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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 as well as agreements from the previous meetings [3], [5], [6] 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. There are 21 (7x3) separate combinations between DU configuration and MT configuration listed in Table 7.3.3-1 (see Appendix) illustrating DU and MT behavior in case of TDM operation. Furthermore, 9 combinations have two separate cases defined (for the cases when DU resource is IA or INA). It can be noted that there are six different behaviors altogether in the case of TDM operation:
· 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.
Figure 1 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.
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Figure 1. DU and MT behavior in case of TDM operation based on [2]

Table 1 summarizes the configurations of Figure 1. 

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. 
· For DL/UL resources with higher layer configured signals (including PDCCH monitoring) the UE operation does not vary dynamically according to parent DU scheduling. Based on that, the UE does not need to determine the availability of higher layer configured DL/UL signals in dynamic manner.

Hence, support for IAB configurations #10-15 would introduce new functionalities/rules for MT part of the IAB node compared to Rel-15 operation - they can be seen as new flexible resource types from MT point of view:
· New overriding scenarios according to parent DU scheduling: 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: 1) in the absence of dynamic signaling and 2) in the presence of signaling.
· 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)  
· Extension of dynamic SFI framework defined in NR Rel-15 provides good coexistence between access link UEs and IAB nodes, as well as interference coordination between parent node and child nodes (see Section 6).  
· In terms of IAB node Tx/Rx behavior, 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 fully dynamic capacity allocation between parent BH and child link(s) and/or Tx/Rx (interference) coordination/alignment between Parent node/cell and IAB node/cell, it can be supported without any limitations already by configuration options #1-9. Furthermore, it should be noted that there is no upper limit for the amount of flexible resources in R15. This means that all MT resources can be configured as DU soft.

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 2 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 2. Considered scenario

The following was agreed in RAN1 Ad-Hoc 1901:
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

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

Based on the agreement, MT and DU parts of the IAB node receive separate configuration from the CU 
· 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.

For MT part of the IAB node, existing semi-static configuration can be used as such. For DU part, the semi-static resource configuration is assumed to be done over F1AP interface. We think that the F1AP signaling should be explicit and it should be possible to indicate all 7 supported resource types in an explicit manner. Configuration is DU-specific at least in the case of single parent node. The signalling details are up-to RAN3 to define. However, in order to maximize the commonality with MT configuration, it makes sense to define the configuration in two groups of indications: 
· the first group indicating the resource type D/U/F    
· the second group indicating the resource flavor H/S/NA.

Proposal 2: Existing RRC signalling is used for configuring semi-static resources for MT part of the IAB node
Proposal 3: A new F1AP signalling is defined supporting configuration of 7 resource types explicitly for DU part of the IAB node. Configuration is DU-specific at least in the case of single parent node.

Based on Rel-15 rules, Flexible resource is a default resource type for the cases when UE has not received any resource configuration. It makes sense to keep this functionality also for MT part of the IAB node. Additionally, it makes sense to define a default resource type for DU part of the IAB node. We think that Flexible soft should be used as the default resource type for DU: 
· Parent BH connection is maintained during flexible Soft
· Based on implicit or explicit indication, DU link is available for both DL transmission and UL reception in the Child link provided that Parent BH link is not assigned.

Proposal 4: Default resource types for IAB node are the following: 
· MT part: Flexible
· DU part: Flexible Soft

3.1	Intra-IAB rules
In addition to resource configuration, there is a need for rules managing the possible conflicting resource configurations across multiple hops [2], covering both semi-static and dynamic resource allocation scenarios. These rules are almost complete based on the previous RAN1 meetings. The remaining issue after RAN1#96bis relates to management of cell-specific signals/channels in the DU link [6]:
· In case of NA or Soft not Indicated Available DU resources, for potential conflicting configuration between NA and Soft not Indicated Available DU resources and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at the DU, the following alternatives are to be considered (to be down-selected): 
· Alt 1): A resource with cell-specific signals/channels configured at DU shall not be configured as type NA or Soft without being Indicated Available. 
· Alt 2): If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource.
· FFS the cell specific signals/channels. The list may include (not necessarily an exhaustive list)
· SSB transmissions
· Broadcast system information
· Configured periodic CSI-RS
· PRACH resources
· Resources for scheduling requests

There are both cell-specific and UE-specific periodic signals/channels that may suffer from conflicting configuration. Cell-specific periodic signals/channels include e.g. SSB, periodic TRS, and PRACH. Furthermore, broadcast system information is periodic, but it’s up-to DU to decide whether or not to transmit certain broadcast system information at a certain opportunity. Based on that, broadcast system information does not require specific attention. UE-specific signals/channels include e.g. configured periodic signals: CSI-RS, CSI reporting on PUCCH, SR and SRS.  
 
Generally speaking, periodic signals in the DU link should never be configured as NA or Soft without being Indicated Available – these will result in the following error cases: 
· UE tries to receive a periodic channel/signal although the DU did not transmit it.
· UE transmit a periodic channel/signal although the DU is not receiving it. 
If this happens, this is either due to a configuration error (i.e. resource being configured as NA) or a signaling error related to indication and/or determination of the soft resource availability. We think that the following proposal could solve the error cases:  

Proposal 5: In case of Periodic signals in the DU link, 
· A resource with periodic signal/channel configured at DU shall not be configured as type NA. 
· [bookmark: _Hlk7770013]If a DU Soft resource is configured with Periodic signals/channels, the resource is treated as if it were a Hard DU resource.
4	Inter-IAB rules 
As discussed in previous RAN1 meetings, in a multi-hop IAB network, an IAB node can be the parent node for an another IAB node, and it can be assumed that CU makes separate configurations for DU and MT parts of all IAB nodes. With respect to Figure 3, we expect resource configurations should handle the following cases in the resource allocation,
· Intra-IAB DU/MT resource configuration rules. Example: (MT#1, DU#1) and (MT#2, DU#2) 
· [bookmark: _Hlk701398]Inter-IAB DUs resource configuration rules considering parent and child DUs. Example: (DU#0, DU#1) and (DU#1, DU#2) 
· Inter-IAB DU/MT resource configuration rules considering parent DU and MT. Example: (DU#0, MT#1) and (DU#1, MT#2).  
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[bookmark: _Ref524610462]Figure 3: Different cases to consider in IAB resource allocation 

In TR38.874 [2], seven different resource types are introduced to IAB DU and three different types are used for IAB MT, which lead to 21 separate combinations between DU and MT configurations. In Section 3.1, we discussed the remaining rules to be used to avoid conflicts within MT and DU parts of the IAB node. However, we see that defining the IAB node behavior considering Intra-IAB DU/MT rules will not be sufficient if the parent and/or child nodes are allocated with conflicting resource configurations. 
Next, we focus on aspects to be considered at the CU and/or parent node to avoid Inter-IAB resource configuration conflicts. 

4.1	Inter-IAB DUs resource configuration
Considering TDM between Parent and Child links at IAB nodes, the resource allocation should be orthogonal for the links showed in Figure 3. There could be resource allocation conflicts if DU resource configurations do not follow certain rules. For example, DU#1 cannot be configured with soft resources when the DU#2 is configured with hard resources by the CU. In this scenario, DU#1 gets the availability of the soft resources from its parent DU, i.e., DU#0, but these resources may be already in use by the DU#2 as hard resources and may lead to conflicts at the child IAB node. Considering these aspects in a TDM scenario, valid resource combinations expected between parent and child DUs are illustrated in Table 2.





Table 2: Valid resource configurations between a (parent, child) DU pair
	Resource configurations
	DU#1

	
	

	
	Hard
	NA
	Soft

	DU#0
	Hard
	Not Valid
	DU #0: Tx/Rx
DU#1: NULL
	When DU#1resource INA
DU#0: Tx/Rx
DU#1: NULL

When DU#1 resource IA
DU#0: NULL
DU#1: TX/RX


	
	NA
	DU #0: NULL
DU#1: Tx/Rx
	DU #0: NULL
DU#1: NULL
	Not Valid

	
	Soft
	Not Valid
	When DU#0 resource INA
DU#0: NULL
DU#1: NULL

When DU#0 resource IA
DU#0: Tx/Rx
DU#1: NULL
	When DU#0 resource INA
DU#0: NULL
DU#1: NULL

When DU#0 resource IA,
DU#0: Tx/Rx
DU#1: NULL
When DU#1 resource IA
DU#0: NULL
DU#1: Tx/Rx





Based on Table 2, we see that some combinations are not valid and can be taken into account at the CU when configuring DU resource configurations. The Inter-IAB DU conflict situations can be avoided by the CU by following the rules in Table 2. However, based on the following agreement made in RAN1#96bis, if the CU configures invalid combinations to a parent-child pair, the parent node may be made aware of the child DU configuration to avoid conflicting resource configurations. 

Agreements:
· An IAB node has the ability to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes.
· in the case the full DU resource configuration information of its child IAB nodes is not necessary, ensure that only the necessary configuration information is signaled to the IAB node.
· [bookmark: _GoBack]FFS the necessary configuration information.

The agreement allows the possibility that the parent operates without any knowledge of the child DU configuration and CU takes care of the resource configurations of each IAB node without conflicts. In a situation that CU decides to allocate invalid combinations like Hard-Hard for Parent-Child DU pair, the parent node may be made aware of that child DU resource configuration to avoid conflicts. Then the parent node can override the invalid configurations according to the rules in Table 3. 

Table 3 Rules of parent node for overriding invalid configurations

	Parent DU
	Child DU
	Rule (with the Child link)

	Hard
	Hard
	Parent DU operates according to NA* 

	NA
	Soft
	· Parent DU operates according to NA 
· Child DU is configured implicitly or explicitly as available (IA) 

	Soft
	Hard
	Parent DU operates according to NA*


*) Note that Parent DU can still support access link UEs according to the configuration. A rule holds only for the conflicting Child link(s)
Proposal 6: Inter-IAB DU conflicts can be avoided by the following rules, 
· When both Parent DU and Child DU are configured as Hard, Parent DU may operate according to NA
· When the parent DU is configured as NA and Child DU is configured as Soft, Parent DU may configure Child DU implicitly or explicitly as available (IA)
· When the parent DU is configured as Soft and Child DU is configured as Hard, Parent DU may operate according to NA.

4.2	Inter-IAB DU/MT resource configuration
This part considers coordination between DU and MT of one link (such as DU#0-MT#1, or DU#1-#MT2 shown in Figure 3). IAB MT is expected to align the resource allocation of the parent DU following the criteria illustrated in Table 4. There can be seven types of resources at the parent DU, and matching DL/UL configuration should be configured at the child MT. It should be noted that if DU and MT configuration are not matching with each other, the link may not operate at all (e.g. both Parent node and IAB node may be transmitting or receiving at the same time). Two MT configurations are shown in brackets in Table 4. In these cases, MT#1 may be receiving (DL) or transmitting (UL) even though DU#0 would be operating according to INA (i.e. IAB node is serving the parent BH link at that time). Hence, in these cases, it would be a better choice for MT to operate according to the framework defined for Flexible resources.

Table 4: Valid resource configurations between parent DU and child MT pair
	Inter-IAB DU/MT configuration
	MT#1

	
	

	
	DL
	UL
	F

	DU#0
	DL - Hard
	x
	
	

	
	UL - Hard
	
	x
	

	
	F - Hard
	
	
	x

	
	NA
	
	
	x

	
	DL- Soft
	(x)
	
	x

	
	UL - Soft
	
	(x)
	x

	
	F-Soft
	
	
	x




Observation 2: Inter-IAB DU/MT conflicts can be avoided by the following rules,
· 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.
· When the parent DU resource configuration is NA, child MT configuration should be F.   
· 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.  

In order to avoid Inter-IAB DU/MT conflicts the serving DU should be aware of IAB MT resource configuration (DL/UL/Flexible). The existing F1-signalling can be used for this purpose. Otherwise, Inter-IAB DU/MT conflict resolution can be seen as an implementation issue.
5	Availability of soft resources for IAB node DU 
The following agreements related to soft resource usage were made in RAN1#96 [5] and RAN1#96bis [6]:
Agreements: [5]
· 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

Agreements: [6]
· An explicit indication of availability of a Soft resource by the parent node makes the resource available to the child node, irrespective of the outcome of any implicit determination of availability by the child node. 
· The parent node does not need to be aware of the outcome of an implicit determination of availability of a DU Soft resources at a child node.


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 (see discussion in Section 2). 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.
In the case of TDM between Parent and Child links (NR Rel-16), the only scenario where “the DU resource can be used without impacting the MTs ability to transmit/receive according to its configuration” is where flexible resources are not assigned for Parent BH link.

Based on rules defined for Rel-15, MT transmission/reception on certain flexible time resources depends on semi-static resource configuration by CU, higher layer configuration by CU and dynamic scheduling by the parent DU. MT can determine the actual resource usage for flexible time resources based on Rel-15 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. 
When IAB node (/MT) operates according to Rel-15 framework
· Only flexible resources for MT can be used as soft resources for DU (Proposal 1).
· Soft resources can be made available for DU based on explicit or implicit signaling
· Explicit signaling is based on usage of DCI format 2_0 (see details in Section 6)
· Implicit signaling: MT determines resource assignment for flexible (soft) time resources based on rules defined for Rel-15: 
· 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 ( the DU resource can be used without impacting the MTs ability to transmit/receive according to its configuration)
· 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 7: When operating according to implicit indication in the TDM scenario, MT determines resource usage for flexible time resources according to Rel-15 rules defined in TS 38.213 (Section 11.1) and based on received DCI and/or higher layer configuration.
· 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.

6	Explicit indication by means of SFI  
The following agreement was made in RAN1#96:
Agreements:
· 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

As discussed in Section 5, explicit indication of the availability of DU resources can be based on DCI format 2_0. IAB support requires introduction of new resource types, and it can be made by means of reserved SFIs of the current SFI table. Figure 4 shows the proposed resource types for the TDM scenario.
· Configurations #1-3 facilitate Parent BH (=existing SFIs). These resource types indicate that a resource not available for Child link operation(s).   
· Configurations #4-6 facilitate Child link operation. These resource types indicate that a resource is available for certain Child link operation(s).   
· Configurations #7-9 facilitate Soft-DU scenarios 

There may be no need for having separate SFIs for Configurations #7-9 (or Configurations #7-15 of Table 1). Instead, those can be replaced by a specific SFI which indicates to operate according to semi-static MT & DU configuration. In this case, IAB node receiving DCI 2_0 may continue operating according to the implicit rules. 
Proposal 8: 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
2. Child UL
3. Child Flexible
4. Operation according to semi-static MT & DU configuration.
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Figure 4. SFI design.
Interference coordination needs to be supported also with dynamic resource allocation. It can be noted that the proposed mechanism and the related SFIs can support not only dynamic traffic adaptation between parent and child link(s), but also interference coordination. Figure 5 shows the SFI adaptation that can be made with certain MT/DU resource combinations based on Table 1. 
· Obviously for certain resource types configured (#1, 2, 4, 5) there is no room for SFI adaptation. If MT receives SFI which is not supported by the configuration, it may consider it as an invalid SFI.
· The maximum flexibility is available for the case of MT-F / DU-F (config. #9) 
· The specific SFI shown with grey color instructs to operate according to the semi-static MT & DU configuration. 

Proposal 9: 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.

 [image: ]
Figure 5. SFIs available for different MT/DU configuration cases.

One issue related to DCI 2_0 is that it may be desirable to use the same DCI for both IAB node(s) and access link UEs in a cell. It can be noted that that (legacy) UEs receiving new SFI types may consider these as invalid configurations and based on that they continue operating according to Flexible resources. This would be the desired mode of operation for access link UEs, and based on that, it can be concluded that DCI 2_0 enhancement related to IAB has a smooth coexistence with access link (legacy) UEs. 
Observation 3: DCI 2_0 enhancement related to IAB has smooth coexistence with access link UEs.

6.1	Factors impacting the usage of soft resources at a child DU
The following agreement was made in RAN1#96:

Agreements:
· 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.

UE processing time related PUSCH preparation is defined in terms of parameter N1, and PDSCH processing time by parameter N2, respectively 
· N1: end of PDSCH to the earliest possible start of HARQ-ACK
· N2: End of PDCCH to the earliest possible start of PUSCH
Table 5 shows these values defined in Rel-15 specs (TS 38.214). 

Table 5 PUSCH preparation and PDCCH processing time defined in Rel-15
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First of all, we think that parameters N1 and N2 defined for UE should be valid also for MT part of the IAB node. However, there is no need to define different IAB internal processing time components in the specification: these can be left for IAB implementation. Instead, we think that parameters N1 and N2 as well as principles defined in Rel-15 should be used as basis for defining when certain soft (=flexible) resource at the latest can be made available for the DU. For example, when operating according to flexible resources in Rel-15 scenario, higher layer configured UL signals (SRS, PUCCH, PUSCH or PRACH) are cancelled only if the DCI indicating CSI-RS or PDSCH reception is received before than the PUSCH processing time defined by N2 (otherwise the higher layer configured UL signal is transmitted and CSI-RS or PDSCH is not received). 

Usage of Rel-15 principles could mean the following rules: 
· DCI (including DCI 2_0) indicating the resource usage for certain flexible MT/soft DU resources should be received at least N2 symbols earlier in order to make the corresponding soft resource available for the IAB node. 
· Similarly, if MT does not receive DCI indicating PUSCH/PUCCH/SRS transmission or PDSCH reception within processing time defined by N2 (or N1 in the case of PDSCH HARQ-ACK), the corresponding flexible resource(s) are implicitly available for DU.  

Proposal 10: For the usage of soft resources at a child DU, use processing times defined for flexible resources in Rel-15 as the basis to determine when certain soft resource at the latest be made available for the DU.

7	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 6 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 behavior 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. 
· 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 6 Possible IAB configurations, FDM/SDM
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Based on the table above, it is possible to introduce support for FDM/SDM scenarios, as well as full duplex scenarios at any release. 
Observation 4: 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.
  
8	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: Inter-IAB DU/MT conflicts can be avoided by the following rules,
· 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.
· When the parent DU resource configuration is NA, child MT configuration should be F.   
· 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.  

Observation 3: DCI 2_0 enhancement related to IAB has smooth coexistence with access link UEs.

Observation 4: 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: Existing RRC signalling is used for configuring semi-static resources for MT part of the IAB node
Proposal 3: A new F1AP signalling is defined supporting configuration of 7 resource types explicitly for DU part of the IAB node. Configuration is DU-specific at least in the case of single parent node.
Proposal 4: Default resource types for IAB node are the following: 
· MT part: Flexible
· DU part: Flexible Soft

Proposal 5: In case of Periodic signals in the DU link, 
· A resource with periodic signal/channel configured at DU shall not be configured as type NA. 
· If a DU Soft resource is configured with Periodic signals/channels, the resource is treated as if it were a Hard DU resource.

Proposal 6: Inter-IAB DU conflicts can be avoided by the following rules, 
· When both Parent DU and Child DU are configured as Hard, Parent DU may operate according to NA
· When the parent DU is configured as NA and Child DU is configured as Soft, Parent DU may configure Child DU implicitly or explicitly as available (IA).
· When the parent DU is configured as Soft and Child DU is configured as Hard, Parent DU may operate according to NA

Proposal 7: When operating according to implicit indication in the TDM scenario, MT determines resource usage for flexible time resources according to Rel-15 rules defined in TS 38.213 (Section 11.1) and based on received DCI and/or higher layer configuration.
· 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 8: 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
2. Child UL
3. Child Flexible
4. Operation according to semi-static MT & DU configuration.

Proposal 9: 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.

Proposal 10: For the usage of soft resources at a child DU, use processing times defined for flexible resources in Rel-15 as the basis to determine when certain soft resource at the latest be made available for the DU.
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Appendix
The following agreements related to IAB resource multiplexing among backhaul and access links were made in RAN1 #96bis [6]:
Agreements:
· In case of Hard or Soft Indicated Available DU resources, no additional exception cases need to be defined for cell specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH).
· The decision on whether to give priority to the DU or to the MT for the use of the resource (e.g. in case of MT RACH transmission) is left to the IAB node implementation.
· The IAB shall fulfill its performance requirements in terms of measurement and transmission of cell specific signals / channels.
· In case of NA or Soft not Indicated Available DU resources, for potential conflicting configuration between NA and Soft not Indicated Available DU resources and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at the DU, the following alternatives are to be considered (to be down-selected): 
· Alt 1): A resource with cell-specific signals/channels configured at DU shall not be configured as type NA or Soft without being Indicated Available. 
· Alt 2): If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource.
· FFS the cell specific signals/channels. The list may include (not necessarily an exhaustive list)
· SSB transmissions
· Broadcast system information
· Configured periodic CSI-RS
· PRACH resources

Agreements:
· An IAB node has the ability to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes.
· in the case the full DU resource configuration information of its child IAB nodes is not necessary, ensure that only the necessary configuration information is signaled to the IAB node.
· FFS the necessary configuration information.

Agreements:
· An explicit indication of availability of a Soft resource by the parent node makes the resource available to the child node, irrespective of the outcome of any implicit determination of availability by the child node. 
· The parent node does not need to be aware of the outcome of an implicit determination of availability of a DU Soft resources at a child node.

The following agreements related to IAB resource multiplexing among backhaul and access links were made in RAN1 #96 [5]:
Agreements:
· 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

Agreements:
· Inter-IAB node conflict resolution can be supported by the following options (to be down-selected) 
· 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, 
· 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
· 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

Agreements:
· Both slot and symbol-level multiplexing of access and backhaul links are supported.

The following agreements related to IAB resource multiplexing among backhaul and access links were made in RAN1 Ad-Hoc 19-01 [3]:
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:
[bookmark: _Hlk727864][bookmark: _Hlk519403]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

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

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 behavior 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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