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Introduction
In order to support simultaneous operation by IAB node’s child and parent links, some enhancements had been discussed, such as extension of the semi-static DU resource type indication to frequency domain, resource management in the spatial domain, dual-connectivity, etc. In this contribution, we will continue to provide views on these aspects.
Discussions 
DU resource configuration in frequency domain
The following agreements have been made in RAN1#104b-e on semi-static resource configuration and dynamic indication of availability for soft frequency resources for DU[1]:
	Agreement
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

Agreement
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

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
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




Semi-static resource configuration
According to above agreements, it was agreed that H/S/NA resource configuration in frequency-domain within a carrier is supported. However, there are still some remaining issues to be handled, such as, minimum resource size (e.g. N PRBs/N RBGs), separate or joint TDM and FDM semi-static DU resource configurations.
And we think it is not necessary to define/configure the minimum resource size as N RBGs, the reasons are as follows. Firstly, for each child MT/access UE served by IAB-DU cell, the RBG in uplink/downlink resource allocation type 0 is defined relative to Point A. the size of the RBG depends on the size of the BWP, and the network provides BWP configuration per child MT or access UE. However, RB sets (e.g. as shown in Figure 1) are defined relative to carrier frequency used in IAB-DU cell. Therefore, even if the minimum resource size is the same as RBG size or is the same as the size of a set of RBGs, it is difficult to ensure that the boundary of the RB set is aligned with the boundary of RBG or a set of RBGs for child MT or access UE frequency resource allocation. Secondly, it gives more implementation flexibility to configure the granularity as N PRBs, e.g., with properly N configured, the so called ‘RBG-based granularity’ can also be achieved.
In our view, H/S/NA resource type in frequency-domain can be configured per RB set in frequency-domain and per slot or per slot per resource type in time-domain. E.g., for each RB set can be indicated by the starting PRB and the number of consecutive PRBs within a carrier (e.g. indicated by RIV). Further discussion can be made to determine the details about the configuration of RB sets, e.g., the maximum number of RB sets, reference carrier based on which RB sets are defined.
[bookmark: _Toc26122][bookmark: _Toc2780]If the frequency domain granularity of one RB set were defined as N RBGs, it is difficult to ensure that the boundary of the RB set is aligned with the boundary of RBG or a set of RBG for child MT or access UE frequency resource allocation.  
[bookmark: _Toc384][bookmark: _Toc68678816][bookmark: _Toc8469][bookmark: _Toc9005][bookmark: _Toc2238][bookmark: _Toc8842][bookmark: _Toc55][bookmark: _Toc4076] H/S/NA in frequency-domain should be configured per RB set, the frequency domain granularity of an RB set is configured as N PRBs.
In our view, the description of “FFS: separate or join TDM and FDM semi-static DU resource configurations” is not clear. One understanding is that TDM and FDM semi-static DU resource configurations are separate or join at the signaling level, and the other is that TDM and FDM semi-static DU resource configurations are separate or join at the resource level. In our view, the design of signaling level should be completed by RAN3, and the design of resource level should be completed by RAN1. For the design of resource level, there are two options as shown in Figure 1:
· Option 1 (joint): For a given symbol/slot of a IAB DU cell, IAB node is provided with either time-domain H/S/NA configuration or frequency-domain H/S/NA configuration, e.g., TDM and FDM resources could be orthogonally configured per slot(per resource type) basis.
· Option 2 (separate): For a given symbol/slot of an IAB DU cell, IAB node can be provided with both time-domain and frequency domain H/S/NA configurations. I.e. one symbol/slot corresponds to two H/S/NA configurations.

[image: ]
Figure 1: Example of separate or join TDM and FDM semi-static DU resource configurations
For option 1, one symbol/slot corresponds to only one type of H/S/NA configuration, i.e., either frequency domain or time domain. Therefore, IAB node and its parent node as well as the CU can have a consistent understanding on the used IAB-DU resource configurations.
For option 2, IAB node may determine to use one of the configurations dynamically, in this case, it may aggravate interference and resource collision, and may cause different understanding on the used IAB-DU resource configurations among IAB node, its parent node and CU. For example, as shown in Figure 1, RB set 2 in slot 1 is configured as NA in time-domain H/S/NA configuration and is configured as H in frequency-domain H/S/NA configuration, CU or even parent node cannot dynamically know which H/S/NA configuration is selected by IAB-DU. Then, CU or even parent node also cannot know whether the IAB-DU can use RB set 2 in slot 1. In other words, the CU or even parent node loses the control of whether IAB-DU uses RB set 2 in slot 1 or not, which will lead to interference deterioration and resource utilization conflict.
[bookmark: _Toc1323][bookmark: _Toc13411]It may aggravate interference and resource collision if a given symbol/slot were configured with both time-domain and frequency-domain H/S/NA configurations.
[bookmark: _Toc258][bookmark: _Toc68678817][bookmark: _Toc10116][bookmark: _Toc13079][bookmark: _Toc13621][bookmark: _Toc30323][bookmark: _Toc6940][bookmark: _Toc27561]For a given symbol/slot of an IAB DU cell, IAB node can be provided with either time-domain H/S/NA configuration or frequency-domain H/S/NA configuration. 
[bookmark: _Toc30460]In Rel-16 IAB, an IAB node has the ability to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes. Similarly, it is reasonable that parent node can be made aware of IAB-DU cell H/S/NA resource configuration in frequency-domain to have a good understanding of H/S/NA resource type of an IAB-DU cell and then make appropriated assumption about the resource availability at IAB-MT.
[bookmark: _Toc20177][bookmark: _Toc3633][bookmark: _Toc7762]The IAB node is aware of the H/S/NA resource configuration in frequency-domain of its child IAB DU.
Dynamic availability indication
The benefit of introducing a new DCI format had not been justified, but it is foreseeable that its support will lead to more normative work, e.g. configure new RNTI, new search space set etc. Since DCI format 2_5 in Rel-16 can be seen as availability indication of soft resources per carrier (i.e. carrier level). After introducing RB sets, it is a good way to extend the DCI format 2_5 from per carrier to per RB set (i.e. RB set level). Therefore, it is not necessary to introduce the new DCI format to indicate availability of soft resources at RB set level.
[bookmark: _Toc14443][bookmark: _Toc32571]There is no need to introduce a new DCI format to indicate the availability of soft resources at RB set level.
In Rel-16 IAB, for an IAB-DU cell, a set of availability combinations (i.e. availability combination table) are provided by RRC signaling, and one availability combination are indicated by DCI format 2_5 to indicate the availability of soft resources at carrier level in one or more slots. Availability indication of soft resources at RB set level in Rel-17 IAB can be achieved by enhancing availability combination table and/or DCI format 2_5.
[bookmark: _Toc7157][bookmark: _Toc16798]Availability indication of soft resources at RB set level in Rel-17 IAB can be achieved by enhancing availability combination table and/or DCI format 2_5.  
Rel-17 IAB can reuse Rel-16 availability combination table or configure new availability combination table(s) to support availability indication of soft resources at RB set level. Additionally, to achieve backward compatibility, Rel-17 IAB should also support the use of independent availability combination index field in DCI format 2_5 to indicate availability of soft resources at RB set level.
[bookmark: _Toc30354][bookmark: _Toc15965][bookmark: _Toc13188][bookmark: _Toc19338][bookmark: _Toc68678820][bookmark: _Toc15874][bookmark: _Toc429][bookmark: _Toc23834]Rel-17 IAB can reuse Rel-16 availability combination table or configure new availability combination table(s) to support availability indication of soft resources at RB set level.
[bookmark: _Toc32414][bookmark: _Toc26356][bookmark: _Toc28517][bookmark: _Toc28614]Support the use of independent availability combination index field in DCI format 2_5 to indicate availability of soft resources at RB set level.

Spatial domain
The following agreements have been made in RAN1#104b-e on whether/how to manage resources in the spatial domain.
	Agreement
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



In Rel-16, an IAB node can report to CU the information about the multiplexing capabilities between the IAB-DU cell and the cells configured on the collocated IAB-MT, such as, an indication of whether the IAB-node supports simultaneous MT-Tx/DU-Tx, simultaneous MT-Rx/DU-Rx, or simultaneous MT-Rx/DU-Tx, simultaneous MT-Tx/DU-Rx. Furthermore, the CU sends the multiplexing capability of the IAB node to its parent node, i.e. the parent node can be made aware of the multiplexing capabilities of IAB node. However, the fact that an IAB node has the capability to operate simultaneously does not mean that the IAB node can always perform simultaneous operation. There are some factors, e.g. timing alignment, power control and beams used by IAB-DU and collocated IAB-MT, which can impact the actual simultaneous operation capabilities. Therefore, it is difficult for CU to semi-static control all the IAB-DUs resource availability on spatial-domain due to the time-variant channel conditions. I.e. H/S/NA configuration is not applicable for SDM.
[bookmark: _Toc11239][bookmark: _Toc26148] Semi-static H/S/NA configuration is not applicable for SDM due to time-variant channel conditions.  
[bookmark: _Toc9195][bookmark: _Toc10500][bookmark: _Toc68678821][bookmark: _Toc31546][bookmark: _Toc19990] Extension of H/S/NA resource indication to the spatial domain is not supported.
Similar as slot format indication by DCI format 2_0 or availability indication of soft symbols by DCI format 2_5 in Rel-16, the beams which will be used by parent backhaul link (e.g. parent node DU Tx beam, IAB-MT Tx beam) can be indicated by parent node to an IAB node. IAB DU can determine the beams of child backhaul link/access link according to the indication from its parent node. For instance, the TCI/SRI for parent backhaul link could be indicated to IAB node from its parent node in advance. According to the indicated beams, the IAB node can dynamically determine whether simultaneous operation can be performed, and dynamically determine how to perform SDM, e.g. selecting appropriate beam for IAB-DU. New DCI format 2_x or extension of DCI format 2_0/2-5 can be used to indicate the beams that can be used (i.e. beam availability) for the parent backhaul link of an IAB node. For example, the following information can be provided for each serving cell of an IAB-MT. 
· a location of beam availability index field in DCI format 2_x
· a set of beam availability combinations, where each beam availability combination in the set of beam availability combinations indicates the beams that can be used for the parent backhaul link in one or more slot, and each beam availability combination corresponds to a beam availability combination ID. Beam availability index field in DCI format 2_x is used to indicate a beam availability combination ID.
IAB node can determine the beams that can be used for the parent backhaul link in one or more slots once IAB node detects the DCI format 2_x or extension of DCI format 2_0/2-5. In above approach, details for how to define/configure beam availability combination can be FFS. E.g., whether beam availability combinations are provided similar as availability combination of soft resources, the time domain granularity for beam availability indication (such as per a set of slots, per slot or per resource type per slot).
[bookmark: _Toc27556][bookmark: _Toc13190][bookmark: _Toc4155][bookmark: _Toc9738]To enable simultaneous operation at the IAB node, dynamic indication of beams which will be used by parent backhaul link (e.g. parent node DU Tx beam, IAB-MT Tx beam) can be supported, signaling similar as DCI format 2_0/2_5 could be a starting point for such indication: 
[bookmark: _Toc12583][bookmark: _Toc12641][bookmark: _Toc4136][bookmark: _Toc28541][bookmark: _Toc68678818][bookmark: _Toc4810][bookmark: _Toc5481][bookmark: _Toc2485]FFS: how to define/configure beam availability combination
[bookmark: _Toc3383][bookmark: _Toc29468][bookmark: _Toc12348][bookmark: _Toc3985]FFS: time domain granularity of beam availability indication

Dual connectivity
The following agreements have been made in RAN1#104b-e on dual connectivity for IAB node [1].
	Agreement
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 order to mitigate the transmission direction collision in intra-band NR DC operation, the TDD configurations for the parent nodes need to be aligned firstly. This can be guaranteed for intra-donor operation as the same CU can coordinate the configurations internally, while for inter donor operation, there may need some TDD configuration coordination between CUs, this can be left for RAN2 and/or RAN3. In general, from RAN1 perspective, the TDD configuration from different parent nodes are assumed identical to minimize the conflict at the IAB MT side.
[bookmark: _Toc15324][bookmark: _Toc31777][bookmark: _Toc21222][bookmark: _Toc20757]To minimize the transmission direction conflict at the IAB MT side, the TDD configuration from different parent nodes are assumed not conflicted for intra-band inter-carrier DC.
Although inter-donor DC is supported in Rel-17, an IAB node can only have F1-AP interface with only one CU, i.e., semi-static resource configuration per DU cell from one CU is assumed according to RAN3 agreement, so there will be no semi-static resource configuration conflict for IAB DU in DC operation.

[bookmark: _Toc29962][bookmark: _Toc30766]Semi-static IAB DU resource configuration conflict in DC scenarios have been avoided since an IAB node can only have F1-AP interface with only one CU.
R16 CA has specified the TDD conflict resolution by defining a reference cell and UE will determine the transmission of a serving cell based on the indicated resource between a serving cell and the reference cell, UE is not expected to be configured and/or indicated different transmission directions between a serving cell and the reference cell. In DC operation, the TDD conflict can be resolved in MCG and SCG respectively using current definition. And the conflict resolve framework can be extended that UE is not expected to be configured and/or indicated different transmission directions between the reference cell in MCG and the reference cell in SCG additionally.
[bookmark: _Toc13091][bookmark: _Toc13844][bookmark: _Toc8755]In DC operation, IAB MT is not expected to be configured and/or indicated different transmission directions between the reference cell in MCG and the reference cell in SCG

In DC scenario, one parent has no knowledge of availability indication of another parent, for example, when both parent IAB1 and parent IAB 2 can indicate the resource availability for soft symbol(s) to the IAB3-DU(s) by DCI format 2_5, and when parent IAB1 indicates the a DU resource at IAB3 side as available while parent IAB2 does not indicate the same resource as available, IAB3 DU will not know how to set the attribution of the resource. 
Generally speaking, if both parents are allowed to indicate the resource availability for soft symbol(s) of the same DU cell, there is inevitable potential conflict, and then a series spec work about conflict information report and DU resource availability confirmation are needed, which will lead to a more complex specification procedure, to avoid this situation, it is better just one parent is allowed to indicate the resource availability for soft symbol(s) to a cell of the IAB-DU(s) by DCI format 2_5.
[bookmark: _Toc13198][bookmark: _Toc3852][bookmark: _Toc68678824][bookmark: _Toc1061][bookmark: _Toc265]Just one resource availability indication either from MCG or from SCG is expected for an IAB-DU soft symbol of an IAB DU cell.

With regard to inter-donor CU multi-parent scenarios and intra-donor CU multi-parent scenarios, we suppose both scenarios have high layer semi-static resource configuration/coordination between two parent nodes, and for solutions targeting for the two scheduling collisions mentioned above, they are more relevant to physical layer solutions, which is independent on whether it is an inter-donor or intra-donor CU multi-parent scenarios. So separate solutions for resource coordination in case of inter-donor CU multi-parent scenarios are not needed.
[bookmark: _Toc68678826][bookmark: _Toc30052][bookmark: _Toc8572][bookmark: _Toc20762][bookmark: _Toc29802]From RAN1 perspective, both intra-donor and inter-donor multi-parent scenarios can be supported within a common framework.
Conclusion
According to the discussion above, we provide the following observations and proposals on resource multiplexing of IAB:
[bookmark: _GoBack]Observation 1: If the frequency domain granularity of one RB set were defined as N RBGs, it is difficult to ensure that the boundary of the RB set is aligned with the boundary of RBG or a set of RBG for child MT or access UE frequency resource allocation.
Observation 2: It may aggravate interference and resource collision if a given symbol/slot were configured with both time-domain and frequency-domain H/S/NA configurations.
Observation 3: There is no need to introduce a new DCI format to indicate the availability of soft resources at RB set level.
Observation 4: Availability indication of soft resources at RB set level in Rel-17 IAB can be achieved by enhancing availability combination table and/or DCI format 2_5.
Observation 5: Semi-static H/S/NA configuration is not applicable for SDM due to time-variant channel conditions.
Observation 6: Semi-static IAB DU resource configuration conflict in DC scenarios have been avoided since an IAB node can only have F1-AP interface with only one CU.

Proposal 1: H/S/NA in frequency-domain should be configured per RB set, the frequency domain granularity of an RB set is configured as N PRBs.
Proposal 2: For a given symbol/slot of an IAB DU cell, IAB node can be provided with either time-domain H/S/NA configuration or frequency-domain H/S/NA configuration.
Proposal 3: The IAB node is aware of the H/S/NA resource configuration in frequency-domain of its child IAB DU.
Proposal 4: Rel-17 IAB can reuse Rel-16 availability combination table or configure new availability combination table(s) to support availability indication of soft resources at RB set level.
Proposal 5: Support the use of independent availability combination index field in DCI format 2_5 to indicate availability of soft resources at RB set level.
Proposal 6: Extension of H/S/NA resource indication to the spatial domain is not supported.
Proposal 7: To enable simultaneous operation at the IAB node, dynamic indication of beams which will be used by parent backhaul link (e.g. parent node DU Tx beam, IAB-MT Tx beam) can be supported, signaling similar as DCI format 2_0/2_5 could be a starting point for such indication:
• FFS: how to define/configure beam availability combination
• FFS: time domain granularity of beam availability indication
Proposal 8: To minimize the transmission direction conflict at the IAB MT side, the TDD configuration from different parent nodes are assumed not conflicted for intra-band inter-carrier DC.
Proposal 9: In DC operation, IAB MT is not expected to be configured and/or indicated different transmission directions between the reference cell in MCG and the reference cell in SCG
Proposal 10: Just one resource availability indication either from MCG or from SCG is expected for an IAB-DU soft symbol of an IAB DU cell.
Proposal 11: From RAN1 perspective, both intra-donor and inter-donor multi-parent scenarios can be supported within a common framework.
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