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Introduction
This contribution provides a summary of section 7.2.3.4 on potential enhancements to support multiplexing of access and backhaul links and provides proposals synthesized from the views expressed in contributions listed in the Appendix.

Resource multiplexing among backhaul and access links
Observations and proposals in this section are primarily related to the following objectives from the IAB WID:
1. Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.

Semi-static resource configuration
Company proposals:
	Huawei
	Proposal 1: Explicit semi-static time resource configuration signaling should be introduced to indicate the candidate time resources for the MT.
Proposal 2: Explicit semi-static time resource configuration signaling should be introduced to indicate the four types of time resource type (i.e., downlink/uplink/flexible/not available) to DU, and the two flavors (i.e., hard/soft) are implicitly derived by the following rules:
1. The downlink, uplink and flexible time resources configured for the DU overlapping with the candidate time resources for the MT are regarded as soft resources
1. The downlink, uplink and flexible time resources configured for the DU orthogonal with the candidate time resources for the MT are regarded as hard resources

	Vivo
	Proposal 1: Slot format for backhaul link can be design based on the existing TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and slot format table defined in Table 4.3.2-3 in TS38.211. Extending of the signaling should be considered for the followings,
· No restriction to always start from downlink and end with uplink for TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and slot format table defined in Table 4.3.2-3 in TS38.211.

	Lenovo/MotM
	Proposal 1: Three states- DL, UL, flexible indicated to MT for resource indication is enough if there is separate resource configuration for the DU part of the same IAB node.
Proposal 2: DL soft, flexible soft, UL soft resources are indicated together as soft resources by semi-static signaling. Whether the soft resource is changed to be DL soft, UL soft, flexible soft or non-available is indicated further by dynamic signaling. 

	AT&T
	Proposal 1: In order to enable TDM operation with forward compatibility to SDM/FDM operation, frame structure coordination for IAB nodes should support the following:
1. Explicit configuration of whether a D/U/F time resource for a given DU child link is Hard or Soft
1. Explicit indication of whether a D/U/F time resource is available or not available from the IAB node’s perspective
Proposal 3: The new slot formats defined for IAB in Rel-16 should support patterns which begin with uplink slots, uplink symbols, or flexible symbols.

	Intel
	Proposal 1: Semi-static configuration regarding D/U/F/NA/H/S for an IAB DU should be per-link based (specific configuration for each child link of one DU). 
Proposal 2: The per-link D/U/F configuration for an IAB DU can be aligned with its child link’s semi-static D/U/F configuration so that no additional per-link D/U/F configuration is needed for the DU.
Proposal 3: The semi-static configuration for an IAB DU should consider that a child IAB node or a child UE’s semi-static D/U resources should always be hard resources.  
Proposal 4: If an IAB DU’s per-link semi-static configuration is decoupled from its child for that link, additional rules should be defined for the connection with the per-link semi-static configured D/U/F/NA/H/S resources for the DU and its child’s semi-static configured D/U/F resources. 

	LG
	Proposal 1: An IAB node can acquire MT configuration of its child node. 
Proposal 2: An IAB node can acquire DU configuration of its child node.
Proposal 3: It is assumed that an IAB node can use its DU configuration to control MT operation
Proposal 4: One DU configuration is configured to a DU and it is applied to all child links.
Proposal 5: Configuration of DU link direction (DL/UL/F) can be based on legacy semi-static SFI configuration.
Proposal 6: It seems desirable to minimize restriction on the location of DU Hard/Soft/NA resource.
Proposal 7: Discuss whether slot format configuration by SI for access UEs also can be applied to MT configuration or not.
Proposal 10: DU operation has priority to MT operation in DU hard resource and soft resource with IA indication, and MT operation MT operation has priority in NA resource and soft resource with INA indication. Discuss whether some exception cases are required.

	Nokia
	Proposal 1: Only flexible resources for MT can be used as soft resources for DU.
Proposal 2: A new F1AP signaling is defined supporting configuration of 7 resource types explicitly for DU part of the IAB node.

Proposal 3: Default resource types for IAB node are the following: 
· MT part: Flexible
· DU part: Flexible Soft

Proposal 4: Semi-static resource configuration is per-DU. 

Proposal 5: In the case of separate configuration for DU/MT resources, consider the following rules for avoiding conflicts across multiple hops: 
· For the resources where DU configuration is NA or Soft with no indication available to use soft resources.
· IAB node sets its DU configuration to “Null” 
· IAB node follows its MT configuration in Parent link 
· For the resources where DU configuration is Hard or Soft with an indication available to use soft resources.
· IAB node sets its MT configuration to “Null” 
· IAB node follows its DU configuration in Child link(s). 

Proposal 6: Resource configuration rules for IAB-nodes and associated behaviors regarding time resource utilization shall be discussed considering following situations. 
1. Intra-IAB DU/MT resource configuration rules. Between MT and DU of the IAB node.   
1. Inter-IAB DUs resource configuration rules. Between parent DU and child DU. 
1. Inter-IAB DU/MT resource configuration rules. Between parent DU and child MT. 
 
Proposal 7: Inter-IAB DU conflicts can be avoided by the following rules, 
1. When the parent DU resource configured as hard, IAB DU resource can be configured as NA or soft resources. 
1. When the parent DU resource configured as NA, IAB DU resource can be configured as hard or NA resources.  
1. When the parent DU resource configured as soft, IAB DU resource can be NA or soft resources. 

Proposal 8: Inter-IAB DU/MT conflicts can be avoided by the following rules,
1. When the parent DU resource configuration is hard, child MT configuration on DL, UL, and F resources should match to the parent DU’s DL, UL, and F resources.
1. When the parent DU resource configuration is NA, child MT configuration should be F.   
1. When the parent DU resource configuration is soft, 
· parent DU is soft-DL, child MT resource should be F (or DL). 
· parent DU is soft-UL, child MT resource should be F (or UL). 
· parent DU is soft-F, child MT resource should be F.  


	Ericsson
	Proposal 1	The MT D/U/F configuration should follow the corresponding Rel-15 specification for UE D/U/F configuration:
· The configuration is done by means of system information and/or dedicated RRC signaling provided by the CU at the donor node.
· A flexible resource can subsequently be re-assigned to downlink or uplink by the parent-node DU using SFI.

Proposal 2	Different MTs under the same parent-node DU may have different D/U/F configurations

Proposal 3	The DU configuration (D/U/F/N and H/S) is not link specific.

Proposal 4	The DU configuration (D/U/F/N and H/S) is cell specific.

Proposal 5	The IAB resource multiplexing should support time-wise full-duplex between the MT and DU(s) of an IAB node.

Proposal 6	The IAB resource multiplexing should support simultaneous DU/MT transmission or reception by means of SDM as an implementation option.

Proposal 7	A hard DU resource implies that the DU has priority over the MT, i.e. the DU can use the resource without any considerations of the impact on the MT’s ability to transmit receive in corresponding MT resources.

Proposal 8	A soft DU resource implies that the MT has priority over the DU, i.e. the DU can use the resource if and only if this will not impact the MT’s ability to transmit/receive according to its configuration/scheduling.

	NEC
	Proposal 1: Both the slot-level and symbol-level granularity for the cases 1-12 are supported for TDM between link 1 and link 2.
Proposal 2: Additional semi-static and dynamic signalling methods to Rel.15 are required to support more slot formats for MT resources in Rel-16.

	ZTE
	Proposal 1: The need of introducing new slot formats for MT resource indication should be well justified.
Proposal 2: IAB-node/IAB-donor DU resources configuration should be at least on a per DU basis.
Proposal 3: For the semi-static DU resource configuration, reuse D/F/U configuration similar to NR Uu configuration and further indicate H/S/NA types.


	Qualcomm
	Proposal1: All or part of following types of interaction rules shall be considered in the spec:
· Type1: interaction rules for a DU between configuration of “Hard/Soft/NA” and other configurations (e.g. TDD slot configuration and physical channel allocation)
· Type2: interaction rules between parent and child DUs regarding pattern alignments.
· Type3: interaction rules between co-located MT/DU to handle potential conflicting TX/RX operations
Proposal2: The following cases shall be considered for a channel type
· Case1: higher priority than “Hard/Soft/NA”: allocated symbols shall not be indicated as “NA/Soft” for DU over its child links with this channel allocation.
· The higher priority channel type shall include SSB used for initial access.
· FFS: other channel types. 
· Case2: lower priority than “Hard/Soft/NA”: allocated symbols are allowed to fall into any “Hard/NA/Soft” resource types.
· FFS: Constrain the semi-static TDD-config corresponding to “NA/Soft” resources as “Flexible”
Proposal3: The “Hard||Hard” and/or “Soft||Hard” pattern alignment across parent and child nodes shall be allowed by the spec, and conflicting resolution rules between co-located DU and MT shall be considered. 
· FFS: support of feedback coordination message from child IAB-node.

Proposal4: Expected behaviour of co-located DU and MT summarized by TR 38-874 under all combinations of (DU’s resource type, MT’s resource type) shall be captured in the spec.
· FFS: exception cases with different behaviors, e.g. co-located MT shall have a higher priority to transmit PRACH than DU to receive PRACH over overlapping PRACH occasions.

	NTT DOCOMO
	Proposal 1: An IAB-node MT should be able to know DU configuration of the IAB-node.
· The IAB-node MT should assume that MT resource which is not indicated as “NA” resource in DU semi-static configuration is invalid to determine association with SSB.
Proposal 2: NR IAB supports the semi-static resource configuration signalling for IAB-node DU based on the existing TDD-UL-DL-ConfigDedicated with modification down-selected from following alternatives.
· Alt.1: For each slot, “Hard or Soft or NA” is indicated.
· Alt.2: For each resource type (DL/UL/Flexible) in each slot, “Hard or Soft or NA” is indicated.
· Alt.3: For each slot, number of symbols for each resource type (DL-H, DL-S, UL-H, UL-S, F-H, F-S, NA) is indicated. The order of resource types within a slot is defined in specification.


	Samsung
	Proposal 1: Both semi-static configurations (e.g., TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated) and dynamic indication (e.g., DCI format 2_0) for DL/UL/flexible resources which are defined in TS38.213 are reused for resource configuration for a MT of an IAB node.
Proposal 2: For resource configuration for a DU of the IAB node, both semi-static configurations (e.g., TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated) and dynamic indication (e.g., DCI format 2_0) for DL/UL/flexible resources which are defined in TS38.213 is a starting point for the details in the exact DU configurations.
Proposal 3: Separate adaptation period and granularity configuration for “hard” and “soft” resources can be considered.


Background:
RAN1 NR Adhoc #4 Agreements:
Agreements:
At least existing resource definitions (D/U/F) and semi-static and dynamic signaling methods defined in Rel-15 for access UEs are reused for configuration and indication of MT resources to be used by the backhaul link between the IAB node and its parent.
· FFS details
Agreements:
IAB-node/IAB-donor DU resources are provided by a semi-static configuration which is provided separately from the MT resource indication
· FFS: whether the configuration is per-link or per-DU 
· FFS: details for the configuration





















Offline agreement:
· If a resource is configured as not available, the DU cannot assume it can use the resource 
· In case of hard DU resources, the DU can assume it can use the resource regardless of the MT’s configuration 
· FFS: Exception cases for specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH) 
· In case of soft DU resources: 
· If the soft resource is indicated as available, the DU can assume it can use the resource
· If the soft resource is not indicated as available, the DU cannot assume it can use the resource 
· The use of soft resources at least corresponds to transmission/reception of specific signals and channels (e.g. PDSCH/PUSCH) at the DU 
· FFS the use of soft resources in case of cell-specific (e.g. SS/PBCH blocks, SI reception, RACH) signals and channels to be potentially transmitted/received at the DU
· Both implicit and explicit indication of the availability of soft resources at an IAB node is supported 
· In case of implicit indication of DU soft-resource availability, the IAB node knows that the DU resource can be used without impacting the MTs ability to transmit/receive according to its configuration and scheduling based on indirect means. Examples of such means may include:
· the lack of uplink scheduling grant at the MT
· no data available for MT transmission
· the configured MT search space, 
· configured RS measurement occasions (e.g. SSB/CSI-RS)
· FFS: consider whether the parent should be able to always be aware of/control the outcome of implicit indications at child nodes
· Explicit indication that a resource is available is based on DCI indication. The following options can be considered:
· SFI-like indication via DCI Format 2_0 
· Use of 2 SFI indications (e.g. based on multi-slot scheduling mechanism)
· Define a new DCI format
· Other options are not precluded
· FFS: whether an explicit indication that a resource is available always has priority over any implicit determination of the availability of a resource
· Further consider factors impacting the usage of soft resources at a child DU, including:
· MT’s decoding delay
· Information exchange delay between MT and DU
· DU’s PDSCH preparation time
· UE PUSCH preparation time
· Accumulated delay across hops






Offline discussion:
Is there a need for inter-IAB node conflict resolution rules and what requirement (if any) is there for the parent node to know the resource configuration of the child DU (via explicit or implicit means)?

[bookmark: _GoBack]Offline agreement:
1. With a single DU configuration at parent IAB node, Inter-IAB node conflict resolution can be supported by the following options: 
0. Alt1: the parent node is aware of all of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs, 
0. Alt2: the parent node may be made aware of a subset of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs
0. FFS: whether the indication of the child DU resources at the parent is via explicit (e.g. F1-AP signaling) or implicit (e.g. based on child MT configuration) means

Offline discussion:
Is there a need for additional slot formats defined for IAB nodes? Rel-15 was designed with DL + F + UL structure. The main use case would be symbol-level multiplexing of access and backhaul links (e.g. UL mini slot at the MT followed by a DL mini slot at the DU).

Offline proposal:
Both slot and symbol-level multiplexing of access and backhaul links are supported.

Offline proposal:
Define additional SFIs for IAB in Rel-16 which support patterns which begin with uplink slots, uplink symbols, or flexible symbols.

Dynamic resource coordination

Company proposals:
	Huawei
	Proposal 3: Implicit indication by reusing Rel-15 scheduling mechanism can be the baseline for dynamic resource sharing between MT and DU, and the necessity of explicit indication should be further studied.
Proposal 4: In order to support dynamic resource sharing between MT and DU, the following processing time constraint should be considered when designing the time offset between the dynamic indication and the corresponding time resource:
· MT’s decoding delay
· Information exchange delay between MT and DU
· DU’s PDSCH preparation time
· UE PUSCH preparation time
· Accumulated delay across hops

	Vivo
	Proposal 2: For FDM case and DU configuration  ‘Hard’ and MT configuration ‘F’, the parent DU is aware of whether the child DU link’s has Tx/Rx. And the signaling can be from child DU link via L1 or MAC signaling.
Proposal 3: For SDM case and DU configuration  ‘Flexible Hard’ and MT configuration ‘F’, the parent DU is aware of whether the child DU link’s has Tx/Rx. And the signaling can be from child DU link via L1 or MAC signaling.
Proposal 4: For IAB-node, the processing times between a downlink indication for DU child link availability from parent node and PDSCH/PUSCH transmission on DU child link should be defined.

	Lenovo/MotM
	Proposal 3: Reuse DCI 2_0 to indicate 4 possible resource types (DL, UL, flexible, non-available) for the soft resources indicated by semi-static signaling.
Proposal 4: Study the applicable range of DCI 2_0 when considering impact of DCI 2_0 processing delay in a multi-hop IAB system.

	AT&T
	Proposal 2: IAB should support dynamic frame structure coordination by using GC-PDCCH signalling from the parent IAB node to the child IAB node to indicate existing Rel.15 slot formats and newly defined Rel.16 slot formats which are optimized for TDM/SDM multiplexing of access and backhaul links.

	Intel
	Proposal 5: To explicitly indicate soft resource availability using SFI, use two SFI indications for parent link and child links respectively. Similar approach as in multi-slot SFI indication can be applied. 
Proposal 6: To support SDM, new semi-static DL-UL configuration pattern and new slot formats for dynamic SFI indication need to be defined. 

	LG
	Proposal 8: When a node configures link direction dynamically for its child node or access UE, it should not be violated its DU configuration.
Proposal 9: If the availability is not configured by explicit L1-signaling for DU soft resource, an IAB node assumes INA for DU at least for PDCCH monitoring resource.

	Nokia
	Proposal 9: MT determines resource usage for flexible time resources according to rules defined in TS 38.213 (Section 11.1) and based on received DCI and/or higher layer configuration.
Proposal 10: IAB MT supports explicit and implicit determination for the availability of soft time resources
Proposal 11: Explicit indication is based on DCI 2_0. For that purpose, introduce four new SFIs to support dynamic capacity allocation between parent and child links 
1. Child DL
1. Child UL
1. Child Flexible
1. Operation according to semi-static MT & DU configuration.

Proposal 12: Explicit indication related to soft time resources needs to support also interference coordination between parent node and child node(s). This can be done based DCI 2_0.

	NEC
	Proposal 3: GC-PDCCH can be used to explicitly indicate switching the availability of link 2 in “soft” time resources.

	Ericsson
	Proposal 9	In case of implicit indication of DU soft-resource availability, the IAB knows, by indirect means, that the DU resource can be used without impacting the MTs ability to transmit/receive according to its configuration and scheduling. Such knowledge can, e.g. be based on
-	the lack of uplink scheduling grant at the MT
-	no data available for MT transmission
-	the configured MT search space, 
-	etc.

Proposal 10	In case of explicit indication of DU soft-resource availability, the IAB node is indicated that specific MT resources will not be used. The IAB node can then, internally, conclude on the availability of the corresponding DU soft resources. 

Proposal 11	The activating of soft resources via explicit indication can either be initiated by the parent node which is aware of its child IAB DU configuration or be initiated by the IAB node which needs to use the configured soft resources.


	ZTE
	Proposal 4: The parent node indicates the soft resource availability to child node by explicit dynamic signaling, with default value of indication as INA.


	Qualcomm
	Observation5: If “NA/Soft” resources are indicated as “flexible” in semi-static TDD config, existing SFI framework can be used to cancel (most of) UE/MT’s TX/RX at “NA/Soft” resources.

	NTT DOCOMO
	Proposal 3: If the parent IAB-node/donor schedules DL reception or UL transmission on a resource which is semi-statistically configured as soft resource for a child IAB-node, the child IAB-node MT follows the scheduling and the child IAB-node DU considers the scheduled resource as NA.
Proposal 4: For dynamic explicit indication of availability of DU soft resource, down select from following alternatives:
· Alt.1: Joint indication of link direction for MT resource and availability of DU soft resource
· Alt.2: Separate indications of link direction for MT resource and availability of DU soft resource

	Samsung
	Proposal 4: Whether MT function can receive DL/transmit UL is up to the availability of DU resource of the IAB node by a dynamic indication from the parent node.
Proposal 5: Both symbol-level and slot-level granularity can be supported and for adaptation period, its duration should be configurable, where within each adaptation period, a bitmap can be used to indicate the active link.
Proposal 6: An IAB node should wait until its child IAB nodes finish their own configuration for multiplexing pattern before issuing a new multiplexing pattern configuration command and a confirmation signaling can be used for notification.



Background:
NR Adhoc #4 agreements:
Agreements:
Support indication of the dynamic availability of soft resources at an IAB node from a parent
· FFS details, including explicit vs. implicit indication


