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1. Introduction
At RAN1#104bis-e meeting, following agreements on IAB resource multiplexing were made [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
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
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
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
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 this contribution, we discuss enhancements on resource multiplexing between child and parent links of an IAB node to support simultaneous operation of transmission and/or reception. 

2. Resource management in frequency domain
It was agreed to support extension of semi-static configuration of H/S/NA resource type to frequency domain. Considering different frequency resources may be needed for DU on its child link in different slots with different D/U/F resource types, H/S/NA resource types in frequency domain can be configured per RB set per slot per D/U/F resource type.
Proposal 1: Semi-static configuration of H/S/NA resource type in frequency domain is per RB set per slot per D/U/F resource type.
Whether H/S/NA resource type in time domain and frequency domain is separately or jointly configured needs to be further studied. Following options can be considered.
· Option1: Separate configurations of H/S/NA in time domain and H/S/NA in frequency domain are provided as shown in Figure1. For H/S/NA in time domain, Rel-16 signaling is reused. For H/S/NA in frequency domain, new signaling is introduced. Meanwhile, for a symbol, both H/S/NA in time domain and H/S/NA in frequency domain can be configured. At the last meeting, it was agreed to support adaptation of IAB node’s multiplexing operation which may be based on D/U/F resource type of IAB-DU and IAB-MT, timing mode, etc. With Option1, when simultaneous operation is performed, H/S/NA in frequency domain and new FDM behavior can be applied. While when simultaneous operation cannot be performed, H/S/NA in time domain and Rel-16 TDM behavior can be applied. Furthermore, whether H/S/NA resource type in frequency domain is configured for every time unit or can be configured for only some time units can be further discussed. If H/S/NA resource type in frequency domain is configured for only some time units, H/S/NA in time domain and Rel-16 TDM behavior can be applied for a symbol that H/S/NA in frequency domain is not configured.
· Option2: Joint configuration of H/S/NA in time domain and H/S/NA in frequency domain is provided as shown in Figure2. The configuration of H/S/NA resource type is for each time-frequency resource. New signaling can be introduced. Rel-16 H/S/NA in time domain is not configured. In this case, IAB node behavior when simultaneous operation cannot be performed needs to be further studied. For example, on a symbol, if RB set#1 is configured as hard, and RB set #2 is configured as NA, when simultaneous operation cannot be performed, how to determine whether IAB-DU or IAB-MT can Tx/Rx needs to be further studied.
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Figure1: Separate configuration of H/S/NA in time domain and H/S/NA in frequency domain
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Figure2: Configuration of H/S/NA for each time-frequency resource

Proposal 2: Consider following options for extension of H/S/NA resource type to frequency domain.
· Option1: Separate configurations of H/S/NA in time domain and H/S/NA in frequency domain are provided. For a symbol, both H/S/NA in time domain and H/S/NA in frequency domain can be configured.
· Option2: Joint configuration of H/S/NA in time domain and H/S/NA in frequency domain is provided. The configuration of H/S/NA resource type is for each time-frequency resource. Rel-16 H/S/NA in time domain is not configured.

It was agreed to support soft resource availability indication for frequency domain resources. Availability for soft frequency resources can be dynamically indicated with the same granularity as semi-static configuration, i.e., per RB set per slot per D/U/F resource type as shown in Figure3. For dynamic indication, indicating availability for both time domain and frequency domain is not necessary. With either Option1 or Option2 for semi-static configuration, availability of soft resource can be determined from the dynamic indication per RB set per slot per D/U/F resource type. Thus, DCI format 2_5 framework can be reused, and ResourceAvailability can be enhanced to indicate availability per RB set per slot per D/U/F resource type instead of per slot per D/U/F resource type in Rel-16.
Proposal 3: Dynamic indication of soft resource availability in frequency domain is per RB set per slot per D/U/F resource type. 
Proposal 4: DCI format 2_5 framework can be reused, and ResourceAvailability can be enhanced to indicate availability per RB set per slot per D/U/F resource type.
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Figure3: dynamic indication of soft resource availability in frequency domain

3. Resource management in spatial domain
At RAN1#104-e meeting, it was agreed to further study resource management in spatial domain.
In case of simultaneous MT Tx/Rx and DU Tx/Rx, IAB-DU can decide its spatial domain resource based on the beam used by MT Tx/Rx. For example, for single-panel IAB node, IAB-DU needs to use the same analog beam configured/indicated for the simultaneous MT Tx/Rx. For multi-panel IAB node, separate panels can be used by IAB-DU and IAB-MT. However, to alleviate interference between MT-Rx/DU-Rx or MT-Rx/DU-Tx or MT-Tx/DU-Rx, IAB-DU may select a beam for its child link with lower interference between simultaneous MT Tx/Rx according to the beam used by MT. Without coordination of resource management in spatial domain between MT and DU, the beam used by DU may not be the best beam for its child link. To enhance resource management in spatial domain, some assistant information can be reported to parent node via enhancement on MT beam reporting. Following options can be considered.
· Option1: Based on legacy MT beam reporting framework, for each MT beam, whether the MT beam can be used for simultaneous MT/DU operation is additionally reported.
· Option2: Based on legacy MT beam reporting framework, best MT beams from the MT beams which can be used for simultaneous MT/DU operation are reported. 
With the above assistant information in MT beam reporting, parent node can configure/indicate MT beams via Rel-15/16/17 beam management framework while taking coordination between MT and DU beam management into account. And DU beam management can be handled by DU implementation based on MT beam configured/indicated by parent node.
Proposal 5: Consider following options of enhancement on MT beam reporting.
· Option1: Based on legacy MT beam reporting framework, for each MT beam, whether the MT beam can be used for simultaneous MT/DU operation is additionally reported.
· Option2: Based on legacy MT beam reporting framework, best MT beams from the MT beams which can be used for simultaneous MT/DU operation are reported. 
Proposal 6: DU beam management is handled by DU implementation. 

4. Adaptation of multiplexing operation 
4.1. Impact on multiplexing capability from timing mode
In addition to the alignment of transmission direction between MT and DU, case#6 and case#7 timing alignment are also required for simultaneous MT-Tx/DU-Tx and simultaneous MT-Rx/DU-Rx, respectively. For simultaneous MT-Rx/DU-Rx with case#7 timing, timing alignment can be controlled by IAB node itself i.e., by controlling TA for its child nodes/UEs to align DU-Rx timing with MT-Rx timing. For simultaneous MT-Tx/DU-Tx with case#6 timing, it was agreed at RAN1#103-e that case#6 timing mode is controlled by the parent node. Thus, whether simultaneous MT-Tx/DU-Tx can be performed is impacted by UL Tx timing indicated by parent node, i.e., simultaneous MT-Tx/DU-Tx can be performed only if case#6 UL Tx timing is indicated by parent node, otherwise, simultaneous Tx cannot be performed.
Proposal 7: If case#6 timing mode is required for simultaneous MT-Tx/DU-Tx, simultaneous MT-Tx/DU-Tx can be performed only if case#6 UL Tx timing is indicated by parent node; otherwise, simultaneous Tx cannot be performed.

4.2. Multiplexing capability on DU flexible symbol 
For a given multiplexing capability, MT and DU can simultaneously Tx/Rx if transmission/reception direction of MT and DU are aligned. In Rel-16, transmission/reception direction of a DU flexible symbol is decided by IAB node and is not informed to the parent node. In that case, whether/how to perform simultaneous operation with parent node on DU flexible symbol needs to be discussed.

To support simultaneous operation on DU flexible symbol, one of the potential solutions is that IAB node reports transmission/reception directions of DU flexible symbols to the parent node. However, a disadvantage of this method is that the parent node cannot configure/indicate a resource for IAB node MT Tx/Rx unless the report on the DU flexible symbol is available. In order to perform simultaneous operation, IAB node needs to decide and report the transmission/reception direction of the DU flexible resource before the same resource is configured/indicated for MT Tx/Rx. Moreover, additional signaling overhead will be introduced. 

Another possible solution is that the parent node can configure/indicate/schedule IAB node MT Tx or Rx on a DU flexible symbol, and IAB node DU will Tx/Rx on the flexible symbol based on MT transmission/reception direction and its multiplexing capability. In this case, IAB node does not need to report transmission/reception direction of DU flexible symbol to the parent node, with saving signaling overhead. Moreover, simultaneous operation is always possible, which is beneficial for resource utilization efficiency although the resource usage of DU flexible symbol may be restricted depending on its multiplexing capability and the resource usage at the parent node.
Proposal 8: On a DU flexible symbol, parent node can configure/indicate IAB node MT Tx/Rx, and IAB node DU will Tx/Rx on the symbol based on MT transmission/reception direction and its multiplexing capability.

4.3. Enhancement on guard symbol
In Rel-16, to resolve a resource conflict between IAB-MT and IAB-DU caused by time misalignment, guard symbols are inserted at MT Tx/Rx and DU Tx/Rx switching for case#1 timing mode. In Rel-17, case#6 and case#7 timing modes are additionally supported for resource multiplexing case A and B. Different timing modes may result in different MT Tx timing and DU Tx timing and therefore result in different numbers of guard symbols are needed at MT Tx/Rx and DU Tx/Rx switching.

In Rel-16, 0~4 guard symbols can be reported by IAB node and provided by parent node. In Rel-17, with case#6 and case#7 timing, whether different value range of the number of guard symbols is needed for the new timing modes needs to be studied.

Additionally, if dynamic switching among different timing modes is supported, an enhancement on multiple indications of guard symbols for different timing modes needs to be studied.
Proposal 9: Whether different value range of the number of guard symbols is needed for the new timing modes needs to be studied.
Proposal 10: Further study whether to support dynamic switching among different timing modes and the potential enhancement on multiple indications of guard symbols for different timing modes, if supported.

5. Discussion on enhancements on resource coordination in DC scenario
It was agreed to further study solutions for scheduling collision between two parent nodes due to indication of resource availability for DU soft symbol by DCI format 2_5.

In Rel-16, DU H/S/NA resource types and availability of DU soft resources are configured/indicated per DU serving cell. In intra-band inter-carrier DC scenario, for the case of TDM resource multiplexing, the resource coordination between IAB-DU and both parent nodes needs to be studied considering following cases.
· Case1: Bandwidth of DU serving cell is overlapped with MT serving cells of both MCG and SCG 
· Case2: When there is half duplex constraint, TDM is needed between the DU serving cell and MT serving cells in both cell groups when different link direction is configured/indicated for MT and DU.
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Figure 4. Bandwidth of DU cell is overlapped with MT CCs in both cell groups (Case1)
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Figure 5. TDM is needed between DU and both parent nodes due to half duplex constraint (Case 2)

In the above two cases, availability of a DU symbol is impacted by both parent nodes. For TDM resource multiplexing between IAB-DU and both parent nodes, following methods can be considered:
· Option1: Rel-16 mechanism of DU H/S/NA resource configuration is reused. H/S/NA resource types are configured per DU serving cell. IAB-DU can Tx/Rx on a symbol configured as hard, or a symbol configured as soft and indicated as available by both parent nodes. With option1, for soft symbols, IAB-MT needs to decode two DCIs from two parent nodes to determine the resource availability.
· Option2: DU H/S/NA resource types are configured per DU serving cell and per parent node. Rel-16 framework of DU H/S/NA resource configuration can be reused. IAB-DU can Tx/Rx on a symbol configured as hard for both parent nodes, or a symbol configured as hard for one parent node while configured and indicated as soft-IA by the other parent node, or a symbol configured and indicated as soft-IA by both parent nodes. Option2 is beneficial when a symbol is configured as hard for one parent node and configured as soft for the other parent node, since IAB-MT only needs to monitor dynamic indication of resource availability from one parent node. However, option2 may result in lower resource utilization.
Proposal 11: For TDM resource multiplexing in DC scenario, following methods can be considered:
· Option1: DU H/S/NA resource types are configured per DU serving cell with reusing Rel-16 mechanism of DU H/S/NA resource configuration. DU can Tx/Rx on a symbol configured as hard, or a symbol configured as soft and explicitly/implicitly indicated as available by both parent nodes.
· Option2: DU H/S/NA resource types are configured per DU serving cell and per parent node. DU can Tx/Rx on a symbol configured as hard for both parent nodes, or a symbol configured as hard for one parent node while configured and explicitly/implicitly indicated as soft-IA by the other parent node, or a symbol configured and explicitly/implicitly indicated as soft-IA by both parent nodes.

6. Conclusion
In this contribution, we discussed enhancements on resource multiplexing between child and parent links of an IAB. Based on the discussion, we made following proposals.
Proposal 1: Semi-static configuration of H/S/NA resource type in frequency domain is per RB set per slot per D/U/F resource type.
Proposal 2: Consider following options for extension of H/S/NA resource type to frequency domain.
· Option1: Separate configurations of H/S/NA in time domain and H/S/NA in frequency domain are provided. For a symbol, both H/S/NA in time domain and H/S/NA in frequency domain can be configured.
· Option2: Joint configuration of H/S/NA in time domain and H/S/NA in frequency domain is provided. The configuration of H/S/NA resource type is for each time-frequency resource. Rel-16 H/S/NA in time domain is not configured.
Proposal 3: Dynamic indication of soft resource availability in frequency domain is per RB set per slot per D/U/F resource type. 
Proposal 4: DCI format 2_5 framework can be reused, and ResourceAvailability can be enhanced to indicate availability per RB set per slot per D/U/F resource type.
Proposal 5: Consider following options of enhancement on MT beam reporting.
· Option1: Based on legacy MT beam reporting framework, for each MT beam, whether the MT beam can be used for simultaneous MT/DU operation is additionally reported.
· Option2: Based on legacy MT beam reporting framework, best MT beams from the MT beams which can be used for simultaneous MT/DU operation are reported. 
Proposal 6: DU beam management is handled by DU implementation. 
Proposal 7: If case#6 timing mode is required for simultaneous MT-Tx/DU-Tx, simultaneous MT-Tx/DU-Tx can be performed only if case#6 UL Tx timing is indicated by parent node; otherwise, simultaneous Tx cannot be performed.
Proposal 8: On a DU flexible symbol, parent node can configure/indicate IAB node MT Tx/Rx, and IAB node DU will Tx/Rx on the symbol based on MT transmission/reception direction and its multiplexing capability.
Proposal 9: Whether different value range of the number of guard symbols is needed for the new timing modes needs to be studied.
Proposal 10: Further study whether to support dynamic switching among different timing modes and the potential enhancement on multiple indications of guard symbols for different timing modes, if supported.
Proposal 11: For TDM resource multiplexing in DC scenario, following methods can be considered:
· Option1: DU H/S/NA resource types are configured per DU serving cell with reusing Rel-16 mechanism of DU H/S/NA resource configuration. DU can Tx/Rx on a symbol configured as hard, or a symbol configured as soft and explicitly/implicitly indicated as available by both parent nodes.
· Option2: DU H/S/NA resource types are configured per DU serving cell and per parent node. DU can Tx/Rx on a symbol configured as hard for both parent nodes, or a symbol configured as hard for one parent node while configured and explicitly/implicitly indicated as soft-IA by the other parent node, or a symbol configured and explicitly/implicitly indicated as soft-IA by both parent nodes.
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