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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#104-e agreed to the following,
	Agreement
Switching between Case 1, Case 6, and Case 7 timing is supported.
· FFS whether Case 6 and Case 7 timing shall be restricted to certain resources, e.g. excluding resources used for access or TDM backhaul
· FFS details on switching including the switching conditions
· FFS relationship between switching timing modes with the usage/indication of different resource multiplexing modes
· FFS whether Rel-16 OTA synchronization shall be enhanced to support switching timing modes



We note that in all these 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. 
We will take a closer look into different scenarios, and related required timing cases.
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.
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, or equivalently the UL RX timing at the parent-node is aligned with DL TX timing + propagation delay between the child-node and parent-node. Hence, compared to the first scenario, the UL TX timing of the child node should be shifted by an offset value P2 equal to the propagation delay between the parent-node and the chid-node.
In order to support switch 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 as in the above discussion).
One option is to reuse the legacy UL TA command, where the parent-node sends a new TA command before each switch. However, this may have the following issues:
· Latency and overhead associated with sending, receiving, and adopting a new TA command.
· Ambiguity in time of adoption: the spec requires an MT to adopt a new TA command no later than a maximum delay. The MT may make the adjustment anytime before the deadline. However, for supporting different timing cases, the MT UL TX timing should be switched at exact switching instances. 
· Large changes in TA command may be prohibited for one-step modification.
The other option is to provide a semi-static indication of resources associated with different timing Cases. More precisely, one or multiple offset values can be indicated (e.g. P1 and P2 associated with Case 6 and Case 7) and associated with one or multiple sets of time resources (e.g. in granularity of slots). 
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[bookmark: _Ref54299727]Figure 1 – Illustration of Case 1 timing with OTA synchronization

Observation 2.1: 
Switching between different timing cases requires updating MT UL TX timing with some fixed offsets. 
Updating MT UL TX timing using a new TA command may have the following issues:
· Overhead, latency, ambiguity of time of TA adoption, limits on amount of one-step change.

Proposal 2.1: 
Support semi-static indication of one or multiple extra time offsets associated with different sets of time resources (e.g., in a granularity of slots) that should be used by the MT to adjust its UL TX timing.
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 summarized as follows:
· DU-to-DU interference management
· Multiplexing capability across DU cells
· Enhancements to Rel-16 CLI framework
· Efficient operation in enhanced duplexing modes

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)



The above agreement lists three options each for DU-to-DU CLI measurement and DU-to-DU CLI report. First, 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. 
Second, we argue that MT-based measurements/reports (i.e., Options 1.3 and 2.3) may not be sufficient to suitably characterize the CLI between their collocated DUs. This could be at least for the following reasons: (1) an IAB-MT and its logically collocated IAB-DU may not share the same antenna arrays, and (2) even in case of sharing the same antenna arrays, an IAB-MT typically has only a single (or very few) relevant beams for its communications, while IAB-DU may use many more beams to serve its children, (3) the TX power configuration of the MT and DU may be quite different.
Observation 3.1: 
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.
MT-to-MT CLI measurements/reports may not be always sufficient to provide the required information about the collocated DU-to-DU CLI. 
Regarding DU-to-DU CLI measurements, we believe it can be done autonomously, and no new mechanism needs to be specified, i.e. Option 1.1. 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 (e.g. to the CU) is needed for coordination purposes. 
Rel-16 RIM introduced a framework for DU interference management. Selected relevant aspects of this framework are summarized below, which, in our view, make this framework not suitable for local DU-to-DU interference management. 
a. Rel-16 RIM was designed to handle a very specific scenario (and phenomenon) related to interference caused by far away cells. 
b. Rel-16 RIM is designed for FR1. That is, RIM-RS is currently defined for FR1 SCSs and bandwidths. More importantly, the framework does not support spatial (beam-related) aspects.
c. Most of the configurations/reporting are OAM-based, which is not suitable for interoperability.
d. There is a standardized reporting framework (e.g. DU to CU and CU to DU signalling). However, (i) the report is initiated by the aggressor node (i.e. aggressor DU to aggressor CU) and forwarded to the victim DU (victim CU to victim DU), and (ii) there is no inter-CU coordination via Xn interface.
In our view, the closest aspect that can be leveraged for DU-to-DU CLI management is the reporting framework (d) 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. 

Observation 3.3: 
Rel-16 RIM is designed for specific (remote interference) scenario and is not suitable for local inter-DU interference management.
· Rel-16 RIM is designed for FR1, and does not support spatial (beam-related) aspects. 
· Most of the configurations/reports are OAM-based.
· There is no DU-CU standardized report, except for an aggressor DU to report detection/disappearance of the RIM-RS sent by a victim cell to the aggressor CU, and the victim CU to forward this report to the victim DU.
· There is no inter-CU coordination over Xn interface. 
Proposal 3.1:
For DU-to-DU CLI measurements:
· Select Option 1.1: no specific mechanism is specified.
For DU-to-DU CLI report:
· Select Option 2.2: enhanced legacy DU-based report, as follows
· 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. 
· 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 3.4: 
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 #104-e discussed various proposals to enhance Rel-16 CLI. The following FL proposal (although not yet agreed) summarizes such proposals.
	[bookmark: _Hlk70433227]FL Proposal 3.3c:
MT-to-MT CLI management may reuse Rel-16 UE-to-UE CLI framework, with the following enhancements: 
1. Support or extend information exchange required for interference measurement and/or report 
a. FFS: type of information (e.g., the measurement RS configuration, result of measurements)
b. FFS: types of nodes exchanging the information (e.g., between donors in case of a multi-donor deployment, between an IAB-node and its parent-node, between the central unit and an IAB-node)
2. Support or extend information exchange required for interference mitigation 
a. FFS: type of information (e.g., the resource configuration including TDD configuration and/or IAB-specific resource type)
b. FFS: types of nodes exchanging the information (e.g., between donors in case of a multi-donor deployment, between the central unit and an IAB-node)
3. FFS: specify multi-beam CLI measurements (e.g., to enable measurements for specific TX/RX beam pairs)
4. FFS: Specify enhancements related to timing adjustment required for accurate CLI measurement
 FFS: reuse/extend MT-based measurements for other interference scenarios. 



In what follows, we reiterate our position regarding these design proposals. 
We note that 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. So, it makes sense to investigate simple enhancements that can improve the MT-to-MT CLI management. 
We believe an IAB-DU would generally benefit from the knowledge of its child-node IAB-MT’s CLI measurements to schedule them more efficiently. More specifically, in case of enhanced multiplexing modes, there will be MT-To-MT CLI scenarios across adjacent hops. For example, in case of (MT TX, DU TX), IAB-MT’s transmission may cause interference at a child-node MT attempting to receive DL from IAB-DU. Or for (MT RX, DU RX), a child-node MT’s UL transmission to IAB-DU may cause interference at the IAB-MT attempting to receive DL from parent-node DU. In these scenarios, if the IAB-DU and/or the parent-node DU have information about the associated MT-to-MT CLI, they can more efficiently coordinate the schedules across the two hops. 
Observation 3.5: 
Rel-16 CLI measurements are RRC configured, and reports are L3 reports. Hence the DU (or parent-node DU) is not involved in configuring the measurements of its UEs (or child MTs) and more importantly does not know about the result of their CLI measurements.
IAB-MTs may be subject to strong and persistent CLI from other IAB-nodes. 

Proposal 3.3: 
An IAB-DU is provided with the result of CLI measurements by its child MTs, e.g. which child MTs are subject to strong CLI from neighbouring nodes.  

We further identify two general shortcomings of the Rel-16 CLI.
Observation 3.6: 
Rel-16 CLI framework does not support coordination across CUs to indicate the SRS configurations for UEs/IAB-MT’s CLI measurement.
Rel-16 CLI signalling (intended TDD configuration) does not support IAB-specific resource (HSNA and TDD) configurations. 

Proposal 3.4: 
Send an LS to RAN3 to (a) support exchange of SRS configurations among CUs for CLI measurements, and (b) extend the coordination signalling to support IAB-specific resource (HSNA, TDD) configurations.

Efficient operation in enhanced duplexing modes
As discussed in our companion paper [1], the efficiency of operating in any of the enhanced multiplexing cases depends on satisfying different conditions (e.g. configured TX or RX beams) and it may change over time. The following is proposed, considering this observation and recent RAN1 agreements:

Proposal 3.5: 
Support adaptation of an IAB-node’s multiplexing operation, based on indication by the IAB-node to its parent-node (via MAC-CE):

· Dynamically indicate whether the semi-static capability for enhanced multiplexing is applicable at the time.
· Specify conditions required to realize the enhanced multiplexing capability, such as
· Required timing mode,
· DL RX/UL TX power constraints,
· Required number of guard tones.

Support indicating the configuration(s) required to enable an enhanced multiplexing capability by an IAB-node DU to donor CU, such as:
· For which beams (SSBs/TRPs) or which served child-nodes, the IAB-node can operate in the enhanced multiplexing mode,
· Required number of guard tones,
· DL RX/UL TX power constraints.

4. Power control
The following two agreements were achieved in RAN1-104-e:
	Agreement
RAN1 to further study whether the legacy UL power control mechanism (including PHR) is sufficient for an IAB-node operating in an enhanced multiplexing mode.
· FFS: if not (i.e., the legacy mechanism is not sufficient), support an IAB-node indicating information to assist with its UL power control.



	Agreement
Support an IAB-node indicating information to assist with the DL power control of its parent-node towards the IAB-node without mandating an expected behavior at the parent node.
· Note: At least the assistance information is for supporting the simultaneous operation within the IAB-node to avoid power imbalance
· FFS: type of assistance information (e.g., desired received power, power adjustment, preferred CSI-RS resource)
· FFS: whether this information is provided to the parent-node, the CU, or both.
· FFS: applicability of the assistance information (e.g. relation to beams or multiplexing modes)
· FFS: the channel carrying this assistance information



As discussed in the previous section, and proposed in Proposal 3.5, some conditions may need to be met to support efficient enhanced multiplexing operation – one of which is UL/DL TX power constraints.
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. 
The above agreement suggests legacy UL power control mechanisms (such as PHR) may be sufficient to address these concerns. However, we believe it will be more efficient to have a unified design for an IAB-node to report its required conditions to support various enhanced duplexing modes, as the one suggested in Proposal 3.5.
We specifically note that an IAB-node may dynamically switch between different multiplexing modes of operations over time. Using 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. 

 
An IAB-node may also have limitations on the received DL power from the parent-node – due primarily to RX power imbalance. RAN1-104-e already agreed an IAB-node can provide assistance information so that the parent-node can suitably set its DL TX power. 
In our view,
a. this constraint should be indicated in association with different multiplexing modes of operation (in a unified framework as discussed above and in Proposal 3.5),
b. the type of information should be in terms of the desired received power or power adjustment,
c. the specifications should support signalling to indicate this information both to the parent-node and the CU.

Does CU need to get involved with power control?
This question was discussed during RAN1 #104-e. Some companies believe that since power control is a lower-layer (MAC) and local aspect, CU should not get involved. However, we believe the CU (especially in IAB networks) is in a unique position to take care of network-level coordination. CU may receive various information from its served nodes, and neighbouring CUs, that can be used for interference/power management. Such information may not be available at the DU. In case of dual-connected MT, DL/UL power management may have to coordinated between different parents (e.g. via CU). Also, in case of less/no network planning, power of IAB-nodes should be adjusted for proper alignment of coverage regions. 

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 simultaneous operation in DC (especially intra-band DC), also in case of less/no network planning.

Proposal 4.1: 
Support indicating the required DL RX and UL TX power constraints to enable an enhanced multiplexing capability
· The indication may be sent by an IAB-node to its parent-node and donor CU. 
· The type of information should be in terms of the desired RX/TX power or power adjustment.
· The indication is associated with different multiplexing modes or operation.

Proposal 4.2: 
Support CU providing an IAB-DU, for each of its served cells or child-MTs, an indication of the max DL TX power and/or UL TX power.

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 2.1: 
Switching between different timing cases requires updating MT UL TX timing with some fixed offsets. 
Updating MT UL TX timing using a new TA command may have the following issues:
· Overhead, latency, ambiguity of time of TA adoption, limits on amount of one-step change.

Proposal 2.1: 
Support semi-static indication of one or multiple extra time offsets associated with different sets of time resources (e.g., in a granularity of slots) that should be used by the MT to adjust its UL TX timing.

Observation 3.1: 
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.
MT-to-MT CLI measurements/reports may not be always sufficient to provide the required information about the collocated DU-to-DU 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).

Observation 3.3: 
Rel-16 RIM is designed for specific (remote interference) scenario and is not suitable for local inter-DU interference management.
· Rel-16 RIM is designed for FR1, and does not support spatial (beam-related) aspects. 
· Most of the configurations/reports are OAM-based.
· There is no DU-CU standardized report, except for an aggressor DU to report detection/disappearance of the RIM-RS sent by a victim cell to the aggressor CU, and the victim CU to forward this report to the victim DU.
· There is no inter-CU coordination over Xn interface. 
Proposal 3.1:
For DU-to-DU CLI measurements:
· Select Option 1.1: no specific mechanism is specified.
For DU-to-DU CLI report:
· Select Option 2.2: enhanced legacy DU-based report, as follows
· 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. 
· 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 3.4: 
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 3.5: 
· Rel-16 CLI measurements are RRC configured, and reports are L3 reports. Hence the DU (or parent-node DU) is not involved in configuring the measurements of its UEs (or child MTs) and more importantly does not know about the result of their CLI measurements.
· IAB-MTs may be subject to strong and persistent CLI from other IAB-nodes. 
Proposal 3.3: 
An IAB-DU is provided, by the CU, with the result of CLI measurements by its child MTs, e.g. which child MTs are subject to strong CLI from neighbouring nodes.  

Observation 3.6: 
· Rel-16 CLI framework does not support coordination across CUs to indicate the SRS configurations for UEs/IAB-MT’s CLI measurement.
· Rel-16 CLI signalling (intended TDD configuration) should be extended to support IAB-specific resource (HSNA and TDD) configurations. 

Proposal 3.4: 
Send an LS to RAN3 to (a) support exchange of SRS configurations among CUs for CLI measurements, and (b) extend the coordination signalling to support IAB-specific resource (HSNA, TDD) configurations.

Proposal 3.5: 
Support adaptation of an IAB-node’s multiplexing operation, based on indication by the IAB-node to its parent-node (via MAC-CE):

· Dynamically indicate whether the semi-static capability for enhanced multiplexing is applicable at the time.
· Specify conditions required to realize the enhanced multiplexing capability, such as
· Required timing mode,
· DL RX/UL TX power constraints,
· Required number of guard tones.

Support indicating the configuration(s) required to enable an enhanced multiplexing capability by an IAB-node DU to donor CU, such as:
· For which beams (SSBs/TRPs) or which served child-nodes, the IAB-node can operate in the enhanced multiplexing mode,
· Required number of guard tones,
· DL RX/UL TX power constraints.


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. 


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 simultaneous operation in DC (especially intra-band DC), also in case of less/no network planning.

Proposal 4.1: 
Support indicating the required DL RX and UL TX power constraints to enable an enhanced multiplexing capability
· The indication may be sent by an IAB-node to its parent-node and donor CU. 
· The type of information should be in terms of the desired RX/TX power or power adjustment.
· The indication is associated with different multiplexing modes or operation.

Proposal 4.2: 
Support CU providing an IAB-DU, for each of its served cells or child-MTs, an indication of the max DL TX power and/or UL TX power.
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