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Introduction
As part of the Rel-17 Work Item on Enhancements for Integrated Access and Backhaul for NR [1], 3GPP has agreed to the following RAN1 led objectives:
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 contribution discusses signalling enhancements to support simultaneous operation of child and parent links including aspects impacting resource allocation for IAB nodes.
Resource Multiplexing Enhancements for IAB
During Rel-16, for in-band operation IAB nodes are assumed to operate with a half-duplex constraint as shown in Figure 1, 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 
[image: cid:image005.png@01D3944D.5F473090]
Figure 1: Half-duplex constraint for IAB in Rel-16
As a result, the frame structure, timing alignment, and initial access/RRM procedures for IAB nodes in Rel-16 focused on so-called TDM operation where either the access link or backhaul link was active in a given time/frequency resources. However, in Rel-17 enhancements are considered which extend the resource multiplexing to additional scenarios such as frequency division multiplexing (FDM) as shown in Figure 2. 
[image: ]
Figure 2: FDM for IAB in Rel-17
In order to extend the H/S/NA framework in case of FDM operation, the following agreements were made in RAN1#106-e:
Agreement
The semi-static configuration of H/S/NA resource type in frequency domain is provided per RB set, per D/U/F resource type within a slot.

Agreement
N is a configured number of PRBs, where the CU configures N
· N = {2, 4, 8, 16, 32, 64}
· FFS: Value(s) of N in case of multiple configured BWPs at the IAB-MT
· This agreement does not revert any existing RAN1 agreement 

Agreement
For a given RB set at a symbol, if Rel-17 frequency domain H/S/NA configuration is not provided, the Rel-16 time domain H/S/NA is applied

Agreement
A Reference SCS is configured for frequency domain H/S/NA configuration.

Additionally, the following agreements were made in RAN1#106bis-e:
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
In order to make an efficient tradeoff between overhead of the signaling and the flexibility to support FDM within a carrier between access and backhaul links, the frequency domain H/S/NA IAB-DU configuration should be provided only for a subset of the Rel-16 TDM H/S/NA IAB-DU configuration where the H/S/NA resource type of a given RB set is different. This can reduce signaling since for many cases, the H/S/NA resource types may be aligned across the bandwidth of the carrier in order to provide backwards compatibility with TDM-only IAB nodes or access UEs which may be operating in specific slots where FDM operation is not supported. This also enables more efficient adaptation of the frequency partitioning between access and backhaul, which may be needed because of topology updates or because of traffic variation across the access and backhaul links at the child and parent IAB nodes. As a result, after the initial IAB-DU configuration, any further updates of the frequency domain H/S/NA configuration should be provided in a supplementary delta-signaling manner from the donor CU without requiring sending of the full reconfiguration of the gNB-DU Cell Resource Configuration.  
Proposal 1: The frequency-domain H/S/NA configuration of an IAB-DU provided by the donor CU can be updated via delta signalling for RB sets in a given slot which have a different H/S/NA resource type from the corresponding time domain H/S/NA configuration in the gNB-DU Cell Resource Configuration.
Multi-parent scenarios 
In addition, in Rel-16, the resource allocation and multiplexing framework focused on single-parent scenarios for a given IAB-node. However, to support redundancy and load-balancing, multi-parent scenarios are also possible using dual connectivity at the IAB-MT.
Furthermore, during RAN1#106bis-e the following conclusion was reached for multi-parent scenarios:
Agreement
In DC scenarios, support per-child MT link-NA resource configuration.
· This configuration can be made available to IAB node as well

In order to address multi-parent operation, signaling for the IAB-DU resource configuration was enhanced by RAN1 in Rel-17, since to allow multiplexing which is more efficient than strict TDM requires awareness of the configured resources at the multiple parents to avoid scheduling conflicts (e.g. in case of the use of flexible symbols via DCI Format 2_0 from multiple parent nodes). In this case, per-link resource configurations exchanged between the parents can be used to override the legacy per-DU configurations to avoid severe resource restrictions and overhead. For example, both parent IAB-DUs may be allocated with a hard resource in a given slot, however due to multiplexing constraints at the child node, if both parents were to schedule the same child IAB-MT a resource conflict would result, preventing successful reception of both parent transmissions. Instead if one parent is allocated with a NA resource, for the specific child IAB-MT link, it will not transmit or receive in that resource towards the child IAB-MT and can use the resource for other child IAB nodes or access UEs. This is much more efficient than configuring the entire IAB-DU configuration as NA, which would prevent all transmission or reception from that IAB node in that resource. 
To reduce the signaling overhead, the per-link resource configuration only needs to be provided for NA resources which override the existing DU H/S/NA configuration. In this case, delta signaling from the resource configuration provided in gNB-DU Cell Resource Configuration can be used. In addition, it is also possible that multiple child nodes have a similar multi-parent topology configured for link robustness or load balancing in DC scenarios. In this case, multiple child IAB nodes may be subject to the same per-link NA resource configuration at the parent. To reduce signaling overhead in this case, the per-child MT link-NA resource configuration can be provided with a list of associated child IAB-MT IDs (e.g. gNB-DU UE F1AP ID).

Proposal 2: Per-child MT link-NA resource configurations can be provided by the donor CU to a parent and child IAB-DU via delta signaling of the time domain configuration in the gNB-DU Cell Resource Configuration which also includes a list of associated child IAB-MT IDs. 
Conclusion
This contribution analyzed potential signaling enhancements for IAB resource allocation and multiplexing in Rel-17. The following proposals were made:
Proposal 1: The frequency-domain H/S/NA configuration of an IAB-DU provided by the donor CU can be updated via delta signalling for RB sets in a given slot which have a different H/S/NA resource type from the corresponding time domain H/S/NA configuration in the gNB-DU Cell Resource Configuration.
Proposal 2: Per-child MT link-NA resource configurations can be provided by the donor CU to a parent and child IAB-DU via delta signaling of the time domain configuration in the gNB-DU Cell Resource Configuration which also includes a list of associated child IAB-MT IDs (e.g. gNB-DU UE F1AP ID).
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