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Introduction
In RAN1#103-e, the following agreements on enhancements to resource multiplexing between child and parent links of an IAB node were reached [1] :
Agreement
The Rel-16 IAB-DU resource types (Soft/Hard/NA) are the starting point for supporting resource multiplexing for simultaneous operation cases in Rel-17. 
· FFS: Whether resource type definitions need to be extended to frequency domain resources 
· FFS: Coexistence of simultaneous operation resources and TDM resources
· FFS: Whether new rules governing cell-specific/semi-static signals and channels at the IAB-DU and/or IAB-MT in case of simultaneous operation are necessary

Agreement
Further consider different applicability restrictions/conditions for simultaneous operation multiplexing cases:
· FFS: Whether a given case is only applicable for certain resource types or combinations: e.g. DL access, DL backhaul, UL access, UL backhaul
· FFS: Network (including parent node) awareness of a child IAB node’s ability to support simultaneous operation due to short-term and long-term factors including panel selection, interference, timing, transmit power, capability indication etc.
· FFS: Necessary differentiation for paired spectrum vs. unpaired spectrum
· FFS: Whether specific enhancements are defined for full-duplex cases vs. being left to implementation (as in Rel-16)
· Note: There should not be any impact on legacy UE behavior

Agreement
The Rel-16 explicit indication of soft resources by DCI Format 2_5 is supported for simultaneous operation cases in Rel-17. 
· FFS: Whether/how to extend DCI Format 2_5 to frequency domain resources and/or paired spectrum
· FFS: Coexistence of simultaneous operation resources and TDM resources

Agreement
From a RAN1 perspective, at least intra-donor multi-parent operation is supported in Rel-17 
· FFS: Inter-donor operation pending additional input from RAN2/RAN3

Agreement
The explicit indication of soft resources by DCI Format 2_5 is supported for multi-parent scenarios in Rel-17.
· FFS: Whether additional enhancements over the Rel-16 solution are needed

Agreement
From a RAN1 perspective, resource multiplexing and coordination is supported for the following DC scenarios in Rel-17.
· Inter-carrier, inter-band 
· Inter-carrier, intra-band is additionally supported at least for FR2 
· At least to the extent it reuses solutions for supporting Inter-carrier, inter-band
· FFS: whether specific enhancements for inter-carrier, intra-band DC are introduced in Rel-17

In this contribution, we provide some additional views on these issues. The enhancements required in handling interference, achieving synchronization and power control have been discussed in detail in our companion contribution [2].
Discussion
Enhancements to resource multiplexing between parent and child links 
The resource partitioning between the backhaul and access/child links of an IAB node can be done in time/frequency/space domains. In addition, some IAB nodes are subjected to half duplexing constraint (HDC), where the node cannot perform MT-Rx/DU-Tx and MT-Tx /DU-Rx in the same time-frequency resources. Therefore, TDM, FDM, FDM with HDC, SDM, SDM with HDC and IBFD are various possible multiplexing capabilities in an IAB node and the IAB node can use these capabilities for operating in one of the following modes
· TDM
· Multiplexing Case A: Simultaneous MT-Tx/DU-Tx 
· Multiplexing Case B: Simultaneous MT-Rx/DU-Rx 
· Multiplexing Case C: Simultaneous MT-Rx/DU-Tx 
· Multiplexing Case D: Simultaneous MT-Tx/DU-Rx 

The active mode of operation of an IAB node in a symbol/slot depends on the multiplexing capability of IAB node and the resource configuration of IAB-MT and IAB-DU. For e.g., an IAB node with FDM/SDM capability and half duplexing constraint (HDC), can transmit simultaneously from MT and DU, only when parent-DU configures IAB-MT as UL, and CU configures IAB-DU as DL. Otherwise, the IAB node will operate in TDM mode with either IAB-MT or IAB-DU being active at a time, leading to reduction in resource utilization. Therefore, an IAB node signals its multiplexing capability and supported modes of operation to CU and parent-DU, based on which CU and parent-DU configure resources to IAB-MT and IAB-DU.
Observation 1: The multiplexing capability and the supported modes of operation of the child node are crucial information required at donor and parent nodes to configure resources to child node efficiently.
Proposal 1: IAB node signals its multiplexing capability and supported modes to CU and parent-DU
Once the capability and/or supported mode of operation of IAB node are known, CU and parent-DU configures resources to IAB-DU and IAB-MT, respectively, based on multiplexing capability of IAB node, supported modes of IAB node and network conditions. Resource configuration of the IAB-MT and IAB-DU along with supported modes of IAB node determines the active mode of operation of IAB node. The IAB node and its parent node should have clear understanding of the active mode of operation of IAB node, to configure parameters like TA, guard, and IA. Further, the active mode of operation is required to dynamically configure F resource at IAB-MT and IAB-DU. 
Proposal 2: IAB node and its parent node should be made aware of the active mode of operation of the IAB node

The H/S/NA attributes for the resources at IAB-DU is introduced to avoid simultaneous use of resource by IAB-MT and IAB-DU in TDM mode of operation.


In case of IAB node capable of simultaneous operation, the H/S/NA configuration signalled by the CU should be interpreted based on active mode of operation. For e.g., consider an IAB node in MT-Tx/DU-Tx mode. If IAB-DU is configured H, then IAB-DU can Tx in child/access link. Further, the parent node, having knowledge of resource configuration of IAB-DU and active mode of operation of IAB node, schedule Tx from IAB-MT irrespective of H configuration of IAB-DU. Similarly, when an IAB-DU is configured S, then by the definition of S symbol, IAB-DU can Tx in child/access link if the Tx in child/access link is not affecting IAB-MT-Tx. Therefore, when IAB node is in MT-Tx/DU-Tx mode, the IAB-DU can Tx in child/access link in S resource without affecting Tx in IAB-MT. However, configuring a resource as NA at IAB-DU can lead to resource wastage in simultaneous operation, as IAB-DU cannot use the resource configured as NA for Tx/Rx in child/access link. But the usage of NA resource can be minimized to scenarios where interference need to be reduced.
Proposal 3: IAB node in simultaneous mode of operation interpret the H/S/NA configuration, signalled by the CU, based on active mode of operation
Observation 2: The usage of NA resource can be minimized to the interference reduction scenarios 
[bookmark: _Hlk47623751]Similarly, an IAB node in TDM mode require explicit or implicit IA to use the S resource for Tx/Rx in child/access link. However, in simultaneous mode of operation, an IAB-DU can use the resource for Tx/Rx in child/access link irrespective of its S configuration. For e.g., an IAB node operating in MT-Tx/DU-Tx mode treats the S-DL resource at IAB-DU as H-DL, and simultaneously transmit in IAB-MT and IAB-DU. Therefore, the IAB node in simultaneous mode of operation does not require IA from parent node.
Proposal 4: IAB node use IA signalled by parent node in DCI format 2_5 for S resource based on active mode of operation
In case of IAB node in simultaneous mode of operation using FDM, the same frequency resource cannot be used both in the parent backhaul and child backhaul/access link. For e.g., in case of MT-Tx/DU-Tx using FDM, the IAB-MT and IAB-DU should Tx using different frequency resources. Therefore, to avoid conflict the CU should indicate H/S/NA configuration for each frequency resource available at IAB-DU. For e.g., a frequency resource indicated as H for parent-DU should be S/NA for IAB-DU. Similar to the TDM case, IAB-DU can use the S resource for Tx/Rx when 
· Tx/Rx at IAB-DU using the S resource is not impacting the Tx/Rx at IAB-MT
· IAB-MT receive explicit indication from parent-DU indicating the S resource as available for IAB-DU 
Parent node signals explicit IA for S resource periodically through DCI. The explicit IA signal the availability of each frequency resource of IAB-DU for a duration not less that periodicity of signalling explicit IA. 
Proposal 5: CU indicate H/S/NA configurations to frequency domain resource at IAB-DU
Proposal 6: IAB-DU use S frequency resource for Tx/Rx in child/access link when
· Tx/Rx at IAB-DU is not impacting the Tx/Rx IAB-MT
· IAB-MT receive explicit indication from parent-DU indicating the S resource as available for IAB-DU 
An IAB node cannot operate in the simultaneous mode all the time. For e.g., in case of an IAB node in MT-Rx/DU-Rx mode, the backhaul reception interfere with access link reception. In some cases, the interference can be high, causing performance degradation. Therefore, the IAB node cannot continue in MT-Rx/DU-Rx mode and need to switch its mode to TDM. Mechanism to fall back from simultaneous mode to TDM mode should be supported

Proposal 7:  Mechanism to fall back to TDM mode from simultaneous mode should be supported at IAB node

 An IAB network will have multiple IAB nodes with different multiplexing capabilities between MT and DU. For e.g., all IAB nodes in the network might not be capable of simultaneous Tx and/or Rx. An IAB node can operate in full potential depending on the capability of its parent node. For e.g., the latency associated with a parent node with simultaneous Tx and/or Rx capability will be lower as compared to parent node with only TDM capability. Therefore, if both the IAB node and the parent node are capable of simultaneous operation, there will be latency reduction in communication between them. Therefore, it is beneficial for IAB node to know capability of various prospective parent nodes before initial association, to identify the best parent node to perform initial access.
Observation 3: Multiplexing capability information of parent might be useful to the IAB node in certain cases
Proposal 8:  Mechanism to inform multiplexing capability of prospective parent nodes to IAB node should be supported 
Conclusion
In this paper we made the following observations and conclusions:
Observation 1: The multiplexing capability and the supported modes of operation of the child node are crucial information required at donor and parent nodes to configure resources to child node efficiently.
Proposal 1: IAB node signals its multiplexing capability and supported modes to CU and parent-DU
Proposal 2: IAB node and its parent node should be made aware of the active mode of operation of the IAB node
Proposal 3: IAB node in simultaneous mode of operation interpret the H/S/NA configuration, signalled by the CU, based on active mode of operation
Observation 2: The usage of NA resource can be minimized to the interference reduction scenarios 
Proposal 4: IAB node use IA signalled by parent node in DCI format 2_5 for S resource based on active mode of operation
Proposal 5: CU indicate H/S/NA configurations to frequency domain resource at IAB-DU
Proposal 6: IAB-DU use S frequency resource for Tx/Rx in child/access link when
· Tx/Rx at IAB-DU is not impacting the Tx/Rx IAB-MT
· IAB-MT receive explicit indication from parent-DU indicating the S resource as available for IAB-DU
Proposal 7:  Mechanism to fall back to TDM mode from simultaneous mode should be supported at IAB node
Observation 3: Multiplexing capability information of parent might be useful to the IAB node in certain cases
Proposal 8:  Mechanism to inform multiplexing capability of prospective parent nodes to IAB node should be supported
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