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Introduction
In order to support simultaneous operation by IAB node’s child and parent links, some enhancements such as resource configuration in frequency domain, full-duplex cases, dual-connectivity had been discussed. In this contribution, we will continue to provide views on these aspects.
Discussions 
Semi-static resource configuration in frequency domain for DU
The following agreements have been made in RAN1#103-e on semi-static resource configuration for DU[1]:
	Agreement
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



In Rel-16, IAB specifications mainly focus on TDM between parent link and child link with consideration for forward compatibility for potential support of FDM/SDM. Due to the network-wide implications of half duplexing constraint, IAB-DU resource can be configured semi-statically as D/F/U and H/S/NA by CU in the time domain, availability of the soft resources configured by CU can be further indicated by the parent node through DCI format 2_5. Meanwhile, it is not considered in Rel-16 whether and how to divide frequency-domain resources between parent link and child link.
In Rel-17 IAB WID [2], one of new functionalities is the duplexing enhancements on simultaneous transmissions and/or reception on parent link and child link, i.e., parent link and child link are multiplexed in FDM/SDM manner. For an IAB node, it is necessary to ensure that the parent link resources scheduled by parent DU and child link resources scheduled by IAB-DU are (quasi-)orthogonal in frequency domain or spatial domain in order to avoid mutual interference.
The semi-static frequency resource partitioning can be implemented by a centralized approach similar as H/S/NA configuration by CU in the time domain.
For an IAB node, when parent link and child link are multiplexed in TDM manner, IAB-MT or IAB-DU can use the whole bandwidth of a cell. For simultaneous operations of an IAB node with sufficient isolation between MT and DU, overlapping frequency resources (i.e. SDM) can be used by IAB node MT and DU in order to increase spectrum efficiency. However, for an IAB node with insufficient isolation between MT and DU, to support simultaneous operation of IAB node’s parent link and child link, FDM can be performed. In this case, it is necessary to allocate orthogonal frequency resource for two links to avoid mutual interference.
[bookmark: _Toc2238][bookmark: _Toc384]At least to support FDM, the Rel-16 IAB DU resource type definitions needs to be extended to frequency domain resources.
Similar to time domain resource configuration, one resource unit (e.g. RB) in frequency domain can be configured as Hard or NA. Herein Hard means that the corresponding frequency resource is available for the IAB-DU, and NA means opposite, i.e. the corresponding frequency resource is not available for the IAB-DU. In Rel-16, soft resources in time domain could be configured to realize the flexible resource sharing between parent link and child link, however, the benefit of supporting soft resource configuration in frequency domain has not been justified, and it's forseeable that support of indication of the dynamic availability of soft resources in frequency domain could incur a lot of normative works. Whether soft resources in frequency domain could thus be configured should be FFS.
[bookmark: _Toc10116][bookmark: _Toc258]For resource configuration in frequency domain for DU, the following types of frequency resources could be configured for each IAB-DU cell: 
[bookmark: _Toc4810][bookmark: _Toc12641]Hard: The corresponding frequency resource is available for the IAB-DU
[bookmark: _Toc5756][bookmark: _Toc13798]NA: The corresponding frequency resource is not available for the IAB-DU
[bookmark: _Toc10922][bookmark: _Toc15309]FFS: Whether Soft frequency resource should be configured   
Similar to NA time resource that can be used by IAB-DU to transmit/receive cell-specific/semi-static signals and channels (such as SSB transmission, periodic CSI-RS, PRACH, SR etc.), frequency resource partitioning should not limit transmission/reception of cell-specific/semi-static signals and channels.
[bookmark: _Toc15304][bookmark: _Toc30692]A frequency resource is equivalent to being configured as hard if it is used to transmit or receive cell-specific/semi-static signals and channels in the frequency resource by DU.

Dynamic availability indication in frequency domain for DU
The following agreements have been made in RAN1#103e on dynamic availability indication for DU[1]:
	Agreement
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



 
The main purpose of introducing H/S/NA resources configuration to DU in time domain is to provide higher flexibility in resource utilization between IAB node MT and DU. Soft resources in time domain could be configured to realize the flexible resource sharing between parent link and child link. However, whether to support soft resource configuration in frequency domain has not been decided, and the benefit of supporting the dynamic availability indication of soft resources in frequency domain had not been justified but its support is forseeable to incur a lot of normative work. For instance, if only Hard and NA resources configuration is introduced, availability of resources in frequency domain is clear, i.e., hard resources are available and NA resources are not available. In a word, support of introducing soft resources in frequency domain will bring a lot of normative work, while the benefit is not clear.
[bookmark: _Toc17296][bookmark: _Toc22133] It's forseeable that A lot of normative works could be incurred if the indication of the dynamic availability of soft resources in frequency domain were supported yet the benefit is not clear.  
[bookmark: _Toc429][bookmark: _Toc23834] Whether to extend DCI Format 2_5 to frequency domain resources can be considered after determining whether to introduce soft resources in frequency domain.
Full-duplex cases
The following agreements have been made in RAN1#103e on different applicability restrictions/conditions for simultaneous operation multiplexing cases [1]:
	Agreement
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 behavior



This section provides our views on the issue whether specific enhancements are defined for full-duplex cases vs. being left to implementation.
For full-duplex operation (i.e., simultaneous DU-Tx/MT-Rx and simultaneous DU-Rx/MT-Tx), one traditional issue still exists: due to the same node being the transmitter and receiver at the same time, if the signal transmitted from the node itself (called signal A) gets looped back into receiver of the same node along with a signal received from a remote IAB node (called signal B), the signal A in its analog form is much stronger than the signal B. Then regardless whether the IAB node is equipped with AGC at receiver side, the limited number of digitizing bits in the analog-to-digital converter (ADC) would make it difficult to digitize both signal A and signal B with sufficient granularity upon the much weaker signal B. Any baseband technology can hardly solve this issue, which means RAN1 can do little for the solution. On the other hand, if it is feasible to separate signal A and signal B in their analog forms (before entering ADC), there is no interaction (such as those interactions under “FDM/SDM overlapping”) between the two signals. Thus there is no need for RAN1 to work out any solution regarding to FDM/SDM. 
[bookmark: _Toc21074][bookmark: _Toc9108]Support of full-duplex cases (i.e., simultaneous DU-Tx/MT-Rx and simultaneous DU-Rx/MT-Tx) is left to implementation.
Dual connectivity
The following agreements have been made in RAN1#103e on dual connectivity for IAB node [1].
	Agreement
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
Agreement
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
Agreement
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



In this section, we provide views on FFSs in the above three agreements respectively.
Inter-donor DC
RAN3 sent to RAN1 an LS on inter-donor topology redundancy in IAB [3]. RAN3 thinks it may require the work in RAN1 to support inter-donor topology redundancy, so RAN3 also asks RAN1 whether this can be supported in Rel-17. As the above agreements, only intra-donor inter-carrier DC was clearly supported from RAN1’s perspective. The support of intra-carrier DC scenario for IAB-MT was discussed in RAN#89e with no consensus reached. Later, it was also discussed at RAN1#103-e and RP#90-e, and still no conclusion was achieved for intra-carrier DC after several rounds of RAN1 and RAN plenary discussion. So it is better to suspend the related discussion at RAN WGs until clear RAN plenary guidance was received.
[bookmark: _Toc21994][bookmark: _Toc7747] From RAN1’s perspective, only inter-carrier DC was clearly supported, intra-carrier DC has not been supported.  
For inter-donor intra-carrier DC, it is better to suspend the related discussion since intra-carrier DC has not been supported according to current WID. For inter-donor inter-carrier DC, an IAB-DU with two parent nodes belonging to two different donors only has F1 interface with one donor CU. Resource configurations for IAB-DU and one of two parent DUs can be provided by different donor CUs. IAB-DU resource configuration should consider the collocated IAB-MT’s resource allocation from two parent DUs, which may impact the resource multiplexing scheme between the collocated IAB-MT and IAB-DU. Therefore, the resource coordination between gNBs(CUs) should be considered if inter-donor inter-carrier DC was supported.
[bookmark: _Toc1628][bookmark: _Toc8995] Some enhancements for resource coordination between gNBs(donor CUs) would be introduced  if inter-donor inter-carrier DC were supported.  
As the analysis above, the impact of such enhancements for inter-carrier inter-donor DC are mainly at RAN3, so it is better to RAN3 to determine whether inter-carrier inter-donor DC is supported.
[bookmark: _Toc8598][bookmark: _Toc21451]It is up to RAN3 to determine whether inter-donor inter-carrier DC is supported.

DCI Format 2_5 for multi-parent scenarios
In general, there is no ideal backhaul link between IAB nodes. Dynamic coordination (e.g. coordination of availability information indicated by DCI Format 2_5) between two parent nodes is not possible. This means the semi-static resource configuration/coordination (e.g. H/S.NA resource) between two parent nodes or deploying appropriate carriers for IAB-DU and two parent DUs is instead a feasible way to solve the problem of resource collision in multi-parent scenarios.
[bookmark: _Toc32055][bookmark: _Toc6807] There is no ideal backhaul link between IAB nodes, dynamic coordination between two parent nodes is not possible.  
For inter-carrier, inter-band DC, two parent nodes of IAB node can schedule IAB-MT and provide availability indication of soft resources in different bands. There is only half duplexing constraint between child link and one parent link in one carrier of IAB-DU. This case is similar as Rel-16 IAB, no additional enhancements over the Rel-16 solution are needed. 
For inter-carrier, intra-band DC, it is possible that there is half duplexing constraint between two carriers belonging to the same band. However, this issue can be avoided by deploying appropriate carriers for IAB-DU and two parent DUs, or by semi-static resource configuration/coordination (e.g. H/S.NA resource) between two parent nodes.
[bookmark: _Toc14260][bookmark: _Toc18001]The explicit indication of soft time domain resources by DCI Format 2_5 is reused for multi-parent scenarios in Rel-17. There is no need to consider additional enhancements over the Rel-16 solution.
Support of inter-carrier, intra-band DC
For inter-carrier intra-band DC, it is the same case as inter-band inter-carrier DC if there exists no half duplexing constraint between two parent-links. On the other hand, inter-carrier, intra-band DC may require two parent nodes to align their TDD DL/UL configuration to reduce the mutual interference if half duplexing constraint is required. For intra-donor DC, the same TDD DL/UL configuration for two parent nodes can be provided by the same donor CU. For inter-donor DC if supported, the DL/UL configuration can also be exchanged via Xn interface. From RAN1 perspective, inter-carrier DC means the resources of two parent nodes is FDM. In the case of TDD DL/UL configuration alignment, inter-carrier, intra-band DU can reuse solutions for supporting inter-carrier, inter-band to reduce the standardization complexity.
[bookmark: _Toc30601][bookmark: _Toc22127]From RAN1 perspective, inter-carrier, intra-band DU should reuse solutions for supporting Inter-carrier, inter-band. There is no need to introduce specific enhancements for inter-carrier, intra-band DC in Rel-17. 

Conclusion
According to the discussion above, we provide the following observations and proposals on resource multiplexing of IAB:
Observation 1: It's forseeable that A lot of normative works could be incurred if the indication of the dynamic availability of soft resources in frequency domain were supported yet the benefit is not clear.
Observation 2: From RAN1’s perspective, only inter-carrier DC was clearly supported, intra-carrier DC has not been supported.
Observation 3: Some enhancements for resource coordination between gNBs(donor CUs) would be introduced  if inter-donor inter-carrier DC were supported.
Observation 4: There is no ideal backhaul link between IAB nodes, dynamic coordination between two parent nodes is not possible.

Proposal 1: At least to support FDM, the Rel-16 IAB DU resource type definitions needs to be extended to frequency domain resources.
Proposal 2: For resource configuration in frequency domain for DU, the following types of frequency resources could be configured for each IAB-DU cell:
• Hard: The corresponding frequency resource is available for the IAB-DU
• NA: The corresponding frequency resource is not available for the IAB-DU
• FFS: Whether Soft frequency resource should be configured
Proposal 3: A frequency resource is equivalent to being configured as hard if it is used to transmit or receive cell-specific/semi-static signals and channels in the frequency resource by DU.
Proposal 4: Whether to extend DCI Format 2_5 to frequency domain resources can be considered after determining whether to introduce soft resources in frequency domain.
Proposal 5: Support of full-duplex cases (i.e., simultaneous DU-Tx/MT-Rx and simultaneous DU-Rx/MT-Tx) is left to implementation.
Proposal 6: It is up to RAN3 to determine whether inter-donor inter-carrier DC is supported.
Proposal 7: The explicit indication of soft time domain resources by DCI Format 2_5 is reused for multi-parent scenarios in Rel-17. There is no need to consider additional enhancements over the Rel-16 solution.
Proposal 8: From RAN1 perspective, inter-carrier, intra-band DU should reuse solutions for supporting Inter-carrier, inter-band. There is no need to introduce specific enhancements for inter-carrier, intra-band DC in Rel-17.

References
[bookmark: _Ref6480][bookmark: _Ref16505925][bookmark: _Ref17466]Chairman's Notes RAN1#103-e final
RP-201293, New WID on Enhancements to Integrated Access and Backhaul, Qualcomm
[bookmark: _Ref8297]R3-207199, LS on inter-donor topology redundancy, RAN3, Samsung 



5

