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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 and dual connectivity scenarios. 
2 Enhancements to resource multiplexing between parent and child links
2.1 Determining active mode of operation and mode switching
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. In RAN1#105-e [1], the following agreement was made:
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.
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.
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 
Even though dynamic switching and fall back is supported at IAB node, frequent switching between multiplexing modes leads to signaling storm, as parent node has to update the parameters like TA and guard every time before switching. Also, IAB node should update its configuration and signal necessary parameters to its child nodes and access UEs. Therefore, an IAB node should stay in a particular multiplexing mode of operation for minimum duration. 
Observation 1: Frequent switching between multiplexing modes leads to signaling storm 
Proposal 6: Define minimum duration for active mode of operation
The following agreement was made in RAN1#106-e [2] related to indicating guard symbols during switching of active mode of operation
Agreement
MAC-CE signaling of Desired/Provided Guard Symbols is enhanced (e.g. using the same Rel-16 MAC-CE design) to support indication of guard symbols additionally required for Case #6 and Case #7 timing cases.
· FFS: Number of guard symbols associated with Case #6 and Case #7 timing modes
· FFS: Need for explicit indication of guard symbols switching between timing cases
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 has to 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 2: 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 7: 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 8: 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
2.2 IAB-DU resource configuration 
In case of IAB node in simultaneous mode of operation using FDM, the same frequency resource cannot be used both in the parent backhaul and child backhaul/access link. Therefore, semi-static H/S/NA resource configuration for IAB-DU should be extended to frequency. In RAN1#105-e [1], the following agreement was made:

Agreement
If an IAB node is configured with a frequency-domain H/S/NA configuration down select between the following options:
· Alt. 1 Either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource
· FFS: Whether configurations are switched with per-slot, per-resource type within a slot, or per-symbol granularity
· Alt. 2 The Rel-16 H/S/NA configuration and frequency domain configuration are jointly applied

The H/S/NA attributes for the time and frequency resources at IAB-DU is introduced to avoid simultaneous use of resource by IAB-MT and IAB-DU in TDM and FDM mode of operations, respectively. Therefore, the H/S/NA attribute in time and frequency domain should be interpreted based on the active mode of operation of IAB node. For e.g., DU of an IAB node in TDM mode cannot transmit in a slot configured as S-DL unless it receives IA from parent node, whereas DU of an IAB node in multiplexing case A can transmit in a S-DL slot along with UL-Tx in IAB-MT using a frequency resource configured as H/S+IA. Similarly, DU of an IAB node in multiplexing case A cannot transmit using a RBG within DU cell configured as S, whereas DU of an IAB node in TDM mode can transmit using the entire DU cell. Therefore, either time domain H/S/NA or frequency domain H/S/NA will be active at an IAB node based on the active mode of operation. For e.g., in Fig. 1 illustrated below, an IAB node receives two separate configurations: the time domain H/S/NA resource with a granularity of resource type within a slot (indicated in green), and the frequency domain H/S/NA resource with granularity of RBset (indicated in orange). In case of IAB node operating in TDM mode in slot n, IAB-DU perform DL-Tx using entire cell2 even though RBset1 and RBset3 are configured as S. Similarly, DU of an IAB node in multiplexing mode A perform DL-Tx in slot n+1 using RBset2 and RBset3, even though slot n+1 is configured as S. 
Proposal 9: An IAB node apply either the time domain H/S/NA configuration or frequency domain H/S/NA configuration for a given resource based on the active mode of operation
Proposal 10: The switching between time domain H/S/NA configuration and frequency domain H/S/NA configuration occur based on the granularity of active mode of operation
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Fig. 1: Semi-static H/S/NA resource indication for time and frequency resources at IAB-DU
For dynamic signalling of IA in frequency domain, following agreement was made in RAN1#106-e [2]:
Agreement
To support soft resource availability in the frequency domain, the existing DCI 2_5 format is reused according to one of the following alternatives:
· Alt. 1: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 2: Multiple DCI format 2_5 can be received indicating availability with the granularity of one or more RB set(s) for different RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 3: A single DCI format 2_5 can be received indicating availability of all the soft resources which correspond to the same time resources of the child IAB-DU cell.

The dynamic signalling of IA should indicate whether a RBset is available for DL/UL/F operation within a slot. For e.g., in Fig. 1 above, the IA for cell2 should indicate whether RBset1-RBset3 are available for DL/ UL/F operation in slot n. In Alt 1, single DCI format 2_5 signal availability of RBset1-RBset3, in Alt 2, multiple DCI format is used to signal availability of RBset1-RBset3 and in Alt3, single DCI format indicate availability of RBset1 and RBset3, which are configured as S in slot n. Of the three options, Alt 2 is the most generic approach that converges to Alt 1 if the granularity is equal to total number of RBset. However, in Alt. 2, there can be signalling overhead and increase in number of blind decoding, whereas Alt 1 is the simple and straight forward approach. 
Proposal 11: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell
2.3 Cell-specific/semi-static signals and channels
Cell-specific signals/channels has high priority and hence IAB-DU transmits/receives cell-specific signal/channel irrespective of H/S/NA configuration of the time/frequency resource at IAB-DU. RAN1 #104-e [3] made the following agreement:
Agreement
Regardless of simultaneous operation, the same cell-specific/semi-static signals and channels of the IAB-DU considered as hard time/frequency resources in Rel-16 are also considered as hard time/frequency resources in Rel-17.
· FFS: IAB-MT behavior in case of conflicts between cell-specific signals/channels and other resource configurations of the IAB-MT (e.g., dedicated slot configurations)
Regarding the FFS point, to enable simultaneous operation of IAB-MT and IAB-DU in Rel. 17, tdd-UL-DL-ConfigurationDedicated-IAB-MT can overwrite the DL/UL configuration given by tdd-UL-DL-ConfigurationCommon. Therefore, additional conflict can arise when tdd-UL-DL-ConfigurationDedicated-IAB-MT overwrites the slot/symbol at IAB-MT configured for transmission/reception of cell specific signal/channel. 
A similar conflict at IAB-MT is already discussed in Rel. 16, when IAB-MT is configured to transmit/receive cell-specific signal/channel in a resource configured as hard for IAB-DU, and the following agreement was made in RAN1-#96b
Agreements:
· In case of Hard or Soft Indicated Available DU resources, no additional exception cases need to be defined for cell specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH).
· The decision on whether to give priority to the DU or to the MT for the use of the resource (e.g. in case of MT RACH transmission) is left to the IAB node implementation.
· The IAB shall fulfil its performance requirements in terms of measurement and transmission of cell specific signals / channels.
From the agreement, it is not mandatory for IAB-MT to transmit/receive cell-specific signal/channel at all the configured instants. Therefore, priority can be given to the DL/UL configuration given by tdd-UL-DL-ConfigurationDedicated-IAB-MT, in case of conflict between resource configuration given by tdd-UL-DL-ConfigurationDedicated-IAB-MT and cell specific signal/channel configuration. For e.g., configuring a symbol as UL by tdd-UL-DL-ConfigurationDedicated-IAB-MT overrides the configured SSB reception in that symbol.

Proposal 12: In case of IAB-MT, the resource configuration given by tdd-UL-DL-ConfigurationDedicated-IAB-MT override the configuration of cell specific signal/channel
3 IAB Dual connectivity scenario
Conflict arises in case of symbols configured as semi-static flexible by one or both parent nodes in inter-donor DC scenarios.  In RAN1#106-e the following agreements were made [2]:

Agreement
[bookmark: _Hlk83818675]Select from the following alternatives to handle potential indication conflict of symbols configured as semi-static flexible by one parent node, but not the other in inter-donor DC scenarios if the IAB MT of the dual-connected IAB-node does not support simultaneous Tx and Rx on different carriers:
· [bookmark: _Hlk83741354]Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents. FFS: Explicitly captured in the specification or left as a network configuration error case without specification impact
· Alt. 6. The IAB-MT is expected to operate according to the non-flexible configuration.

Agreement
Select from the following alternatives to handle potential indication conflict of symbols configured as semi-static flexible by both parent nodes in inter-donor DC scenarios if the IAB MT of the dual-connected IAB-node does not support simultaneous Tx and Rx on different carriers:
· Alt. 1: The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents. FFS: Explicitly captured in the specification or left as a network configuration error case without specification impact
· Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG
· FFS: Consideration of the impact of parent node’s H/S/NA when specifying the prioritization rules in case of UL/DL conflict

Coordinating the TDD configurations of IAB-MT to avoid conflicts from different parent nodes in case the IAB-MT does not support simultaneous TX and RX on different carries is already agreed in RAN1#105-e [1]. Therefore, each parent node is aware of the semi static TDD configuration given by other parent node. In case  a symbol is configured as F by one parent node, then the same parent node is aware of the semi-static TDD configuration given by the other parent node and can dynamically configure F symbols as DL/UL without creating conflict. Therefore, an IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents. In case of symbol configured as F by both parent nodes priority can be defined for conflict resolution

Proposal 13: In case symbols configured as semi-static flexible by one parent node, but not the other in inter-donor DC scenarios, the IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents

Proposal 14: In case symbols configured as semi-static flexible by both parent nodes in inter-donor DC scenarios and if a conflict occurs, the IAB MT is expected to perform as scheduled by MCG
4 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: Frequent switching between multiplexing modes leads to signaling storm 
Proposal 6: Define minimum duration for active mode of operation
Observation 2: 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 7: 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 8: 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 9: An IAB node apply either the time domain H/S/NA configuration or frequency domain H/S/NA configuration for a given resource based on the active mode of operation
Proposal 10: The switching between time domain H/S/NA configuration and frequency domain H/S/NA configuration occur based on the granularity of active mode of operation
Proposal 11: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell
Proposal 12: In case of IAB-MT, the resource configuration given by tdd-UL-DL-ConfigurationDedicated-IAB-MT override the configuration of cell specific signal/channel
Proposal 13: In case symbols configured as semi-static flexible by one parent node, but not the other in inter-donor DC scenarios, the IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents

Proposal 14: In case symbols configured as semi-static flexible by both parent nodes in inter-donor DC scenarios and if a conflict occurs, the IAB MT is expected to perform as scheduled by MCG
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