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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 the potential physical layer enhancements to support simultaneous operation of child and parent links including CLI measurements, timing alignment, and power control.
Physical Layer Enhancements for IAB
An example of a network with integrated access and backhaul links is shown in Figure 1 below. 
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Figure 1: Integrated access and backhaul links 
In Rel-16, for in-band operation IAB nodes are assumed to operate with a half-duplex constraint and operate in a TDM manner when multiplexing the resources of the IAB-DU and IAB-MT, 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 

However, in Rel-17 two new scenarios are considered in RAN1 to support more efficient access and backhaul link multiplexing: 1) spatial division multiplexing (SDM) and 2) multi-panel transmission/reception (MPTR) which are illustrated in Figure 2.
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Figure 2: SDM and MPTR Rel-17 IAB Scenarios
When SDM/MPTR scenarios are supported, compared to TDM with a half-duplex constraint, multiplexing access and backhaul DL/UL transmissions and receptions makes power control an important consideration. In NR transmit and receive power levels of DL channels and UL channels can be very different. For example when the PHY is in receive mode then it must receive the backhaul DL transmission and the access UL transmission at the same time. These two could be MPTR or SDM. However, in this case the DL backhaul transmission is performed by the IAB-DU of the parent node whereas the UL access transmission is performed by a IAB-MT of a child node or a UE. Therefore the EIRP of DL transmission is typically much higher than the EIRP of the UL transmission. Moreover in NR the UL transmissions are power controlled whereas DL transmissions are not. This implies that the backhaul DL and access UL will arrive at the receiver at very different levels as shown in Figure 3. A similar problem happens during the transmit stage when the backhaul PUSCH and access PDSCH are SDM/MPTR. A similar problem in the different power level between the IAB-MT PHY and the IAB-DU PHY exists. 
If the hardware is shared between the IAB-MT and IAB-DU (e.g. same panel or same RF chain) then such a receiver PSD difference can cause significant problem. The higher PSD of the DL backhaul will likely set the AGC which implies that the UL access signal will fall well below the level set by AGC, which would impact the SINR and therefore the overall throughput of the access transmission. 
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Figure 3: Power spectral density difference at the receiver for backhaul and access link
The following agreements were made in RAN1#106bis-e:
Agreement
The desired parent-node’s DL TX power adjustment, provided by an IAB-MT to its parent-node, is indicated via MAC-CE.
· The indication further includes the associated configurations and/or resources for which the indicated power adjustment is applicable.
· The indicated adjustment is in terms of a relative offset to a reference DL TX power. 
· FFS: the reference power (e.g., an RS such as CSI-RS, etc) for the indication of desired adjustment.
· FFS: the range of values for the indicated adjustment. 
 
Agreement
The DL TX power adjustment, provided by the parent-node to the IAB-MT, is indicated via MAC-CE.
· The indication further includes the associated configurations and/or resources for which the indicated power adjustment is applicable.
· The indicated adjustment is in terms of a relative offset to a reference DL TX power. 
· FFS: the reference power (e.g., an RS such as CSI-RS, etc) for the indication of DL Tx power adjustment.
· FFS: the range of values for the indicated adjustment. 

As indicated by the agreements, the following is proposed for providing the desired DL Tx power adjustment from the child, and indicated DL Tx power adjustment from the parent via MAC-CE:
· Child-to-parent desired DL TX power adjustment: MT’s DL beam via DL TCI state id, Multiplexing Mode, {MT CC, DU cell} pair, and Resource type (H, S, or H and S)
· Parent-to-child indicated DL Tx power adjustment: MT’s DL beam via DL TCI state id, {MT CC, DU cell} pair, starting slot index (to enable), or ending slot (to disable)
The usage of TCI state for the child-to-parent indication aligns with the existing beam management report framework and allows the power adjustment to be indicated per beam. The usage of multiplexing mode, {MT CC, DU cell} pair, and resource type as part of the indication is intended to align with the child spatial recommendation signaling proposed for simultaneous operation [2]. The starting slot indication from the parent allows for aligned understanding between the child and parent nodes of when to expect the DL Tx power adjustment to apply. Given that the parent node may need to adjust its Tx power adjustment due to its own implementation or operational constraints, signaling to also disable the power adjustment should also be supported.

Proposal 1: The desired DL power adjustment indication from the child to the parent node includes the following associated configurations/and or resources for which the indicated power adjustment is applicable: 
· MT’s DL beam via DL TCI state id
· Multiplexing Mode
· {MT CC, DU cell} pair
· Resource type (H, S, or H and S)

Proposal 2: The indicated DL power adjustment indications from the parent to the child node includes the following associated configurations/and or resources for which the indicated power adjustment is applicable: 
· MT’s DL beam via DL TCI state id
· {MT CC, DU cell} pair
· Starting slot index (to enable) or ending slot index (to disable)
Conclusion
This contribution analyzed potential physical layer enhancements for IAB to manage interference under different multiplexing scenarios. The following proposals were made:
Proposal 1: The desired DL power adjustment indication from the child to the parent node includes the following associated configurations/and or resources for which the indicated power adjustment is applicable: 
· MT’s DL beam via DL TCI state id
· Multiplexing Mode
· {MT CC, DU cell} pair
· Resource type (H, S, or H and S)

Proposal 2: The indicated DL power adjustment indications from the parent to the child node includes the following associated configurations/and or resources for which the indicated power adjustment is applicable: 
· MT’s DL beam via DL TCI state id
· {MT CC, DU cell} pair
· Starting slot index (to enable) or ending slot index (to disable)
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