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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 remaining issues for simultaneous operation of IAB node’s child and parent link based on agreements in previous RAN1 meetings.

2 Discussion 
2.1 Support of simultaneous operations
For Rel-17, in order to support simultaneous operations of child and parent links utilizing FDM, several agreements were made in RAN1#106b-e regarding the extension of the resource type indication to frequency domain:
Agreement

The Rel-17 frequency domain H/S/NA configuration is provided across multiple slots and/or over a subset of slots only, with the same time-domain granularity and pattern duration as the Rel-16 H/S/NA configuration (i.e. gNB-DU Cell Resource Configuration (9.3.1.107 in TS 38.473 [8])).

· For a given slot, different H/S/NA resource types can be configured for different RB sets

· Additional signaling details (e.g. bitmap, slot pattern, etc.) can be left up to RAN3

· FFS: The number of different frequency domain configurations at a given time

Agreement

A single value for the RB set size, N, is configured for a given IAB-DU cell’s Rel-17 frequency domain H/S/NA configuration

Working Assumption

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.
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

Agreement

A single DCI format 2_5 can be received indicating availability for the soft resources of the respective RB sets corresponding to a given time resource of the child IAB-DU cell.
· FFS: Extension of AvailabiltyCombination to include multiple RB sets in a resourceAvailabilty indication
· FFS: Update resourceAvailability mapping table defined in TS38.213 so that the indication of availability can be applied over soft resources in frequency-domain for DL or UL or Flexible symbols.
· FFS: Need for extension of the maximum payload size of DCI format 2_5 to increase the number of IAB-DU cells that can be provided with availability information for Soft resources to accommodate the maximum number of possible RB sets for a given DU cell (if defined), or other backwards compatible signaling extensions in case the principal indication capabilities of DCI format 2_5 are increased.
Remaining aspects in the agreements are further discussed.
IAB node behavior for both FDM H/S/NA configurations and Rel-16 H/S/NA configurations
It was agreed as 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, 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. This working assumption is closely related to how to operate non-TDM multiplexing mode in the IAB node and how to control the non-TDM multiplexing mode either by the parent node or the IAB node. There was a relevant discussion in RAN1#106b-e and then, it was captured in the chair's note to decide in RAN1#107-e whether all required conditions and parameters which have been directly indicated/requested to the parent node (e.g. via MAC-CE) are explicitly or implicitly acknowledged by the parent node. Basically, the non-TDM multiplexing mode can be based on semi-static factors such as D/U/F resource configurations and FDM H/S/NA resource type configurations which can be indicated by CU. In addition to semi-static factors, there may be certain conditions such as timing modes, power controls and beam separations requiring explicit indications from the parent node. As a result, whether or not the IAB node can be operating in a non-TDM multiplexing mode in the slot should be controlled by the explicit indication from the parent node and then the explicit feedback from the IAB node can be sent back to the parent node. In addition, in case the IAB node or the parent IAB decides that the non-TDM multiplexing mode is not possible or the non-TDM multiplexing mode cannot provide more performance gains than the basic TDM operation, the IAB node can fall back from one non-TDM multiplexing mode such as FDM or SDM to basic TDM operation. In this case, the fallback operation to TDM multiplexing mode can be dynamically indicated by the IAB node or the parent IAB.
Proposal 1: The following WA is confirmed as agreement:
Working Assumption

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.
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 practically 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

It was agreed in RAN1#106b-e that the Rel-17 frequency domain H/S/NA configuration is provided across multiple slots and/or over a subset of slots only, with the same time-domain granularity and pattern duration as the Rel-16 H/S/NA configuration.
Remaining issues are about the details of H/S/NA resource types, i.e., the number of resource types at a given time and definition of H/S/NA resource types. First of all, regarding the number of resource types at a given time, our view is that at most one H, one S, and one NA resource type for different RB sets at a given time would be sufficient taking into account signaling burdens and resource flexibility. 
Proposal 3: At most one H, one S, and one NA resource type for different RB sets at a given time are supported.
Regarding how to define the 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 to the MT operation on other frequency resources other than the frequency resource with the frequency resource type. As a possible way, assuming the guard band is generated by IAB node or parent IAB, interference impacts to the MT operation 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 operation 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 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 to the MT operation on the other frequency resources and also a generation of the guard bands.
Proposal 4: 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
DCI format 2_5 for FDM

It was agreed in RAN1#106b-e that a single DCI format 2_5 can be received indicating availability for the soft resources of the respective RB sets corresponding to a given time resource of the child IAB-DU cell.
Remaining issues are about the details of how to configure and indicate resource availability such as higher-layer configuration. 
First of all, regarding whether or not to extend AvailabiltyCombination to include multiple RB sets in a resourceAvailabilty indication, if at most one S in a RB set at a given time is supported as suggested in the above, the existing AvailabiltyCombination structure (e.g., for soft symbol(s) in time domain) can be reused to indicate resource availiability for one S in a RB set at a given time. In this perspective, there is no need to extend AvailabiltyCombination to include multiple RB sets in the resourceAvailabilty indication.
Proposal 5: There is no need to extend AvailabiltyCombination to include multiple RB sets in a resourceAvailabilty indication.
Regarding the update of resourceAvailability mapping table defined in TS38.213 so that the indication of availability can be applied over soft resources in frequency-domain for DL or UL or Flexible symbols, the existing mapping table can indicate availability of only soft ”symbols” in the time domain. To indicate availability of soft ”RB set” for FDM resource types, the simplest way to minimze specification impacts is to add "RB set” in the existing mapping table. Also, "RB set” can be added in the relevant sentences of TS38.213. With this update, resource availability for a RB set in FDM can be supported.
Proposal 6: "RB set” in the existing mapping table and the relevant sentences of TS38.213 can be added. 
Regarding the need for extension of the maximum payload size of DCI format 2_5 to increase the number of IAB-DU cells, it is a fact that there may be some limitation to accommodate the maximum number of availabilityCombinations and availabilityCombinationsPerCellIndex due to payload size limitation of 128 bits in DCI format 2_5. However, our view is that it is unclear why 14 IAB-DU cells supported by the current specifications are not sufficient and also it is not necessarily required given the current mechanisms can still work with a reconfiguration of AvailabilityIndicator. With these reasons, there is no need to extend the maximum payload size of DCI format 2_5 to increase the number of IAB-DU cells.
Proposal 7: There is no need to extend the maximum payload size of DCI format 2_5 to increase the number of IAB-DU cells.
SDM support
Regarding beam restrictions and beam recommendations in simultaneous operations, the following agreements were made in RAN1#106b-e:
Agreement

RS ID, based on the IAB node’s DU configurations, is used by a parent node to indicate beams of an IAB-DU in the direction of which simultaneous operation is restricted
· At least SSB ID and [STC index] are supported
· FFS: Whether restrictions are indicated to apply differently for H or S resources
· FFS: Informing the parent node of SRS configuration of the IAB-MT (if collocated with the IAB-DU)
Agreement

The restricted beam indication from the parent node to the IAB node may be indicated (or specified) to be associated with some combination (one or multiple) of the following IAB node’s parameters:
· [Multiplexing mode]
· [MT’s DL beam (e.g. TCI state id)] or MT’s UL beam (e.g., SRI id)
· [DU resource configuration (e.g. soft resources)]
· [Slot index]
Agreement

The recommended beam indication from the IAB-MT to the parent node are provided via MAC-CE:
· For DL Rx beam(s): using one or more of the following:
· DL TCI state ID
· FFS: UE/IAB-MT does not assume that DL Tx power adjustment (if provided) is applied to the SSB index (if supported) indicated as QCLed reference signal in DL TCI state ID. 
· [RS ID]
· [R17 DL TCI, or joint DL/UL TCI ID]
· For UL Tx beam(s): using one or more of the following:
· [Spatial relation]
· [RS ID]
· [R17 UL TCI, or joint DL/UL TCI ID]
· [SRI]
Regarding beam restrictions, 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 IAB-MT transmission using beams without severe interference from the restricted beams. In this perspective, the beam restrictions are applicable only to simultaneous transmissions in the IAB node and then can be associated with slot(s) operated with simultaneous transmissions in the IAB node. 
Proposal 8: The beam restrictions are applicable only to simultaneous transmissions in IAB node.
Regarding the association with IAB DU resource configuration, beam restrictions can be applied only on the Soft resource because IAB DU has a priority over IAB MT on the H resource. 

Proposal 9: The beam restrictions can be applied only on the Soft resource.

Regarding whether or not STC index is indicated for beam restrictions, our view is that in case STC has a same index with SSB, there is no need to indicate STC index in addition to SSB index for beam restrictions.
Proposal 10: STC index is not indicated for the beam restrictions.

In order for the parent DU to decide the set of restricted beams, the parent DU can use beam information including reference signal ID for at least SSB. Based on the beam information, the parent DU can measure SSB transmission from the child IAB DU and then can decide which beams should be restricted for IAB DU transmission. Finally, the parent DU can transmit MAC CE signaling including which beam is restricted or not restricted in an order based on the beam information.
In addition, regarding beam recommendations, the child IAB node in simultaneous operations utilizing SDM can dynamically report certain MT DL beams and/or MT UL beams are recommended such that the child IAB DU can receive something from serving UEs using beams without severe interference when the child MT communicates with the parent DU using one of the recommended beams. In the existing beam management framework, TCI states for DL reception and spatial relation information for UL transmission can be configured. Furthermore, joint DL/UL TCI ID in Rel-17 can be supported for DL and UL. Based on the configured TCI states and the spatial relation information, the child IAB can decide the set of recommended beams for the child IAB MT DL/UL operations and then can report the information of the recommended beams to the parent DU. Based on the reported recommended beams, the parent DU can activate TCI states for the IAB MT DL reception and UL transmission using MAC-CE signaling in the existing beam management framework. 
Proposal 11: For UL Tx beam in the beam recommendation, spatial relation information and/or Rel-17 joint DL/UL TCI ID are used.
Switching of timing modes
It was agreed to enhance MAC-CE signaling of Desired/Provided Guard Symbols to support indication of guard symbols additionally required for Case #6 and Case #7 timing cases as follows:
Agreement

The MAC-CE signaling of Desired/Provided Guard Symbols is enhanced to optionally indicate the number of guard symbols required for switching between at least the following cases:
· Case#6 MT Tx and [Case #7] DU [Tx]/Rx
· Case#7 MT Tx (to support Case #7 at parent node) and DU Tx/Rx
In case IAB node is capable of Case #6 and/or Case #7 timing as well as Case #1 timing, the Desired/Provided Guard symbols can be separately signaled based on which timing modes are capable. For example, if an IAB node is capable of only Case #6 timing as well as Case #1 timing, two combinations between Case #1 and Case #6 timing can be signaled between the IAB node and parent IAB. If the IAB node is capable of both Case #6 and Case #7 timing as well as Case #1 timing, nine combinations between Case #1, Case #6 and Case #7 timing can be signaled between the IAB node and parent IAB. Since these separate signaling for possible combinations between timing modes may be signaling burdens, only one set of signaling considering maximum values of all possible switching between timing modes can be signaled. 
Proposal 12: Only one set of signaling for Desired/Provided Guard Symbols considering maximum values of all possible timing switching can be supported.
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: The following WA is confirmed as agreement:

Working Assumption

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.
Proposal 2: Guard band can be generated by each IAB node or parent IAB.
Proposal 3: At most one H, one S, and one NA resource type for different RB sets at a given time are supported.
Proposal 4: 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 5: There is no need to extend AvailabiltyCombination to include multiple RB sets in a resourceAvailabilty indication.
Proposal 6: "RB set” in the existing mapping table and the relevant sentences of TS38.213 can be added.
Proposal 7: There is no need to extend the maximum payload size of DCI format 2_5 to increase the number of IAB-DU cells.
Proposal 8: The beam restrictions are applicable only to simultaneous transmissions in IAB node.
Proposal 9: The beam restrictions can be applied only on the Soft resource.

Proposal 10: STC index is not indicated for the beam restrictions.

Proposal 11: For UL Tx beam in the beam recommendation, spatial relation information and/or Rel-17 joint DL/UL TCI ID are used.
Proposal 12: Only one set of signaling for Desired/Provided Guard Symbols considering maximum values of all possible timing switching can be supported.
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