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	Introduction
In this paper, we address outstanding issues on resource multiplexing enhancements for simultaneous IAB-MT/IAB-DU operations in eIAB systems.
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Resource management
It was agreed in the previous meetings to provide separate H/S/NA configurations for the frequency domain. This choice improves backward compatibility.
The agreement later 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 led to the following working assumption in RAN1#106-bis-e ‎[3].
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

Later, the following was agreed in RAN#107-e, which essentially indicates that a notion of multiplexing mode is realized in RAN3 and not in RAN1 ‎[4].
Agreement: 
Whether or not an IAB node can operate under a given non-TDM multiplexing mode (i.e. multiplexing info in 38.473) is left to IAB implementation in Rel-17

Following this agreement, the working assumption was discussed further and the conclusion during the online (GTW) meeting was not to confirm the working assumption, although that was not recorded in the meeting report. As a result, the editor of TS 38.213 still captured the working assumption in the CR ‎[5] while advising in the email discussions that RAN1 address the issue in the maintenance phase.
As discussed in the previous meetings, the 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. Since RAN1 did not reach an agreement on a definition of non-TDM multiplexing mode, the working assumption is incorrect/invalid.
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But the issue still remains – what should the IAB node do in the case of receiving both Rel-16 and Rel-17 configurations. In order to address this issue, we have argued in favour of applying the H/S/NA attributes in time and frequency domains jointly, as this approach aims at addressing the conflicting issues raised on the matter.
One main benefit for joint application of time- and frequency-domain H/S/NA attributes is flexibility for a TDM fallback mode, which is a significant benefit in the face of variable conditions that may or may not allow simultaneous MT/DU operations over time, possibly over short time intervals. 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).
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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. This approach maintains generality while allowing the IAB-CU to send configurations for overlapping resources, thus 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.
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Hence, we propose the following as a way forward in order to address the conflicting issues raised thus far.
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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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Next, we discuss an outstanding issue on soft resource availability for RB sets. The TS 38.213 CR ‎[5] includes the following based on RAN1 agreements:
· signalling for receiving a soft resource availability indication, DCI 2-5 structure, etc.
· how to interpret the bitmap in the DCI 2-5 (updates in Table 14-3).
However, the paragraph on IAB-DU behaviour in response to receiving the DCI 2-5 is still intact as there has not been an agreement on the matter. In other words, specification is introduced for IAB-DU’s interpretation of available/unavailable, but the IAB-DU’s response to the interpretation is not specified.
The Rel-16 specification specifies that the IAB-DU is allowed to use a soft symbol only if
1. the IAB-MT does not transmit or receive in the symbol, or
1. 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
1. 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.
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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.
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Dual connectivity
The following was agreed in the previous meetings on DC enhancements ‎[1]:
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

However, it is not clear how this information may be used by a parent node without information of availability indication by the other parent node.
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 should 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 outstanding issues on resource multiplexing enhancements for simultaneous operations on child and parent links of an IAB node and made the following observations and proposals:
Observation 1:	As concluded in RAN1#107-e, 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,” which is not defined.
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. It allows higher flexibility for resource configuration by the IAB-CU without loss of generality for TDM-only or FDM-only configurations if desired in a specific implementation.
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:	Revoke the working assumption on application of the frequency-domain resource availability (RAN1#106-bis-e) as it is otherwise captured in the CR.
Proposal 2:	Support joint application of time-domain and frequency-domain H/S/NA configurations.
Proposal 3:	Specify rules for determining H/S/NA resource types for time-frequency resources based on separate configurations in time and frequency domains.
Proposal 4:	Discuss the IAB-DU behaviour in response to receiving DCI 2-5 for Rel-17 (frequency domain) resource configurations. Support conditional availability indication as a balance between existing best-effort non-TDM and TDM-only availability indication.
Proposal 5:	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 6:	RAN1 to address resource conflicts in the DC mode due to conflicting Case-7 timing.
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