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[bookmark: OLE_LINK1]Introduction
Regarding resource multiplexing enhancements for simultaneous operation of IAB-node’s child and parent links, RAN1#105e-106e 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.
· N is a configured number of PRBs, where the CU configures N
· N = {2, 4, 8, 16, 32, 64}
· FFS: Value(s) of N in case of multiple configured BWPs at the IAB-MT
· This agreement does not revert any existing RAN1 agreement 
· For a given RB set at a symbol, if Rel-17 frequency domain H/S/NA configuration is not provided, the Rel-16 time-domain H/S/NA is applied
· If an IAB node is configured with a frequency-domain H/S/NA configuration down-select between the following options:
· Alt. 1 Either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource
· FFS: Whether configurations are switched with per-slot, per-resource type within a slot, or per-symbol granularity
· Alt. 2 The Rel-16 H/S/NA configuration and frequency domain configuration are jointly applied
· A Reference SCS is configured for frequency domain H/S/NA configuration.
· To support soft resource availability in the frequency domain, the existing DCI 2_5 format is reused according to one of the following alternatives:
· Alt. 1: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 2: Multiple DCI format 2_5 can be received indicating availability with the granularity of one or more RB set(s) for different RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 3: A single DCI format 2_5 can be received indicating availability of all the soft resources which correspond to the same time resources of the child IAB-DU cell.
· Spatial domain restrictions from a parent node or recommendations from a child node is limited to a subset of time resources in which simultaneous operation is applied.
· FFS: Handling of frequency resources in case of FDM operation
· FFS: Support for implicit/explicit indication of the simultaneous operation mode
· The child node indication of recommended beams to the parent node can include both IAB-MT DL beams and/or IAB-MT UL beams.
· FFS: Indication via MAC-CE or UCI transmission
· FFS: Definition of IAB-MT DL beams and/or IAB-MT UL beams (e.g. TCI state ID, Spatial relation information ID, RS ID (including CSI-RS, SRS, SSB, etc.))
· FFS: Whether indication of “not preferred” beams is supported
· MAC-CE signaling from a parent node is supported for indication of beams of an IAB-DU in the direction of which simultaneous operation is restricted
· FFS: Details of beam indication (e.g. TCI state ID, Spatial relation information ID, RS ID (including CSI-RS, SRS, SSB, etc.))
· FFS: Applicability to other beams
· MAC-CE signaling of Desired/Provided Guard Symbols is enhanced (e.g. using the same Rel-16 MAC-CE design) to support indication of guard symbols additionally required for Case #6 and Case #7 timing cases.
· FFS: Number of guard symbols associated with Case #6 and Case #7 timing modes
· FFS: Need for explicit indication of guard symbols switching between timing cases
Regarding dual-connectivity scenario in the context of topology redundancy for improved robustness and load balancing, RAN1#106e have made the following agreements and conclusions. 
· The following solutions are supported to handle potential indication conflict of overlapping flexible symbols between two parent IAB-nodes:
· In intra-donor DC scenarios, if the IAB MT does not support simultaneous Tx and Rx on different carriers, it does not expect to receive conflicting DCI 2_0 from different parents. 
· The IAB-donor-CU can be made aware of the IAB-MT’s capability regarding simultaneous transmission and reception on multiple serving cells in a frequency band, configured by the two parent nodes in intra-donor DC scenarios.
· To support extension of CA TDD prioritization rules to NR-DC, the following resource coordination mechanisms between parents/donors are supported:
· For intra-donor and inter-donor DC scenarios, in addition to coordination at the donor CU(s), a parent-node can be made aware of the DU resource configuration (UL/DL/FL, H/S/NA) of the other peer parent node that connects to the same IAB-node.
· For intra-donor and inter-donor DC scenarios, coordinating the semi-static and/or cell-common higher layer configuration (e.g. SSB, CORESET 0, and RACH and configurations) from/for different parent nodes.
· Select from the following alternatives 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
· Alt. 6. The IAB-MT is expected to operate according to the non-flexible configuration.
· Select from the following alternatives 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. 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
· Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG
· FFS: Consideration of the impact of parent node’s H/S/NA when specifying the prioritization rules in case of UL/DL conflict
· Decide in RAN1#106bis-e whether the parent IAB DUs of a DC connected IAB node can have per-backhaul-link resource configurations.
· FFS: whether the per-backhaul-link configuration is provided to the dual-connected IAB node.
In this contribution, based on those discussion and agreements, we further elaborate on mechanisms for resource multiplexing among backhaul and access link. 
Frequency-Domain Resource Multiplexing
Time/Frequency-domain H/S/NA Application 
RAN1#105e has agreed to separately provide frequency-domain multiplexing H/S/NA configurations for an IAB node in addition to the Rel-16 H/S/NA (in time-domain). However, whether time-domain and frequency-domain H/S/NA configurations can be applied jointly or separately are for further down-selection. 
When an IAB-node operates in TDM mode, as the IAB-MT and the IAB-DU already separate in time-domain resource, further separation in frequency-domain resource is not needed. In other words, the time-domain H/S/NA can be applied to the entire IAB-DU bandwidth, without considering frequency-domain H/S/NA attributes (no matter frequency-domain H/S/NA is configured or not). 
On the other hand, when an IAB-node operates in FDM mode, as the IAB-MT and the IAB-DU already separate in frequency-domain resource, simultaneous MT/DU operation is allowed and further separation in time-domain resource is not needed. In other words, the frequency-domain H/S/NA can be applied to the entire time interval of FDM operation, without considering time-domain H/S/NA attributes (no matter time-domain H/S/NA is configured or not). 
Hence, TDM and FDM operation should be orthogonal to each other (i.e., TDM only or FDM only at a time interval). Time-domain H/S/NA and frequency-domain H/S/NA will not be simultaneously applied (no matter they are configured or not), i.e., joint time-domain H/S/A and frequency-domain H/S/NA application is not necessary. Either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource. 
Proposal 1: Either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource. 
Soft resource availability indication for frequency-domain resources
For semi-static frequency-domain resource configuration, RAN1#106e has agreed with the granularity of per RB set, per resource-type. Hence, for one resource type, there can be multiple hard regions, soft regions, and not available regions (each region is a bundle of RB sets). In Figure 2.3, we show an example of semi-static frequency-domain configuration slot n with two soft D regions, one soft F region and one soft U region.
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Figure 2.1: Per-resource type semi-static frequency-domain soft regions example 
RAN1#106e has proposed three alternatives to reuse DCI format 2_5 to support soft resource availability indications for frequency-domain resources. 
· To support soft resource availability in the frequency domain, the existing DCI 2_5 format is reused according to one of the following alternatives:
· Alt. 1: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 2: Multiple DCI format 2_5 can be received indicating availability with the granularity of one or more RB set(s) for different RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 3: A single DCI format 2_5 can be received indicating availability of all the soft resources which correspond to the same time resources of the child IAB-DU cell.
In Alt.1, one DCI format 2_5 is used to indicate availability of multiple soft regions individually. In other words, each soft region frequency-domain resource can become available separately. In Alt.2, multiple DCI format 2_5 is needed to indicate different soft regions availability. In Alt.3, a single DCI format 2_5 is used to indicate all the soft resources, i.e., different soft region frequency-domain resource must become available together. 
Comparing those three alternatives, Alt.2 will introduce overwhelming signaling overhead with multiple DCI format 2_5 to indicate one resource type with multiple soft regions configuration. Alt. 3 is too strict with less flexibility that all soft regions of same resource type must be indicated available at the same time. Alt. 1 is a good compromise between Alt. 2 and Alt.3 in sense of signaling overhead and configuration flexibility. 
In addition, since dynamic frequency-domain soft availability indication will be the bitmap availability indication of the soft regions per resource type or per slot, it is better to limit the maximum number of semi-static configured frequency-domain soft regions per resource type or per slot to control the signaling overhead. 
Proposal 2: For frequency-domain soft resource availability indication, support a single DCI format 2_5 to indicate availability for multiple RB sets which corresponding to the same time resources of the child IAB-DU cell. 
Proposal 3: Limit the maximum number of semi-static configured frequency-domain soft regions per resource type or per slot. 
Guard Symbols for Switching Between Case#1/Case#6/Case#7 timing
RAN1#104 has agreed to support switching between Case#1, Case#6 and Case#7 timing.  
3.1 Case#1Case#6Case#1
In Figure 3.1, we show the transition of Case#1Case#6Case#1 in three consecutive slots. The IAB-node operating in Case#6 timing and its parent IAB-node will be affected and included in the figure.  
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Figure 3.1: Case#1Case#6Case#1 transition
For the switching of Case#1 Case#6 timing at an IAB-node, as IAB-MT TX timing being shifted backwards to align with IAB-DU TX timing, there is no conflict in IAB-MT TX or parent-DU RX from slot n to slot (n+1). In addition, in our previous contribution [2], we have shown that when one of the multiplexing modes is supported, the corresponding transition guard symbols are not needed. In other words, for Case#1 Case#6 switching, the guard symbols for the following two transitions defined in Rel-16 IAB can be removed as simultaneous DU TX/MT TX is allowed in Case#6 timing: 
· IAB-DU TX in slot n to IAB-MT TX in slot (n+1) 
· IAB-MT TX in slot n to IAB-DU TX in slot (n+1) 
For the switching of Case#6 Case#1 timing at an IAB-node, as IAB-MT TX timing moving in advance of IAB-DU TX timing, there will be conflict in IAB-MT TX or parent-DU RX from slot (n+1) to slot (n+2). Hence, in addition to MT/DU transition guard symbols defined in Rel-16 IAB, new guard symbols for the following scenario are needed for Case#6 Case#1 switching. 
· IAB-MT Case#6 TX in slot (n+1) to IAB-MT Case#1 TX in slot (n+2) 
Observation 1: For the switching of Case#1 Case#6 timing at an IAB-node, the guard symbols for the following two transitions defined in Rel-16 IAB can be removed as simultaneous DU TX/MT TX is allowed in Case#6 timing: 
· IAB-DU TX in slot n to IAB-MT TX in slot (n+1) 
· IAB-MT TX in slot n to IAB-DU TX in slot (n+1) 
Observation 2: For the switching of Case#6 Case#1 timing at an IAB-node, new guard symbols are needed for IAB-MT Case#6 TX to IAB-MT Case#1 TX transition.  
3.2 Case#1Case#7Case#1
In Figure 3.2, we show the transition of Case#1Case#7Case#1 in three consecutive slots. The IAB-node operating in Case#7 timing and its child IAB-node will be affected and included in the figure.  
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Figure 3.2: Case#1Case#7Case#1 transition
For the switching of Case#1 Case#7 timing at an IAB-node, as its child-MT TX timing being shifted backwards to make IAB-DU RX timing align with IAB-MT RX timing, there is no conflict in child-MT TX or IAB-DU RX from slot n to slot (n+1). In addition, in our previous contribution [2], we have shown that when one of the multiplexing modes is supported, the corresponding transition guard symbols are not needed. In other words, for Case#1 Case#7 switching, the guard symbols for the following two transitions defined in Rel-16 IAB can be removed as simultaneous DU RX/MT RX is allowed in Case#7 timing: 
· IAB-DU RX in slot n to IAB-MT RX in slot (n+1) 
· IAB-MT RX in slot n to IAB-DU RX in slot (n+1) 
For the switching of Case#7 Case#1 timing, as its child-MT TX timing moving forwards for IAB-DU RX Case#1 timing, there will be conflict in child-MT TX or IAB-DU RX from slot (n+1) to slot (n+2). Hence, in addition to MT/DU transition guard symbols defined in Rel-16 IAB, guard symbols for the following new scenario are needed for Case#7 Case#1 switching. 
· child-MT Case#7 TX in slot (n+1) to child-MT Case#1 TX in slot (n+2) 
Observation 3: For the switching of Case#1 Case#7 timing, the guard symbols for the following two transitions defined in Rel-16 IAB can be removed as simultaneous DU RX/MT RX is allowed in Case#7 timing: 
· IAB-DU RX in slot n to IAB-MT RX in slot (n+1) 
· IAB-MT RX in slot n to IAB-DU RX in slot (n+1) 
Observation 4: For the switching of Case#7 Case#1 timing at an IAB-node, guard symbols are needed for child-MT Case#7 TX to child-MT Case#1 TX transition.  
3.3 Case#6Case#7Case#6
In Figure 3.3, we show the transition of Case#6Case#7Case#6 in three consecutive slots. The IAB-node operating in Case#6 or Case#7 timing, its parent IAB-node and its child IAB-node will be affected and included in the figure.  
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Figure 3.3: Case#6Case#7Case#6 transition
For the switching of Case#6 Case#7 timing, it is equivalent to the combination of Case#6 Case#1 switching and Case#1 Case#7 switching. Refer to the discussion in Section 3.1 and 3.2, new guard symbols are needed for switching of Case#6 Case#1 timing, which will affect Case#6 Case#7 switching. 
For the switching of Case#7 Case#6 timing, it is equivalent to the combination of Case#7 Case#1 switching and Case#1 Case#6 switching. Refer to the discussion in Section 3.1 and 3.2, new guard symbols are needed for switching of Case#7 Case#1 timing, which will affect Case#7 Case#6 switching. 
In summary for new guard symbols, we provide the following Table 1 in case of switching between Case#1/Case#6/Case#7 timing as below, in addition to MT/DU resource transition guard symbol table defined in Rel-16 IAB. 
Table 1: new guard symbols for switching between Case#1/Case#6/Case#7 timing
	IAB-node
	To: Case#1
	To: Case#6
	To: Case#7

	From: Case#1
	
	
	

	From: Case#6
	IAB-MT Case#6 TX to IAB-MT Case#1 TX
	
	IAB-MT Case#6 TX to IAB-MT Case#1 TX

	From: Case#7
	child-MT Case#7 TX to child-MT Case#1 TX
	child-MT Case#7 TX to child-MT Case#1 TX
	



In summary for Rel-16 IAB guard symbols removal, we provide the following Table 2 when simultaneous operation(s) are supported [2].  
Table 2: Guard symbols removal with different simultaneous operations
	MT to DU
	DL Tx
	UL Rx

	DL Rx
	Remove Ng if MT RX/DU TX is supported
	Remove Ng if MT RX/DU RX is supported

	UL Tx
	Remove Ng if MT TX/DU TX is supported
	Remove Ng if MT TX/DU RX is supported

	DU to MT
	DL Rx
	UL Tx

	DL Tx
	Remove Ng if MT RX/DU TX is supported 
	Remove Ng if MT TX/DU TX is supported

	UL Rx
	Remove Ng if MT RX/DU RX is supported
	Remove Ng if MT TX/DU RX is supported



Observation 5: For the switching of Case#6 Case#7 timing at an IAB-node, it is equivalent to the combination of Case#6 Case#1 switching and Case#1 Case#7 switching. New guard symbols are needed for IAB-MT Case#6 TX to IAB-MT Case#1 TX transition.  
Observation 6: For the switching of Case#7 Case#6 timing at an IAB-node, it is equivalent to the combination of Case#7 Case#1 switching and Case#1 Case#6 switching. New guard symbols are needed for child-MT Case#7 TX to child-MT Case#1 TX transition.  
Proposal 4: New guard symbols are needed for switching between Case#1/Case#6/Case#7 timing as in Table 1. 
Proposal 5: When simultaneous operation(s) are supported, the corresponding transition guard symbols defined in Rel-16 IAB are not needed as in Table 2. 
[bookmark: _Ref510629010]Support for Per-backhaul Link DU Resource Configuration
Regarding semi-static DU resource configuration, current Rel-16 IAB only support per-DU cell configuration.  However, there can be several advantages with per child IAB-MT link (per-link) configuration listed as follows. 
1. Per-link DU resource configuration can differentiate the child IAB MT with dual-connectivity from other child IAB-MTs and coordinate resource configurations between the child IAB-MT’s multiple parents. 
In Figure 4.1, we show an example of an IAB-DU1 with three child-MTs, where one of them (child-MT3) is under dual-connectivity with another parent (IAB-DU2). Then, it will be beneficial for child-MT3 to have special per-link configuration under IAB-DU1, to coordinate resource configurations between this child-MT3’s multiple parents. 
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Figure 4.1: Per-link DU configuration example 1 

2. Per-link DU resource configuration has additional benefit in interference management (for example, by setting NA to a specific link) of adjacent links with different parents.
In Figure 4.2, we show an example of an IAB-DU1 with three child-MTs, where one child link (between IAB-DU1 and child-MT3) is close to an adjacent link (between IAB-DU2 and child-MT4). Then, it will be beneficial for child-MT3 to have special per-link configuration under IAB-DU1 for interference management purpose. 
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Figure 4.2: Per-link DU configuration example 2 
3. Furthermore, the resource configuration for each child IAB-DU can be different, which makes the resource availability for each child IAB-MT different from each other. The per-link resource configuration at an IAB-DU can be more flexible to satisfy the different resource availability of each child IAB-MT. 
In Figure 4.3, we show an example of an IAB-DU1 with three child-MTs, and the corresponding child-DUs can have different semi-static resource configuration. In this example, child-DU3 has different H/S/NA attributes at some time slot from child-DU1/child-DU2, which makes the resource availability at child-MT3 different from child-MT1/child-MT2. Then, it will be beneficial for child-MT3 to have special per-link configuration under IAB-DU1 to satisfy the different child-MT3 resource availability. 
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                  Figure 4.3: Per-link DU configuration example 3 
Proposal 6: For the semi-static DU resource configurations, additionally support per-backhaul link (e.g. per child IAB-MT link) configuration.  
Support for Dual-Connectivity Scenarios
RAN1#106e has proposed the following alternatives to handle potential indication conflict of symbols configured as semi-static flexible by one or both parent nodes in inter-donor DC scenarios. 
· Select from the following alternatives 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
· Alt. 6. The IAB-MT is expected to operate according to the non-flexible configuration.
· Select from the following alternatives 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. 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
· Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG
· FFS: Consideration of the impact of parent node’s H/S/NA when specifying the prioritization rules in case of UL/DL conflict
Since dynamic DCI 2_0 coordination between two parents in inter-donor DC scenario is not feasible, Alt. 6 (The IAB-MT is expected to operate according to the non-flexible configuration) is preferred to handle potential indication conflict of symbols configured as semi-static flexible by one parent node; and Alt. 5 (If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG) is preferred to handle potential indication conflict of symbols configured as semi-static flexible by both parents. 
Proposal 7: 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: 
· Support Alt. 6 (The IAB-MT is expected to operate according to the non-flexible configuration) to handle potential indication conflict of symbols configured as semi-static flexible by one parent node.
· Support Alt. 5 (If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG) to handle potential indication conflict of symbols configured as semi-static flexible by both parents.  
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. 
Observation 1: For the switching of Case#1 Case#6 timing at an IAB-node, the guard symbols for the following two transitions defined in Rel-16 IAB can be removed as simultaneous DU TX/MT TX is allowed in Case#6 timing: 
· IAB-DU TX in slot n to IAB-MT TX in slot (n+1) 
· IAB-MT TX in slot n to IAB-DU TX in slot (n+1) 
Observation 2: For the switching of Case#6 Case#1 timing at an IAB-node, new guard symbols are needed for IAB-MT Case#6 TX to IAB-MT Case#1 TX transition.  
Observation 3: For the switching of Case#1 Case#7 timing, the guard symbols for the following two transitions defined in Rel-16 IAB can be removed as simultaneous DU RX/MT RX is allowed in Case#7 timing: 
· IAB-DU RX in slot n to IAB-MT RX in slot (n+1) 
· IAB-MT RX in slot n to IAB-DU RX in slot (n+1) 
Observation 4: For the switching of Case#7 Case#1 timing at an IAB-node, guard symbols are needed for child-MT Case#7 TX to child-MT Case#1 TX transition.  
Observation 5: For the switching of Case#6 Case#7 timing at an IAB-node, it is equivalent to the combination of Case#6 Case#1 switching and Case#1 Case#7 switching. New guard symbols are needed for IAB-MT Case#6 TX to IAB-MT Case#1 TX transition.  
Observation 6: For the switching of Case#7 Case#6 timing at an IAB-node, it is equivalent to the combination of Case#7 Case#1 switching and Case#1 Case#6 switching. New guard symbols are needed for child-MT Case#7 TX to child-MT Case#1 TX transition.  
Proposal 1: Either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource. 
Proposal 2: For frequency-domain soft resource availability indication, support a single DCI format 2_5 to indicate availability for multiple RB sets which corresponding to the same time resources of the child IAB-DU cell. 
Proposal 3: Limit the maximum number of semi-static configured frequency-domain soft regions per resource type or per slot. 
Proposal 4: New guard symbols are needed for switching between Case#1/Case#6/Case#7 timing as in Table 1. 
Proposal 5: When simultaneous operation(s) are supported, the corresponding transition guard symbols defined in Rel-16 IAB are not needed as in Table 2. 
Proposal 6: For the semi-static DU resource configurations, additionally support per-backhaul link (e.g. per child IAB-MT link) configuration.  
Proposal 7: 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: 
· Support Alt. 6 (The IAB-MT is expected to operate according to the non-flexible configuration) to handle potential indication conflict of symbols configured as semi-static flexible by one parent node.
· Support Alt. 5 (If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG) to handle potential indication conflict of symbols configured as semi-static flexible by both parents.  
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