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Introduction
A new work item on enhancements to integrated access and backhaul was approved [1]. According to the WID, objectives of the work item are as follows in RAN1 perspective.
	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 on resource multiplexing enhancement between child and parent links of an IAB node based on above work item objectives.

Simultaneous operation schemes
During the IAB SI, various multiplexing options for MT and DU were discussed [2]. Among the multiplexing options on the study, non-simultaneous operation (i.e., TDM) of MT and DU was specified in Rel-16 IAB WI. In Rel-17 IAB enh WI, for the purpose of spectral efficiency enhancement and latency reduction, simultaneous operation of MT and DU is included in the work scope. 
In Figure 1, resource multiplexing options between MT and DU are depicted. For non-simultaneous operation, MT and DU are operated in TDM manner under a per-link half-duplex constraint as described in Figure 1.(a). In case of simultaneous operation, MT and DU can Tx and/or Rx simultaneously as depicted in Figure 1.(b).
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(a) Non-simultaneous operation of MT and DU (i.e., TDM)
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(b) Simultaneous operation of MT and DU (i.e., no-TDM)
Figure 1. Resource multiplexing between MT and DU

For simultaneous operation of MT and DU, it can be assumed that MT and DU have independent panels and parent and child link are physically separated (e.g., MT and DU are allocated separately). In this environment, it can be assumed that the amount of interference across the panels is negligible, so simultaneous Tx and/or Rx can be performed without interference across the links. Therefore, timing alignment for simultaneous Tx and/or Rx is not required.
On the other hand, the environment that antenna panels for MT and DU are co-located or an antenna panel is shared by MT and DU also should be considered. Then, impact of interference between parent and child link should be considered for simultaneous operation. Under this environment, we discuss considerable multiplexing schemes depending on transmission-direction combination of MT and DU as follows.

Simultaneous operation for MT-Tx/DU-Tx or MT-Rx/DU-Rx
(1) SDM
Simultaneous Tx or Rx of MT and DU can be performed in SDM manner. In case of receiver-side SDM, the orthogonality between DL DMRS and UL DMRS is important to decouple two Rx signals successfully. For DMRS orthogonality, timing alignment between MT-Rx and DU-Rx is required and related scheme should be discussed.
When MT and DU receive PDSCH and PUSCH respectively, DMRS for PDSCH and DMRS for PUSCH can be allocated orthogonally. So an IAB-node may be possible to receive both channels simultaneously. However, SDM for other combinations of DL and UL channel would not be appropriate since orthogonal DMRS allocation is not available. Therefore, SDM for simultaneous Rx can be allowed in limited cases such as PDSCH and PUSCH reception.
(2) FDM
FDM can be another option for simultaneous Tx or Rx of MT and DU within a carrier bandwidth. One considerable way to make parent and child link utilize different frequency resource is separating frequency resource in BWP level. For example, when MT of an IAB-node performs uplink transmission within an uplink BWP, DU of the IAB-node can utilize a downlink BWP which consists of frequency resources not overlapping with the uplink BWP of the MT.
Even if frequency resources for parent and child link are separated, Rx signal of parent and child link can interfere with each other depending on the amount of interference emission to adjacent frequency resources. If the interference level is not low enough, Rx timing alignment between MT and DU may be required. However, if Rx power levels of MT and DU are coordinated appropriately and proper amount of guard resource is assumed between frequency resources of MT and DU, timing alignment between MT Rx and DU Rx would not be necessary. 

Simultaneous operation for MT-Tx/DU-Rx or MT-Rx/DU-Tx
For simultaneous Tx and Rx of MT and DU, intra-device interference (i.e., interference from MT-Tx to DU-Rx or from DU-Tx to MT-Rx) needs to be considered. Compared to Rx to Rx interference in simultaneous Rx case, the IAB node may experience stronger interference since Tx signal arrives without pathloss. So, interference level to the adjacent frequency resource can be much higher compared to simultaneous Rx case. Therefore, this interference can be issued not only when MT and DU share the frequency resources, but also when they utilize separated frequency resources. To resolve the intra-device interference problem, interference mitigation schemes needs to be performed where timing alignment between DU and MT is a basic requirement to apply interference mitigation scheme. 

Proposal 1: To support simultaneous operation of MT and DU, co-located inter-panel operation and intra-panel operation should be considered.
Proposal 2: Receiver-side SDM can be applied for at least PDSCH and PUSCH.
Proposal 3: For simultaneous Tx and/or Rx of MT and DU, following timing alignment are supported;
· Timing alignment between MT-Rx and DU-Rx
· Timing alignment between MT-Tx and DU-Rx
· Timing alignment between MT-Rx and DU-Tx

Transition between simultaneous and non-simultaneous operation
Although an IAB-node has a capability for simultaneous operation of MT and DU, simultaneous operation of the node cannot be guaranteed always. Even for a MT-CC and DU-cell pair within an IAB-node, the availability of simultaneous operation can be changed depending on conditions.
· Multiplexing capability for each transmission-direction combination
For a MT-CC/DU-cell pair, the multiplexing capability between MT and DU can be different for each transmission-direction combination. Therefore, the IAB-node may or may not perform simultaneous operation depending on transmission-direction for MT and DU. For example, if an IAB-node has simultaneous Tx or Rx capability only (i.e., simultaneous operation for MT-Tx/DU-Tx or MT-Rx/DU-Rx), it cannot perform simultaneous operation in resources configured as DL or UL for both of MT and DU.
· Timing alignment between MT and DU
Tx/Rx timing of MT and DU also can determine the availability of simultaneous operation. As discussed in previous section, an IAB-node may be required to align Tx and/or Rx timing between MT and DU for simultaneous operation. For example, in an IAB-node perspective, Rx timing of DU would be required to be aligned with MT Rx timing for simultaneous Rx. However, a child MT/UE may not be able to adjust its uplink Tx timing so that its uplink signal is arrived at the desired DU Rx timing. In this case, the IAB-node may not perform simultaneous Rx successfully. For the other example, in case of simultaneous Tx of MT and DU, MT Tx timing of the IAB-node would be required to be aligned to its DU Tx timing. Then, the arrival timing of the MT uplink signal may be different to the Rx timing of its parent DU. So, for the simultaneous Tx with timing alignment, its parent DU should be able to receive the uplink signal which has different Rx timing with other child links. Accordingly, the availability of simultaneous operation for an IAB-node may depend on the capability of the parent/child node as well as the IAB-node.
· Scheduled  channels for MT and DU
If receiver-side SDM can be applied for PDSCH and PUSCH only, simultaneous Rx of MT and DU is available when MT and DU is scheduled to receive PDSCH and PUSCH respectively. Thus, simultaneous operation of IAB-node also can be restricted by the combination of channels MT and DU receive.
· Intra-device interference
Simultaneous operation for an IAB-node also can be restricted to reduce intra-device interference which can be a problem in simultaneous Tx and Rx operation. For example, when an IAB-node MT receives important signal/channels, DU transmission would not be allowed for successful reception in MT-side.
· Tx power limitation
Tx power can be another factor that restricts simultaneous Tx of MT and DU. If the total Tx power of IAB-node is limited by implementation or regulation, some cases can happen that only one transmission of MT and DU is allowed.
In summary, even for an IAB-node which can perform simultaneous operation, there can be various situations that simultaneous operation is not allowed or available. And, in an IAB-node perspective, transition between simultaneous and non-simultaneous operation can be happened frequently. Therefore, it is necessary to define an IAB-node behavior in time resources where simultaneous operation cannot be performed. One simple solution can be follow the Rel-16 IAB-node behavior which is based on H/S/NA attributes and availability indication for soft resource.

Proposal 4: For an IAB-node, simultaneous and non-simultaneous operation can be transited in implicit or explicit manner.

Conclusion
In this contribution, we discussed on resource multiplexing enhancement between child and parent links for IAB-node and obtained following proposals

Proposal 1: To support simultaneous operation of MT and DU, co-located inter-panel operation and intra-panel operation should be considered.
Proposal 2: Receiver-side SDM can be applied for at least PDSCH and PUSCH.
Proposal 3: For simultaneous Tx and/or Rx of MT and DU, following timing alignment are supported;
· Timing alignment between MT-Rx and DU-Rx
· Timing alignment between MT-Tx and DU-Rx
· Timing alignment between MT-Rx and DU-Tx
Proposal 4: For an IAB-node, simultaneous and non-simultaneous operation can be transited in implicit or explicit manner.
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