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1. Introduction
At RAN1#106-e meeting, following agreements on IAB resource multiplexing were made [1].
	Agreement
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
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
The semi-static configuration of H/S/NA resource type in frequency domain is provided per RB set, per D/U/F resource type within a slot.
Agreement
N is a configured number of PRBs, where the CU configures N
· N = {2, 4, 8, 16, 32, 64}
· FFS: Value(s) of N in case of multiple configured BWPs at the IAB-MT
· This agreement does not revert any existing RAN1 agreement 
Agreement
For a given RB set at a symbol, if Rel-17 frequency domain H/S/NA configuration is not provided, the Rel-16 time domain H/S/NA is applied
Agreement
A Reference SCS is configured for frequency domain H/S/NA configuration.
Agreement
Spatial domain restrictions from a parent node or recommendations from a child node is limited to a subset of time resources in which simultaneous operation is applied.
· FFS: Handling of frequency resources in case of FDM operation
· FFS: Support for implicit/explicit indication of the simultaneous operation mode
Agreement
The child node indication of recommended beams to the parent node can include both IAB-MT DL beams and/or IAB-MT UL beams.
· FFS: Indication via MAC-CE or UCI transmission
· FFS: Definition of IAB-MT DL beams and/or IAB-MT UL beams (e.g. TCI state ID, Spatial relation information ID, RS ID (including CSI-RS, SRS, SSB, etc.))
· FFS: Whether indication of “not preferred” beams is supported
Agreement
MAC-CE signaling of Desired/Provided Guard Symbols is enhanced (e.g. using the same Rel-16 MAC-CE design) to support indication of guard symbols additionally required for Case #6 and Case #7 timing cases.
· FFS: Number of guard symbols associated with Case #6 and Case #7 timing modes
· FFS: Need for explicit indication of guard symbols switching between timing cases
Agreement
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
To support soft resource availability in the frequency domain, the existing DCI 2_5 format is reused according to one of the following alternatives:
· Alt. 1: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 2: Multiple DCI format 2_5 can be received indicating availability with the granularity of one or more RB set(s) for different RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 3: A single DCI format 2_5 can be received indicating availability of all the soft resources which correspond to the same time resources of the child IAB-DU cell.
Agreement
MAC-CE signaling from a parent node is supported for indication of beams of an IAB-DU in the direction of which simultaneous operation is restricted
· FFS: Details of beam indication (e.g. TCI state ID, Spatial relation information ID, RS ID (including CSI-RS, SRS, SSB, etc.))
· FFS: Applicability to other beams
Agreement
Select from the following alternatives 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
· Alt. 6. The IAB-MT is expected to operate according to the non-flexible configuration.
Agreement
Select from the following alternatives 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. 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
· Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG
· FFS: Consideration of the impact of parent node’s H/S/NA when specifying the prioritization rules in case of UL/DL conflict




In this contribution, we discuss enhancements on resource multiplexing between child and parent links of an IAB node to support simultaneous operation of transmission and/or reception. 

2. Resource management in frequency domain
It was agreed in the last meeting that for a RB set at a symbol, if Rel-17 frequency domain H/S/NA configuration is not provided, the Rel-16 time domain H/S/NA is applied. For a RB set at a symbol, if both Rel-17 frequency domain H/S/NA and Rel-16 time domain H/S/NA are provided, whether frequency domain or time domain H/S/NA is applied needs to be further discussed. And following alternatives were discussed during the last meeting.
· Alt.1. frequency domain H/S/NA is always applied.
· Alt.2. whether frequency domain or time domain H/S/NA is applied is explicitly indicated
· Alt.3. whether frequency domain or time domain H/S/NA is applied is determined by predefined rules
From our perspective, Alt.1 is not beneficial for resource utilization considering the case where simultaneous operation is not performed at a symbol. When simultaneous operation is not performed, it is beneficial that MT or DU can use all the RBs at the symbol, i.e., time domain H/S/NA is applied. For example, as shown in Figure 1, at a symbol configured as DU hard, it is beneficial that DU can Tx/Rx on all the RBs at the symbol, if simultaneous MT/DU operation is not performed.
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Figure 1. time domain H/S/NA and frequency domain H/S/NA configuration

Between Alt.2 and Alt.3, Alt.3 is preferred because explicit indication leads to additional signalling overhead which is not necessary and implicit determination based on predefined rules is sufficient. In our views, at least the following rules can be considered.
· Time domain H/S/NA is applied, and DU can Tx/Rx on all the RBs at the symbol, if the following condition is met.
· If a given symbol is DU hard in time domain, and
· MT does not Tx/Rx at the symbol, 
· Or the simultaneous MT/DU operation corresponding to the MT/DU DL/UL configuration at the symbol is not supported/indicated, e.g., the symbol is configured as MT DL and DU DL, but MT-Rx/DU-Tx is not supported.
· Or if a given symbol is DU soft in time domain, and
· MT does not Tx/Rx at the symbol,
· Or Soft-IA is indicated for at least one RB set, and the simultaneous MT/DU operation corresponding to the MT/DU DL/UL configuration at the symbol is not supported/indicated, e.g., the symbol is configured as MT DL and DU DL, but MT-Rx/DU-Tx is not supported  
· Otherwise, frequency domain H/S/NA is applied, and DU can Tx/Rx on the RBs configured/indicated as hard/soft-IA at the symbol.
Proposal 1: For a given RB set at a symbol, if both Rel-17 frequency domain H/S/NA and Rel-16 time domain H/S/NA are provided, whether frequency domain or time domain H/S/NA is applied can be determined at least based on following rules. 
· Time domain H/S/NA is applied, and DU can Tx/Rx on all the RBs at the symbol, if the following condition is met.
· If a given symbol is DU hard in time domain, and
· MT does not Tx/Rx at the symbol, 
· Or the simultaneous MT/DU operation corresponding to the MT/DU DL/UL configuration at the symbol is not supported/indicated, e.g., the symbol is configured as MT DL and DU DL, but MT-Rx/DU-Tx is not supported.
· Or if a given symbol is DU soft in time domain, and
· MT does not Tx/Rx at the symbol,
· Or Soft-IA is indicated for at least one RB set, and the simultaneous MT/DU operation corresponding to the MT/DU DL/UL configuration at the symbol is not supported/indicated, e.g., the symbol is configured as MT DL and DU DL, but MT-Rx/DU-Tx is not supported  
· Otherwise, frequency domain H/S/NA is applied, and DU can Tx/Rx on the RBs configured/indicated as hard/soft-IA at the symbol.
It was agreed that the existing DCI format 2_5 is reused for soft resource availability indication in frequency domain according to one of the following alternatives:
· Alt. 1: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 2: Multiple DCI format 2_5 can be received indicating availability with the granularity of one or more RB set(s) for different RB sets which correspond to the same time resources of the child IAB-DU cell.
· Alt. 3: A single DCI format 2_5 can be received indicating availability of all the soft resources which correspond to the same time resources of the child IAB-DU cell.
From our perspective, Alt.2 is not preferred due to larger DCI overhead. Between Alt.1 and Alt.3, Alt.1 is more flexible since the availability can be indicated for each RB set. With Alt.1, AvailabiltyCombination can be extended to include multiple resourceAvailabilty, where each resourceAvailabilty include availability indication for one RB set
Proposal 2: Support Alt.1 for soft resource availability in the frequency domain, i.e.,
· Alt. 1: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell.
Proposal 3: AvailabiltyCombination can be extended to include multiple resourceAvailabilty, where each resourceAvailabilty includes availability indication for one RB set.

3. Resource management in spatial domain
It was agreed that child node can report recommended MT beams to the parent node. Considering interference between a MT beam and DU can be different in different multiplexing case, recommended beams can be reported per multiplexing case. 
To report recommended beams, legacy beam reporting framework can be reused. In legacy beam reporting, IAB-MT reports best beams according to L1-RSRP/SINR. Beam selection rule of recommended beams for simultaneous MT/DU operation needs to be further studied.
Proposal 4: IAB-MT reports recommended beams per multiplexing case. 
Proposal 5: Legacy beam reporting framework can be reused for IAB-MT reporting of recommended beams. 
It was also agreed that parent node can dynamically indicate to child node a set of restricted beams of IAB-DU. Considering the interference between a DU beam and MT may be different when different MT beam is used, restricted DU beams may be different when different MT beam is used. Thus, the restricted DU beams should be indicated per MT beam. 
Proposal 6: A set of restricted DU beams are indicated per MT beam.
Restricted DU beams are indicated by parent node, however, beam selection of IAB-DU also depends on condition on its child link. To guarantee performance of IAB-DU’s child link, with parent node’s indication, whether a beam is used by DU should be up to DU implementation 
Proposal 7: With parent node’s indication of restricted beam, whether a beam is used by DU is up to DU implementation.
A set of restricted DU beams from each DU cell may be indicated per MT beam. It is beneficial to reduce signaling overhead. To reduce overhead of beam management, simultaneous beam indication across CCs was introduced in Rel-16 MIMO. A list of CCs can be configured, if a beam, e.g., TCI state of CORESET, TCI state of PDSCH, is indicated for one CC in the list, the indication applies for all the CCs in the list. Similar feature can be used in restricted DU beam indication. That is, a list of MT CCs can be configured, and if a set of restricted DU beams is indicated for one MT CC in the list, the restricted DU beams apply for all the MT CCs in the list.
Proposal 8: Support simultaneous restricted DU beam indication across MT CCs. A list of MT CCs can be configured. If a set of restricted DU beams is indicated for one MT CC in the list, the indication applies to all the MT CCs in the list.

4. Adaptation of multiplexing operation 
4.1. Timing mode
It was agreed that IAB-node is explicitly indicated by the parent node whether Case#6 timing is performed at the IAB-node, and explicitly indicated by the parent node whether Case#7 timing is performed at the parent node. Following options can be considered for the indication.
· Option 1: parent node indicates whether Case#6 timing or Case#7 timing is performed via MAC CE. And all subsequent IAB node’s MT UL Tx follows the indicated timing mode.
· Option 2: parent node indicates whether Case#6 timing or Case#7 timing is performed via UL scheduling DCI. And IAB node’s MT UL Tx follows the indicated timing in the scheduling DCI.
We slightly prefer option 2 so that parent node can dynamically indicate whether case#6 or case#7 timing is performed, that is, parent node can dynamically indicate whether simultaneous MT-Tx/DU-Tx is performed at IAB node or simultaneous MT-Rx/DU-Rx is performed at the parent node.
Proposal 9: Parent node indicates whether Case#6 or Case#7 timing is performed via UL scheduling DCI.
Meanwhile, whether simultaneous MT-Tx/DU-Tx can be performed at IAB node is impacted by UL Tx timing indicated by parent node, i.e., simultaneous MT-Tx/DU-Tx can be performed only if case#6 UL Tx timing is indicated by parent node, otherwise, simultaneous Tx cannot be performed.
Proposal 10: If case#6 timing mode is required for simultaneous MT-Tx/DU-Tx, simultaneous MT-Tx/DU-Tx can be performed only if case#6 UL Tx timing is indicated by parent node; otherwise, simultaneous Tx cannot be performed.

4.2. Multiplexing capability on DU flexible symbol 
For a given multiplexing capability, MT and DU can simultaneously Tx/Rx if transmission/reception direction of MT and DU are aligned. In Rel-16, transmission/reception direction of a DU flexible symbol is decided by IAB node and is not informed to the parent node. In that case, whether/how to perform simultaneous operation with parent node on DU flexible symbol needs to be discussed.

To support simultaneous operation on DU flexible symbol, one of the potential solutions is that IAB node reports transmission/reception directions of DU flexible symbols to the parent node. However, a disadvantage of this method is that the parent node cannot configure/indicate a resource for IAB node MT Tx/Rx unless the report on the DU flexible symbol is available. In order to perform simultaneous operation, IAB node needs to decide and report the transmission/reception direction of the DU flexible resource before the same resource is configured/indicated for MT Tx/Rx. Moreover, additional signaling overhead will be introduced. 

Another possible solution is that the parent node can configure/indicate/schedule IAB node MT Tx or Rx on a DU flexible symbol, and IAB node DU will Tx/Rx on the flexible symbol based on MT transmission/reception direction and its multiplexing capability. In this case, IAB node does not need to report transmission/reception direction of DU flexible symbol to the parent node, with saving signaling overhead. Moreover, simultaneous operation is always possible, which is beneficial for resource utilization efficiency although the resource usage of DU flexible symbol may be restricted depending on its multiplexing capability and the resource usage at the parent node.
Proposal 11: On a DU flexible symbol, parent node can configure/indicate IAB node MT Tx/Rx, and IAB node DU will Tx/Rx on the symbol based on MT transmission/reception direction and its multiplexing capability.

4.3. Enhancement on guard symbol
It was agreed that MAC CE signaling of guard symbols is enhanced to support indication of guard symbols additionally required for Case#6 and Case#7 timing. In Rel-16, the number of guard symbols is indicated for each MT/DU switching scenarios as shown in Table I.

Table I. Guard symbol in Rel-16
	Switching scenario
	Field for number of guard symbols in MAC CE

	IAB-MT operation to IAB-DU operation
	MT Rx to DU Tx
	NmbGS1

	
	MT Rx to DU Rx
	NmbGS2

	
	MT Tx to DU Tx
	NmbGS3

	
	MT Tx to DU Rx
	NmbGS4

	IAB-DU operation to IAB-MT operation
	DU Rx to MT Tx
	NmbGS5

	
	DU Rx to MT Rx
	NmbGS6

	
	DU Tx to MT Tx
	NmbGS7

	
	DU Tx to MT Rx
	NmbGS8



Considering Case#6 and Case#7 timing of MT Tx, the indication of guard symbols can be extended as shown in Table II.
Table II. Enhanced Guard symbol in Rel-17
	Switching scenario
	Field for number of guard symbols in MAC CE

	IAB-MT operation to IAB-DU operation
	MT Rx to DU Tx
	NmbGS1

	
	MT Rx to DU Rx
	NmbGS2

	
	MT Tx to DU Tx
	NmbGS3

	
	MT Tx to DU Rx
	NmbGS4

	IAB-DU operation to IAB-MT operation
	DU Rx to MT Tx
	NmbGS5

	
	DU Rx to MT Rx
	NmbGS6

	
	DU Tx to MT Tx
	NmbGS7

	
	DU Tx to MT Rx
	NmbGS8

	IAB-MT operation to IAB-DU operation
(With MT case6/case7 Tx taken into account)
	MT case6 Tx to DU Tx
	NmbGS9

	
	MT case7 Tx to DU Tx
	NmbGS10

	
	MT case6 Tx to DU Rx
	NmbGS11

	
	MT case7 Tx to DU Rx
	NmbGS12

	IAB-DU operation to IAB-MT operation
(With MT case6/case7 Tx taken into account)
	DU Rx to MT case6 Tx
	NmbGS13

	
	DU Rx to MT case7 Tx
	NmbGS14

	
	DU Tx to MT case6 Tx
	NmbGS15

	
	DU Tx to MT case7 Tx
	NmbGS16



Meanwhile in Rel-16, 0~4 guard symbols can be reported by IAB node and provided by parent node. In Rel-17, with case#6 and case#7 timing, whether different value range of the number of guard symbols is needed for the new timing modes needs to be studied.
Proposal 12: The indication of guard symbols can be extended as Table II to indicate guard symbols for transition between MT Tx with case#6/7 timing and DU Tx/Rx.
Proposal 13: Whether different value range of the number of guard symbols is needed for the new timing modes needs to be studied.

4.4. Enhancement on guard band
Guard band was discussed to alleviate interference. In case of simultaneous MT-Tx/DU-Rx, MT-Rx/DU-Rx, DU-Tx/MT-Rx, the interference can be measured by IAB node, and the guard band can be decided by IAB node. Following option can be considered.
· Option1: DU will not Tx/Rx at the guard band and it can be handled by implementation. DU does not need to report the desired guard band to parent node.
· Option2: MT will not Tx/Rx at the guard band and DU needs to report desired guard band to parent node. Meanwhile parent node may need to indicate provided guard band to IAB node.
From our perspective, option1 is preferred which saves signaling of reporting and indication of guard band.
Proposal 14: Guard band can be handled by IAB node implementation.

5. Dual connectivity
In the last meeting, to handle potential indication conflict of symbols configured as semi-static flexible by one parent node, but not by the other in inter-donor DC scenarios, following alternatives were discussed.
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents. 
· Alt. 6. The IAB-MT is expected to operate according to the non-flexible configuration.
To handle potential indication conflict of symbols configured as semi-static flexible by both parent nodes in inter-donor DC scenarios, following alternatives were discussed.
· Alt. 1: The IAB MT does not expect to receive conflicting DCI formats including DCI2_0 and dynamic scheduling grants from different parents. 
· Alt. 5: If a conflict occurs, the IAB MT is expected to perform as scheduled by MCG
For both above cases, Alt.1 is preferred.  It was agreed in the last meeting to support a parent node being aware of resource configuration of the other peer parent node, parent node can avoid conflict DCI format 2_0 and dynamic scheduling grants.
Proposal 15:  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, support Alt.1, i.e.,
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI 2_0 and dynamic scheduling grants from different parents. 
Proposal 16:  To handle potential indication conflict of symbols configured as semi-static flexible by both parent nodes in inter-donor DC scenarios, support Alt.1, i.e.,
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI 2_0 and dynamic scheduling grants from different parents. 

6. Conclusion
In this contribution, we discussed enhancements on resource multiplexing between child and parent links of an IAB. Based on the discussion, we made following proposals.
Proposal 1: For a given RB set at a symbol, if both Rel-17 frequency domain H/S/NA and Rel-16 time domain H/S/NA are provided, whether frequency domain or time domain H/S/NA is applied can be determined at least based on following rules. 
· Time domain H/S/NA is applied, and DU can Tx/Rx on all the RBs at the symbol, if the following condition is met.
· If a given symbol is DU hard in time domain, and
· MT does not Tx/Rx at the symbol, 
· Or the simultaneous MT/DU operation corresponding to the MT/DU DL/UL configuration at the symbol is not supported/indicated, e.g., the symbol is configured as MT DL and DU DL, but MT-Rx/DU-Tx is not supported.
· Or if a given symbol is DU soft in time domain, and
· MT does not Tx/Rx at the symbol,
· Or Soft-IA is indicated for at least one RB set, and the simultaneous MT/DU operation corresponding to the MT/DU DL/UL configuration at the symbol is not supported/indicated, e.g., the symbol is configured as MT DL and DU DL, but MT-Rx/DU-Tx is not supported  
· Otherwise, frequency domain H/S/NA is applied, and DU can Tx/Rx on the RBs configured/indicated as hard/soft-IA at the symbol.
Proposal 2: Support Alt.1 for soft resource availability in the frequency domain, i.e.,
· Alt. 1: A single DCI format 2_5 can be received indicating availability for multiple RB sets which correspond to the same time resources of the child IAB-DU cell.
Proposal 3: AvailabiltyCombination can be extended to include multiple resourceAvailabilty, where each resourceAvailabilty includes availability indication for one RB set.
Proposal 4: IAB-MT reports recommended beams per multiplexing case. 
Proposal 5: Legacy beam reporting framework can be reused for IAB-MT reporting of recommended beams. 
Proposal 6: A set of restricted DU beams are indicated per MT beam.
Proposal 7: With parent node’s indication of restricted beam, whether a beam is used by DU is up to DU implementation.
Proposal 8: Support simultaneous restricted DU beam indication across MT CCs. A list of MT CCs can be configured. If a set of restricted DU beams is indicated for one MT CC in the list, the indication applies to all the MT CCs in the list.
Proposal 9: Parent node indicates whether Case#6 or Case#7 timing is performed via UL scheduling DCI.
Proposal 10 : If case#6 timing mode is required for simultaneous MT-Tx/DU-Tx, simultaneous MT-Tx/DU-Tx can be performed only if case#6 UL Tx timing is indicated by parent node; otherwise, simultaneous Tx cannot be performed.
Proposal 11: On a DU flexible symbol, parent node can configure/indicate IAB node MT Tx/Rx, and IAB node DU will Tx/Rx on the symbol based on MT transmission/reception direction and its multiplexing capability.
Proposal 12: The indication of guard symbols can be extended as Table II to indicate guard symbols for transition between MT Tx with case#6/7 timing and DU Tx/Rx.
Proposal 13: Whether different value range of the number of guard symbols is needed for the new timing modes needs to be studied.
Proposal 14: Guard band can be handled by IAB node implementation.
Proposal 15:  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, support Alt.1, i.e.,
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI 2_0 and dynamic scheduling grants from different parents. 
Proposal 16:  To handle potential indication conflict of symbols configured as semi-static flexible by both parent nodes in inter-donor DC scenarios, support Alt.1, i.e.,
· Alt. 1. The IAB MT does not expect to receive conflicting DCI formats including DCI 2_0 and dynamic scheduling grants from different parents. 
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