[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _Hlk513535172]3GPP TSG RAN WG1 Meeting #95	R1-1813419
[bookmark: _GoBack]Spokane, US, Nov 12 – 16, 2018

Agenda Item:	7.2.3.3
Source: 	Qualcomm Incorporated
Title: 	Resource Management in IAB Network 
Document for:	Discussion and decision
Introduction
RAN1 #94[1] achieved the following agreements on SDM/FDM TX and RX for IAB-network
	
Agreements:
Clarify the SDM/FDM scenario definition: 
· SDM/FDM Tx: An IAB node simultaneous transmits in the DL (to an access UE and/or child IAB node) and transmits in the UL (to a parent IAB node)
· SDM/FDM Rx: An IAB node simultaneous receives in the DL (a transmission from a parent node) and receives in the UL (from an access UE and/or child IAB node)
For the support of SDM/FDM, further study the following aspects:
· Transmit power coordination between parent and child links 
· Considerations of single panel vs. multi-panel operation (single or multiple baseband)
· Requirements of symbol-level timing alignment within an IAB node (e.g. Case #6/Case #7) 



RAN1 #94bis [2] achieved the following agreements on resource management for IAB-network.
	
Agreements:
From an MT point-of-view, the following time-domain resources can be indicated for the parent link:
· Downlink time resource,
· uplink time resource, 
· flexible time resource 
as in release 15.
From a DU point-of-view, the child link has the following types of time resources
· Downlink time resource,
· uplink time resource, 
· flexible time resource 
· not available time resources (not to be used for communication on the DU child links) 
Exact configuration for DU is FFS
Agreements:
· For each of the downlink, uplink and flexible time-resource types of the DU child link there are two flavors, hard and soft:
· Hard: The corresponding time resource is always available for the DU child link
· Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node.



Discussion
In this contribution, we provided our detailed view on the IAB resource management:
· We discussed possible signal enhancements to achieve a more efficient resource management, where potential enhancements to both upper-layer messages and PHY/MAC signalling are proposed.
· We discussed various cases of potential scheduling conflict when using soft resources and provided our proposal to handle this issue.
· We compared methods of using explicit or implicit indication to control soft resources of a child node, where advantages of explicit method are shown in term of traffic delay and interference management at a cost that enhancement of some existing 5GNR DL signalling messages is required.
· We discussed supporting of SDM/FDM in IAB network, where we propose to identify conditions or scenarios for coordination of transmitted SDM/FDM signals with respect to power and timing alignment so that they are only triggered when needed.
Signaling Enhancements for Efficient Resource Management
In order to support resource management in IAB-network, RAN1-94bis agreed to define additional resource types (i.e. not available resource, soft resource with DL/UL/Flexible association) for IAB-node DU besides the existing resource types (hard resource with DL/UL/Flexible association). RAN1-94bis also agreed to support explicit and/or implicit DL indication from a parent node to control soft resources of a child node. In this section, we show that additional enhancements may be needed to achieve more efficient resource utilization. 
First of all, the determination of resource pattern for each IAB-node shall depend on the capability of each IAB-node. The node capability can include support of full-duplex, support of SDM/FDM TX, support of SDM/FDM RX, etc. If a node does not support full-duplex (i.e. half-duplex), then this IAB-node cannot TX and RX at the same time within the same band, which will put constraints on the resource patterns across a parent node and a child node. Furthermore, if an IAB-node node does not support SDM/FDM TX and/or RX, a resource partition in time has to be imposed between a parent and a child link. Therefore, knowledge of node capability is important to determine resource patterns in an IAB network for both a centralized and distributed approach. 
Secondly, information regarding the topology of the IAB network, traffic load, and resource utilization are key factors to optimize resource pattern to achieve high resource utilization in an IAB network. Any change of these parameters shall be notified to the responsible entity to update the resource pattern.          
Observation 1: More efficient resource utilization can be achieved if resource partition across IAB network can be determined and updated based on information reported from an IAB-node, such as node capability, topology, traffic load, and resource utilization.
Proposal 1: RAN1 to send an LS to RAN2 to support an IAB-node to report information such as its capability, topology, traffic load, and resource utilization.
· Node capability can include supporting full-duplex, supporting SDM/FDM TX, supporting SDM/FDM RX. 
RAN1-94bis agreed that coordination of soft resources of an IAB-node is controlled by its parent node, where soft resources can be used by an IAB-node only if its parent node permits. For an IAB-node with only half-duplex capability, a parent node may need to release its own resources in order to permit the IAB-node to use the soft resources, especially when SDM/FDM TX and/or SDM/FDM RX is not supported by an IAB-node. The parent node can decide to release resources based on its own traffic demand, but there can be some adjustment room to release more or less resources based on the need of its child nodes, especially when there is best-effort traffic. The following signaling enhancements should be considered to achieve a more efficient use of soft resources: 
· An UL indication, e.g. request of resource release, from an IAB-node to its parent node. There can be cases that an IAB-node is congested but not its parent node, e.g. an IAB-node may have more connected child UEs than its parent node. For this case, it would be helpful if the IAB-node can send an UL request to indicate its need for the soft resources.
· Additional DL indication, e.g. for reclaiming of released resources, from a parent node to an IAB-node. This can be useful when the parent node suddenly has some delay-sensitive bursty traffic, e.g. for its child UEs, and would like to reclaim the released resources to its child IAB-node.      
Proposal 2: Further signaling enhancements in physical and/or MAC layer should be considered for more efficient use of soft resources.

Handling Potential Scheduling Conflict of Using Soft Resources
When an IAB-node is granted permission by its parent node to use a soft resource, there can be potential scheduling conflict for using this soft resource as shown in Fig.1:
· Case1: the corresponding resource type at a child IAB-node is a hard resource, and this child IAB-node may use this resource over its own child link. In this case, the same resource may be scheduled for both parent and child links of the child IAB-node. Depending on whether SDM/FDM between parent and child links is supported or not, we may have following issues of scheduling conflict:  
· Issue1: SDM/FDM between parent and child links is not supported, but a resource is scheduled for both parent and child links of a node.  
· Issue2: SDM/FDM between parent and child links is supported, but scheduling grants for parent and child links violate half-duplex constraint of a node. This can happen if one or both resource types are flexible, or both resource types are with same direction of DL or UL.                
· Case2: this IAB-node may have multiple parent nodes, and it may receive permission from a subset of its parent nodes while remaining parent nodes may use this resource over the links to this IAB-node. In this case, the same resource may be scheduled for both parent and child links of the IAB-node. Similar issues of scheduling conflict may happen as described for case1.       
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Fig. 1 Cases with Potential Scheduling Conflict of Using Soft Resources.
Observation 2: When an IAB-node is granted permission by a parent node to use a soft resource, there can be potential scheduling conflict of using this soft resource if the corresponding resource type at the child backhaul node is a hard resource.
Observation 3: When an IAB-node is granted permission by a parent node to use a soft resource, there can be potential scheduling conflict of using this soft resource if this IAB-node has multiple parent nodes. 
To handle potential scheduling conflict of using soft resources in case1, one may want to restrict that a soft resource of an IAB-node cannot be aligned with a hard resource (or with certain direction type in case of SDM/FDM) of a child IAB-node. This can be too restrictive because an IAB-node may have multiple child nodes including child UEs, and child IAB-nodes with different resource types. The soft resources of an IAB-node can still be used for communication with child UEs and/or the subset of child backhaul nodes whose resource type is soft or not-available. Therefore, we propose to define some specification rules or signaling enhancements to avoid potential scheduling conflict, and at the same time avoid putting too much restriction on resource pattern.                 
Proposal 3: Some specification rules or signaling enhancements should be considered to avoid potential scheduling conflict during coordination of soft resources without too much restriction on resource pattern. 

Explicit versus implicit indication
RAN1-94bis agrees to support both explicit and/or implicit indication from the parent node to control a soft resource of an IAB-node. In this section, we discuss the pros and cons of these two methods.        
In an implicit method, an IAB-node determines whether it can use a soft resource over its child links by monitoring its parent’s scheduling grant over the parent link:
· If a grant of scheduling this resource over the parent link is detected, the IAB-node shall not use this soft resource.
· Else, the IAB-node can use this soft resource.   
In an explicit method, an IAB-node receives an explicit indication from its parent node for permission of using soft resources. 
We have the following observations by comparing implicit method and explicit method.
· The implicit method can operate using existing 5GNR framework without any changes, but the explicit method requires enhancements to existing signaling messages.
· The implicit method will result in a higher traffic delay than an explicit method. In an implicit method, an IAB-node needs to first monitor its parent’s scheduling grant before it can decide whether to use a soft resource and send out its own scheduling grant. Therefore, the scheduling gap configured for a parent node, i.e. K0 between PDCCH and PDSCH and K2 between PDCCH and PUSCH, must be larger or equal to the scheduling gap configured for an IAB-node plus the extra PDCCH processing delay used for monitoring its parent scheduling grant. But such restriction on scheduling gap at the parent node is not needed for an explicit method, where an explicit indication for permitting the soft resources can be included in any DL signaling message, e.g. a DCI scheduling grant for a previous slot. One example is shown at Fig.2, where the PDCCH processing delay is assumed to be 1 slot. As we can see, in this example, K0=1 has to be used at parent node for scheduling PDSCH when an implicit method is used, while K0=0 can still be used at parent node for an explicit method. Thus using an implicit method will result in higher traffic delay than using an explicit method.
· Note that issue of delay can be more severe for a chain of multi-hop nodes with aligned soft resources, where the scheduling gap at an IAB-node may need to be scaled with the number of downstream hops in the chain to avoid potential scheduling conflict, as shown in Fig.3. 
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Fig.2 One example: implicit method with higher traffic delay than explicit method
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Fig.3. One example: implicit method in a multi-hop chain with aligned soft resources
· An explicit method can achieve a more flexible handling of the resources, that may be used e.g. for efficient interference coordination. Since use of soft resource is explicitly controlled by the parent node, in an explicit method, an IAB-node can decide whether to grant permission to a child IAB-node based on a number of other factors besides its own traffic demand for resources. For example, one factor can be the status of its other child IAB-nodes to control interference. But for an implicit method, the decision is made at each child IAB-node by monitoring its parent scheduling grant. If no scheduling grant is sent by an IAB-node for a resource, all its child IAB-nodes with corresponding soft resource may decide to use this resource at same time, which may be undesirable due to high interference for certain geometry. In fig. 4, we show a scenario that explicit method can achieve better control of interference than an implicit method. Essentially, for an implicit method, no scheduling grant from the parent node means permission to use the soft resource; while for an explicit method, no scheduling grant and granting permission to use soft resource can be separated.            
         [image: ]
Fig. 4. Implicit method versus explicit method for an IAB-node with multiple child IAB-nodes.
Observation 4: The implicit method can result in a higher traffic delay than an explicit method, since a larger scheduling gap has to be configured at a parent node for an implicit method to account for extra PDCCH processing delay at an IAB-node for monitoring its parent node. 
Observation 5: The issue of higher traffic delay when using an implicit method can be more severe for a chain of multi-hop nodes with aligned soft resources, where scheduling gap at an IAB-node has to scale with number of downstream hops to avoid potential scheduling conflict. 
Observation 6: In an explicit method, an IAB-node may decide whether to grant permission of using a soft resource to a child IAB-node based not only on its own traffic demand for resources, but also some other factors, such as status of its other child IAB-nodes, or managing the inter-link interference.  
       
Discussions on SDM/FDM                 
To support SDM/FDM between parent and child links at an IAB-node, the resource pattern configured for this IAB-node shall have UL/DL direction properly aligned with the resource pattern configured for its parent node. This can be achieved by a centralized approach. 
RAN1-94 has agreed that coordination of transmission power and symbol-level timing alignment shall be further studied to support SDM/FDM. The procedure for coordination of transmission power and/or timing alignment across IAB-network can be complicated, but the coordination may not be always required to support SDM/FDM. For example, SDM signals generated using different antenna panels with very good isolation between panels may not require any coordination. In this case, interference from undesirable signal before any signal processing is already sufficiently low that additional coordination at transmitter side does not make much difference on performance. But there are also cases that coordination of power and timing-alignment is essential for performance of SDM/FDM, especially when interference from undesirable signal before any signal processing is not negligible. It would be beneficial to identify conditions or scenarios that coordination is required to support SDM/FDM in IAB network so that the coordination is only triggered when needed.       
Observation 7: Coordination of transmission power and/or timing-alignment may not be always required to support SDM/FDM, especially when interference from undesirable signal before any signal processing is sufficiently low.
Proposal 4: Further study shall be done to identify conditions or scenarios for requiring coordination of power and/or timing alignment to support SDM/FDM in IAB network.               
         
Conclusion
Observation 1: More efficient resource utilization can be achieved if resource partition across IAB network can be determined and updated based on information reported from an IAB-node, such as node capability, topology, traffic load, and resource utilization.
Proposal 1: RAN1 to send an LS to RAN2 to support an IAB-node to report information such as its capability, topology, traffic load, and resource utilization.
· Node capability can include supporting full-duplex, supporting SDM/FDM TX, or supporting SDM/FDM RX.
Proposal 2: Further signaling enhancements in physical and/or MAC layer should be considered for more efficient use of soft resources.
Observation 2: When an IAB-node is granted permission by a parent node to use a soft resource, there can be potential scheduling conflict of using this soft resource if the corresponding resource type at the child backhaul node is a hard resource.
Observation 3: When an IAB-node is granted permission by a parent node to use a soft resource, there can be potential scheduling conflict of using this soft resource if this IAB-node has multiple parent nodes.
Proposal 3: Some specification rules or signaling enhancements should be considered to avoid potential scheduling conflict during coordination of soft resources without too much restriction on resource pattern.
Observation 4: The implicit method can result in a higher traffic delay than an explicit method, since a larger scheduling gap has to be configured at a parent node for an implicit method to account for extra PDCCH processing delay at an IAB-node for monitoring its parent node. 
Observation 5: The issue of higher traffic delay when using an implicit method can be more severe for a chain of multi-hop nodes with aligned soft resources, where scheduling gap at an IAB-node has to scale with number of downstream hops to avoid potential scheduling conflict. 
Observation 6: In an explicit method, an IAB-node may decide whether to grant permission of using a soft resource to a child IAB-node based not only on its own traffic demand for resources, but also some other factors, such as status of its other child IAB-nodes, or managing the inter-link interference.
Observation 7: Coordination of transmission power and/or timing-alignment may not be always required to support SDM/FDM, especially when interference from undesirable signal before any signal processing is sufficiently low.
Proposal 4: Further study shall be done to identify conditions or scenarios for requiring coordination of power and/or timing alignment to support SDM/FDM in IAB network.
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