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Introduction
This contribution presents ETRI’s views on Rel-17 IAB resource multiplexing maintenance based on [1].

Discussion
[bookmark: _Ref95402876]DC operations for eIAB
The latest version of TS38.213 [1] provides a single clarification on the IAB-MT behaviour as quoted by Table 1. Based on the specification, an IAB-MT shall operate according to the scheduling from the MCG, if the following two conditions are met; 
· condition #1) the IAB-MT is configured with MCG and SCG (i.e. in all DC scenarios), 
· condition #2) the IAB-MT is not capable of simultaneous transmission and reception.

[bookmark: _Ref95209482]Table 1. Specification support on DC operations in TS38.213 [1].
	If an IAB-MT is configured with an MCG and an SCG, is not capable of simultaneous transmission and reception, and would simultaneously transmit and receive on the MCG and the SCG, the IAB-MT operates according to the scheduling from the MCG.



Comparing the specification and the corresponding agreements on DC, which are captured in Table 1 and Table 2, respectively, several observations can be made as follows:
· [bookmark: _Hlk95231586]Observation #1: Agreement #1 in Table 2 is not valid (i.e., a parent node with MCG and the other peer parent node with SCG can independently operate DCI format 2_0), since the condition #1 above overrides the cyan part of Agreement #1 in Table 2. 
· Observation #2: For now, there is no specification support for agreement #3 in Table 2 from RAN1 perspectives. It seems that RAN1 (and most likely RAN2 as well) specification needs to be revised to extend the CA TDD prioritization rule to NR-DC, since the corresponding configuration parameters (e.g., directionalCollisionHandling-r16, half-DuplexTDD-CA-SameSCS-r16 and simultaneousRxTxInterBandCA) cannot be utilized across different cell groups as highlighted by cyan in Table 3.
· Observation #3: The first part of agreement #4 in Table 2 is not valid. The condition #1 and condition #2 above override the cyan part of Agreement #4 in Table 2. Therefore, it is understood that “Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG” is applied for both cases.

[bookmark: _Ref95227192]Table 2. Corresponding agreements on DC operations.
	Agreement #1
The following solutions are supported to handle potential indication conflict of overlapping flexible symbols between two parent IAB-nodes:
· In intra-donor DC scenarios, if the IAB MT does not support simultaneous Tx and Rx on different carriers, it does not expect to receive conflicting DCI 2_0 from different parents. 

Agreement #2
The IAB-donor-CU can be made aware of the IAB-MT’s capability regarding simultaneous transmission and reception on multiple serving cells in a frequency band, configured by the two parent nodes in intra-donor DC scenarios.

Agreement #3
To support extension of CA TDD prioritization rules to NR-DC, the following resource coordination mechanisms between parents/donors are supported:
· For intra-donor and inter-donor DC scenarios, in addition to coordination at the donor CU(s), a parent-node can be made aware of the DU resource configuration (UL/DL/FL, H/S/NA) of the other peer parent node that connects to the same IAB-node.
· For intra-donor and inter-donor DC scenarios, coordinating the semi-static and/or cell-common higher layer configuration (e.g. SSB, CORESET 0, and RACH and configurations) from/for different parent nodes.

Agreement #4
Select the following alternative to handle potential indication conflict of symbols configured as semi-static flexible by one parent node, but not the other in inter-donor DC scenarios if the IAB MT of the dual-connected IAB-node does not support simultaneous Tx and Rx on different carriers:
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents. FFS: Explicitly captured in the specification or left as a network configuration error case without specification impact 
Select the following alternative to handle potential indication conflict of symbols configured as semi-static flexible by both parent nodes in inter-donor DC scenarios if the IAB MT of the dual-connected IAB-node does not support simultaneous Tx and Rx on different carriers:
· Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG



[bookmark: _Ref95230147]Table 3. A higher-layer parameter for CA TDD prioritization rule.
	directionalCollisionHandling
Indicates that this serving cell is using directional collision handling between a reference and other cell(s) for half-duplex operation in TDD CA with same SCS as specified in TS 38.213 [13], clause 11.1. The half-duplex operation only applies within the same frequency range and cell group. The network only configures this field for TDD serving cells that are using the same SCS.



To align the existing agreements and the specifications, the following proposals are made:
Proposal 1. Down-select one among the following options:
· Option 1: Confirm that a parent node with MCG and the other peer parent node with SCG can independently operate DCI format 2_0 in any DC scenario (Observation #1).
· Option 2: Adopt the TP in Table 4.

[bookmark: _Ref95231736]Table 4. Text proposal #1 on DC operations.
	[bookmark: _Hlk95422026]If an IAB-MT is configured with an MCG and an SCG, is not capable of simultaneous transmission and reception, and would simultaneously transmit and receive on the MCG and the SCG, 
· the IAB-MT does not expect to receive conflicting DCI 2_0 from different parents for intra-donor DC scenarios, or
· the IAB-MT operates according to the scheduling from the MCG for inter-donor DC scenarios.



Proposal 2. Down-select one among the following options:
· Option 1: Confirm that CA TDD prioritization rules are applied within the same cell group in Rel-17 (i.e., no further enhancements from RAN1 perspectives. Observation #2).
· Option 2: Send an LS to RAN2 to extend CA TDD prioritization rules to NR-DC for IAB use cases (i.e., remove/revise the legacy restrictions on directionalCollisionHandling-r16, half-DuplexTDD-CA-SameSCS-r16 and simultaneousRxTxInterBandCA or introduce new IEs). 

Proposal 3. Down-select one among the following options:
· Option 1: Confirm that “Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG” is applied [for all DC scenarios / for inter-donor DC scenarios]. (Observation #3).
· Option 2: Adopt the TP in Table 5.

[bookmark: _Ref95236805]Table 5. Text proposal #2 on DC operations.
	If an IAB-MT is configured with an MCG and an SCG, is not capable of simultaneous transmission and reception, and would simultaneously transmit and receive on the MCG and the SCG, 
· the IAB-MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents for intra-donor DC scenarios, or
· the IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents for inter-donor DC scenarios when the conflicting symbols configured as semi-static flexible by one parent node, but not the other, or
· the IAB-MT operates according to the scheduling from the MCG for inter-donor DC scenarios when the conflicting symbols configured as semi-static flexible by both parent nodes.



Frequency-domain HSNA configurations and availability indication
Table 6 shows the specification support on availability indication for soft resources in TS38.213. If “with respect to all serving cells” in Table 6 includes all serving cells across MCG and SCG, then “at least one serving cell with DCI format 2_5” may make all the soft symbols as available across MCG and SCG. Such interpretation may cause a conflict with the other IAB features supporting per (MT CC, DU cell) pair configuration/indication in some cases. For instance, when SCG (or MCG) utilizes the restricted beam indication on the soft symbol, which is “not indicated as available”, MCG (or SCG) may turn the soft symbol into “indicated as available”. In this case, the restricted beam indication by SCG (or MCG) will be overridden and the parent node configuring SCG (or MCG) cannot be aware of this event (a certain level of delay is required). Note that DC related issues still can be handled separately, by the TPs in section 2.1.

[bookmark: _Ref95402279]Table 6. Specification support on availability indication for soft resources in TS38.213 [1].
	When a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU cell can respectively transmit, receive or either transmit or receive in the symbol only if
-	the IAB-MT does not transmit or receive during the symbol of the IAB-DU cell, or
-	with respect to all serving cells
-	the IAB-MT would transmit or receive during the symbol of the IAB-DU cell, and the transmission or reception during the symbol of the IAB-DU cell is not changed due to a use of the symbol by the IAB-DU, or
-	the IAB-MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available from at least one serving cell



To address this potential issue, TP in Table 7 is suggested.

[bookmark: _Ref95402649]Table 7. Text proposal on availability indication for soft resources.
	When a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU cell can respectively transmit, receive or either transmit or receive in the symbol only if
-	the IAB-MT does not transmit or receive during the symbol of the IAB-DU cell, or
-	with respect to all serving cells in a cell group
-	the IAB-MT would transmit or receive during the symbol of the IAB-DU cell, and the transmission or reception during the symbol of the IAB-DU cell is not changed due to a use of the symbol by the IAB-DU, or
-	the IAB-MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available from at least one serving cell in the cell group



During the email discussion after RAN1#107-e meeting, a concern has been raised that since whether or not an IAB node can operate under a given non-TDM multiplexing mode is left to implementation in Rel-17, it is not reasonable to bind the configuration of frequency domain H/S/NA and non-TDM multiplexing together and the cyan part in Table 8. However, we think that the following two aspects, i.e., 1) implementation-based application of non-TDM multiplexing mode and 2) overlapping configuration of legacy and new signalling, are different stories that have to be handled separately.

[bookmark: _Ref95402977]Table 8. Specification support on time/frequency-domain HSNA configurations in TS38.213 [1].
	With reference to slots of an IAB-DU cell, the IAB-DU can be provided an indication of hard, soft or unavailable type per RB set for symbols configured as downlink, uplink or flexible in a slot by Rel-17 frequency-domain IAB-DU-Resource-Configuration-H/S/NA-Config [16, TS 38.473]. The RB set size and the number of RB sets are configured by RB-Set-Configuration. If an indication of hard, soft or unavailable type is not provided for an RB set of a symbol in a slot, the IAB-DU applies the configuration of hard, soft or unavailable type provided by HSNA Slot Configuration List in gNB-DU Cell Resource Configuration [16, TS 38.473] for the RB set of the symbol in the slot. If an indication of hard, soft, or unavailable type is provided for an RB set in a symbol of a slot, the IAB-DU applies the configuration of hard, soft, or unavailable type provided by HSNA Slot Configuration List when the IAB-node uses simultaneous transmission and reception in the slot.



Before to revise the specification, we suggest to check RAN1 understanding on the overlapping time/frequency-domain HSNA configurations on the same symbol/RB set. We think one of the following options should be confirmed:
· Option 1: Rel-16 time-domain HSNA configuration and Rel-17 frequency-domain HSNA configuration cannot be configured on the same symbol/RB set.
· Option 2: Rel-16 time-domain HSNA configuration and Rel-17 frequency-domain HSNA configuration can be configured on the same symbol/RB set.

Considering the potential co-existence of Rel-16/-17 IAB-nodes, we believe that Rel-17 frequency-domain HSNA configuration should be additionally utilized on top of the Rel-16 time-domain HSNA configuration (i.e., the network uses the same or similar Rel-16 time-domain HSNA configuration regardless of the capability of each IAB-node but can optionally configure Rel-17 frequency-domain HSNA configuration). If this is one of the possible operation scenarios, although it may or may not be a major one, we think the option 2 above is the way to go.
In case that the option 2 can be a common understanding in RAN1, then the priorities between time/frequency-domain HSNA configurations on the same symbol/RB set can be further clarified. Table 9 shows an example on the priorities between time/frequency-domain HSNA configurations on the same symbol. Table 9 follows a simple rule that IAB-DU transmissions and receptions in HSNA resources have priorities in the order of “hard > soft indicated as available > soft not indicated as available > NA”. After confirming the contents of Table 9, RAN1 can further discuss whether or not any further TP is required to capture each priority.
If RAN1 understanding is clarified as option 1, on the other hands, we think this clarification should be explicitly captured in the RAN1 and/or RAN2 specifications to avoid diverging behaviours across different IAB-nodes.

[bookmark: _Ref95410916]Table 9. A clarification on priorities between time/frequency-domain HSNA configurations on the same symbol/RB set.
	
	Frequency-domain HSNA configuration

	
	Hard
	Soft 
(indicated as available)
	Soft 
(not indicated as available)
	NA

	Time-domain HSNA configuration
	Hard
	T = F
	T > F
	T > F
	T > F

	
	Soft 
(indicated as available)
	T < F
	T = F
	T > F
	T > F

	
	Soft 
(not indicated as available)
	T < F
	T < F
	T = F
	T > F

	
	NA
	T < F
	T < F
	T < F
	T = F



Restricted beam indication
Per the agreements on restricted beam indication in Table 11, some properties of restricted beam indication for Rel-17 IAB can be listed as follows:
1. Restricted beam indication is to help simultaneous IAB-DU and IAB MT operations “at the parent node”. The parent node can indicate one of the child nodes not to utilize a set of unwanted IAB-DU beams of the child node. For the simultaneous operation at the parent node, the IAB-MT transmitting the desired uplink signal and the IAB-DU emitting the interfering downlink signal do not necessarily belong to a same IAB node but could be in the different IAB nodes. Therefore, “simultaneous transmission from the IAB-MT and IAB-DU serving cells” in the first sentence in Table 10 is not motivated well.
2. We think that the first agreement in Table 11 clarifies nothing but the IAB-DU resource type where the restricted beam indication will be applied. For the same logic of property #1 above, we think the second sentence in Table 10 (i.e., “does not perform simultaneous transmission on a serving cell”) does not capture the agreement correctly. Simultaneous transmission at the IAB-node may not be correlated with the restricted beam indication for simultaneous operation at the parent node. Hence, it is suggested to consider the following revision: “The IAB-DU does not perform simultaneous transmission on a serving cell using an indicated RS resource index utilize the set of RS resource indices and any RS resources that refer the set of RS resource indices as a source of QCL-TypeD for transmission on a symbol or RB set group configured as soft in a serving cell when it is not indicated as available by resourceAvailability.”. According to the part highlighted by yellow, the legacy QCL chain rule can be kept for the restricted beam indication. Per the QCL chain rule in TS38.214, QCL-TypeD can be sequentially referred by the following order, for example; SSB > CSI-RS for tracking > CSI-RS for beam management > CSI-RS for CSI > PDSCH DMRS. In this regard, when a SSB ID is utilized for the restricted beam indication, all the follow-up RSs shall be included into the beam restriction. On the other hands, if a CSI-RS ID is used for the restricted beam indication, the associated SSB, which is a QCL source but not a QCL target, can be excluded in the beam restriction.
3. Although we claimed that the IAB-MT transmitting the desired uplink signal and the IAB-DU emitting the interfering downlink signal may not be in a same IAB node, the case that the desired IAB-MT and interfering IAB-DU are co-located should be a major use case especially when the parent nodes has a single child node. In such scenarios (while the simultaneous operations at the parent node are associated with the simultaneous operations at the IAB-node), a certain type of relationship between the restricted beam indication and configurations on the IAB-MT. For instance, as represented by the second agreements in Table 11, the parent node may have concerns on the restricted beams when these restricted IAB-DU beams (represent interfering “IAB-DU”“parent DU” link beam pair) are simultaneously utilized with certain DL RX beams of the IAB-MT (represent desired “IAB-MT”“parent DU” link beam pair). Since the RAN1 specification has captured an association between the restricted beam indication and the applicable resource type (i.e., the second sentence in Table 10 and the first agreements in Table 11), we prefer to see the other associations in the same specification as well. Table 12 provides a suggestion from our side to capture the possible associations. The other option would be to move the second sentence in Table 10 to TS38.213 as a note of Child IAB-DU Restricted Beam Indication MAC CE. 

[bookmark: _Ref95252185]Table 10. Specification support on restricted beam indication in TS38.213 [1].
	[bookmark: _Hlk95253297]The IAB-node can be provided a set of RS resource indexes that indicate quasi co-location properties of the IAB-DU serving cell by the parent node where simultaneous transmission from the IAB-MT and IAB-DU serving cells is restricted by Child IAB-DU Restricted Beam Indication MAC CE as described in [11, TS 38.321]. The IAB-DU does not perform simultaneous transmission on a serving cell using an indicated RS resource index on a symbol or RB set group configured as soft when it is not indicated as available by resourceAvailability.



[bookmark: _Ref95249963]Table 11. Corresponding agreements on restricted beam indication.
	Agreement
The IAB-DU is expected to apply the indicated beam restriction within its soft resources that are not explicitly indicated as available.  

Agreement
The restricted beam indication from the parent node to the IAB node may be indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations: 
· {MT CC, DU cell} pair and optionally may be indicated to be associated with only {DU cell} if independent of MT CC(s)
· Multiplexing mode info (i.e. multiplexing info in 38.473) and optionally may be indicated to be applicable to non-overlapping frequency resources
· Slot index 
· Association with IAB-MT’s DL Rx beam via TCI state ID and RS ID (SSB ID and/or CSI-RS ID) or UL TX beam via SRI 
 



[bookmark: _Ref95296633]Table 12. Text proposal on restricted beam indication.
	[bookmark: _Hlk95422730]In the indicated slot, Tthe IAB-DU does not perform simultaneous transmission on a serving cell using an indicated RS resource index utilize the set of RS resource indices and any RS resources that refer the set of RS resource indices as a source of QCL-TypeD for transmission on a symbol or RB set group configured as soft in a serving cell, when it is not indicated as available by resourceAvailability.
· when the symbol or RB set group is not indicated as available by resourceAvailability, and
· when the serving cell is associated with a MT CC, if indicated, and
· when the simultaneous transmission and/or reception of IAB-DU and IAB-MT are aligned with the indicated multiplexing mode info as described in [xx, TS 38.473], and
· when one of the associated TCI state ID, RS ID, or SRI of IAB-MT, if indicated, is simultaneously used for uplink transmission of the IAB-MT.



Conclusion
In this contribution, ETRI’s views on IAB resource multiplexing were shown and the following proposals were made:
Proposal 1. Down-select one among the following options:
· Option 1: Confirm that a parent node with MCG and the other peer parent node with SCG can independently operate DCI format 2_0 in any DC scenario.
· Option 2: Adopt the following TP on DC operations.
	If an IAB-MT is configured with an MCG and an SCG, is not capable of simultaneous transmission and reception, and would simultaneously transmit and receive on the MCG and the SCG, 
· the IAB-MT does not expect to receive conflicting DCI 2_0 from different parents for intra-donor DC scenarios, or
· the IAB-MT operates according to the scheduling from the MCG for inter-donor DC scenarios.



Proposal 2. Down-select one among the following options:
· Option 1: Confirm that CA TDD prioritization rules are applied within the same cell group in Rel-17 (i.e., no further enhancements from RAN1 perspectives).
· Option 2: Send an LS to RAN2 to extend CA TDD prioritization rules to NR-DC for IAB use cases (i.e., remove/revise the legacy restrictions on directionalCollisionHandling-r16, half-DuplexTDD-CA-SameSCS-r16 and simultaneousRxTxInterBandCA or introduce new IEs). 

Proposal 3. Down-select one among the following options:
· Option 1: Confirm that “Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG” is applied [for all DC scenarios / for inter-donor DC scenarios].
· Option 2: Adopt the following TP on DC operations.
	If an IAB-MT is configured with an MCG and an SCG, is not capable of simultaneous transmission and reception, and would simultaneously transmit and receive on the MCG and the SCG, 
· the IAB-MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents for intra-donor DC scenarios, or
· the IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents for inter-donor DC scenarios when the conflicting symbols configured as semi-static flexible by one parent node, but not the other, or
· the IAB-MT operates according to the scheduling from the MCG for inter-donor DC scenarios when the conflicting symbols configured as semi-static flexible by both parent nodes.



Proposal 4. Adopt the following TP on availability indication for soft resources.
	When a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU cell can respectively transmit, receive or either transmit or receive in the symbol only if
-	the IAB-MT does not transmit or receive during the symbol of the IAB-DU cell, or
-	with respect to all serving cells in a cell group
-	the IAB-MT would transmit or receive during the symbol of the IAB-DU cell, and the transmission or reception during the symbol of the IAB-DU cell is not changed due to a use of the symbol by the IAB-DU, or
-	the IAB-MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available from at least one serving cell in the cell group



Proposal 5. Down-select one among the following options:
· Option 1: Rel-16 time-domain HSNA configuration and Rel-17 frequency-domain HSNA configuration cannot be configured on the same symbol/RB set.
· Option 2: Rel-16 time-domain HSNA configuration and Rel-17 frequency-domain HSNA configuration can be configured on the same symbol/RB set.

Proposal 6. In case that the option 1 in proposal 4 is the RAN1 understanding, explicitly capture it in the specification.

Proposal 7. In case that the option 2 in proposal 4 is the RAN1 understanding, discuss the priorities between time/frequency-domain HSNA configurations on the same symbol/RB set.
	
	Frequency-domain HSNA configuration

	
	Hard
	Soft 
(indicated as available)
	Soft 
(not indicated as available)
	NA

	Time-domain HSNA configuration
	Hard
	T = F
	T > F
	T > F
	T > F

	
	Soft 
(indicated as available)
	T < F
	T = F
	T > F
	T > F

	
	Soft 
(not indicated as available)
	T < F
	T < F
	T = F
	T > F

	
	NA
	T < F
	T < F
	T < F
	T = F



Proposal 8. Adopt the following TP on restricted beam indication.
	In the indicated slot, Tthe IAB-DU does not perform simultaneous transmission on a serving cell using an indicated RS resource index utilize the set of RS resource indices and any RS resources that refer the set of RS resource indices as a source of QCL-TypeD for transmission on a symbol or RB set group configured as soft in a serving cell, when it is not indicated as available by resourceAvailability.
· when the symbol or RB set group is not indicated as available by resourceAvailability, and
· when the serving cell is associated with a MT CC, if indicated, and
· when the simultaneous transmission and/or reception of IAB-DU and IAB-MT are aligned with the indicated multiplexing mode info as described in [xx, TS 38.473], and
· when one of the associated TCI state ID, RS ID, or SRI of IAB-MT, if indicated, is simultaneously used for uplink transmission of the IAB-MT.
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