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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#86 [1], the following objective of IAB enhancement in physical layer was approved:
	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.


This paper focuses on the enhancements to the resource multiplexing between child and parent links of an IAB node. First, we discuss how the simultaneous operation of MT and DU impacts the resource allocation of an IAB node. Then we discuss the resource allocation aspects related to dual connectivity scenarios for an IAB node.
Resource configuration for simultaneous operation of MT and DU
TDD configurations
A prerequisite to enable simultaneous operation of IAB-node’s child and parent links is that the resource configurations of MT and DU should be in line with the TX/RX combinations on the resources where simultaneous operations occurs
· In case of full duplexing, i.e. simultaneous operation w.r.t. MT-TX/DU-RX and MT-RX/DU-TX, the IAB-MT and IAB-DU should have same link directions.
· In case of SDM, i.e. simultaneous operation w.r.t. MT-TX/DU-TX and MT-RX/DU-RX, the IAB-MT and IAB-DU should have opposite link directions.
In principle, the Rel-16 resource allocation schemes can be reused as a baseline to enable the simultaneous operation. However, there are also some potential enhancements as discussed in the following.
TDD configuration for MT
In Rel-16, the slot formats with the sequence order UL-Flexible-DL for IAB node MT were introduced, and the following agreement on the dedicated RRC signalling (referred as TDD-UL-DL-ConfigDedicated-IAB-MT) was achieved in RAN1#99:
	Agreements:
If the IAB-MT is additionally provided TDD-UL-DL-ConfigDedicated-IAB-MT, the parameter TDD-UL-DL-ConfigDedicated-IAB-MT overrides all symbols (with a limitation that effectively only flexible symbols can be overwritten in Rel-16) per slot over the number of slots as provided by TDD-UL-DL-ConfigurationCommon.


The legacy dedicated TDD configuration can only override the flexible symbols per slot over the number of slots as provided by tdd-UL-DL-ConfigurationCommon. According to the agreement, an enhanced overriding rule for IAB-MT is introduced, i.e., tdd-UL-DL-ConfigDedicated-IAB-MT can override all symbols per slot over the number of slots as provided by tdd-UL-DL-ConfigurationCommon.
However, Rel-16 IAB focuses on TDM operation, and therefore the enhanced overriding rule was not captured in specification, i.e., only flexible symbols can be overridden by tdd-UL-DL-ConfigDedicated-IAB-MT in Rel-16. To increase the opportunity of simultaneous operation, the limitation of the overriding rule in Rel-16 should be removed in Rel-17.
Proposal 1: If an IAB-MT is additionally provided TDD-UL-DL-ConfigDedicated-IAB-MT, the parameter tdd-UL-DL-ConfigurationDedicated-IAB-MT overrides all symbols per slot over the number of slots as provided by tdd-UL-DL-ConfigurationCommon.
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Figure 1. tdd-UL-DL-ConfigurationDedicated-IAB-MT without Rel-16 limitation
The UE behaviors related to tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are captured in TS 38.213. In Rel-16, when tdd-UL-DL-ConfigDedicated-IAB-MT is provided, IAB-MT follows the UE behaviors by replacing tdd-UL-DL-ConfigurationDedicated with tdd-UL-DL-ConfigDedicated-IAB-MT. However, if tdd-UL-DL-ConfigurationDedicated-IAB-MT can override all symbols in Rel-17, the behavior of IAB-MT with tdd-UL-DL-ConfigurationDedicated-IAB-MT should be revisited.
For example, the following UE behaviors about TDD configurations and cell-specific signals/channels are specified in TS 38.213:
	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot that are indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.
For a set of symbols of a slot corresponding to a valid PRACH occasion and   symbols before the valid PRACH occasion, as described in Sublcause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.


It can be concluded from the above that the TDD configurations (tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated) should be compatible with the cell-specific channels and signals. 
However, retaining the above constraint for tdd-UL-DL-ConfigurationDedicated-IAB-MT can dramatically reduce the opportunities for simultaneous operations. Specifically, most of the downlink slots indicated by tdd-UL-DL-ConfigurationCommon contain SS/PBCH blocks in typical TDD UL/DL configurations. This is due to the fact that the slot configuration period is usually smaller than the period of SS/PBCH blocks, which means that these slots cannot be indicated as uplink by tdd-UL-DL-ConfigurationDedicated-IAB-MT, i.e. SDM Rx/Tx cannot be implemented in these slots. As an example in Figure 2, assuming the TDD configuration periodicity is 2.5 ms, it can be observed that all the first 4 slots within one TDD configuration period cannot be indicated as uplink according to current specification since the SS/PBCH blocks may be transmitted every 20 ms.
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Figure 2. tdd-UL-DL-ConfigurationDedicated-IAB-MT colliding with SS/PBCH blocks
To solve this problem, the specification should allow the collision between cell-specific signals/channels and tdd-UL-DL-ConfigurationDedicated-IAB-MT. In the slots with the collision, the IAB node should ignore tdd-UL-DL-ConfigurationDedicated-IAB-MT and it should be able to transmit/receive the cell-specific signals/channels. And in the TDD configuration periods or slots without collision, the IAB node can perform simultaneous operation according to the TDD configuration. As is shown in Figure 2, the tdd-UL-DL-ConfigurationDedicated-IAB-MT is ignored in the first TDD period because of the collision, but it can be valid in other TDD periods, which increase the resources for simultaneous operation significantly. 
In conclusion, we have the following proposal:
Proposal 2: To increase the resources for simultaneous operation, the specification should allow the collision between tdd-UL-DL-ConfigurationDedicated-IAB-MT and cell-specific signals/channels. In the slots with the collision, the IAB node should ignore tdd-UL-DL-ConfigurationDedicated-IAB-MT. The list of cell-specific signals/channels includes:
· SS/PBCH block
· CORESET for Type0-PDCCH CSS set
· PRACH
TDD configuration for DU
In Rel-16, slot formats with the sequence order UL-Flexible-DL are also supported by IAB node DU and donor DU. For a specific slot, if an UL-Flexible-DL slot format is provided to DU, the DU can only use the configuration to schedule child IAB-MT because the legacy UE cannot support the slot format as shown in Figure 3. However, the slot cannot be occupied by child IAB-MT in every TDD configuration period, i.e., in some TDD configuration periods, DU may still need to schedule UE in the slot. Therefore, a legacy DL-Flexible-UL configuration should also be provided to the DU for the slot.
[image: ]
Figure 3: DU TDD configuration with UL-Flexible-DL slots
Therefore, the IAB node DU or donor DU should have two separate DU resource configurations for the different purposes. Specifically, a legacy DU resource configuration, which is compatible with Rel-15 slot formats of DL-flexible-UL order, can be used for both the access UEs and child node MTs. Besides, an additional DU resource configuration with the new slot formats with UL-flexible-DL order can only be used for child node MTs. When the DU communicates with the access UEs, it should use the basic DU resource configuration. When the DU communicates with the child node MTs, it can use both of the basic DU resource configuration and the additional DU resource configuration, as illustrated in Figure 4.
[image: ]
Figure 4: Example of separate DU TDD-UL-DL configurations
Therefore, we have the following proposal
Proposal 3: Donor CU can provide two sets of resource configurations to each DU cell: a basic resource configuration for access UEs and one additional resource configuration for child IAB node MTs, and the DU cell should maintain two sets of DU resource configurations simultaneously.
H/S/N configuration for DU and multiplexing capabilities
In RAN1 #98bis and RAN1 #99, the following agreements about multiplexing capabilities were achieved:
	Agreements: (RAN1 #98bis)
The donor CU and the parent node can be made aware of the multiplexing capability between MT and DU (TDM required, TDM not required) of an IAB node to for any {MT CC, DU cell} pair.
Agreements: (RAN1 #99)
The indication of the multiplexing capability for the case of no-TDM between IAB MT and IAB DU is additionally provided with respect to each transmission-direction combination (per MT CC/DU cell pair):
· MT-TX/DU-TX
· MT-TX/DU-RX 
· MT-RX/DU-TX
· MT-RX/DU-RX
Note: This agreement does not require any additional specification impact in RAN1 in Rel-16, i.e. in Rel-16 the behaviour of the IAB node is only defined for TDM cases. The behaviour for no-TDM is left to IAB-node/network implementation in Rel-16.


As described in the agreements, the Rel-16 specification has not captured the behavior of IAB node for no-TDM capabilities and leaves it to implementation. In Rel-17 IAB WI, RAN1 should further investigate the no-TDM capabilities of IAB node and identify the potential specification impacts.
In practice, if the isolation between an MT CC/DU cell pair is sufficient, the IAB node can always perform simultaneous operation with the pair. However, if the isolation is not sufficient, the IAB node may need some additional conditions in order to enable simultaneous operations, which include Tx/Rx parameters of MT and DU, e.g. timing alignment, power control loop, and beam set selection. If the required conditions for simultaneous operation are not met, the IAB node can only operate the CC/cell pair in TDM mode.
Based on the discussion, we have the following observation:
Observation 1: The capabilities for simultaneous operations can be categorized into two types:
· Unrestricted capabilities of simultaneous operations: IAB node can implement simultaneous operations without restriction
· Restricted capabilities of simultaneous operations: IAB node can implement simultaneous operations only if some conditions are met
For the unrestricted capabilities of simultaneous operations, the IAB-DU cell and IAB-MT CC can always operate simultaneously; therefore, the parent node can schedule the IAB-MT CC even if the corresponding DU resources are hard. In other words, the unrestricted simultaneous operations can be implemented in both hard and soft resources.
For the restricted capabilities of simultaneous operations
· If the restriction is required only for the MT, whether the IAB can perform the simultaneous operation depends on the configurations and scheduling of parent node. In other words, the parent node can fulfil the condition and schedule the IAB-MT in either hard or soft resources. For example, assuming an MT CC/DU cell pair of IAB node is able to perform simultaneous transmission as long as the transmission timing of MT and DU are aligned, the parent node can schedule the IAB-MT CC with Case #6 timing mode in either hard or soft resources.
· If the restriction is required for the DU, whether the simultaneous operations can be performed depends on the configurations and scheduling of IAB-DU. The IAB-DU needs to schedule UE and child node with restricted parameters when the co-located MT is scheduled by parent node, and it can schedule UE and child node with unrestricted parameters when the co-located MT is inactive. 
It should be noted, utilizing restricted parameters for transmission and reception can reduce the capability of IAB-DU. For example, the IAB-DU may only be able to use a subset of beams for transmission or reception when the IAB-MT is active, but it can use all of the beams when the IAB-MT is inactive. In hard resources, the capability of IAB-DU should be guaranteed, and therefore the simultaneous operation should not take place in hard resource. Specifically, the parent node should schedule the IAB-MT only if the corresponding DU resource is soft, and the IAB node should determine whether or how to perform the simultaneous operations based on the dynamic scheduling or indication from the parent node.
Based on the above discussions, the simultaneous operations can be categorised in to two modes:
· Mode 1: The IAB node can implement simultaneous operation in both hard and soft resources. 
· An IAB node can always perform simultaneous operation if it has the unrestricted no-TDM capabilities, 
· An IAB node can perform simultaneous operation if it has the restricted no-TDM capabilities but the restrictions are only applied for the MT.
· Mode 2: The IAB node can implement simultaneous operation only in soft resources based on the dynamic scheduling and indication from parent node. 
· An IAB node can only perform simultaneous operation if it has the restricted no-TDM capabilities and the restrictions are only applied on the DU.
Accordingly, we have the following observation:
Observation 2: Based on the type of the capabilities for simultaneous operations, IAB node and its parent node can determine the modes of simultaneous operations, which include:
· Mode 1: The IAB node can implement simultaneous operation in both hard and soft resources
· Mode 2: The IAB node can implement simultaneous operation only in soft resources based on the dynamic scheduling and indication from parent node
In summary, the operation modes depends on the type of capabilities for simultaneous operations, and the parent node and IAB node have different behaviors in different operation modes. Therefore, we have the following proposal:
Proposal 4: To determine the simultaneous operation mode of an IAB node, the parent node should be aware of the type of simultaneous operation capabilities of the IAB node.
Resource configuration for dual connectivity
In Rel-15 and Rel-16, both EN/NE-DC and NR-NR-DC are specified. Generally, dual connectivity does not require ideal backhaul between master node and secondary node, and MCG and SCG are operated independently in lower layers, e.g., physical and MAC layers; therefore, to avoid mutual interference, the component carriers in MCG and those in SCG are different in current specification.
To our understanding, DC for IAB-MT should also focus on the scenario where there is no ideal backhaul between two parent nodes; otherwise, coordinated transmission/reception methods can be adopted, e.g., NCJT. Because there is no ideal backhaul between two parent nodes, the resources for two parent links should be orthogonal. Obviously, IAB-MT can reuse the current mechanism to achieve the inter-band dual connectivity, where the resources for the two backhaul links are orthogonal in frequency domain.
In addition, multi-TRP transmissions has been introduced in Rel-16 MIMO. In particular, multi-DCI based scheme targets the scenarios where two TRPs do not have ideal backhaul. In our understanding, this may also be applied for IAB-MT. 
Observation 3: Inter-band DC and multi-TRP transmission in Rel-15/16 can be reused by IAB-MT without additional specification impact.
Give the above, it may be good to clarify whether the dual connectivity or multi-TRP transmission supported in Rel-15/16 is sufficient for IAB in Rel-17 and whether new mechanisms such as intra-band NR-DC should be supported for IAB or for both IAB and UE. 
If intra-band DC is deemed necessary, spatial domain and time domain resource allocation for the two parent links can be considered.
· Spatial domain orthogonalization: In some situation, the spatial domain isolation between the two parent links is large enough, and therefore IAB node can transmit or receive the two parent links simultaneously even if the two parent links are allocated in same frequency.
· Time domain orthogonalization: For intra-band DC without sufficient isolation, time domain resource partitioning can be considered.
Therefore, we have the following proposal:
Proposal 5: RAN1 needs to clarify the dual connectivity scenario for Rel-17 IAB.

[bookmark: _Ref129681832]Conclusions
Based on the discussion, we have following observations and proposals:
Observation 1: The capabilities for simultaneous operations can be categorized into two types:
· Unrestricted capabilities of simultaneous operations: IAB node can implement simultaneous operations without restriction
· Restricted capabilities of simultaneous operations: IAB node can implement simultaneous operations only if some conditions are met
Observation 2: Based on the type of the capabilities for simultaneous operations, IAB node and its parent node can determine the modes of simultaneous operations, which include:
· Mode 1: The IAB node can implement simultaneous operation in both hard and soft resources
· Mode 2: The IAB node can implement simultaneous operation only in soft resources based on the dynamic scheduling and indication from parent node
Observation 3: Inter-band DC and multi-TRP transmission in Rel-15/16 can be reused by IAB-MT without additional specification impact.
Proposal 1: If an IAB-MT is additionally provided TDD-UL-DL-ConfigDedicated-IAB-MT, the parameter tdd-UL-DL-ConfigurationDedicated-IAB-MT overrides all symbols per slot over the number of slots as provided by tdd-UL-DL-ConfigurationCommon.
Proposal 2: To increase the resources for simultaneous operation, the specification should allow the collision between tdd-UL-DL-ConfigurationDedicated-IAB-MT and cell-specific signals/channels. In the slots with the collision, the IAB node should ignore tdd-UL-DL-ConfigurationDedicated-IAB-MT. The list of cell-specific signals/channels includes:
· SS/PBCH block
· CORESET for Type0-PDCCH CSS set
· PRACH
Proposal 3: Donor CU can provide two sets of resource configurations to each DU cell: a basic resource configuration for access UEs and one additional resource configuration for child IAB node MTs, and the DU cell should maintain two sets of DU resource configurations simultaneously.
Proposal 4: To determine the simultaneous operation mode of an IAB node, the parent node should be aware of the type of simultaneous operation capabilities of the IAB node.
Proposal 5: RAN1 needs to clarify the dual connectivity scenario for Rel-17 IAB.
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