explicit Method: Explicit notification from the parent node with new signaling

In Implicit Method, the parent node does not directly/clearly indicate the availability of soft resource. Through Rel-15 scheduling mechanism, the MT of the IAB node can monitor the DCI from parent DU. If there exists not scheduled parent BH link resource, the IAB node considers those resource as soft resource for its child links. There could be CLI issue with this Implicit Method if the parent DU is serving other child nodes even if this IAB node is not scheduled.  
In Explicit Method, the parent node or the CU applies additional signaling to an IAB node to explicitly indicate the soft resource related information. There can be multiple options to fulfill this purpose, for example, using SFI in DCI format 2_0, MAC CE, etc. To explicitly indicate soft resource availability using SFI, the following options can be considered

· Option 1: use one SFI indication from P-DU to the MT of the IAB node with new entries added in the slot format Table 11.1.1-1 [2] to include soft resource information

· Option 2: use two SFI indications for parent link and child links respectively. To achieve this, one method is to use similar approach as in multi-slot SFI indication. 
Comparing Option 1 and Option 2, Option 2 can be achieved with minimal specification effort. Therefore Option 2 is preferred. 

Proposal 5: To explicitly indicate soft resource availability using SFI, use two SFI indications for parent link and child links respectively. Similar approach as in multi-slot SFI indication can be applied. 
4   Resource Configuration for SDM Support
For an IAB node, if SDM is supported, it can transmit signals for UL parent backhaul and DL child backhaul/DL access together, while receive signals from DL parent backhaul and UL child backhaul/UL access together. Hence, the DL-UL slot format configuration (semi-static or dynamic SFI) needs to match the DL/UL resource direction at the IAB MT and the IAB DU. For example, when a DL slot/symbol time resource allocated for an IAB MT, to support SDM, a UL slot/symbol time resource at the same timing needs to be allocated for the IAB DU at the same IAB node. 
However, for current slot formats configurations (semi-static or dynamic SFI), a DL-F-UL pattern is defined for all configurations, which will restrict the SDM support for IAB nodes. Hence, new semi-static DL-UL configuration pattern and new slot formats for dynamic SFI indication need to be defined to support SDM. 

Proposal 6: To support SDM, new semi-static DL-UL configuration pattern and new slot formats for dynamic SFI indication need to be defined. 

5   Conclusion

In this contribution, we discussed mechanisms for resource multiplexing among backhaul and access link. It is summarized by the following observations and proposals. 
Proposal 1: Semi-static configuration regarding D/U/F/NA/H/S for an IAB DU should be per-link based (specific configuration for each child link of one DU). 

Proposal 2: The per-link D/U/F configuration for an IAB DU can be aligned with its child link’s semi-static D/U/F configuration so that no additional per-link D/U/F configuration is needed for the DU.
Proposal 3: The semi-static configuration for an IAB DU should consider that a child IAB node or a child UE’s semi-static D/U resources should always be hard resources.  

Proposal 4: If an IAB DU’s per-link semi-static configuration is decoupled from its child for that link, additional rules should be defined for the connection with the per-link semi-static configured D/U/F/NA/H/S resources for the DU and its child’s semi-static configured D/U/F resources. 
Proposal 5: To explicitly indicate soft resource availability using SFI, use two SFI indications for parent link and child links respectively. Similar approach as in multi-slot SFI indication can be applied. 

Proposal 6: To support SDM, new semi-static DL-UL configuration pattern and new slot formats for dynamic SFI indication need to be defined. 
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(a) per-link D/U/F/NA configuration example at the DU
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