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Introduction
In the last meeting, following agreements were made regarding on enhancements to resource multiplexing between child and parent links of an IAB node. [1]
	Agreement
The Rel-16 IAB-DU resource types (Soft/Hard/NA) are the starting point for supporting resource multiplexing for simultaneous operation cases in Rel-17. 
· FFS: Whether resource type definitions need to be extended to frequency domain resources 
· FFS: Coexistence of simultaneous operation resources and TDM resources
· FFS: Whether new rules governing cell-specific/semi-static signals and channels at the IAB-DU and/or IAB-MT in case of simultaneous operation are necessary
Agreement
Further consider different applicability restrictions/conditions for simultaneous operation multiplexing cases:
· FFS: Whether a given case is only applicable for certain resource types or combinations: e.g. DL access, DL backhaul, UL access, UL backhaul
· FFS: Network (including parent node) awareness of a child IAB node’s ability to support simultaneous operation due to short-term and long-term factors including panel selection, interference, timing, transmit power, capability indication etc.
· FFS: Necessary differentiation for paired spectrum vs. unpaired spectrum
· FFS: Whether specific enhancements are defined for full-duplex cases vs. being left to implementation (as in Rel-16)
· Note: There should not be any impact on legacy UE behavior
Agreement
The Rel-16 explicit indication of soft resources by DCI Format 2_5 is supported for simultaneous operation cases in Rel-17. 
· FFS: Whether/how to extend DCI Format 2_5 to frequency domain resources and/or paired spectrum
· FFS: Coexistence of simultaneous operation resources and TDM resources
Agreement
From a RAN1 perspective, at least intra-donor multi-parent operation is supported in Rel-17 
· FFS: Inter-donor operation pending additional input from RAN2/RAN3
Agreement
The explicit indication of soft resources by DCI Format 2_5 is supported for multi-parent scenarios in Rel-17.
FFS: Whether additional enhancements over the Rel-16 solution are needed
Agreement
From a RAN1 perspective, resource multiplexing and coordination is supported for the following DC scenarios in Rel-17.
· Inter-carrier, inter-band 
· Inter-carrier, intra-band is additionally supported at least for FR2 
· At least to the extent it reuses solutions for supporting Inter-carrier, inter-band
FFS: whether specific enhancements for inter-carrier, intra-band DC are introduced in Rel-17



In this contribution, we discuss on specification of resource multiplexing enhancement between child and parent links of an IAB node based on above agreements.

Simultaneous operation schemes between MT and DU
Time domain multiplexing for simultaneous operation 
In this section, we discuss which time resources are available for simultaneous operation between MT and DU.

(1) Time resource for simultaneous operation
In the last meeting, it was agreed that the Rel-16 DU resource types (Hard/Soft/NA) are the starting point for supporting resource multiplexing for simultaneous operation cases in Rel-17, and coexistence of simultaneous operation resources and TDM resources is remained as FFS.
For simultaneous operation between MT and DU, the relationship between Hard/Soft/NA resource type and simultaneous operation needs to be discussed. For example, it can be considered for IAB which is capable of simultaneous operation that both of IAB-MT and IAB-DU are able to operate regardless of Hard/Soft/NA resource type, or simultaneous operation is allowed for specific resource type(s) only. 
In our view, simultaneous operation between MT and DU can be performed regardless of Hard/Soft/NA resource type, but it can be determined based on resource direction combination of DU and MT. For Rel-17 IAB enhancement, four types of multiplexing cases (i.e., Multiplexing Case A, B, C, and D) were identified [2] and an IAB-node may or may not support the entire multiplexing cases. Thus, if a resource is indicated as a Tx/Rx direction combination of MT and DU for IAB-node with no-TDM capability, both of MT and DU can operate in the resource. However, even if a resource has Tx/Rx direction combination of MT and DU for IAB-node with TDM capability, the MT and DU should be operated in TDM-manner based on DU H/S/NA resource type. For example, if an IAB-node which only has simultaneous MT-Rx/DU-Rx capability (i.e., Multiplexing Case B), the IAB-node can perform simultaneous operation in resources configured as DL and UL for MT and DU respectively.
Overall, following IAB-node behavior can be applied according to DU Hard/Soft/NA resource type and resource direction combination of MT and DU, and it is summarized in Table 1.
· DU Hard or Soft with availability indication
· DU can perform Tx/Rx
· MT can perform Tx/Rx, if multiplexing capability of the Tx/Rx direction combination of MT and DU is no-TDM.
· DU NA or Soft without availability indication
· MT can perform Tx/Rx
· DU can perform Tx/Rx, if multiplexing capability of the Tx/Rx direction combination of MT and DU is no-TDM.


Table 1. DU and MT behaviour in case of simultaneous operation
	DU configuration
	MT configuration

	
	MT DL
	MT UL

	DL-Hard
DL-Soft with AI
	DU: Tx
MT: 
Rx if multiplexing capability of DU-Tx/MT-Rx is no-TDM
NULL if multiplexing capability of DU-Tx/MT-Rx is TDM
	DU: Tx
MT:
Tx if multiplexing capability of DU-Tx/MT-Tx is no-TDM
NULL if multiplexing capability of DU-Tx/MT-Tx is TDM

	UL-Hard
UL-Soft with AI
	DU: Rx
MT: 
Rx if multiplexing capability of DU-Rx/MT-Rx is no-TDM
NULL if multiplexing capability of DU-Rx/MT-Rx is TDM
	DU: Rx
MT: 
Tx if multiplexing capability of DU-Rx/MT-Tx is no-TDM
NULL if multiplexing capability of DU-Rx/MT-Tx is TDM

	DL-NA
DL-Soft without AI
	DU: 
Tx if multiplexing capability of DU-Tx/MT-Rx is no-TDM
NULL if multiplexing capability of DU-Tx/MT-Rx is TDM
MT: Rx
	DU: 
Tx if multiplexing capability of DU-Tx/MT-Tx is no-TDM
NULL if multiplexing capability of DU-Tx/MT-Tx is TDM
MT: Tx

	UL-NA
UL-Soft without AI
	DU: 
Rx if multiplexing capability of DU-Rx/MT-Rx is no-TDM
NULL if multiplexing capability of DU-Rx/MT-Rx is TDM
MT: Rx
	DU: 
Rx if multiplexing capability of DU-Rx/MT-Tx is no-TDM
NULL if multiplexing capability of DU-Rx/MT-Tx is TDM
MT: Tx



In Figure 1, one example of simultaneous operation depending on resource configuration of MT and DU is depicted. In this example, it is assumed that parent DU acquires that IAB-node is capable of simultaneous MT-Rx/DU-Rx operation.
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(a) Parent IAB node fully acquires link direction of all resources for IAB-DU
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(b) Parent IAB node partially acquires link direction of resources for IAB-DU
Figure 1. Simultaneous operation depending on resource configuration of IAB-MT and IAB-DU

In Figure 1.(a), time resources which is indicated as D (i.e., downlink) or U (i.e., uplink) are designated by DU. Also, it is assumed that link direction of resources for the DU is totally shared with parent DU. In this case, parent DU can transmit DL signal in slot#4 and #5 where DU receives UL signal from child MT.
In Figure 1.(b), it is assumed that a part of DU resource is configured as flexible (i.e., slot #4 and #5). In this case, information of the actual link direction of the slot configured as flexible is not shared with parent DU. Thus, even though the DU flexible resource is designated as for uplink by DU, the parent-DU cannot determine whether downlink signal transmission to MT in slot #4 and #5 is permitted.
In this sense, it needs to be discussed whether simultaneous operation of IAB-node can be supported on DU flexible resource. If it is adopted that simultaneous operation is permitted on the resource indicated as flexible, it should be also discussed that how to share the link direction information of DU flexible resource to parent-DU.

Proposal 1: IAB-MT and IAB-DU can determine the operating time resource based on DU H/S/NA resource type and transmission-direction combination of IAB-MT and IAB-DU as follows.
· DU Hard or Soft with availability indication
· DU can perform Tx/Rx
· MT can perform Tx/Rx, if multiplexing capability of the Tx/Rx direction combination of MT and DU is no-TDM.
· DU NA or Soft without availability indication
· MT can perform Tx/Rx
· DU can perform Tx/Rx, if multiplexing capability of the Tx/Rx direction combination of MT and DU is no-TDM.

Proposal 2: Discuss whether simultaneous operation in IAB-DU flexible resource is available or not. 

(2) Backhaul operation in access uplink resource
It seems desirable to avoid using adjacent channel between inter-operator since that an IAB-node interferes with gNB of other operators. That is, the physical location of IAB nodes cannot be coordinated with gNBs of other operators, which leads placement of IAB-node may interrupt operation of inter-operators. 
For example, downlink transmission of DU can interfere uplink reception of gNB significantly as shown in Figure 2. Similarly, uplink transmission of MT with high Tx power also can interfere to uplink reception of gNB.
One way to resolve the interference issue is to restrict backhaul uplink transmission or downlink transmission on uplink resource of access link by network resource configuration or scheduling. 
If backhaul link transmission on access uplink resource is required, it can be considered to reduce the maximum Tx power of MT and DU on uplink resource of access link.

Observation 1: DU and MT transmission with high-power on the uplink resource of other operators needs to be avoided.  
Proposal 3: Discuss how to avoid inter-operator interference with less specification impact in terms of resource configuration.
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Figure 2. Inter-operator DU to gNB interference

Frequency domain multiplexing for simultaneous operation 
In this section, we discuss on frequency domain resource utilized for MT and DU for simultaneous operation.

(1) Frequency domain H/S/NA resource type
For FDM operation between MT and DU, it can be assumed that frequency resources utilized for MT and DU are not overlapped. If considering that parent DU schedules the resource for MT, it seems hard to operate dynamic coordination of frequency resource between IAB-MT and IAB-DU. On the other hand, F1-AP interface based frequency resource separation which is similar with time-domain multiplexing scheme (i.e., H/S/NA) defined in Rel-16 IAB could be considered. 
Specifically, frequency-domain H/S/NA attribute within operating bandwidth can be configured for an IAB-DU. In addition, these configurations can be shared to parent-DU also. Based on these configurations, IAB-DU can determine available frequency resource in case of FDM. Parent-DU also can determine available frequency resources for MT, when the MT requires FDM with DU.
The reason for defining frequency domain H/S/NA resource type is to separate frequency resource between MT and DU when FDM is applied. On the other hand, for non-FDM operation, frequency domain H/S/NA resource type does not need to be applied. In that case, MT and DU can utilize frequency resource regardless of frequency domain H/S/NA resource type.
For frequency-domain H/S/NA, frequency granularity for resource configuration should be discussed. As an example, multiple sets of frequency resource can be defined which is similar to the BWP configuration scheme. In that case, each set of frequency resource set can consist of continuous PRBs and be correspond to Hard, Soft, or NA resource type. Further, multiple sets of frequency resource can be designated as the same resource type. 

Proposal 4: To support frequency domain multiplexing between MT and DU, H/S/NA resource type in frequency-domain is defined and configured to DU. 
· Further study configuration granularity for frequency-domain H/S/NA resource type.

(2) Dynamic availability indication for soft resource
Soft resource for FDM operation needs to be introduced for flexible frequency resource utilization between MT and DU. Then, similar to Rel-16 resource availability indication of DU soft resource by DCI format 2_5, dynamic indication of soft resource availability for frequency domain is required. 
If it assumes that a set of frequency resource can be designated as Hard, Soft, or NA resource type, and when multiple sets of frequency resource are configured as ‘Soft’, resource availability for ‘Soft’ can be indicated per resource set.
It can be discussed on DCI format for availability indication of soft resource for frequency domain taking into account of specification impact and UE monitoring complexity; 
· Approach 1: DCI format 2_5 is utilized for availability indication of soft resource both for frequency domain and time domain.
· Approach 2: New DCI format is introduced for availability indication of soft resource for frequency domain, which is distinguished with legacy DCI format 2_5

Proposal 5: Discuss on DCI format for availability indication of soft resource for frequency domain taking into account specification impact and UE monitoring complexity; 
· Approach 1: DCI format 2_5 is utilized for availability indication of soft resource for both frequency domain and time domain.
· Approach 2: New DCI format is introduced for availability indication of soft resource for frequency domain, which is distinguished with legacy DCI format 2_5.

(3) Cell-specific/semi-static signals and channels at the IAB-DU
For TDM operation between MT and DU, if a DU NA or Soft resource is configured for cell-specific signals/channels, the resource is treated as if it were a Hard resource. As a starting point of discussion, the similar mechanism can to be considered for frequency domain. A frequency resource which is designated for cell-specific signal(s)/channel(s) can be configured as DU NA or Soft resource. In this case, the frequency resource can be treated as Hard resource to guarantee the transmission/reception of the cell-specific signal(s)/channel(s).

Proposal 6: If a DU NA or Soft frequency resource is configured for cell-specific signal(s)/channel(s), the resource is treated as if it were a Hard resource. 

Dual-connectivity to support multiple parent DUs
(1) Inter-Donor multi-parent operation
In LS from RAN3 [3], inter-donor related discussion in RAN3 is explained, and question to RAN1 is included as follow: 
	RAN3 discussed the inter-donor topology redundancy for load balancing, and RAN3 is trying to agree the support of the following two scenarios (as shown in the following figure) with the principle that an IAB-DU only has F1 interface with one donor-CU:
· Scenario 1: the IAB is multi-connected with 2 Donors. 
· Scenario 2: the IAB’s parent/ancestor node is multi-connected with 2 Donors.
In both scenarios, the boundary IAB node, i.e., IAB3 in the figure, is simultaneously connected to the two parent nodes (i.e., IAB1 and IAB2) belonging to two different donors (i.e., donor 1 and donor 2). Since it may require the work in RAN1, RAN3 would like to get RAN1’s advice on whether this can be supported in Rel-17.


It was understood that the main question to RAN1 is whether simultaneously connected to the two parent nodes belonging to two different donor can be supported in Rel-17. According to RAN1 agreement, at least intra-donor multi-parent operation is supported in Rel-17, and the decision to support the inter-donor topology redundancy was pended [1].
[bookmark: _GoBack]This discussion is related to the interface between CU and CU for sharing configuration information of DU operation. For supporting two parent nodes under control of each two different donors, each CU should share the configuration information of all DUs from the belonging CU to neighbour CU which includes DU(s) for multi-parent operation. If the information can be shared dynamically, two parent nodes belonging each of two different donor can operate resource scheduling with dynamic manner. But, if the information can be shared long-termly, two parent nodes can operate resource scheduling with semi-static manner. In addition, in RAN1#103-e meeting, inter-carrier, inter-band and inter-carrier intra-band (at least for FR2) are supported. For operating inter-carrier intra-band based DC scenario, it needs that TDD U/D configuration and H/S/NA configuration for IAB node (MT and DU) with multi-connected with two donors should be aligned. 

Observation 2:
· For supporting two parent nodes belonging to each of two different donors, each CU should share the configuration information of all DUs from the belonging CU to neighbour CU which includes DU(s) for multi-parent operation. 

(2) DC scenario (Inter-carrier, Intra-band) 
In Rel-15 and Rel-16, NR designed Dual Connectivity for FR1/FR1 and FR1/FR2. In this scenarios, it was assumed that the carriers for dual connectivity are located far way, and inter-carrier interference is negligible. So, each DU can configure D/U resource to UE independently. Also, it was assumed that UE can receive simultaneously channel/signal from two cells with different carriers in FR1/FR1 or FR1/FR2. 
But, for operating inter-carrier, intra-band DC scenario for FR2, it needs to clarify MT operation for transmission and reception in terms of antenna configurations (e.g., same panel/separate panel for multiple carriers) and combination of carriers. 

Proposal 7: For operating inter-carrier, intra-band DC scenario for FR2, it needs to clarify MT operation for transmission and reception in terms of antenna configurations (e.g., same panel/separate panel for multiple carriers) and combination of carriers.

(3) Indication of soft resource for multi-parent scenario 
In RAN1#103-e meeting, it was agreed that explicit indication of soft resources by DCI format 2_5 is supported for multi-parent scenarios in Rel-17. In DC scenario, it needs to be assumed that two parent DUs can provide independently the resource related information to the IAB-node DU(s). Also, for multi-parent scenario, it needs to be clarified that CU can provide to parent DUs the information for IAB DU(s) regarding on at least resource availability element (i.e., H/S/NA), types link direction (i.e., D/F/U), and capability of multiplexing. 
Based on the assumption of dynamic scheduling and clarification of information for scheduling, we can study the cases of collision between the availability indications of soft resource from each parent DU. In Figure 3, an example of multi-parent scenario is depicted. 

[image: ]
Figure 3. Example of multi-parent scenario

In this example, it is assumed that IAB-MT with multi-carrier (i.e., MT1 and MT2 in Figure.3) is connected two multiple parents, and IAB-DU (i.e., DU3 in Figure.3) can be provided information from one parent IAB-DU (i.e., DU1 in Figure 3). In this scenario, when two parent DUs have the multiplexing capability of IAB-DU and resource availability of IAB-DU, two parent DUs can operate dual connectivity well with IAB-node without scheduling collision. But, if parent IAB DU(s) indicates the value of resourceAvailability elements and types of soft symbol to the IAB-MT(s) by DCI format 2_5, there is a possibility of collision of resource scheduling. For example, if parent IAB-DU (i.e., DU1) provides the resource availability of IAB-DU (i.e., DU3) and parent IAB-DU (i.e., DU2) does not obtain the information of resource availability, the scheduling information to IAB-MT (i.e,. MT2) from parent IAB (i.e., DU2) may or may not be acceptable depending on the multiplexing capability of IAB-node. In this case, if the scheduling information from parent IAB DU (i.e., DU2) is not acceptable for multiplexing operation of IAB node, it needs that IAB-node determines transmission and reception behaviour. 

Proposal 8: Study the solution for scheduling collision between two parent DUs due to indication of the resource availability for soft symbol(s) to the IAB-DU(s) by DCI format 2_5.

Conclusion
In this contribution, we discussed on specification of resource multiplexing enhancement between child and parent links of an IAB node. From the discussion, we obtained following observation and proposals.

Simultaneous operation schemes between MT and DU
Proposal 1: IAB-MT and IAB-DU can determine the operating time resource based on DU H/S/NA resource type and transmission-direction combination of IAB-MT and IAB-DU as follows.
· DU Hard or Soft with availability indication
· DU can perform Tx/Rx
· MT can perform Tx/Rx, if multiplexing capability of the Tx/Rx direction combination of MT and DU is no-TDM.
· DU NA or Soft without availability indication
· MT can perform Tx/Rx
· DU can perform Tx/Rx, if multiplexing capability of the Tx/Rx direction combination of MT and DU is no-TDM.
Proposal 2: Discuss whether simultaneous operation in IAB-DU flexible resource is available or not. 
Observation 1: DU and MT transmission with high-power on the uplink resource of other operators needs to be avoided.  
Proposal 3: Discuss how to avoid inter-operator interference with less specification impact in terms of resource configuration.
Proposal 4: To support frequency domain multiplexing between MT and DU, H/S/NA resource type in frequency-domain is defined and configured to DU. 
· Further study configuration granularity for frequency-domain H/S/NA resource type.
Proposal 5: Discuss on DCI format for availability indication of soft resource for frequency domain taking into account specification impact and UE monitoring complexity; 
· Approach 1: DCI format 2_5 is utilized for availability indication of soft resource for both frequency domain and time domain.
· Approach 2: New DCI format is introduced for availability indication of soft resource for frequency domain, which is distinguished with legacy DCI format 2_5.
Proposal 6: If a DU NA or Soft frequency resource is configured for cell-specific signal(s)/channel(s), the resource is treated as if it were a Hard resource. 

Dual-connectivity to support multiple parent DUs
Observation 2:
· For supporting two parent nodes belonging to each of two different donors, each CU should share the configuration information of all DUs from the belonging CU to neighbour CU which includes DU(s) for multi-parent operation. 
Proposal 7: For operating inter-carrier, intra-band DC scenario for FR2, it needs to clarify MT operation for transmission and reception in terms of antenna configurations (e.g., same panel/separate panel for multiple carriers) and combination of carriers.
Proposal 8: Study the solution for scheduling collision between two parent DUs due to indication of the resource availability for soft symbol(s) to the IAB-DU(s) by DCI format 2_5.
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