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1   Introduction
RAN1#97 has made the following agreements for the semi-static DU resource configuration [1]. 

· The resources are configured on a per DU (cell) basis

· FFS: indication of additional supplemental per-link resource configurations of child DUs 

· Indication of D/U/F resources in the semi-static DU resource configuration includes the following:

· The flexibility to configure all of the slot patterns and formats supported by the existing Rel-15 TDD-UL-DL-Config RRC configurations and slot format table defined in Table 11.1.1-1 in TS38.213
· FFS: additional pattern durations than supported in Rel-15

· FFS: default resources or pattern

· New slot formats defined only for IAB nodes (DU and MTs) which begin with uplink slots, uplink symbols, or flexible symbols.

· Note: usage of these slot formats should be compatible with Rel-15 access UEs sharing the same link

· FFS: whether these slot formats also need to be included in the MT RRC configuration and/or SFI carried on DCI Format 2_0

· 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.
· FFS: definition of additional restrictions on the usage of the semi-static configuration (e.g. guard symbols) based on deployment scenario or DL/UL switching times within an IAB node, etc.

· FFS: How the CU can get information about the required guard symbols for a given DU configuration if needed

· 1b: H/S/NA is applied relative to the MT resource configuration (D/U/F) slot timing.
· FFS: Whether and/or how the CU will know the actual H/S/NA resources at the child DU
· FFS whether S is explicitly indicated or not
· 1c: H is applied relative to the DU resource configuration (D/U/F) slot timing. S is not explicitly indicated, but implicitly determined by the DU based on whether the corresponding MT configuration indicates the MT resources is F (DU-S). The remaining resources are assumed to be NA at the child DU.
· FFS: Whether and/or how the CU will know the actual S/NA resources at the child DU
· Alt. 2: NA is explicitly indicated as a resource type in each slot for both the DU and MT configuration. H/S is not explicitly indicated, but implicitly determined by the DU based on the corresponding MT configuration 

· FFS: how to handle the case where there is not a 1-1 mapping of DUs and MTs in the child IAB node

· Details of the F1-AP signaling design is up to RAN3
· 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 (Alt. 2 from RAN1#96bis).
· The list of cell-specific signals/channels includes: 

· resources for SSB transmission at DU, including both CD-SSB and non-CD-SSB;
· configured RACH occasions for receiving at the DU
· periodic CSI-RS transmission at the DU
· scheduled resource for receiving SR at DU
· The parent does not need to be aware of the cell-specific signals/channel configurations of the child DU
On indication of the availability of soft resource, RAN1#97 has made the following conclusion:
· The following alternatives are considered (to be down-selected in RAN1#98) for the explicit indication of the availability of soft resources:

· Alt 1) Indicate which MT resources are “IA” for the child DU (DU-IA)

· Alt 2a) Indicate DU-IA and MT resource type (MT-D/MT-U/MT-F)

· Alt 2b) Indicate DU-IA and DU resource type (DU-D/DU-U/DU-F)

· Alt 3) Jointly or separately indicate DU-IA, the DU resource type, and/or MT resource type 

· FFS: monitoring occasions for the explicit indication at the MT

· FFS: whether the processing time for applying an explicit indication at the child DU is defined or left to implementation.

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
2.1   Additional Per-link Resource Configuration

It has been agreed that for the semi-static DU resource configuration, the resources are configured on per DU (cell) basis and the indication of additional supplemental per-link resource configuration is FFS. 
Regarding the supplemental per-link resource configuration, we consider the scenario of after initial configuration, when the IAB DU starts to serve multiple child IAB nodes or child UEs. In this scenario, the per-link DU configuration can be more flexible and beneficial in addition to the per-DU configuration. For example, per-link based not available (NA) configuration at an IAB DU can tailor the resource allocation for one child link for the purpose of interference management. In addition, the D/U/F/H/S/NA configuration for each child IAB DU can be different depending on its own semi-static child DU resource configuration, which makes the resource available for each child IAB MT different from each other, hence the per-link resource configuration at an IAB DU can be more flexible to satisfy the different resource availability of each child IAB MT. 

Proposal 1: Support additional supplemental per-link DU configuration.  

2.2   Indication of H/S/NA for the DU Resource Configuration
Several alternatives have been proposed to indicate H/S/NA for the DU resource configuration. Note that there exists resource transition time misalignment for the co-located IAB DU/MT, either MT Rx followed by DU Tx/Rx or DU Tx/Rx followed by MT Tx. 
In Alt 1a, H/S/NA resource allocation is applied at an IAB DU relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing. In other words, the IAB DU applies resource allocation according to the CU’s assignment and the DU’s own timing. The CU need to manage to avoid resource transition time misalignment for the co-located DU/MT. Therefore the IAB DU does not need to know its co-located MT’s timing, however, the CU needs to be informed about the MT’s propagation delay or TA information to control the co-located MT/DU’s resource allocation to avoid the time misalignment issue, which can be fulfilled through RRC signaling between an IAB MT and the CU or via F1AP signaling between an IAB DU and the CU. 
In Alt 1b, H/S/NA resource allocation is applied at an IAB DU relative to the co-located MT’s resource configuration (D/U/F) slot timing. In other words, the IAB DU applies resource allocation from the CU according to the co-located MT’s transmission/receiving timing and manages to avoid resource transition time misalignment by the DU itself. Therefore, in this alternative, the CU does not need to be informed about the MT’s propagation delay or TA information, while the IAB DU need to know its co-located MT’s timing. As the IAB DU will need to  know its co-located MT’s TA and T_delta information to decide its own DL timing, the co-located MT’s timing should be available to DU. Comparing to Alt 1a, where CU need to be informed on MT’s timing information Alt 1b does not need additional signaling. 
In Alt 1c, H is applied at an IAB DU relative to the DU resource configuration (D/U/F) slot timing. S is not explicitly indicated, but implicitly determined by the DU based on the co-located MT’s F (flexible) configuration. The remaining resources are assumed to be NA. In other words, an IAB DU determines the resources at the IAB DU overlapping with the co-located MT’s F as S. The CU will also be able to know an IAB DU’s S/NA configuration since the CU has the co-located MT/DU’s D/U/F configuration and DU’s H configuration. However, the CU does not have to know an IAB DU’s S/NA configuration, since dynamical indication of soft availability is decided/transmitted by the IAB node’s parent node and NA configuration does not have impact on the co-located MT’s transmission. 

Since the CU only needs to signal the H resource configuration to the DU and S/NA resources are decided at the DU itself, Alt 1c provides less signaling overhead from the CU to the DU regarding DU’s resource configuration. However, Alt 1c has the following disadvantages. Firstly, an IAB DU needs to know its co-located MT’s F configuration in order to decide its own S/NA configuration, which will add some signaling overhead either between the co-located DU/MT or between the CU to the DU. Secondly, there will still be the resource transition time misalignment issue to address, either adding additional signaling to inform CU the co-located MT’s propagation delay/TA information in order to properly configure H to the DU, or the DU applies H resource configuration considering the co-located MT’s timing. 
In Alt 2, NA is explicitly indicated as a resource type in each slot for both the DU and the MT configuration. H/S is not explicitly indicated, but implicitly determined by the DU based on the corresponding MT configuration. Alt 2 has the following disadvantages. Firstly, a new resource type of NA is added to an IAB MT, which makes an IAB MT’s resource allocation different with a UE and existing D/U/F resource configuration needs to be enhanced for an IAB MT. Secondly, additional signaling is needed to inform the DU about its co-located MT’s resource configuration. Thirdly, when the backhaul link and access link are not in the same band, an IAB DU cannot determine its resource configuration based on the co-located MT’s resource configuration. 
With the above discussion regarding all the previously proposed alternatives, considering signalling overhead and specification impact, Alt 1b is more favourable, where H/S/NA resource allocation is applied at an IAB DU relative to the co-located MT’s resource configuration (D/U/F) slot timing. 
Proposal 2: On indication of H/S/NA for DU semi-static resource allocation, support Alt 1b, where H/S/NA resource allocation is applied at an IAB DU relative to the co-located MT’s resource configuration (D/U/F) slot timing.  

3   Dynamic Indication of Soft Resource Availability
The soft resource is semi-statically configured to an IAB DU, and the availability of the soft resources can be dynamically indicated from its parent node. 
Among several options discussed in RAN1#96 and RAN1#97, we prefer using two SFI indications for parent link and child links respectively, without modifying the current slot format Table, which can be categorized as Alt 3 (Jointly or separately indicate DU-IA, the DU resource type, and/or MT resource type) in RAN1#97 conclusion for the explicit indication of the availability of soft resources. 
To be more specific, two SFIs can be configured to the MT of an IAB node: one SFI is to indicate slot formats for the MT to communicate with its parent DU (P-DU); while the other SFI is to indicate slot formats regarding soft resource availability for the DU of this IAB node to communicate with its child nodes (child UEs or child MTs). We illustrate the usage of those two SFIs (SFI-1 and SFI-2) in Figure 1. 
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Figure 1: Two SFIs illustration
The same predefined D/F/U patterns in one slot duration in TS38.213 can be used for the soft resource availability: “D” means the soft resource is available to use as downlink, “F” means the soft resource is available to use as flexible and “U” means the soft resource is available to use as uplink.  
We give several options to fulfil the two SFI indications for soft resource availability. 

· Option 1: Extend the RRC IE SlotFormatCombination to include both MT and DU slot formats
In this Option 1, the two SFI indications can be indicated using the same mechanism as multi-slot SFI indications specified in Rel-15. In Rel-15, each SlotFormatCombination comprises of one or more (up to 256) slot formats, indicated by RRC parameter slotFormats. Each slot format is an integer index from 0-255, according to the predefined D/U/F pattern Table in TS38.213 for one slot duration. 

To indicate DU’s soft resource availability, the DU’s soft resource slot formats can be included in the RRC IE SlotFormatCombination which is extended to include the slot formats of the child links. We illustrate this option in Figure 2. For some rows, after the MT’s multi-slot configuration, each DU’s slot formats configuration can be added.  The maxNrofSlotFormatsPerCombination value should be extended accordingly. 
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Figure 2: Option 1 illustration
When the MT receives DCI format 2_0 with SFI indicated to use a SlotFormatComination that includes additional field on DU slot format, it would understand that two SFIs are transmitted. Those additional parameters are indications for the DU regarding how to use the soft resources for child links.  

When the MT receives DCI format 2_0 with SFI indicated to use a SlotFormatComination that does not include additional field, it would understand that only one SFI is transmitted and no soft resource is available to use for the DU.  
· Option 2: Create independent RRC-configured slot format combinations for each DU cells and extend DCI format 2_0 payload to include the slot format indications for the DU cells  
In this option, the DU that co-located with the MT will have its own RRC-configured slot formats, which can be fulfilled by creating SlotFormatCombinationsPerCell for each DU cells and extending the RRC IE SlotFormatIndicator to add the slot format combinations for the DU cells. In the meantime, the dci-PayloadSize needs to be extended if there existing indications for DU’s soft resource availability. We illustrate this Option 2 in Figure 3.  
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 Figure 3: Option 2 illustration
When the MT receives DCI format 2_0 with SFI indications including DU’s slot formats, it would understand that SFIs of the DU cells are appended. Those additional parameters are indications for the DU regarding how to use the soft resources for child links.  

When the MT receives DCI format 2_0 with SFI indication only including MT’s slot formats, it would understand that no soft resource is available to use for the DU.  
· Option 3: Use a separate GC-PDCCH to transmit SFI for DU cells 
This option can be achieved by the following approached

· Assign a separate SFI-RNTI to differentiate the GC-PDCCH targeted for SFI indication for DU cells

· Configure a separate CORESET to differentiate the GC-PDCCH targeted for SFI indication for DU cells

· Configure a separate search space to differentiate the GC-PDCCH targeted for SFI indication for DU cells

When the MT receives DCI format 2_0 with CRC scrambled with the DU’s SFI-RNTI, or when the MT receives DCI format 2_0 in the CORESET configured for DU, or when the MT receives DCI format 2_0 the search space configured for DU, it would understand that soft resource is available to use for the DU and the soft resource usage is indicated by the corresponding SFI. Otherwise, the MT would understand that no soft resource is available for the DU. 

Note that all options can be further configured for per-DU or per-link configuration. For per-DU configuration, each DU is configured with the slot formats to indicate how to use soft resources in consecutive time slots of all child links. For per-link configuration, each child link of one DU is configured with slot formats to indicate how to use soft resources in consecutive time slots. 

Proposal 3: To explicitly indicate soft resource availability, use two SFI indications for parent link and child links respectively. 
4   Conclusion

In this contribution, we discussed mechanisms for resource multiplexing among backhaul and access link. It is summarized by the following proposals. 
Proposal 1: Support additional supplemental per-link DU configuration.  

Proposal 2: On indication of H/S/NA for DU semi-static resource allocation, support Alt 1b, where H/S/NA resource allocation is applied at an IAB DU relative to the co-located MT’s resource configuration (D/U/F) slot timing.  

Proposal 3: To explicitly indicate soft resource availability, use two SFI indications for parent link and child links respectively. 
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