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1. Introduction
Integrated Access and Backhaul (IAB) supports wireless backhauling via NR enabling flexible and very dense deployment of NR cells while reducing the need for wireline transport infrastructure. Enhancements to IAB in Rel-17 improve on various aspects such as robustness, degree of load-balancing, spectral efficiency, multi-hop latency and end-to-end performance. In Rel-17, IAB enhancements support the following new functionality [1]:
· The introduction of inter-donor IAB-node migration increases robustness, allows for more refined load-balancing and topology management.
· Reduction of service interruption time caused by IAB-node migration and BH RLF recovery improves network performance, allows network deployments to undergo more frequent topology changes, and provides stable backhaul performance.
· Enhancements in scheduling, flow and congestion control improves end-to-end performance as well as spectral efficiency to the IAB network. 
· Duplexing enhancements increase spectral efficiency and reduce latency through the support of SDM/FDM-based resource management, through simultaneous transmissions and/or reception on IAB-nodes.
In this contribution, the duplexing enhancements in IAB node, and the associated issues are presented along with possible solutions. 
2.  Discussion
The available time-frequency resources in the IAB network need to be efficiently shared among child/access link and backhaul link. Resource allocation/configuration can be performed semi-statically and dynamically. Time Division Multiplexing (TDM) based partitioning, i.e.,  partitioning resources between the backhaul and access/child link in time domain and associated issues were considered in Rel. 16 discussions. However, in TDM based resource sharing scheme, either MT or DU of an IAB node can be active at a time leading to increased delay, especially in a multi-hop scenario. To overcome the delay and to improve spectral efficiency, resource sharing between the backhaul and access links can be performed in frequency or space domains and are known as frequency division multiplexing (FDM) and space division multiplexing (SDM), respectively. In FDM, IAB-MT and IAB-DU use different frequency components for communication in backhaul and child/access links, respectively, whereas in SDM, different beams are used for communication in backhaul and child/access links. Therefore, an IAB node is capable of simultaneous operation when the resource is shared between MT and DU in FDM/SDM manner. Simultaneous operation include simultaneous transmission from IAB-MT and IAB-DU (DUTx-MTTx), simultaneous Rx from IAB-MT and IAB-DU (DURx-MTRx), IAB-DU receive and IAB-MT transmit simultaneously (DURx-MTTx) and IAB-DU transmit and IAB-MT receive simultaneously (DUTx-MTRx). Unlike the case of TDM, simultaneous operation in an IAB node leads to conflicts and interferences, especially in DUTx-MTRx and DURx-MTTx cases, where Tx from DU/MT interfere with Rx at MT/DU. Also, certain backward compatibility issues arise. Therefore, enhanced resource allocation strategies, synchronization mechanisms and interference cancellation schemes are essential for an IAB node to operate in backhaul and child/access links simultaneously.
Resource allocation strategies and signalling enhancements for simultaneous operation of IAB-MT and IAB-DU are presented in the subsequent sections. Conflicts that can arise in simultaneous operation is also discussed along with possible solutions. The enhancements required in handling interference, achieving synchronization and power control have been discussed in detail in our companion contribution [2].
3.  Enhancements in resource allocation and signalling
[bookmark: _Hlk46239847]As discussed above, resource partitioning between the backhaul and access/child links of an IAB node can be done in time/frequency/space domains. This represents the multiplexing capability of the node. TDM is the simplest and default multiplexing capability, possessed by all the nodes. However, some IAB nodes have SDM/FDM capability and can support simultaneous operation from IAB-MT and IAB-DU, in addition to TDM. Some IAB nodes that support SDM/FDM are subjected to Half Duplexing Constraint (HDC), where the node can perform only DUTx-MTTx and DURx-MTRx in the same or different time-frequency resources. Certain IAB nodes can use the same time-frequency resources for transmission in MT and reception in DU and vice versa and this is known as in band full duplexing (IBFD). Therefore, TDM, FDM, FDM with HDC, SDM, SDM with HDC and IBFD are various possible multiplexing capabilities. The transmission and reception patterns followed in an IAB node are known as the modes of operation of the IAB node. The different modes possible for an IAB node are TDM, DUTx-MTTx, DURx-MTRx, DURx-MTTx and DUTx-MTRx. The modes of operation supported by an IAB node are dependent on the multiplexing capabilities of the node. Fig. 1 illustrate the transmission and reception pattern in various modes of operation. In figure, IAB-MT and IAB-DU change Tx/Rx direction based on modes of operation.
Observation 1: An IAB node can have TDM, FDM, FDM with HDC, SDM, SDM with HDC and IBFD multiplexing capabilities and can support TDM, DUTx-MTTx, DURx-MTRx, DURx-MTTx and DUTx-MTRx modes of operation
The mode of operation in a symbol/slot is based on the resource configuration of IAB-MT and IAB-DU. For e.g., an IAB node with FDM/SDM capability, 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 continue in TDM mode of operation with either IAB-MT or IAB-DU  being active at a time.  This leads to reduction in resource utilization. Therefore, the resource allocation for IAB-MT and IAB-DU should be based on the capability and supported modes of operation of the IAB node. In order to enable this, 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 child node. The active mode of operation of an IAB node depends on the resource configuration given by CU to IAB-DU and parent-DU to IAB-MT.
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Fig. 1: Transmission/Reception pattern in various modes of operation in an IAB node
Observation 2: 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.
Observation 3: Resource allocation of IAB-MT and IAB-DU are important factor in determining the active mode of operation of the IAB node
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 configures resources to IAB-DU based on capability and supported modes of IAB node and network conditions.  This configuration is signalled to the parent node also. Now, the parent node configures IAB-MT based on resource configuration of parent-DU, resource configuration of IAB-DU, capability of parent node and capability of IAB node.  Resource configuration of the MT and DU together determine the active mode of operation. Following alternatives can be considered in configuring the active mode of operation of the child node.
Alt 1: Active mode of operation of IAB node is determined by donor and is explicitly signalled to parent node: The donor node decides the active mode of operation of the IAB node based on the capability of the IAB node, capability and configuration of the parent node and network conditions. CU configure resources to IAB-DU based on the active mode of operation. CU signals the active mode of operation of IAB node and IAB-DU configuration to parent-DU. Now, the parent node configures IAB-MT so that the IAB node work in the mode determined by donor. 
Alt 2: Active mode of operation of IAB node is implicitly derived based on the resource configuration: The CU configures the resources to the IAB-DU and signals the IAB-DU configuration to parent node. The parent-DU assigns resources to IAB-MT based on the capability and the configuration of the parent and the IAB node. The mode of operation of the IAB node is decided by the resource configuration of IAB-MT and IAB-DU. For e.g., if  slot of an IAB node with FDM/SDM capability and supporting DURx-MTRx mode is configured as UL for DU and DL for MT, then the node will work in simultaneous Rx mode for that slot, else the node will work in TDM mode.
The CU, parent node and IAB node has clear understanding of the active mode of operation of the IAB node in case of Alt 1a. But it involves additional signalling of the mode of operation from donor to parent node. Alt 2 does not involve any additional signalling, but it can lead to uncertainty in certain scenarios. For e.g., consider an IAB node supporting DUTx-MTTx mode and IAB-DU is configured as F. The IAB node can simultaneously transmit in MT and DU only when F resource at IAB-DU is dynamically configured as DL, else the IAB node operates in TDM mode. Parent which is unaware of the dynamic configuration of F resource at IAB-DU cannot derive the exact mode of operation of the IAB node when IAB-DU is F. The active mode of operation of the IAB node is required at the parent to signal various parameters such as TA, guard, and IA.
Observation 4: The active mode of operation of an IAB node depends on the capability and supported modes of operation of the IAB node, resource configuration of IAB-MT and IAB-DU, capability and active mode of operation of the parent node and the network conditions
Proposal 2: The following alternatives can be considered in determining active mode of operation of an IAB node
      Alt 1: Active mode of operation of IAB node is determined by donor and is explicitly signalled to the parent node
[bookmark: _Hlk47712030]      Alt 2: Active mode of operation of IAB node is implicitly derived based on the resource configuration
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 simultaneous operation of IAB-MT and IAB-DU, the H/S/NA configuration is not needed for the IAB-DU resource. For e.g., in case of an IAB node with DUTx-MTTx as active mode, both IAB-MT and IAB-DU can simultaneously Tx in backhaul and child/access link, respectively, irrespective of the H/S/NA configuration of IAB-DU resource. Two alternatives can be considered in signalling H/S/NA resources
Alt 1: CU configures H/S/NA for the IAB-DU by considering the capability and active mode of operation of the IAB node and its parent/child node 
Alt 2: CU signals H/S/NA to all IAB nodes and it is left to the implementation as to whether use it or not 
Alt 1 has the advantage of avoiding unnecessary signalling of H/S/NA resources. However, in case of Alt 1, CU should be aware of the active mode of operation of each IAB node in the network. In case of CU not configuring the active mode of operation of the IAB node, additional signalling is required to signal the active mode of operation to the CU. Therefore, Alt 2 is preferred.
Proposal 3: CU signals H/S/NA to all IAB nodes and it is left to the implementation as to whether use it or not 
[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 node can use the resource for Tx/Rx irrespective of its S configuration. For e.g., an IAB node supporting DUTx-MTTx mode, and IAB-MT and IAB-DU configured as UL and S-DL, respectively, can treat the S resource at IAB-DU as H, and simultaneously transmit in IAB-MT and IAB-DU. Therefore, the IAB node derive implicit IA for the S resource when operating in simultaneous Tx and/or Rx mode, and hence explicit IA is not necessary. Following options can be considered in signalling explicit IA in case of IAB node operating in simultaneous Tx and/or Rx mode
Alt 1: Parent signals IA in DCI format 2_5 for all IAB nodes irrespective of its active mode of operation and the IAB node operating in simultaneous Tx and/or Rx mode Tx/Rx in S resource irrespective of IA  
Alt 2: Parent node signals IA for soft resource in DCI format 2_5 only to IAB node in TDM mode of operation
The active mode of operation of the IAB node is not required at the parent node, to implement Alt 1, whereas Alt 2 requires knowledge of active mode of operation of IAB node at the parent node. Further, Alt 2 avoids unnecessary signalling of IA from parent to IAB node. However, Alt 2 has significant specification impact. Therefore Alt 1 is preferred.
Proposal 4: IAB node derive implicit IA for the S resource when operating in simultaneous Tx and/or Rx mode 
Proposal 5: Parent signals IA in DCI format 2_5 for all IAB nodes irrespective of its active mode of operation and the IAB node operating in simultaneous Tx and/or Rx mode Tx/Rx in S resource irrespective of IA       

     
     
4. Enhancements related to signalling the multiplexing capability information of parent
The IAB network will have multiple IAB nodes with different multiplexing capabilities between MT and DU. That is to say, all IAB nodes in the network might not be capable of simultaneous Tx and/or Rx. 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. This will be crucial in case of multi-hop scenarios. Further, for e.g., if both the child and the parent are simultaneous Tx and/or Rx capable, there will be latency reduction in communication between them, as required for low latency applications. Therefore, it will be helpful for the child to decide its parent if its capabilities are known to it. 
Observation 5: Multiplexing capability information of parent might be useful to the child in certain cases.
Proposal 6:  Mechanism to inform parent’s multiplexing capability to child should be supported. 
5. Conclusion 
Based on the discussions, we have the following observations and proposals
Observation 1: An IAB node can have TDM, FDM, FDM with HDC, SDM, SDM with HDC and IBFD multiplexing capabilities and can support TDM, DUTx-MTTx, DURx-MTRx, DURx-MTTx and DUTx-MTRx modes of operation
Observation 2: 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.
Observation 3: Resource allocation of IAB-MT and IAB-DU are important factor in determining the active mode of operation of the IAB node
Proposal 1: IAB node signals its multiplexing capability and supported modes to CU and parent-DU
Observation 4: The active mode of operation of an IAB node depends on the capability and supported modes of operation of the IAB node, resource configuration of IAB-MT and IAB-DU, capability and active mode of operation of the parent node and the network conditions
Proposal 2: The following alternatives can be considered in determining active mode of operation of an IAB node
      Alt 1: Active mode of operation of IAB node is determined by donor and is explicitly signalled to the parent node
      Alt 2: Active mode of operation of IAB node is implicitly derived based on the resource configuration
Proposal 3: CU signals H/S/NA to all IAB nodes and it is left to the implementation as to whether use it or not 
Proposal 4: IAB node derive implicit IA for the S resource when operating in simultaneous Tx and/or Rx mode 
Proposal 5: Parent signals IA in DCI format 2_5 for all IAB nodes irrespective of its active mode of operation and the IAB node operating in simultaneous Tx and/or Rx mode Tx/Rx in S resource irrespective of IA       
Observation 5: Multiplexing capability information of parent might be useful to the child in certain cases.
Proposal 6:  Mechanism to inform parent’s multiplexing capability to child should be supported. 
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