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Introduction
This contribution provides our view on additional enhancements for simultaneous operation of IAB-node's child and parent links in the context of the Rel-17 IAB WID [1] objectives. Specifically, it addresses potential additional timing modes, power control, and interference management.
[bookmark: _Hlk32401284][bookmark: _Hlk24102609]Timing modes
Rel-16 has defined a baseline timing mode for IAB, referred as Case 1 timing, which is characterized by DL Tx timing alignment across all IAB-nodes and it maintains the Rel-15 UL timing adjustment framework. Additional timing modes were discussed as potentially useful in the context of enhanced duplexing capability between the IAB-MT and the IAB-DU, particularly for the SDM cases (i.e. simultaneous IAB-MT Rx and IAB-DU Rx, or simultaneous IAB-MT Tx and IAB-DU Tx). These timing modes are illustrated in Figure 1.
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[bookmark: _Ref47646735]Figure 1 – IAB timing modes
Case 6 timing is equivalent to Case 1 timing from a DL Tx timing alignment point of view. On the other hand, it requires the UL Tx timing of the IAB-MT to be aligned with the DL Tx timing of the IAB-DU, in an attempt to facilitate simultaneous transmission by the IAB-MT and the IAB-DU.
Similarly, Case 7 timing is too equivalent to Case 1 timing from a DL Tx timing alignment point of view. On the other hand, it requires the UL Rx timing of the IAB-DU to be aligned with the DL Rx timing of the IAB-MT, in an attempt to facilitate simultaneous reception by the IAB-MT and the IAB-DU.

The main drawback of Case 6 timing is that when it is used by a given IAB-node it will not be guaranteed that the parent node can ensure all received uplink signals are received time aligned within the CP duration. This may lead to interference in the upstream link (link to the parent node) unless uplink users are TDMed. This is undesirable because the operation of a node may have an impact on the scheduling policy of a parent node.
Observation 1:
Operation in Case 6 timing mode of an IAB-node may cause uplink interference at the IAB-DU receiver of its parent node and/or may require special handling in the uplink scheduler of its parent node to TDM users to avoid such interference.
The main drawback of Case 7 timing is that it may not be realizable with Rel-15 UL timing control procedures as it would typically require a negative effective timing adjustment on the uplink transmission timing. Any potential change to the timing adjustment framework may also have an impact on the mechanism for OTA timing synchronization.
Observation 2:
Operation in Case 7 timing mode may require changes to the Rel-15 UL timing control for IAB nodes, which in turn may also impact the OTA timing mechanism defined in Rel-16 for IAB.
As a result, both Case 6 and Case 7 timing modes require some special handling and time multiplexing in the uplink, which in turn also effectively requires to switch between different timing modes depending on whether IAB-nodes or UEs are scheduled. This seems to introduce additional potential complexities, e.g. in guard symbols for transitions between modes of operation.
It is envisioned that enhanced duplexing capabilities of an IAB-node mostly rely on a multi-panel implementation whereby the IAB-MT and the IAB-DU do not share the same antenna panel. In that context the introduction of Case 7 timing may not be strictly necessary to enable simultaneous reception by the IAB-MT and IAB-DU due to sufficient isolation. Similarly, Case 6 timing may not be strictly necessary to enable simultaneous transmission by the IAB-MT and IAB-DU, as in most cases transmission is steered in different directions hence diminishing the probability of interference of one transmission (e.g. IAB-DU Tx) at the intended receiver node (e.g. parent node) for the other transmission (e.g. IAB-DU UL Tx). Overall, this is consistent with the expectation that enhanced duplexing capabilities may not be realizable in all circumstances and hence have a dynamic nature.
It is expected that Case 7 timing may have a higher benefit than Case 6 timing, particularly if enhancements to DL power control cannot be introduced.
Observation 3:
The benefits of Case 6 and Case 7 timing modes may be limited in a multi-panel implementation aimed at enhanced duplexing capabilities between the IAB-MT and the IAB-DU. Case 7 timing may have a higher benefit than Case 6 timing.
As a result, we have the following proposal:
Proposal 1:
Downselect one of the following:
· Alt 1: adopt Case 1 as the only timing mode.
· Alt 2: quantify the benefits of Case 7 timing mode to determine whether such benefits are sufficient to justify the additional complexity. 
· Alt 3: quantify the benefits of Case 6 and Case 7 timing modes to determine whether such benefits are sufficient to justify the additional complexity.

Power control
Another area identified in the WID [1] for potential enhancement to support simultaneous operation of IAB-node's child and parent links is power control. The system model is depicted in Figure 2.
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[bookmark: _Ref47697975]Figure 2 – Power management for adjacent links
The transmit power levels on the adjacent links are managed independently, the upstream link power levels by the parent node and the downstream link power levels by the IAB-node. The main concern is that in the context of SDM Rx the received power PDL,TX may overwhelm the IAB-DU receiver targeting a certain Rx power level (used to control PUL,TX).
In general, the IAB-node, with the knowledge of its IAB-MT scheduling by the parent node, may be able to adjust target power levels for the downstream link to its own children nodes and UEs. Special consideration should be given to the transmission of reference signals by the IAB-DU. As a result, this may be handled by implementation.
Observation 4:
Power control handling for enhanced duplexing capabilities may be handled by implementation.
Interference management
Another area identified in the WID [1] for potential enhancement to support simultaneous operation of IAB-node's child and parent links is CLI and more generally interference management of backhaul links.
For a given typical IAB tree of three nodes, the interference scenarios that may arise are illustrated in Figure 3, where Inter Cell Interference (ICI), Cross Link Interference (CLI), and Self Interference (SI) are illustrated for the various cases of transmission and reception when the IAB-MT and the IAB-DU operate simultaneously.
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[bookmark: _Ref47710334]Figure 3 – Interference scenarios
The ICI effects are deemed less severe than the effects associated with CLI and SI, since the interfering sources are farther apart. In any case standard legacy solutions can be applied to mitigate these effects. The CLI effects are expected to be mitigated by the Rel-16 CLI framework, with some potential enhancements as needed. The SI affects may require further study to determine need for specific measurements to be introduced in the specification.


Observation 5:
The interference components in case of simultaneous operation of the IAB-MT and the IAB-DU are:
· Inter Cell Interference (ICI)
· Cross Link Interference (CLI)
· Self-interference (SI)
ICI effects are deemed less severe and can be handled anyway with legacy solutions.
CLI is expected to be mitigated by the Rel-16 CLI framework, with some potential enhancements as needed.
SI may require further study to determine need for specific measurements to be introduced in the specification.
Moreover, it is observed that CLI may happen between any two neighboring IAB-nodes, as illustrated in Figure 4, hence it is not limited to Rel-17 enhanced duplexing.
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[bookmark: _Ref47714486]Figure 4 – CLI scenarios in IAB
Furthermore, it is observed that the Rel-16 CLI framework has some limitations, summarized in the following observation.
Observation 6:
The Rel-16 CLI framework has some limitations. Specifically:
· There is no specified inter-CU (Xn) signaling to indicate the SRS configurations for UEs/MTs’ CLI measurements. This is a general, non-IAB-specific, issue.
· No specified inter-DU interference measurements and reporting.
· Rel-16 CLI signaling (intended TDD configuration) does not support IAB-specific resource configurations.
In summary we have the following proposals.
Proposal 2:
Specify enhancements to Rel-16 CLI to guarantee inter-operability and efficiency. Details are FFS.
Proposal 3:
Determine whether specific SI measurements are needed.

Conclusion
This contribution provided our view on additional enhancements for simultaneous operation of IAB-node's child and parent links . The following observations and proposals were made:
Observation 1:
Operation in Case 6 timing mode of an IAB-node may cause uplink interference at the IAB-DU receiver of its parent node and/or may require special handling in the uplink scheduler of its parent node to TDM users to avoid such interference.
.
Observation 2:
Operation in Case 7 timing mode may require changes to the Rel-15 UL timing control for IAB nodes, which in turn may also impact the OTA timing mechanism defined in Rel-16 for IAB.
Observation 3:
The benefits of Case 6 and Case 7 timing modes may be limited in a multi-panel implementation aimed at enhanced duplexing capabilities between the IAB-MT and the IAB-DU. Case 7 timing may have a higher benefit than Case 6 timing.
Observation 4:
Power control handling for enhanced duplexing capabilities may be handled by implementation.
Observation 5:
The interference components in case of simultaneous operation of the IAB-MT and the IAB-DU are:
· Inter Cell Interference (ICI)
· Cross Link Interference (CLI)
· Self-interference (SI)
ICI effects are deemed less severe and can be handled anyway with legacy solutions.
CLI is expected to be mitigated by the Rel-16 CLI framework, with some potential enhancements as needed.
SI may require further study to determine need for specific measurements to be introduced in the specification.
Observation 6:
The Rel-16 CLI framework has some limitations. Specifically:
· There is no specified inter-CU (Xn) signaling to indicate the SRS configurations for UEs/MTs’ CLI measurements. This is a general, non-IAB-specific, issue.
· No specified inter-DU interference measurements and reporting.
· Rel-16 CLI signaling (intended TDD configuration) does not support IAB-specific resource configurations.

Proposal 1:
Downselect one of the following:
· Alt 1: adopt Case 1 as the only timing mode.
· Alt 2: quantify the benefits of Case 7 timing mode to determine whether such benefits are sufficient to justify the additional complexity. 
· Alt 3: quantify the benefits of Case 6 and Case 7 timing modes to determine whether such benefits are sufficient to justify the additional complexity.
Proposal 2:
Specify enhancements to Rel-16 CLI to guarantee inter-operability and efficiency. Details are FFS.
Proposal 3:
Determine whether specific SI measurements are needed.
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