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1. Introduction
This contribution provides our view on the IAB resource management framework in the context of the Rel-17 IAB WID [1] objectives. We first discuss multi-parent support for IAB in Rel-17, where existing specifications related to NR-DC operation are investigated to identify potential enhancements required for supporting intra-band inter-carrier NR-DC and for supporting explicit indication of soft resources via DCI2_5 in multi-parent scenario. We then discuss the extension of Rel-16 resource management framework to frequency domain for supporting simultaneous operation. At last, we discussed potential enhancements for supporting efficient operation of enhanced multiplexing modes.     
[bookmark: _Hlk32401284][bookmark: _Hlk24102609]2. Multi-parent support for IAB in Rel-17
The following agreements have been made in RAN1-103e [2] regarding supporting multi-parent in IAB-network.  
	Agreements:
· From a RAN1 perspective, resource multiplexing and coordination is supported for the following DC scenarios in Rel-17.
· Inter-carrier, inter-band 
· Inter-carrier, intra-band is additionally supported at least for FR2 
· At least to the extent it reuses solutions for supporting Inter-carrier, inter-band
· FFS: whether specific enhancements for inter-carrier, intra-band DC are introduced in Rel-17
· From a RAN1 perspective, at least intra-donor multi-parent operation is supported in Rel-17 
· FFS: Inter-donor operation pending additional input from RAN2/RAN3
· The explicit indication of soft resources by DCI Format 2_5 is supported for multi-parent scenarios in Rel-17.
· FFS: Whether additional enhancements over the Rel-16 solution are needed



For FFS item on whether specific enhancements for inter-carrier, intra-band DC are introduced in Rel17, we examined several specifications [3-10] for NR-DC related operations and have the following observations.  
Observation 2.1:
In Rel-16, following operations for NR-DC are specified in spec with some features missing support for intra-band inter-carrier NR-DC. 
· RAN1: UE TX power sharing specification defined for NR-DC is general and can be applied for intra-band inter-carrier DC.
· RAN1: The handling of potential TDD confliction between serving cells is specified within CA framework but is not specified for NR-DC. 
· RAN4: The band configuration and RRM requirements (e.g. MTTD and MRTD etc.) defined for NR-DC are limited for inter-band NR-DC (only within FR1 bands and between FR1 and FR2 bands) and are not specified for intra-band inter-carrier NR-DC.
· Higher layer: Some of UE/MT capabilities defined for NR-DC are described in term of inter-band NR-DC and are not appliable for intra-band inter-carrier NR-DC. 
· E.g. ca-parametersNRDC, asyncNRDC-r16, etc.
Based on above analysis on specification support for intra-band inter-carrier NR-DC, we have following proposals.       
Proposal 2.1:
To support intra-band inter-carrier NR-DC, Rel-16 handling of potential TDD confliction due to half-duplex operation for CA framework shall be extended to NR-DC between cell groups.
Proposal 2.2:
RAN1 shall coordinate with RAN4 and higher layer for support of intra-band inter-carrier NR-DC with at least following aspects:
· E.g. adding band configuration and RRM requirements for intra-band inter-carrier NR-DC. 
· E.g. Updating related UE/MT capabilities for NR-DC so that they are applicable for intra-band inter-carrier NR-DC.
We now examine the FFS item on whether additional enhancements over Rel-16 DCI2_5 framework are needed in Rel17 for support of multi-parent scenario. In multi-parent scenario, it may happen that a soft resource of an IAB-DU cell is explicitly indicated as available via DCI2_5 signalling from one parent node but is not explicitly indicated as available by another parent node. There can be different cases that availability of a soft resource is not explicitly indicated as available:
· Case1: The DU cell is configured as part of DCI2_5, and the indication received by DCI2_5 for the soft resource is marked as “not indicated of availability”.
· Case2: The DU cell is not configured as part of DCI2_5.
· Case3: DCI2_5 is not received.
If a soft resource is not explicitly indicated as available by DCI2_5, an implicit method will be used by IAB-node based on whether the use of soft resource by IAB-DU will impact co-located MT’s operation on TX/RX. For example, if an IAB-node is capable of simultaneous operation over (IAB-DU cell1, IAB-MT cell2) and if IAB-DU cell1 is not configured as part of DCI2_5 received by IAB-MT cell2, the implicit method shall determine that IAB-DU cell1 can use the soft resource due to IAB-node’s enhanced capability on simultaneous operation. In Rel-16, the existing spec on description of implicit determination may have some ambiguity for multi-parent scenario, because it does not specify whether the impact to co-located MT’s operation is on all serving cells of MT or only on the serving cells belong to the cell group associated with the parent node without explicit indication. 
Observation 2.2:
In Rel-16, if a soft resource is not explicitly indicated as available by DCI2_5, an implicit method will be used by IAB-node for determination of use of the soft resource by IAB-DU based on whether it will impact co-located MT’s operation.
Observation 2.3:
For multi-parent scenario, it may happen that a soft resource of an IAB-DU cell is explicitly indicated as available by one parent via DCI2_5 but not by another parent node, and there can be ambiguity in Rel-16 for interpretation of IAB-node’s behaviour on implicit determination in this case.
Based on above observations, we have the following proposal to clarify that the implicit determination for soft resource shall be based on IAB-DU’s impact to co-located MT’s operation on the cell group associated with the parent node without explicit indication. In this way, when a soft resource of an IAB-DU cell is explicitly indicated as available by parent1 but not by parent2, the IAB-node only needs to check whether IAB-DU’s use of soft resource will impact IAB-MT’s operation on the cell group associated with parent2.         
Proposal 2.3:
In Rel17, the implicit determination of soft resources shall be clarified as follows:
· If a soft resource of an IAB-DU cell is not explicitly indicated as “available” by a DCI2_5 associated with a parent node, IAB-DU can use this soft resource if its usage does not impact to MT’s operation over the cell group associated with this parent node without explicit indication.
 
3. Extension of resource management to frequency domain
The following agreements have been made in RAN1-103e [2] regarding supporting efficient operation of enhanced multiplexing modes, wherein one of FFS items is to investigate whether/or how to extend Rel-16 resource management framework to frequency domain. 
	Agreements:
· The Rel-16 IAB-DU resource types (Soft/Hard/NA) are the starting point for supporting resource multiplexing for simultaneous operation cases in Rel-17. 
· FFS: Whether resource type definitions need to be extended to frequency domain resources 
· FFS: Coexistence of simultaneous operation resources and TDM resources
· FFS: Whether new rules governing cell-specific/semi-static signals and channels at the IAB-DU and/or IAB-MT in case of simultaneous operation are necessary.
· The Rel-16 explicit indication of soft resources by DCI Format 2_5 is supported for simultaneous operation cases in Rel-17. 
· FFS: Whether/how to extend DCI Format 2_5 to frequency domain resources and/or paired spectrum
· FFS: Coexistence of simultaneous operation resources and TDM resources



For simultaneous operation at an IAB-node between parent and child links, using SDM over overlapping frequency-domain resources can be efficient in resource utilization if the interference between parent and child links is very small. However, if there is significant interference with SDM between parent and child links, separation in frequency-domain with FDM can be a good approach to avoid interference. Comparing FDM with TDM, there are pros and cons as shown by observation 3.1, and thus FDM is proposed to be supported in Rel-17 as a complement resource management scheme to Rel-16 TDM scheme. 
Observation 3.1: 
For simultaneous operation at an IAB-node between parent and child links, frequency-domain multiplexing (FDM) can provide benefit for interference management. Comparing FDM with TDM, 
· Both require resource overhead to handle timing misalignment between MT and DU, e.g. guard symbols for TDM and guard tones for FDM. 
· FDM provides advantage of latency over TDM and more flexibility in scheduling in time.
· FDM suffers more on power imbalance issue than TDM, which may require more guard tones in-between or enhanced power management.
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[bookmark: _Ref61813598]Figure 1 – Rel-16 resource management per DU cell versus Proposed scheme per DU RB set
The FDM in granularity of a carrier is in fact already supported in Rel-16 for both semi-static resource configuration and DCI2_5 in term of IAB-DU cells, where a DU cell can be a carrier in frequency domain. As specified in F1-AP [10], DU reports a set of served cells to CU, each cell with OAM configured information on frequency and channel bandwidth, and CU responds back to DU with a list of activated cells from this reported set. An example of Rel-16 resource configuration per DU cell is shown at left sub-figure of Figure 1, where each IAB-DU has 2 served cells with carriers (f1, f2) respectively. The Rel-16 resource configuration per IAB-DU cell framework can support coexistence of TDM resources and simultaneous operation resources with SDM/FDM as shown in Figure 1:
· At time resource1, resources are TDMed cross parent and child IAB-DUs for both carriers f1 and f2.
· At time resource2, resources are FDMed across parent at f2 and child IAB-DUs at f1.   
· At time resource3, resources are SDMed across parent and child IAB-DUs at f2, and are dynamic TDMed at f1 via soft resource type assigned for child node.                    
     
Observation 3.2:
In Rel-16, FDM is supported in granularity of a carrier (in term of an IAB-DU cell) for both semi-static resource configuration and DCI2_5. 
· For semi-static resource configuration, IAB-DU resource types (Hard/Soft/NA) are configured per DU cell.
· For DCI2_5, a set of DU cells can be configured to be indicated with availability indication from parent node.
For both cases, a DU cell can be a carrier in frequency domain, which is OAM configured and reported to CU.

Though Rel-16 resource management framework supports FDM in granularity of a carrier, depending on the number of available carriers and channel bandwidth of each carrier, the achievable resource patterns at frequency domain can be very limited. E.g., as shown in Figure 1, if channel bandwidth of f2 is much larger than f1, time resource2 with FDM allocation are not balanced cross parent and child nodes. If FDM can be supported in RB level within a carrier, more flexible resource patterns in frequency domain can be achieved and better interference management can also be achieved within a carrier using SDM/FDM. This flexibility can be more beneficial for FR2 bands, wherein the channel bandwidth of a carrier is relative larger and can be one of 50, 100, 200, 400MHz.    
 
Observation 3.3:
FDM in RB level within a carrier can provide more flexibility for interference management than FDM in carrier level alone, especially for FR2 with relatively large channel bandwidth of 50, 100, 200, 400MHz.

There can be different choices of signalling design to support FDM in RB level within a carrier. Regardless the design details, a number of factors listed in observation 3.4 shall be considered for the design of signalling. Since the Rel-16 resource management framework already takes into account these factors, it is proposed to extend the Rel-16 resource management framework from per DU cell to a finer granularity in frequency domain called “DU RB set”, where a “DU RB set” can be configured by CU as a set of consecutive RBs within a DU cell. Comparing to a carrier, a “DU RB set” is more flexible in frequency location and size. A number of “DU RB sets” can be configured for an IAB-DU cell, and the Rel-16 semi-static IAB-DU resource configuration (including both Hard/Soft/NA configuration and DL/UL/flexible slot configuration) can be applied to each individual DU RB set within a DU cell independently as shown in right sub-figure of Figure 1. Similarly, “DU RB set” can also be applied for DCI2_5, i.e. a number of DU RB sets per DU cell can be configured to be indicated with DCI2_5 for availability of soft resources.            

Observation 3.4:
The following factors needs be considered to support FDM in RB level within a carrier:
· Flexibility to support coexistence of TDM resources and simultaneous operation resources with SDM/FDM.
· Flexibility to support possible common RBs cross IAB-DUs for cell-specific signals, e.g. cell-defined SSB for initial access. 
· Compatibility with UE-specific bandwidth part framework.

Proposal 3.1:
Extend Rel-16 IAB resource management framework from per DU cell to per “DU RB set”, where a “DU RB set” can be configured by CU as a set of consecutive RBs within a DU cell. 
· The extension can be done for semi-static IAB-DU resource configuration and/or DCI2_5.

4. Efficient operation of enhanced multiplexing modes
The following agreements have been made in RAN1-103e [2] regarding supporting efficient operation of enhanced multiplexing modes.
	Agreements:
· Further consider different applicability restrictions/conditions for simultaneous operation multiplexing cases:
· FFS: Whether a given case is only applicable for certain resource types or combinations: e.g. DL access, DL backhaul, UL access, UL backhaul
· FFS: Network (including parent node) awareness of a child IAB node’s ability to support simultaneous operation due to short-term and long-term factors including panel selection, interference, timing, transmit power, capability indication etc.
· FFS: Necessary differentiation for paired spectrum vs. unpaired spectrum
· FFS: Whether specific enhancements are defined for full-duplex cases vs. being left to implementation (as in Rel-16)
· Note: There should not be any impact on legacy UE behaviour



[image: ]While Rel-16 IAB introduced new upper-layer signalling for an IAB-node to indicate its capability of supporting enhanced multiplexing modes, we herein argue how efficiently the IAB-node may operate in such enhanced modes may depend on the communication configurations and change over time. 
Let’s first investigate (MT TX, DU RX) and (MT RX, DU TX) [full-duplex] modes. There are practically, especially in higher bands, two SI components: (a) local coupling between the TX and RX antennas, and (b) reflection of the transmitted signal, by a remote object, back to the receive antennas.
Both SI components are beam-dependent. That is, the amount of SI (local SI and remote reflection) varies for different choices of TX and RX beams. Moreover, changes in the environment and the nearby objects would change the effect of remote reflections. Hence, SI and the capability of efficiently operating in these enhanced modes vary with beams and may change over time. 
Similarly, for (MT TX, DU TX) and (MT RX, DU RX), the efficiency of operating in these modes depends on the choice of TX beam pair and RX beam pair respectively. This further depends on the level of TX and RX powers, and in return the pathloss values that may dynamically change in response to the changes in the environment. 
Hence, at times and for given configurations, an IAB-node may not be able to effectively operate in an enhanced multiplexing mode whose support has been previously indicated as a capability to the network.
Observation 4.1: 
· The efficiency of operating in enhanced multiplexing modes depends on the communication configuration (e.g. TX/RX beamforming) and may change over time.
· An IAB-node, at times and for given configurations, may not be able to effectively operate in an enhanced multiplexing mode whose support has been previously indicated as a capability to the network
The network (CU and the parent-node) should be provided with sufficient and in-time information about the efficiency of the IAB-node’s capability of operating in enhanced multiplexing modes. 
The IAB-node, upon any change, should send a direct and local indication (e.g. via MAC-CE) to the parent-node to indicate whether it can efficiently support its enhanced multiplexing operation. The parent-node should take this into account to manage its resource utilization – e.g. if the IAB-node indicates it cannot support an enhanced multiplexing mode at a given time, the parent-node may back off from scheduling the IAB-MT on the resources that are also allocated to the IAB-DU (as HARD). 
This local indication, as opposed to sending an updated capability signalling to the CU (via F1-AP) and CU forwarding the updated indication to the parent-node, has much less overhead and is much faster. 

Proposal 4.1: 
Support local refinement indication between parent and child nodes (e.g. via MAC-CE) for simultaneous operation:
· to dynamically indicate whether the semi-static capability for enhanced multiplexing is applicable over time.
· to specify conditions required to realize the enhanced multiplexing capability, e.g. timing mode and/or TX power constraints.
As discussed earlier, the interference can also be beam dependent, in the sense that the interference can be large for some beam pairs while can be small for other beam pairs cross two interfering links. E.g. The enhanced multiplexing may not effectively be supported for some beam directions and/or for some combinations of the child-links and the parent-BH-links. The IAB-node can share this information with CU to let CU determine better resource configurations for the IAB-network, and donor CU can assign resource (Hard/Soft/NA) in a beam-specific way to control interference between IAB-nodes.
Proposal 4.2: 
Extend the Rel-16 semi-static DU resource management to spatial-domain as follows:
a) Support indicating the configuration(s) required to enable an enhanced multiplexing capability by IAB-node DU to donor CU, e.g. for which beams (SSBs) or which served child-nodes, the IAB-node can operate in the enhanced multiplexing mode.
b) Support indicating DU resource type (Hard/Soft/NA) per beam or per SSB area or per child node by donor CU to an IAB-node DU.

Conclusion
This contribution provided our view on the IAB resource management framework in the context of the Rel-17 IAB WID . The following observations and proposals were made:
This contribution provided our view on the IAB resource management framework in the context of the Rel-17 IAB WID . The following observations and proposals were made:
Observation 2.1:
In Rel-16, following operations for NR-DC are specified in spec with some features missing support for intra-band inter-carrier NR-DC. 
· RAN1: UE TX power sharing specification defined for NR-DC is general and can be applied for intra-band inter-carrier DC.
· RAN1: The handling of potential TDD confliction between serving cells is specified within CA framework but is not specified for NR-DC. 
· RAN4: The band configuration and RRM requirements (e.g. MTTD and MRTD etc.) defined for NR-DC are limited for inter-band NR-DC (only within FR1 bands and between FR1 and FR2 bands) and are not specified for intra-band inter-carrier NR-DC.
· Higher layer: Some of UE/MT capabilities defined for NR-DC are described in term of inter-band NR-DC and are not appliable for intra-band inter-carrier NR-DC. 
· E.g. ca-parametersNRDC, asyncNRDC-r16, etc.
Proposal 2.1:
To support intra-band inter-carrier NR-DC, Rel-16 handling of potential TDD confliction due to half-duplex operation for CA framework shall be extended to NR-DC between cell groups.
Proposal 2.2:
RAN1 shall coordinate with RAN4 and higher layer for support of intra-band inter-carrier NR-DC with at least following aspects:
· E.g. adding band configuration and RRM requirements for intra-band inter-carrier NR-DC. 
· E.g. Updating related UE/MT capabilities for NR-DC so that they are applicable for intra-band inter-carrier NR-DC.
Observation 2.2:
In Rel-16, if a soft resource is not explicitly indicated as available by DCI2_5, an implicit method will be used by IAB-node for determination of use of the soft resource by IAB-DU based on whether it will impact co-located MT’s operation.
Observation 2.3:
For multi-parent scenario, it may happen that a soft resource of an IAB-DU cell is explicitly indicated as available by one parent via DCI2_5 but not by another parent node, and there can be ambiguity in Rel-16 for interpretation of IAB-node’s behaviour on implicit determination in this case.
Proposal 2.3:
In Rel17, the implicit determination of soft resources shall be clarified as follows:
· If a soft resource of an IAB-DU cell is not explicitly indicated as “available” by a DCI2_5 associated with a parent node, IAB-DU can use this soft resource if its usage does not impact to MT’s operation over the cell group associated with this parent node without explicit indication.
Observation 3.1: 
For simultaneous operation at an IAB-node between parent and child links, frequency-domain multiplexing (FDM) can provide benefit for interference management. Comparing FDM with TDM, 
· Both require resource overhead to handle timing misalignment between MT and DU, e.g. guard symbols for TDM and guard tones for FDM. 
· FDM provides advantage of latency over TDM and more flexibility in scheduling in time.
· FDM suffers more on power imbalance issue than TDM, which may require more guard tones in-between or enhanced power management.

Observation 3.2:
In Rel-16, FDM is supported in granularity of a carrier (in term of an IAB-DU cell) for both semi-static resource configuration and DCI2_5. 
· For semi-static resource configuration, IAB-DU resource types (Hard/Soft/NA) are configured per DU cell.
· For DCI2_5, a set of DU cells can be configured to be indicated with availability indication from parent node.
For both cases, a DU cell can be a carrier in frequency domain, which is OAM configured and reported to CU.
Observation 3.3:
FDM in RB level within a carrier can provide more flexibility for interference management than FDM in carrier level alone, especially for FR2 with relatively large channel bandwidth of 50, 100, 200, 400MHz.
Observation 3.4:
The following factors needs be considered to support FDM in RB level within a carrier:
· Flexibility to support coexistence of TDM resources and simultaneous operation resources with SDM/FDM.
· Flexibility to support possible common RBs cross IAB-DUs for cell-specific signals, e.g. cell-defined SSB for initial access. 
· Compatibility with UE-specific bandwidth part framework.

Proposal 3.1:
Extend Rel-16 IAB resource management framework from per DU cell to per “DU RB set”, where a “DU RB set” can be configured by CU as a set of consecutive RBs within a DU cell. 
· The extension can be done for semi-static IAB-DU resource configuration and/or DCI2_5.
Observation 4.1: 
· The efficiency of operating in enhanced multiplexing modes depends on the communication configuration (e.g. TX/RX beamforming) and may change over time.
· An IAB-node, at times and for given configurations, may not be able to effectively operate in an enhanced multiplexing mode whose support has been previously indicated as a capability to the network
Proposal 4.1: 
Support local refinement indication between parent and child nodes (e.g. via MAC-CE) for simultaneous operation:
· to dynamically indicate whether the semi-static capability for enhanced multiplexing is applicable over time.
· to specify conditions required to realize the enhanced multiplexing capability, e.g. timing mode and/or TX power constraints.

Proposal 4.2: 
Extend the Rel-16 semi-static DU resource management to spatial-domain as follows:
c) Support indicating the configuration(s) required to enable an enhanced multiplexing capability by IAB-node DU to donor CU, e.g. for which beams (SSBs) or which served child-nodes, the IAB-node can operate in the enhanced multiplexing mode.
d) Support indicating DU resource type (Hard/Soft/NA) per beam or per SSB area or per child node by donor CU to an IAB-node DU.
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