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1. Introduction
In RAN#86 meeting, a new WID [1] on “Enhancements to Integrated Access and Backhaul” was approved. The detailed objectives for RAN1 are as follows.
Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.













In this contribution, we discuss enhancements on resource multiplexing between child and parent links of an IAB node to support simultaneous operation (transmission and/or reception). 
2. Discussion on enhancements on resource multiplexing between child and parent links
2.1. IAB node behavior for simultaneous operation of child and parent links
In Rel-16, TDM resource multiplexing between child and parent links was supported. Hard/soft/NA resource types for DU symbols can be semi-statically configured by IAB-CU, and availability of DU soft symbols can be dynamically indicated by the parent node. IAB node behavior on DU hard/soft/NA symbol for TDM resource multiplexing between child and parent links was specified. On a DU hard symbol, IAB node DU can perform either Tx or Rx. On a DU NA symbol, IAB node DU can perform neither Tx nor Rx. On a DU soft symbol, IAB node DU can perform either Tx or Rx if 
· IAB node MT performs neither Tx nor Rx on the symbol, or 
· IAB node MT would transmit or receive on the symbol, and the transmission or reception on the symbol is not changed due to a use of the symbol by the IAB-node DU, or
· the IAB-node MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available

In Rel-16, IAB node multiplexing capability for the case of no-TDM between MT and DU with respect to each transmission/reception direction combination (MT-Tx/DU-Tx, MT-Tx/DU-Rx, MT-Rx/DU-Tx, MT-Rx/DU-Rx) was introduced. However, IAB node behavior for simultaneous operation by IAB-node’s child and parent links was not specified. 

In Rel-17 eIAB, Rel-16 signaling of semi-static configuration of hard/soft/NA resource types for DU symbols and dynamic indication of availability for DU soft symbols can be reused. Based on Rel-16 signaling, IAB node MT and DU can simultaneously perform Tx and/or Rx if corresponding multiplexing capability of the transmission/reception direction combination is supported by the IAB node. More specifically, following new IAB node behavior should be defined to support simultaneous operation. 
· On a DU hard/soft-IA symbol, DU can perform either Tx or Rx, and MT can also perform either Tx or Rx on the symbol if multiplexing capability of the transmission/reception direction combination of MT and DU is reported by IAB node. For example, if IAB node’s multiplexing capability supports MT-Tx/DU-Tx, MT can perform Tx in the DU hard DL symbol.
· On a DU NA/soft-INA symbol, MT can perform either Tx or Rx, and DU can also perform either Tx or Rx on the symbol if multiplexing capability of the transmission/reception direction combination of MT and DU is reported by IAB node.

Proposal1:  Rel-16 signaling of semi-static configuration of hard/soft/NA resource type for DU symbols and dynamic indication of availability for DU soft symbols should be reused.

Proposal2:  Based on the Rel-16 signaling, following new IAB node behavior should be defined.
· On a DU hard/soft-IA symbol, DU can perform either Tx or Rx, and MT can also perform either Tx or Rx on the symbol if multiplexing capability of the transmission/reception direction combination of MT and DU is reported by IAB node.  
· On a DU NA/soft-INA symbol, MT can perform either Tx or Rx, and DU can also perform either Tx or Rx on the symbol if multiplexing capability of the transmission/reception direction combination of MT and DU is reported by IAB node.

As discussed above, on a DU hard/soft-IA symbol, MT can perform either Tx or Rx on the symbol if multiplexing capability of the transmission/reception direction combination of MT and DU is reported by IAB node. In Rel-16, transmission/reception direction of a DU flexible symbol is decided by IAB node and is not informed to the parent node. In that case, whether/how to perform simultaneous operation with the parent node should be discussed and specified.

To support simultaneous operation on DU flexible symbol, one of the potential solutions is that IAB node reports transmission/reception directions of DU flexible symbols to the parent node. However, a disadvantage of this method is that the parent node cannot configure/indicate a resource for IAB node MT Tx/Rx unless the report on the DU flexible symbol is available. In order to perform simultaneous operation, IAB node needs to decide and report the transmission/reception direction of the DU flexible resource before the same resource is configured/indicated for MT Tx/Rx. Moreover, additional signaling overhead will be introduced. 

Another possible solution is that the parent node can configure/indicate/schedule IAB node MT Tx or Rx on a DU hard/soft-IA flexible symbol, and IAB node DU will perform either Tx or Rx on the flexible symbol based on MT transmission/reception direction and its multiplexing capability. In this case, IAB node does not need to report transmission/reception direction of DU flexible symbol to the parent node, with saving signaling overhead. Moreover, simultaneous operation is always possible, which is beneficial for resource utilization efficiency although the resource usage of DU flexible symbol may be restricted depending on its multiplexing capability and the resource usage at the parent node.

Proposal3: On a DU hard/soft-IA flexible symbol, parent node can configure/indicate/schedule IAB node MT Tx or Rx on the symbol, and IAB node DU will perform either Tx or Rx on the symbol based on MT transmission/reception direction and its multiplexing capability.

2.2. FDM resource multiplexing for simultaneous operation of child and parent links
In Rel-17 eIAB, SDM/FDM resource multiplexing schemes between child and parent links are to be supported. In case of SDM, IAB node DU and MT can perform simultaneous Tx/Rx by using different beams/panels, which can be realized by implementation. In case of FDM and the same frequency carrier is allocated for child and parent links, IAB node DU and MT can perform either Tx and/or Rx simultaneously with using different frequency resources. Considering efficiency of resource utilization, both semi-static configuration and dynamic indication of frequency resources availability for IAB node DU should be supported. Similar to TDM resource multiplexing, hard/soft/NA resource types can be configured for DU frequency resources. On DU frequency resources configured as hard, DU can perform either Tx or Rx on the frequency resource. On DU frequency resources configured as NA, DU can perform neither Tx nor Rx at the frequency resource. For DU frequency resources configured as soft, availability of the frequency resources can be dynamically indicated. 

Proposal4: Both semi-static signalling and dynamic indication of frequency resources should be considered to support FDM resource multiplexing.

3. Conclusion
In this contribution, we discussed enhancements on resource multiplexing between child and parent links of an IAB. Based on the discussion, we made following proposals.
Proposal1:  Rel-16 signaling of semi-static configuration of hard/soft/NA resource type for DU symbols and dynamic indication of availability for DU soft symbols should be reused.

Proposal2:  Based on the Rel-16 signaling, following new IAB node behavior should be defined.
· On a DU hard/soft-IA symbol, DU can perform either Tx or Rx, and MT can also perform either Tx or Rx on the symbol if multiplexing capability of the transmission/reception direction combination of MT and DU is reported by IAB node.  
· On a DU NA/soft-INA symbol, MT can perform either Tx or Rx, and DU can also perform either Tx or Rx on the symbol if multiplexing capability of the transmission/reception direction combination of MT and DU is reported by IAB node.

Proposal3: On a DU hard/soft-IA flexible symbol, parent node can configure/indicate/schedule IAB node MT Tx or Rx on the symbol, and IAB node DU will perform either Tx or Rx on the symbol based on MT transmission/reception direction and its multiplexing capability.

Proposal4: Both semi-static signaling and dynamic indication of frequency resources should be considered to support FDM resource multiplexing.
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