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Introduction
In the last meeting, following agreements and considerations were captured regarding on enhancements to resource multiplexing between child and parent links of an IAB node. [1]
	Conclusion
At least the inter-carrier DC scenario can be considered in Rel-17. Further discussion in RAN3/RAN Plenary may be necessary for the intra-carrier DC scenario.

Agreement
Reuse by IAB-MT of existing Inter-frequency DC is considered as a starting point to support concurrent BH links to two parents. 
· FFS: Reuse of multi-TRP transmission resource allocation features (if intra-freq DC scenario is supported for IAB)
· FFS: Additional specification effort to support IAB

For companies to further consider:
The following categories of enhancements have been proposed to support DC scenarios (not an exhaustive list):
· Inter-parent DU resource coordination mechanisms and signaling
· Resource allocation/scheduling conflict resolution rules at the parent or child node
· Per-link IAB-DU resource configurations at the parent node

Agreement
At least existing Rel-16 bands supporting IAB can be considered when evaluating the feasibility/impact of supporting different multiplexing cases.

Agreement
The Rel-16 semi-static and dynamic resource allocation mechanisms are the starting point for supporting Rel-17 multiplexing cases. 
· FFS: Applicability for different IAB-DU resource types
· FFS: Cell-specific/semi-static signals and channels at the IAB-DU and/or IAB-MT

Agreement
· Based on the WID, the following multiplexing cases are in scope for potential support in Rel-17:
· Multiplexing Case A: Simultaneous MT-Tx/DU-Tx 
· Multiplexing Case B: Simultaneous MT-Rx/DU-Rx 
· Multiplexing Case C: Simultaneous MT-Rx/DU-Tx 
· Multiplexing Case D: Simultaneous MT-Tx/DU-Rx 
· Further study for for Case A and Case B at least the following scenarios:
· Single or multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands)
· Further study for Case C and Case D at least for the following scenarios:
· Multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands) 
· FFS: Required level of specification impact to support the different cases. Any additional specification support in Rel-17 should be conditioned on feasibility from an interference and reliability perspective on a per-link and network basis 

For companies to further consider: 
Whether the following characteristics of the IAB node implementation will impact the operation of different resource multiplexing cases, including resource partitioning (i.e. identify whether there is a need for potential specification impact/enhancements compared to Rel-16 if the characteristic is or is not supported by an IAB node):
· Baseband (mis)timing alignment between IAB-MT and IAB-DU
· Separate vs. shared antenna panels/RF front-end for IAB-MT/IAB-DU
· Separate vs. shared baseband for IAB-MT/IAB-DU
· Transmitter/receiver implementation
· Self-interference cancellation
· Power control mechanisms

For companies to further consider: 
Different resource partitioning scenarios for access and backhaul links, including their respective implication on interference, for different resource multiplexing cases. Examples include:
· Whether a given case is only applicable for certain resource types: e.g. DL only, UL only, DL + UL
· Whether a given case is only applicable for backhaul links or both access and backhaul links
· Note: This should have no impact on legacy UE behavior



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

Simultaneous operation schemes between MT and DU
In this section, the IAB node implementation to enable simultaneous operation of IAB-node is discussed in terms of timing alignment, power control and self-interference cancellation.  

Multiplexing Case A (Simultaneous MT-Tx/DU-Tx)
· Timing Alignment 
In case of shared baseband for IAB-MT/IAB-DU, baseband timing alignment between IAB-MT and IAB-DU is required. For separate baseband, both baseband timing alignment and misalignment can be applied. 
· Transmission power control
In case of shared antenna, IAB-MT and IAB-DU may share PA, power amplifier.  If the PA is shared for MT-Tx/DU-Tx, transmission power control for both directions (i.e., DL and UL) should be considered together. Also, if it is assumed that separate PA is applied for each IAB-MT and IAB-DU, total emission power of IAB-MT and IAB-DU should be clarified transmitting UL and DL signal simultaneously.  

Multiplexing Case B (Simultaneous MT-Rx/DU-Rx)
· Timing Alignment 
In case of shared baseband for IAB-MT/IAB-DU, baseband timing alignment between IAB-MT and IAB-DU is beneficial for decoupling the received signal in frequency domain. Assuming that the timing is not aligned, additional implementation for decoupling the received signal is required.
Even in case of separate baseband, requirement of timing alignment is different depending on resource partitioning (i.e., SDM, FDM). When frequency resource is shared between IAB-MT and IAB-DU, baseband timing alignment is beneficial. If timing is not aligned, additional implementation is required.
[bookmark: _GoBack]On the other hand, when frequency resources for IAB-MT and IAB-DU are separated, if Rx power levels of IAB-MT and IAB-DU are coordinated appropriately and proper amount of guard resource is assumed between frequency resources of IAB-MT and IAB-DU, timing alignment between MT Rx and DU Rx would not be necessary. 
· Received power balance
Depending on resource partitioning methods (i.e., SDM, FDM), it is determined whether received power balancing between MT-Rx and DU-Rx is required or not. For example, when linear type of receiver (e.g., MMSE) is applied for SDM, power balancing between received signals is beneficial to operate decoupling of mixed signals. On the other hand, when FDM is applied for resource partitioning, power imbalance between MT-Rx and DU-Rx can be permitted.

Multiplexing Case C (Simultaneous MT-Rx/DU-Tx), Case D (Simultaneous MT-Tx/DU-Rx)
· Self-Interference (SI) Cancellation / Suppression
Three types of implementation (i.e., antenna separation, RF-front-end level SI cancellation and Digital level SI cancellation) can be considered as solutions of self-interference cancellation and/or suppression. In RAN1#102-e meeting, multi-panel IAB nodes operation was agreed for multiplexing Case C and D. Hence, it is expected that antenna separation based SI suppression can be applied for IAB-node. For further enhancement, other types of SI cancellation (i.e., RF-front-end, Digital domain) can be implemented. For implementation of SI cancellation, it can be assumed that transmitted signal is shared with receiver of IAB-node. So, if receiver of IAB-node obtains channel impulse response between transmitter and receiver, the receiver can cancel self-interference by using the measured channel information and shared transmitted signal. 
· Timing Alignment 
Depending on the SI implementation, it is determined whether timing alignment is required or not. For example, for antenna separation level SI suppression and RF-front-end level SI cancellation, timing alignment between IAB-DU and IAB-MT is not required. Also, for time domain operation of digital level SI cancellation, timing alignment is not required. On the other hand, if timing alignment between IAB-DU and IAB-MT is assumed, further simple implementation for digital level SI cancellation can be permitted. 
· Power control for self-interference reduction
In case of simultaneous Rx/Tx and Tx/Rx, transmitted signal from IAB-node can be received back to IAB-node itself. That is, the power of self-interference increases as the increment of transmitted signal power. Depending on the implementation of SI cancellation and/or suppression, it can be determined whether the power level of self-interference is permitted or not. A power control mechanism could be needed for handling the power level of self-interference is discussed.

Observation 1: 
· Depending on the IAB-node implementation, it can be determined whether baseband timing alignment is required or not.
· Since multi-panel IAB nodes operation was agreed for multiplexing Case C and D, at least antenna separation based SI suppression can be applied for IAB-node. Also, other types of SI cancellation (i.e., RF-front-end, Digital domain) can be implemented.
· For performing multiplexing cases of simultaneous operation, it needs to be discussed power control mechanism for each multiplexing case.

Time resource for simultaneous operation 
Although an IAB-node has a capability for simultaneous operation of MT and DU, it is not expected that IAB-node performs simultaneous operation only. In a time duration, it needs that IAB-node operates TDM-manner between IAB-DU and IAB-MT due to various reasons. In this section, we discuss that which time resources are available for simultaneous operation or available for TDM operation only.

(1) Transmission-direction combination of IAB-MT and IAB-DU
In the last meeting, four types of multiplexing cases (i.e., Multiplexing Case A, B, C, and D) were identified [1]. In Rel-17 IAB enhancement for supporting simultaneous operation, we may assume that the IAB-node may or may not support the entire multiplexing cases. Thus, available resource of simultaneous operation can be determined based on resource direction combination of IAB-DU and IAB-MT. For example, an IAB-node which only has simultaneous MT-Rx/DU-Rx capability (i.e., Multiplexing Case B) can perform simultaneous operation in resources configured as DL and UL for IAB-MT and IAB-DU respectively. In other resources, it should be operated in TDM-manner.
The resources for IAB-DU can be configured as DL, UL, or Flexible by IAB-DU-Resource-Configuration. In case that the resources of IAB-DU are configured as DL or UL, its parent-DU can determine whether it can transmit to or receive from IAB-MT on the resources. Hence, parent-DU can assign resource(s) for IAB-MT on the time resource(s) on which IAB-DU configures as DL or UL. As a consequence, IAB-node may perform simultaneous operation in the resource(s). On the other hand, in a resource configured or informed as flexible for IAB-DU, the parent-DU cannot determine which link direction will be configured by IAB-DU. In this case, it is hard to assign resource(s) for IAB-MT on the time resource(s). Hence, it is better to be operated in TDM-manner. 
In Figure 1, one example of simultaneous operation depending on resource configuration of IAB-MT and IAB-DU is depicted. In this example, we assume that parent IAB-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), the IAB-DU has downlink or uplink resources only, so link direction of resources for the IAB-DU can be totally shared with parent IAB-DU. Then, parent IAB-DU can transmit DL signal in slot#4 and #5 where IAB-DU will receives UL signal from child IAB-MT.
On the other hand, in Figure 1.(b), it is assumed that a part of IAB-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 IAB-DU. Thus, even though the IAB-DU flexible resource is used for uplink, the parent-DU cannot determine it can transmit downlink signal to IAB-MT in slot #4 and #5.
Thus, it needs to be discussed that simultaneous operation of IAB-node can be supported on IAB-DU flexible resource. If simultaneous operation is supported, it should be also discussed that how to share the link direction information of IAB-DU flexible resource to parent-DU.

Proposal 2: IAB-MT and IAB-DU can determine the time resource for simultaneous operation based on transmission-direction combination of IAB-MT and IAB-DU.
Proposal 3: Discuss whether simultaneous operation in IAB-DU flexible resource is available or not. 

(2) Uplink resource of inter-operator in adjacent channel
As discussed in [2], it seems desirable to avoid using adjacent channel between inter-operator since that an IAB-node interferes with gNB of other operators. Since physical location of IAB nodes cannot be coordinated with gNBs of other operators, placement of IAB-node may interrupt operation of inter-operators. 
For example, downlink transmission of IAB-DU can interfere uplink reception of gNB significantly as shown in Figure 2. To avoid IAB-DU to gNB interference, the IAB-DU should not transmit downlink signal on the time duration when inter-operator uses the time duration as uplink resource.
To resolve this problem, it needs to be discussed how to avoid inter-operator interference with less specification impact in terms of resource configuration.

Observation 2: Downlink transmission of IAB-DU on the uplink resource of other operators needs to be avoided.  
Proposal 4: Discuss how to avoid inter-operator interference with less specification impact in terms of resource configuration.

[image: ]
Figure 2. Inter-operator DU to gNB interference



(3) H/S/NA attribute of IAB-DU for supporting simultaneous operation
The operation of Rel-16 IAB is based on TDM between IAB-MT and IAB-DU, and the decision of operation between IAB-MT and IAB-DU depends on H/S/NA attribute of IAB-DU. Thus, for instance, IAB-DU cannot perform transmission or reception in NA resource.
For simultaneous operation between IAB-MT and IAB-DU, the relationship between H/S/NA attribute 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 H/S/NA attribute, or simultaneous operation is allowed for specific attribute(s) only. In our view, simultaneous operation can be performed in any attributes based on priority rules as follows:
· IAB-DU Hard or Soft with AI resource:
· IAB-DU can perform transmission/reception.
· IAB-MT also can perform transmission/reception if simultaneous operation is possible.
· IAB-DU NA or Soft without AI resource:
· IAB-MT can perform transmission/reception 
· IAB-DU also can perform transmission/reception if simultaneous operation is possible.

Proposal 5: Discuss whether simultaneous operation is allowed regardless of IAB-DU H/S/NA attribute or not.

Frequency domain multiplexing between MT and DU
For FDM operation between IAB-MT and IAB-DU, it can be assumed that frequency resources utilized for IAB-MT and IAB-DU are not be overlapped. If considering that parent IAB-DU schedules the resource for IAB-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 usable frequency resource for IAB-MT, when the IAB-MT requires FDM with IAB-DU.
If frequency-domain H/S/NA is adopted, details for 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 frequency resource set can be correspond to Hard, Soft, or NA. Further, there can be multiple resource sets with Soft, and the soft resource availability can be indicated per resource set.
In addition, it also can be discussed whether the configuration can be applied commonly or differently for DL and UL.

Proposal 6: For supporting frequency domain multiplexing between MT and DU, frequency-domain configuration should be discussed. 
· Time domain configuration method (i.e., H/S/NA) defined in Rel-16 IAB can be a starting point of discussion. 

Dual-connectivity to support multiple parent DUs
In the las meeting, the scenario for dual-connectivity to support multiple parent DUs were discussed. It was concluded that at least the inter-carrier DC scenario can be considered in Rel-17, but further discussion is required for the intra-carrier DC scenario. 
For clarification, dual-connectivity scenarios can be identified as follow:
· Inter-band/inter-carrier DC
· Intra-band/inter-carrier DC
· Intra-band/intra-carrier DC
Among these DC scenarios, a framework for operating inter-band/inter-carrier DC (especially, NR-DC between FR1 and FR2) is specified in the current NR spec. If other scenarios (i.e., Inter-band/inter-carrier DC and Intra-band/intra-carrier DC) are considered, existing framework (e.g., Multi-TRP operation) can be modified for supporting multiple parent DUs in Rel-17 eIAB. But, since the existing framework (e.g., Multi-TRP operation) is designed for multiple TRPs with same physical cell-ID, it is not feasible for supporting multiple parent DUs which have different physical cell-ID.

Proposal 7: Inter-band DC is supported only for Rel-17 eIAB.

Conclusion
In this contribution, we discussed on resource multiplexing enhancement between child and parent links and obtained following observation and proposals;

· Simultaneous operation schemes between MT and DU
Observation 1: 
· Depending on the IAB-node implementation, it can be determined whether baseband timing alignment is required or not.
· Since multi-panel IAB nodes operation was agreed for multiplexing Case C and D, at least antenna separation based SI suppression can be applied for IAB-node. Also, other types of SI cancellation (i.e., RF-front-end, Digital domain) can be implemented.
· For performing multiplexing cases of simultaneous operation, it needs to be discussed power control mechanism for each multiplexing case.

· Time resource for simultaneous operation
Transmission-direction combination of IAB-MT and IAB-DU
Proposal 2: IAB-MT and IAB-DU can determine the time resource simultaneous operation is capable based on transmission-direction combination of IAB-MT and IAB-DU.
Proposal 3: Discuss whether simultaneous operation in IAB-DU flexible resource is available or not. 

Uplink resource of inter-operator in adjacent channel
Observation 2: Downlink transmission of IAB-DU on the uplink resource of other operators needs to be avoided.  
Proposal 4: Discuss how to avoid inter-operator interference with less specification impact in terms of resource configuration.

H/S/NA attribute of IAB-DU for supporting simultaneous operation
Proposal 5: Discuss whether simultaneous operation is allowed regardless of IAB-DU H/S/NA attribute or not.

· Frequency domain multiplexing between MT and DU
Proposal 6: For supporting frequency domain multiplexing between MT and DU, frequency-domain configuration should be discussed. 
· Time domain configuration method (i.e., H/S/NA) defined in Rel-16 IAB can be a starting point of discussion. 

· Dual-connectivity to support multiple parent DUs
Proposal 7: Inter-band DC is supported only for Rel-17 eIAB.
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