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[bookmark: OLE_LINK1]Introduction
In this contribution, based on previous discussion and agreements, we further elaborate on enhancements to resource multiplexing between child and parent links of an IAB node.  
Frequency-Domain Resource Multiplexing
Regarding frequency-domain resource multiplexing, RAN1#106bis-e has made the following agreements and working assumption. 
· 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
· 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
· 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.
· 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.
It is also agreed in RAN1#106 that the semi-static configuration of H/S/NA resource type in frequency domain is provided per RB set, per D/U/F resource type within a slot. 
In Figure 2.1, we show an example of semi-static frequency-domain H/S/NA configuration in one slot. For time-domain D/F/U resource type, there can be multiple frequency-domain H/S/NA configuration for different RB sets.  In this example, 
· There are four RB sets in the whole CC, where each RB set has N RBs. 
· For DL resource type, frequency-domain H/S/NA configuration gives one soft RB set (S1)
· For Flexible resource type, frequency-domain H/S/NA configuration gives two soft RB sets (S2, S3)
· For UL resource type, frequency-domain H/S/NA configuration gives one soft RB set (S4).  
Then, within one slot, there are four soft RB sets in total and a single DCI format 2_5 will be received indicating availability for each soft RB set in this slot.
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Figure 2.1: An example of semi-static frequency-domain H/S/NA in one slot

There can be two alternatives for a single DCI format 2_5 to indicate multiple soft RB sets availability in one slot. 
· Alt. 1: Extend resourceAvailability mapping table so that the indication of availability can be applied to indicate multiple soft RB sets in a slot
· Alt. 2: Extend RRC signaling AvailabilityCombination definition to include multiple soft RB sets indication within a slot in a resourceAvailability indication
In Alt.1, soft RB sets in a slot are bitmap indicated as available through values of resourceAvailbility elements. The resource availability value range will depend on the total number of RB sets in a time slot. For the example of Figure 2.1 with four soft RB sets in a slot, the mapping table between values of resourceAvailbility elements and types of soft RB sets availability in a slot is shown as below. 
	Value
	Meaning

	0
	Soft RB set 1: no indication of availability
Soft RB set 2: no indication of availability
Soft RB set 3: no indication of availability
Soft RB set 4: no indication of availability

	1
	Soft RB set 1: indicated available
Soft RB set 2: no indication of availability
Soft RB set 3: no indication of availability
Soft RB set 4: no indication of availability

	2
	Soft RB set 1: no indication of availability
Soft RB set 2: indicated available
Soft RB set 3: no indication of availability
Soft RB set 4: no indication of availability

	3
	Soft RB set 1: indicated available
Soft RB set 2: indicated available
Soft RB set 3: no indication of availability
Soft RB set 4: no indication of availability

	4
	Soft RB set 1: no indication of availability
Soft RB set 2: no indication of availability
Soft RB set 3: indicated available
Soft RB set 4: no indication of availability

	5
	Soft RB set 1: indicated available
Soft RB set 2: no indication of availability
Soft RB set 3: indicated available
Soft RB set 4: no indication of availability

	6
	Soft RB set 1: no indication of availability
Soft RB set 2: indicated available
Soft RB set 3: indicated available
Soft RB set 4: no indication of availability

	7
	Soft RB set 1: indicated available
Soft RB set 2: indicated available
Soft RB set 3: indicated available
Soft RB set 4: no indication of availability

	8
	Soft RB set 1: no indication of availability
Soft RB set 2: no indication of availability
Soft RB set 3: no indication of availability
Soft RB set 4: indicated available

	9
	Soft RB set 1: indicated available
Soft RB set 2: no indication of availability
Soft RB set 3: no indication of availability
Soft RB set 4: indicated available

	10
	Soft RB set 1: no indication of availability
Soft RB set 2: indicated available
Soft RB set 3: no indication of availability
Soft RB set 4: indicated available

	11
	Soft RB set 1: indicated available
Soft RB set 2: indicated available
Soft RB set 3: no indication of availability
Soft RB set 4: indicated available

	12
	Soft RB set 1: no indication of availability
Soft RB set 2: no indication of availability
Soft RB set 3: indicated available
Soft RB set 4: indicated available

	13
	Soft RB set 1: indicated available
Soft RB set 2: no indication of availability
Soft RB set 3: indicated available
Soft RB set 4: indicated available

	14
	Soft RB set 1: no indication of availability
Soft RB set 2: indicated available
Soft RB set 3: indicated available
Soft RB set 4: indicated available

	15
	Soft RB set 1: indicated available
Soft RB set 2: indicated available
Soft RB set 3: indicated available
Soft RB set 4: indicated available



In Alt. 2, RRC signaling AvailabilityCombination is enhanced/extended to include multiple soft RB sets availability indication. Each resource availability combination is a row of resource availability bit strings, with each bit string element to indicate multiple soft RB sets within a slot. 
In both alternatives, the number of semi-static configured frequency-domain soft RB sets in a slot has huge influence on the DCI format 2_5 payload. Hence, it is better to limit the maximum number of semi-static configured soft RB sets per slot to control the signaling overhead. 
Proposal 1: Consider the following two alternatives for a single DCI format 2_5 to indicate multiple soft RB sets availability in one slot. 
· Alt. 1: Extend resourceAvailability mapping table so that the indication of availability can be applied to indicate multiple soft RB sets in a slot
· Alt. 2: Extend RRC signaling AvailabilityCombination definition to include multiple soft RB sets indication within a slot in a resourceAvailability indication
Proposal 2: Limit the maximum number of semi-static configured soft RB sets per slot. 
[bookmark: _Ref510629010]Spatial-domain Resource Multiplexing
Regarding spatial-domain resource multiplexing, RAN1#106bis-e has made the following agreements. 
· 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)
· 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]
· 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]
For an IAB-DU SSB transmission configurations, the maximum number of STC configurations is 5. This includes 1 STC configuration for access and 4 STC configurations for backhaul. The 4 STC configurations for backhaul will be used for inter-IAB-node discovery/measurements and should not be restricted. Hence, an IAB-node’s SSB ID, used by a parent node to indicate IAB-DU restricted beams, should be related to the STC configuration for access only. No STC index is needed. 
In addition, current specification has already defined TCI states for DL beam indication and spatial relation info for UL beam indication. For recommended beam indication from an IAB-MT to its parent node, TCI state ID for DL beam indication and spatial relation info for UL beam indication can be re-used.  
Proposal 3: An IAB-node’s SSB ID, used by a parent node to indicate IAB-DU restricted beams, should be related to the STC configuration for access only. No STC index is needed.
Proposal 4: For recommended beam indication from an IAB-MT to its parent node, TCI state ID for DL beam indication and spatial relation info for UL beam indication defined in current specification can be re-used.
Conclusion
In this contribution, we discussed mechanisms to support simultaneous operation of IAB-node’s child and parent links.  It is summarized by the following observations and proposals. 
Proposal 1: Consider the following two alternatives for a single DCI format 2_5 to indicate multiple soft RB sets availability in one slot. 
· Alt. 1: Extend resourceAvailability mapping table so that the indication of availability can be applied to indicate multiple soft RB sets in a slot
· Alt. 2: Extend RRC signaling AvailabilityCombination definition to include multiple soft RB sets indication within a slot in a resourceAvailability indication
Proposal 2: Limit the maximum number of semi-static configured soft RB sets per slot. 
Proposal 3: An IAB-node’s SSB ID, used by a parent node to indicate IAB-DU restricted beams, should be related to the STC configuration for access only. No STC index is needed.
Proposal 4: For recommended beam indication from an IAB-MT to its parent node, TCI state ID for DL beam indication and spatial relation info for UL beam indication defined in current specification can be re-used.
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