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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 different physical layer enhancements to support simultaneous operation of child and parent links including aspects impacting resource allocation and RRM 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 spatial division multiplexing (SDM) and multi-panel Tx/Rx (MPTR) as shown in Figure 2. MPTR is a subset of potential “full duplex IAB” operation where the different panels are used for access and backhaul links in a given slot. Depending on the scenario, MPTR could be extended to support simultaneous operation within a panel, however potentially with stricter interference requirements.
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Figure 2: SDM and MPTR for IAB in Rel-17
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 as shown in Figure 3.
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Figure 3: Example multi-parent IAB scenario
Furthermore, during RAN1#102-e the following agreements were reached for multi-parent scenarios:
Conclusion
At least the inter-carrier DC scenario can be considered in Rel-17. Further discussion in RAN3/RAN Plenary may be necessary for the intra-carrier DC scenario.

Agreement
Reuse by IAB-MT of existing Inter-frequency DC is considered as a starting point to support concurrent BH links to two parents. 
· FFS: Reuse of multi-TRP transmission resource allocation features (if intra-freq DC scenario is supported for IAB)
· FFS: Additional specification effort to support IAB

For companies to further consider:
The following categories of enhancements have been proposed to support DC scenarios (not an exhaustive list):
· Inter-parent DU resource coordination mechanisms and signaling
· Resource allocation/scheduling conflict resolution rules at the parent or child node
· Per-link IAB-DU resource configurations at the parent node

In order to address multi-parent operation, signaling for the IAB-DU resource configuration may need enhancements in Rel-17. For example, while per-DU resource configurations were considered sufficient for Rel-16, per-link resource configurations may be needed to coexist or replace the per-DU configurations to avoid severe resource restrictions and overhead. In addition, these per-link configurations may need to be exchanged across multiple IAB-DUs in the case of multi-parent operation, 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. It should also be further discussed how to handle the multiple parent scenario in case multiple donor DUs and/or CUs are involved in the topology, which may require enhancements to the existing DU resource configuration signaling supported in Rel-16.

Proposal 1: Per-link IAB-DU resource configurations and signaling between multiple IAB-nodes/donors should be supported in Rel-17.

The multiplexing framework for IAB extends to the transmission of signals/channels utilized as part of initial access and measurements used for radio resource management. In Rel-16 the same physical layer signals and channels (e.g. SSBs) used for these purposes by access UEs were designed to be reused for performing similar procedures at the IAB node. 

However, since the IAB nodes have both DU functionality as well as MT functionality. This implies that the IAB node DU function must transmit signals and channels used for initial access/RRM as well as receive reports from connected devices which may be both access UEs and higher order IAB nodes. As a result, while the same physical signals may be used for both UEs and IAB nodes, different configuration of the resources and/or transmission period(s) of the signals used for RRM for access UEs and IAB nodes may be required and the parameters configuring RRM operation at the IAB node DU function need to consider the half-duplex constraint imposed by the MT function and can also take into account hop order and other topology/route management functionalities as shown in Figure 4 where three orthogonal patterns are configured to allow IAB nodes to transmit and measure SSBs in different 5 ms windows (i.e. STC/SMTC configurations) with a periodicity of 20ms.
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Figure 4. Half-Duplex SSB-based STC/SMTC Configurations
If the IAB nodes instead support SDM or MPTR operation, the SSB patterns indicated by the STC/SMTC configurations can be fully overlapped, since in the same time slot an IAB-DU is transmitting a SSB, the co-located IAB node MT can be receiving SSBs transmitted by other IAB nodes. However, in order to avoid impact on access UEs and ensure backwards compatibility with TDM-only IAB nodes, it may be beneficial that alignment of SSB transmissions/receptions only occur in resources which are orthogonal to the resources used for access UEs and TDM-only IAB nodes.
In addition, when operating under SDM or MPTR, the network may configure resources for data transmission/reception for IAB nodes which are overlapping to resources for RRM. Two types of resources “hard” and “soft” resources may be configured for the data resources, where hard resources can only be used by the DU, while soft resources may be flexibly shared between the DU and MT based on traffic or interference considerations. In 3GPP Rel-16, resources for RRM are fixed to only be considered as hard resources when overlapping with the data resources due to the half-duplex constraint. Additionally configuring soft resources which overlap with RRM resources can be considered in Rel-17, however again it should be ensured that this does not impact performance, especially for access UEs and TDM-only IAB nodes.
Proposal 2: Specify support for mechanisms to enable non-TDM cell-specific configurations (e.g. STC/SMTC, RACH, system information, periodic CSI-RS etc.) in resources which are not used for access UE transmissions, including overlapping hard and soft configured IAB-DU resources.

Finally, Rel-16 allows for the parent and child to exchange information about the supported multiplexing capabilities which can be used to enable more efficient utilization of resources, including guard symbols and especially soft resources at the child IAB-DU. However, multiple factors may influence whether a given multiplexing case is more or less appropriate for a given time/frequency resource, such as self or cross-link interference, single or multi-parent operation, transmit or receive panel selection, and device capabilities. As a result, in order for the dynamic indication of availability of soft resources to be utilized effectively the parent and node should be able to take this potential variability of the multiplexing operation into account. Details of how this can be achieved via enhancements to existing MAC CE or DCI Format 2_5 signalling should be further discussed.
Proposal 3: Consider mechanisms to enable dynamic indication of multiplexing capability for a given backhaul link via potential enhancements to existing MAC CE or DCI Format 2_5 signalling. 

Conclusion
This contribution analyzed potential physical layer enhancements for IAB resource allocation and multiplexing in Rel-17. The following proposals were made:

Proposal 1: Per-link IAB-DU resource configurations and signaling between multiple IAB-nodes/donors should be supported in Rel-17.

Proposal 2: Specify support for mechanisms to enable non-TDM cell-specific configurations (e.g. STC/SMTC, RACH, system information, periodic CSI-RS etc.) in resources which are not used for access UE transmissions, including overlapping hard and soft configured IAB-DU resources.

Proposal 3: Consider mechanisms to enable dynamic indication of multiplexing capability for a given backhaul link via potential enhancements to existing MAC CE or DCI Format 2_5 signalling. 
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