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Introduction
In RAN1#104-e meeting, several agreements were made regarding on the applicability of a given multiplexing capability, frequency domain resource for simultaneous operation, spatial domain resource for simultaneous operation, and dual-connectivity to support multiple parent DUs [1]. Following the previous discussion, we continue to 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
The applicability of a given multiplexing capability
Rel-17 IAB node supports simultaneous operation between MT and DU. However, even if an IAB-node is operated in simultaneous operation mode, it does not mean that the simultaneous operation is always possible. 
Depending on the capability of the IAB-node, simultaneous operation may be available only in some of the four MT/DU Tx/Rx direction combinations, i.e., MT-Tx/DU-Tx, MT-Rx/DU-Rx, MT-Tx/DU-Rx, and MT-Rx/DU-Tx. For example, the IAB-node can perform simultaneous operation for MT-Tx/DU-Tx and MT-Rx/DU-Rx cases, but non-simultaneous operation may be required for MT-Tx/DU-Rx and MT-Rx/DU-Tx cases. However, the IAB-node cannot assume that the TDD configuration of the MT and DU are configured to enable simultaneous operation always. In some resources, for reasons such as the need to support legacy MT/UE, TDD configuration of MT and DU in which the MT and DU cannot perform simultaneous operation may be configured. Therefore, even for an IAB-node capable of simultaneous operation, the IAB-node needs to operate by switching between TDM operation and non-TDM operation. 
A main element that determines whether the IAB-node operates TDM or no-TDM in a specific time resource is TDD configuration of MT and DU. The IAB-node can determine whether simultaneous operation is possible in a time resource based on the TDD configuration of the MT and DU. That is, if the Tx/Rx direction of the MT and DU by TDD configuration in a time resource is capable of simultaneous operation, the IAB-node can operates MT and DU simultaneously in the resource. Otherwise, it should operate MT and DU in TDM-manner.
In resources where simultaneous operation is not available, only one of MT and DU can operate. In this case, the time domain H/S/NA attribute defined in Rel-16 can be used to determine the MT and DU operation. Therefore, even an IAB-node capable of simultaneous operation requires a time domain H/S/NA configuration, which can be used when the IAB-node cannot perform simultaneous operation.

Proposal 1: IAB-node can determine time resource for simultaneous operation based on TDD configuration for MT and DU. 
Proposal 2: Time domain H/S/NA attributed can be configured to IAB-node in simultaneous operation as well. It can be used to determine MT/DU operation when the IAB-node cannot perform simultaneous operation.

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

Resource granularity of frequency domain H/S/NA attributes
For frequency domain H/S/NA, frequency granularity for resource configuration is to be discussed. In our view, frequency resource for an attribute does not need to finely divided and distributed. Instead, it seems better to divide frequency resources of DU and MT into large chunks. For an approach, multiple sets of frequency resource can be defined which is similar to the BWP configuration scheme (i.e., frequency resource indication by starting PRB position and the number of PRBs). In DU perspective, one or multiple group(s) of consecutive RBs can be defined and a RB group can correspond to a Hard, Soft, or NA resource type. Further, multiple sets of frequency resource can be designated as the same resource type. 
Since the frequency domain H/S/NA attributes of a DU are related to the operating BWP of the MT and the child MT of the DU, it is not desirable to change the attributes frequently. Therefore, rather than changing the frequency domain H/S/NA attributes for each time unit (slot/multi-slots), it would be desirable to keep the same the attributes before reconfiguration. If dynamic change is required according to the situation, it is more appropriate to use a soft resource rather than changing the H/NA resource attributes.
It is also necessary to consider frequency domain H/S/NA configuration according to DU and UL resources. Since the DL BWP and UL BWP of the MT can be configured independently, it seems natural that the DU frequency domain H/S/NA attributes can be configured differently for DL and UL.

Proposal 3: In a DU cell perspective, one or multiple group(s) of consecutive RBs can be defined where a RB group corresponds to a Hard, Soft, or NA resource type for frequency domain multiplexing.
Proposal 4: Frequency domain H/S/NA attributes can be configured independently for DL and UL.

Frequency domain resource for TDM operation
As discussed in Section 2.1 above, even if an IAB-node has FDM capability, a transition may occur between TDM and FDM operation. 
When MT and DU of the IAB-node are operated in FDM, the IAB-node applies a frequency domain H/S/NA configuration to determine the operating frequency resources of the DU and MT.
On the other hand, when the IAB-node operates in TDM, it is necessary to discuss whether to apply frequency domain H/S/NA configuration and limit the operating frequency resources of DU and MT also, or to enable MT and DU to operate in all frequency resources by not applying frequency domain H/S/NA configuration. 
When the IAB-node is operated in TDM, it seems better not limiting the operating frequency resources by frequency domain H/S/NA attributes in terms of resource utilization, but further discussion may be needed.

Proposal 5: Discuss further whether frequency domain H/S/NA configuration is applied when the IAB-node is operated in TDM.
· Alternative 1: When an IAB-node is operated in TDM, the IAB-node can utilize frequency domain resources regardless of frequency-domain H/S/NA attributes.
· Alternative 2: Even when an IAB-node is operated in TDM, available frequency domain resource for MT and DU is restricted by frequency domain H/S/NA attributes.

Soft resource availability indication
Soft resource type in frequency domain may be useful for flexible resource utilization between MT and DU. In the last meeting, enhancement of DCI format 2_5 to indicate the frequency domain soft resource availability was discussed. 
In our view, the availability indication of time domain soft resource and frequency domain soft resource should be independently applicable depending on the situation. For example, as discussed prior sections, only frequency domain availability information can be applied to time resources with FDM operation. Also, only time domain availability information can be applied to resources for TDM operation. Therefore, the time domain and frequency domain soft resource availability indication may be transmitted through the same DCI, but it is preferred to be indicated independently within the DCI.
For this, we propose that the mapping table between values of resourceAvailability elements and types of soft symbol availability is specified independently for time domain and frequency domain resource. In this case, both a method in which time domain and frequency domain soft resource availability are indicated in the same field and a method in which they are transmitted through different fields within a DCI may be considered.
When the time domain and frequency domain soft resource availability for a DU cell are indicated through different fields, the frequency domain soft resource availability can be indicated by a different field from the AI index field that indicates the time domain soft resource availability for the DU cell. For detail, the followings can be considered.
1) In order to indicate the location of a field indicating frequency domain soft resource availability, an additional positionInDCI-AI is introduced.
2) Frequency domain soft resource availability is indicated through the next field of the AI index field indicated by the existing positionInDCI-AI.
Meanwhile, when time domain and frequency domain soft resource availability for a DU cell are indicated through the same field in a DCI, the following schemes may be specifically considered.
1) availabilityCombinations linked to a positionInDCI-AI is configured for time domain and frequency domain, respectively.
2) resourceAvailability linked to a availabilityCombinationId is configured for time domain and frequency domain, respectively.

Proposal 6: The mapping table between values of resourceAvailability elements and types of frequency domain soft resource availability is specified independently from the table for time domain soft resource defined in Rel-16.

Spatial domain resource for simultaneous operation 
The resource for the multiplexing between MT and DU in the time domain and frequency domain (if supported) is determined and configured by the donor node semi-statically. In case of soft resource, the parent DU can dynamically determine and indicate the resource sharing between the MT and DU.
In the case of spatial domain multiplexing, it is necessary to appropriately divide and use spatial resources between MT and DU. However, in this case, it may be difficult for a donor to determine and configure spatial resources suitable for DU and MT respectively. 
In order to apply spatial domain multiplexing more effectively, it seems better to coordinate spatial resources for DU and MT between the parent node and the IAB node. For this operation, it can be considered to enhance the beam management procedure so that the MT and DU can use the appropriate beam direction for spatial domain multiplexing.

Proposal 7: It seems not appropriate to configure spatial domain resource by donor node for SDM between MT and DU.

Dual-connectivity to support multiple parent DUs
For dual-connectivity of MT to support two parent DUs, we discuss solutions to address resource coordination/scheduling collision issues between parent nodes.

Slot format collision between two parent DUs
At first, we address scheduling collision issue between two parent DUs due to indication of the slot format by DCI format 2_0.
In case of semi-static TDD configuration of MT by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, the coordination between two parent DUs can be assumed for both of intra-donor and inter-donor DC scenarios. 
However, slot format indication by DCI format 2_0 is determined and indicated from each parent DU with dynamic manner. Since dynamic information sharing between two parent DUs cannot be assumed, it is difficult to avoid slot format collision or dynamic DL/UL scheduling conflict between two parent DUs.
Therefore, for the case that a MT is scheduled to receive downlink and transmit uplink simultaneously, the MT behaviour should be discussed and defined. Since the MT can perform scheduled transmission to/reception from only one of two parent DUs, and the priority rule between transmission and reception can be defined considering the scheduling importance. 
[bookmark: _GoBack]For example, when a symbol is configured as Hard for parent DU 1 and NA for parent DU 2, it can be considered to give priority to transmission/reception with parent DU 1, since parent DU 2 may not perform transmission/reception in the symbol.

Proposal 8: In case of DL/UL collision between two parent links, the priority rule should be defined in MT perspective. 

Non-simultaneous operation between two parent DUs
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, 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. In our view, simultaneous transmission or reception between two parent links may not be available in some cases. For example, Tx/Rx timing and/or beam direction for two parent links may not be aligned. Then, depending on RF/antenna implementation, the MT cannot perform transmission/reception for two parent links simultaneously. 
Considering the aspect, MT behaviour for non-simultaneous Tx/Tx and Rx/Rx between two parent links also should be discussed and supported. 

Proposal 9: It is necessary to support a MT which cannot perform simultaneous Tx/Tx and Rx/Rx for two parent links. 

Soft resource availability collision between two parent DUs
The collision issue between the availability indications of soft resource from each parent DU also should be discussed. When a MT is dual connected to two parent DUs, we discuss from whom the availability indication of DU is received and related behaviour of MT and DU.
For discussion, an example of multi-parent scenario is depicted in Figure 1. In this example, it is assumed that MT3 with multi-carrier is connected two multiple parents (DU1 and DU2).
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Figure 1. An example of multi-parent scenario

Inter-band inter-carrier DC scenario
Regarding on soft resource availability indication of a DU cell, it is necessary to clarify that which of the two parent DUs or both of the information can be indicated. It is desirable that the soft resource availability information is given by corresponding parent DU(s) that is affected by the operation of the DU cell. In case of inter-band inter-carrier DC scenario, only one parent DU of the two parent DUs will be affected by the operation of the cell, and it make sense to receive the soft resource availability indication for the DU cell from this parent DU. 
For example, when the carrier frequencies of DU1 and DU2 are f1 and f2 respectively (f1 and f2 are in inter-band) and a cell of DU3 has carrier frequency f1 in Figure 1, the soft resource availability for the cell of DU3 can be indicated from DU1 only. Then, the DU cell can determine its soft resource availability based on the indication. MT3 also takes into account the indication to determine its operation in carrier frequency f1. MT operation in f2 may not associated with the DU cell, then it does not need to consider the soft resource availability indication.
Based on this approach, when DU3 operates two cells in f1 and f2 (i.e., DU3-cell1 and DU3-cell2), the soft resource availability for DU3-cell1 and DU3-cell2 are indicated from DU1 and DU2 respectively. Then, each of the soft resource availability indication is used to determine MT3 operation in associated MT carrier frequency(ies), i.e., the availability indication for DU3-cell1 is applied to MT carrier frequency f1, and the availability indication for DU3-cell2 is applied to MT carrier frequency f2. 
Above mechanism is applicable for both of intra-donor DC and inter-donor DC scenarios. 

Proposal 10: In case of inter-band inter-carrier DC, the soft resource availability for a DU cell is indicated by a parent DU.

Intra-band inter-carrier DC scenario
For intra-band inter-carrier DC scenario, the operation of a DU3 cell affects to MT operation in both carrier frequencies f1 and f2.  In other words, it corresponds to both parent DUs. In this case, it seems necessary to discuss whether one parent DU or both of two parent DUs can indicate the soft resource availability for a DU cell.
When the soft resource availability for a DU cell is indicated from one parent DU only, the other parent DU does not control the availability of the corresponding DU cell at all, and it cannot determine the availability of the DU cell correctly.
On the other hand, when the soft resource availability for a DU cell can be indicated from two parent DUs, collision may occur in the availability indication received from the two parent DU cells. For example, one parent DU may indicate that a soft resource of the DU cell is available by DCI format 2_5, but the other parent DU may not indicate that it is available. In this case, the DU cell needs to determine its final availability based on availability indication from two parent DUs. This approach make that both parent DUs may be involved in the availability of the DU cell. However, as in the previous case, if the availability indicated by the parent DU and the availability of the finally determined by the DU cell are different, the parent DU cannot accurately determine the operation of the DU cell.
In addition, when a DU operates two cells, there is a possibility that the availability of two cells of the DU are indicated differently for the same resource. For the discussion, this case needs to be considered as well.

Proposal 11: In case of intra-band inter-carrier DC, it seems necessary to discuss whether the soft resource availability for a DU cell can be indicated by one parent DU only or both of two parent DUs.

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 proposals.

Simultaneous operation schemes between MT and DU
Proposal 1: IAB-node can determine time resource for simultaneous operation based on TDD configuration for MT and DU. 
Proposal 2: Time domain H/S/NA attributed can be configured to IAB-node in simultaneous operation as well. It can be used to determine MT/DU operation when the IAB-node cannot perform simultaneous operation.
Proposal 3: In a DU cell perspective, one or multiple group(s) of consecutive RBs can be defined where a RB group corresponds to a Hard, Soft, or NA resource type for frequency domain multiplexing.
Proposal 4: Frequency domain H/S/NA attributes can be configured independently for DL and UL.
Proposal 5: Discuss further whether frequency domain H/S/NA configuration is applied when the IAB-node is operated in TDM.
· Alternative 1: When an IAB-node is operated in TDM, the IAB-node can utilize frequency domain resources regardless of frequency-domain H/S/NA attributes.
· Alternative 2: Even when an IAB-node is operated in TDM, available frequency domain resource for MT and DU is restricted by frequency domain H/S/NA attributes.
Proposal 6: The mapping table between values of resourceAvailability elements and types of frequency domain soft resource availability is specified independently from the table for time domain soft resource defined in Rel-16.
Proposal 7: It seems not appropriate to configure spatial domain resource by donor node for SDM between MT and DU.

Dual-connectivity to support multiple parent DUs
Proposal 8: In case of DL/UL collision between two parent links, the priority rule should be defined in MT perspective. 
Proposal 9: It is necessary to support a MT which cannot perform simultaneous Tx/Tx and Rx/Rx for two parent links. 
Proposal 10: In case of inter-band inter-carrier DC, the soft resource availability for a DU cell is indicated by a parent DU.
Proposal 11: In case of intra-band inter-carrier DC, it seems necessary to discuss whether the soft resource availability for a DU cell can be indicated by one parent DU only or both of two parent DUs.
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[1] RAN1 chairman’s notes, RAN1 #104-e, e-Meeting, January 25th – February 5th, 2021

Agreement in RAN1#104-e meeting [1]
	Agreement
Further consider until RAN1#104bis-e whether to support the extension of the semi-static DU resource type indication to frequency domain resources within a carrier (in addition to existing Rel-16 per-carrier granularity) for H/[S]/NA resource types, including the following aspects:
· Granularity for frequency domain resources within a carrier (starting point is a set of N RBs with FFS: value of N >=1)
· Relationship with Rel-16 DU resource type indications in case of coexistence between TDM and FDM operation, including time-granularity of switching between multiplexing options to ensure backwards compatibility with Rel-16 IAB nodes and avoid impact on access UEs and their RRC configurations at CU
· In case frequency domain extension is supported for soft resources, enhancements for DCI format 2_5 to support dynamic indication of availability for soft frequency resources. 
· Alt. 1 Separate indication of time and frequency resources 
· FFS: different field, RNTI or different DCI
· Alt. 2 Joint indication of time and frequency resources 
· FFS: backwards compatibility with Rel-16
· FFS: Extension of FDM across carriers
FFS: Restrictions on band/minimum bandwidth for FDM operation (e.g. FR2 100MHz+ etc.)
Agreement
Further study whether/how to manage resources in the spatial domain. Candidate solutions are:
· Dynamic signaling between parent and child nodes for using/restricting/sharing antenna panels/beams
· Beam management / multi-panel enhancements for simultaneous operations
· Extension of H/S/NA resource indication to the spatial domain
Other solutions are not precluded.
Agreement
Support indication/reporting of information between an IAB node and its parent node to assist in the determination of the applicability of a given multiplexing capability in case of simultaneous operation. The following solutions are considered (other solutions not precluded):
Agreement
Regardless of simultaneous operation, the same cell-specific/semi-static signals and channels of the IAB-DU considered as hard time/frequency resources in Rel-16 are also considered as hard time/frequency resources in Rel-17.
FFS: IAB-MT behavior in case of conflicts between cell-specific signals/channels and other resource configurations of the IAB-MT (e.g., dedicated slot configurations)
· Temporal applicability of a given multiplexing capability 
· Time/frequency resource restrictions (e.g. access vs. backhaul links, DL vs. UL resources)
· Indications of conditions/reporting information required to realize the given multiplexing capability, (e.g. timing mode, power control, guard symbols, etc.)
FFS: channels/signals used for indicating/reporting information
Agreement
The following are considered to support at least inter-band inter-carrier scenarios in Rel-17:
· Solutions to address resource coordination/scheduling collision issues between parent nodes including TDD configurations and resource type indications at least in case of intra-donor CU multi-parent scenarios 
· Consider Rel-16 CA framework as starting point
· Solutions 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
· Solutions for scheduling collision between two parent DUs due to indication of the slot format by DCI format 2_0
· FFS: Whether or not separate solutions are required for resource coordination in case of inter-donor CU multi-parent scenarios
· Per-backhaul link (e.g. per child IAB-MT link) resource configurations in addition to per-DU resource configurations
· FFS: Enhancements to indication of soft resource availability from child node to parent node(s)
· FFS: Additional restrictions on simultaneous operation and/or multiplexing
FFS: Whether the above solutions are also applicable for intra-band inter-carrier scenarios and whether additional solutions are required (e.g. RAN2 and RAN4 work related to adding band configuration and RRM requirements for intra-band inter-carrier NR-DC or updating related UE/MT capabilities for NR-DC so that they are applicable for intra-band inter-carrier NR-DC)
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