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1 Introduction
The Rel. 17 IAB WID focuses on enhancements to support simultaneous operation of parent and child links of an IAB node, and dual connectivity scenarios. Several agreements were made during past RAN meetings related to these enhancements. In this contribution, we provide our views on the enhancements required in resource multiplexing between child and parent links of an IAB node to support simultaneous operation.
2 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 

An IAB node cannot always operate in a particular multiplexing mode, and it depends on various factors. The active mode of operation of an IAB node depends on the supported modes of operation of IAB node, supported modes of operation and active mode of operation of parent node, the network conditions and the resource configuration of IAB-MT and IAB-DU. Therefore, capability of parent node is one of the factors determining active mode of operation of IAB node. For e.g., simultaneous Tx from IAB-MT and IAB-DU is possible only when parent-DU schedules UL-Tx from IAB-MT. In case of parent node with TDM capability, the parent-DU will not be active all the time and hence, it cannot schedule UL-Tx from IAB-MT when the MT of parent node is active. Also, a parent node with simultaneous Tx and/or Rx capability leads to lower latency 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 reduction in latency 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.
Proposal 1: Mechanism to inform multiplexing capability of parent nodes to IAB node is supported
The active mode of operation of an IAB node in a symbol/slot also depends on the resource configuration of IAB-MT and IAB-DU. For e.g., an IAB node in Multiplexing Case A can transmit simultaneously from IAB-MT and IAB-DU, only when CU configures IAB-DU as DL, parent-DU configures IAB-MT as UL and parent-DU schedules UL-Tx from IAB-MT. Otherwise, any one of IAB-MT and IAB-DU will be active at a time, leading to reduction in resource utilization. Therefore, an IAB node need to signal its multiplexing capability and supported modes of operation to CU and parent-DU to enable CU and parent-DU configure resources accordingly. 
Proposal 2: Signalling of multiplexing capability and supported modes from IAB node to CU and parent-DU is supported 
Once the capability and/or supported mode of operation of IAB node are known, the active mode of operation of IAB node is determined based on the supported modes of operation at IAB node, active mode of operation of parent node and network conditions, and the resources are configured to IAB-MT and IAB-DU accordingly. One of the following alternatives can be used for determining the active mode of operation of IAB node and configuring resources for IAB node
Alt 1: Donor node determining the active mode of operation of IAB node
Alt 2: Parent node determining the active mode of operation of IAB node 
In Alt1, the donor determines active mode of operation of IAB node, based on active mode of operation of IAB node, capability of IAB node and the network conditions, and configure resources to IAB-DU accordingly. The parent node can either implicitly derive the active mode of operation of IAB node based on the capability of IAB node and IAB-DU resource configuration or donor node can explicitly signal the active mode of operation of IAB node to parent node. The parent node configures resources to IAB-MT based on the active mode of operation of IAB node. In Alt 2, donor node configures resources to IAB-DU based-on capability of IAB node and network conditions and signal the resource configuration of IAB-DU to parent node. The parent node determines active mode of operation of IAB node based on capability of IAB node and resource configuration of IAB node.
Proposal 3: Following alternatives are proposed for configuring active mode of operation at an IAB node
· Alt1: Donor configuring the active mode of operation of IAB node
· Alt2: Parent node configuring the active mode of operation of IAB node
The semi-static configuration of active mode of operation cannot work in all scenarios. For e.g., in case of an IAB node in Multiplexing Case B, the reception in backhaul link may interfere with the reception in child/access link due to ACI in case of FDM and inter beam interference in case of SDM. In some cases, the interference can be high, causing performance degradation. Therefore, the IAB node cannot continue in Multiplexing Case B and need to switch to TDM mode. Mechanism to fall back from simultaneous mode to TDM mode should be supported.
[bookmark: _Hlk86764946]Proposal 4: Dynamic switching between multiplexing modes of IAB node is supported under the control of parent node 
[bookmark: _Hlk78885600]Proposal 5: Mechanism to fall back to TDM mode from simultaneous mode at IAB node is supported 
The timing of various transmission/reception at an IAB node changes with the switch in active mode of operation at parent node, IAB node and its child node. Table 1 summarizes the change in TA value used for UL-Tx at IAB-MT based on active mode of operation of IAB node and its parent node. For e.g., an IAB node in Multiplexing Case A use case 6 timing with TA=T1, whereas an IAB node use TA=2T1+nTs-T0 if parent node in multiplexing case B with case 7 timing. As a result, there will be changes in the guard required for switching between UL-Tx and other Tx/Rx. Therefore, parent node must update the TA and changes in guard information to IAB node before mode switching at parent node or IAB node. 

	Active mode of parent node
	Active mode of IAB node
	TA value used for UL-Tx at IAB-MT

	TDM/ Mux case A
	TDM/ Mux case B
	TA=2T1

	Mux case B
	TDM/ Mux case B
	TA=2T1+nTs-T0

	-
	Mux case A
	TA=T1


Table 1: Dependance of TA for UL-Tx at IAB-MT on active mode of operation of IAB node and its parent node
Similarly, Table 2 summarizes the dependance of timing of UL-Rx at IAB-DU on active mode of operation of IAB node and its child node, where the timing of UL-Rx is determined relative to the timing of DL-Tx at IAB-DU. For e.g., the UL-Rx will align with DL-Tx at IAB-DU when both IAB node and its child node are in TDM mode of operation with case 1 timing, whereas the timing of UL-Rx at IAB-DU will be delayed from DL-Tx when IAB node operate in simultaneous reception mode or child node operate in simultaneous Tx mode. Consequently, the guard required for switching from/to UL-Rx changes based on the active mode of operation of IAB node and its child node. However, the parent node is unaware of the mode switch at child node and hence cannot insert guard symbols at IAB-MT to avoid overlap. Therefore, IAB node insert additional guard symbols at IAB-DU to avoid overlap with IAB-MT. Here, T1 and T2 denote the propagation delay in backhaul and child links of IAB node, respectively, whereas T0 and Ts denote propagation delay in backhaul link of parent node and symbol duration, respectively.

	IAB node
	Child node
	Timing of UL-Rx at IAB-DU

	TDM/ Mux case A
	TDM/Mux case B
	0

	Mux case B
	TDM/ Mux case B
	T1-nTs

	-
	Mux case A
	T2


Table 2: Dependance of timing of UL-Rx at IAB-DU on active mode of operation of IAB node and its child node
Observation 1: For an IAB node
· The TA associated with UL-Tx at IAB-MT and guard required for switching to/from UL-Tx changes based on active mode of operation of IAB node and its parent node
· The timing of UL-Rx at IAB-DU and guard required for switching to/from UL-Rx changes based on active mode of operation of IAB node and its child node
Proposal 6: Parent node update TA and guard symbols required for switching to/from UL-Tx before mode switching at IAB node or its parent node
Proposal 7: IAB node inserts additional guard symbols for switching to/from UL-Rx at IAB-DU before mode switching at IAB node or its child node
There are set of conditions and parameters require for an IAB node to operate in a particular mode. In RAN1#106.bis-e [1] companies are asked comment about the following
For RAN1#107-e, companies to consider the following decision point:
An IAB node (or parent node) cannot operate under a given non-TDM multiplexing mode until:
· Alt. 1: All required conditions and parameters which have been directly indicated/requested to the parent node (e.g. via MAC-CE) are explicitly acknowledged by the parent node.
· Alt. 2: All required conditions and parameters which have been directly indicated/requested to the parent node (e.g. via MAC-CE) are implicitly acknowledged by the parent node or implicitly determined at the child node

The IAB node and its parent node should exchange the set of parameters and conditions for an IAB node to operate in a particular mode before mode switching at IAB node. For e.g., for an IAB node to operate in simultaneous transmission mode with case 6 timing, the parent node should signal the guard symbols, TA for OTA synchronization, power control parameters, etc. to the IAB node, based on which the IAB node update the set  of parameters and start transmitting simultaneously in backhaul and child links. Explicit acknowledgement from parent node is needed for an IAB node to operate in a mode of operation, and that ensures proper understanding between IAB node and parent node about the active mode of operation of IAB node. Also, the IAB node and the parent node can make necessary adjustments to support changes caused due mode switching at IAB node (or parent node). Further, in timing enhancement, RAN1#106-e has already made agreement regarding parent node explicitly signalling when Case 6 timing is performed at the IAB-node and when Case 7 timing is performed at the parent node.
Proposal 8: An IAB node cannot operate under a given non-TDM multiplexing mode until all required conditions and parameters which have been directly requested to the parent node are explicitly acknowledged by the parent node.
3 Conclusion
In this paper we made the following observations and conclusions:
Proposal 1: Mechanism to inform multiplexing capability of parent nodes to IAB node is supported
Proposal 2: Signalling of multiplexing capability and supported modes from IAB node to CU and parent-DU is supported 
Proposal 3: Following alternatives are proposed for configuring active mode of operation at an IAB node
· Alt1: Donor configuring the active mode of operation of IAB node
· Alt2: Parent node configuring the active mode of operation of IAB node
Proposal 4: Dynamic switching between multiplexing modes of IAB node is supported under the control of parent node 
Proposal 5: Mechanism to fall back to TDM mode from simultaneous mode at IAB node is supported 
Observation 1: For an IAB node
· The TA associated with UL-Tx at IAB-MT and guard required for switching to/from UL-Tx changes based on active mode of operation of IAB node and its parent node
· The timing of UL-Rx at IAB-DU and guard required for switching to/from UL-Rx changes based on active mode of operation of IAB node and its child node
Proposal 6: Parent node update TA and guard symbols required for switching to/from UL-Tx before mode switching at IAB node or its parent node
Proposal 7: IAB node inserts additional guard symbols for switching to/from UL-Rx at IAB-DU before mode switching at IAB node or its child node
Proposal 8: An IAB node cannot operate under a given non-TDM multiplexing mode until all required conditions and parameters which have been directly requested to the parent node are explicitly acknowledged by the parent node.
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