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Introduction
As part of the Work Item on Integrated Access and Backhaul for NR [1], 3GPP has agreed to support solutions for efficient operation of integrated access and wireless backhaul for NR including the following requirements:
1. Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.
This contribution discusses the signalling and configuration for the multiplexing of access and backhaul link resources.
Frame Structure Design for Access and Backhaul Multiplexing
An example of a network with integrated access and backhaul links is shown in Figure 1 below. The operation of the different links may be on the same or different frequencies (also termed ‘in-band’ and ‘out-band’ relays). Each IAB node has both DU functionality (IAB-DU) as well as UE-like functionality (IAB-MT). The relay is connected to an IAB node of a higher hop order in a similar way as a UE, while the IAB node serves relay UEs inside IAB nodes of lower hop orders or its own access UEs.
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Figure 1: Integrated access and backhaul links 
In addition, for in-band operation IAB nodes are assumed to operate with a half-duplex constraint as shown in Figure 2, which means they can only do the following at any given time:
1. Receive on the access link (UE to IAB node) and/or backhaul link (IAB node to IAB node) 
2. Transmit on the access link and/or backhaul link 
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Figure 2: Half-duplex constraint at the relay
A key advantage of IAB is that backhaul and access are integrated and multiplexed in the scheduler, allowing very dynamic resource allocation between the backhaul and access links (in both DL and UL directions). Even though the IAB relay node consists of two logical nodes each with its own protocol stack, the physical transceiver is shared between them. In other words the PHY of the MT and the PHY of the DU run on the same transceiver systems. The backhaul link and the access link can therefore be multiplexed in the following manner: 
1. Time Division Multiplexing: The access link and the backhaul link are time multiplexed with each other. This implies that IAB-MT PHY and IAB-DU PHY are not active simultaneously. 
2. Frequency Division Multiplexing: The access link and the backhaul link are active at the same time but on different frequency resources, e.g. on separate CC or on separate PRB on the same CC. 
3. Spatial Multiplexing: The access link and the backhaul link are active at the same time on the same frequency resources. This case further be divided in to the two following cases: 
a. Intra Panel SDM: The access and backhaul use the same panel but different spatial layers
b. Inter Panel SDM: The access and backhaul use different panels

TDM multiplexing is the main priority of the IAB WI, however forward compatibility towards support of FDM/SDM must also be ensured in the design of the signalling and coordination mechanisms, as shown in Figure 3 where a frame-structure across the multiple hops is staggered to achieve this objective.
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Figure 3: IAB frame structure
The configuration of resources for IAB-MT is based on existing and enhanced RRC signalling since the Rel-15 TDD configuration framework is the baseline for IAB. However, for IAB-DUs, the configuration needs to be provided by F1 signaling instead. Since the D/U/F resources are the same for access and backhaul links, the IAB-DU resource configuration needs to support all patterns, periodicities, and slot configs supported in TDD-UL-DL-Config, TDD-UL-DL-SlotConfig and Table 11.1.1-1 in TS38.213 + TBD slot formats with the sequence order UL-Flexible-DL. 
The main enhancement for IAB resource allocation is the introduction of hard, soft, and unavailable resources. As described in the current draft CR for 38.213:
With reference to slots of an IAB-node DU cell, a symbol in a slot of an IAB-node DU cell can be configured to be of hard, soft, or unavailable type. When a downlink, uplink, or flexible symbol is configured as hard, the IAB-node DU can respectively transmit, receive, or either transmit or receive in the symbol. When a downlink, uplink, or flexible symbol is configured as soft, the IAB-node DU can respectively transmit, receive or either transmit or receive in the symbol only if the symbol is also determined to be available. When a symbol is configured as unavailable, the IAB-node DU neither transmits nor receives in the symbol.  

To provide the D/U/F and H/S/NA configurations for the IAB-DU resource allocation, the following upper layer parameter was agreed for F1-AP signalling from the Donor CU to a Donor DU or IAB-DU [2]:
	New or existing parameter
	Parameter name in specification
	Description
	Value range
	IAB node specific/IAB nodes common

	New
	IAB-DU Resource Configuration (name in specification to be determined by RAN2/3)
	Per-cell D/U/F resource type configuration + H/S/NA attributes per-resource type
	All patterns, periodicities, and slot configs supported in TDD-UL-DL-Config, TDD-UL-DL-SlotConfig and Table 11.1.1-1 in TS38.213 + TBD slot formats with the sequence order UL-Flexible-DL
	IAB node specific


 
While the RAN1 agreed principle that the resource type (D/U/F) and resource attribute (H/S/NA) are configured relative to each other, the exact signalling details are left to RAN3 to define. One option is for the D/U/F and H/S/NA configurations indicated jointly and if there is any update (e.g. due to changes in the topology or system capacity), both the configurations are provided to the IAB-DU. However, there may be scenarios where the possibility to provide independent updates of the D/U/F or H/S/NA configurations is beneficial. For example, the D/U/F configuration is highly correlated with the TDD configurations required for the access UEs and the semi-static configurations related to control signalling and therefore may not change very frequently. However, the H/S/NA configuration is more related to the ability to dynamically adapt the available resources within an IAB node based on the current backhaul traffic. For example, the network may configure a large percentage of soft resources, corresponding to the slots where the IAB-MT can be potentially scheduled. If the backhaul traffic is heavy, the soft resources are not indicated as available and cannot be used by the IAB-DU. However, if the backhaul traffic is light, the IAB node can dynamically utilize them when available, improving the overall resource utilization without requiring the underlying TDD ratio used by the network to be changed. This decoupling of the D/U/F and H/S/NA configuration can be achieved by separate messages for signalling the overall IAB-DU resource configuration, or optional IEs within the message and details can be further decided by RAN3.
In addition, depending on the size of the topology (e.g. number of hops/child nodes) and traffic load, different configuration periods and granularity of the resource patterns for the IAB-DU resource configuration may be desired. As a result, the F1 signalling design should support configurability of the period duration and granularity of the D/U/F and H/S/NA patterns.
Proposal 1: The IAB-DU Resource Configuration provided by F1 signaling from the Donor CU to a Donor DU or IAB-DU should support independent configuration of the D/U/F resources and H/S/NA attributes with multiple configuration periods and pattern granularities. 
Conclusion
This contribution analyzed the required signaling for IAB-DU resource configurations. The following proposal was made:
Proposal 1: The IAB-DU Resource Configuration provided by F1 signaling from the Donor CU to a Donor DU or IAB-DU should support independent configuration of the D/U/F resources and H/S/NA attributes with multiple configuration periods and pattern granularities. 
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