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Introduction
This contribution presents ETRI’s views on IAB resource multiplexing enhancements.

Discussion
Details on capability reporting for simultaneous operations
[bookmark: _Hlk61277188]The following agreements and FFS points on IAB resource multiplexing had been made [1], [2], [3]:
Table 1. Agreements on multiplexing capability and operations
	[bookmark: _Hlk68090821]Agreement
Support indication/reporting of information between an IAB node and its parent node to assist in the determination of the applicability of a given multiplexing capability in case of simultaneous operation. The following solutions are considered (other solutions not precluded):
· Temporal applicability of a given multiplexing capability 
· Time/frequency resource restrictions (e.g. access vs. backhaul links, DL vs. UL resources)
· Indications of conditions/reporting information required to realize the given multiplexing capability, (e.g. timing mode, power control, guard symbols, etc.)
FFS: channels/signals used for indicating/reporting information

Agreement
Adaptation of an IAB-node’s multiplexing operation is supported. The adaptation may be based on multiple factors, for example (not necessary to support all of the following):
· Resource type (D/U/F) at the IAB-DU and IAB-MT 
· Specific sets of time/frequency resources
· Certain conditions being met (e.g. supported timing modes, power control enhancements (if supported), etc.)
FFS:  Mechanisms for informing/coordination the change in multiplexing operation(s) between child and parent nodes (including whether the adaptation is dynamic or semi-static)
FFS: Need for explicit linkage between indicated multiplexing operations and other features/enhancements – e.g. number of required guard symbols, supported timing modes, and power control enhancements (if supported)


Agreement
[bookmark: _Hlk78295584]The parent IAB-node is dynamically provided with conditions/parameters to facilitate adaptation between multiplexing operation modes:
· FFS: Required number of guard symbols for switching of multiplexing mode (FFS: per timing mode or per multiplexing mode) for IAB-DU
· FFS: Signalling procedure
· FFS: Required guard band for FDM
· FFS: other conditions, e.g. required timing mode, required power control parameters, and preferred TCI.




In RAN1#105-e meeting, it was agreed to support dynamic report/indication of conditions/parameters to facilitate adaptation between multiplexing operation modes. The following details need to be further discussed to complete the feature:
· Channel(s)/signal(s) conveying the dynamic report/indication.
· Contents of the dynamic report/indication.
Regarding the channel(s)/signal(s) conveying the dynamic report/indication, at least the following two options can be considered as candidates; 1) L2 (MAC CE) based report/indication, 2) L1 (PUCCH) based report/indication. Since we believe that no motivations have been proven to adopt ms-level dynamic change of the conditions/parameters, we think the priority of L1 (PUCCH) based report/indication is not that high. Therefore, it is suggested to focus on L2 (MAC CE) based report/indication in this release.
Regarding the contents of the dynamic report/indication, the following two aspects need to be taken into account; 1) the medium for the contents will likely be L2 (MAC CE) with tens of ms periodicity or larger so the payload for the contents may not be an issue, 2) the contents should be enough to cover possible implementation flexibilities not to force any specific implementation choice. For the reasons above, we think the dynamic report/indication should include following information at least:
· Supported multiplexing mode (FDM and/or SDM).
· Required timing mode.
· Required DL/UL power control support.
· Information on the “non-preferred” beam.
· Required number of guard symbols for switching of multiplexing mode.
· Required guard band for FDM
Note that since the information on preferred beam is already available by the existing specifications, there is no need to support duplicated content within this dynamic report and it is preferred to focus on the new one, i.e. “non-preferred beam related information”, for more efficient beam management at the parent node.
Another important discussion points during a couple of RAN1 meetings was whether to support semi-static report/indication of conditions/parameters to facilitate adaptation between multiplexing operation modes as well as the dynamic indication agreed in RAN1#105-e. The motivation to introduce L3 (RRC) based report / indication may decrease once we have the L2 based report/indication with high flexibility as discussed above. However, we still believe that the following issues need to be discussed further to handle/manage uplink resource utilization from parent node perspectives:
· [bookmark: _Hlk78377634]Report/indication periodicity or timing: Although the RAN1 preference has leaned to dynamic signalling than semi-static one for now, exact definition of “dynamic” is not clear and such lack of details may cause some issues on future RAN1/RAN2 works to design signalling details. We think a higher-layer signalling to configure a periodicity of this report/indication (or to configure a minimum periodicity of this report/indication) is required to prevent uplink resource utilization from the parent node perspectives.
· Recommendations on the conditions/parameters from parent node perspectives: Considering the implementation flexibility of parent node, which is an important aspect as well as that of IAB node, report/indication of all the listed information above to the parent node may not be efficient especially when the parent node has not implemented (or has no plan to utilize) some of the options. In this case, introducing a higher-layer signalling to configure an exact format of the L2 based report/indication can be a good way to reduce signalling overhead.
Proposal 1: Introduce L2 (MAC CE) based report/indication on conditions/parameters to facilitate adaptation between multiplexing operation modes, where the report/indication includes the following contents, at least:
· Supported multiplexing mode (FDM and/or SDM).
· Required timing mode.
· Required DL/UL power control support.
· Information on the “non-preferred” beam.
· Required number of guard symbols for switching of multiplexing mode.
· Required guard band for FDM

Proposal 2: Introduce higher-layer parameter(s) to configure the following information:
· Periodicity or timing of report/indication on conditions/parameters to facilitate adaptation between multiplexing operation modes.
· Recommendations on the conditions/parameters from parent node perspectives.

In RAN1#106-e meeting, procedure aspects of the multiplexing capability adaptation had been discussed [5]. Figure 1 shows two possible examples of multiplexing capability adaptation procedures. In Figure 1(a), there is no explicit ACK signalling on the reported multiplexing capability information from the parent node and the parent node should ensure that the reported multiplexing capability should be met when he configures/indicates resources for FDM/SDM operations to the IAB node. In Figure 1(b), on the other hands, an explicit ACK signalling from the parent node is supported. It can be understood that the resource configuration signalling from variant (a) is separated into two different steps in variant (b). Since the variant (b) may induce more latency without any functional differentiation, we believe that the variant (a) would be a proper way to go.

Observation 1: No need to support an explicit parent acknowledgement for multiplexing capability adaptation.
[image: ]
[bookmark: _Ref83805496]Figure 1. Examples of multiplexing capability adaptation procedures: (a) without an explicit ACK signaling from parent node, and (b) with an explicit ACK signaling from parent node.
Details on frequency domain resource allocation
The following agreements and FFS points on frequency domain resource allocation had been made [4]:
Table 2. Agreements on frequency domain resource allocation.
	
Agreement
The semi-static configuration of H/S/NA resource type in frequency domain is provided per RB set, per D/U/F resource type within a slot.

Agreement
N is a configured number of PRBs, where the CU configures N
· N = {2, 4, 8, 16, 32, 64}
· FFS: Value(s) of N in case of multiple configured BWPs at the IAB-MT
· This agreement does not revert any existing RAN1 agreement 

Agreement
For a given RB set at a symbol, if Rel-17 frequency domain H/S/NA configuration is not provided, the Rel-16 time domain H/S/NA is applied

Agreement
A Reference SCS is configured for frequency domain H/S/NA configuration.

Agreement
To support soft resource availability in the frequency domain, the existing DCI 2_5 format is reused according to one of the following alternatives:
· Alt. 1: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 2: Multiple DCI format 2_5 can be received indicating availability with the granularity of one or more RB set(s) for different RB sets which correspond to the same time resources of the child IAB-DU cell.
· [bookmark: _Hlk83812657]Alt. 3: A single DCI format 2_5 can be received indicating availability of all the soft resources which correspond to the same time resources of the child IAB-DU cell.




In RAN1#106-e meeting, the following three alternatives were clarified to finalize support of soft resource availability indication in the frequency domain:
· [bookmark: _Hlk83812752]Alt. 1: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 2: Multiple DCI format 2_5 can be received indicating availability with the granularity of one or more RB set(s) for different RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 3: A single DCI format 2_5 can be received indicating availability of all the soft resources which correspond to the same time resources of the child IAB-DU cell.

From our understanding, Alt. 1 is the common part across all the alternatives above. Therefore, it seems that the remaining issue can be defined as like “whether to additionally support Alt. 2 or Alt. 3 on top of Alt. 1?”. One of the main motivations for the additional support of Alt. 2 could be to change the frequency location of frequency domain soft resources more dynamically. However, we think RAN1 has not observed a clear gain from this feature that may justify the higher complexity at the IAB-MT to decode multiple DCI format 2_5. Furthermore, we expect further specification impacts such as “maximum number of DCI format 2_5 that can be decoded within a given time window for a given CC”, for example, if we go with Alt. 2. Regarding Alt. 3, we think this alternative is not clear enough. For instance, we think the terminology “all the soft resources” in Alt. 3 may include “all the soft resources configured by Rel-16 and Rel-17 signalings at a given time”, which is not clearly captured in the current version of Alt. 3 in our understanding.

Proposal 3: Support Alt. 1 (a single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell) for soft resource availability in the frequency domain.
· FFS, whether to additionally support Alt. 2 or Alt. 3 on top of Alt. 1.
· Clarify whether the terminology “all the soft resources” in Alt. 3 includes “all the soft resources configured by Rel-16 and Rel-17 signalings at a given time” or not.

An IAB-DU may be configured with both Rel-17 frequency domain H/S/NA configuration and the Rel-16 time domain H/S/NA configuration for a given time/frequency resource, e.g. for the sake of dynamic switching between Rel-17 and Rel-16 operations. In this case, it would be good to extend some of code points of DCI format 2_5 to cover the joint application cases as well. Table 3 shows an example of the revised mapping between resourceAvailability and the dynamic indication. In Table 3, the same mapping with Rel-16 is reused for the values from 0 to 7 and the additional values from 8 to 14 can indicate use of simultaneous operation(s) on the frequency domain.

[bookmark: _Ref61266497]Table 3. Mapping between values of resourceAvailability elements and types of soft symbol availability in a slot and a given cell.
	Value
	Indication

	0
	No indication of availability for soft symbols

	1
	DL soft symbols are indicated available 
No indication of availability for UL and Flexible soft symbols

	2
	UL soft symbols are indicated available 
No indication of availability for DL and Flexible soft symbols

	3
	DL and UL soft symbols are indicated available 
No indication of availability for Flexible soft symbols

	4
	Flexible soft symbols are indicated available 
No indication of availability for DL and UL soft symbols

	5
	DL and Flexible soft symbols are indicated available 
No indication of availability for UL soft symbols

	6
	UL and Flexible soft symbols are indicated available 
No indication of availability for DL soft symbols

	7
	DL, UL, and Flexible soft symbols are indicated available

	8
	DL soft resources in the configured RB sets are indicated available 
No indication of availability for UL and Flexible soft symbols

	9
	UL soft resources in the configured RB sets are indicated available 
No indication of availability for DL and Flexible soft symbols

	10
	DL and UL soft resources in the configured RB sets are indicated available 
No indication of availability for Flexible soft symbols

	11
	Flexible soft resources in the configured RB sets are indicated available 
No indication of availability for DL and UL soft symbols

	12
	DL and Flexible soft resources in the configured RB sets are indicated available 
No indication of availability for UL soft symbols

	13
	UL and Flexible soft resources in the configured RB sets are indicated available 
No indication of availability for DL soft symbols

	14
	DL, UL and Flexible soft resources in the configured RB sets are indicated available

	15
	Reserved



Proposal 4: Extend the mapping between values of resourceAvailability elements and types of soft symbols/resources for the time/frequency resources configured with both Rel-17 frequency domain H/S/NA configuration and the Rel-16 time domain H/S/NA configuration

Details on spatial domain resource allocation
The following agreements and FFS points on spatial domain resource allocation/management had been made [3], [4]:
Table 4. Agreements on spatial domain resource allocation.
	Agreement
In case of simultaneous MT/DU operation, 
· the parent node can dynamically indicate to the child node at least a set of restricted beams at the IAB-DU of the child node
· the child node can dynamically report to the parent node a set of recommended beams, not preferred beams, or both recommended and not preferred beams of the IAB-MT of the child node
· FFS: Whether the specification supports all reporting combinations.
· FFS: Applicability to specific multiplexing cases or specific time-frequency resources
· FFS: Additional semi-static signaling 
· FFS: Per-panel granularity in addition to per-beam granularity
· FFS: Relationship between child IAB-MT beam indication and parent IAB-DU beam indication
· Note: This does not preclude any enhancements for either DU or MT-based CLI measurement and reports



Agreement
Spatial domain restrictions from a parent node or recommendations from a child node is limited to a subset of time resources in which simultaneous operation is applied.
· FFS: Handling of frequency resources in case of FDM operation
· FFS: Support for implicit/explicit indication of the simultaneous operation mode

Agreement
The child node indication of recommended beams to the parent node can include both IAB-MT DL beams and/or IAB-MT UL beams.
· FFS: Indication via MAC-CE or UCI transmission
· FFS: Definition of IAB-MT DL beams and/or IAB-MT UL beams (e.g. TCI state ID, Spatial relation information ID, RS ID (including CSI-RS, SRS, SSB, etc.))
· FFS: Whether indication of “not preferred” beams is supported

Agreement
MAC-CE signaling from a parent node is supported for indication of beams of an IAB-DU in the direction of which simultaneous operation is restricted
· FFS: Details of beam indication (e.g. TCI state ID, Spatial relation information ID, RS ID (including CSI-RS, SRS, SSB, etc.))
· FFS: Applicability to other beams



Figure 2 shows an example of preferred/non-preferred beam pairs for simultaneous operations. In Figure 2, it is assumed that an IAB node is configured with a DU cell on the frequency resources where multiple MT CCs co-exist together. 
[image: ]
[bookmark: _Ref71290475]Figure 2. An example of preferred/non-preferred beam pairs for simultaneous operations.

If the IAB node is configured or indicated with simultaneous operations for the pair of {DU cell, MT CC1} or {DU cell, MT CC2} for example, there might be a set of preferred (or non-preferred) DU beams and/or MT beams according to the IAB node implementation (e.g. when the antenna isolation/shielding across DU and MT is not enough for some pairs of DU/MT beams). In this situation, a beam pair would be considered as (and therefore, indicated or reported as) non-preferred beam pair if either of the DU beam or MT beam comprising that beam pair is within the non-preferred beam set. On the other hands, a beam pair would be considered as (and therefore, indicated or reported as) preferred beam pair if both of the DU beam and MT beam comprising that beam pair are within the preferred beam set.
From DU beam perspective, the details on beam management (configuration/indication of DU beam to the child node or UE) considering the preferred (or non-preferred) DU beams may be up to the IAB node implementation. However, since RAN1 is considering dynamic adaptation of simultaneous operation modes, a certain level of specification supports on handling of cell-specific or semi-static signals/channels might be helpful especially while those signals/channels are associated with the non-preferred DU beams.
From MT beam perspective, on the other hands, an explicit report on the preferred (or non-preferred) MT beams (identically the preferred DU beams of the parent node) could be helpful for the simultaneous operations. It is noted that the existing specification can support similar feature based on multiple CSI/beam reports, e.g. each CSI/beam report can represent the preferred beam pair of each operation mode (e.g. TDM/FDM/SDM, etc.). However, an explicit report on the non-preferred beam pair would be helpful to reduce the overhead for CSI report/exchange across IAB nodes, since this information cannot be directly obtained by the current specifications. 
For the definition of preferred/non-preferred beams, the following options should be supported at least since different channel relay on different options for beam indication/configuration in Rel-15/-16:
· Option 1: TCI state ID
· Option 2: Spatial relation information ID
· Option 3: RS ID (including CSI-RS, SRS, SSB, etc.)
Regarding the maximum numbers of the preferred(recommended)/non-preferred(restricted) beams for simultaneous operations, we think X > 1 should be supported to secure operational flexibility. Otherwise, the actual usefulness from this feature may not be large that much, since report and/or indication on the single beam preference are well covered by the existing specifications. We assume that the proper number of X could be X=4 considering both the DU/MT implementation complexities and operational flexibility.
Regarding the FFS point on support for implicit/explicit indication of the simultaneous operation mode, we think an explicit indication (or explicit association) is required since the preferred(recommended)/non-preferred(restricted) beams could vary across simultaneous operation modes per implementation.

Proposal 5: Consider specification supports on handling of cell-specific or semi-static signals/channels when the signals/channels are associated with the non-preferred DU beams.
Proposal 6: Consider specification supports to report non-preferred MT beams for simultaneous operations.
Proposal 7: Preferred(recommended)/non-preferred(restricted) beams can be reported/indicated by one or more among the following options:
· Option 1: TCI state ID
· Option 2: Spatial relation information ID
· Option 3: RS ID (including CSI-RS, SRS, SSB, etc.)
Proposal 8: Support X>1, where X is the maximum numbers of the preferred(recommended)/non-preferred(restricted) beams for simultaneous operations.
· Consider X=4, at least.
Proposal 9: Support explicit indication/association of the simultaneous operation mode for the preferred(recommended)/non-preferred(restricted) beam report and/or indication.

As copied in Table 5, Rel-16 eNR-MIMO has supported an important feature so-called “simultaneous TCI/spatial relation update across multiple CCs”, which reduces large amount of signalling overhead for beam management in case of CA and DC scenarios. Based on the “simultaneous TCI/spatial relation update”, the gNB can update the activated/indicated beam for DL or UL across CCs in the configured serving cell list by a single MAC CE at once. Given that signalling overhead for both access and backhaul links is one of the bottlenecks limiting the performance of IAB network, we believe that this “simultaneous TCI/spatial relation update across multiple CCs” feature will play an important role for IAB operations in Rel-17 and beyond releases as well.

[bookmark: _Ref71297375]Table 5. Enhanced beam management across multiple CCs from Rel-16 eNR-MIMO [6].
	· Simultaneous TCI/spatial relation update across multiple CCs
· Simultaneous TCI state ID activation for CORESET
· Simultaneous TCI state ID(s) activation for PDSCH
· Simultaneous spatial relation activation for aperiodic/semi-persistent SRS
…
Second, simultaneous update of DL/UL beam RS across multiple CCs was introduced. Up to two CC lists can be configured by RRC for DL and UL, respectively. Once a DL beam RS ID is activated for a CORESET in a CC by MAC CE, the RS(s) with the same RS ID are activated in other CC(s) in the same CC list. Once one or more DL beam RS ID(s) are activated for PDSCH in a CC by MAC CE, the RS(s) with the same RS ID(s) are activated in other CC(s) in the same CC list. Once a spatial relation RS is activated for an aperiodic or semi-persistent SRS resource in a CC by MAC CE, the same RS is activated as spatial relation RS for the SRS resource(s) with the same resource ID in other CC(s) in the same CC list.
…



However, by the nature that different simultaneous operation modes can be co-exist in the same time occasion due to the complex association across multiple pairs of {DU cell, MT CC}, the existing “simultaneous TCI/spatial relation update across multiple CCs” feature may cause a misalignment between the updated TCI/spatial relation and the preferred (or non-preferred) beams for simultaneous operations. (Or there could be unintended limitations on beam selection as a similar consequence.)

[image: ]
[bookmark: _Ref71298289]Figure 3. Rel-16 simultaneous TCI/spatial relation updates for an IAB node.

Figure 3 provides an example of Rel-16 simultaneous TCI/spatial relation updates across multiple CCs for an IAB node. In Figure 3 it is assumed that each DU cell is served by 4 beams associated with RS ID #1 to #4 where the DU beam direction of RS ID #4 from the parent node is matched with the IAB node location. In this case, the IAB node can report an information on the beam preference, which may include preferred (or non-preferred) beam information for simultaneous operations. Based on the report from the IAB node, the parent node can perform the “simultaneous TCI/spatial relation update across multiple CCs”, which may contain the RS ID #4 since it represent the best beam from spatial domain perspective. When all of the MT CCs within the serving cell list for simultaneous TCI/spatial relation update are configured or indicated with the same mode of simultaneous operation, there will be no issues (or can be resolved by parent node implementation at least). However, if the configured/indicated modes of simultaneous operation for the MT CCs within the serving cell list, then there could be a potential misalignment on the TCI/spatial relation update across CCs since the Rel-16 simultaneous TCI/spatial relation update feature does not permit any exception within the configured serving cell list. Note that a serving cell cannot be shared across the two different serving cell lists in the Rel-16 simultaneous TCI/spatial relation update, so the multiple serving cell lists cannot be utilized to address the issue above (i.e. the potential collision between the “simultaneous TCI/spatial relation update across multiple CCs” and the “beam preferences for simultaneous DU/MT operations”). As an example, the higher layer configuration for the simultaneous TCI/spatial relation update can be enhanced to include/limit the target operation mode for the simultaneous DU/MT operations as well as the serving cell list, so the beam misalignment across different modes can be prevented.

Proposal 10: RAN1 to strive concurrent support of “Rel-16 simultaneous TCI/spatial relation update” and “Rel-17 simultaneous DU/MT operations”.

The following agreements and FFS points on handling of cell-specific/semi-static signals and channels had been made [1]:
Table 6. Agreements on handling of cell-specific/semi-static signals and channels.
	Agreement
Regardless of simultaneous operation, the same cell-specific/semi-static signals and channels of the IAB-DU considered as hard time/frequency resources in Rel-16 are also considered as hard time/frequency resources in Rel-17.
· FFS: IAB-MT behavior in case of conflicts between cell-specific signals/channels and other resource configurations of the IAB-MT (e.g., dedicated slot configurations)




From our understanding the IAB-MT behavior in case of conflicts between cell-specific signals/channels and other resource configurations of the IAB-MT needs to be defined differently per the supported duplexing mode (i.e. per TDM/FDM/SDM). For instance, the parent node may not expect that the IAB-MT, which supports TDM only, will perform transmission or reception in the collision cases as it is in Rel-16. On the other hands, when the IAB node support SDM of DU and MT resources for example, prohibition of IAB-MT behaviour for cell-specific signals/channels will provide no gain but only performance degradation due to the restriction.

Proposal 11: Clarify that there is no impact on IAB-MT behavior due to conflicts between cell-specific signals/channels and other resource configurations of the IAB-MT, when the IAB node supports SDM between DU and MT resources at least.

Support of DC for multi-parent nodes
The following agreements on inter-carrier DC scenarios for IAB had been made [4]:
[bookmark: _Ref83901781]Table 7. Agreements on intra-band inter-carrier DC
	Agreement
The following solutions are supported to handle potential indication conflict of overlapping flexible symbols between two parent IAB-nodes:
· In intra-donor DC scenarios, if the IAB MT does not support simultaneous Tx and Rx on different carriers, it does not expect to receive conflicting DCI 2_0 from different parents. 

Agreement
The IAB-donor-CU can be made aware of the IAB-MT’s capability regarding simultaneous transmission and reception on multiple serving cells in a frequency band, configured by the two parent nodes in intra-donor DC scenarios.

Agreement
To support extension of CA TDD prioritization rules to NR-DC, the following resource coordination mechanisms between parents/donors are supported:
· For intra-donor and inter-donor DC scenarios, in addition to coordination at the donor CU(s), a parent-node can be made aware of the DU resource configuration (UL/DL/FL, H/S/NA) of the other peer parent node that connects to the same IAB-node.
· For intra-donor and inter-donor DC scenarios, coordinating the semi-static and/or cell-common higher layer configuration (e.g. SSB, CORESET 0, and RACH and configurations) from/for different parent nodes.

Agreement
Select from the following alternatives to handle potential indication conflict of symbols configured as semi-static flexible by one parent node, but not the other in inter-donor DC scenarios if the IAB MT of the dual-connected IAB-node does not support simultaneous Tx and Rx on different carriers:
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents. FFS: Explicitly captured in the specification or left as a network configuration error case without specification impact
· Alt. 6. The IAB-MT is expected to operate according to the non-flexible configuration.

Agreement
[bookmark: _Hlk83893715]Select from the following alternatives to handle potential indication conflict of symbols configured as semi-static flexible by both parent nodes in inter-donor DC scenarios if the IAB MT of the dual-connected IAB-node does not support simultaneous Tx and Rx on different carriers:
· Alt. 1: The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents. FFS: Explicitly captured in the specification or left as a network configuration error case without specification impact
· Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG
· FFS: Consideration of the impact of parent node’s H/S/NA when specifying the prioritization rules in case of UL/DL conflict

Conclusion
Decide in RAN1#106bis-e whether the parent IAB DUs of a DC connected IAB node can have per-backhaul-link resource configurations.
· FFS: whether the per-backhaul-link configuration is provided to the dual-connected IAB node.




In RAN1#106-e meeting, potential D-U direction indication conflict handling in DC scenarios had been discussed. Since the corresponding agreements (the 4th and 5th agreements in Table 7) were only for the IAB-MT who does not support simultaneous Tx and Rx on different carriers, we think the previous outcome from half-duplex operation in CA [7] would be a good reference for this discussion as well. In [7], we have observed several counterexamples of Alt. 6 and Alt. 5 as highlighted in Table 8. Note that the highlighted examples in Table 8 show the cases where the non-flexible configuration is overridden by semi-static F. In Table 8 we assumed that “Ref cell” and “Other cell” can be considered as “MCG” and “SCG” in DC scenarios, respectively. From our understanding, Alt. 6 is the opposite side of the yellow part in Table 8.

[bookmark: _Ref83902250]Table 8. Agreements on half-duplex operation in CA [7].
	
	No
	Ref cell
	Other cell
	UE behavior
	Note

	11
	RRC U
	Semi SFI D
	Allowed to drop D
	Dropping on other cell

	12
	Dynamic U
	Semi SFI D
	Allowed to drop D
	Dropping on other cell

	13
	RRC D
	Semi SFI U
	Allowed to drop U
	Dropping on other cell

	14
	Dynamic D
	Semi SFI U
	Allowed to drop U
	Dropping on other cell



· Semi SFI D and U:  D and U symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated
· Semi SFI F: flexible symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to a UE, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE
· RRC D: symbols corresponding to a higher-layer configured PDCCH, or a PDSCH, or a CSI-RS on semi SFI F of the same cell
· RRC U: symbols corresponding to a higher-layer configured SRS, or PUCCH, or PUSCH, or PRACH on semi SFI F of the same cell
· Dynamic D and U: symbols scheduled as D and U by DCI formats other than DCI format 2_0 on semi SFI F of the same cell




In an alternative (i.e. Alt. 5), it was proposed to follow the indication/scheduling from MCG. As captured in the FFS point highlighted above, since the H/S/NA configurations are associated with the TDD pattern configuration/indication from Rel-16, the discussion would have high correlation with H/S/NA resource type determination as well. For instance, it can be understood that Alt. 5 covers both overriding of soft resource indication as well as the D-U direction indication, if a unified prioritization rule for DCI format 2_0 and 2_5 is assumed. Figure 4 represents two possible cases for soft resource indication conflict handling via Alt. 5. When SCG indicates the soft resources as available (case #1 in Figure 4), MCG indication can override SCG indication without any issue since it is up to IAB-DU whether to actually utilize the permitted soft resources or not. When SCG indicates the soft resources as non-available (case #2 in Figure 4), however, such assumption cannot stand anymore. Overriding SCG indication by MCG indication may cause unexpected interference and/or MT behaviors from SCG perspectives, since SCG would have indicated that soft resources as non-available for other purposes (e.g. to support the other IAB nodes or UEs). 

[image: ]
[bookmark: _Ref83890470]Figure 4. Two possible cases for soft resource indication conflict handling.

Based on the observations above, we prefer Alt. 1 (The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents) for potential indication conflict handling.

Proposal 12: Support Alt. 1 for potential indication conflict handling.
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents.

Conclusion
In this contribution, ETRI’s views on IAB resource multiplexing were shown and the following observations and proposals were made:
Observation 1: No need to support an explicit parent acknowledgement for multiplexing capability adaptation.
Proposal 1: Introduce L2 (MAC CE) based report/indication on conditions/parameters to facilitate adaptation between multiplexing operation modes, where the report/indication includes the following contents, at least:
· Supported multiplexing mode (FDM and/or SDM).
· Required timing mode.
· Required DL/UL power control support.
· Information on the “non-preferred” beam.
· Required number of guard symbols for switching of multiplexing mode.
· Required guard band for FDM
Proposal 2: Introduce higher-layer parameter(s) to configure the following information:
· Periodicity or timing of report/indication on conditions/parameters to facilitate adaptation between multiplexing operation modes.
· Recommendations on the conditions/parameters from parent node perspectives.
Proposal 3: Support Alt. 1 (a single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell) for soft resource availability in the frequency domain.
· FFS, whether to additionally support Alt. 2 or Alt. 3 on top of Alt. 1.
· Clarify whether the terminology “all the soft resources” in Alt. 3 includes “all the soft resources configured by Rel-16 and Rel-17 signalings at a given time” or not.
Proposal 4: Extend the mapping between values of resourceAvailability elements and types of soft symbols/resources for the time/frequency resources configured with both Rel-17 frequency domain H/S/NA configuration and the Rel-16 time domain H/S/NA configuration
Proposal 5: Consider specification supports on handling of cell-specific or semi-static signals/channels when the signals/channels are associated with the non-preferred DU beams.
Proposal 6: Consider specification supports to report non-preferred MT beams for simultaneous operations.
Proposal 7: Preferred(recommended)/non-preferred(restricted) beams can be reported/indicated by one or more among the following options:
· Option 1: TCI state ID
· Option 2: Spatial relation information ID
· Option 3: RS ID (including CSI-RS, SRS, SSB, etc.)
Proposal 8: Support X>1, where X is the maximum numbers of the preferred(recommended)/non-preferred(restricted) beams for simultaneous operations.
· Consider X=4, at least.
Proposal 9: Support explicit indication/association of the simultaneous operation mode for the preferred(recommended)/non-preferred(restricted) beam report and/or indication.
Proposal 10: RAN1 to strive concurrent support of “Rel-16 simultaneous TCI/spatial relation update” and “Rel-17 simultaneous DU/MT operations”.
Proposal 11: Clarify that there is no impact on IAB-MT behavior due to conflicts between cell-specific signals/channels and other resource configurations of the IAB-MT, when the IAB node supports SDM between DU and MT resources at least.
Proposal 12: Support Alt. 1 for potential indication conflict handling.
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents.
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