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	Introduction
The following cases of simultaneous operations were identified in RAN1#102-e ‎[1]:
	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



RAN1 made further progress in RAN1#103-e and reached agreements that will be reviewed in the discussion section. In this paper, we provide our views on specification of resource multiplexing enhancements in eIAB systems. Then, in a companion paper ‎[3], 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
Resource configurations and signalling
The following was agreed in the previous meetings:
	Agreement (RAN1#102-e)
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 (RAN1#103-e)
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
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



In IAB Rel-16, resources in the time domain (slots/symbols) can be configured by the RRC as hard (H), soft (S), or not available (NA) for each IAB node. These semi-static configurations are applied only in the time domain, meaning that either all the PRBs in the BWP (except the ones that are allocated by other signals such as SS/PBCH blocks) are available (H), not available (NA), or subject to availability indication (AI) by DCI signalling (S).
A similar approach can be taken in the frequency domain – new configurations can be specified to determine availability in the time and frequency domains for an IAB node. Each configuration should include parameters such as the periodicity and available PRBs in each period for the IAB node.
In order to realize resource partitioning in the frequency domain, one PRB is too small as a unit of bandwidth and may result in excessive overhead for configurations and control signalling. Instead, a group of N PRBs can be taken as the unit of bandwidth. The number of PRBs N in the unit can be specified or configured. Then, each group of N PRBs can be configured with attributes such as hard, soft, or not-available for a serving cell by the IAB-DU.
[bookmark: _Toc61536506][bookmark: _Toc61541286][bookmark: _Toc61541338][bookmark: _Toc61544629][bookmark: _Toc61547542][bookmark: _Toc61559087][bookmark: _Toc61559324][bookmark: _Toc61854470][bookmark: _Toc61858375][bookmark: _Toc61858809][bookmark: _Toc61859140][bookmark: _Toc61895534][bookmark: _Toc61895636]Define a group of N PRBs as the unit of bandwidth for configuration and signalling. N can be a specified constant or configured by the IAB-CU.
It was agreed in the previous meeting to take semi-static and dynamic resource allocation mechanisms as a starting point for Rel-17 multiplexing cases. We first address the case of FDM between IAB-DU and IAB-MT.
There are options for realizing FDM resource allocation between IAB-DU and IAB-MT. One option is to extend the H/S/NA configuration framework to the frequency domain, e.g., configure (groups of) PRBs as hard, soft, or NA. Then, hard PRBs can always be assumed available by the IAB-DU, NA PRBs are always unavailable, and soft PRBs can be indicated available by the parent node.
Extending resource configurations and availability indication signalling to the frequency domain allows flexible resource allocations for non-TDM operation, particularly for FDM. For example, when it is expected that adjacent nodes such as parent and child nodes of an IAB node cause prohibitive interference on the IAB node, the IAB-CU can configure hard and soft resources on non-overlapping partitions in time and frequency domains such as the example in the figures below.
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[bookmark: _Ref54309728]. Example scenario
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[bookmark: _Ref47535681]. Example of semi-static resource configuration in time and frequency domains
That can essentially partition the available resources into H/S and NA resources for each IAB node, hence allowing a flexible degree of control among the IAB-CU, by semi-static partitioning, and the IAB-DUs, by indicating availability of soft resources in partitions. Frequency-domain AI can then be specified to allow IAB nodes to coordinate with their child nodes, locally and dynamically, what resources to use for scheduling.
Another option for frequency-domain availability indication is to apply it to (groups of) PRBs on soft symbols as configured according to Rel-16. This option may be slightly less flexible, but it has advantages. One advantage is that it requires less specification effort for higher layer configurations while still providing flexible resource allocation in the frequency domain. Second, the backward compatibility with IAB Rel-16 resource configurations allows a convenient operation of IAB systems with mixed Rel-16 and Rel-17 IAB nodes – frequency-domain availability indication can be used only ‘locally’ by lower layer signalling when the IAB node and its child node both support non-TDM operation.
Frequency-domain duplexing may also be enabled by proper configuration and activation of bandwidth parts so as to avoid resource overlaps among adjacent hops, fulfil guard band requirements, avoid cross-link interference, and so on.
[bookmark: _Ref54309442][bookmark: _Toc54311501][bookmark: _Toc54311601][bookmark: _Toc54311796][bookmark: _Toc54332049][bookmark: _Toc54332727][bookmark: _Toc54332771][bookmark: _Toc54332813][bookmark: _Toc54336713][bookmark: _Toc54336874][bookmark: _Toc54341451][bookmark: _Toc54341509][bookmark: _Toc54345798][bookmark: _Toc54393515][bookmark: _Toc54393576][bookmark: _Toc54393715][bookmark: _Toc61520641][bookmark: _Toc61536507][bookmark: _Toc61541287][bookmark: _Toc61541339][bookmark: _Toc61544630][bookmark: _Toc61547543][bookmark: _Toc61559088][bookmark: _Toc61559325][bookmark: _Toc61854471][bookmark: _Toc61858376][bookmark: _Toc61858810][bookmark: _Toc61859141][bookmark: _Toc54311502][bookmark: _Toc54311602][bookmark: _Toc54311797][bookmark: _Toc54332050][bookmark: _Toc54332728][bookmark: _Toc54332772][bookmark: _Toc54332814][bookmark: _Toc54336714][bookmark: _Toc54336875][bookmark: _Toc54341452][bookmark: _Toc54341510][bookmark: _Toc54345799][bookmark: _Toc54393516][bookmark: _Toc54393577][bookmark: _Toc54393716][bookmark: _Toc61520642][bookmark: _Toc61536508][bookmark: _Toc61541288][bookmark: _Toc61541340][bookmark: _Toc61544631][bookmark: _Toc61547544][bookmark: _Toc61559089][bookmark: _Toc61559326][bookmark: _Toc61854472][bookmark: _Toc61895535][bookmark: _Toc61895637]Support semi-static resource configuration in time and frequency domains.
[bookmark: _Toc61858377][bookmark: _Toc61858811][bookmark: _Toc61859142][bookmark: _Toc61895536][bookmark: _Toc61895638]Extend availability indication to the frequency domain.
[bookmark: _Toc61858378][bookmark: _Toc61858812][bookmark: _Toc61859143][bookmark: _Toc61895537][bookmark: _Toc61895639]Option 1 (higher flexibility): Extend H/S/NA configurations and availability indication to the frequency domain.
[bookmark: _Toc61858379][bookmark: _Toc61858813][bookmark: _Toc61859144][bookmark: _Toc61895538][bookmark: _Toc61895640]Option 2 (better coexistence): Support frequency-domain availability indication on soft symbols.
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]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]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]Support conditional availability indication as a balance between best-effort non-TDM and existing availability indication.

Applicability and implementation considerations
The following was agreed in the previous meeting:
	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



As agreed in the past meeting, 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: _Toc54311503][bookmark: _Toc54311603][bookmark: _Toc54311798][bookmark: _Toc54332051][bookmark: _Toc54332729][bookmark: _Toc54332773][bookmark: _Toc54332815][bookmark: _Toc54336715][bookmark: _Toc54336876][bookmark: _Toc54341453][bookmark: _Toc54341511][bookmark: _Toc54345800][bookmark: _Toc61895529][bookmark: _Toc61895647]Knowledge of IAB node capability of timing alignment, multi-panel and baseband characteristics may be beneficial from system operation perspective. 
There are considerations for simultaneous operation of an IAB node 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 there are still constraints for simultaneous operations. Consider the example scenario in ‎‎Figure 3 where N has two antenna panels.
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[bookmark: _Ref30691547]. Simultaneous operation for a multi-panel IAB node
Suppose that the parent IAB node (PN) schedules a PDSCH to the IAB node (N). A TCI indication determines which of the two panels of N are selected by PN. Since the PDSCH takes only one of the panels of N, the node can schedule a PUSCH from the child IAB node (CN) simultaneously. For example, if PN indicates a beam from panel P1, N will have panel P2 for communication with CN.
If N knows in advance whether and which panel will be used for communication with PN, it can schedule a communication with CN in a timely manner. However, if PN schedules the PDSCH in the same time slot for example, N will not have sufficient time to decode the DCI and transmit a DCI of its own to CN.
[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]Consider mechanisms to identify which IAB node panels are available for its scheduling to facilitate SDM operation between parent IAB node and child IAB node.

Dual-connectivity
The following was agreed and proposed for further consideration in the previous meetings ‎[1]‎[2]:
	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 (RAN1#102-e)
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 (RAN1#103-e)
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 (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#103-e)
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



[bookmark: _Hlk61558954]There were discussions in the last RAN1 and RAN plenary meetings on whether to support intra-carrier DC in eIAB systems. Given that intra-carrier DC can make significant improvement in resource efficiency, especially at FR2 with lower link reliability and higher available bandwidths, we support intra-carrier DC at least to the extent that it reuses solutions for inter-carrier DC.
[bookmark: _Toc61559092][bookmark: _Toc61559329][bookmark: _Toc61854475][bookmark: _Toc61858382][bookmark: _Toc61858816][bookmark: _Toc61859147][bookmark: _Toc61895541][bookmark: _Toc61895643]Support intra-carrier DC at least to the extent that solutions for inter-carrier DC are reused.
It was agreed in RAN1#103-e to further study availability indication in DC scenarios. Consider the following figure.

. 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 several 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 is during transition times when the link between N and PN1 is not available and 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 AI 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]Define signaling for IAB nodes in the DC mode to inform parent IAB nodes of the status of availability of soft resources.

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:
[bookmark: _GoBack]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.
Observation 3:	Knowledge of IAB node capability of timing alignment, multi-panel and baseband characteristics may be beneficial from system operation perspective.

Proposal 1:	Define a group of N PRBs as the unit of bandwidth for configuration and signalling. N can be a specified constant or configured by the IAB-CU.
Proposal 2:	Support semi-static resource configuration in time and frequency domains.
Proposal 3:	Extend availability indication to the frequency domain.
Option 1 (higher flexibility): Extend H/S/NA configurations and availability indication to the frequency domain.
Option 2 (better coexistence): Support frequency-domain availability indication on soft symbols.
Proposal 4:	Support conditional availability indication as a balance between best-effort non-TDM and existing availability indication.
Proposal 5:	Consider mechanisms to identify which IAB node panels are available for its scheduling to facilitate SDM operation between parent IAB node and child IAB node.
Proposal 6:	Support intra-carrier DC at least to the extent that solutions for inter-carrier DC are reused.
Proposal 7:	Define signaling for IAB nodes in the DC mode to inform parent IAB nodes of the status of availability of soft resources.
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