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1. Introduction
At RAN1#106bis-e meeting, following agreements on IAB resource multiplexing were made [1].
	Agreement
Select the following alternative to handle potential indication conflict of symbols configured as semi-static flexible by one parent node, but not the other in inter-donor DC scenarios if the IAB MT of the dual-connected IAB-node does not support simultaneous Tx and Rx on different carriers:
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents. FFS: Explicitly captured in the specification or left as a network configuration error case without specification impact 
Select the following alternative to handle potential indication conflict of symbols configured as semi-static flexible by both parent nodes in inter-donor DC scenarios if the IAB MT of the dual-connected IAB-node does not support simultaneous Tx and Rx on different carriers:
· Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG

Agreement: 
In DC scenarios, support per-child MT link-NA resource configuration.
· This configuration can be made available to IAB node as well

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

Agreement
A single value for the RB set size, N, is configured for a given IAB-DU cell’s Rel-17 frequency domain H/S/NA configuration.
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

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 MAC-CE signaling of Desired/Provided Guard Symbols is enhanced to optionally indicate the number of guard symbols required for switching between at least the following cases:
· Case#6 MT Tx and [Case #7] DU [Tx]/Rx
· Case#7 MT Tx (to support Case #7 at parent node) and DU Tx/Rx

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]

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.




In this contribution, we discuss enhancements on resource multiplexing between child and parent links of an IAB node to support simultaneous operation of transmission and/or reception. 

2. Resource management in frequency domain
Working assumption was made in the last meeting that for a RB set if both Rel-17 frequency domain H/S/NA and Rel-16 time domain H/S/NA are provided, IAB node applies the frequency domain H/S/NA only if the IAB node is currently operating in non-TDM multiplexing mode, otherwise Rel-16 time domain H/S/NA configuration is applied. From our perspective, the main difference of IAB behaviour when applying frequency domain H/S/NA and time domain H/S/NA is the RB sets that can be used for DU Tx/Rx. Taking a symbol where time domain resource type is configured as “hard” as example, if time domain H/S/NA is applied, DU can Tx/Rx on all the RB sets at the symbol, if frequency domain H/S/NA is applied, DU can Tx/Rx only on the RB sets configured/indicated as hard/soft-IA at the symbol. Thus, in our views, it is beneficial for resource utilization to confirm the working assumption that frequency domain H/S/NA is applied only when non-TDM mode is operated at the slot, so that DU can use all the RB sets at a slot where TDM mode is operated.

Proposal 1: Confirm the following 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.

Furthermore, how to determine whether an IAB node is operating in TDM or non-TDM multiplexing mode in a slot needs to be discussed. In our views, whether TDM or non-TDM multiplexing mode is operated at a slot will at least be impacted by whether simultaneous operation is supported at the slot, whether MT Tx/Rx at the slot, and whether corresponding timing mode for simultaneous operation is indicated at the slot. Thus, at least following rules can be considered to determine whether an IAB node is operating in TDM or non-TDM mode in a slot.
· IAB node is operating in TDM mode in a slot and time domain H/S/NA is applied,
· If MT does not Tx/Rx. 
· Or if the simultaneous MT/DU operation corresponding to the MT/DU DL/UL configuration at the symbol is not supported, e.g., the symbol is configured as MT DL and DU DL, but MT-Rx/DU-Tx is not supported
· Or if corresponding timing mode for simultaneous operation is not indicated, e.g., case6 timing is not indicated for simultaneous MT-Tx/DU-Tx.
· Otherwise, IAB node is operating in non-TDM mode and frequency domain H/S/NA is applied.
Proposal 2: Whether an IAB node is operating in TDM or non-TDM mode in a slot can be determined at least based on following rules. 
· IAB node is operating in TDM mode in a slot and time domain H/S/NA is applied,
· If MT does not Tx/Rx. 
· Or if the simultaneous MT/DU operation corresponding to the MT/DU DL/UL configuration at the symbol is not supported, e.g., the symbol is configured as MT DL and DU DL, but MT-Rx/DU-Tx is not supported
· Or if corresponding timing mode for simultaneous operation is not indicated, e.g., case6 timing is not indicated for simultaneous MT-Tx/DU-Tx.
· Otherwise, IAB node is operating in non-TDM mode and frequency domain H/S/NA is applied.

For dynamic indication of soft resource availability, it was agreed that the existing DCI format 2_5 is reused for soft resource availability indication in frequency domain. With DCI format 2_5 framework, AvailabiltyCombination can be extended to include multiple resourceAvailabilty, where each resourceAvailabilty include availability indication for one RB set
Proposal 3: AvailabiltyCombination can be extended to include multiple resourceAvailabilty, where each resourceAvailabilty includes availability indication for one RB set.

3. Resource management in spatial domain
It was agreed that the restricted beams of IAB-DU may be indicated to be associated with some combination of the following 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]
Regarding multiplexing mode, from our perspective, restricted DU beam indication is only applicable for simultaneous MT-Tx/DU-Tx case, since the motivation of restricted DU beam indication is that parent node can measure the interference between MT and DU in this case. 
Proposal 4: Restricted DU beam indication is only applicable for simultaneous MT-Tx/DU-Tx. 
Considering the interference between a DU beam and MT may be different when different MT beam is used, restricted DU beams may be different when different MT beam is used. Thus, the restricted DU beams should be indicated per MT beam. As analyzed above, restricted DU beam indication is only applicable for simultaneous MT-Tx/DU-Tx, restricted DU beams can be indicated to be associated with each MT UL beam. For MT UL beam indication, RS ID is preferred, because compared to SRI or spatial relation, RS ID is applicable for PUSCH as well as PUCCH and SRS.
Proposal 5: Restricted DU beams are indicated to be associated with MT UL beam, where MT UL beam is indicated using RS ID.
When simultaneous MT-Tx/DU-Tx is performed, based on the MT UL beam configured/indicated for MT UL Tx, DU can determine restricted DU beams accordingly. Thus, the indication of restricted DU beams does not need to be associated with slot index.
Proposal 6: The indication of restricted DU beams does not need to be associated with slot index.
Furthermore, although restricted DU beams are indicated by parent node, beam selection of IAB-DU also depends on condition on its child link. To guarantee performance of IAB-DU’s child link, with parent node’s indication, whether a beam is used by DU should be up to DU implementation 
Proposal 7: With parent node’s indication of restricted beam, whether a beam is used by DU is up to DU implementation.
It was agreed that child node can report recommended MT beams to the parent node. Considering that the recommended beams can be different for each multiplexing case, it is beneficial that recommended beams are indicated per multiplexing case, so that parent node can indicate proper MT beam when different multiplexing mode is performed.
Proposal 8: Recommended beams are indicated per multiplexing case. 
Regarding how to indicate DL Rx beam and UL Tx beam, following alternatives were discussed. 
· For DL Rx beam(s): using one or more of the following:
· 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]
In our views, Rel-17 TCI is not preferred because its design is not complete in Rel-17 MIMO, for example, it has not been decided for any SRS resource or resource set that does not share the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, whether Rel-17 TCI state or Rel-15/16 spatial relation is configured/indicated. Compared to other alternatives, RS ID is preferred for both DL Rx beam and UL Tx beam indication, because RS ID is applicable for all the DL/UL channels/RSs, while DL TCI state ID is only applicable for PDCCH/PDSCH but not applicable for CSI-RS, SRI is only applicable for PUSCH but not applicable for PUCCH/SRS, PUCCH spatial relation is only applicable for PUCCH, and SRS spatial relation is only applicable for SRS.

Proposal 9: For recommended beam indication from IAB-MT, DL Rx beam is indicated using RS ID, UL Tx beam is indicated using RS ID. 

Furthermore, for recommended beam indication from IAB-MT, a candidate MT beam pool needs to be configured. As analyzed above, DL Rx beam and UL Tx beam can be indicated using RS ID, thus, a candidate MT beam pool can be configured as a RS resource set.

Proposal 10: For recommended beam indication from IAB-MT, a RS resource set can be configured as candidate MT beam pool.
It was agreed that recommended beam indication from IAB-MT is provided via MAC CE. Triggering of the MAC CE report needs to be discussed. From our perspective, at least periodic timer can be introduced for triggering the report.
Proposal 11: The recommended beam indication from IAB-MT can be triggered by periodic timer.

4. Adaptation of multiplexing operation 
4.1. Timing mode
It was agreed that IAB-node is explicitly indicated by the parent node whether Case#6 timing is performed at the IAB-node, and explicitly indicated by the parent node whether Case#7 timing is performed at the parent node. Following options can be considered for the indication.
· Option 1: parent node indicates whether Case#6 timing or Case#7 timing is performed via MAC CE. And the  subsequent IAB node’s MT UL Tx follows the indicated timing mode.
· Option 2: parent node indicates whether Case#6 timing or Case#7 timing is performed via UL scheduling DCI. And IAB node’s MT UL Tx follows the indicated timing in the scheduling DCI.
We slightly prefer option 2 so that parent node can dynamically indicate whether case#6 or case#7 timing is performed, that is, parent node can dynamically indicate whether simultaneous MT-Tx/DU-Tx is performed at IAB node or simultaneous MT-Rx/DU-Rx is performed at the parent node.
Proposal 12: Parent node indicates whether Case#6 or Case#7 timing is performed via UL scheduling DCI.

4.2. Multiplexing capability on DU flexible symbol 
For a given multiplexing capability, MT and DU can simultaneously Tx/Rx if transmission/reception direction of MT and DU are aligned. In Rel-16, transmission/reception direction of a DU flexible symbol is decided by IAB node and is not informed to the parent node. In that case, whether/how to perform simultaneous operation with parent node on DU flexible symbol needs to be discussed.

To support simultaneous operation on DU flexible symbol, one of the potential solutions is that IAB node reports transmission/reception directions of DU flexible symbols to the parent node. However, a disadvantage of this method is that the parent node cannot configure/indicate a resource for IAB node MT Tx/Rx unless the report on the DU flexible symbol is available. In order to perform simultaneous operation, IAB node needs to decide and report the transmission/reception direction of the DU flexible resource before the same resource is configured/indicated for MT Tx/Rx. Moreover, additional signaling overhead will be introduced. 

Another possible solution is that the parent node can configure/indicate/schedule IAB node MT Tx or Rx on a DU flexible symbol, and IAB node DU will Tx/Rx on the flexible symbol based on MT transmission/reception direction and its multiplexing capability. In this case, IAB node does not need to report transmission/reception direction of DU flexible symbol to the parent node, with saving signaling overhead. Moreover, simultaneous operation is always possible, which is beneficial for resource utilization efficiency although the resource usage of DU flexible symbol may be restricted depending on its multiplexing capability and the resource usage at the parent node.
Proposal 13: On a DU flexible symbol, parent node can configure/indicate IAB node MT Tx/Rx, and IAB node DU will Tx/Rx on the symbol based on MT transmission/reception direction and its multiplexing capability.

4.3. Enhancement on guard symbol
Following agreement was made in the last meeting for enhancement of guard symbols. Regarding the content in bracket, from our perspective, although different timing mode of DU Rx timing may result in different timing misalignment between MT and DU, parent node may not be able to know which timing mode is used for DU Rx at a given time, since the timing mode used for DU Rx can be up to DU. Thus, it is not needed to differentiate timing modes of DU Rx in guard symbol indication, i.e., [case#7] in the agreement can be removed.
	Agreement: 
The MAC-CE signaling of Desired/Provided Guard Symbols is enhanced to optionally indicate the number of guard symbols required for switching between at least the following cases:
· Case#6 MT Tx and [Case #7] DU [Tx]/Rx
· Case#7 MT Tx (to support Case #7 at parent node) and DU Tx/Rx



Proposal 14: The MAC-CE signaling of Desired/Provided Guard Symbols is enhanced to optionally indicate the number of guard symbols required for switching between at least the following cases:
· Case#6 MT Tx and [case #7] DU Tx/Rx
· Case#7 MT Tx (to support Case #7 at parent node) and DU Tx/Rx

4.4. Enhancement on guard band
Guard band was discussed to alleviate interference. In case of simultaneous MT-Tx/DU-Rx, MT-Rx/DU-Rx, DU-Tx/MT-Rx, the interference can be measured by IAB node, and the guard band can be decided by IAB node. Following option can be considered.
· Option1: DU will not Tx/Rx at the guard band and it can be handled by implementation. DU does not need to report the desired guard band to parent node.
· Option2: MT will not Tx/Rx at the guard band and DU needs to report desired guard band to parent node. Meanwhile parent node may need to indicate provided guard band to IAB node.
From our perspective, option1 is preferred which saves signaling of reporting and indication of guard band.
Proposal 15: Guard band can be handled by IAB node implementation.

5. Conclusion
In this contribution, we discussed enhancements on resource multiplexing between child and parent links of an IAB. Based on the discussion, we made following proposals.
Proposal 1: Confirm the following 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.
Proposal 2: Whether an IAB node is operating in TDM or non-TDM mode in a slot can be determined at least based on following rules. 
· IAB node is operating in TDM mode in a slot and time domain H/S/NA is applied,
· If MT does not Tx/Rx. 
· Or if the simultaneous MT/DU operation corresponding to the MT/DU DL/UL configuration 
· at the symbol is not supported, e.g., the symbol is configured as MT DL and DU DL, but MT-Rx/DU-Tx is not supported
· Or if corresponding timing mode for simultaneous operation is not indicated, e.g., case6 timing is not indicated for simultaneous MT-Tx/DU-Tx.
· Otherwise, IAB node is operating in non-TDM mode and frequency domain H/S/NA is applied.
Proposal 3: AvailabiltyCombination can be extended to include multiple resourceAvailabilty, where each resourceAvailabilty includes availability indication for one RB set.
Proposal 4: Restricted DU beam indication is only applicable for simultaneous MT-Tx/DU-Tx. 
Proposal 5: Restricted DU beams are indicated to be associated with MT UL beam, where MT UL beam is indicated using RS ID.
Proposal 6: The indication of restricted DU beams does not need to be associated with slot index.
Proposal 7: With parent node’s indication of restricted beam, whether a beam is used by DU is up to DU implementation.
Proposal 8: Recommended beams are indicated per multiplexing case. 
Proposal 9: For recommended beam indication from IAB-MT, DL Rx beam is indicated using RS ID, UL Tx beam is indicated using RS ID. 

Proposal 10: For recommended beam indication from IAB-MT, a RS resource set can be configured as candidate MT beam pool.
Proposal 11: The recommended beam indication from IAB-MT can be triggered by periodic timer.
Proposal 12: Parent node indicates whether Case#6 or Case#7 timing is performed via UL scheduling DCI.
Proposal 13: On a DU flexible symbol, parent node can configure/indicate IAB node MT Tx/Rx, and IAB node DU will Tx/Rx on the symbol based on MT transmission/reception direction and its multiplexing capability.
Proposal 14: The MAC-CE signaling of Desired/Provided Guard Symbols is enhanced to optionally indicate the number of guard symbols required for switching between at least the following cases:
· Case#6 MT Tx and [case #7] DU Tx/Rx
· Case#7 MT Tx (to support Case #7 at parent node) and DU Tx/Rx
Proposal 15: Guard band can be handled by IAB node implementation.
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