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1 Introduction

A new work item on “Enhancements to Integrated Access and Backhaul for NR” was approved in RAN#86 [1]. One of main objectives in the work item is to specify enhancements to the resource multiplexing between child and parent links of an IAB node as follows: 
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:

· 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.
In this contribution, we discuss simultaneous operation of IAB node’s child and parent link and support of dual-connectivity scenarios.

2 Discussion 
2.1 Support of simultaneous operations
In Rel-16, the H/S/NA resource type was introduced for resource coordination in time domain for IAB DU and IAB MT between IAB and parent IAB. Depending on the H/S/NA resource types, IAB DU can operate with a priority in some time resources and IAB MT can operate with a priority in other time resources.
For Rel-17, in order to support simultaneous operations of child and parent links utilizing FDM, several agreements were made in RAN1#105-e regarding the extension of the resource type indication to frequency domain:
Agreement

For frequency domain multiplexing, H/S/NA configurations for an IAB-node are provided separately in addition to the Rel-16 H/S/NA

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

 
Agreement
The minimum resource size for configuring the frequency domain granularity is a set of N RBs:
· Candidate values for N: {4, 8, 16, other values TBD}

· N is at least the # PRBs that are corresponding to the MT’s # PRBs of an RBG).

· FFS: Scaling or configuration of N based on system BW or size of IAB-MT BWP
Agreement

DCI Format 2_5 is reused to support soft resource availability indications for frequency-domain resources
· FFS: If additional enhancements are necessary

Remaining aspects in the agreements are further discussed.
Resource granularity for FDM
Regarding resource granularity to indicate different resource types within a carrier, IAB MT inherits access UE behaviors and then IAB MT can operate under BWP configurations by CU. Taking into account such IAB MT behaviors, the resource types for IAB DU can be configured based on per-BWP configuration for IAB MT. Basically, the BWP can be configured in a unit of PRBs and then it can be natural that N PRBs are selected as a minimum resource size. According to TS38.214, N can be 4, 8 and 16 as common values in both Configuration 1 and Configuration 2 and N can be determined based on bandwidth part size of IAB-MT.
Proposal 1: N is determined based on the bandwidth part size of IAB-MT.
Guard band for FDM
When IAB MT and IAB DU operate in adjacent frequency resource at a same symbol, there may be interference impacts between IAB DU and IAB MT. In order to reduce the interference impacts on each IAB DU or IAB MT's receptions in adjacent frequency resource, the guard band can be considered and it is possible to configure the guard band semi-statically depending on the DU/MT resource configurations by CU. However, the CU may not be aware of real operations and power situations in each IAB node and parent IAB. As a result, it is very likely that in a conservative way, the CU can configure more guard bands than what is required which may cause resource waste to all IAB nodes operating with FDM under the CU. In this perspective, a generation of the guard band may be up to each IAB node or parent IAB.
Proposal 2: Guard band can be generated by each IAB node or parent IAB.
H/S/NA resource types for FDM

For H/S/NA resource types in FDM, similar definitions as H/S/NA resource types in TDD can be considered as follows:
- H type for frequency resource: the IAB DU can assume it can use the frequency resource regardless of the MT’s configuration on the frequency resource
- S type for frequency resource: the IAB DU can assume it can use the frequency resource without an impact on the MT’s configuration on the frequency resource
- NA type for frequency resource: the IAB DU cannot assume it can use the frequency resource

When a frequency resource type is defined based on the above definitions, an issue can be further discussed is about how to handle interference impacts on other frequency resources other than the frequency resource. As a possible way, assuming the guard band is generated by IAB node or parent IAB, interference impacts on the other frequency resources can be defined in a different way. If the guard band is generated by IAB node, the IAB DU should guarantee no interference impacts to the MT's operations on other frequency resources when the IAB DU uses the H type frequency resource. In this case, the guard band can be placed within the H type frequency resource by the IAB DU implementation. On the other hand, if the guard band is generated by parent IAB, the parent IAB DU should guarantee no interference impacts to the MT's operations on other frequency resources when the IAB DU uses the H type frequency resource. In this case, the guard band can be placed within the other frequency resources by the parent IAB DU implementation. After defining H/S/NA resource types for FDM, it can be further discussed about interference impacts on the other frequency resources and also a generation of the guard bands.
Proposal 3: The following H/S/NA resource types are supported for FDM
- H type for frequency resource: the IAB DU can assume it can use the frequency resource regardless of the MT’s configuration on the frequency resource
- S type for frequency resource: the IAB DU can assume it can use the frequency resource without an impact on the MT’s configuration on the frequency resource
- NA type for frequency resource: the IAB DU cannot assume it can use the frequency resource
IAB node behavior for both FDM H/S/NA configurations and Rel-16 H/S/NA configurations
It was agreed that for FDM, H/S/NA configurations for an IAB-node are provided separately in addition to the Rel-16 H/S/NA. The remaining issue is how to apply Rel-16 H/S/NA configuration and frequency-domain H/S/NA configuration for a given resource if an IAB node is configured with a frequency-domain H/S/NA configuration. There are two alternatives on the table. Alt.1 is to apply either the Rel-16 H/S/NA configuration or frequency domain configuration for a given resource. Alt.2 is to jointly apply the Rel-16 H/S/NA configuration and frequency domain configuration. In general, frequency domain configuration can be configured by the CU if an IAB node is capable of FDM. If the CU configures the frequency domain configuration as well as the Rel-16 H/S/NA configuration for the IAB node, the IAB node should apply both configurations in Alt.2 which means even if the parent node does not allow FDM operation for the IAB node, the IAB node will apply the FDM operation regardless of the parent node’s decision. On the other hand, in Alt.1, even if frequency domain configuration is configured by the CU, the parent node can have a way to control whether the IAB node applies the TDM operation or FDM operation. The details such as how to control the TDM and the FDM, some granularity to be controlled and etc. can be further discussed. With these reasons, Alt.1 is preferred.
Proposal 4: Either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource.
SDM support
Regarding restriction/usage/availability of beams in simultaneous operations, the following agreement was made in RAN1#104b-e:
Agreement

To facilitate simultaneous operations and interference management, dynamic indication for restriction/usage/availability of beams (in upstream and/or downstream directions) is supported
· FFS: Applicability to specific multiplexing cases or specific time-frequency resources
· FFS: Whether IAB-specific enhancements beyond the existing beam management framework are needed to the support the functionality
· FFS: Impact on the semi-static resource configurations (e.g., extending the H/S/NA resource attributes to the spatial domain)
· FFS: Whether panel-based granularity is additionally supported
In addition, further agreement was made in RAN1#105-e:
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

Based on the first bullet in the second agreement, the child IAB node in simultaneous operations utilizing SDM can be dynamically indicated regarding certain beams should be restricted for IAB-DU transmission such that the parent DU can receive something from the child IAB-MT using one of the restricted beams. In order for the parent DU to decide the set of restricted beams, the parent DU needs to know information about CSI-RS and/or SSB transmission configurations for the child IAB DU. Then, the parent DU can measure CSI-RS and/or SSB from the child IAB DU in order to decide which beams should be restricted for IAB DU transmission.
In addition, based on the second bullet in the second agreement, the child IAB node in simultaneous operations utilizing SDM can dynamically report either certain beams are recommended or not preferred such that the child IAB DU can receive something from serving UEs using one of the not preferred beams and the child MT can receive something from the parent DU using one of the recommended beams. In order for the child IAB to decide the set of not preferred beams and/or recommended beams for the child IAB MT reception, the child IAB can measure CSI-RS and/or SSB from the parent DU and SRS from serving UEs/grand-child IAB nodes.
One of the remaining issues is whether IAB-specific enhancements beyond the existing beam management framework are needed to support the functionality such as restricted beams, not preferred and recommended beams. In the existing specifications, beams can be configured/activated/triggered by using TCI states corresponding to beams. Therefore, it is preferred to reuse the existing beam management framework for beam configuration/activation/triggering as much as possible when parent IAB and IAB coordinate information about beams. For example, the restricted beams can be configured/activated/triggered based on the existing mechanisms. On the other hand, if the restricted beams are triggered, the IAB node should avoid a use of those beams which would be different from the existing beam operations. Regarding not preferred and recommended beams, how to configure/indicate those beams from the IAB to parent IAB can be further discussed under the existing beam management framework.
Proposal 5: The existing beam management framework is reused for SDM as much as possible.

Switching of multiplexing
It was agreed to support adaptation of IAB node’s multiplexing operations as follows:
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)


In addition, further agreement was made in RAN1#105-e:
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.
If the IAB node is capable of simultaneous operations utilizing FDM/SDM, the IAB node can support switching of multiplexing operations between TDM, FDM and SDM. The switching of multiplexing operations can be based on semi-static factors such as D/U/F resource configurations and H/S/NA resource type configurations which can be indicated by CU. Therefore, multiplexing operations can be semi-statically switched by the CU configuration. On the other hand, even if the multiplexing operations for the IAB node can be performed by the semi-static configurations, there may be certain conditions such as timing modes, power controls and beam separations in order to enable simultaneous operations of the IAB node. Furthermore, it was agreed that the parent IAB-node is dynamically provided with conditions/parameters to facilitate adaptation between multiplexing operation modes. As a result, in case the IAB node or the parent IAB decides that the simultaneous operations are not possible or the simultaneous operations cannot provide more performance gains than the basic TDM operation, the IAB node can fall back from one simultaneous operation such as FDM or SDM to basic TDM operation. In this case, multiplexing operations should be dynamically switched based on a decision by the IAB node or the parent IAB. Therefore, both semi-static and dynamic adaptation for IAB node’s multiplexing operations should be supported.
Proposal 6: Both semi-static and dynamic adaptation for IAB node's multiplexing operations are supported.
2.2 Support of dual connectivity scenarios

Regarding support for dual-connectivity scenarios, the following agreement was made in RAN1#105-e:
Agreement
In case of intra-band inter-carrier dual connectivity for both inter-donor and intra-donor scenarios the following are supported:
· Reusing the Rel-16 CA TDD prioritization rules in case of UL/DL conflict when applicable 
· FFS: Whether all prioritization rules apply in case of NR-DC
· FFS: Need of new prioritization rules in case of NR-DC
· Coordinating the IAB-MT’s TDD configurations to avoid conflicts from different parent nodes in case the child IAB-MT does not support simultaneous TX and RX on different carries

· FFS: Coordination for scheduling conflicts involving at least DCI Format 2_0 usage (e.g. usage of flexible symbols)

· Exchanging H/S/NA configurations between parent nodes/donors

Agreement 

For an IAB-MT with multiple serving cells (including the case with two parent nodes), a per-cell IAB-DU soft resource is considered as available if the resource is either explicitly indicated (via DCI 2_5), or implicitly determined as available with respect to all serving cells.

· If the IAB-DU per-cell soft resource neither explicitly indicated as Available, nor implicitly determined as Available by the IAB-DU with respect to at least one serving cell

· Alt 1. The IAB-DU per-cell resource is assumed to be not available

· This agreement does not necessarily mean the Rel-16 spec does not support what is described in the main bullet

Depending on the agreement, Rel-16 CA framework depending on the following specification can be reused for the child IAB behavior [2]:
	If a UE 

- is configured with multiple serving cells and is provided half-duplex-behavior = 'enable', and 

- is not capable of simultaneous transmission and reception on any of the multiple serving cells, and 

- indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 

- is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells, 
the UE determines a reference cell for a symbol as an active cell with the smallest cell index among serving cells where the symbol is configured as 
- downlink, or uplink, as indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated 
- uplink, if the symbol is flexible and the UE is configured to transmit SRS, PUCCH, PUSCH, or PRACH on the symbol 

- downlink, if the symbol is flexible and the UE is configured to receive PDCCH, PDSCH or CSI-RS on the symbol


One of remaining issues is regarding whether or not all prioritization rules apply in case of NR-DC and there is a need of new prioritization rules in case of NR-DC. Reusing the above specification, the child IAB can determine a reference cell as a cell with the smallest cell index among serving cells, that is a parent IAB-DU corresponding to MCG. In addition, it was agreed to coordinate the IAB-MT’s TDD configurations and exchanging H/S/NA configurations between parent nodes/donors. Therefore, the IAB-MT’s TDD configurations and H/S/NA configurations between parent nodes/donors can be coordinated and then, based on the TDD UL-DL configuration and H/S/NA configurations from the reference cell, the child IAB can transmit or receive something. Therefore, it is possible to satisfy the half-duplex constraint in case there are some collisions between MCG and SCG.
Proposal 7: The reference cell concept from Rel-16 CA is sufficient when there are configuration and scheduling collisions between MCG and SCG.
The other issue is about whether or how to apply resource allocation rules per node defined for IAB MT in Rel-16. In Rel-16, many signalings for resource allocation of IAB MT have been defined per a node e.g., RRC signaling from CU to IAB MT, MAC-CE signaling between IAB MT and parent/Donor DU. Taking into account IAB MT supporting dual connectivity is required to have a capability of communicating with both parent IABs corresponding to MCG and SCG which is similar to Rel-16 NR UEs supporting dual connectivity, it should be clarified whether or not separate signaling between IAB MT and different parent IABs (i.e., per-backhaul link signaling) are necessary and then our view is provided in the below Table 1:
Table 1. Views on whether or not per-backhaul link signaling for IAB MT is necessary.
	Signaling to IAB MT
	Whether or not per-backhaul signaling is necessary
	Reason

	SSB reception configuration
	No
	SSB reception for inter-IAB node discovery is necessary only for IAB MT communicate with a parent IAB corresponding to MCG

	RACH configuration
	Yes
	RACH configurations from two parents may be different 

	Guard symbol configuration
	Yes
	MT scheduling timings from two parents may be different 

	Slot configuration 
	Yes
	MT resource configuration from two parents may be different

	Availability configuration
	Yes
	DU related configuration from two parents may be different which may be associated with MT resource configuration 


Proposal 8: Consider per-backhaul link signaling between IAB MT and different parent IABs in Table 1.
3 Conclusions 

This contribution discusses simultaneous operations of IAB node’s child and parent link and support of dual-connectivity scenarios and then proposes the following depending on the discussion:
Proposal 1: N is determined based on the bandwidth part size of IAB-MT.
Proposal 2: Guard band can be generated by each IAB node or parent IAB.
Proposal 3: The following H/S/NA resource types are supported for FDM
- H type for frequency resource: the IAB DU can assume it can use the frequency resource regardless of the MT’s configuration on the frequency resource
- S type for frequency resource: the IAB DU can assume it can use the frequency resource without an impact on the MT’s configuration on the frequency resource
- NA type for frequency resource: the IAB DU cannot assume it can use the frequency resource
Proposal 4: Either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource.
Proposal 5: The existing beam management framework is reused for SDM as much as possible.
Proposal 6: Both semi-static and dynamic adaptation for IAB node's multiplexing operations are supported.
Proposal 7: The reference cell concept from Rel-16 CA is sufficient when there are configuration and scheduling collisions between MCG and SCG.
Proposal 8: Consider per-backhaul link signaling between IAB MT and different parent IABs in Table 1.
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