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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: Separate time resource configuration signaling for the MT and DU of an IAB node should be supported.
Proposal 2: The two flavors of DU time resources, i.e., hard/soft, should be decoupled from the type of MT time sources, i.e., D/U/F.
Proposal 3: Explicit semi-static time resource configuration ignaling 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 indicated by following rules:
-	The downlink, uplink and flexible time resources configured for the DU which are overlapping with the candidate time resources for the MT are regarded as soft resources;
-	The downlink, uplink and flexible time resources configured for the DU which are orthogonal with the candidate time resources for the MT are regarded as hard resources. 
Proposal 4: Explicit semi-static time resource configuration ignaling should be introduced to indicate the candidate time resources for the MT.

	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 TS38.21.
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.

	Lenovo/MotM
	Proposal 5: Downlink hard, uplink hard, flexible hard resource for child backhaul/access link can be indicated by semi-static configuration.
Proposal 8: Non-available for child backhaul/access link can be indicated by both semi-static configuration and DCI 2_0 in child backhaul/access link.


	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 resource for a given DU child link is Hard or Soft
2.	Explicit indication of whether given time resources are available or not available from the IAB node’s perspective

	Intel
	Proposal 1: Semi-static resource configuration for the DU of an IAB node regarding not available/hard/soft (NA/H/S) can be indicated either from the CU of IAB donor to the DU of an IAB node via F1AP ignaling, or from the CU to the MT of the IAB node through RRC ignaling.  

Proposal 2: Different semi-static DU configuration methods regarding not available, hard and soft resource pool can be considered. 
•	Method 1: Explicit indication of all three resource types (NA/H/S);
•	Method 2: Explicit indication of two resource types among NA/H/S; the rest resources belong to the other type. 
O	Method 2-1: signal H and S, the rest are NA;
o	Method 2-2: signal NA and S, the rest are H; 
o	Method 2-3: signal NA and H, the rest are S. 
•	Method 3: Implicit indication on Hard; Explicit indication of one resource type between NA/S.
o	Method 3-1: signal NA, the rest are S;
o	Method 3-2: signal S, the rest are NA.
Method 3 is preferred for semi-static DU configuration regarding not available, hard and soft resource pool.
Proposal 3: Support the following mapping schemes between IAB DU’s time resource and C-MT/C-UE’s time resource: C-MT/C-UE’s D/U resources are always Hard; DU’s NA/S resources only map to C-MT/C-UE’s F resources.

	LG
	Proposal 1: DU configuration can be configured by semi-static and IAB node specific RRC message.
Proposal 2: MT configuration is based on slot format configuration for access link.

	Nokia
	Proposal 1: Only flexible resources for MT can be used as soft resources for DU.
Proposal 2: Consider the following resource types for joint configuration approach: 
•	Configuration #1: Parent-DL
•	Configuration #2: Parent-UL
•	Configuration#3: Parent-Flexible
•	Configuration#4: Child-DL
•	Configuration#5: Child-UL
•	Configuration#6: Child-Flexible
•	Configuration#7: DL-soft (Parent-F or Child-DL)
•	Configuration#8: UL-soft (Parent-F or Child-UL)
•	Configuration#9: Flexible-soft (Parent-F or Child-F)

Proposal 3: 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.
o	IAB node sets its DU configuration to “Null” 
o	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.
o	IAB node sets its MT configuration to “Null” 
o	IAB node follows its DU configuration in Child link(s).

	Ericsson
	Proposal 1	When indicating resource type to IAB DU, signal DL/UL/Flexible/Not-Available and hard/soft resources separately, for example, notifying hard or soft with bit-map in addition to the DL/UL/Flexible/Not-Available resource pattern.
Proposal 2	The semi-static configurations to IAB DU should be associated with activation timing information so that the assigned resources at each IAB DU in the same IAB chain could be aligned.

	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.

	ZTE
	Proposal 2: RAN1 decides whether to introduce the further IAB resource mapping restrictions for child link, with examples including
· The time resource configured to DU as {hard D} or {hard U} can only be used on child link as the resource with the same direction (D or U).
The time resource configured to DU as {soft D} or {soft U} cannot be used on child link as the resource with the opposite direction (U or D), regardless whether the resource is intermediately converted to {F} on child link or not.

	Qualcomm
	Proposal 1: Semi-static configuration of “hard/soft/not-available” resource pattern to DU shall be supported by the CU.

Proposal 2: Semi-static configuration of “hard/soft/not-available” resource pattern shall be transparent to child MT to minimize specification work in Rel 16. 

Proposal 3: CU shall be able to configure the DU with semi-static “hard/soft/not-available” resource patterns specific to each link to a child IAB node.
Proposal 4: Interaction rules between new attribute “hard/soft/not-available” and other specifications shall be defined for an IAB-node to handle potential conflicting allocation.


	NTT DOCOMO
	Proposal 1: 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.
Proposal 2: If DU resource configuration makes specific MT behaviour unavailable e.g., monitoring SSB from parent IAB-node/donor for backhaul link RRM/RLM, it is considered as error configuration.
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.


	Samsung
	Proposal 1: For resource configuration for a MT of an IAB node, the existing Rel-15 signalling is reused. On the other hand, for resource configuration for a DU of the IAB node, additional semi-static configuration is introduced for resource types of DL/UL/flexible/not-available and for hard/soft flavors of the DL/UL/flexible. Also, a dynamic indication by DCI format is introduced for the availability of soft resources.
Proposal 2: Separate adaptation period and granularity configuration for “hard” and “soft” resources can be considered.
Proposal 3: 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.



Offline discussion:
1. Decoupling of configuration of DU and MT resources?
· If existing semi-static TDD configurations (e.g. TDD-UL-DL-ConfigDedicated) as starting point for DU resources, how to additionally indicate In addition, how to indicate whether resources are not available (NA)
· Per-child link vs. Per IAB-node DU indication of resources?
2. Explicit vs. Implicit indication of Hard/Soft and for DU resources:
· Per-slot vs. Per-resource (D/U/F) type within a slot
· How to specify relationship with resources configured for the MT (e.g. whether D/U/F-soft can be configured independently of whether MT is configured with D/U/F, but subject to half-duplex and multiplexing type constraints) – Tables 7.3.3-1 and 7.3.3-2 in TR 38.874 should be the starting point

Offline proposal: 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
· FFS: 
· definition of new slot formats for MTs using unused configuration indices
· additional DL and UL control and data processing timelines for MTs

Offline proposal: IAB-node/IAB-donor DU resources (D/U/F/NA) 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 

Offline proposal: Explicit indication of Hard/Soft of resources for IAB-node/IAB-donor DU resources are supported as part of the semi-static configuration
· FFS: whether the indication is per-slot or per-resource type (e.g. D/U/F/NA)
· FFS: how to specify the relationship with a corresponding MT resource configuration (e.g. according to Tables 7.3.3-1 and 7.3.3-2 in TR 38.874)

Dynamic resource coordination

Company proposals:
	Huawei
	Proposal 5: Implicit indication by using Rel-15 scheduling mechanism should be the baseline for dynamic indication, and the necessity of explicit indication should be further studied.


Proposal 6: 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 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 1: Support dynamic resource partitioning at symbol or symbol group level between parent backhaul link and access link/child backhaul link for efficient multiplexing.
Proposal 2: Reuse DCI 2_0 for slot/symbol/symbol group level resource partitioning among parent backhaul link and access link/child backhaul link of an IAB node.
Proposal 3: A new state “A” is added in addition to states “D”, “F”, “U” to explicitly indicate the resource for access link/child backhaul link when DCI 2_0 is transmitted by an IAB node.
Proposal 4: Study how to indicate the 4 states by DCI 2_0.
Proposal 6: For TDM case, downlink soft, uplink soft, flexible soft resource for child backhaul/access link can be indicated by DCI 2_0’s non-available transmitted in parent backhaul link.
Proposal 7: For SDM/FDM case, downlink soft, uplink soft for child backhaul/access link can be indicated by DCI 2_0’s uplink, downlink transmitted in parent backhaul link.


	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 4: Dynamic indication on soft resource availability at an IAB node is needed from both its parent DU (when the resource is temporarily released from the parent backhaul link) and from its child MT (when the resource is temporarily released from the grand-child backhaul link). 
Proposal 5: For dynamic indication of soft resource availability at an IAB node from its parent node, the parent node can explicitly and/or implicitly inform the IAB node about it: 
•	Implicit Method: Implicitly notification from the parent node based on Rel-15 scheduling mechanism
•	Explicit Method: Explicitly notification from the parent node or from the CU with new signaling
Proposal 6: 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 7: For dynamic indication of soft resource availability at an IAB node from its child node, the child MT can explicitly inform the IAB DU using L1 or L2 signaling.

	LG
	Proposal 3: When a node configures link direction dynamically for its child node or access UE, it should not be violated its DU configuration.
Proposal 4: If the availability is not configured by explicit L1-signaling for DU soft resource, an IAB node assumes INA for the resource.


	Nokia
	Proposal 4: 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 5: IAB MT supports explicit and implicit determination for the availability of soft time resources
Proposal 6: Introduce six additional SFIs (Configurations #4-9) to support dynamic capacity allocation between parent and child links

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

	Ericsson
	Proposal 3	There can be two schemes for explicitly activating soft resources at the IAB DU: 1) resource request from the IAB node and resource grant from the parent node; 2) resource-availability notification from the parent node and resource acknowledgement from the IAB node when the resource is needed.
Proposal 4	The resource request may include additional information, such as data priority or level of urgency, duration of the resources in question, etc. The resource grant/availability-notification can be conditional with eligibility criteria defined for using the requested resources.

	ZTE
	Proposal 1: For the dynamic indication of soft resource availability, RAN1 discussion should include
· Implicit vs. Explicit
· Default value


	NTT DOCOMO
	Proposal 4: New slot formats for IAB that include indication of NA resource(s) in addition to DL/Flexible/UL resources are indicated by using reserved indices of the dynamic slot format indication based on DCI format 2_0.


	Samsung
	Proposal 1: For resource configuration for a MT of an IAB node, the existing Rel-15 signalling is reused. On the other hand, for resource configuration for a DU of the IAB node, additional semi-static configuration is introduced for resource types of DL/UL/flexible/not-available and for hard/soft flavors of the DL/UL/flexible. Also, a dynamic indication by DCI format is introduced for the availability of soft resources.
Proposal 3: 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 4: 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.



Offline discussion:
1. Explicit vs. Implicit indication of utilization of soft resources dynamically  
a. Use of L1 (e.g. DCI format 2_0) vs. L2 (e.g. MAC-CE) signaling for indication of dynamically available soft resources
b. Introduction of new slot formats for indication of dynamic soft resources
c. Same or different granularity compared to the semi-static DU configuration
2. Timeline (e.g. due to processing delays in the IAB node) for the utilization of dynamic resources and adaptation of resource pattern
3. 2-way indication of resources (e.g. resource grants from parent, resource requests from child)

Offline proposal: At least explicit signalling is supported for the indication of the dynamic availability of soft resources at an IAB node from a parent
· FFS: 
· L1 (e.g. SFI in DCI format 2_0) vs. L2 (e.g. MAC-CE)
· Resource definition and granularity relative to semi-static DU resource configuration
· Timeline (e.g. due to processing delays in the IAB node) for the utilization of dynamic resources and adaptation of resource pattern
· 2-way indication of resources (e.g. resource grants from parent, resource requests from child)



