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1	Introduction
The study of Integrated Access and Backhaul (IAB) is an essential component of NR deployments providing a mechanism to achieve coverage and reliability targets in the absence of wired backhaul connection. This contribution deals with resource allocation aspects between access and BH links. More specifically, we consider the following objectives of the approved IAB work item [1]: 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
1. 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. 
2. 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 
3. Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
4. 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.

Relevant parts of TR 38.874 [2] clause 7.3.3 have been copied in the Appendix.
2	Starting point for IAB resource allocation: TR 38.874
[bookmark: _Hlk534882723]We first summarize expected behavior for DU and MT part of an IAB node. IAB behavior can be useful to determine the procedure that IAB should follow when the resource configurations for DU and MT are separately configured (discussed in Section 3.2) or not fully coordinated by the CU.
There are 21 separate combinations between DU configuration and MT configuration listed in Table 7.3.3-1. Furthermore, 9 combinations have two separate cases defined (for the cases when DU resource is IA or INA). We analyze these combinations in Figure 1. It can be noted that there are six different behaviors altogether:
· IAB Child link (= MT Null)
1. DU Tx (Child-DL)
2. DU Rx (Child-UL)
3. DU Tx/Rx (Child DL/UL)
· IAB Parent link (= DU Null)
4. MT DL 
5. MT UL 
6. MT Flexible 

Observation 1: There are six different IAB behaviors for the case of TDM between Child and Parent links.
[image: ]
[bookmark: _Hlk533054685]Figure 1. DU and MT behavior in case of TDM operation based on [2]

In the following we consider the different configuration options for the TDM case. Figure 2 shows all possible DU/MT configurations for an IAB node. There are altogether 15 different functionalities captured i the TR 38.874, Table 7.3.3-1
· IAB configurations #1-3 correspond to Rel-15 operation (=Parent BH link)
· IAB configurations #4-6 define three different DU-Hard -scenarios (=Child link(s)). 
· For each DU-Hard scenario, there are three sub-scenarios (a, b, c) corresponding to three different MT configuration options. However, all the sub-scenarios have the same IAB behavior. 
· In order to maximize the usage of Rel-15 rules, it can be defined that DU-Hard are supported only when MT is configured to be flexible ( 4/5/6a would map to IAB configuration#1, and 4/5/6b would map to IAB configuration#2, respectively)
· IAB configurations #7-9 correspond to three different DU-Soft -scenarios with MT Flexible.
· IAB configurations #10-15 correspond to three different DU-Soft -scenarios with MT DL/UL.

[image: ]
Figure 2. DU and MT behavior in case of TDM operation based on [2]

Table 1 summarizes the configurations of Figure 2. 

Table 1 Possible IAB configurations
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We think that soft resources, facilitating dynamic capacity allocation between DL/UL/BH/Access, should be based on Rel-15 framework defined for flexible resources. Based on that, IAB configurations #10-15 should not be supported:
· According to NR Rel-15 principles: 
· DL, UL cannot be overridden by semi-static SFI, RRC configuration or dynamic DCI
· DL, UL are not conditionally available for the UE (MT). For example, if the UE (MT) is configured to monitor PDCCH during a DL resource, it will always do so. 
· UE (MT) does not need to determine availability of DL/UL resources.
Hence, support for IAB configurations #10-15 would introduce new functionalities/rules for MT part of the IAB node compared to Rel-15 operation:
· New overriding scenarios: DL/Rxnull, UL/Txnull
· New dynamic signalling supporting the new overriding scenarios 
· Priority handling between MT DL, MT UL and DU-Soft resources covering at least PDCCH monitoring and higher layer configured PDSCH, PUSCH, CSI-RS as well as SRS. Furthermore, the priority handling needs to be defined separately for two cases: in the absence/presence of dynamic signalling.
· Furthermore, IAB configurations #10-15 may create undesirable cross-link interference scenarios in the network (access link UE’s in the parent cell are operating according to R15)  
· In terms of IAB node Tx/Rx behaviour, IAB configurations #10-15 don’t provide any benefits on top of configuration options #1-9. In other words, if the goal is to provide dynamic capacity allocation between parent BH and child link and/or Tx/Rx (interference) coordination/alignment between Parent node/cell and IAB node/cell, it can be supported without any limitations by configuration options #1-9.

Based on the discussion above, we make the following proposal: 

Proposal 1: Only flexible resources for MT can be used as soft resources for DU.

3	Semi-static resource configuration
As discussed, one of the RAN objectives for the IAB WID [1] is “Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint.”

Figure 3 shows the considered IAB scenario containing MT and DU parts:
· MT facilitates Parent BH connections between the Parent node and IAB node. 
· DU facilitates Child connections between IAB node and Child node as well as between IAB node and UE terminals (connected to the IAB node via Access link).
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Figure 3. Considered scenario

In the following we consider two separate approaches for semi-static configuration: 
· Joint configuration: each resource type defines the functionality for two involved links (MT/DU)
· Separate configuration: MT and DU are configured separately.

Observation 2: There are two approaches for semi-static configuration of IAB node
· Joint configuration: each resource type defines the functionality for two involved links (MT/DU)
· Separate configuration: MT and DU are configured separately.

3.1	Joint configuration:
Table 2 shows the proposed resource types for different IAB scenarios based on joint MT/DU configuration (based on discussion in Section 2). When using joint configuration approach, each resource type defines the functionality for two involved links: Parent BH and Child link(s). 

As shown in Table 2, IAB operation captured in the TR 38.874, Table 7.3.3-1 can be supported using 9 different configurations. The need for Configuration #3 as a separate configuration is unclear since it can be seen as a subset of configurations #7-9: it happens “when DU resource: INA”.

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)

Table 2 Possible IAB configurations
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3.2	Separate configuration:
In this case MT and DU parts of the IAB node receive separate configuration from the CU. Figure 4 shows an example how to determine the IAB node behaviour (based on discussion in Section 2) in the case when MT and DU are separately configured. 
· DU configuration contains the agreed time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available. 
· MT configuration contains the existing resource types defined in Rel-15: DL, UL, Flexible.

In order to avoid conflicts across multiple hops [2], IAB node determines one out of six behaviours based on predefined rules shown in Figure 4:
· IAB node sets its DU configuration to “Null” for the resources where DU configuration is NA or Soft with no indication available to use soft resources. 
· IAB node sets its MT configuration to “Null” for the resources where DU configuration is Hard or Soft with an indication available to use soft resources. 

The motivation behind “MT Flexible?” -block is to ensure that only flexible resources for MT can be used as soft resources for DU (see details in Section 2).  
[image: ]
Figure 4. IAB operation based on separate MT/DU configuration

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.
· 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). 

4	Availability of soft resources for IAB node DU 
TR 38.874 states the following: “In order to support mechanisms for resource allocation for IAB nodes, semi-static configuration is supported for the configuration of IAB node DU resources. In addition, dynamic indication (L1 signalling) to an IAB node of the availability of soft resources for an IAB node DU is supported. Existing Rel.15 L1 signalling methods as the baseline, while potential enhancements (e.g. new slot formats), rules for DU/MT behaviour in case of conflicts across multiple hops, and processing time constraints at the IAB node may need to be considered.”

We think that soft resources, facilitating dynamic capacity allocation between DL/UL/BH/Access, should be based on Rel-15 framework defined for flexible resources. According to Rel-15 framework, certain flexible time resources from MT point of view, can be seen as:
· resources assigned for DL Parent BH link or
· resources assigned for UL Parent BH link or
· resources not assigned for Parent BH link.

Parent IAB node and/or CU define the resource usage for flexible resources and indicates the MT accordingly by means of DCI and/or higher layer configuration. The MT can determine the actual resource usage for flexible time resources based on rules defined in TS 38.213 (Section 11.1) and according to received DCI and/or higher layer configuration. MT determines that flexible time resources are assigned for Parent BH link when:
· DCI 2_0 (if configured/detected) indicates that flexible time resources are used as DL or UL (i.e. for Parent BH links)
· MT has received an indication (DCI or higher layer config) to receive PDCCH, PDSCH or CSI-RS (in the DL Parent BH link) during flexible time resources
· MT has received an indication (DCI or higher layer config) to transmit PUSCH, PUCCH, PRACH or SRS (in the UL Parent BH link) during flexible time resources.
Otherwise, flexible time resources are not assigned for Parent BH link.

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.
When IAB node (/MT) operates according to Rel-15 framework
· Flexible resources from MT point of view are considered as soft resources from DU point of view.
· Soft resources can be made available for DU based on explicit or implicit signalling
· Explicit signalling is based on usage of DCI format 2_0 (see details in Section 5)
· Implicit signalling: MT determines resource assignment for flexible (soft) time resources.
· If Flexible MT resource is not assigned for Parent BH link it is considered as “IA” – i.e. DU resource is implicitly indicated as available
· otherwise, if Flexible MT resource is assigned for Parent BH DL or Parent BH UL link it is considered as “INA” - i.e. DU resource is implicitly indicated as not available.

Proposal 5: IAB MT supports explicit and implicit determination for the availability of soft time resources
5	Dynamic SFI 
As discussed in Section 4, explicit indication of the availability of DU resources can be based on usage of DCI format 2_0. This can be made by means of new resource types and it can be made by means of reserved SFIs of the current SFI table. 
Figure 5 shows the proposed resource types for IAB TDM scenario: 
· Configurations #1-3 facilitate Parent BH (existing SFIs)
· Configurations #4-6 facilitate Hard-DU scenarios
· Configurations #6-9 facilitate Soft-DU scenarios 

Proposal 6: Introduce six additional SFIs (Configurations #4-9) to support dynamic capacity allocation between parent and child links 

[image: ]
Figure 5. SFI design.

6	Forward compatibility
IAB WID [1] states that semi-static resource configuration “shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links”. 
Table 3 shows an example how to extend the resource allocation framework to support also FDM and SDM resource sharing among backhaul and access links. The IAB behaviour is based on TR 38.874, Table 7.3.3-2.
· Configurations #16: IAB Transmission for the case with FDM/SDM between Parent BH and Child link(s). This resource is “Hard” from DU point of view. 
· [bookmark: _GoBack]Configuration #17: IAB Reception for the case with FDM/SDM between Parent BH and Child links. This resource is “Hard” from DU point of view. 
· Configuration#18: IAB Tx in the case when Parent BH (Flex) is in Tx phase (otherwise BH only)
· Configuration #19: IAB Rx in the case when Parent BH (Flex) is in Rx phase (otherwise BH only)
 
Table 3 Possible IAB configurations, FDM/SDM
[image: ]

Based on the table above, it is possible to introduce support for FDM/SDM scenarios, as well as full duplex scenarios at any release. The IAB behaviours can be defined either based on joint or separate configuration for the MT and DU parts of the IAB node. 
Observation 3: From resource allocation point of view, it is possible to introduce support for FDM/SDM scenarios, as well as full duplex scenarios at any time.
  

7	Conclusions
In this contribution, we have discussed resource allocation aspects between Parent BH and Child links. Based on the discussion, we make the following proposals and observations:

Observation 1: There are six different IAB behaviors for the case of TDM between Child and Parent links.
Observation 2: There are two approaches for semi-static configuration of IAB node
· Joint configuration: each resource type defines the functionality for two involved links (MT/DU)
· Separate configuration: MT and DU are configured separately.

Observation 3: From resource allocation point of view, it is possible to introduce support for FDM/SDM scenarios, as well as full duplex scenarios at any time.


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.
· 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 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 
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Appendix
Resource coordination among backhaul and access links based on TR 38.874 [2] clause 7.3.3:
[bookmark: _Toc531477270][bookmark: _Toc531609842]7.3.3	Resource coordination
[bookmark: _Hlk527574480][bookmark: _Hlk527573589]From an IAB-node MT point-of-view, as in Rel. 15, the following time-domain resources can be indicated for the parent link:
-	Downlink time resource;
-	Uplink time resource;
-	Flexible time resource.
From an IAB-node 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 (resources not to be used for communication on the DU child links).
Each of the downlink, uplink and flexible time-resource types of the DU child link can belong to one of two categories:
-	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.
At least for TDM Cases 1-12 in Section 7.3.2, an IAB-node is configured with IAB-node specific resources in time available for the links.
Mechanisms for scheduling coordination, resource allocation, and route selection across IAB-nodes/IAB-donors and multiple backhaul hops were studied, including the following aspects:
-	Distributed or centralized coordination mechanisms;
-	Resource granularity, adaptation period, and enhancements to existing mechanisms for the required signalling (e.g. slot or symbol-level or TDD configuration pattern) provided to the IAB-node;
-	Explicit or implicit indication of the resources;
-	Exchange of L1 and/or L3 measurements between IAB-nodes;
-	Exchange of topology related information (e.g. hop order) impacting the study of the backhaul link physical layer design;
-	Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination and the indication of resources within the configuration which can be dynamically and flexibly used for different links, including:
-	The need to consider the scheduling delay, IAB-node processing delays, or information required to be available for the use of flexible resources;
-	Mechanisms to schedule flexible resources (e.g. GC-PDCCH).
In order to support mechanisms for resource allocation for IAB-nodes, semi-static configuration is supported for the configuration of IAB-node DU resources. In addition, dynamic indication (L1 signalling) to an IAB-node of the availability of soft resources for an IAB-node DU is supported. Existing Rel.15 L1 signalling methods as the baseline, while potential enhancements (e.g. new slot formats), rules for DU/MT behaviour in case of conflicts across multiple hops, and processing time constraints at the IAB-node may need to be considered.
[bookmark: _Hlk531086285]Tables 7.3.3-1 and 7.3.3-2 capture the possible combinations of DU and MT behavior. The tables assume an IAB not capable of full-duplex operation. In the tables below the following definitions apply: 
-	“MT: Tx” means that the MT should transmit if scheduled; 
-	“DU: Tx” means that the DU may transmit;
-	“MT: Rx” means that the MT should be able to receive (if there is anything to receive);
-	“DU: Rx” means that the DU may schedule uplink transmissions from child nodes or UEs;
-	“MT: Tx/Rx” means that the MT should transmit if scheduled and should be able to receive, but not simultaneously;
-	“DU: Tx/Rx” means that the DU may transmit and may schedule uplink transmission from child nodes and UEs, but not simultaneously;
-	“IA” means that the DU resource is explicitly or implicitly indicated as available;
-	“INA” means that the DU resource is explicitly or implicitly indicated as not available;
-	“MT: NULL” means that the MT does not transmit and does not have to be able to receive;
-	“DU: NULL” means that the DU does not transmit and does not schedule uplink transmission from child nodes and UEs.
[bookmark: _Hlk530062093]Table 7.3.3-1 applies in case of TDM operation, where there can be no simultaneous transmission in the DU and the MT, nor any simultaneous reception in the DU and the MT.
[bookmark: _Hlk533081716]Table 7.3.3-1: DU and MT behavior in case of TDM operation 
	DU Configuration
	MT configuration

	
	DL
	UL
	F

	DL-H
	DU: Tx
MT: NULL
	DU: Tx
MT: NULL
	DU: Tx
MT: NULL

	DL-S
	When DU resource: IA
DU: Tx 
MT: NULL 

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Tx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Tx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx/Rx

	UL-H
	DU: Rx
MT: NULL
	DU: Rx
MT: NULL
	DU: Rx
MT: NULL 

	UL-S
	When DU resource: IA
DU: Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx/Rx

	F-H
	DU: Tx/Rx
MT: NULL
	DU: Tx/Rx
MT: NULL
	DU: Tx/Rx
MT: NULL

	F-S
	When DU resource: IA
DU: Tx/Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Rx
	When DU resource: IA
DU: Tx/Rx
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx
	When DU resource: IA
DU: Tx/Rx 
MT: NULL

When DU resource: INA
DU: NULL
MT: Tx/Rx

	NA
	DU: NULL
MT: Rx
	DU: NULL
MT: Tx 
	DU: NULL
MT: Tx/Rx
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