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1 Introduction
The Rel. 17 IAB WID [1] 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 WG1meetings related to these enhancements. In this contribution, we provide our views on the remaining issues on resource multiplexing between child and parent links on an IAB node.
2 Coexistence of TDM and simultaneous operation
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 require various parameters associated with a mode e.g., H/S/NA configurations, timing case, guard symbols, etc. from the parent node before switching to that mode. Further, the parent node should have clear understanding of the parameters applied by IAB node for Tx/Rx at each time instant to schedule IAB-MT efficiently and to avoid conflicts. For e.g., parent node should know the type of H/S/NA configuration, i.e., Rel. 16 time domain or Rel. 17 frequency domain, applied by IAB-DU for Tx/Rx in its child/access link in each time instant to schedule IAB-MT accordingly. Similarly, timing of UL-Rx at parent-DU depends on the TA value used by IAB-MT for UL-Tx. Hence, parent should have control over the TA value used by  IAB-MT to avoid misalignment of UL receptions from  different UEs at parent-DU. Therefore, parent node should have clear understanding of the active mode of operation and the parameters associated with the active mode of operation of IAB node in each time instant. 
Observation 1: Parent node should have clear understanding of the active mode of operation and the parameters associated with the active mode of operation (e.g., type of H/S/NA configuration, timing case, etc.) of IAB node in each time resource
Regarding signalling H/S/NA configurations from donor-CU and applicability of H/S/NA configurations, following agreement and working assumption were made in RAN1#106-e [2] and RAN1#106-bis-e [3].
	Agreement (RAN1#106-e)
For a given RB set at a symbol, if Rel-17 frequency domain H/S/NA configuration is not provided, the Rel-16 time domain H/S/NA is applied
Working Assumption (RAN1#106-bis-e)
If both the Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot, one of the following is selected:
· Alt. 1: An IAB node applies the frequency domain H/S/NA only if the IAB node is currently operating in a non-TDM multiplexing mode in the slot, otherwise the Rel-16 time domain H/S/NA configuration is applied.


Our interpretation of the above agreement is that in a time resource (e.g., slot) donor-CU always provides Rel-16 time domain H/S/NA configuration to all the IAB nodes and an additional Rel-17 frequency domain H/S/NA configuration to only those IAB nodes which has indicated “TDM not required” to the donor-CU.  Therefore, IAB nodes which has indicated “TDM not required” receives both Rel-16 time domain H/S/NA and  Rel-17 frequency domain H/S/NA configurations. However, one of Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration can be applied at the IAB node because of the difference in granularity, i.e., Rel. 16 time domain H/S/NA is for entire cell (or all RBset) whereas Rel. 17 frequency domain H/S/NA configuration is per RBset. The parent node should have clear understanding of the H/S/NA configuration applied at IAB-DU to schedule IAB-MT. The donor-CU shares the Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration of IAB node to its parent IAB node. However, the configuration applied at IAB-DU is still not known at the parent node. This creates ambiguity at the IAB node and the parent node about the H/S/NA configuration applied at IAB-DU and conflict resolution rule to down select one configuration is necessary. The working assumption made in RAN1#106-bis-e [3] is a valid solution to avoid the ambiguity. Further, donor-CU signalling Rel-17 frequency domain H/S/NA configuration to IAB node in a time resource implies it expects IAB node to operate in simultaneous mode. Further, parent node has clear understanding of the Rel-17 frequency domain H/S/NA configuration given to the IAB node. Therefore, donor-CU and parent node expect IAB node to operate in TDM or simultaneous mode in a time resource based on the type of H/S/NA configuration provided.  For e.g., CU and parent node expect the IAB node to operate in simultaneous mode in a slot if the Rel-17 frequency domain H/S/NA configuration is provided. 
Observation 2: Ambiguity arises at the IAB node and the parent node about the H/S/NA configuration applied at IAB-DU, when an IAB node is provided with Rel. 16 time domain H/S/NA and Rel. 17 frequency domain H/S/NA configurations in a time resource
Observation 3: CU and parent node expect IAB node to operate in TDM or simultaneous mode in a time resource based on the type of H/S/NA configuration (i.e., Rel. 16 time domain H/S/NA or Rel. 17 frequency domain H/S/NA) provided to IAB-DU
Proposal 1: Confirm the working assumption that if both the Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot, IAB node applies the frequency domain H/S/NA only if the IAB node is currently operating in a non-TDM multiplexing mode in the slot, otherwise the Rel-16 time domain H/S/NA configuration is applied.
Regarding timing of UL-Tx and active mode of operation at an IAB node, RAN1#107-e [4] has made the following agreements, 
	Agreement
An IAB-MT is provided with a Timing Case Indication via MAC-CE that explicitly indicates a list of slots and their associated UL TX timing cases (i.e., one of {Case 1, Case 6, Case 7} for each slot)
Agreement 
Whether or not an IAB node can operate under a given non-TDM multiplexing mode (i.e., multiplexing info in 38.473) is left to IAB implementation in Rel-17


Based on the first agreement, parent node signals the timing case to use for UL-Tx in each time resource to an IAB node. Therefore, parent node has clear understanding of the timing of UL-Rx at parent-DU from IAB-MT. However, based on the second agreement given above, an IAB node can decide whether to operate in TDM/non-TDM mode. However, IAB node deciding the mode of operation without informing the parent node creates ambiguity and resource wastage. For e.g., if Rel-17 frequency domain H/S/NA configuration is provided to an IAB node, then CU/parent node assume IAB node to operate in simultaneous mode with Rel-17 frequency domain H/S/NA configuration and parent node schedule IAB-MT accordingly. If IAB node decides not to operate in simultaneous mode, then IAB-DU operate in entire cell using Rel-16 time domain H/S/NA, however, parent node configures IAB-MT in an RBset with in the cell. So, there can be a scenario in which IAB-MT and IAB-DU are scheduled at the same time-frequency resource creating conflict. Similarly, by providing the timing case indication, the parent node expects IAB node to operate with certain UL-Tx timing in each slot and the timing is related to the mode of operation. If IAB node decides the mode of operation without intimating to parent node, then ambiguity arises regarding the timing of UL-Tx from IAB-MT. For e.g., parent node signalling case 6 timing in a slot implies that it expects IAB node to operate in multiplexing Case A with case 6 timing for UL-Tx. If IAB node decides to operate in TDM mode in the slot without informing the parent, then IAB node should switch to case 1 timing for UL-Tx, which creates misalignment of UL-Rx a parent node. Therefore, after deciding the mode of operation IAB node should inform the parent and wait for acknowledgement before switching the mode. 
Observation 4: IAB node deciding the mode of operation without informing the parent node creates ambiguity and resource wastage
Proposal 2: IAB node requests for change in mode of operation to the parent node and wait for acknowledgement before switching the mode of operation 
An IAB node cannot always operate in a mode given by the type of H/S/NA configuration provided by the CU. For e.g., an IAB node operating in Multiplexing Case B, the reception in backhaul link may interfere with the reception in child/access link. 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. However, the parent node should be informed about the mode switching to avoid ambiguity and resource wastage. Mechanism to fall back from simultaneous mode to TDM mode should be supported under the control of parent node.
Proposal 3: IAB node requesting parent node fall back to TDM mode from simultaneous mode is supported 
3 Conclusion
In this contribution we made the following observations and conclusions:
Observation 1: Parent node should have clear understanding of the active mode of operation and the parameters associated with the active mode of operation (e.g., type of H/S/NA configuration, timing case, etc.) of IAB node in each time resource
Observation 2: Ambiguity arises at the IAB node and the parent node about the H/S/NA configuration applied at IAB-DU, when an IAB node is provided with Rel. 16 time domain H/S/NA and Rel. 17 frequency domain H/S/NA configurations in a time resource
Observation 3: CU and parent node expect IAB node to operate in TDM or simultaneous mode in a time resource based on the type of H/S/NA configuration (i.e., Rel. 16 time domain H/S/NA or Rel. 17 frequency domain H/S/NA) provided to IAB-DU
Proposal 1: Confirm the working assumption that if both the Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot, IAB node applies the frequency domain H/S/NA only if the IAB node is currently operating in a non-TDM multiplexing mode in the slot, otherwise the Rel-16 time domain H/S/NA configuration is applied.
Observation 4: IAB node deciding the mode of operation without informing the parent node creates ambiguity and resource wastage
Proposal 2: IAB node requests for change in mode of operation to the parent node and wait for acknowledgement before switching the mode of operation 
Proposal 3: IAB node requesting parent node fall back to TDM mode from simultaneous mode is supported 
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