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Introduction
RAN1 #93 [1] achieved the following agreements regarding IAB-network
	
Agreements:
· IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint. Further study the following solutions for the different multiplexing options:
· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops
· Utilization of different DL/UL slot configurations for access and backhaul links
· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links.
· Interference management including cross-link interference
· Note: the level of required enhancement or optimization for the different options is FFS
· Downlink IAB transmissions (transmissions from an IAB node to child IAB nodes and UEs directly under the IAB node) should be scheduled by the IAB node itself.
· Uplink IAB transmission (transmissions from an IAB node to its parent node) should be scheduled by the parent node.
· Semi-static (on the timescale of RRC signalling) should be supported for resource (frequency, time in terms of slot/slot format, etc.) coordination between IAB nodes. 
· The following aspects should be further studied:
· Distributed or centralized coordination mechanisms
· Resource granularity of the required signalling (e.g. TDD configuration pattern)
· Exchange of L1 and/or L3 measurements between IAB nodes
· Exchange of topology related information (e.g. hop order) impacting RAN1 study
· Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination


Discussion
In this contribution, we propose two approaches for resource management in IAB networks:
· A baseline approach is a semi-static resource partitioning approach, where a set of resources, called schedulable resources, is determined for each IAB-node as a DU to schedule its child nodes at a relatively large time scale. For a centralized implementation, new signaling messages shall be defined at F1-AP interface between CU and IAB-node DU to support this baseline approach. No changes are required at NR Uu interface and no changes are required for UEs. 
· An enhanced approach is a dynamic resource coordination approach, which enables fast resource coordination between IAB-nodes. Compared with the semi-static resource partitioning approach, this dynamic resource coordination can be more flexible and efficient in resource usage but at the possible expense of more control signaling overhead. Enhancements or new signaling messages at NR Uu interface may be required for IAB-nodes.           
Baseline Approach: Semi-Static Resource Partitioning
Due to the network-wide implications of half duplexing constraint, a semi-static resource partitioning approach was proposed for IAB networks as a baseline approach [2,3]. In this contribution, we provide more detailed proposals to support this semi-static resource partitioning approach. 
Proposal 1: A semi-static resource partitioning shall be supported as a baseline approach, where a set of resources, called schedulable resources, is determined for each IAB-node to schedule its child nodes. 
F1-AP Signaling Messages to Support Centralized Approach
The semi-static resource partitioning scheme can be implemented using a centralized approach, where a central entity determines schedulable resource pattern for each IAB-node to schedule its child nodes based on some feedback information collected from each IAB-node. The IAB architecture group 1 proposed in [4] is suitable for the centralized implementation of semi-static resource partitioning, where the CU of the IAB-donor can serve as a central entity to determine schedulable resource pattern for each IAB-node. To support the centralized semi-static resource partitioning approach, new signaling messages shall be defined at F1-AP interface [5] between CU and DU of an IAB-node as shown in Fig.1.
· A new F1-AP message from CU to DU: schedulable resource pattern, which indicates whether a resource unit can be scheduled or not by the DU of the IAB-node. 
· A new F1-AP message from DU to CU: resource utilization report, which captures the resource utilization by the DU. This information can be used by CU to make decisions on schedulable resource pattern for the IAB-node.
The exact signaling formats for these new messages shall be determined by RAN2/RAN3.        

Proposal 2: To support centralized semi-static resource partitioning approach, new signaling messages shall be defined at F1-AP interface: 
· schedulable resource pattern from CU to DU of an IAB-node to convey schedulable resources;
· resource utilization report from DU of an IAB-node to CU to help the determination of schedulable resource pattern.  
· Exact signaling format is out of RAN1 scope.
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Fig.1 Baseline Approach: Centralized Semi-Static Resource Partitioning
The baseline approach can support both resource partitioning in time and resource sharing through semi-static DL/UL coordination. To resolve half duplex constraint, between two IAB-nodes with direct connection, their schedulable resources are
· Either non-overlapping in time
· Or overlapping in time but the corresponding semi-static slot format configuration shall be properly coordinated at overlapped resources. 
· E.g. if a schedulable resource is indicated as DL for a parent node of an IAB-node, then the same resource can also be set as schedulable for this IAB-node if the corresponding semi-static slot configuration at this resource is UL.  
An example of baseline approach using schedulable resource pattern is shown at Fig.2.
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Fig 2. An Example of Baseline Approach Using Schedulable Resource Pattern
Observation 1: The semi-static resource partitioning approach can support both resource partitioning in time and resource sharing through semi-static DL/UL coordination by applying semi-static slot configuration together with schedulable resource pattern.  
The granularity for schedulable resource pattern can be 1 or multiple slots, or 1 or multiple symbols with tradeoff between flexibility and signaling overhead.  
Proposal 3: The granularity for schedulable resource pattern shall be configurable, which can be one or multiple slots, or one or multiple symbols.   
Schedulable Resource Pattern with Link Association
We may enhance the mentioned semi-static resource partitioning scheme by associating schedulable resource patterns to the links. With this enhancement, multiple schedulable resource patterns can be created for an IAB-node, each associated with a set of links controlled by this IAB-node. The set of associated links can be all links, or all access links, or all backhaul links, or any subset of links. The default mode can be one schedulable resource pattern associated with all links. 
The following are some use cases for schedulable resource pattern with link association:
· Use case1: some schedulable resources may be dedicated for only access links or only backhaul links for guaranteed performance.
· Use case2: some schedulable resources may have to be allocated to one type of links due to some constraints. For example, as shown at Fig. 4, in a synchronous network, the resources that are FDM/SDM with SSB allocation may only be allocated to access links, since all IAB-nodes are transmitting SSB at same time and they cannot receive from each other at resources that are FDM/SDM with SSB. Same constraint is also applied for Type0-PDCCH, since its location is associated with SSB. 
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Fig. 4. In a Synchronous network, Resources FDM/SDMed with SSB may only be allocated to access links 
· Use case3: Multiple schedulable resource patterns associated with different subsets of links at an IAB-node can be used to achieve higher resource utilization. As shown at Fig.5, schedulable resources for IAB-node1 is split among its child links. Due to this resource split, the child IAB-node of IAB-node1 can reuse the schedulable resources of IAB-node1 that are not allocated to the backhaul link between IAB-node1 and the child node. E.g. IAB-node2 can reuse the green resources of IAB-node1. Without this enhancement, a child node cannot share the same resource as its parent node without proper DL/UL coordination. 
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Fig.5 An example of using multiple schedulable resource patterns at an IAB-node for higher resource utilization. 
Observation 2: Certain schedulable resources may need to be dedicated for only access links or for only backhaul links.
Observation 3: Multiple schedulable resource patterns for an IAB-node, each associated with different sets of links, can be used to achieve higher resource utilization in multi-hop IAB-networks.
Proposal 4: A schedulable resource pattern for an IAB-node can be associated with a subset of its child links.  
The exact signaling format for link association is also left for RAN2/RAN3 decision. 
Interaction with Resource Allocation
The interaction between schedulable resource pattern and L2/L3 resource allocation shall be further studied. For example, one question can be 
· whether schedulable resource pattern shall be applicable for all resource allocation, 
· or some RRC-configured resource allocation, e.g. SSB/Type0-PDCCH etc., shall be always regarded as schedulable resources and the schedulable resource pattern is only applicable for remaining resource allocation.      
Though Rel15 NR spec already provides flexibility in resource allocation for CU and IAB-node DU to select proper configuration parameters to comply with schedulable resource pattern as much as possible, in general a conflict between schedulable resource pattern and resource allocation may not be completely avoided. Two example scenarios are listed below:
· RRC-configured allocations, e.g. periodic or semi-persistent allocations etc., with some allocated resources falling into non-schedulable resources.
· Slot aggregation with mixed schedulable and non-schedulable resources.
Conflict resolution rules shall also be studied to handle potential conflict between schedulable resource pattern and resource allocation.  
Proposal 5: Interaction between schedulable resource pattern and resource allocation shall be further studied, including e.g. conflict resolution rules.
Enhanced Approach: Dynamic Resource Coordination
We also propose to support the dynamic resource coordination as an enhanced approach for IAB network. The dynamic resource coordination shall allow for fast resource coordination between IAB-nodes, which can adapt the schedulable resources quickly based on traffic or channel conditions between IAB-nodes. To support dynamic resource coordination, enhancements or new signalling messages at NR Uu interface may be required. One potential enhancement is to extend Rel15 slot format indication framework [6] with to indicate its non-schedulable resources to the child node.     
Proposal 6: A dynamic coordination approach shall be supported with potentially using enhanced slot format indication framework.
Conclusion
Proposal 1: A semi-static resource partitioning shall be supported as a baseline approach, where a set of resources, called schedulable resources, are determined for each IAB-node to schedule its child nodes.
Proposal 2: To support centralized semi-static resource partitioning approach, new signaling messages shall be defined at F1-AP interface: 
· schedulable resource pattern from CU to DU of an IAB-node to convey schedulable resources;
· resource utilization report from DU of an IAB-node to CU to help the determination of schedulable resource pattern.  
· Exact signaling format is out of RAN1 scope.
Observation 1: The semi-static resource partitioning approach can support both resource partitioning in time and resource sharing through semi-static DL/UL coordination by applying semi-static slot configuration together with schedulable resource pattern.
Proposal 3: The granularity for schedulable resource pattern shall be configurable, which can be one or multiple slots, or one or multiple symbols. 
Observation 2: Certain schedulable resources may need to be dedicated for only access links or for only backhaul links.
Observation 3: Multiple schedulable resource patterns for an IAB-node, each associated with different sets of links, can be used to achieve higher resource utilization in multi-hop IAB-networks.
Proposal 4: A schedulable resource pattern for an IAB-node can be associated with a subset of its child links.
Proposal 5: Interaction between schedulable resource pattern and resource allocation shall be further studied, including e.g. conflict resolution rules.
Proposal 6: A dynamic coordination approach shall be supported with potentially using enhanced slot format indication framework. 
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