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Introduction
In order to support simultaneous operation by IAB node’s child and parent links, some enhancements such as extension of the semi-static DU resource type indication to frequency domain, resource management in the spatial domain, dual-connectivity etc. had been discussed. In this contribution, we will continue to provide views on these aspects.
Discussions 
Extension of the semi-static DU resource type indication to frequency domain
The following agreements have been made in RAN1#104-e on semi-static resource configuration and dynamic indication of availability for soft frequency resources for DU[1]:
	Agreement
Further consider until RAN1#104bis-e whether to support 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, including the following aspects:
· Granularity for frequency domain resources within a carrier (starting point is a set of N RBs with FFS: value of N >=1)
· Relationship with Rel-16 DU resource type indications in case of coexistence between TDM and FDM operation, including time-granularity of switching between multiplexing options to ensure backwards compatibility with Rel-16 IAB nodes and avoid impact on access UEs and their RRC configurations at CU
· In case frequency-domain extension is supported for soft resources, enhancements for DCI format 2_5 to support dynamic indication of availability for soft frequency resources. 
· Alt. 1 Separate indication of time and frequency resources 
· FFS: different field, RNTI or different DCI
· Alt. 2 Joint indication of time and frequency resources 
· FFS: backwards compatibility with Rel-16
· FFS: Extension of FDM across carriers
· FFS: Restrictions on band/minimum bandwidth for FDM operation (e.g. FR2 100MHz+ etc.)




Semi-static resource configuration
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. FDM across different carrier had been supported in Rel-16, e.g. MT CC and DU cell are in different bands/carriers. However, whether or how to support FDM within a carrier needs to further study. In our view, FDM within a carrier is benefit, the reasons are as follows:
1) FDM within a carrier can provides advantage of latency.
2) For an IAB node with insufficient spatial isolation between MT and DU, to support simultaneous operation of IAB node’s parent link and child link, FDM can be performed.
For an IAB node, in order to perform FDM within a carrier, 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 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.
[bookmark: _Toc2238][bookmark: _Toc9005][bookmark: _Toc384][bookmark: _Toc68678816]At least to support FDM within a carrier in FR2, the extension of the semi-static DU resource type indication to frequency-domain resources is supported.
For the time-granularity of switching between multiplexing options to ensure backwards compatibility with Rel-16 IAB nodes, the time-granularity of DU configuration in Rel-16 can be a starting point, i.e. an IAB-DU cell resources can be configured per resource type per slot in time domain. In order to avoid frequently multiplexing options switching between TDM and FDM, time granularity can also be a slot, i.e., an IAB-DU cell resources can be configured per slot in time domain. And For the granularity of frequency domain resources indication within a carrier, as discussed during previous meeting, a set of N RBs could be a starting point. 
Similar to time domain resource configuration, one resource unit (e.g. RB set) 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. 
The motivation of introducing soft resource configuration is to support dynamic resource sharing between parent link and child link, but form our point of view, this has been supported via current Rel-16 soft resource configuration. In Rel-16, soft resources in time domain could be configured to realize the flexible resource sharing between parent link and child link both in time domain and frequency domain. For example, the implicit availability indication of soft symbols already supports dynamic FDM as described in current TS38.213 below:
	When a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU can respectively transmit, receive or either transmit or receive in the symbol only if
-	the IAB-MT does not transmit or receive in the symbol, or
-	the IAB-MT would transmit or receive in the symbol, and the transmission or reception in the symbol is not changed due to a use of the symbol by the IAB-DU, or
-	the IAB-MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available




However, the benefit of supporting semi-static soft resource configuration in frequency domain in addition to semi-static soft resource in time domain has not been justified, and it's foreseeable that support of indication of the dynamic availability of soft resources in frequency domain could incur a lot of normative works.
[bookmark: _Toc10116][bookmark: _Toc258][bookmark: _Toc13621][bookmark: _Toc68678817]For resource configuration in frequency domain for DU, the following types of frequency resources could be configured for a set of N RBs of a IAB-DU cell: 
[bookmark: _Toc4810][bookmark: _Toc12641][bookmark: _Toc4136][bookmark: _Toc68678818]Hard: The corresponding frequency resource is available for the IAB-DU
[bookmark: _Toc5756][bookmark: _Toc13798][bookmark: _Toc17052][bookmark: _Toc68678819]NA: The corresponding frequency resource is not available for the IAB-DU

Dynamic availability indication
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 it is foreseeable that its support will 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: _Toc15739][bookmark: _Toc17296][bookmark: _Toc68678012][bookmark: _Toc22133]It's foreseeable 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: _Toc15874][bookmark: _Toc23834][bookmark: _Toc429][bookmark: _Toc68678820] Enhancements for DCI format 2_5 to support dynamic indication of availability for soft frequency resources are not supported.

Spatial domain
The following agreements have been made in RAN1#104e on whether/how to manage resources in the spatial domain.
	Agreement
Further study whether/how to manage resources in the spatial domain. Candidate solutions are:
· Dynamic signaling between parent and child nodes for using/restricting/sharing antenna panels/beams
· Beam management / multi-panel enhancements for simultaneous operations
· Extension of H/S/NA resource indication to the spatial domain
Other solutions are not precluded.



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: _Toc68678013] Semi-static H/S/NA configuration is not applicable for SDM due to time-variant channel conditions.  
[bookmark: _Toc68678821] Extension of H/S/NA resource indication to the spatial domain is not supported.
Similar as slot format indication by DCI format 2_0 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. For instance, the desired TCI/SRI 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.
[bookmark: _Toc68678822]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 could be a starting point for such indication.

Dual connectivity
The following agreements have been made in RAN1#104e on dual connectivity for IAB node [1].
	Agreement
The following are considered to support at least inter-band inter-carrier scenarios in Rel-17:
· Solutions to address resource coordination/scheduling collision issues between parent nodes including TDD configurations and resource type indications at least in case of intra-donor CU multi-parent scenarios 
· Consider Rel-16 CA framework as starting point
· Solutions for scheduling collision between two parent DUs due to indication of the resource availability for soft symbol(s) to the IAB-DU(s) by DCI format 2_5
· Solutions for scheduling collision between two parent DUs due to indication of the slot format by DCI format 2_0
· FFS: Whether or not separate solutions are required for resource coordination in case of inter-donor CU multi-parent scenarios
· Per-backhaul link (e.g. per child IAB-MT link) resource configurations in addition to per-DU resource configurations
· FFS: Enhancements to indication of soft resource availability from child node to parent node(s)
· FFS: Additional restrictions on simultaneous operation and/or multiplexing
· FFS: Whether the above solutions are also applicable for intra-band inter-carrier scenarios and whether additional solutions are required (e.g. RAN2 and RAN4 work related to adding band configuration and RRM requirements for intra-band inter-carrier NR-DC or updating related UE/MT capabilities for NR-DC so that they are applicable for intra-band inter-carrier NR-DC)



For intra-band inter-carrier scenarios and inter-band inter-carrier scenarios, generally intra-band inter-carrier scenarios has more serious restrictions such as half duplex issue. So in this section, solutions about intra-band inter-carrier scenarios are firstly discussed and the solution can be of course applied to a more relax inter-band inter-carrier scenarios.
For IAB DC, there is no ideal backhaul link between IAB nodes generally, so dynamic coordination (e.g. coordination of availability information indicated by DCI Format 2_5 or slot format information indicated by DCI 2_0) between two parent nodes is not possible. 
[bookmark: _Toc68678823] Dynamic resource coordination between parent nodes is not supported.

· Scheduling collision between two parent DUs due to indication of the resource availability for soft symbol(s) to the IAB-DU(s) by DCI format 2_5
In DC scenario, one parent has no knowledge of availability indication of another’s, 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: _Toc68678824]Just one resource availability indication either from MCG or from SCG is expected for a IAB-DU soft symbol of a IAB DU cell.

· Scheduling collision between two parent DUs due to indication of the slot format by DCI format 2_0

Though there are semi-static resource configuration/coordination (e.g. H/S.NA resource) between two parent nodes in high layers, slot format indications may also conflict when indications in DCI 2_0 from two parent are not consistent on the F symbols. For this issue, four options can be considered:
· Option1: the conflict issue is handled by DU implementation, this means slot format indication in DCI 2_0 from two parents are not expected to be conflicted. To support this, multiple carrier multiplex capability from MCG and SCG should be reported to both parents.
· Option2: in order to avoid conflict, just one parent is enabled to transmit DCI 2_0 in carriers which has half duplex constriction.
· Option3: when conflict is detected, the MT report the conflict information to the primary parent or secondary parent, the parent which receive the report information can re-transmit DCI 2_0 in a valid time budget.
· Option 4: the F symbols are valid only when the indications from both parents are not conflicted, and based on this mechanism, the IAB need to report indication confirm information to parent DU.
For option 3, 4, the feasibility is not justified, and both of them need some additional specification work for conflict information exchange or resource availability conformation between IAB and parent, and for option 1 and option 2, option 1 is slightly preferred.
[bookmark: _Toc68678825]For scheduling collision between two parent DUs due to indication of the slot format by DCI format 2_0, it can be handled by DU implementation.
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]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:
Observation 1:	It's foreseeable 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:	Semi-static H/S/NA configuration is not applicable for SDM due to time-variant channel conditions.

Proposal 1:	At least to support FDM within a carrier in FR2, the extension of the semi-static DU resource type indication to frequency-domain resources is supported.
Proposal 2:	For resource configuration in frequency domain for DU, the following types of frequency resources could be configured for a set of N RBs of a 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
Proposal 3:	Enhancements for DCI format 2_5 to support dynamic indication of availability for soft frequency resources are not supported.
Proposal 4:	Extension of H/S/NA resource indication to the spatial domain is not supported.
Proposal 5:	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 could be a starting point for such indication.
Proposal 6:	Dynamic resource coordination between parent nodes is not supported.
[bookmark: _GoBack]Proposal 7:	Just one resource availability indication either from MCG or from SCG is expected for a IAB-DU soft symbol of a IAB DU cell.
Proposal 8:	For scheduling collision between two parent DUs due to indication of the slot format by DCI format 2_0, it can be handled by DU implementation.
Proposal 9:	From RAN1 perspective, both intra-donor and inter-donor multi-parent scenarios can be supported within a common framework.
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