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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 Simultaneous operation of child and parent links of an IAB node
In order to support simultaneous operations of child and parent links, one of the main issues is regarding how to specify resource configuration for IAB DU, especially IAB DU resource types. First of all, it was agreed in RAN1#103-e that the Rel-16 IAB-DU resource types (H/S/NA) are the starting point for supporting resource multiplexing for simultaneous operation cases in Rel-17:

Agreement: 
The Rel-16 IAB-DU resource types (Soft/Hard/NA) are the starting point for supporting resource multiplexing for simultaneous operation cases in Rel-17. 
· FFS: Whether resource type definitions need to be extended to frequency domain resources 

· FFS: Coexistence of simultaneous operation resources and TDM resources

· FFS: Whether new rules governing cell-specific/semi-static signals and channels at the IAB-DU and/or IAB-MT in case of simultaneous operation are necessary

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, there was a discussion in RAN1#104-e about whether or not the resource type indication needs to be extended to frequency domain and then the following agreement was made:
Agreement:
Further consider until RAN1#104bis-e whether to support the extension of the semi-static DU resource type indication to frequency-domain resources within a carrier (in addition to existing Rel-16 per-carrier granularity) for H/[S]/NA resource types, including the following aspects:

· Granularity for frequency domain resources within a carrier (starting point is a set of N RBs with FFS: value of N >=1)

· Relationship with Rel-16 DU resource type indications in case of coexistence between TDM and FDM operation, including time-granularity of switching between multiplexing options to ensure backwards compatibility with Rel-16 IAB nodes and avoid impact on access UEs and their RRC configurations at CU

· In case frequency-domain extension is supported for soft resources, enhancements for DCI format 2_5 to support dynamic indication of availability for soft frequency resources. 

· Alt. 1 Separate indication of time and frequency resources 

· FFS: different field, RNTI or different DCI

· Alt. 2 Joint indication of time and frequency resources 

· FFS: backwards compatibility with Rel-16

· FFS: Extension of FDM across carriers

· FFS: Restrictions on band/minimum bandwidth for FDM operation (e.g. FR2 100MHz+ etc.)
One of main motivations to extend the resource type indication to frequency domain is to facilitate a resource coordination between IAB and parent IAB in frequency domain for simultaneous operations of IAB DU and IAB MT by utilizing FDM. Specification impacts due to the extension to frequency domain are highly related to how to allocate different frequency resources for IAB DU and IAB MT. Actually, there are two ways to allocate different frequency resource types for IAB DU. The first one is to utilize different carriers for IAB DU and IAB MT. In RAN1#98, it was already agreed that the H/S/NA attributes for the per-cell DU resource configuration should take into account the associated MT carrier frequency(ies). Depending on the agreement, it is possible to configure different resource types per a carrier for IAB DU with the Rel-16 specification and then no further specifications in Rel-17 are needed in order to achieve the DU resource type indication per-carrier. The second one is to utilize different frequency resource for IAB DU and IAB MT within a carrier. Regarding how to indicate different resource types within the 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. According to the resource types per BWP for IAB DU, IAB MT operates with a priority in one active BWP and at the same time, IAB DU can operate with a priority in other BWP. Furthermore, when IAB MT and IAB DU operate in adjacent BWPs, 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 BWPs, the guard subcarriers can be considered and it is possible to fix the guard subcarriers semi-statically depending on the BWP configuration by CU.
Observation 1: BWP configurations for IAB MT can be considered as a granularity for IAB DU resource types in frequency domain.
Second aspect for a discussion is regarding applicability for different IAB-DU resource types for the multiplexing cases in Rel-17. It was agreed that hard resources in Rel-16 are also considered as hard resource in Rel-17 as follows:

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)
How to handle soft and NA resource types in Rel-17 can be further discussed. Similar to hard resource type, if soft resource type is configured and indicated as available, IAB-DU can transmit and receive something in the resource type. Only difference between hard and soft resource type is whether the availability in the IAB DU is fixed as available or determined by a parent IAB. Thus, similar to hard resource type, soft resource type can be applicable for simultaneous operations in Rel-17. On the other hand, for the NA resource type, IAB-DU is not allowed to transmit or receive something in the resource type. Due to the reason, it is reasonable that the simultaneous operations are not allowed in the NA resource type.

Proposal 1: Soft resource type for IAB-DU can be applicable for simultaneous operations in Rel-17.

Proposal 2: Simultaneous operations are not allowed in NA resource type.

Another aspect for a discussion is regarding FFS in the above agreement. The issue is related to whether IAB MT dedicated configuration by tdd-UL-DL-ConfigurationDedicated-IAB-MT can collide with a slot or OFDM symbols with cell-specific channels/signals by tdd-UL-DL-ConfigurationCommon and if collided, how to address the collision. In our view, it may be beneficial to allow the collision because when there is no cell-specific channels/signals in a slot or OFDM symbols by tdd-UL-DL-ConfigurationCommon, IAB MT dedicated configuration by tdd-UL-DL-ConfigurationDedicated-IAB-MT can overwrite a slot or OFDM symbols by tdd-UL-DL-ConfigurationCommon, in which more chances for simultaneous operations can be allowed. To address the collision, cell-specific channels/signals can have a priority than IAB MT dedicated configuration by tdd-UL-DL-ConfigurationDedicated-IAB-MT. In other words, IAB MT operation by tdd-UL-DL-ConfigurationDedicated-IAB-MT is not allowed in a time when there is the collision with the cell-specific channels/signals.
Proposal 3: In a collision between cell-specific channels/signals by tdd-UL-DL-ConfigurationCommon and OFDM symbols by tdd-UL-DL-ConfigurationDedicated-IAB-MT, the cell-specific channels/signals have a priority for IAB MT operation.
2.2 Support of dual connectivity scenarios

Regarding support for dual-connectivity scenarios, the following agreement was made in RAN1#104-e:
Agreement:
The following are considered to support at least inter-band inter-carrier scenarios in Rel-17:

· Solutions to address resource coordination/scheduling collision issues between parent nodes including TDD configurations and resource type indications at least in case of intra-donor CU multi-parent scenarios 

· Consider Rel-16 CA framework as starting point

· Solutions for scheduling collision between two parent DUs due to indication of the resource availability for soft symbol(s) to the IAB-DU(s) by DCI format 2_5

· Solutions for scheduling collision between two parent DUs due to indication of the slot format by DCI format 2_0

· FFS: Whether or not separate solutions are required for resource coordination in case of inter-donor CU multi-parent scenarios

· Per-backhaul link (e.g. per child IAB-MT link) resource configurations in addition to per-DU resource configurations

· FFS: Enhancements to indication of soft resource availability from child node to parent node(s)

· FFS: Additional restrictions on simultaneous operation and/or multiplexing

· FFS: Whether the above solutions are also applicable for intra-band inter-carrier scenarios and whether additional solutions are required (e.g. RAN2 and RAN4 work related to adding band configuration and RRM requirements for intra-band inter-carrier NR-DC or updating related UE/MT capabilities for NR-DC so that they are applicable for intra-band inter-carrier NR-DC)

Depending on the agreement, the first issue is regarding how to address scheduling collision between MCG and SCG under half-duplex constraint. In general, MCG and SCG can schedule child IAB independently and then some collisions may happen when MCG and SCG schedule different signal directions for the child IAB. For example, when MCG schedules DL reception and SCG scheduled UL transmission, the child IAB should select one of them to satisfy the half-duplex constraint. Taking into account Rel-16 CA framework as starting point, the following specification can be considered 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


Similar to 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. Based on the TDD UL-DL configuration and DCI format 2_0 from the reference cell, the child IAB can transmit or receive something and then it is possible to satisfy the half-duplex constraint in case there are some collisions between MCG and SCG.
Proposal 4: Consider the reference cell concept from Rel-16 CA when there are configuration and scheduling collisions between MCG and SCG.
The second issue is about how to apply resource allocation rules defined for IAB MT in Rel-16. In Rel-16, many signalings for resource allocation of IAB MT have been defined 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 5: 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: Soft resource type for IAB-DU can be applicable for simultaneous operations in Rel-17.

Proposal 2: Simultaneous operations are not allowed in NA resource type.
Proposal 3: In a collision between cell-specific channels/signals by tdd-UL-DL-ConfigurationCommon and OFDM symbols by tdd-UL-DL-ConfigurationDedicated-IAB-MT, the cell-specific channels/signals have a priority for IAB MT operation.
Proposal 4: Consider the reference cell concept from Rel-16 CA when there are configuration and scheduling collisions between MCG and SCG.
Proposal 5: Consider per-backhaul link signaling between IAB MT and different parent IABs in Table 1.
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