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Introduction
In order to support simultaneous operation by IAB node’s child and parent links, some enhancements had been discussed, such as extension of the DU resource type indication to frequency domain, dynamic availability indication, resource management in the spatial domain, etc. In this contribution, we will continue to provide views on these aspects.
Discussions 
DU resource configuration in frequency domain
Semi-static resource configuration
The following agreements have been made in RAN1#106bis-e on semi-static resource configuration for DU [1]:
	Agreement
The Rel-17 frequency domain H/S/NA configuration is provided across multiple slots and/or over a subset of slots only, with the same time-domain granularity and pattern duration as the Rel-16 H/S/NA configuration (i.e. gNB-DU Cell Resource Configuration (9.3.1.107 in TS 38.473 [8])).
· For a given slot, different H/S/NA resource types can be configured for different RB sets
· Additional signaling details (e.g. bitmap, slot pattern, etc.) can be left up to RAN3
· FFS: The number of different frequency domain configurations at a given time
Agreement
A single value for the RB set size, N, is configured for a given IAB-DU cell’s Rel-17 frequency domain H/S/NA configuration.
Working Assumption
If both the Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot, one of the following is selected:
· Alt. 1: An IAB node applies the frequency domain H/S/NA only if the IAB node is currently operating in a non-TDM multiplexing mode in the slot, otherwise the Rel-16 time domain H/S/NA configuration is applied.
.
For RAN1#107-e, companies to consider the following decision point:
An IAB node (or parent node) cannot operate under a given non-TDM multiplexing mode until:
· Alt. 1: All required conditions and parameters which have been directly indicated/requested to the parent node (e.g. via MAC-CE) are explicitly acknowledged by the parent node.
· Alt. 2: All required conditions and parameters which have been directly indicated/requested to the parent node (e.g. via MAC-CE) are implicitly acknowledged by the parent node or implicitly determined at the child node




According to above agreements, the semi-static configuration of H/S/NA resource type in frequency domain is provided across multiple slots and/or over a subset of slots only, with the same time-domain granularity and pattern duration as the Rel-16 H/S/NA configuration. However, there are still some remaining issues to be handled, e.g., FFS the number of different frequency domain configurations at a given time.
For the number of different frequency domain configurations at a given time, in order to reduce signaling overhead, we propose one frequency domain configuration can be used to indicate H/S/NA resource types of all the RB sets as follows: CU can configure one or more availability/candidate H/S/NA patterns and each element in H/S/NA pattern corresponds to one RB set, H/S/NA resource type for a given resource type within a slot can be indicated by a pattern index. An instance of one frequency domain configuration for all RB sets is shown below:
· Frequency-domain H/S/NA configuration
· H/S/NA pattern index for DL symbols in the slot
· H/S/NA pattern index for UL symbols in the slot
· H/S/NA pattern index for Flexible symbols in the slot
The size of H/S/NA pattern depends on the number of RB sets configured for the IAB-DU cell/carrier. Take two RB sets configured in one carrier as an example, availability H/S/NA patterns can be pattern 1 = {NA, H}, pattern 2={S, H}, .etc. For an IAB-DU cell, the number of RB sets can be determined by RB set size and bandwidth of carrier based on which RB sets are configured.
[bookmark: _Toc25616][bookmark: _Toc17646][bookmark: _Toc12733][bookmark: _Toc87036167] One frequency domain configuration can be used to indicate the H/S/NA resource types of all the RB sets at a given time.
Strong concerns have been raised by several companies on the above working assumption, i.e., the work assumption on how to determine which configuration will be applied if both the Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot. The working assumption supporting dynamic H/S/NA configuration selection would lead to the following problems:
· It is difficult to make a consistent understanding on the selected H/S/NA configuration on the IAB-node DU among the IAB-node, its parent node(s), and CU. 
· Semi-static H/S/NA configurations would be coordinated for the purpose of CLI and resource multiplexing in DC. It is impossible/difficult to make the peer node/neighbour node know the dynamic selected HSNA configuration at the IAB node.
It was agreed that CU can indicate the DU resource configuration (UL/DL/FL, H/S/NA) of the peer IAB-node or donor DU that can be used for resource coordination in case of DC, and/or for interference management. If an IAB node dynamically selects H/S/NA configuration when both Rel-17 frequency domain H/S/NA configuration and Rel-16 time domain H/S/NA configuration are provided for a given resource, it is difficult for peer IAB-node or donor DU to know which H/S/NA configuration has been selected/applied at the IAB-node DU. Dynamic H/S/NA configuration selection will not make the H/S/NA configuration indication/interaction to play a good role in resource coordination in case of DC, and/or interference management.
Therefore, we suggest that Rel-17 frequency domain H/S/NA configuration, if provided, always overrides Rel-16 time domain H/S/NA configuration.
[bookmark: _Toc10843][bookmark: _Toc22913][bookmark: _Toc5439][bookmark: _Toc86935884][bookmark: _Toc87036161]Dynamic H/S/NA configuration selection between Rel-17 frequency domain H/S/NA configuration and Rel-16 time domain H/S/NA configuration may lead to inconsistent understanding of H/S/NA types applied on an IAB-node DU. 
[bookmark: _Toc2552][bookmark: _Toc12037][bookmark: _Toc185][bookmark: _Toc86935885][bookmark: _Toc87036162]Dynamic H/S/NA configuration selection between Rel-17 frequency domain H/S/NA configuration and Rel-16 time domain H/S/NA configuration will not make the H/S/NA configuration indication/interaction to play a good role in resource coordination in case of DC, and interference management. 
[bookmark: _Toc3580][bookmark: _Toc29756][bookmark: _Toc22039][bookmark: _Toc87036168] If both the Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot, the following is supported:
· [bookmark: _Toc87036169]Rel-17 frequency domain H/S/NA configuration is applied.
[bookmark: _Toc18593][bookmark: _Toc28263][bookmark: _Toc2599][bookmark: _Toc14700][bookmark: _Toc79164569][bookmark: _Toc31995][bookmark: _Toc324][bookmark: _Toc9081]
In RAN1#106-e, the following agreements on frequency domain H/S/NA configuration were made [2]
	Agreement
A Reference SCS is configured for frequency domain H/S/NA configuration.
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 



It was agreed that a reference SCS is configured for frequency domain H/S/NA configuration. However, it is not sufficient to define the RB sets only by the reference SCS and RB set size (i.e. N), and at least the starting frequency location and bandwidth corresponding to the carrier including the RB sets need to be known first. I.e., the RB sets should be configured based on one reference carrier. 
[bookmark: _Toc86935886][bookmark: _Toc1037][bookmark: _Toc10165][bookmark: _Toc15805][bookmark: _Toc87036163] In addition to a reference SCS and RB set size (i.e. N), a reference carrier also needs to be defined for frequency domain H/S/NA configuration, e.g., at least the starting frequency location and bandwidth corresponding to the carrier including the RB sets need to be known first.
In NR, multiple SCS-specific carriers can be configured for one DU cell, as discussed in our contribution [3]. Therefore, for an IAB-node DU cell, it is straightforward to use the carrier corresponding to the reference SCS in the carrier list as the reference carrier for frequency domain H/S/NA configuration.
[bookmark: _Toc4218][bookmark: _Toc9916][bookmark: _Toc31071][bookmark: _Toc71538424][bookmark: _Toc5379][bookmark: _Toc17694][bookmark: _Toc32414][bookmark: _Toc13764][bookmark: _Toc7949][bookmark: _Toc26399][bookmark: _Toc19470][bookmark: _Toc2686][bookmark: _Toc168][bookmark: _Toc87036170]The carrier corresponding to the reference SCS in the carrier list of the IAB-node DU cell is used as the reference carrier to determine RB sets for frequency domain H/S/NA configuration.
It is reasonable that parent node can be made aware of IAB-node DU cell H/S/NA resource configuration in frequency-domain to have a good understanding of H/S/NA resource type of an IAB-node DU cell and then make appropriated assumption about the resource availability at IAB-node MT. However, according to current specification, the parent node does not know carrier frequency information of IAB-node DU cell (i.e. its child node). Therefore, in addition to the H/S/NA resource configuration in frequency-domain of IAB-node DU cell, the CU also needs to indicate carrier frequency information of the IAB-node DU cell to its parent node(s).
[bookmark: _Toc23461][bookmark: _Toc10069][bookmark: _Toc20788][bookmark: _Toc28588][bookmark: _Toc16352][bookmark: _Toc26829][bookmark: _Toc22746][bookmark: _Toc71538425][bookmark: _Toc16064][bookmark: _Toc18119][bookmark: _Toc26517][bookmark: _Toc87036171]A parent node should be made aware of the SCS-specific carriers and frequency domain H/S/NA configuration of its child node DU’s cell(s).
Dynamic availability indication
The following agreements have been made in RAN1#106bis-e on dynamic indication of availability for soft frequency resources for DU [1]:
	Agreement
A single DCI format 2_5 can be received indicating availability for the soft resources of the respective RB sets corresponding to a given time resource of the child IAB-DU cell.
· FFS: Extension of AvailabiltyCombination to include multiple RB sets in a resourceAvailabilty indication
· FFS: Update resourceAvailability mapping table defined in TS38.213 so that the indication of availability can be applied over soft resources in frequency-domain for DL or UL or Flexible symbols.
· FFS: Need for extension of the maximum payload size of DCI format 2_5 to increase the number of IAB-DU cells that can be provided with availability information for Soft resources to accommodate the maximum number of possible RB sets for a given DU cell (if defined), or other backwards compatible signaling extensions in case the principal indication capabilities of DCI format 2_5 are increased.



According to the above agreement, a single DCI Format 2_5 can be received indicating soft resource availability indications of the respective RB sets corresponding to a given time resource of the child IAB-DU cell.
It is unnecessary to extend AvailabiltyCombination to include multiple RB sets in a resourceAvailabilty indication since FDM operation is already supported by semi-static resource configuration in frequency domain. In addition, the relationship between Rel-17 DCI Format 2_5 and existing DCI Format 2_5 is not clear.
In our view, existing DCI Format 2_5 can be fully reused (i.e. no additional enhancements), no standardization effort is required and it can be better compatible with TDM. For example, availability indication is valid for all soft symbols in TDM slot, and availability indication is only valid for all soft resources in FDM slot. As shown in figure 1, DCI Format 2_5 indicates only the availability of S resources highlighted in yellow. We do not see a strong motivation to introduce additional enhancements to support soft resource availability indications per RB set since FDM is already supported by semi-static resource configuration in frequency domain.
[image: ]
Figure 1: Example of DCI Format 2_5 indicating soft resource availability

[bookmark: _Toc15415][bookmark: _Toc26148][bookmark: _Toc12476][bookmark: _Toc21625][bookmark: _Toc79164567][bookmark: _Toc11239][bookmark: _Toc25365][bookmark: _Toc29384][bookmark: _Toc86935887][bookmark: _Toc87036164]Reusing DCI format 2_5 without extension of AvailabilityCombination has less specification impact and is better compatible with Rel-16 availability indication of soft resources.  
[bookmark: _Toc2718][bookmark: _Toc10846][bookmark: _Toc79164576][bookmark: _Toc9562][bookmark: _Toc22441][bookmark: _Toc8249][bookmark: _Toc17153][bookmark: _Toc29505][bookmark: _Toc176][bookmark: _Toc17916][bookmark: _Toc20209][bookmark: _Toc15381][bookmark: _Toc87036172]The Rel-16 AvailabilityCombination is reused to include all the RB sets in a resourceAvailabilty indication.
[bookmark: _GoBack]When Rel-17 frequency domain H/S/NA configuration is provided for a given symbol, different H/S/NA resource types can be configured for different RB sets in the symbol. Therefore, the concept of soft symbols in resourceAvailability mapping table defined in TS38.213 is not accurate and should be changed to soft resources in the DL/U/F symbols as shown in Table 1.
Table 1: Mapping between values of resourceAvailability elements and types of soft resource availability in a slot
	Value
	Indication

	0
	No indication of availability for soft symbols resources

	1
	DL soft symbols resources are indicated available 
No indication of availability for UL and Flexible soft symbols resources

	2
	UL soft symbols resources are indicated available 
No indication of availability for DL and Flexible soft symbols resources

	3
	DL and UL soft symbols resources are indicated available 
No indication of availability for Flexible soft symbols resources

	4
	Flexible soft symbols resources are indicated available 
No indication of availability for DL and UL soft symbols resources

	5
	DL and Flexible soft symbols resources are indicated available 
No indication of availability for UL soft symbols resources

	6
	UL and Flexible soft symbols resources are indicated available 
No indication of availability for DL soft symbols resources

	7
	DL, UL, and Flexible soft symbols resources are indicated available



[bookmark: _Toc9028][bookmark: _Toc8530][bookmark: _Toc9914][bookmark: _Toc87036173]Update resourceAvailability mapping table defined in TS38.213 as shown in Table 1.
According to TS 38.212, the size of DCI format 2_5 is configurable by higher layers up to 128 bits. However, the available maximum size of any DCI payload is limited to 140 bits because the number of bits of any DCI (including DCI payload and 24-bit CRC) must equal to or less than interleaving pattern of length 164 for polar coding. The number of bits that DCI payload can expand is very limited (only 12 bits). Even if the payload size of DCI format 2_5 is extended, it still cannot provide available information of soft resource for all IAB-DU cells when the number of IAB-DU cells is very large. Therefore, there is no need to extend the maximum payload size of DCI format 2_5. 
[bookmark: _Toc27514][bookmark: _Toc2244][bookmark: _Toc560][bookmark: _Toc87036174]There is no need to extend the maximum payload size of DCI format 2_5.
Spatial domain
The following agreements have been made in RAN1#106bis-e on how to manage resources in the spatial domain [1].
	Agreement
RS ID, based on the IAB node’s DU configurations, is used by a parent node to indicate beams of an IAB-DU in the direction of which simultaneous operation is restricted
· At least SSB ID and [STC index] are supported
· FFS: Whether restrictions are indicated to apply differently for H or S resources
· FFS: Informing the parent node of SRS configuration of the IAB-MT (if collocated with the IAB-DU)

Agreement
The restricted beam indication from the parent node to the IAB node may be indicated (or specified) to be associated with some combination (one or multiple) of the following IAB node’s parameters:
· [Multiplexing mode]
· [MT’s DL beam (e.g. TCI state id)] or MT’s UL beam (e.g., SRI id)
· [DU resource configuration (e.g. soft resources)]
· [Slot index]

Agreement
The recommended beam indication from the IAB-MT to the parent node are provided via MAC-CE:
· For DL Rx beam(s): using one or more of the following:
· DL TCI state ID
· FFS: UE/IAB-MT does not assume that DL Tx power adjustment (if provided) is applied to the SSB index (if supported) indicated as QCLed reference signal in DL TCI state ID. 
· [RS ID]
· [R17 DL TCI, or joint DL/UL TCI ID]
· For UL Tx beam(s): using one or more of the following:
· [Spatial relation]
· [RS ID]
· [R17 UL TCI, or joint DL/UL TCI ID]
· [SRI]


For a given cell, it is a common case that the SSBs with the same index in multiple STCs are QCLed for an IAB-DU cell. Therefore, it is not necessary to include STC index in restricted beams indication information of an IAB-DU cell.
[bookmark: _Toc16474][bookmark: _Toc17458][bookmark: _Toc26560][bookmark: _Toc87036175] It is not necessary to include STC index in restricted beams indication information of an IAB-DU cell.
According to TS38.213 in NR Rel-16, when a downlink, uplink, or flexible symbol is configured as hard, the IAB-DU serving cell can respectively transmit, receive, or either transmit or receive in the symbol. When a symbol is configured as unavailable, the IAB-DU neither transmits nor receives in the symbol. When a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU can respectively transmit, receive or either transmit or receive in the symbol only if some certain conditions are met. For H/S/NA resource types in FDM, definitions as H/S/NA resource types in Rel-17 can be reused. Therefore, it is a common understanding that indicated IAB-DU beam restrictions at least apply to soft resources.
In Rel-16, a parent node can be aware of cell-specific signals/channels (e.g. SSB, CSI-RS etc.) of IAB-DU cells (i.e. its child node DU cells). Therefore, the parent node can use SSBs/CSI-RSs of an IAB-DU cell to indicate restricted beams of the IAB-DU cell, and the parent node does not need to be additionally provided with the reference signal configuration of the IAB-DU cell. In addition, the parent can indicate restricted narrow beams through CSI-RSs. Compared with indicating restricted beams of an IAB-DU cell by SRSs, indicating restricted beams of an IAB-DU cell by SSBs/CSI-RSs has the least impact on the standard protocol since the parent node can already know cell-specific signals/channels (e.g. SSB, CSI-RS etc.) configuration of the IAB-DU cell in Rel-16. In addition, the solution informing the parent node of SRS configuration of the IAB-MT is only applicable to the scenario where IAB-MT and IAB-DU are collocated.
[bookmark: _Toc86935888][bookmark: _Toc21776][bookmark: _Toc29382][bookmark: _Toc19791][bookmark: _Toc87036165] Using SRSs of an IAB node to indicate restricted beams of the IAB-DU has more specification impact, and there is no obvious benefit.
In case of simultaneous MT/DU operation at an IAB node, a set of restricted beams at the IAB node DU can be determined according to the interference from access link to the backhaul link of the IAB node (Here, the backhaul link of an IAB node is the access link of its parent node). While in case of non-simultaneous MT/DU operation at an IAB node, access link of parent node of the IAB node may still be interfered by access link of the IAB node. For example, the access link of the IAB node may interfere with the access link between its parent node and UEs/other child nodes of its parent node. In this case, the parent node can still solve the interference problem by indicating the restricted beam of the IAB node DU. 
[bookmark: _Toc6315][bookmark: _Toc14250][bookmark: _Toc28530][bookmark: _Toc86935889][bookmark: _Toc87036166] Associating the restricted beam indication with the multiplexing modes of the IAB node will limit the usage of the restricted beam indication, e.g., indicating restricted beam for CLI management cannot be achieved.
In different slots, parent node may use different beams to receive or schedule different child nodes or UEs. Therefore, the restricted beams of IAB nodes may be different for different slots. 
[bookmark: _Toc24930][bookmark: _Toc3442][bookmark: _Toc31124][bookmark: _Toc87036176] The restricted beam indication from the parent node to the IAB node may be indicated (or specified) to be associated with time resources (e.g., slot index in a period).
[bookmark: _Toc32104][bookmark: _Toc5629]In NR Rel-16, serving cell can provide DL Tx beam information to UEs/MTs by indicating TCI state ID associating one or two DL reference signals, and provide UL Tx beam information to UEs/MTs by indicating SRI. In our view, this mechanism can be reused in the IAB-node MT reporting recommended beams to its parent node.
[bookmark: _Toc5573][bookmark: _Toc20132][bookmark: _Toc15665][bookmark: _Toc31836][bookmark: _Toc8895][bookmark: _Toc26576][bookmark: _Toc87036177]For the recommended beam indication from IAB-MT to the parent node, IAB-MT DL beams are defined by TCI state ID, IAB-MT UL beams are defined by SRI.

Conclusion
According to the discussion above, we provide the following observations and proposals on resource multiplexing of IAB:

Observation 1:	Dynamic H/S/NA configuration selection between Rel-17 frequency domain H/S/NA configuration and Rel-16 time domain H/S/NA configuration may lead to inconsistent understanding of H/S/NA types applied on an IAB-node DU.
Observation 2:	Dynamic H/S/NA configuration selection between Rel-17 frequency domain H/S/NA configuration and Rel-16 time domain H/S/NA configuration will not make the H/S/NA configuration indication/interaction to play a good role in resource coordination in case of DC, and interference management.
Observation 3:	In addition to a reference SCS and RB set size (i.e. N), a reference carrier also needs to be defined for frequency domain H/S/NA configuration, e.g., at least the starting frequency location and bandwidth corresponding to the carrier including the RB sets need to be known first.
Observation 4:	Reusing DCI format 2_5 without extension of AvailabilityCombination has less specification impact and is better compatible with Rel-16 availability indication of soft resources.
Observation 5:	Using SRSs of an IAB node to indicate restricted beams of the IAB-DU has more specification impact, and there is no obvious benefit.
Observation 6:	Associating the restricted beam indication with the multiplexing modes of the IAB node will limit the usage of the restricted beam indication, e.g., indicating restricted beam for CLI management cannot be achieved.

Proposal 1:	One frequency domain configuration can be used to indicate the H/S/NA resource types of all the RB sets at a given time.
Proposal 2:	If both the Rel-16 time domain H/S/NA configuration and Rel-17 frequency domain H/S/NA configuration are provided for a given RB set within a slot, the following is supported:
•	Rel-17 frequency domain H/S/NA configuration is applied.
Proposal 3:	The carrier corresponding to the reference SCS in the carrier list of the IAB-node DU cell is used as the reference carrier to determine RB sets for frequency domain H/S/NA configuration.
Proposal 4:	A parent node should be made aware of the SCS-specific carriers and frequency domain H/S/NA configuration of its child node DU’s cell(s).
Proposal 5:	The Rel-16 AvailabilityCombination is reused to include all the RB sets in a resourceAvailabilty indication.
Proposal 6:	Update resourceAvailability mapping table defined in TS38.213 as shown in Table 1.
Proposal 7:	There is no need to extend the maximum payload size of DCI format 2_5.
Proposal 8:	It is not necessary to include STC index in restricted beams indication information of an IAB-DU cell.
Proposal 9:	The restricted beam indication from the parent node to the IAB node may be indicated (or specified) to be associated with time resources (e.g., slot index in a period).
Proposal 10:	For the recommended beam indication from IAB-MT to the parent node, IAB-MT DL beams are defined by TCI state ID, IAB-MT UL beams are defined by SRI.
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