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1	Introduction
IAB Rel.17 WID [1] has following objectives led by RAN1:
Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.

In RAN1 #102-e/103-e/104-e/104b-e meetings [2-17], several agreements related to resource multiplexing were made and they are captured in Annex I. In this contribution, we discuss detailed enhancements to the resource multiplexing between child and parent links of an IAB node. The multiplexing cases for simultaneous DU and MT operation are named as
· Multiplexing Case A: Simultaneous MT-Tx/DU-Tx 
· Multiplexing Case B: Simultaneous MT-Rx/DU-Rx 
· Multiplexing Case C: Simultaneous MT-Rx/DU-Tx 
· Multiplexing Case D: Simultaneous MT-Tx/DU-Rx 

Section 2 focuses on simultaneous half-duplex operation of the child and parent links (Case A and B). Section 3 discusses resource allocation enhancements related to dual connectivity scenarios.
2	Multiplexing operations of the child and parent links       

Extension of resource type definitions (H/S/NA) to frequency domain

Two agreements were reached in RAN1 #104b-e on extension of the H/S/NA resource type definitions to frequency domain. The first one confirmed that frequency domain extension applies also for semi-static resource type S while the second one was about signaling details. 

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

The minimum resource size for configuring the frequency domain granularity should be a multiple of RBGs because of signaling savings and because there is no need for finer granularity.
 
Proposal 2.1: The minimum resource size for configuring the frequency domain granularity is a multiple of RBGs.

For extending the H/S/NA configuration to frequency domain, the simplest way is to signal the configuration separately for each frequency domain partition (RB set). Besides being the simplest way, it also allows full flexibility. This can however increase signaling overhead since each RB set may require an independent configuration and additional dynamic signaling for IA indication in soft resources.

Proposal 2.2: The H/S/NA configuration is signaled separately for each frequency domain partition.
· The number of separate frequency domain partitions for a given BWP should be limited
· The frequency domain granularity and number of frequency domain partitions should be considered jointly to balance flexibility with network overhead.

Enhancements for S resource availability indication 
Enhancements for S resource availability signaling are needed because of the RAN1 #104b-e agreement
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

A DCI 2-5 carries availability combination indexes for multiple cells. An availability combination index points to an RRC configured availability combination that consists of availability indications over multiple slots. The framework enhancement may in principle happen through enhancing DCI 2-5 format and keeping the present availability combination definition or by keeping the present DCI 2-5 format and enhancing the availability combination definition to frequency domain. 
A simple but limited approach to enhancing DCI 2-5 would be to indicate which RB sets an availability combination applies i.e. 
extended DCI 2-5 = {availability combination cell 0, applied RB sets cell 0; availability combination cell 1, applied RB sets cell 1; …}.
This would mean the same frequency availability of S resources over multiple slots, which could be too limiting. In another extreme, DCI 2-5 could indicate the availability combination separately for each RB set i.e. 
extended DCI 2-5 = {availability combination for RB set 0 of cell 0; availability combination for RB set 1 of cell 0; …; availability combination of RB set n of cell m}). 
If the present DCI 2-5 format is kept, an availability combination must be enhanced for indicating availability separately for every RB set i.e. 
DCI 2-5 = {extended availability combination of cell 0; extended availability combination of cell 1, …}) where
extended availability combination = {availability combination for RB set 0; availability combination for RB set1, …}  
Compared to extending DCI 2-5, extension of availability combination to frequency domain would at least in principle allow equal or smaller DCI 2-5 payload. 
To preserve backward compatibility and flexibility with Rel-16 IAB devices and UE’s networks can either explicitly signal a TDD availability combination for all RBGs within a BWP or specify default behavior for device in which a frequency domain partition is not configured. Therefore, we propose
Proposal 2.3: DCI 2-5 format is kept, and definition of an availability combination is enhanced to frequency domain.


SDM between child and parent links

An agreement from RAN1 #104b-e is 

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

On dynamic signaling for using/restricting/sharing antenna panels/beams and the need of enhancements beyond the existing beam management framework we note the following.  Regarding the applicability of specific multiplexing cases, time and frequency multiplexing is more straightforward because resource grids are common between the parent and child link and can therefore be mutually partitioned. Interference between beams and other spatial resources is dynamically varying and so requires repeated measurement and updated correspondence between IAB-DU and IAB-MT. Beam indication from parent to child or vice versa can only be used to optimize multiplexing efficiency. The existing Rel-16 beam management framework is insufficient for optimal SDM operation. As an illustrative example an IAB-DU scheduling UL reception on its child link must be aware of which corresponding beam configurations are likely to interfere with the beam configuration for the child link and whether DL transmissions are expected from the parent on that beam. Extension of Rel-16 beam management framework with H/S/NA designation may be a useful means of supporting SDM operation for this purpose but given the dynamic nature of CLI, DU behavior and MT behavior in H/S/NA resources will have to be redefined for SDM operation. 

Observation 2.1: If adopted for SDM operation, IAB node behavior for H/S/NA resources would require new specification.

Frequent beam measurements and reporting of the parent link such that IAB node can decide which beams/panels will or won’t interfere with of the child link transmission are possible; however, it may not be a feasible solution due to unnecessary overhead/complexity. Without extra beam measurements, if the IAB node can report the changes on activated beams for the parent link, that information could be used by the parent to avoid any overlap and still support the IAB MT with any other activated beam. In another method, the child IAB node might indicate that MT panel use does not prevent its DU serving any UEs or child nodes. Or if a parent could be received through more than one panel, the child could indicate which of the parent beams is optimal for it not just considering the signal quality but also its DUs needs of panel use.

Proposal 2.4: For SDM Rx operation (DU Rx and MT Rx), support the IAB node indicating towards the parent node about the changes of active beams used for MT reception by introducing signaling (e.g., MAC-CE) to report the desired beams (e.g., a sub-set of TCI states from the activated TCI states of PDCCH/PDSCH) for the IAB-MT to support SDM operation. 
· FFS: Can a similar mechanism be used to solve the power imbalance issue at the IAB node in FDM operation where desired beams are indicated by the IAB MT. 

For both FDM and SDM, when child DU has F-S resources, availability signaling should tell which link direction is available. In general, link direction of an F-S resource of the child DU is decided by the child node. However, allowing full freedom of deciding the directions that child DU can transmit or scheduled UL transmissions would impact parent link(s), including the BH link performance. For example, certain angular restrictions (or availability) on F-S could further instruct the directions (DL/UL) available for the IAB node to allow SDM operation. 
Proposal 2.5: For FDM/SDM operation, allowed direction of the transmission for the IAB DU in F-S resources may be further controlled by the parent node by using a dynamic indication. 

Signaling for applicability of a multiplexing capability

Another agreement from RAN1 #104b-e is

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)

In Rel-16, RAN1 introduced the capability indications for IAB node operation where TDM and non-TDM modes can be indicated towards the network. However, these are considered as capabilities of the IAB implementation, and even in the SDM/FDM capable IAB nodes, the actual simultaneous operation applicability may change with time. The above agreement concerns adaptation of the IAB multiplexing mode. As discussed before, the shared MT and DU antenna panels (in FR2) could be one factor that limits the applicability of multiplexing mode. Another factor would be the power imbalance for simultaneous reception by DU and MT (FDM or FR1 only). These situations can be handled with beam management and power control without any other indication/reporting for multiplexing capability beyond the existing capability signaling.

Observation 2.2: Adaptation of the IAB node multiplexing operation can be based on the capability signaling supported in Rel-16 and beam management and power control. 

3	Resource configurations for IAB DC operation
RAN1#102-e/103-e discussed the DC enhancements with following conclusion and agreements:
Agreement
Reuse by IAB-MT of existing Inter-frequency DC is considered as a starting point to support concurrent BH links to two parents.
· FFS: Reuse of multi-TRP transmission resource allocation features (if intra-freq DC scenario is supported for IAB)
· FFS: Additional specification effort to support IAB

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

Additionally RAN#90 discussed intra-carrier DC and concluded following:
Proposal: TSG RAN #91 to revisit the support of intra-carrier DC for IAB in Rel-17 based on the overall progress of the WI.
                conclusion: proposal is endorsed
The agreement from RAN1 #104-e:
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)

The agreement from RAN1 #104b-e is:
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)

Based on the RAN1 agreements above, primary use cases and the initial focus in RAN1 can be the support of inter-/intra-band and inter-carrier DC, where the parent nodes are under the same or different donor. 
In intra-band operation, it can be assumed that the TDD patterns are identical within the network and therefore identical for the two parents in DC. This is at least valid in the case where the parents are within the same topology and controlled by the same Donor-CU. Common TDD UL/DL configuration as well as dedicated TDD UL/DL configurations are known by the CU and therefore can be assumed to be available for the parent nodes. Regarding the inter-donor case and “FFS: Whether or not separate solutions are required for resource coordination in case of inter-donor CU multi-parent scenarios,” we can assume that at least common TDD UL/DL configuration is aligned as Xn is supporting the exchange of this information. The exchange of dedicated TDD UL/DL configuration for the IAB-MT is supported with Xn signaling related to SN addition/modification. Further details or any potential issues related to TDD configurations can be left for RAN2/RAN3 to clarify. 
Observation 3.1: For intra-donor DC scenario, it can be assumed that the TDD configurations are aligned within the IAB network and therefore common for the DC parent nodes.

Slot format by DCI format 2_0

In the agreement above, it was mentioned that solutions are required to handle scheduling collision between two parent DUs due to indication of the slot format by DCI format 2_0. As the DCI format 2_0 is sent via each parent, it may be problematic if the parents send conflicting SFIs. There is no issue for an IAB-MT that supports simultaneous Tx and Rx at different carriers if DCI 2_0 indication is applied only for the indicated parent link. However, in the half-duplex IAB MT, where the MT cannot operate Tx and Rx simultaneously in two/more carriers and link direction should be the same for all carriers, there may be conflicts at the IAB MT on the operation that it shall follow. 
Observation 3.2: In inter-carrier DC scenario, simultaneous Rx/Tx operation at the IAB MT may occur if the DCI 2_0 sent by parents are indicating conflicting DL/UL. 
The handling of DCI 2_0 indication conflicts is also related to UEs when inter-band inter-carrier DC is supported and if UEs have the same issue of half-duplexing operation. Anyhow, as our focus here is IAB nodes, the discussion should have a limited scope. We see two approaches that can be used to handle the DCI 2_0 conflicts, 
· For our primary focus of intra-CU, conflicting DCI 2-0 indications can be handled by both CU and parent nodes and may not require any specification support. In one example, the CU can configure flexible resources associated with parent links in a non-overlapping manner. One parent could indicate DCI 2-0 based on the other parent link's semi-static TDD configuration in such a way that link directions are not conflicting. 
· Another method, applicable also with inter-CU, is to handle the conflicts at the IAB MT, when parents may indicate conflicting directions. This method requires defining conflict handling rules for DCI 2-0 in RAN1 specification. 

Proposal 3.1: In intra-donor inter-band inter-carrier DC scenario, if the IAB MT does not support simultaneous Tx and Rx on different carriers, it does not expect to receive conflicting DCI 2_0 from different parents. 
· Note: This must be handled by the CU and the parent nodes. 

Proposal 3.2: In inter-donor inter-band inter-carrier DC scenario, if the IAB MT does not support simultaneous Tx and Rx on different carriers, it must apply conflict resolution rules when it receives indications/configurations of conflicting DCI 2_0 and/or semi static TDD configurations from different parents. 
· FFS: required resolution rules

Resource availability by DCI format 2_5
The DU resources (symbols) are configured with the attribute H(ard)/S(oft)/NA. DU can assume H symbols always be available and NA symbols not available. The availability of S symbols is based on implicit availability (MT is not receiving or scheduled for transmission), or explicit indication with DCI 2_5. In inter-carrier DC, the IAB-MT can monitor DCI 2_5 from both parent nodes which may send availability indications. With the assumption that the TDD configurations are non-conflicting on the two-parent links and not using the same carrier, the availability of DU resources may not be conflicting if the DCI 2-5 sent by each parent focusing on the iab-DU-CellIdentity which corresponds to the carrier used by the parent. In other words, DCI 2-5 shall not be configured to indicate the availability of IAB DU soft resources for a carrier not used by the parent link. 
Proposal 3.3: In inter-carrier DC, the indication of availability of soft resources via DCI format 2-5 from a parent node is only valid for the IAB-DU cell(s) which uses the same carrier(s) in the backhaul link for the same parent. 

Per-backhaul link (e.g., per child IAB-MT link) resource configurations 

In Rel-16, RAN1 discussed supporting “per-DU” or “per-link” resource configuration and agreed on “per-DU” resource configuration as the focus of Rel-16 was the single parent scenario. However, it is inefficient to use a single DU configuration for all child links when some child links are SCG links in a multi-parent scenario. If a child considers an IAB node as a parent node supporting the SCG link, the link is not required to have the same configuration/characteristics as the MCG link. From the IAB node point of view, the other child nodes that the IAB node support as MCG links may be more critical from the scheduling perspective. Considering the additional flexibility in scheduling different child links, we think it makes sense to support per link resource configuration for an IAB DU in multiple parent scenarios. Also, Rel-16 it was also discussed the unique benefits of having a per-link DU configuration to avoid interference scenarios in IAB networks. 

Proposal 3.4: Support per-child-link resource configurations for an IAB-DU in the case of dual connectivity. 

M-TRP operation in the view of multi-parent intra-carrier DC

In the context of multi-TRP transmission, it is reasonable to assume that IAB-MT shall also be capable of supporting multi-TRP modes as they are applicable already in Rel-16 for UEs. When the IAB MT supports multi-TRP operation, the IAB MT may be scheduled by two different TRPs and Rel-16 defined multi-TRP framework considering both single DCI-based multi-TRP and multi-DCI based multi-TRP operations. Multi-TRP operation can be viewed as intra-frequency DC scenario where scheduling of each TRP is done independently towards the IAB-MT. 

Proposal 3.5: IAB-MT shall support both single DCI-based and multi-DCI-based multi-TRP transmission schemes. 

Overall, there is nothing special that RAN1 needs to rework when enabling IAB MT to support the multi-TRP operation. On resource multiplexing, the IAB MT sees both TRPs using the same resource configuration, i.e., the same MT configuration is applied at the IAB MT. For multi-DCI based multi-TRP operation, the IAB MT may receive PDCCH from two different TRPs, where each TRP uses a group of CORESETs for PDCCH transmission (distinguished via coresetPoolIndex in CORESET configuration). 

In multi-DCI based multi-TRP operation, the only concern we foresee is the indication of soft resource availability via different TRPs, where the DCI 2-5 monitoring may be associated with both TRPs. Each TRP can use resources independently per each link (without coordinating with other TRP) as all possibilities of reception (fully/partially/non overlapping) are allowed. In such situations, each TRP may send the soft resource availability based on usage of resources of the backhaul link towards the IAB MT. It may be reasonable to assume that the IAB DU in a TDM mode shall use a soft resource only when availability indications are received from both TRPs. 

Proposal 3.6: For multi-DCI based multi-TRP reception supported IAB node, the explicit indication of a soft resource is determined based on indications received from both TRPs, and a soft resource is available only when DCI 2-5 indications allowing the use of the soft resource are received from both TRPs. 
4	Conclusions
Our observations and proposals on the FDM/SDM half-duplex operation of the child and parent links are:
Proposal 2.1: The minimum resource size for configuring the frequency domain granularity is a multiple of RBGs.

Proposal 2.2: The H/S/NA configuration is signaled separately for each frequency domain partition.
· The number of separate frequency domain partitions for a given BWP should be limited
· The frequency domain granularity and number of frequency domain partitions should be considered jointly to balance flexibility with network overhead.

Proposal 2.3: DCI 2-5 format is kept, and definition of an availability combination is enhanced to frequency domain.

Observation 2.1: If adopted for SDM operation, IAB node behavior for H/S/NA resources would require new specification.

Proposal 2.4: For SDM Rx operation (DU Rx and MT Rx), support the IAB node indicating towards the parent node about the changes of active beams used for MT reception by introducing signaling (e.g., MAC-CE) to report the desired beams (e.g., a sub-set of TCI states from the activated TCI states of PDCCH/PDSCH) for the IAB-MT to support SDM operation. 
· FFS: Can a similar mechanism be used to solve the power imbalance issue at the IAB node in FDM operation where desired beams are indicated by the IAB MT. 

Proposal 2.5: For FDM/SDM operation, allowed direction of the transmission for the IAB DU in F-S resources may be further controlled by the parent node by using a dynamic indication. 
Observation 2.2: Adaptation of the IAB node multiplexing operation can be based on the capability signaling supported in Rel-16 and beam management and power control. 

Our observations and proposals on resource configurations for IAB DC operation are:
Observation 3.1: For intra-donor DC scenario, it can be assumed that the TDD configurations are aligned within the IAB network and therefore common for the DC parent nodes.
Observation 3.2: In inter-carrier DC scenario, simultaneous Rx/Tx operation at the IAB MT may occur if the DCI 2_0 sent by parents are indicating conflicting DL/UL. 
Proposal 3.1: In intra-donor inter-band inter-carrier DC scenario, if the IAB MT does not support simultaneous Tx and Rx on different carriers, it does not expect to receive conflicting DCI 2_0 from different parents. 
· Note: This must be handled by the CU and the parent nodes. 

Proposal 3.2: In inter-donor inter-band inter-carrier DC scenario, if the IAB MT does not support simultaneous Tx and Rx on different carriers, it must apply conflict resolution rules when it receives indications/configurations of conflicting DCI 2_0 and/or semi static TDD configurations from different parents. 
· FFS: required resolution rules

Proposal 3.3: In inter-carrier DC, the indication of availability of soft resources via DCI format 2-5 from a parent node is only valid for the IAB-DU cell(s) which uses the same carrier(s) in the backhaul link for the same parent. 
Proposal 3.4: Support per-child-link resource configurations for an IAB-DU in the case of dual connectivity. 
Proposal 3.5: IAB-MT shall support both single DCI-based and multi-DCI-based multi-TRP transmission schemes. 

Proposal 3.6: For multi-DCI based multi-TRP reception supported IAB node, the explicit indication of a soft resource is determined based on indications received from both TRPs, and a soft resource is available only when DCI 2-5 indications allowing the use of the soft resource are received from both TRPs. 
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Annex I
RAN1 #104b-e meeting
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
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

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
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)
RAN1 #104-e meeting
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.
Agreement
Regardless of simultaneous operation, the same cell-specific/semi-static signals and channels of the IAB-DU considered as hard time/frequency resources in Rel-16 are also considered as hard time/frequency resources in Rel-17.
· FFS: IAB-MT behavior in case of conflicts between cell-specific signals/channels and other resource configurations of the IAB-MT (e.g., dedicated slot configurations)

Agreement
Support indication/reporting of information between an IAB node and its parent node to assist in the determination of the applicability of a given multiplexing capability in case of simultaneous operation. The following solutions are considered (other solutions not precluded):
· Temporal applicability of a given multiplexing capability 
· Time/frequency resource restrictions (e.g. access vs. backhaul links, DL vs. UL resources)
· Indications of conditions/reporting information required to realize the given multiplexing capability, (e.g. timing mode, power control, guard symbols, etc.)
FFS: channels/signals used for indicating/reporting information

Agreement
Send LS response to RAN3 that both inter-donor multi-parent scenarios (Scenario 1 and Scenario 2) can be supported in Rel-17 with support for inter-donor resource coordination (e.g. DU H/S/NA and DL/UL resource configurations) in RAN3 specification.
· The reply LS to R1-210004 (RAN3) is endorsed in R1-2101880.

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)

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.)


RAN1 #103-e meeting

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

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


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

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


RAN1 #102-e meeting

Conclusion
At least the inter-carrier DC scenario can be considered in Rel-17. Further discussion in RAN3/RAN Plenary may be necessary for the intra-carrier DC scenario.

Agreement
Reuse by IAB-MT of existing Inter-frequency DC is considered as a starting point to support concurrent BH links to two parents. 
· FFS: Reuse of multi-TRP transmission resource allocation features (if intra-freq DC scenario is supported for IAB)
· FFS: Additional specification effort to support IAB

For companies to further consider:
The following categories of enhancements have been proposed to support DC scenarios (not an exhaustive list):
· Inter-parent DU resource coordination mechanisms and signaling
· Resource allocation/scheduling conflict resolution rules at the parent or child node
· Per-link IAB-DU resource configurations at the parent node

Agreement
At least existing Rel-16 bands supporting IAB can be considered when evaluating the feasibility/impact of supporting different multiplexing cases.


	Simultaneous operations
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R1-2007322	Summary #2 of [102-e-NR-eIAB-01]	Moderator (AT&T)

Agreement
The Rel-16 semi-static and dynamic resource allocation mechanisms are the starting point for supporting Rel-17 multiplexing cases. 
· FFS: Applicability for different IAB-DU resource types
· FFS: Cell-specific/semi-static signals and channels at the IAB-DU and/or IAB-MT

Agreement
· Based on the WID, the following multiplexing cases are in scope for potential support in Rel-17:
· Multiplexing Case A: Simultaneous MT-Tx/DU-Tx 
· Multiplexing Case B: Simultaneous MT-Rx/DU-Rx 
· Multiplexing Case C: Simultaneous MT-Rx/DU-Tx 
· Multiplexing Case D: Simultaneous MT-Tx/DU-Rx 
· Further study for Case A and Case B at least the following scenarios:
· Single or multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands)
· Further study for Case C and Case D at least for the following scenarios:
· Multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands) 
· FFS: Required level of specification impact to support the different cases. Any additional specification support in Rel-17 should be conditioned on feasibility from an interference and reliability perspective on a per-link and network basis 

For companies to further consider: 
Whether the following characteristics of the IAB node implementation will impact the operation of different resource multiplexing cases, including resource partitioning (i.e. identify whether there is a need for potential specification impact/enhancements compared to Rel-16 if the characteristic is or is not supported by an IAB node):
· Baseband (mis)timing alignment between IAB-MT and IAB-DU
· Separate vs. shared antenna panels/RF front-end for IAB-MT/IAB-DU
· Separate vs. shared baseband for IAB-MT/IAB-DU
· Transmitter/receiver implementation
· Self-interference cancellation
· Power control mechanisms

For companies to further consider: 
Different resource partitioning scenarios for access and backhaul links, including their respective implication on interference, for different resource multiplexing cases. Examples include:
· Whether a given case is only applicable for certain resource types: e.g. DL only, UL only, DL + UL
· Whether a given case is only applicable for backhaul links or both access and backhaul links
· Note: This should have no impact on legacy UE behavior

[bookmark: _Hlk49269411]Agreement
· Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx)
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)
· RAN1 should strive to minimize specification impact due to this feature
· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx)
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