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[bookmark: _Ref4510574]Introduction
Rel-17 WI to enhance integrated access and backhaul (IAB) aims the following RAN1-led objectives, related to duplexing enhancements [1]:
· 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 present our views on potential techniques and required signalling to enhance resource multiplexing between IAB node’s child and parent links.
SDM Resource Multiplexing within an IAB-node
IAB specification in Rel-16 is mainly limited to TDM operation within DU and MT components of an IAB node. In Rel-17, and as part of enhanced resource multiplexing, SDM and FDM multiplexing within an IAB node is being discussed. In that regard, it was agreed in RAN1#104b-e that [2]:

Agreement: Adaptation of an IAB-node’s multiplexing operation is supported. The adaptation may be based on multiple factors, for example (not necessary to support all of the following):
· Resource type (D/U/F) at the IAB-DU and IAB-MT 
· Specific sets of time/frequency resources
· Certain conditions being met (e.g. supported timing modes, power control enhancements (if supported), etc.)
FFS:  Mechanisms for informing/coordination the change in multiplexing operation(s) between child and parent nodes (including whether the adaptation is dynamic or semi-static)
FFS: Need for explicit linkage between indicated multiplexing operations and other features/enhancements – e.g. number of required guard symbols, supported timing modes, and power control enhancements (if supported)

And next in RAN1#105-e, it was agreed that [3]:
Agreement: The parent IAB-node is dynamically provided with conditions/parameters to facilitate adaptation between multiplexing operation modes:
· FFS: Required number of guard symbols for switching of multiplexing mode (FFS: per timing mode or per multiplexing mode) for IAB-DU
· FFS: Signalling procedure
· FFS: Required guard band for FDM
· FFS: other conditions, e.g. required timing mode, required power control parameters, and preferred TCI.

Agreement: In case of simultaneous MT/DU operation, 
· the parent node can dynamically indicate to the child node at least a set of restricted beams at the IAB-DU of the child node
· the child node can dynamically report to the parent node a set of recommended beams, not preferred beams, or both recommended and not preferred beams of the IAB-MT of the child node
· FFS: Whether the specification supports all reporting combinations.
· FFS: Applicability to specific multiplexing cases or specific time-frequency resources
· FFS: Additional semi-static signaling 
· FFS: Per-panel granularity in addition to per-beam granularity
· FFS: Relationship between child IAB-MT beam indication and parent IAB-DU beam indication
· Note: This does not preclude any enhancements for either DU or MT-based CLI measurement and reports

For a successful simultaneous operation in SDM or FDM multiplexing mode within IAB-DU and IAB-MT, parent node IAB-DU and IAB-DU should be aware of the desired (or used) parameters in the other side like beam/panel, SLIV, transmit power, DMRS ports, FDRAs, etc. For example, if parent IAB-DU wishes to schedule a PDSCH to IAB-MT, ideally it should have some indication from IAB node about which panel/beam for PDSCH transmission is desired once the IAB-DU is simultaneously receiving from child IAB-MT (or UE), as shown in Fig. 1. Alternatively, parent IAB-DU will indicate to the IAB node about the panel/beam to receive Lp,DL. Next, IAB-DU in IAB-node will choose the reception beam/panel for LA,UL / Lc,UL links, with minimum impact on Lp,DL and will consequently indicate to its child IAB and/or access UE about their transmit beam/panel, e.g. through SRI for PUSCH. The choice between the above options can be based on the communication link and/or data priority, e.g. if IAB-DU schedules a UE (on access link LA,UL) with URLLC traffic, it will be IAB-DU that controls the flow. Alternatively, if traffic on Lp,DL is higher priority than traffic on Lc,UL, it will be the parent IAB-DU that controls the flow. Based on the above discussions, we have the following proposals:


[image: A screenshot of a computer

Description automatically generated with medium confidence]
Figure 1: Simultaneous reception within an IAB-node.


Proposal 1: For simultaneous operation, either parent IAB-DU or IAB-DU can initiate and control the flow.

Proposal 2: The entity with higher data priority will control the flow by initiating the scheduling on high priority link and/or indicating the desired parameters to the other link

Regardless of whether IAB-node or IAB-parent controls resource coordination for SDM or FDM multiplexing, it should be discussed how to indicate the beam management/coordination parameters. Whether the indication is dynamic or not also depends on the status of communication links, e.g.  for semi-static/periodic transmissions from parent IAB-DU, like periodic CSI-RS, SSB, SPS-PDSCH, a semi-static beam indication from parent IAB-node is sufficient. While for a dynamic PUSCH scheduling on access link, a quick dynamic beam indication is preferred.

Proposal 3: For the case of parent IAB-DU indicating IAB node about the receiving beams/panels for Lp,DL and LA,UL / Lc,UL links, the indication can be dynamic and/or semi-static:
· Dynamic e.g. through TCI index in DCI for scheduling PDSCH Lp,DL  
· Semi-static, e.g. through MAC-CE/RRC to IAB-MT or through F1 interface to IAB-DU 

Proposal 4: For the case of IAB indicating desired reception beams/panels on Lp,DL and LA,UL / Lc,UL links, the indication to parent IAB-DU can be dynamic and/or semi-static:
· Dynamic e.g. through UCI transmission from IAB-MT to parent DU 
· Semi-static, e.g. through MAC-CE from IAB-MT or through F1 interface from IAB-DU
· Alternatively, IAB-MT performs SR or initiates PRACH to indicate desired receiving beam on Lp,DL


To achieve a better resource efficiency under SDM (or FDM) multiplexing with simultaneous reception within an IAB node, a conditional indication from parent IAB-DU may be deployed, where IAB-node has the chance to provide feedback on allocation by parent IAB-DU, and possibly provide desired set of parameters. Figure 2 shows an example of the procedure. Here we note that, at least in some scenarios, better utilization of SDM resource multiplexing is achieved if PDSCH allocation crosses the slot border, since otherwise tighter slot/symbol alignment is required, which is not always possible/desirable. Based on this discussion, we make the following proposals:  

Proposal 5: To achieve a simultaneous reception within an IAB node, i.e. DU-Rx & MT-Rx, a two-step indication is deployed
· Step1: Parent IAB-DU indicates initial beam/panel, K0, SLIV, etc, and a grace time for IAB node in which IAB-MT can indicate its desired parameters like beam/panel, K0, SLIV, etc
· Step2: IAB indicates its desired parameters (beam/panel, K0, SLIV, Tx power, etc), for example, on PUCCH indicated by DL DCI from parent IAB-DU

Proposal 6: To utilize SDM resource multiplexing, support PDSCH allocation for IAB-MT with crossing the slot border. 
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Figure 2: Two-step scheduling for simultaneous Rx.

Conclusions
In this contribution, we provided our thoughts on potential techniques to enhance resource multiplexing between IAB node’s parent and child links. Based on views shared in this paper, we make the following proposals:

Proposal 1: For simultaneous operation, either parent IAB-DU or IAB-DU can initiate and control the flow.

Proposal 2: The entity with higher data priority will control the flow by initiating the scheduling on high priority link and/or indicating the desired parameters to the other link

Proposal 3: For the case of parent IAB-DU indicating IAB node about the receiving beams/panels for Lp,DL and LA,UL / Lc,UL links, the indication can be dynamic and/or semi-static:
· Dynamic e.g. through TCI index in DCI for scheduling PDSCH Lp,DL  
· Semi-static, e.g. through MAC-CE/RRC to IAB-MT or through F1 interface to IAB-DU 

Proposal 4: For the case of IAB indicating desired reception beams/panels on Lp,DL and LA,UL / Lc,UL links, the indication to parent IAB-DU can be dynamic and/or semi-static:
· Dynamic e.g. through UCI transmission from IAB-MT to parent DU 
· Semi-static, e.g. through MAC-CE from IAB-MT or through F1 interface from IAB-DU
· Alternatively, IAB-MT performs SR or initiates PRACH to indicate desired receiving beam on Lp,DL

Proposal 5: To achieve a simultaneous reception within an IAB node, i.e. DU-Rx & MT-Rx, a two-step indication is deployed
· Step1: Parent IAB-DU indicates initial beam/panel, K0, SLIV, etc, and a grace time for IAB node in which IAB-MT can indicate its desired parameters like beam/panel, K0, SLIV, etc
· Step2: IAB indicates its desired parameters (beam/panel, K0, SLIV, Tx power, etc), for example, on PUCCH indicated by DL DCI from parent IAB-DU

Proposal 6: To utilize SDM resource multiplexing, support PDSCH allocation for IAB-MT with crossing the slot border. 
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