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[bookmark: OLE_LINK1]Introduction
Regarding enhancements for simultaneous operation of IAB-node’s child and parent links, RAN1#104bis have made the following agreements. 
· The extension of the semi-static DU resource type indication to frequency-domain resources within a carrier (in addition to existing Rel-16 per-carrier granularity) for H/S/NA resource types is supported
· For the semi-static DU resource configuration in the frequency domain within a carrier, the frequency-domain granularity is configurable
· FFS:  minimum resource size e.g. N PRBs/N RBGs
· FFS: Separate or joint TDM and FDM semi-static DU resource configurations 
· Soft resource availability indications for frequency-domain resources are supported
· FFS enhancements to DCI Format 2_5
· FFS: Separate or joint TDM and FDM indications
· 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 (0including 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)
· To facilitate simultaneous operations and interference management, dynamic indication for restriction/usage/availability of beams (in upstream and/or downstream directions) is supported
· FFS: Applicability to specific multiplexing cases or specific time-frequency resources
· FFS: Whether IAB-specific enhancements beyond the existing beam management framework are needed to the support the functionality
· FFS: Impact on the semi-static resource configurations (e.g., extending the H/S/NA resource attributes to the spatial domain)
· FFS: Whether panel-based granularity is additionally supported
Regarding dual-connectivity scenario in the context of topology redundancy for improved robustness and load balancing, RAN1#104bis have made the following agreements. 
· The following enhancements to support intra-band inter-carrier dual connectivity for both inter-donor and intra-donor scenarios are considered (in addition to reusing solutions for inter-band dual connectivity) to support simultaneous Tx and/or Rx at the child IAB-MT to/from both parent links:
· Extending the Rel-16 CA TDD conflict resolution framework for synchronous intra-band NR-DC operation
· Coordinating TDD configurations for the parent nodes (for both intra-donor and inter-donor operation) and coordinating H/S/NA configurations for the child node between donors (at least for inter-donor operation)
In this contribution, based on those discussion and agreements, we further elaborate on mechanisms for resource multiplexing among backhaul and access link. 
Frequency-Domain Resource Multiplexing
Semi-static DU resource configurations for TDM and FDM
As RAN1#104bis has agreed to extend semi-static H/S/NA DU resource configuration to frequency-domain, we need to clarify the interaction of TDM and FDM operation, in order to further discuss separate or joint TDM and FDM semi-static DU resource configurations. 
When an IAB-node operates in TDM mode, as the IAB-MT and the IAB-DU already separate in time-domain resource, further separation in frequency-domain resource is not needed. In other words, the time-domain H/S/NA can be applied to the entire IAB-DU bandwidth, without considering frequency-domain H/S/NA attributes (no matter frequency-domain H/S/NA is configured or not). 
On the other hand, when an IAB-node operates in FDM mode, as the IAB-MT and the IAB-DU already separate in frequency-domain resource, simultaneous MT/DU operation is allowed and further separation in time-domain resource is not needed. In other words, the frequency-domain H/S/NA can be applied to the entire time interval of FDM operation, without considering time-domain H/S/NA attributes (no matter time-domain H/S/NA is configured or not). 
Hence, TDM and FDM operation should be orthogonal to each other (i.e., TDM only or FDM only at a time interval). Time-domain H/S/NA and frequency-domain H/S/NA will not be simultaneously applied (no matter they are configured or not). 
Based on this clarification of TDM/FDM orthogonality, it is straightforward that joint TDM/FDM semi-static DU resource configuration (e.g., H/S/NA on time-frequency grid) is not necessary. As TDM and FDM operations are independent, separate TDM and FDM semi-static DU resource configurations are preferred. 
Proposal 1: TDM and FDM operation should be orthogonal to each other (i.e., TDM only or FDM only at a time interval). Time-domain H/S/NA and frequency-domain H/S/NA will not be simultaneously applied (no matter they are configured or not). 
Proposal 2: As TDM and FDM operations are independent, separate TDM and FDM semi-static DU resource configurations are preferred. 
Soft resource availability indication for frequency-domain resources
In case of FDM operation with H/S/NA frequency-domain configuration, enhancements to support dynamic indication of soft frequency resource availability are needed. Considering backwards compatibility with Rel-16 DCI format 2_5 in time-domain and TDM/FDM orthogonality, separate indication of time and frequency soft resources are preferred. 
Current Rel-16 time-domain resource availability element in the RRC configured availability combination table can take 8 values (0-7). The range of frequency-domain resource availability element in the RRC configured availability combination table depends on the semi-static frequency-domain DU configuration granularity and can be extended from 8 values. One option of frequency-domain soft availability indication can apply DCI format 2_5 with different RRC configured availability combination table interpretation, while other options can be different RNTI, different field of DCI format 2_5 or a different DCI format. 
Proposal 3: For DU soft resource availability indication, support separate frequency-domain availability indication from time-domain indication, with the following options. 
· Option 1: different RRC configured availability combination table interpretation
· Option 2: different RNTI
· Option 3: different field of DCI format 2_5 
· Option 4: different DCI format
Spatial-domain Resource Multiplexing
RAN1#104bis has agreed to support dynamic indication for restriction/usage/availability of beams and more details FFS. Considering the dynamic channel condition in spatial domain, it is not feasible for the CU to semi-statically configure an IAB-DU’s spatial-domain resource with beam-based granularity. In addition, it will be more flexible and feasible to leave possible panel selection to an IAB-node’s implementation. Hence, semi-static spatial-domain resource configuration with beam-based granularity or panel-based granularity are not preferred.   
In current Rel-16 specification, beam indication is based on TCI or spatial relation info with reference signals (SSB, CSI-RS or SRS). For example, PDCCH beam indication is based on TCI indication configured by RRC TCI states and MAC CE; while PDSCH beam indication is based on TCI indication configured by RRC TCI states, MAC CE, and TCI field in DCI (if present). In addition, there is a scheduling offset threshold to decide whether PDSCH follows default beam or indicated TCI beam. 
Accordingly, there can be several options for beam management enhancements considered for Rel-17 IAB. 
Firstly, instead of dynamic beam indication to inform an IAB-MT which beam to use, parent DU can transmit dynamic beam restriction to inform an IAB-MT which beam(s) not to use, and spare those spatial-domain resources for the co-located IAB-DU.  
Secondly, early PDSCH/PUSCH beam indication for an IAB-MT (e.g., enhanced K0/K2 configuration for IAB) will benefit the co-located IAB-DU to leverage the spatial-domain resource in a timely manner. 
Thirdly, there can be explicit dynamic beam indication from the parent DU to both the IAB-MT and the IAB-DU, so that the spatial-domain resource is dynamically controlled by the parent node. 
Proposal 4: Semi-static spatial-domain resource configuration with beam-based granularity or panel-based granularity are not preferred. 
Proposal 5: There can be several options for beam management enhancements considered for Rel-17 IAB. 
· Option 1: parent DU can transmit dynamic beam restriction to inform an IAB-MT which beam(s) not to use  
· Option 2: early PDSCH/PUSCH beam indication for an IAB-MT (e.g., enhanced K0/K2 configuration for IAB) 
· Option 3: explicit dynamic beam indication from the parent DU to both the IAB-MT and the IAB-DU 
Support for Dual-Connectivity Scenarios
[bookmark: _Ref510628869]To support IAB DC scenarios, one issue is soft resource availability indication via DCI format 2_5. For an IAB MT with multiple parents, there will be scheduling confusion/conflict for DCI format 2_5 received from different parent nodes indicating different soft resource availability for the same DU resource on IAB node’s child link. 
RAN1#104e has discussed several alternatives in Rel-17 IAB for scheduling collision between two parent DUs due to DCI format 2_5 indication, we summarize them as below. 
· Alt. 1: Left to IAB-node implementation
· Alt. 2: DCI format 2_5 only from one parent
· Alt. 3: Same indication from both parents
· Alt. 4: Same carrier(s) indication
In Alt.1, the Rel-16 behaviour for explicit indication of soft time domain resources by DCI format 2_5 is reused for multi-parent scenarios in Rel-17 without additional enhancements.
In Alt.2, an IAB-node is not expected to receive two DCI format 2_5 from MCG and SCG indicating the resource availability for a same IAB-DU soft symbol. To avoid scheduling conflict, the other parent who does not transmit DCI format 2_5 still need to be informed. In other words, additional parent alignment signalling is needed for Alt. 2. 
In Alt.3, an IAB-DU may use a soft symbol if the IAB-MT detects both DCI format 2_5 with an AI index field value indicating the soft symbol as available. Alt. 3 can be fulfilled with or without parent alignment signalling. 
In Alt.4, the indication of soft availability via DCI format 2_5 from a parent node is only valid for IAB-DU cell(s) which uses the same carrier(s) in the backhaul link for the same parent. Alt. 4 is especially suitable for two parent DUs operating at different carriers. 
For dynamic DCI format 2_5 indication, minimum parent alignment signalling is preferred. Comparing the four alternatives, we first exclude Alt. 1 and Alt. 2, since it is not clear how Alt. 1 will solve the DCI format 2_5 scheduling conflict issue and Alt. 2 needs additional parent alignment signalling. For inter-carrier DC, Alt. 4 is preferred since it does not require additional parent alignment signalling and an IAB-node can handle parent link and child link under different carriers. For intra-carrier DC (if supported), Alt. 3 is preferred since it can be fulfilled without parent alignment signalling. 
[bookmark: _Ref510629010]Proposal 6: For scheduling collision between two parent DUs due to DCI format 2_5 indication: 
· Same carrier(s) indication is preferred for inter-carrier DC. 
· Same indication from both parents is preferred for intra-carrier DC (if supported). 
Support for Per-backhaul Link DU Resource Configuration
Regarding semi-static DU resource configuration, current Rel-16 IAB only support per-DU cell configuration.  However, there can be several advantages with per child IAB-MT link (per-link) configuration listed as follows. 
1. Per-link DU resource configuration can differentiate the child IAB MT with dual-connectivity from other child IAB-MTs and coordinate resource configurations between the child IAB-MT’s multiple parents. 
In Figure 5.1, we show an example of an IAB-DU1 with three child-MTs, where one of them (child-MT3) is under dual-connectivity with another parent (IAB-DU2). Then, it will be beneficial for child-MT3 to have special per-link configuration under IAB-DU1, to coordinate resource configurations between this child-MT3’s multiple parents. 
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Figure 5.1: Per-link DU configuration example 1 

2. Per-link DU resource configuration has additional benefit in interference management (for example, by setting NA to a specific link) of adjacent links with different parents.
In Figure 5.2, we show an example of an IAB-DU1 with three child-MTs, where one child link (between IAB-DU1 and child-MT3) is close to an adjacent link (between IAB-DU2 and child-MT4). Then, it will be beneficial for child-MT3 to have special per-link configuration under IAB-DU1 for interference management purpose. 
[image: Diagram

Description automatically generated]
Figure 5.2: Per-link DU configuration example 2 
3. Furthermore, the resource configuration for each child IAB-DU can be different, which makes the resource availability for each child IAB-MT different from each other. The per-link resource configuration at an IAB-DU can be more flexible to satisfy the different resource availability of each child IAB-MT. 
In Figure 5.3, we show an example of an IAB-DU1 with three child-MTs, and the corresponding child-DUs can have different semi-static resource configuration. In this example, child-DU3 has different H/S/NA attributes at some time slot from child-DU1/child-DU2, which makes the resource availability at child-MT3 different from child-MT1/child-MT2. Then, it will be beneficial for child-MT3 to have special per-link configuration under IAB-DU1 to satisfy the different child-MT3 resource availability. 
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                  Figure 5.3: Per-link DU configuration example 3 
Proposal 7: For the semi-static DU resource configurations, additionally support per-backhaul link (e.g. per child IAB-MT link) configuration.  
Reference SCSs for AI configuration  
In current IAB specification, if an IAB-node is provided an RRC parameter availablityIndicator, the IAB-node DU assumes a same SCS configuration for availabilityCombinations for a serving cell as an SCS configuration provided by IAB-DU-Resource-Configuration-TDD-Config for the serving cell. There is no reference SCS for RRC configuration related to DCI format 2_5. 
Regarding the search space of DCI format 2_5, RAN1#100b-e has made the following agreements. 
· Confirm DCI Format 2_0 and DCI Format 2_5 can be monitored by an IAB-MT in at least a common search space. The same number of aggregation levels and candidates can be separately configured for both DCI Format 2_0 and DCI Format 2_5.
· DCI Format 2_0 is not monitored by an IAB-MT in a UE(MT)-specific search space. DCI Format 2_5 can be additionally monitored by an IAB-MT in a UE(MT)-specific search space. Signaling details (e.g. whether the configuration is in the existing UE-specific search space configuration or a new MT-specific search space configuration is left up to RAN2).
In the agreements as above, DCI format 2_5 can be monitored by an IAB-MT in a common search space, which means one DCI format 2_5 can be sent to a group of IAB nodes for soft availability indication. In this case, each IAB node cannot assume the SCS related to the soft availability indication on its own and reference SCSs will be needed, similar to the reference SCSs in DCI format 2_0 configuration for slot format indication. Also, introduce reference SCSs will facilitate AI indication for paired spectrum. 
Hence, in the RRC IE AvailabilityCombinationPerCell for soft resource availability indication configuration, an IAB node can be provided with reference SCSs as follows. 
AvailabilityCombinationsPerCell ::=   SEQUENCE {
iabDuCellId-AI                   IAB-DU-CellID-AI-r16,
subcarrierSpacing-AI             SubcarrierSpacing,
subcarrierSpacing2-AI            SubcarrierSpacing                              OPTIONAL,
    positionInDCI-AI                 INTEGER(0..maxAI-DCI-PayloadSize)              OPTIONAL, 
availabilityCombinations         SEQUENCE (SIZE (1..maxNrofAvailabilityCombinationsPerSet)) 
									  OF AvailibilityCombination,
    ...
}
· For unpaired spectrum operation, a reference SCS configuration  is provided by subcarrierSpacing-AI and, when a supplementary UL carrier is configured for the serving cell, a reference SCS configuration  is provided by subcarrierSpacing2-AI for the supplementary UL carrier.
· For paired spectrum operation, a reference SCS configuration  for a DL BWP is provided by subcarrierSpacing-AI and a reference SCS configuration  is provided for an UL BWP by subcarrierSpacing2-AI. 

Proposal 8: Add reference SCSs for soft resource availability indication configuration in the RRC IE AvailabilityCombinationPerCell. 
· For unpaired spectrum operation, a reference SCS configuration  is provided by subcarrierSpacing-AI and, when a supplementary UL carrier is configured for the serving cell, a reference SCS configuration  is provided by subcarrierSpacing2-AI for the supplementary UL carrier.
· For paired spectrum operation, a reference SCS configuration  for a DL BWP is provided by subcarrierSpacing-AI and a reference SCS configuration  is provided for an UL BWP by subcarrierSpacing2-AI. 
Soft Resource Availability Indication for Paired Spectrum
Regarding IAB operation in paired spectrum, RAN1#100b-e has made the following agreements.
· For paired spectrum, the DU resource configuration framework is extended with the following:
· Two separate per-cell D/U/F and H/S/NA configurations are provided for DL and UL respectively.
Whether this signaling is supported in Rel-16 is up to RAN3 and no additional specification impact is considered in RAN1 in Rel-16 for IAB operation in paired spectrum.
· No additional specification impact for 38.213 is required for the definition of half-duplex operation in case of IAB nodes operating in paired spectrum. Further discussion of the default multiplexing capability indication for IAB nodes operating in paired spectrum can be discussed under the IAB-MT Features agenda item in the future (if needed).
However, there are still some concern regarding DCI format 2_5 operation for paired spectrum [2]. Current resource availability element can take eight values to differentiate D/U/F soft resource availability. When there are F symbols on both downlink and uplink in the same slot for paired spectrum indication, the eight values cannot further differentiate downlink flexible and uplink flexible soft resource availability. 
The issue can be solved in a similar way as DCI format 2_0 operation for paired spectrum by separating multi-slot availability indication into DL BWP and UL BWP. For an IAB MT on a serving cell for paired spectrum operation, the AI index field in DCI format 2_5 indicates both a combination of availability indication values for a reference DL BWP and a combination of availability indication values for a reference UL BWP, according to the reference SCS configuration  and .  
· If : for each  values provided by resourceAvailability, the first  values for the combination of availability indication values are applicable to the reference DL BWP and the next value is applicable to the reference UL BWP. 
· If : for each  values provided by resourceAvailability, the first value for the combination of availability indication values are applicable to the reference DL BWP and the next  values are applicable to the reference UL BWP. 

Proposal 9: For DCI format 2_5 operation in paired spectrum with a reference SCS configuration  provided for the reference DL BWP of the serving cell and a reference SCS configuration  provided for the reference UL BWP of the serving cell: 
· If : for each  values provided by resourceAvailability, the first  values for the combination of availability indication values are applicable to the reference DL BWP and the next value is applicable to the reference UL BWP. 
· If : for each  values provided by resourceAvailability, the first value for the combination of availability indication values are applicable to the reference DL BWP and the next  values are applicable to the reference UL BWP. 
Conclusion
In this contribution, we discussed mechanisms to support simultaneous operation of IAB-node’s child and parent links.  It is summarized by the following observations and proposals. 
Proposal 1: TDM and FDM operation should be orthogonal to each other (i.e., TDM only or FDM only at a time interval). Time-domain H/S/NA and frequency-domain H/S/NA will not be simultaneously applied (no matter they are configured or not). 
Proposal 2: As TDM and FDM operations are independent, separate TDM and FDM semi-static DU resource configurations are preferred. 
Proposal 3: For DU soft resource availability indication, support separate frequency-domain availability indication from time-domain indication, with the following options. 
· Option 1: different RRC configured availability combination table interpretation
· Option 2: different RNTI
· Option 3: different field of DCI format 2_5
· Option 4: different DCI format
Proposal 4: Semi-static spatial-domain resource configuration with beam-based granularity or panel-based granularity are not preferred. 
Proposal 5: There can be several options for beam management enhancements considered for Rel-17 IAB. 
· Option 1: parent DU can transmit dynamic beam restriction to inform an IAB-MT which beam(s) not to use  
· Option 2: early PDSCH/PUSCH beam indication for an IAB-MT (e.g., enhanced K0/K2 configuration for IAB) 
· Option 3: explicit dynamic beam indication from the parent DU to both the IAB-MT and the IAB-DU 
Proposal 6: For scheduling collision between two parent DUs due to DCI format 2_5 indication: 
· Same carrier(s) indication is preferred for inter-carrier DC. 
· Same indication from both parents is preferred for intra-carrier DC (if supported). 
Proposal 7: For the semi-static DU resource configurations, additionally support per-backhaul link (e.g. per child IAB-MT link) configuration.  
Proposal 8: Add reference SCSs for soft resource availability indication configuration in the RRC IE AvailabilityCombinationPerCell. 
· For unpaired spectrum operation, a reference SCS configuration  is provided by subcarrierSpacing-AI and, when a supplementary UL carrier is configured for the serving cell, a reference SCS configuration  is provided by subcarrierSpacing2-AI for the supplementary UL carrier.
· For paired spectrum operation, a reference SCS configuration  for a DL BWP is provided by subcarrierSpacing-AI and a reference SCS configuration  is provided for an UL BWP by subcarrierSpacing2-AI. 
Proposal 9: For DCI format 2_5 operation in paired spectrum with a reference SCS configuration  provided for the reference DL BWP of the serving cell and a reference SCS configuration  provided for the reference UL BWP of the serving cell: 
· If : for each  values provided by resourceAvailability, the first  values for the combination of availability indication values are applicable to the reference DL BWP and the next value is applicable to the reference UL BWP. 
· If : for each  values provided by resourceAvailability, the first value for the combination of availability indication values are applicable to the reference DL BWP and the next  values are applicable to the reference UL BWP. 
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