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In this contribution, based on previous discussion and agreements, we further elaborate on frequency-domain resource multiplexing for IAB.  
Frequency-Domain Resource Multiplexing for IAB
Regarding frequency-domain resource multiplexing, RAN1#106-e/RAN1#106bis-e/RAN1#107e have made the following agreements. 
· 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.
· 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
· N is a configured number of PRBs, where the CU configures N
· N = {2, 4, 8, 16, 32, 64}
· The maximum number of non-overlapping RB sets configurable per DU cell is M
· where, M is to be selected from one of values from 4, 8, 16
· DU frequency configuration information should be provided to the parent node.
· The value of the maximum number of contiguous and non-overlapping RB sets configurable per DU cell, M is 8. 
· For DCI format 2_5 indicating availability for the soft resources of the respective RB sets corresponding to a given time resource of the child IAB-DU cell:
· AvailabiltyCombination can be extended to include multiple resourceAvailabilty, where each resourceAvailabilty includes availability indication for one RB set group
· One RB set group consists of one or multiple RB sets
For time-domain D/F/U resource type in a slot, there can be multiple frequency-domain H/S/NA configuration for different RB sets.  In Figure 2.1, we show an example of semi-static frequency-domain H/S/NA configuration in one slot. 
· 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 hard RB set 1, hard RB set 2, soft RB set 1, soft RB set 2 (H1, H2, S1, S2). 
· For Flexible resource type, frequency-domain H/S/NA configuration gives hard RB set 3, soft RB set 3, soft RB set 4, hard RB set 4 (H3, S3, S4, H4).
· For UL resource type, frequency-domain H/S/NA configuration gives not available RB set 1, hard RB set 5, hard RB set 6, soft RB set 5 (NA1, H5, H6, S5).   
As one RB set group consists of one or multiple RB sets, we illustrate in Figure 2.2 the corresponding RB set groups for Figure 2.1. 
· Hard RB set group 1 includes H1 and H2.
· Soft RB set group 1 includes S1 and S2. 
· Hard RB set group 2 includes H3. 
· Soft RB set group 2 includes S3 and S4. 
· ……
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Figure 2.1: An example of semi-static frequency-domain H/S/NA in one slot
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Figure 2.2: Corresponding RB set groups for Figure 2.1
· For DCI format 2_5 indicating availability for the soft resources of the respective RB sets corresponding to a given time resource of the child IAB-DU cell:
· AvailabiltyCombination can be extended to include multiple resourceAvailabilty, where each resourceAvailabilty includes availability indication for one RB set group
· One RB set group consists of one or multiple RB sets

It has been agreed in RAN1#107e that for DCI format 2_5 indicating availability for the soft resources of the respective RB sets corresponding to a given time resource of the child IAB-DU cell, AvailabilityCombination can be extended to include multiple resourceAvailability, where each resourceAvailability includes availability indication for one soft RB set group. 
In the example of Figure 2.1 and Figure 2.2, there are three soft RB set groups and hence AvailabilityCombination needs to be extended to indicate soft availability of these three soft RB set groups. The total number of soft RB set groups in a time slot has great influence on the DCI format 2_5 payload for frequency-domain soft availability indication. 
Note that the maximum number of contiguous and non-overlapping RB set configurable per DU cell (M=8) gives 24 configurable RB sets in a slot with D/U/F resource types and can form an uncertainty large number of soft RB set groups, which is not feasible for DCI format 2_5 payload size. Hence, the maximum number of soft RB set groups per slot should be defined and limited. 
The RRC signaling AvailabilityCombination can be enhanced to include multiple soft RB set groups availability indication as follows.
AvailabilityCombination ::=         SEQUENCE {
availabilityCombinationId           AvailabilityCombinationId,
resourceAvailability-r16                SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination-r16)) OF INTEGER (0..7)

    resourceAvailability-freq                SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination)) OF BIT STRING (SIZE (maxNrofSoftRBGroupPerSlot))
}

The RRC parameter resourceAvailability-freq is defined to include multiple soft RB set groups indication, where each bit string will bitmap indicate the soft RB set groups availability within one slot. maxNrofSoftRBGroupPerSlot is a new parameter regarding the maximum number of soft RB set groups within a slot.  
Observation 1: The total number of soft RB set groups in a time slot has great influence on the DCI format 2_5 payload size for frequency-domain soft availability indication. 
Observation 2: The maximum number of contiguous and non-overlapping RB set configurable per DU cell (M=8) gives 24 configurable RB sets in a slot with D/U/F resource types and can form an uncertainty large number of soft RB set groups, which is not feasible for DCI format 2_5 payload size. 
Proposal 1: The maximum number of soft RB set groups per slot should be defined and limited. 
Proposal 2: The RRC signaling AvailabilityCombination can be enhanced to include multiple soft RB set groups availability indication as follows.
AvailabilityCombination ::=         SEQUENCE {
availabilityCombinationId           AvailabilityCombinationId,
resourceAvailability-r16                SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination-r16)) OF INTEGER (0..7)

    resourceAvailability-freq                SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination)) OF BIT STRING (SIZE (maxNrofSoftRBGroupPerSlot))
}

The RRC parameter resourceAvailability-freq is defined to include multiple soft RB set groups indication, where each bit string will bitmap indicate the soft RB set groups availability within one slot. maxNrofSoftRBGroupPerSlot is a new parameter regarding the maximum number of soft RB set groups within a slot.  
Conclusion
In this contribution, we discussed frequency-domain multiplexing for IAB.  It is summarized by the following observations and proposals. 
Observation 1: The total number of soft RB set groups in a time slot has great influence on the DCI format 2_5 payload size for frequency-domain soft availability indication. 
Observation 2: The maximum number of contiguous and non-overlapping RB set configurable per DU cell (M=8) gives 24 configurable RB sets in a slot with D/U/F resource types and can form an uncertainty large number of soft RB set groups, which is not feasible for DCI format 2_5 payload size. 
Proposal 1: The maximum number of soft RB set groups per slot should be defined and limited. 
Proposal 2: The RRC signaling AvailabilityCombination can be enhanced to include multiple soft RB set groups availability indication as follows.
AvailabilityCombination ::=         SEQUENCE {
availabilityCombinationId           AvailabilityCombinationId,
resourceAvailability-r16                SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination-r16)) OF INTEGER (0..7)

    resourceAvailability-freq                SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination)) OF BIT STRING (SIZE (maxNrofSoftRBGroupPerSlot))
}

The RRC parameter resourceAvailability-freq is defined to include multiple soft RB set groups indication, where each bit string will bitmap indicate the soft RB set groups availability within one slot. maxNrofSoftRBGroupPerSlot is a new parameter regarding the maximum number of soft RB set groups can be defined within a slot.  
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