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Introduction
In RAN1#105-e meeting, several agreements were made regarding on the adaptation of an IAB-node’s multiplexing operation, 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. 

Simultaneous operation between MT and DU
Adaptation of an IAB-node’s multiplexing operation
In RAN1#104-e meeting, the support of adaptation of an IAB-node’s multiplexing operation was agreed [2]. In addition, it was agreed that the parent node is dynamically provided with conditions/parameters to facilitate adaptation of multiplexing operation modes [1]. In this section, based these agreements, we provide our views on determination of multiplexing operation mode for an IAB-node and required guard symbols and guard band for the adaptation of multiplexing operation modes.

1. Determination of multiplexing operation modes
Even if the IAB-node has the capability to perform simultaneous operation, it does not always operate in non-TDM mode, and there may be cases that it needs to operate in TDM mode depending on various network conditions. Therefore, it can be considered that the information on the time resource for TDM operation and non-TDM operation is explicitly configured from the network.
On the other hand, the IAB-node may not always be able to perform simultaneous operation in time resource for non-TDM operation, and the multiplexing operation of an IAB-node at a specific time resource can be determined by various reasons.
· D/U resource type at the DU and MT
A main element that determines the multiplexing operation of the IAB-node is the combination of the Tx/Rx direction of the MT and DU. The multiplexing capability of the IAB-node can be different depending on the combination of the Tx/Rx directions of the MT and DU. Therefore, the possibility of simultaneous operation of the IAB-node can be determined based on the D/U resource type of the MT and DU for a specific time resource.
However, the resource direction for the DU flexible resource is determined by the DU dynamically and indicated to its child-MT/UE. Thus, the parent node does not know the resource direction of the DU in the flexible resource, so it cannot determine multiplexing operation mode of the IAB-node. In order for the parent node to know the multiplexing operation of the IAB-node in DU flexible resource, it is necessary for the IAB-node to report related information to the parent node.
· Timing mode
The understanding on the timing mode of an IAB-node should be aligned to its parent DU, so it should be shared to the parent node in advance. For this, the timing mode according to the time resource of the IAB-node can be configured from the network.
However the multiplexing operation of the IAB-node may be different from the understanding of network if it is possible for the IAB-node to operate at a different timing mode from the expected timing mode. When the multiplexing operation of the IAB-node is changed due to the dynamic change of the timing mode, it is necessary to discuss the necessity and effect of the reporting related information to the parent node. 
· Power control
In the case of dynamic power sharing between the MT and the DU, the transmission power of the DU or the MT may be reduced or the transmission may not be performed depending on the power allocation between MT and DU of the IAB-node. Due to this, the IAB-node could be forced to dynamically perform half-duplex operation on the resource for which simultaneous operation was planned. As such, the multiplexing operation of the IAB-node can be dynamically changed due to the power control issue, and it is necessary to discuss the necessity and effect of the dynamic reporting related information to the parent node.
Basically, during the time resource for non-TDM operation, we think the multiplexing operation of the IAB-node can be implicitly determined based on the network configurations. For example, it is possible to determine the multiplexing operation mode based on the D/F/U configuration of the IAB DU and MT and the timing mode of the IAB-node in the corresponding resource.
On the other hand, as discussed above, the multiplexing operation of the IAB-node may be dynamically determined, or the applicability of the semi-statically determined multiplexing operation may be changed. In this case, it is questionable whether the IAB node’s dynamic reporting to the parent node about the multiplexing operation will have a practical effect or not accounting for the specification effort. In our view, at least dynamic reporting of the multiplexing operation in DU flexible resource is considerable. For example, IAB-node can report the applicability of the given multiplexing operation mode to the parent node.

Proposal 1: Time resource for TDM and non-TDM operation of an IAB-node can be semi-statically configured by the network.
Proposal 2: During the time resource for non-TDM operation, the multiplexing operation mode of an IAB-node can be determined implicitly based on semi-static D/U/F resource type of MT and DU at least.
Proposal 3: Discuss to report the applicability of the given multiplexing operation mode to the parent node at least for DU flexible resource.

1. Guard symbols
As the multiplexing operation mode applied to the IAB-node is switched, the timing mode of the IAB-node may also be changed. Due to this timing mode switching, overlapping between timing boundaries before and after switching of the timing mode may occur. For example, the UL Tx timing of MT when the IAB-node operates in case 1 timing mode and when operating in case 6 timing mode is likely to be different, and in general, the UL Tx timing in case 6 timing mode is delayed compared to the UL Tx timing in case 1 timing mode. Therefore, when the timing mode of the IAB-node is changed from case 6 timing mode to case 1 timing mode, overlapping between the UL Tx timing boundaries may occur, and a guard symbol for this overlapping case needs to be introduced.
Meanwhile, even if the IAB-node is configured to operate in case 6 timing mode in a specific time resource, the IAB-node may operate in multiplexing case other than MT-Tx/DU-Tx for various reasons. In this case, the MT and DU of the IAB-node may have to operate in TDM-manner, and thus a transition between the MT operation and the DU operation may occur. The amount of guard symbols required for MT/DU transition when the IAB-node operates in case 6 timing mode is different from the amount of guard symbols applied for the case 1 timing mode. Specifically, the amount of guard symbols related to the MT UL Tx operation needs to be changed for case 6 timing mode. Therefore, it seems also necessary to discuss the required guard symbols for MT/DU transition according to the timing mode.

Proposal 4: Discuss to support guard symbols for timing boundary overlapping in case of timing mode transition for an IAB-node.
Proposal 5: Discuss to adapt the required guard symbols according to the applied timing mode.

1. Guard band
When MT and DU of an IAB-node perform a simultaneous operation using FDM, guard band may be required to reduce the interference between the frequency resource of MT and DU. The necessity of the guard band and the amount of required guard band may vary depending on the capability, implementation, and interference condition, etc. of the IAB-node.
If this guard band is allocated in the frequency resource of the MT, the IAB-node needs to report the required guard band to the parent node. On the other hand, when the guard band is allocated in the DU frequency resource, the required guard band can be determined by the DU itself without additional signaling, and application of the guard band can be solved by DU implementation.
In case adaptation of the amount of the guard band for FDM operation is needed, it seems better to allocate the guard band in the DU frequency resource rather than performing dynamic report/indication between the parent node and the IAB-node for allocating the guard band in the MT frequency resource.

Proposal 6: Guard band for FDM between MT and DU is determined by DU and allocated in DU frequency resource.

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

(1) Application of time and frequency domain H/S/NA configuration
In the last meeting, it was agreed that frequency domain H/S/NA configurations for an IAB-node are provided separately in addition to the Rel-16 H/S/NA [1]. In this regard, it is to be discussed whether the Rel-16 H/S/NA configuration and the frequency domain configuration are applied jointly or not for a given resource.
When MT and DU of the IAB-node are operated in FDM, it is natural that 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, if frequency domain H/S/NA configuration is also applied when the IAB-node operates in TDM, it will limit the operating frequency resources of DU and MT even if the IAB-node does not perform MT and DU operation simultaneously. Thus, in terms of efficient resource utilization, it seems better not to limit the operating frequency resources by not applying frequency domain H/S/NA configuration when the IAB-node is operated in TDM.
When either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource, switching granularity of two configurations needs to be discussed. In our view, it should be aligned to the switching granularity between TDM and FDM. Thus, in order to proceed with this discussion, the discussion of how the IAB-node determines when and which multiplexing operation mode is applied should be preceded.

Proposal 7: Either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource.
Proposal 8: Switching granularity between Rel-16 H/S/NA configuration and frequency domain H/S/NA configuration is aligned to switching granularity of multiplexing operation mode.

(2) Frequency domain resource granularity
According to the agreement made in the last meeting, when a DU is configured frequency domain H/S/NA configuration from the network, the configured resource granularity N should be equal to or larger than the RBG size of the corresponding MT [1]. 
In RAN1#104-e, it was also agreed that the granularity of frequency domain H/S/NA configuration is configurable [2]. Then, the network only needs to configure the value of N in a range not smaller than the RBG size of the corresponding MT when there are multiple candidate values for configuration granularity N. Therefore, it is not necessary to apply different candidates for N depending on the RBG size of the MT. In that sense, we prefer to leave the determination of the configuration granularity to the network.
The actual frequency domain size of the PRB varies depending on the applied subcarrier spacing when the resource granularity for the frequency domain H/S/NA configuration is N PRBs. Therefore, it is necessary to clarify the reference subcarrier spacing, which is a criterion for the configuration. To this end, as in the Rel-16 H/S/NA configuration, we propose to configure the reference subcarrier spacing in the frequency domain H/S/NA configuration together.

Proposal 9: The same candidate values are used for the configuration of resource granularity N regardless of the RBG size of the corresponding MT.
Proposal 10: Reference SCS is configured for frequency domain H/S/NA configuration.

(3) Dynamic availability indication for soft resource
Regarding the availability indication of soft resources, the same principle with the frequency domain H/S/NA configuration can be applied.
In our view, similar to the discussion on the H/S/NA configuration, independent availability indication for time domain soft resource and frequency domain soft resource can be considered. Then, either the availability indication of time domain soft resource or frequency domain soft resource can be applied depending on the multiplexing operation. In other word, frequency domain availability information is applied to time resources with FDM operation and the legacy time domain availability information is applied for TDM operation. 
For this, 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. In this case, two approaches can be considered that time domain and frequency domain soft resource availability are indicated in the same field or different fields within a DCI.
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 an independent field or the next field of the AI index field for time domain soft resource availability indication. In this case, availabilityCombinations for time domain and frequency domain can be configured independently.
Meanwhile, when time domain and frequency domain soft resource availability for a DU cell are indicated through the same field in a DCI. Then, resourceAvailability linked to availabilityCombinationId can be configured for time domain and frequency domain, respectively.

Proposal 11: The time domain and frequency domain soft resource availability indication are indicated independently within a DCI.

Spatial domain resource for simultaneous operation 
In RAN1#105-e meeting, for spatial domain resource for IAB node, dynamic indication of restricted beams at IAB-DU of the child node and dynamic reporting of beam information of the IAB-MT of the childe node were discussed, and related agreements were made [1]. However, because the scheduling subject to the child link of the IAB node is the IAB-DU of the child node, it is hard for the parent node to know the required beam direction for the DU accurately. Therefore, in addition to dynamic beam indication for IAB-DU of the child node, it should be introduced that the beam resource of the IAB-DU of the child node is semi-statically controlled by the parent DU. 

Proposal 12: Adopt that the beam resource of the IAB-DU of the child node is semi-statically controlled by the parent DU.

In the case of simultaneous transmission (IAB-DU’s DL-Tx and IAB-MT’s UL-Tx) or simultaneous reception (IAB-DU’s UL-Rx and IAB-MT’s DL-Rx) operation between IAB-DU and IAB-MT, interference may be occurred among multiple beams. Therefore, it would be desirable to use a method of reducing inter-layer interference by using beams in which IAB-DU and IAB-MT are orthogonal to each other. Also, it can be assumed that the parent DU determines and indicates beam of the IAB-MT of the child node based on the information on the desired beam direction from the IAB-DU of the child node. In order to operate beam control between IAB-DU and IAB-MT of the childe node, the parent DU needs to be shared information on beam pair(s) capable of simultaneous operation between IAB-DU and IAB-MT of the childe node.
· For simultaneous Tx, the child node can report information about the pair(s) between the MT UL-Tx beam and the DU DL-Tx beam of the child node to the parent DU. As an example, as information on the UL-Tx beam used for the time resource of simultaneous Tx, the IAB-MT of the child node may report the SRI or Tx panel ID (if the ID is defined and multi-panels are used). Parent DU can instruct the UL transmission of the IAB-MT of the child node based on the reported SRI (or Tx panel ID) to help the simultaneous Tx operation between the IAB-DU and the IAB-MT of the child node. This mechanism for reporting SRI (or Tx panel ID) which reflects IAB-MT of child node preferred Tx beam paired with beam used in a resource for IAB-DU’s Tx (or Rx) can be applied for the case of simultaneous IAB-MT’s Tx and IAB-DU’s Rx operation.
· For simultaneous Rx, the child node can report information to the parent DU about the pair(s) between the IAB-MT’s DL-Rx beam and the IAB-DU’s UL-Rx beam. For example, as an information on the IAB-MT’ DL-Rx beam used for the time resource of the simultaneous Rx, the IAB-MT of the child node may report the RS information for TCI to the parent DU. Then, the parent DU may indicate the TCI state and QCL condition for DL ​​reception to the IAB-MT of child node based on the reported RS information for TCI to help the simultaneous Rx operation between the IAB-DU and the IAB-MT of the child node. This mechanism for reporting RS information for TCI which reflects IAB-MT’s preferred Rx beam paired with beam used in a resource for IAB-DU’s Rx (or Tx) can be applied for the case of simultaneous IAB-MT’s Rx and IAB-DU’s Tx operation.
Additionally, it may be considered to limit the beam pairs that can be used by IAB node depending on frequency resources.

Proposal 13: Support that child node reports information on beam pair(s) capable of simultaneous operation between DU and MT (i.e., simultaneous Tx-Tx, simultaneous Rx-Rx, simultaneous Tx-Rx, and simultaneous Rx-Tx) to its parent 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.

UL/DL conflict between two parent DUs
In the last meeting, it was agreed to reuse the Rel-16 CA TDD prioritization rules in case of UL/DL conflict when applicable.
In our understanding, different assumptions are considered to resolve the UL/DL conflict issue in CA and DC scenario. In CA case, it can be assumed that dynamic information sharing between the serving cells is available since ideal backhaul between the two serving cells can be assumed. Therefore, in the Rel-16 CA TDD prioritization rules, it is expected that the slot format indication by DCI format 2_0 as well as the TDD configuration between the two serving cells are coordinated. Also, it is assumed that UL/DL conflict does not occur between two serving cells which implies scheduling by higher layer, dynamic scheduling by DCI and even dynamic scheduling in flexible resource between two cells do not collide.
However, in NR-DC case, since non-ideal backhaul is assumed between two serving cells, it is difficult to expect dynamic sharing of slot format indication and scheduling information between two serving cells. Therefore, as in the Rel-16 CA TDD prioritization rules, it is difficult to conclude that the network can avoid UL/DL conflicts caused by dynamic factors.
Therefore, in NR-DC case, it is necessary to handle UL/DL conflict cases that is not considered in CA. In this case, the MT should select and perform only one behavior; UL transmission and DL reception. To this end, it can be considered to define a priority rule for determining the MT behavior in case of collision between UL and DL. Meanwhile, since the parent DU does not know the dynamic scheduling information of the other parent DU, the parent DU may not be able to conclude the collision that has occurred to the MT. In this case, the parent DU cannot recognize that the MT is out of scheduling, so defining the MT behavior may not be helpful in terms of the parent DU operation. Therefore, it is necessary to discuss an improved method rather than simply introducing the priority rule for handling of the UL/DL conflict issue.

Proposal 14: It is not sufficient to reuse Rel-16 CA TDD prioritization rules for NR-DC. Enhancements to handle UL/DL conflict issue in NR-DC should be discussed.

Non-simultaneous operation between two parent DUs
In Rel-15 and Rel-16 NR, Dual Connectivity is designed for FR1/FR1 and FR1/FR2. In these scenarios, it was assumed that the carriers for dual connectivity are located far way, therefore inter-carrier interference is negligible. Based on that, it was assumed that UE can receive channel/signal simultaneously from two cells with different carriers in FR1/FR1 or FR1/FR2. 
However, for operating inter-carrier, intra-band DC scenario for FR2, operation of MT for transmission and reception needs to be clarified in terms of antenna configurations (e.g., same panel/separate panel for multiple carriers) and combination of carriers. In our view, simultaneous transmission or simultaneous reception between two parent links may not be available in some cases due to some factors, for example, misaligned Tx/Rx timing and/or beam direction for two parent links. In such case, the MT cannot perform simultaneous operation depending on RF/antenna implementation. That is, the MT is expected to transmit simultaneously to both parent links, however, actually transmit to a single parent link. Likewise, the MT is expected to receive simultaneously from both parent links, however, actually receive from a single parent link.
Considering these aspects, MT behaviour for non-simultaneous Tx even indicated simultaneous Tx/Tx and non-simultaneous Rx even indicated simultaneous Rx/Rx between two parent links also should be discussed and supported. 

Proposal 15: It is necessary to support a MT which cannot perform simultaneous Tx/Tx and Rx/Rx for two parent links. 

Conclusion
[bookmark: _GoBack]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: Time resource for TDM and non-TDM operation of an IAB-node can be semi-statically configured by the network.
Proposal 2: During the time resource for non-TDM operation, the multiplexing operation mode of an IAB-node can be determined implicitly based on semi-static D/U/F resource type of MT and DU at least.
Proposal 3: Discuss to report the applicability of the given multiplexing operation mode to the parent node at least for DU flexible resource.
Proposal 4: Discuss to support guard symbols for timing boundary overlapping in case of timing mode transition for an IAB-node.
Proposal 5: Discuss to adapt the required guard symbols according to the applied timing mode.
Proposal 6: Guard band for FDM between MT and DU is determined by DU and allocated in DU frequency resource.
Proposal 7: Either the Rel-16 H/S/NA configuration or frequency domain configuration is applied for a given resource.
Proposal 8: Switching granularity between Rel-16 H/S/NA configuration and frequency domain H/S/NA configuration is aligned to switching granularity of multiplexing operation mode.
Proposal 9: The same candidate values are used for the configuration of resource granularity N regardless of the RBG size of the corresponding MT.
Proposal 10: Reference SCS is configured for frequency domain H/S/NA configuration.
Proposal 11: The time domain and frequency domain soft resource availability indication are indicated independently within a DCI.
Proposal 12: Adopt that the beam resource of the IAB-DU of the child node is semi-statically controlled by the parent DU.
Proposal 13: Support that child node reports information on beam pair(s) capable of simultaneous operation between DU and MT (i.e., simultaneous Tx-Tx, simultaneous Rx-Rx, simultaneous Tx-Rx, and simultaneous Rx-Tx) to its parent DU

Dual-connectivity to support multiple parent DUs
Proposal 14: It is not sufficient to reuse Rel-16 CA TDD prioritization rules for NR-DC. Enhancements to handle UL/DL conflict issue in NR-DC should be discussed.
Proposal 15: It is necessary to support a MT which cannot perform simultaneous Tx/Tx and Rx/Rx for two parent links.  
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Agreement in RAN1#104b-e meeting [1]
	Agreement
The parent IAB-node is dynamically provided with conditions/parameters to facilitate adaptation between multiplexing operation modes:
· FFS: Required number of guard symbols for switching of multiplexing mode (FFS: per timing mode or per multiplexing mode) for IAB-DU
· FFS: Signalling procedure
· FFS: Required guard band for FDM
FFS: other conditions, e.g. required timing mode, required power control parameters, and preferred TCI.

Agreement
For frequency domain multiplexing, H/S/NA configurations for an IAB-node are provided separately in addition to the Rel-16 H/S/NA

Agreement
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
 
Agreement
The minimum resource size for configuring the frequency domain granularity is a set of N RBs:
· Candidate values for N: {4, 8, 16, other values TBD}
· N is at least the # PRBs that are corresponding to the MT’s # PRBs of an RBG).
· FFS: Scaling or configuration of N based on system BW or size of IAB-MT BWP

Agreement
DCI Format 2_5 is reused to support soft resource availability indications for frequency-domain resources
FFS: If additional enhancements are necessary

Agreement
In case of simultaneous MT/DU operation, 
· the parent node can dynamically indicate to the child node at least a set of restricted beams at the IAB-DU of the child node
· the child node can dynamically report to the parent node a set of recommended beams, not preferred beams, or both recommended and not preferred beams of the IAB-MT of the child node
· FFS: Whether the specification supports all reporting combinations.
· FFS: Applicability to specific multiplexing cases or specific time-frequency resources
· FFS: Additional semi-static signaling 
· FFS: Per-panel granularity in addition to per-beam granularity
· FFS: Relationship between child IAB-MT beam indication and parent IAB-DU beam indication
Note: This does not preclude any enhancements for either DU or MT-based CLI measurement and reports

Agreement
In case of intra-band inter-carrier dual connectivity for both inter-donor and intra-donor scenarios the following are supported:
· Reusing the Rel-16 CA TDD prioritization rules in case of UL/DL conflict when applicable 
· FFS: Whether all prioritization rules apply in case of NR-DC
· FFS: Need of new prioritization rules in case of NR-DC
· Coordinating the IAB-MT’s TDD configurations to avoid conflicts from different parent nodes in case the child IAB-MT does not support simultaneous TX and RX on different carries
· FFS: Coordination for scheduling conflicts involving at least DCI Format 2_0 usage (e.g. usage of flexible symbols)

Agreement 
For an IAB-MT with multiple serving cells (including the case with two parent nodes), a per-cell IAB-DU soft resource is considered as available if the resource is either explicitly indicated (via DCI 2_5), or implicitly determined as available with respect to all serving cells.
· If the IAB-DU per-cell soft resource neither explicitly indicated as Available, nor implicitly determined as Available by the IAB-DU with respect to at least one serving cell
· Alt 1. The IAB-DU per-cell resource is assumed to be not available
This agreement does not necessarily mean the Rel-16 spec does not support what is described in the main bullet
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