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1. 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 objectives. Specifically, it addresses potential additional timing modes, power control, and interference management.
[bookmark: _Hlk32401284][bookmark: _Hlk24102609]2. Timing modes
RAN1 #105-e agreed to the following,
	Agreement
RAN1 to downselect how the IAB-MT Tx timing is set for Case 6 timing at a given IAB-node:
· Alt1: the IAB-MT Tx timing is obtained by the node via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset.
· Alt2: the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· Alt3: the IAB-MT Tx timing is obtained by the node jointly with the IAB-DU Tx timing via a common offset from the parent node.
Downselection to consider at least the following aspects:
· Dependency of DL synchronization schemes at the IAB-DU
· Potential additional signaling overhead.
· Achievable DU Tx / MT Tx alignment error tolerance.
· Suitability for switching between timing modes.



	Agreement
RAN1 to downselect how the IAB-MT Tx timing is set at an IAB-node for Case 7 timing at the parent node:
· Alt1: the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset
· Alt2: the IAB-MT Tx timing of the node is obtained via the legacy TA loop from the parent node.
· Alt3: the IAB-MT Tx timing of the node is obtained via a Case 7 specific TA loop from the parent node.
Downselection to consider at least the following aspects:
· Potential impact to OTA synchronization availability for DU Tx at the IAB-node.
· Potential additional signaling overhead.
· Suitability for switching between timing modes.


	
	Agreement
An IAB-node is indicated when Case 6 timing is performed at the IAB-node.
· FFS details of the indication (e.g. semi-static and/or dynamic, implicit and/or explicit, linkage to multiplexing capability, etc.).
FFS whether an IAB-node is also indicated when Case 7 timing is performed at the IAB-node.



In all the timing cases, the DU TX timing is the same (aligned with DU TX timing of Case 1), but the MT UL TX timing may need to be adjusted. Let us consider the most general case, where we support all three cases for the operation of an IAB-node.
In a first scenario, e.g., a first set of time resources, the parent-node may decide to adopt Case 1 timing only and align the UL RX timing from its child nodes at  offset with respect to its fixed DL TX timing. (Figure 1)
In a second scenario, e.g., a second set of time resources, the parent-node may decide to adopt Case 7 timing and align UL RX timing from its child nodes with DL RX timing from its own parent-node. Compared to the first scenario, the UL TX timing of the child nodes should be shifted by an offset value P1 which depends on the propagation delay between the parent-node and its own parent-node. Among the three alternatives in the second agreement above, we propose to adopt Alt1:
· [bookmark: _Hlk79093113]Alt1: [for Case 7 timing at the parent node] the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
This offset should capture P1 in the above example. Compared to other alternatives, we make the following observations:
· The offset should be optional. That is, if no offset is indicated, a default value of 0 should be assumed. In this case, Alt1 reduces to Alt2. Hence Alt1 is more flexible and more general than Alt2.
· The offset value is not expected to change dynamically. Hence (1) it can be indicated semi-statically, and (2) Alt3 that requires dynamic TA command will be inefficient when e.g., two dynamic TA loops (one for Case 1 and one for Case 7) should be maintained. 

Observation 2.1: 
For Case 7 timing at an IAB-node:
· The offset with respect to Case 1 UL timing at a child-node is not expected to change dynamically, since it is associated with the propagation delay between the IAB-node and its parent node.
· In case of switching between Case 1 and Case 7, maintaining two separate dynamic TA loops (as suggested in Alt3) is inefficient.
· Alt1 without indication of the offset value reduces to Alt2.

Proposal 2.1: 
Adopt Alt1 for Case 7 timing: 
· The IAB-MT Tx timing of a node is obtained via the legacy TA loop plus an offset from the parent node.
· Assume offset is equal to zero, if it is not indicated. 

In a third scenario, e.g., a third set of time resources, the parent-node may allow a child-node to adopt Case 6 (presumably in response to a request from the chid-node). In this case, the child-node’s MT UL TX timing should be adjusted such that it is aligned with the DL TX timing. Among the listed alternatives for Case 6, we propose to adopt Alt2:
· Alt2: [for Case 6 timing at a given IAB-node] the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.



Proposal 2.2: 
Adopt Alt2 for Case 6 timing: 
· The IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.

One concern about operation in Case 6 timing is how the parent-node can reliably estimate and track child-node’s RTT and its TX timing reference accuracy. This is especially important to provide reliable OTA synchronization for child DU’s DL TX timing. In our view, the parent-node can/should authorize using Case 1 on a sufficiently frequent set of resources, over which it can update its estimation of child’s UL synchronization and indicate a new [legacy] TA command as needed. 
Observation 2.2: 
If Case 6 is authorized to be used by an IAB-node, the parent node can still configure the IAB-node to use Case 1 timing on a sufficiently frequent set of resources. This will allow the parent node to track IAB-node’s UL TX timing, and its RTT estimation and provide an updated [legacy] TA command as needed. 

To support switching across different timing cases, the MT UL TX timing should be adjusted whenever there is a switch (e.g., across different set of time resources). It is already agreed an IAB-node is indicated when Case 6 timing is performed at the IAB-node. It is deemed necessary to indicate to an IAB-node when it needs to adjust its UL TX timing for Case 7 (e.g., by applying the previously indicated offset). 
The indication can be dynamic or semi-static. In our view, dynamic indication may have latency and overhead issues associated with sending, receiving, and adopting an adjustment command. Hence, we propose to provide a semi-static indication of resources associated with different timing Cases. 

Proposal 2.3: 
An IAB-node is indicated the resources associated with each timing case (Case1, 6 and 7). 
· The indication is semi-static. 
 
	[image: ]


[bookmark: _Ref54299727]Figure 1 – Illustration of Case 1 timing with OTA synchronization

3. Interference management
RAN1 has had extensive discussions and some agreements to enhance IAB interference management. In this section, we further investigate the remaining aspects that can be summarized as follows:
· DU-to-DU interference management
· Multiplexing capability across DU cells
· Enhancements to Rel-16 CLI framework

DU-to-DU interference management
RAN1 #104-e agreed to the following:
	Agreement
RAN1 to select among the following options to support DU-to-DU measurement and report.
· For DU-to-DU CLI measurement:
· Option 1.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· Option 1.2. enhanced legacy DU-based measurement procedures (e.g., enhanced Rel-16 RIM)
· Option 1.3. enhanced MT-based measurements (e.g., MT-based CLI, MT RRM measurements)
· For DU-to-DU CLI report:
· Option 2.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· Option 2.2. enhanced legacy DU-based report (e.g., enhanced Rel-16 RIM)
· Option 2.3. enhanced MT-based report (e.g., MT-based CLI, MT RRM measurements)



RAN1 #105-e further discussed related aspects, but without finally converging to an agreement. The following FL proposal [1] reflects the latest discussions during RAN1 #105-e.
	FL Proposal 2.1c:
Enhancements to legacy DU-based measurements and reports (e.g., enhanced Rel-16 RIM) and/or MT-based measurements and reports (e.g., MT-based CLI, MT RRM measurements) are supported for DU-to-DU CLI at least for IAB deployments without strict network planning.



We believe enhancements are needed to support efficient DU-to-DU CLI management. 
· We first note that strict network planning is not always feasible (e.g., for local-area IAB-nodes). We should further note “network planning” in the context of IAB may imposes restrictions on the topology and the resource allocation, hence making the IAB network harder and less efficient to adapt to the changes in the traffic pattern, and environment. 
· It is deemed necessary to have a standardized DU-to-DU interference management framework to guarantee inter-operability and, especially in IAB networks, for a CU to determine proper IAB-DU resource configurations. 
Observation 3.1: 
Strict network planning is not always feasible or efficient to avoid inter-DU interference in IAB.
A standardized DU-to-DU CLI management is needed for inter-operability and, especially in IAB networks, for a CU to determine proper resource configurations for its IAB-DUs.

Regarding DU-to-DU CLI measurements, we believe it can be done autonomously, and no new mechanism needs to be specified. An IAB-DU, with the knowledge about its neighbouring DU cells – acquired by the IAB-MT e.g., via SMTC or neighbour cell search – can measure CLI. 
Observation 3.2: 
An IAB-DU can autonomously measure CLI from neighbouring DU cells, based on the available information at the IAB-MT (e.g., via SMTC, or neighbour cell search).

Regarding DU-to-DU CLI report, we believe providing the result of CLI measurement (to the CU) is needed for coordination purposes. 
Rel-16 RIM introduced a framework for DU remote interference management, which, in our view, is not suitable for local DU-to-DU interference management. More details can be found in [2]. The closest aspect, from Rel-16 RIM, that can be leveraged for DU-to-DU CLI management is the reporting framework that should be extended as below.
· Support a victim IAB-DU reporting the result of its interference measurements to the CU. The report should comprise
· A list of neighbouring aggressor DU cells
· A list of victim cells of the IAB-DU
· Spatial (beam-related) information – e.g., index of SSBs. 

Proposal 3.1:
For DU-to-DU CLI measurements:
· No specific mechanism is specified.
For DU-to-DU CLI report:
· Support enhanced legacy DU-based report, as follows
· A victim IAB-DU can report the result of its interference measurements to the CU. The report should comprise
· A list of neighbouring aggressor DU cells
· A list of victim cells of the IAB-DU
· Spatial (beam-related) information – e.g., index of SSBs. 
· Support inter-CU coordination via exchange of DU reports on Xn interface.
Note: this addresses interference scenarios between IAB-DUs, as well as between IAB-DUs and non-IAB-DUs. 

Multiplexing capability across DU-cells 
Different cells served by a DU may interfere with each other if their TDD configurations are not aligned. This can be characterized as intra-DU CLI. 
However, the DU can determine, based on its implementation (e.g., a multi-TRP implementation) and autonomous measurements, whether it can support dynamic TDD across its cells. DU can hence indicate this capability to the CU to allow for more efficient IAB-DU resource configurations by the CU. 
Observation 3.3: 
A DU may or may not be capable of supporting misaligned TDD patterns across its served cells – e.g. (DU cell m TX, DU cell n RX).
Proposal 3.2: 
Support IAB-DU reporting multiplexing capability across its served cells (DU cell m TX, DU cell n RX).

Enhancements to Rel-16 CLI framework
RAN1 #105-e discussed various proposals to enhance Rel-16 CLI. The following FL proposal (although not agreed) summarizes some of the proposals.
	[bookmark: _Hlk70433227]FL Proposal 2.2-v3:
Support a parent-node receiving CLI measurements of the child nodes.
FFS support a parent-node determining the configuration of CLI measurements of the child nodes. 



The above FL proposal attempts to address the following concerns with the Rel-16 CLI.
The Rel-16 CLI framework is primarily a centralized (layer-3) procedure. More specifically, the CLI measurement objects are RRC configured, and the CLI measurement reports are L3 reports sent to the CU. Hence, the DU is not involved in configuring the measurements, and more importantly does not get to know about the result of CLI measurements by its served UEs. This might have been fine for the UEs, who constantly move around, and their beams and interference profiles change dynamically. However, in an IAB-network, IAB-MTs are (i) [typically] static, (ii) their beams may change only occasionally, and (iii) they typically have a higher TX power than UEs. Hence, they may be subject to a strong and persistent CLI from another IAB-node (MT). Furthermore, IAB-MTs carry BH traffic and any degradation to their performance (e.g., due to CLI) will have a more significant impact compared to UEs. 
There is one argument that, indeed due to the static nature of IAB-nodes, CU can centrally manage MT’s CLI. This would be possible e.g., if the CU can orthogonalize the allocated resources to two interfering IAB-MTs or align their TDD. However, this may not be feasible or efficient at least in two cases: (1) in case, IAB-MTs are associated with different CUs (due to lack of required Xn coordination), and (2) without child-specific resource allocation (which is not agreed yet), the whole cell-specific resources (of the parent-nodes of the interfering IAB-MTs) should be orthogonalized (or be TDD-aligned) which is certainly not efficient. 
One way to realize the FL proposal is to introduce lower-layer (L1/L2) CLI management framework. However, this may require a big change to the spec. Alternatively, we propose CU can share with an IAB-DU the result of CLI measurements of it chid IAB-MTs. For example, CU may provide an IAB-DU with a list of child IAB-MTs that are subject to strong CLI from a neighbouring DU cell. We note this proposal will nicely match with Rel-16 intended TDD DL-UL Configuration signalling. That is, if a child IAB-MT is subject to strong CLI from a neighbouring cell X, the parent-node can be provided with such an information along with the intended TDD configuration of cell X. The parent-node can then attempt to schedule the child IAB-MT on the resources that will not be impacted by the CLI from cell X. 
Observation 3.4: 
CU may not be able to efficiently handle the CLI impact on an IAB-MT, due at least to (a) lack of required coordination across CUs, and (b) lack of support for child-specific IAB resource management. 
A parent-node, with the knowledge of intended TDD DL-UL configuration of a neighbouring DU cell and a list of its child-nodes that are subject to strong CLI from this neighbouring cell, can efficiently avoid CLI impact by properly scheduling the child-nodes.

Proposal 3.3: 
Support a parent-node receiving, from the CU, the result of CLI measurements of the child nodes.
The provided information can be in the form of a list of child nodes that are subject to strong CLI from associated neighbouring cells.  

RAN1 #105-e further agreed to the following in the context of Rel-16 CLI enhancement.
	Agreement
Rel-16 CLI coordination signalling (Intended TDD DL-UL Configuration) is extended to support IAB specific UFD patterns.
· FFS: Support the exchange of IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors for CLI management purposes.



We propose to also agree to the FFS item, primarily because the intended TDD configuration alone cannot provide sufficiently good information to help with CLI management in IAB. That is, without HSNA information, a DU should assume a neighbouring aggressor cell may use any/all of the resources (as if they are all allocated as HARD to the neighbouring cell) and may unnecessarily constrain its scheduling and resource utilization. The main argument against this FFS item seems to be the perceived large signalling overhead. However, we should note that (a) this signaling will be semi-static and not expected to be sent dynamically, and (b) it should be optional, hence the network may decide not to use it, in case the overhead is a concern.  
Observation 3.5: 
Without IAB-DU H/S/NA resource configuration information, intended TDD DL-UL configuration alone is not good enough to efficiently handle CLI, because it may lead to an unnecessary restriction on a DU scheduler, and its resource utilization.  
The exchange of IAB-DU H/S/NA resource configuration information among neighboring nodes is expected be semi-static and optional. Hence, there should not be a major concern about signaling overhead.

Proposal 3.4: 
Support the exchange of IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors.

4. Power control
The following was agreed in RAN1 #105-e:
	Agreement
Decide in RAN1#106-e whether to support an IAB-node indicating assistance information to help with its MT’s UL TX power control. The assistance information can be:
· FFS: Desired TX power
· FFS: Offset to a baseline PHR
· FFS: Desired dynamic range
FFS: whether this information is provided to the parent-node, the CU, or both.
FFS: whether the MT’s UL TX power control formula needs to be changed 



An IAB-node may have limitations to set its MT’s UL TX power due to any of the following reasons: (i) TX power imbalance between MT TX and DU TX, (ii) TX power sharing between MT and DU, (iii) excessive interference to DU RX. We further note that an IAB-node may dynamically switch between different multiplexing modes of operation over time. Using legacy tools, such as PHR signalling, to indicate/update the MT TX power constraint, whenever there is a switch, incurs large overhead, and latency. Alternatively, the MT UL power constraints can be indicated/associated with multiplexing modes, which will be more efficient.





Observation 4.1: 
IAB-MT may have different U TX power constraints depending on its multiplexing mode of operation.

Using legacy PHR signalling to indicate/update such MT’s UL TX constraints incurs overhead and latency, in case of dynamically switching between different multiplexing modes of operation.

It is more efficient to indicate and associate MT’s UL TX power constraints with different multiplexing modes of operation. 


Proposal 4.1: 
Support an IAB-node indicating assistance information to help with its MT’s UL TX power control.
· The assistance information is indicated in terms of desired dynamic range, per multiplexing mode of operation. 
· This information can be provided to either of the parent-node or the CU. 
 
RAN1 #105-e further agrees to the following.

	Agreement
The information to assist DL power allocation of the parent-node is indicated by the IAB-MT to the parent node DU in terms of desired power adjustment.
· FFS applicability of assistance information, e.g. per multiplexing scenario, per resource, etc.




Regarding the FFS item, in our view, this constraint should be indicated per multiplexing mode of operation.
Proposal 4.2: 
The desired DL TX power adjustment is indicated to the parent-node per multiplexing mode of operation. 

Does CU need to get involved with power control?
This question was discussed during RAN1 #104-e and #105-e. Some companies believe that since power control is a lower-layer (MAC) and local aspect, CU should not get involved. Some companies argue CU may not have sufficient information to coordinate DL/UL power control, or this can be done via network planning.
As discussed before, we believe network planning is not always possible or efficient to handle power/interference management. We further think the CU (especially in IAB networks) is in a unique position to take care of network-level coordination. CU may receive various information and measurement reports from its served nodes, and neighbouring CUs, that can be used for power/interference management. Such information may not be available at the DUs. Also, in case of dual-connected MT, DL/UL power management may have to coordinated between different parents (e.g., via CU). 
We also think of central power coordination as a natural extension of IAB resource management framework to also let the CU configure some limitations on the TX powers to allow more efficient resource utilization and interference management.

Observation 4.2: 
CU is in a unique position to assist with power management for interference coordination among different served nodes or nodes associated with neighbouring CUs, in case of no strict network planning.
A central power coordination seems a natural extension of the IAB resource management framework to also let the CU configure some limitations on the TX powers to allow more efficient resource utilization and interference management.

Proposal 4.3: 
Support CU indicating information to coordinate the DL/UL power control. 

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:

For the timing modes:
Observation 2.1: 
For Case 7 timing at an IAB-node:
· The offset with respect to Case 1 UL timing at a child-node is not expected to change dynamically, since it is associated with the propagation delay between the IAB-node and its parent node.
· In case of switching between Case 1 and Case 7, maintaining two separate dynamic TA loops (as suggested in Alt3) is inefficient.
· Alt1 without indication of the offset value reduces to Alt2.

Proposal 2.1: 
Adopt Alt1 for Case 7 timing: 
· The IAB-MT Tx timing of a node is obtained via the legacy TA loop plus an offset from the parent node.
· Assume offset is equal to zero, if it is not indicated. 

Proposal 2.2: 
Adopt Alt2 for Case 6 timing: 
· The IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.

Observation 2.2: 
If Case 6 is authorized to be used by an IAB-node, the parent node can still configure the IAB-node to use Case 1 timing on a sufficiently frequent set of resources. This will allow the parent node to track IAB-node’s UL TX timing, and its RTT estimation and provide an updated [legacy] TA command as needed. 

Proposal 2.3: 
An IAB-node is indicated the resources associated with each timing case (Case1, 6 and 7). 
· The indication is semi-static. 




For the enhancements to the interference management:
Observation 3.1: 
Strict network planning is not always feasible or efficient to avoid inter-DU interference in IAB.
A standardized DU-to-DU CLI management is needed for inter-operability and, especially in IAB networks, for a CU to determine proper resource configurations for its IAB-DUs.

Observation 3.2: 
An IAB-DU can autonomously measure CLI from neighbouring DU cells, based on the available information at the IAB-MT (e.g., via SMTC, or neighbour cell search).

Proposal 3.1:
For DU-to-DU CLI measurements:
· No specific mechanism is specified.
For DU-to-DU CLI report:
· Support enhanced legacy DU-based report, as follows
· A victim IAB-DU can report the result of its interference measurements to the CU. The report should comprise
· A list of neighbouring aggressor DU cells
· A list of victim cells of the IAB-DU
· Spatial (beam-related) information – e.g., index of SSBs. 
· Support inter-CU coordination via exchange of DU reports on Xn interface.
Note: this addresses interference scenarios between IAB-DUs, as well as between IAB-DUs and non-IAB-DUs. 

Observation 3.3: 
A DU may or may not be capable of supporting misaligned TDD patterns across its served cells – e.g. (DU cell m TX, DU cell n RX).

Proposal 3.2: 
Support IAB-DU reporting multiplexing capability across its served cells (DU cell m TX, DU cell n RX).

Observation 3.4: 
CU may not be able to efficiently handle the CLI impact on an IAB-MT, due at least to (a) lack of required coordination across CUs, and (b) lack of support for child-specific IAB resource management. 
A parent-node, with the knowledge of intended TDD DL-UL configuration of a neighbouring DU cell and a list of its child-nodes that are subject to strong CLI from this neighbouring cell, can efficiently avoid CLI impact by properly scheduling the child-nodes.

Proposal 3.3: 
Support a parent-node receiving, from the CU, the result of CLI measurements of the child nodes.
The provided information can be in the form of a list of child nodes that are subject to strong CLI from associated neighbouring cells.  

Observation 3.5: 
Without IAB-DU H/S/NA resource configuration information, intended TDD DL-UL configuration alone is not good enough to efficiently handle CLI, because it may lead to an unnecessary restriction on a DU scheduler, and its resource utilization.  
The exchange of IAB-DU H/S/NA resource configuration information among neighboring nodes is expected be semi-static and optional. Hence, there should not be a major concern about signaling overhead.

Proposal 3.4: 
Support the exchange of IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors.

For the enhancements to the power control:
Observation 4.1: 
IAB-MT may have different U TX power constraints depending on its multiplexing mode of operation.

Using legacy PHR signalling to indicate/update such MT’s UL TX constraints incurs overhead and latency, in case of dynamically switching between different multiplexing modes of operation.

It is more efficient to indicate and associate MT’s UL TX power constraints with different multiplexing modes of operation. 


Proposal 4.1: 
Support an IAB-node indicating assistance information to help with its MT’s UL TX power control.
· The assistance information is indicated in terms of desired dynamic range, per multiplexing mode of operation. 
· This information can be provided to either of the parent-node or the CU. 

Proposal 4.2: 
The desired DL TX power adjustment is indicated to the parent-node per multiplexing mode of operation. 

Observation 4.2: 
CU is in a unique position to assist with power management for interference coordination among different served nodes or nodes associated with neighbouring CUs, in case of no strict network planning.
A central power coordination seems a natural extension of the IAB resource management framework to also let the CU configure some limitations on the TX powers to allow more efficient resource utilization and interference management.

Proposal 4.3: 
Support CU indicating information to coordinate the DL/UL power control. 
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