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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 and power control related to the enhancements.
[bookmark: _Ref30491904][bookmark: _Ref30492156][bookmark: _Ref30491838]Discussion
Frequency domain
It was agreed in the previous meetings to provide separate H/S/NA configurations for the frequency domain. This choice improves backward compatibility.
However, the agreement has led to a discussion on whether and how to apply H/S/NA attributes of resources in the time-frequency grid. Some companies expressed preference for avoiding overlapping configurations such that there is no ambiguity on what H/S/NA attributes (Rel-16/time or Rel-17/frequency) are used for resource management and availability indication (DCI 2-5) signalling. Some other companies prefer to avoid such restriction on configuration, but they suggest using one set of the H/S/NA attributes at a time, i.e., either Rel-16/time or Rel-17/frequency attributes.
The discussions did not conclude with an agreement, and instead, they led to the following working assumption ‎[4]:
Working Assumption
If both the Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot, one of the following is selected:
· Alt. 1: An IAB node applies the frequency domain H/S/NA only if the IAB node is currently operating in a non-TDM multiplexing mode in the slot, otherwise the Rel-16 time domain H/S/NA configuration is applied.

For RAN1#107-e, companies to consider the following decision point:
An IAB node (or parent node) cannot operate under a given non-TDM multiplexing mode until:
· Alt. 1: All required conditions and parameters which have been directly indicated/requested to the parent node (e.g. via MAC-CE) are explicitly acknowledged by the parent node.
· Alt. 2: All required conditions and parameters which have been directly indicated/requested to the parent node (e.g. via MAC-CE) are implicitly acknowledged by the parent node or implicitly determined at the child node
This working assumption suffers from a major issue: non-TDM is related to capability signaling; it is not defined as a mode of operation. The related capability signaling was introduced for IAB in Rel-16 such that the IAB-CU uses the capability information for configurations. In order to confirm the working assumption, RAN1 should first reach an agreement on a definition of non-TDM multiplexing mode.
[bookmark: _Toc87021755][bookmark: _Toc87034772][bookmark: _Toc87034926][bookmark: _Toc87035706][bookmark: _Toc87035731][bookmark: _Toc87036430][bookmark: _Toc87036773][bookmark: _Toc87037749][bookmark: _Toc87037945][bookmark: _Toc87038098][bookmark: _Toc87040003][bookmark: _Toc87040167][bookmark: _Toc87044996]The working assumption on applying the frequency-domain H/S/NA in RAN1#106-bis-e is incorrect/invalid because it refers to “operating in a non-TDM multiplexing mode,” the definition of which has not been agreed.
We propose to apply the H/S/NA attributes in time and frequency domains jointly, as this approach aims at addressing the multiple issues raised on this matter.
One main benefit for joint application of time- and frequency-domain H/S/NA attributes is flexibility for a TDM fallback mode. If the H/S/NA configurations are applied separately, that will require the IAB-CU to dedicate non-overlapping resources, such as slots, to either TDM or FDM. Then, each slot may be used for only one of TDM and FDM. That limits resource management significantly: if the IAB node is not capable of performing FDM at a moment, it does not have the option of using FDM slots as TDM, which may result in wasting all or a part of the bandwidth on those slots. This issue is illustrated in ‎Figure 1 (a).
[bookmark: _Toc83997372][bookmark: _Toc84007468][bookmark: _Toc84018527][bookmark: _Toc87021756][bookmark: _Toc87034773][bookmark: _Toc87034927][bookmark: _Toc87035707][bookmark: _Toc87035732][bookmark: _Toc87036431][bookmark: _Toc87036774][bookmark: _Toc87037750][bookmark: _Toc87037946][bookmark: _Toc87038099][bookmark: _Toc87040004][bookmark: _Toc87040168][bookmark: _Toc87044997]Joint application of time-domain (Rel-16) and frequency-domain (Rel-17) H/S/NA attributes facilitates a fallback mode, avoids the complexity of defining a multiplexing mode, and provides higher resource efficiency if the IAB node is not capable of performing FDM at a moment.
Furthermore, separate application is a special case of joint application, e.g., IAB-CU may choose to configure IAB nodes with time- and frequency-domain H/S/NA on same slots for joint application, or alternatively, on separate slots for separate application.
[bookmark: _Toc83997373][bookmark: _Toc84007469][bookmark: _Toc84018528][bookmark: _Toc87021757][bookmark: _Toc87034774][bookmark: _Toc87034928][bookmark: _Toc87035708][bookmark: _Toc87035733][bookmark: _Toc87036432][bookmark: _Toc87036775][bookmark: _Toc87037751][bookmark: _Toc87037947][bookmark: _Toc87038100][bookmark: _Toc87040005][bookmark: _Toc87040169][bookmark: _Toc87044998]Separate application of time-domain and frequency-domain H/S/NA is a special case of joint application.
Joint application of time- and frequency-domain attributes will allow the IAB-CU to send configurations for overlapping resources, hence allowing a higher flexibility and improving resource efficiency in the presence of intermittent limitations for performing non-TDM multiplexing. This significant benefit comes at the small cost of defining rules to obtain T-F attributes jointly based on separate configurations.
[bookmark: _Toc79157017][bookmark: _Toc79157209][bookmark: _Toc79159799][bookmark: _Toc79177820][bookmark: _Toc83997377][bookmark: _Toc84007473][bookmark: _Toc84018532][bookmark: _Toc87021760][bookmark: _Toc87034777][bookmark: _Toc87034931][bookmark: _Toc87035711][bookmark: _Toc87035736][bookmark: _Toc87036435][bookmark: _Toc87036778][bookmark: _Toc87037754][bookmark: _Toc87037950][bookmark: _Toc87038103][bookmark: _Toc87040008][bookmark: _Toc87040174][bookmark: _Toc71627795][bookmark: _Toc71627845][bookmark: _Toc71631391][bookmark: _Toc71634731][bookmark: _Toc71639077][bookmark: _Toc71642076][bookmark: _Toc71648829][bookmark: _Toc71649579][bookmark: _Toc71665424][bookmark: _Toc71665673][bookmark: _Toc71666692][bookmark: _Toc87045004]Support joint application of time-domain and frequency-domain H/S/NA configurations.
[bookmark: _Toc79157018][bookmark: _Toc79157210][bookmark: _Toc79159800][bookmark: _Toc79177821][bookmark: _Toc83997378][bookmark: _Toc84007474][bookmark: _Toc84018533][bookmark: _Toc87021761][bookmark: _Toc87034778][bookmark: _Toc87034932][bookmark: _Toc87035712][bookmark: _Toc87035737][bookmark: _Toc87036436][bookmark: _Toc87036779][bookmark: _Toc87037755][bookmark: _Toc87037951][bookmark: _Toc87038104][bookmark: _Toc87040009][bookmark: _Toc87040175][bookmark: _Toc87045005]Specify rules for determining H/S/NA resource types for time-frequency resources based on separate configurations in time and frequency domains.
The following are examples for rules to determine an attribute for a resource jointly based on separate T-F configurations.
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
	Soft or Hard
	NA

	Freq-domain Soft
	Hard
	Soft
	NA

	Freq-domain NA
	Hard
	NA
	NA



Separate and joint application of H/S/NA configurations are illustrated below. In ‎Figure 1 (a), separate configurations are applied in non-overlapping resources, e.g., slot by slot. The result is reduced flexibility in utilizing resources for scheduling. In ‎Figure 1 (b), examples of rules to apply H/S/NA configurations jointly are illustrated, which result in higher flexibility when FDM is applicable.
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1. [bookmark: _Ref79137937]. (a) Separate application of H/S/NA configurations (b) Joint application

Agreement
The Rel-17 frequency domain H/S/NA configuration is provided across multiple slots and/or over a subset of slots only, with the same time-domain granularity and pattern duration as the Rel-16 H/S/NA configuration (i.e. gNB-DU Cell Resource Configuration (9.3.1.107 in TS 38.473 [8])).
· For a given slot, different H/S/NA resource types can be configured for different RB sets
· Additional signaling details (e.g. bitmap, slot pattern, etc.) can be left up to RAN3
· FFS: The number of different frequency domain configurations at a given time

With respect to the 	above FFS point on the number of different frequency-domain configurations at a given time, separate configurations may be allowed for non-overlapping and overlapping RB sets as long as the configurations do not assign conflicting H/S/NA attributes to any given resource.
[bookmark: _Toc87021762][bookmark: _Toc87034779][bookmark: _Toc87034933][bookmark: _Toc87035713][bookmark: _Toc87035738][bookmark: _Toc87036437][bookmark: _Toc87036780][bookmark: _Toc87037756][bookmark: _Toc87037952][bookmark: _Toc87038105][bookmark: _Toc87040010][bookmark: _Toc87040176][bookmark: _Toc87045006]Allow multiple frequency-domain H/S/NA configurations for non-overlapping and overlapping RB sets provided that the configurations do not assign conflicting H/S/NA attributes to any given resource.

With regards to modifications to use DCI 2-5 for the frequency-domain, the following was agreed in the previous meeting ‎[4]:
Agreement
A single DCI format 2_5 can be received indicating availability for the soft resources of the respective RB sets corresponding to a given time resource of the child IAB-DU cell.
· FFS: Extension of AvailabiltyCombination to include multiple RB sets in a resourceAvailabilty indication
· FFS: Update resourceAvailability mapping table defined in TS38.213 so that the indication of availability can be applied over soft resources in frequency-domain for DL or UL or Flexible symbols.
· FFS: Need for extension of the maximum payload size of DCI format 2_5 to increase the number of IAB-DU cells that can be provided with availability information for Soft resources to accommodate the maximum number of possible RB sets for a given DU cell (if defined), or other backwards compatible signaling extensions in case the principal indication capabilities of DCI format 2_5 are increased.

The existing format for the time domain may be extended to the frequency domain, wherein the unit of one slot is replaced by a unit of an RB set (N PRBs). Higher layer configurations may follow a similar extension (AI combinations, etc.) to reduce standardization efforts.
Furthermore, DCI 2-5 for time and frequency domains may be transmitted separately, but applied jointly, similar to the principle explained for configurations. That simplifies the process and increases flexibility, again at a small cost of applying a simple rule, e.g., a resource that is configured soft in both domains is considered ‘available’ only if indicated ‘available’ in either or both domains.
[bookmark: _Toc79157020][bookmark: _Toc79157212][bookmark: _Toc79159802][bookmark: _Toc79177823][bookmark: _Toc83997380][bookmark: _Toc84007476][bookmark: _Toc84018535][bookmark: _Toc87021764][bookmark: _Toc87034781][bookmark: _Toc87034935][bookmark: _Toc87035715][bookmark: _Toc87035740][bookmark: _Toc87036438][bookmark: _Toc87036781][bookmark: _Toc87037757][bookmark: _Toc87037953][bookmark: _Toc87038106][bookmark: _Toc87040011][bookmark: _Toc87040177][bookmark: _Toc87045007]Extend DCI 2-5 for frequency-domain availability indication by allowing a unit of N PRBs in addition to the unit of 1 slot.

Next, an issue related to soft resource availability indication is discussed.
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 a guaranteed performance with 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][bookmark: _Toc79157011][bookmark: _Toc79159797][bookmark: _Toc83997374][bookmark: _Toc84007470][bookmark: _Toc84018529][bookmark: _Toc87021758][bookmark: _Toc87034775][bookmark: _Toc87034929][bookmark: _Toc87035709][bookmark: _Toc87035734][bookmark: _Toc87036433][bookmark: _Toc87036776][bookmark: _Toc87037752][bookmark: _Toc87037948][bookmark: _Toc87038101][bookmark: _Toc87040006][bookmark: _Toc87040170][bookmark: _Toc87044999]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][bookmark: _Toc79157012][bookmark: _Toc79159798][bookmark: _Toc83997375][bookmark: _Toc84007471][bookmark: _Toc84018530][bookmark: _Toc87021759][bookmark: _Toc87034776][bookmark: _Toc87034930][bookmark: _Toc87035710][bookmark: _Toc87035735][bookmark: _Toc87036434][bookmark: _Toc87036777][bookmark: _Toc87037753][bookmark: _Toc87037949][bookmark: _Toc87038102][bookmark: _Toc87040007][bookmark: _Toc87040171][bookmark: _Toc87045000]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][bookmark: _Toc79157019][bookmark: _Toc79157211][bookmark: _Toc79159801][bookmark: _Toc79177822][bookmark: _Toc83997379][bookmark: _Toc84007475][bookmark: _Toc84018534][bookmark: _Toc87021763][bookmark: _Toc87034780][bookmark: _Toc87034934][bookmark: _Toc87035714][bookmark: _Toc87035739][bookmark: _Toc87036439][bookmark: _Toc87036782][bookmark: _Toc87037758][bookmark: _Toc87037954][bookmark: _Toc87038107][bookmark: _Toc87040012][bookmark: _Toc87040178][bookmark: _Toc87045008]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 for simultaneous operations led to several agreements in the RAN1#106-bis-e ‎[2]‎[4]:
Agreement
RS ID, based on the IAB node’s DU configurations, is used by a parent node to indicate beams of an IAB-DU in the direction of which simultaneous operation is restricted
· At least SSB ID and [STC index] are supported
· FFS: Whether restrictions are indicated to apply differently for H or S resources
· FFS: Informing the parent node of SRS configuration of the IAB-MT (if collocated with the IAB-DU)
Agreement
The restricted beam indication from the parent node to the IAB node may be indicated (or specified) to be associated with some combination (one or multiple) of the following IAB node’s parameters:
· [Multiplexing mode]
· [MT’s DL beam (e.g. TCI state id)] or MT’s UL beam (e.g., SRI id)
· [DU resource configuration (e.g. soft resources)]
· [Slot index]
Agreement
The recommended beam indication from the IAB-MT to the parent node are provided via MAC-CE:
· For DL Rx beam(s): using one or more of the following:
· DL TCI state ID
· FFS: UE/IAB-MT does not assume that DL Tx power adjustment (if provided) is applied to the SSB index (if supported) indicated as QCLed reference signal in DL TCI state ID. 
· [RS ID]
· [R17 DL TCI, or joint DL/UL TCI ID]
· For UL Tx beam(s): using one or more of the following:
· [Spatial relation]
· [RS ID]
· [R17 UL TCI, or joint DL/UL TCI ID]
· [SRI]

The main outstanding issue is the parameters related to the beam restriction signalling. A number of parameters were proposed in the previous meeting, but no consensus was reached.
An important matter to consider is that RAN1 has not agreed on defining a “multiplexing mode” for specification. The simultaneous operation cases, named Case A/B/C/D in RAN1#102-e, are high-level definitions that are useful during the WI discussions, but not practical for specification. In practice, one or multiple cases of simultaneous operations may occur depending on the number of antenna panels at an IAB node, resource configurations, hardware and operation constraints, and so on. Instead, the beam restriction indication message can include indication of time and frequency resources such as slots and RB sets.
Furthermore, by including indication of time and frequency resources, there will be no need to make a distinction between hard and soft resources of the IAB-DU. The beam restriction indication is transmitted by the parent node, hence allowing the parent node to have full control over the time-frequency resources over which the beam restriction is applied.
[bookmark: _Toc87021765][bookmark: _Toc87034782][bookmark: _Toc87034936][bookmark: _Toc87035716][bookmark: _Toc87035741][bookmark: _Toc87036440][bookmark: _Toc87036783][bookmark: _Toc87037759][bookmark: _Toc87037955][bookmark: _Toc87038108][bookmark: _Toc87040013][bookmark: _Toc87040179][bookmark: _Toc87045009]The beam restriction indication from the parent node includes indication of time and frequency resources (e.g., slots/symbols and RB sets) of the IAB-DU over which the beam restriction is applied. No need to include information related to H/S resource attributes and relationship with IAB-MT beams.
With respect to indicating recommended beams to the parent node, this signaling may be specified as part of dynamic signaling of “conditions/parameter” agreed in RAN#105-e, i.e., when a child node signals to its parent node whether it is capable of simultaneous operation, the signaling may include recommended beams.
[bookmark: _Toc83997387][bookmark: _Toc84007483][bookmark: _Toc84018542][bookmark: _Toc87021766][bookmark: _Toc87034783][bookmark: _Toc87034937][bookmark: _Toc87035717][bookmark: _Toc87035742][bookmark: _Toc87036441][bookmark: _Toc87036784][bookmark: _Toc87037760][bookmark: _Toc87037956][bookmark: _Toc87038109][bookmark: _Toc87040014][bookmark: _Toc87040180][bookmark: _Toc87045010]Support indication of recommended beams to the parent node as part of dynamic signaling of “conditions/parameter” agreed in RAN#105-e.
The aforementioned agreements address spatial restrictions and recommendations at beam level. However, enabling simultaneous operations requires proper management of antenna panels supported by control signalling, which was referred to as “per-panel granularity” in the past meetings, but the discussion was not concluded ‎[2]:
Agreement
In case of simultaneous MT/DU operation, 
· the parent node can dynamically indicate to the child node at least a set of restricted beams at the IAB-DU of the child node
· the child node can dynamically report to the parent node a set of recommended beams, not preferred beams, or both recommended and not preferred beams of the IAB-MT of the child node
· FFS: Whether the specification supports all reporting combinations.
· FFS: Applicability to specific multiplexing cases or specific time-frequency resources
· FFS: Additional semi-static signaling 
· FFS: Per-panel granularity in addition to per-beam granularity
· FFS: Relationship between child IAB-MT beam indication and parent IAB-DU beam indication
· Note: This does not preclude any enhancements for either DU or MT-based CLI measurement and reports

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 the 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 2.
[image: ]
[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: _Toc71666695][bookmark: _Toc79157022][bookmark: _Toc79157214][bookmark: _Toc79159804][bookmark: _Toc79177825][bookmark: _Toc83997382][bookmark: _Toc84007478][bookmark: _Toc84018537][bookmark: _Toc87021767][bookmark: _Toc87034784][bookmark: _Toc87034938][bookmark: _Toc87035718][bookmark: _Toc87035743][bookmark: _Toc87036442][bookmark: _Toc87036785][bookmark: _Toc87037761][bookmark: _Toc87037957][bookmark: _Toc87038110][bookmark: _Toc87040015][bookmark: _Toc87040181][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: _Toc87045011]Support per-panel granularity by allowing dynamic indication of restricting/using beams and their associated antenna panels for specific time-frequency resources.
Moreover:
· The above proposed mechanism is not only applicable to 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. This approach complements the downstream indication agreed in the past meetings. The two approaches are compared in ‎Figure 3.
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[bookmark: _Ref79154484]. Dynamic signalling for upstream indication vs. downstream indication
Each approach 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 these approaches leads to provisions that cannot be provided by one approach alone, we find it beneficial to discuss early upstream indications in addition to the agreed indication approach.
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Applicability of multiplexing cases
The following was agreed in RAN1#105-e [2]:
Agreement
The parent IAB-node is dynamically provided with conditions/parameters to facilitate adaptation between multiplexing operation modes:
· FFS: Required number of guard symbols for switching of multiplexing mode (FFS: per timing mode or per multiplexing mode) for IAB-DU
· FFS: Signalling procedure
· FFS: Required guard band for FDM
· FFS: other conditions, e.g. required timing mode, required power control parameters, and preferred TCI.

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) and 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.
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Next, regarding operation constraints, dynamic signalling can be introduced whereby 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 domains, and so on.
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Signalling details for timing alignment indication
The following conclusion was made in RAN1#106-e ‎[3]:
Conclusion
Details on the design of the indication of when Case 6 timing (and Case 7 timing, if agreed) is performed at the IAB-node are to be discussed under 8.10.1.   
Hence, in this paper, a part of the discussion in the companion paper ‎[1] is replicated.
The following agreements on timing alignment from the previous meetings under 8.10.2 are related to this discussion ‎[2]‎[3]:
Agreement
An IAB-node is explicitly indicated by the parent node when Case 6 timing is performed at the IAB-node at least for specific time resources.
· FFS: whether the indication should be associated with another dimensions, e.g. multiplexing cases
· FFS whether an IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB-node.
Agreement
An IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the parent node.
· FFS for signalling details

Case 6 timing alignment:
With respect to indication signaling, dynamic indication to activate/deactivate Case 6 timing is needed in order to allow IAB nodes to adapt to varying conditions for realizing multiplexing cases. We propose MAC CE signaling for reliable activation/deactivation of Case 6 timing.
[bookmark: _Toc87040020][bookmark: _Toc87040185][bookmark: _Toc87045015]Support MAC CE signaling for activation/deactivation of Case 6 timing.
Case 7 timing alignment:
Similarly, the parent IAB node can use MAC CE signaling for activating/deactivating Case 7 timing. The message activating Case 7 timing can additionally carry an additional TA value as offset to the legacy TA value.
[bookmark: _Toc87040021][bookmark: _Toc87040186][bookmark: _Toc87045016]Support MAC CE signaling for activation/deactivation of Case 7 timing.
RRC configuration:
In addition to dynamic signalling, indicating timing alignment mode by RRC can be beneficial in some scenarios.
For example, Case 6 timing alignment should be applied when UL resources are configured for IAB-MT and DL resources are configured for IAB-DU; and conversely, Case 7 timing alignment should be applied when DL resources are configured for IAB-MT and UL resources are configured for IAB-DU.
However, in a multi-hop scenario, since timing alignment modes affect child nodes’ timing, an indication of whether Case 6 or Case 7 timing can be applied to certain time-frequency resources can be determined by RRC in order to resolve timing conflicts in consecutive hops. For example, RRC can indicate to the parent node and its child node on which resources each can activate Case 6 or Case 7 timing modes.
[bookmark: _Toc87040022][bookmark: _Toc87040187][bookmark: _Toc87045017]Support RRC configuration for Case 6 and Case 7 timing alignment in addition to dynamic signaling.
The RRC indication and dynamic signalling are, of course, linked to multiplexing capability of the IAB node as well as whether the IAB node requires enhanced timing alignment as explained later in this section.
[bookmark: _Toc87040023][bookmark: _Toc87040188][bookmark: _Toc87045018]Signalling for timing alignment indication is linked to multiplexing capability of the IAB node as well as whether the IAB node requires enhanced timing alignment.
Capability signaling:
An important outstanding issue that RAN1 is yet to discuss is whether enhanced timing alignment is needed in the first place. Particularly if the IAB node has multiple IFFT/FFT windows for OFDM processing, it does not need to perform timing alignment further than Case 1, which can improve the applicability of simultaneous operations significantly. Therefore, we propose that the IAB node’s capability for timing alignment be reported to the IAB donor and/or the parent node.
[bookmark: _Toc87040024][bookmark: _Toc87040189][bookmark: _Toc87045019]Support a capability signalling, e.g., number of IFFT/FFT windows, to indicate whether the IAB node requires timing alignment between IAB-MT and IAB-DU operations. If negative, the IAB node can transmit unaligned OFDM symbols (Case A) and receive/process unaligned OFDM symbols (Case B), which simplifies signalling and configuration significantly.

Dual connectivity
The following was agreed in the previous meetings on DC enhancements ‎[2]‎[2]:
Agreement
In case of intra-band inter-carrier dual connectivity for both inter-donor and intra-donor scenarios the following are supported:
· Reusing the Rel-16 CA TDD prioritization rules in case of UL/DL conflict when applicable 
· FFS: Whether all prioritization rules apply in case of NR-DC
· FFS: Need of new prioritization rules in case of NR-DC
· Coordinating the IAB-MT’s TDD configurations to avoid conflicts from different parent nodes in case the child IAB-MT does not support simultaneous TX and RX on different carries
· FFS: Coordination for scheduling conflicts involving at least DCI Format 2_0 usage (e.g. usage of flexible symbols)
· Exchanging H/S/NA configurations between parent nodes/donors

Consider the scenario where the IAB node is served by two parent nodes PN1 and PN2. In this case, both PN1 and 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 signalling, 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.
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Finally, Case-7 timing alignment can result in a timing conflict between two uplink transmissions in the intra-band DC scenario, as timing of each uplink transmission follows TA commands from the corresponding parent node. RAN1 should investigate this matter.
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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 working assumption on applying the frequency-domain H/S/NA in RAN1#106-bis-e is incorrect/invalid because it refers to “operating in a non-TDM multiplexing mode,” the definition of which has not been agreed.
Observation 2:	Joint application of time-domain (Rel-16) and frequency-domain (Rel-17) H/S/NA attributes facilitates a fallback mode, avoids the complexity of defining a multiplexing mode, and provides higher resource efficiency if the IAB node is not capable of performing FDM at a moment.
Observation 3:	Separate application of time-domain and frequency-domain H/S/NA is a special case of joint application.
Observation 4:	The best-effort approach is insufficient for non-TDM operation in the presence of varying beam, power, interference, and timing alignment constraints.
Observation 5:	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 joint application of time-domain and frequency-domain H/S/NA configurations.
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:	Allow multiple frequency-domain H/S/NA configurations for non-overlapping and overlapping RB sets provided that the configurations do not assign conflicting H/S/NA attributes to any given resource.
Proposal 4:	Extend DCI 2-5 for frequency-domain availability indication by allowing a unit of N PRBs in addition to the unit of 1 slot.
Proposal 5:	Support conditional availability indication as a balance between existing best-effort non-TDM and TDM-only availability indication.
Proposal 6:	The beam restriction indication from the parent node includes indication of time and frequency resources (e.g., slots/symbols and RB sets) of the IAB-DU over which the beam restriction is applied. No need to include information related to H/S resource attributes and relationship with IAB-MT beams.
Proposal 7:	Support indication of recommended beams to the parent node as part of dynamic signaling of “conditions/parameter” agreed in RAN#105-e.
Proposal 8:	Support per-panel granularity by allowing dynamic indication of restricting/using beams and their associated antenna panels for specific time-frequency resources.
Proposal 9:	Support early beam/panel indications for the upstream link in addition to downstream beam indications.
Proposal 10:	Support signaling IAB node capabilities for timing alignment and multi-panel and baseband characteristics.
Proposal 11:	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 12:	Support MAC CE signaling for activation/deactivation of Case 6 timing.
Proposal 13:	Support MAC CE signaling for activation/deactivation of Case 7 timing.
Proposal 14:	Support RRC configuration for Case 6 and Case 7 timing alignment in addition to dynamic signaling.
Proposal 15:	Signalling for timing alignment indication is linked to multiplexing capability of the IAB node as well as whether the IAB node requires enhanced timing alignment.
Proposal 16:	Support a capability signalling, e.g., number of IFFT/FFT windows, to indicate whether the IAB node requires timing alignment between IAB-MT and IAB-DU operations. If negative, the IAB node can transmit unaligned OFDM symbols (Case A) and receive/process unaligned OFDM symbols (Case B), which simplifies signalling and configuration significantly.
Proposal 17:	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 18:	RAN1 to discuss resource conflicts in the DC mode due to conflicting Case-7 timing.
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