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	Introduction
In this paper, we provide our views on specification of resource multiplexing enhancements for simultaneous IAB-MT/IAB-DU operations in eIAB systems. Then, in a companion paper ‎[1], we provide our views on specification of timing modes, power control, and interference management related to the enhancements.
[bookmark: _Ref30491904][bookmark: _Ref30492156][bookmark: _Ref30491838]Discussion
Frequency domain
Discussion on resource multiplexing enhancements continued in RAN1#104-e and RAN1#014bis-e and the following was agreed on FDM ‎[3]‎[4]:
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.)
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

Issues and details remain to address. One issue is the granularity of frequency-domain resource type indications, which may be N PRBs or N RBGs with configurable N. Both PRB and RBG could be supported, in principle.
[bookmark: _Toc68553151][bookmark: _Toc68604762][bookmark: _Toc68608873][bookmark: _Toc68611505][bookmark: _Toc68621470][bookmark: _Toc68645541][bookmark: _Toc71627794][bookmark: _Toc71627844][bookmark: _Toc71631390][bookmark: _Toc71634730][bookmark: _Toc71639076][bookmark: _Toc71642075][bookmark: _Toc71648828][bookmark: _Toc71649578][bookmark: _Toc71665423][bookmark: _Toc71665672][bookmark: _Toc71666691]Support configuration of N PRBs/RBGs as granularity of H/S/NA indications in the frequency domain.
Another issue is whether signalling for the time domain (e.g., according to Rel-16) and the frequency domain is performed separately or jointly. The two approaches are illustrated in the schematic below.
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. Joint vs. separate configuration and signalling
This separate-versus-joint matter is relevant not only to specifying the signalling format, but also to the IAB node’s method for determining hard/soft/NA attributes of resources in the time-frequency grid, which is not necessarily tied to the choice for signalling format. For example, even if the IAB node is configured with hard/soft/NA attributes for time and frequency resources separately, the IAB node may still need to determine the hard/soft/NA attribute for a time-frequency resource jointly based on the separate configurations.
If an IAB node is configured with hard/soft/NA attributes in time and frequency, the hard/soft/NA attribute for a resource in the overlapping areas may be determined, for example, according to the following alternatives.
Alt-1: If the resource is indicated NA in at least one of time and frequency domains, the resource is considered NA. Otherwise, if a resource is indicated soft in at least one domain, the resource is considered soft. Finally, the resource is considered hard if indicated hard in both domains.
	
	Time-domain Hard
	Time-domain Soft
	Time-domain NA

	Freq-domain Hard
	Hard
	Soft
	NA

	Freq-domain Soft
	Soft
	Soft
	NA

	Freq-domain NA
	NA
	NA
	NA



Alt-2: The resource preserves its hard/NA attributes in the time domain on all PRBs/RBGs. However, if the resource is indicated soft in the time domain, it is subject to availability indication in the frequency domain.
	
	Time-domain Hard
	Time-domain Soft
	Time-domain NA

	Freq-domain Hard
	Hard
	Hard or Soft
	NA

	Freq-domain Soft
	Hard
	Soft
	NA

	Freq-domain NA
	Hard
	NA
	NA



[bookmark: _Toc71627795][bookmark: _Toc71627845][bookmark: _Toc71631391][bookmark: _Toc71634731][bookmark: _Toc71639077][bookmark: _Toc71642076][bookmark: _Toc71648829][bookmark: _Toc71649579][bookmark: _Toc71665424][bookmark: _Toc71665673][bookmark: _Toc71666692]Specify rules for determining H/S/NA resource types for time-frequency resources based on separate configurations in time and frequency domains.
Separate and joint indications may be interpreted as follows:
· Separate indication: Frequency-domain H/S/NA configuration applies to certain PRBs semi-statically; see (a) in ‎Figure 2.
· Joint indication: H/S/NA resource types are configured for partitions of time-frequency resources; see (b) in ‎Figure 2.
While option (a) seems low-overhead, but inflexible, option (b) imposes allows maximum flexibility at the cost of a large signalling overhead.
As a tradeoff, an H/S/NA configuration for frequency-domain resources can indicate H/S/NA resource types for a time interval of several slots, for example, followed by several other slots with time-domain-only H/S/NA configuration or a different H/S/NA indications in time and/or frequency, and so on. This option aims at striking a balance between flexibility and signalling overhead, and furthermore, it facilitates coexistence with TDM-only mode as Rel-16 IAB nodes can still operate in designated time intervals; see (c) in ‎Figure 2.
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[bookmark: _Ref71626711]. Alternatives for joint and separate configurations: (a) separate frequency-domain configuration, (b) joint configuration for time-frequency partition, (c) configuration for a specific time interval
Based on the above discussion, we proposed the following.
[bookmark: _Toc71627796][bookmark: _Toc71627846][bookmark: _Toc71631392][bookmark: _Toc71634732][bookmark: _Toc71639078][bookmark: _Toc71642077][bookmark: _Toc71648830][bookmark: _Toc71649580][bookmark: _Toc71665425][bookmark: _Toc71665674][bookmark: _Toc71666693]Support frequency-domain H/S/NA indication for one or several slots as a tradeoff between fully separate and fully joint indications and, furthermore, to facilitate coexistence with TDM-only mode.
In IAB Rel-16, it was specified to allow the IAB-DU to use a soft 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.
The first condition is for IAB nodes capable of performing TDM only. The second condition is applicable to enhanced IAB nodes capable of FDM and/or SDM to perform non-TDM multiplexing on a ‘best-effort’ basis. The third condition allows the IAB node to use resources for communication with a child node without a concern for multiplexing constraints.
The above specification works well for TDM between upstream and downstream communications – the IAB node receives explicit indication of availability of soft resources in a guaranteed manner, while it can still perform non-TDM multiplexing based on a best-effort approach. That, however, is not sufficient for enhanced duplexing. On the one hand, the best-effort approach for non-TDM mode of operation does not guarantee a performance improvement, and on the other hand, relying on the IAB node’s capability to perform non-TDM operations may change frequently and unpredictably in the presence of varying beam, power, and interference and in the presence of timing alignment constraints.
[bookmark: _Toc61541141][bookmark: _Toc61541301][bookmark: _Toc61544527][bookmark: _Toc61544619][bookmark: _Toc61544625][bookmark: _Toc61544696][bookmark: _Toc61547537][bookmark: _Toc61559096][bookmark: _Toc61559319][bookmark: _Toc61854477][bookmark: _Toc61895527][bookmark: _Toc61895645][bookmark: _Toc68553147][bookmark: _Toc68604758][bookmark: _Toc68608868][bookmark: _Toc68611502][bookmark: _Toc68621486][bookmark: _Toc68645550][bookmark: _Toc71627790][bookmark: _Toc71627842][bookmark: _Toc71631388][bookmark: _Toc71634728][bookmark: _Toc71665419]The best-effort approach is insufficient for non-TDM operation in the presence of varying beam, power, interference, and timing alignment constraints.
[bookmark: _Toc61541142][bookmark: _Toc61541302][bookmark: _Toc61544528][bookmark: _Toc61544620][bookmark: _Toc61544626][bookmark: _Toc61544697][bookmark: _Toc61547538][bookmark: _Toc61559097][bookmark: _Toc61559320][bookmark: _Toc61854478][bookmark: _Toc61895528][bookmark: _Toc61895646][bookmark: _Toc68553148][bookmark: _Toc68604759][bookmark: _Toc68608869][bookmark: _Toc68611503][bookmark: _Toc68621487][bookmark: _Toc68645551][bookmark: _Toc71627791][bookmark: _Toc71627843][bookmark: _Toc71631389][bookmark: _Toc71634729][bookmark: _Toc71665420]When non-TDM multiplexing between upstream and downstream links are intended, sending availability indication for IAB-DU resources solely based on IAB node’s non-TDM capability may result in shortage of resources for IAB-MT due to beamforming, power, interference, or timing alignment constraints at a moment.
Therefore, we propose to support availability indication of soft resources whereby the IAB node can use the soft resources only when it is able to perform non-TDM with an IAB-MT operation.
[bookmark: _Toc61541285][bookmark: _Toc61541337][bookmark: _Toc61544628][bookmark: _Toc61547545][bookmark: _Toc61559090][bookmark: _Toc61559327][bookmark: _Toc61854473][bookmark: _Toc61858380][bookmark: _Toc61858814][bookmark: _Toc61859145][bookmark: _Toc61895539][bookmark: _Toc61895641][bookmark: _Toc68553152][bookmark: _Toc68604763][bookmark: _Toc68608874][bookmark: _Toc68611506][bookmark: _Toc68621471][bookmark: _Toc68645542][bookmark: _Toc71627797][bookmark: _Toc71627847][bookmark: _Toc71631393][bookmark: _Toc71634733][bookmark: _Toc71639079][bookmark: _Toc71642078][bookmark: _Toc71648831][bookmark: _Toc71649581][bookmark: _Toc71665426][bookmark: _Toc71665675][bookmark: _Toc71666694]Support conditional availability indication as a balance between existing best-effort non-TDM and TDM-only availability indication.
Spatial domain
Discussion on spatial-domain enhancements in RAN1#104-e and RAN1#104bis-e led to the following agreements ‎[3]‎[4]:
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
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

Outstanding issues:
A main issue discussed in the last meetings without a conclusion is whether the H/S/NA resource indication framework is appropriate for the spatial domain. Extending the framework to the frequency domain has apparent performance benefits by increasing flexibility of resource management. However, due to fundamental differences between how signals are defined in NR in time-frequency domains versus the spatial domain, extension of the H/S/NA framework to the spatial domain does not seem advantageous immediately.
One main difference is that time-frequency resources are defined at the signal level in NR, while in contrast, spatial-domain resources (provided by antennas, RF and analog beamforming circuitry, etc.) are handled by QCL relationships. Another difference is that time-frequency resources are configured and managed by the RRC, while spatial resources are mainly handled by ‘local’ L1/L2 signalling.
An H/S/NA resource indication would include a configuration of ‘spatial resources’ as hard, soft, or unavailable/NA by the IAB-CU, followed by availability indication signalling by IAB-DUs. Instead, we propose a framework with the following main differences.
First, it is not straight-forward to see how hard and unavailable resource types at the spatial domain would be best configured by the IAB-CU, especially in the case of mobile IAB with varying best panels and beams. Instead, configurations may merely enable dynamic signalling for managing ‘spatial resources’ in the case that all the IAB nodes involved support the feature.
Second, depending on IAB node spatial-domain capability, applicability of enhanced multiplexing (see Section 2.3), and/or configurations, the dynamic signalling can deviate from the availability indication principles specified for TDM operation in Rel-16.
Discussion and solutions:
When operating at FR2, communications of an IAB node with a single antenna panel (connected to a single RF chain) are spatially limited to one beam at a time. That means if two operations are scheduled simultaneously, the signals are constrained to be transmitted or received through a same beam.
[bookmark: _Ref30690270][bookmark: _Ref30690541]Communications of an IAB node with multiple antenna panels (each connected to a separate RF chain) are not limited to one beam, but an enhanced multiplexing case may still put spatial constraints, such as the example shown in ‎Figure 3.
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[bookmark: _Ref30691547]. Beam/panel indication for simultaneous MT-DU operations
In this example, the IAB node has two antenna panels that are shared for IAB-MT and IAB-DU functionalities. The IAB node is connected to a parent node and a UE that are spatially separated. As a result, an antenna panel performing a TX/RX operation with the parent node cannot be used for a simultaneous operation with the UE, and vice versa.
Suppose that the parent node schedules a PDSCH to the IAB node. A TCI state indicates which of the two panels of the IAB node are selected by the parent node. If the PDSCH takes only one of the two antenna panels, the IAB node can schedule a simultaneous PUSCH for the UE, and select one of the antenna panels for the PUSCH that is not indicated used or restricted by the TCI state indication for the PDSCH.
It can be seen that if the IAB node receives the TCI state indication in advance, it can schedule the PUSCH for the UE. However, if the TCI state indication is received in the same time slot, for example, the IAB node will not have sufficient time to decode the message in a timely manner and transmit a scheduling DCI of its own to the child node.
Therefore, proper configuration of scheduling parameters such as k0 and k2 can be key to enabling simultaneous operations.
[bookmark: _Toc71631394][bookmark: _Toc71634734][bookmark: _Toc71639080][bookmark: _Toc71642079][bookmark: _Toc71648832][bookmark: _Toc71649582][bookmark: _Toc71665427][bookmark: _Toc71665676][bookmark: _Toc54311504][bookmark: _Toc54311604][bookmark: _Toc54311799][bookmark: _Toc54332052][bookmark: _Toc54332730][bookmark: _Toc54332774][bookmark: _Toc54332816][bookmark: _Toc54336716][bookmark: _Toc54336877][bookmark: _Toc54341454][bookmark: _Toc54341512][bookmark: _Toc54345801][bookmark: _Toc54393518][bookmark: _Toc54393579][bookmark: _Toc54393718][bookmark: _Toc61520644][bookmark: _Toc61536510][bookmark: _Toc61541290][bookmark: _Toc61541342][bookmark: _Toc61544633][bookmark: _Toc61547546][bookmark: _Toc61559091][bookmark: _Toc61559328][bookmark: _Toc61854474][bookmark: _Toc61858381][bookmark: _Toc61858815][bookmark: _Toc61859146][bookmark: _Toc61895540][bookmark: _Toc61895642][bookmark: _Toc68553153][bookmark: _Toc68604764][bookmark: _Toc68608875][bookmark: _Toc68611507][bookmark: _Toc68621472][bookmark: _Toc68645543][bookmark: _Toc71627798][bookmark: _Toc71627848][bookmark: _Toc71666695]To facilitate simultaneous operations and interference management, support dynamic indication for restricting/using beams and their associated antenna panels (in upstream and/or downstream directions) for specific time-frequency resources.
Two additional points are worth mentioning:
· The above proposed mechanisms are not only for multi-panel scenarios. A single-panel IAB node may also benefit from early dynamic signalling if it can accommodate simultaneous operations by one antenna panel.
· The proposed dynamic signalling allows the parent node to indicate a beam for the upstream link, from which the IAB node can determine spatial constraints for a downstream link. An alternative to this dynamic signalling is to follow the availability indication principle, i.e., allowing the parent node to determine a spatial constraint for the downstream link directly. The two approaches are compared in the figure below.
[image: ]
. Dynamic signalling for upstream indication vs. downstream indication
Each of the two approaches has its pros and cons. Advantages of ‘upstream indications’ include simplicity and less effort required for specification, configuration, and capability signalling. Advantages of ‘downstream indications,’ on the other hand, include higher flexibility for spatial resource (panel and beam) management, interference management, and so on.
Since each of the two approaches leads to provisions that cannot be provided by one approach alone, we find it beneficial to discuss downstream indication solutions (i.e., following an availability-indication type of signalling in the spatial domain) in addition to the proposed early upstream indication approach.
[bookmark: _Toc68608876][bookmark: _Toc68611508][bookmark: _Toc68621473][bookmark: _Toc68645544][bookmark: _Toc71627799][bookmark: _Toc71627849][bookmark: _Toc71631395][bookmark: _Toc71634735][bookmark: _Toc71639081][bookmark: _Toc71642080][bookmark: _Toc71648833][bookmark: _Toc71649583][bookmark: _Toc71665428][bookmark: _Toc71665677][bookmark: _Toc71666696]Discuss supporting upstream indications (i.e., following an availability indication principle) in addition to indication of usage or restriction of a beam/panel.
Applicability of multiplexing cases
The following was agreed in the previous meetings ‎[2]‎[3]‎[4]:
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
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
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)

The main point of this discussion is that an IAB node’s capability to perform simultaneous operations depend on two main type of constraints:
· hardware constraints, e.g., the number of antenna panels,
· operation constraints, e.g., beam, power, interference, and timing alignment constraints.
With regards to hardware constraints, it was agreed in the previous meetings that Case A (simultaneous transmission) and Case B (simultaneous reception) are considered for both single-panel and multi-panel IAB nodes. For these two cases, multi-panel IAB nodes are expected to impose less stringent requirements on baseband timing alignment. If the goal is to avoid any overlap between a transmission on one panel and a reception on another panel, even at symbol boundaries, the matter can be handled by allocating guard symbols between DL and UL resources.
However, an IAB node with a single panel/RF frontend, shared between IAB-MT and IAB-DU, may require a perfect alignment between FDM’ed operations. Enhanced timing alignment cases being discussed under agenda item 8.10.2 can be employed to satisfy the timing alignment constraint for simultaneous transmissions (Case-6) or simultaneous receptions (Case-7). Nevertheless, such a requirement can be relaxed if multiple baseband units are available or the baseband unit is equipped with multiple IFFT/FFT windows. Whether the IAB node supports multiple baseband processing can be specified as an IAB node capability.
[bookmark: _Toc54393517][bookmark: _Toc54393578][bookmark: _Toc54393717][bookmark: _Toc61520643][bookmark: _Toc61536509][bookmark: _Toc61541289][bookmark: _Toc61541341][bookmark: _Toc61544632][bookmark: _Toc61547539][bookmark: _Toc61559098][bookmark: _Toc61559321][bookmark: _Toc61854479][bookmark: _Toc61895529][bookmark: _Toc61895647][bookmark: _Toc68553149][bookmark: _Toc54311503][bookmark: _Toc54311603][bookmark: _Toc54311798][bookmark: _Toc54332051][bookmark: _Toc54332729][bookmark: _Toc54332773][bookmark: _Toc54332815][bookmark: _Toc54336715][bookmark: _Toc54336876][bookmark: _Toc54341453][bookmark: _Toc54341511][bookmark: _Toc54345800][bookmark: _Toc68604760][bookmark: _Toc68608877][bookmark: _Toc68611509][bookmark: _Toc68621474][bookmark: _Toc68645545][bookmark: _Toc71627800][bookmark: _Toc71627850][bookmark: _Toc71631396][bookmark: _Toc71634736][bookmark: _Toc71639082][bookmark: _Toc71642081][bookmark: _Toc71648834][bookmark: _Toc71649584][bookmark: _Toc71665429][bookmark: _Toc71665678][bookmark: _Toc71666697]Support signaling IAB node capabilities for timing alignment and multi-panel and baseband characteristics.
Next, regarding operation constraints, dynamic signalling can be introduced by which an IAB node indicates to its parent node whether a multiplexing (simultaneous operation) case is currently possible with the current operation (beam, power, interference, etc.) constraints. The indication message may be specified as an L1/L2 control message that includes the following additional information:
· time-frequency domain resources, including a temporal parameter such as a number of slots or subframes,
· spatial constraints, e.g., beams that cause excessive interference, hence not allowing a certain multiplexing case,
· TX power range or maximum TX power offset based on the TX/RX power for a downstream operation,
· guard times, guard bands, etc.
Given hardware constraints and operation constraints at the IAB node, the parent node can then respond by applying the information for signalling of scheduling, beam indication, link adaptation, power control, timing alignment control, availability indication in time/frequency/spatial domains, and so on.
[bookmark: _Toc68611510][bookmark: _Toc68621475][bookmark: _Toc68645546][bookmark: _Toc71627801][bookmark: _Toc71627851][bookmark: _Toc71631397][bookmark: _Toc71634737][bookmark: _Toc71639083][bookmark: _Toc71642082][bookmark: _Toc71648835][bookmark: _Toc71649585][bookmark: _Toc71665430][bookmark: _Toc71665679][bookmark: _Toc71666698]Support dynamic signalling for communicating operation constraints such as beam, power, interference, and timing alignment constraints along with information of time, frequency, and spatial resources.
Dual-connectivity
The following is a list of DC-related agreement in the previous meetings ‎[2]‎[3]‎[4]:
Agreement (RAN1#103-e)
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 (RAN1#104-e)
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 (RAN1#104bis-e)
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:
· [bookmark: _Hlk71639214]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)

We address some of the outstanding issues in this section.
Consider the following DC scenario.

. IAB dual connectivity
In this figure, both parent IAB node 1 (PN1) and parent node 2 (PN2) can be informed of H/S/NA resource configurations for the IAB node (N) according to IAB Rel-16. However, for example, if PN1 indicates soft resources available for N through DCI 2_5 signaling, PN2 does not have access to this information.
That raises issues. One issue is that if PN2 intends to avoid interference with transmissions scheduled by N on soft resources, it does not have a means to realize whether the soft resources are already available to N.
Another issue that may be raised in intra-band DC is that during transition times, when the link between N and PN1 is not available, PN2 should take control of resource availability for N and other child nodes without knowing which soft resources are already indicated available to N.
In order to address these issues, signalling can be introduced between parent nodes, or from an IAB node to its parent node, that informs the parent node of the current status of availability indication for soft resources of a dually-connected IAB node.
[bookmark: _Toc54311507][bookmark: _Toc54311607][bookmark: _Toc54311802][bookmark: _Toc54332055][bookmark: _Toc54332733][bookmark: _Toc54332777][bookmark: _Toc54332819][bookmark: _Toc54336719][bookmark: _Toc54336880][bookmark: _Toc54341457][bookmark: _Toc54341515][bookmark: _Toc54345804][bookmark: _Toc54393521][bookmark: _Toc54393582][bookmark: _Toc54393721][bookmark: _Toc61520647][bookmark: _Toc61536513][bookmark: _Toc61541293][bookmark: _Toc61541345][bookmark: _Toc61544636][bookmark: _Toc61547549][bookmark: _Toc61559093][bookmark: _Toc61559330][bookmark: _Toc61854476][bookmark: _Toc61858383][bookmark: _Toc61858817][bookmark: _Toc61859148][bookmark: _Toc61895542][bookmark: _Toc61895644][bookmark: _Toc68553155][bookmark: _Toc68604766][bookmark: _Toc68608879][bookmark: _Toc68611512][bookmark: _Toc68621477][bookmark: _Toc68645548][bookmark: _Toc71627803][bookmark: _Toc71627853][bookmark: _Toc71631399][bookmark: _Toc71634739][bookmark: _Toc71639084][bookmark: _Toc71642083][bookmark: _Toc71648836][bookmark: _Toc71649586][bookmark: _Toc71665431][bookmark: _Toc71665680][bookmark: _Toc71666699]Support signaling from an IAB node in the DC mode to its parent node for informing the parent node of the status of availability of soft resources. Further discuss specification of mechanisms to handle availability indication collisions by two parent nodes in the DC mode.
Furthermore, it has been suggested to extend the Rel-16 CA TDD conflict resolution framework for synchronous intra-band NR-DC operation. The following table lists solutions agreed and adopted for a number of DL-UL conflict scenarios ‎[5].
	No
	Ref cell
	Other cell
	UE behavior
	Note

	1
	Semi SFI D
	Semi SFI U
	Allowed to drop U for inter-band
Error case in intra-band
	Dropping U on other cell
Error case in intra-band

	2
	Semi SFI D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	3
	Semi SFI D
	Dynamic U
	Allowed to drop D for inter-band
Error case in intra-band
	Overriding semi SFI D to F on reference cell for the UE

	4
	Semi SFI U
	Semi SFI D
	Allowed to drop D for inter-band
Error case in intra-band
	Dropping D on other cell
Error case in intra-band

	5
	Semi SFI U
	RRC D
	Allowed to drop D 
	Dropping on other cell

	6
	Semi SFI U
	Dynamic D
	Error
	Error

	7
	RRC D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	8
	RRC U
	RRC D
	Allowed to drop D
	Dropping on other cell

	9
	Dynamic D
	Dynamic U
	Error
	Error

	10
	Dynamic U
	Dynamic D
	Error
	Error

	11
	RRC U
	Semi SFI D
	Allowed to drop D
	Dropping on other cell

	12
	Dynamic U
	Semi SFI D
	Allowed to drop D
	Dropping on other cell

	13
	RRC D
	Semi SFI U
	Allowed to drop U
	Dropping on other cell

	14
	Dynamic D
	Semi SFI U
	Allowed to drop U
	Dropping on other cell

	15
	RRC U
	Dynamic D
	Error
	 

	16
	RRC D
	Dynamic U
	Allowed to drop D for inter-band
Error case in intra-band
	 

	17
	Dynamic U
	RRC D
	Allowed to drop D
	Dropping on other cell

	18
	Dynamic D
	RRC U
	Allowed to drop U
	Dropping on other cell



There are a few points to be considered for extending the above framework to synchronous intra-band DC operation.
First, “reference cell” and “other cell” were defined in the Rel-16 TEI such that in the case of direction conflict between a configured type (Semi SFI or RRC) with a dynamic type, the reference cell is determined to be the cell with the configured type. As a result, scenarios 12, 14, 17, and 18 were excluded and not specified. However, in the DC scenario, the reference cell could be defined as the cell in the MCG while the other cell would be from the SCG. In this case, the additional scenarios would need to be considered. Furthermore, the MCG can be given higher priority in all DL-UL conflicts, hence resulting in an error case or dropping the operation on the SCG cell.
Second, inter-parent coordination when the parent nodes are configured by different IAB donors may require higher-layer inter-donor signaling. Third, further IAB-specific resource conflicts need to be addressed. For example, Case-7 timing alignment can result in a timing conflict between two uplink transmissions.
[bookmark: _Toc71648837][bookmark: _Toc71649587][bookmark: _Toc71665432][bookmark: _Toc71665681][bookmark: _Toc71642084][bookmark: _Toc71666700]Support extension of CA TDD collision handling for DL-UL conflict resolution.
· [bookmark: _Toc71648838][bookmark: _Toc71649588][bookmark: _Toc71665433][bookmark: _Toc71665682][bookmark: _Toc71666701]Support inter-donor signaling for inter-parent coordination
· [bookmark: _Toc71648839][bookmark: _Toc71649589][bookmark: _Toc71665434][bookmark: _Toc71665683][bookmark: _Toc71666702]Include scenarios of resource conflicts due to timing misalignment
Conclusions
In this contribution, we discussed resource multiplexing enhancements for simultaneous operations on child and parent links of an IAB node and made the following observations and proposals:
Observation 1:	The best-effort approach is insufficient for non-TDM operation in the presence of varying beam, power, interference, and timing alignment constraints.
Observation 2:	When non-TDM multiplexing between upstream and downstream links are intended, sending availability indication for IAB-DU resources solely based on IAB node’s non-TDM capability may result in shortage of resources for IAB-MT due to beamforming, power, interference, or timing alignment constraints at a moment.

Proposal 1:	Support configuration of N PRBs/RBGs as granularity of H/S/NA indications in the frequency domain.
Proposal 2:	Specify rules for determining H/S/NA resource types for time-frequency resources based on separate configurations in time and frequency domains.
Proposal 3:	Support frequency-domain H/S/NA indication for one or several slots as a tradeoff between fully separate and fully joint indications and, furthermore, to facilitate coexistence with TDM-only mode.
Proposal 4:	Support conditional availability indication as a balance between existing best-effort non-TDM and TDM-only availability indication.
Proposal 5:	To facilitate simultaneous operations and interference management, support dynamic indication for restricting/using beams and their associated antenna panels (in upstream and/or downstream directions) for specific time-frequency resources.
Proposal 6:	Discuss supporting upstream indications (i.e., following an availability indication principle) in addition to indication of usage or restriction of a beam/panel.
Proposal 7:	Support signaling IAB node capabilities for timing alignment and multi-panel and baseband characteristics.
Proposal 8:	Support dynamic signalling for communicating operation constraints such as beam, power, interference, and timing alignment constraints along with information of time, frequency, and spatial resources.
Proposal 9:	Support signaling from an IAB node in the DC mode to its parent node for informing the parent node of the status of availability of soft resources. Further discuss specification of mechanisms to handle availability indication collisions by two parent nodes in the DC mode.
Proposal 10:	Support extension of CA TDD collision handling for DL-UL conflict resolution.
	-	Support inter-donor signaling for inter-parent coordination
	-	Include scenarios of resource conflicts due to timing misalignment
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