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Introduction
This contribution provides an envisioned resource management framework for IAB based on the agreed IAB WID scope [1]. More specifically, this contribution mainly focuses on one of the aspects within the resource management framework: the interaction rules. Three types of interaction rules are identified: 
· type1 interaction rules for a DU between the configuration of “Hard/Soft/NA” and other configurations such as TDD slot configuration and physical channel allocation; 
· type2 interaction rules between parent and child DUs regarding pattern alignments;
· type3 interaction rules between co-located MT and DU on potential conflicting TX/RX operation.   
IAB Resource Management Framework
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[bookmark: _Ref1150520]Figure 1 – Baseline Resource Management Framework For IAB
In [2], the resource management framework under gNB CU-DU architecture was summarized for Rel 15 NR, and this framework was further extended to IAB-network based on agreed IAB WID scope [1]. At high level, it is envisioned that the baseline resource management framework for IAB consists of: 
· a semi-static configuration of “Hard/Soft/NA” patterns for each IAB-node DU via the CU;
· dynamic distributed adjustments between parent and child IAB-nodes over child’s soft resources,
· and interaction rules, which may include rules between various configurations, between parent and child IAB-nodes, and between co-located MT and DUs.   
A description of a baseline resource management for IAB-network is shown in Figure 1. In [2], proposals on semi-static configuration of “Hard/Soft/NA” attribute for DU were provided. In this contribution, the main focus is on interaction rules for IAB-network. 
Interaction Rules for IAB Resource Management
Interaction rules in Rel 15
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[bookmark: _Ref1150540]Figure 2 – A high level illustration of interaction rules for Rel 15 resource management
According to NR spec [3] in Rel 15, an OFDM symbol can be indicated as “DL/UL/Flexible” through a TDD slot configuration framework. Since the physical channel allocation (semi-static or dynamic) also implies a specific direction in DL or UL, there can be confliction between TDD slot configuration and physical channel allocation. Various interaction rules are defined in [3] to avoid or resolve the confliction. A high-level illustration of interaction rules for Rel 15 resource management is shown in Figure 2. It can be seen that there are underlining priorities among various types of channel allocation and various types of TDD slot configuration, and a lower priority configuration shall
· either comply with a higher priority configuration, e.g. symbols with SSB shall not be indicated as UL in TDD slot configuration;
· or can be overwritten by a higher priority configuration, e.g. an RRC-configured semi-static TX/RX on PDSCH shall be cancelled if SFI at allocated symbols is detected as flexible.
Confliction Scenarios in IAB
The confliction scenarios for resource management in IAB-network are more complicated than access network, because resources need to be coordinated across IAB-nodes to address half duplex constraint. There are three categories of confliction scenarios in IAB-network.
The confliction scenario1 is between “NA/Soft” resources and physical channel allocation. For semi-static channel allocation (e.g. periodic or semi-persistent) or dynamic multi-slot allocation, if no restrictions are imposed on DU’s pattern on “Hard/Soft/NA” or pattern of channel allocation, some of channel allocations may fall into “Soft/NA” resources. As shown in Figure 3, for these channel allocations that fall into “NA” resources or “Soft” resource at un-available state (i.e. not permitted by parent node), DU will not transmit or receive by definition, but the child UE/MT, which has no knowledge of DU’s pattern on “Hard/Soft/NA”, may still (attempt to) receive or transmit based on channel allocation unless its operation is cancelled due to mechanism such as SFI etc. Depending on channel type, the performance loss of having some allocations falling into “NA/Soft” resources may or may not be acceptable. For example, 
· For SSB used for initial access, if some allocation falls into “NA/Soft”, since DU does not transmit these SSB, UE/MT may not be able to connect to the system, which is not acceptable. 
· For SPS PDSCH, if some allocation falls into “NA/Soft”, since DU does not transmit these PDSCH, UE/MT will have a decoding error, which can be recovered by retransmission and the performance impact can be acceptable.

Observation1: For semi-static channel allocation or dynamic multi-slot allocation, some of channel allocations may fall into “NA/Soft” resources if no restrictions are imposed, which may cause in-consistent behaviour between DU and child UE/MT. 
Observation2: Depending on channel type, the performance loss of having some allocation falling into “NA/Soft” resources may or may not be acceptable. 
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[bookmark: _Ref1150556]Figure 3 – Confliction Scenario1 between “Soft/NA” resources and channel allocation
The confliction scenario2 is between parent and child DUs on pattern alignments. As shown in Figure 4, the “Hard||Hard” or “Soft||Hard” alignments between parent and child DUs may violate capability of child IAB-node on half-duplex constraint and/or supporting simultaneous FDM/SDM TX or RX.
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[bookmark: _Ref1150577]Figure 4 – Confliction Scenraio2 between parent and child DUs on pattern alignment
Observation3: The “Hard||Hard” and “Soft||Hard” alignments between parent and child DUs may violate capability of child IAB-node on half-duplex constraint and/or supporting simultaneous FDM/SDM TX or RX. 
The confliction scenario3 is between co-located MT and DU of an IAB-node with conflicting TX/RX operation that may violate half-duplex constraint and/or simultaneous SDM/FDM TX or RX capability of the IAB-node, as shown in Figure 5. Note that confliction scenario3 can be a result of scenario1&2 issues. 
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[bookmark: _Ref1150596]Figure 5 – Confliction scenario3 between co-located MT and DU on TX/RX operations
Observation4: An IAB-node may have conflicting TX/RX operation between co-located MT/DU that violates half-duplex constraint and/or simultaneous SDM/FDM TX or RX capability of the IAB-node.
For these 3 confliction scenarios, the corresponding interaction rules shall be considered in the spec as shown at Figure 6.
Proposal1: All or part of following types of interaction rules shall be considered in the spec:
· Type1: interaction rules for a DU between configuration of “Hard/Soft/NA” and other configurations (e.g. TDD slot configuration and physical channel allocation)
· Type2: interaction rules between parent and child DUs regarding pattern alignments.
· Type3: interaction rules between co-located MT/DU to handle potential conflicting TX/RX operations
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[bookmark: _Ref1150615]Figure 6 – Three types of interaction rules
Type1 Rules between Configurations
The type1 interaction rules are for a DU between its configuration of “Hard/Soft/NA” and other configurations such as TDD slot configuration and physical channel allocation. For a channel allocation type, one key question is whether allocated resources are allowed to fall into “NA/Soft” resources. A detailed analysis shall be done for each channel type to see whether the performance impact of allowing allocated resources falling into “NA/Soft” resources is acceptable. Some example analysis on SSB and SPS PDSCH were mentioned at section 3.1. Here, another example analysis on periodic CSI-RS is shown below:
· For periodic CSI-RS used for channel measurements, if some allocation falls into “NA/Soft”, DU does not transmit these CSI-RS. 
· If UE/MT still attempts to receive CSI-RS, CSI will be estimated based on noise, which may lead to beam failure and the performance impact may be significant.
· To avoid above scenarios, Rel 15 mechanisms, such as indicating the allocated symbols as an opposite TDD direction (i.e. UL in this case) by TDD slot configuration or as flexible by SFI, can be used to cancel UE/MT’s reception of periodic CSI-RS. 
Note that allocations that fall into a “NA/Soft” resource may include both DL and UL allocations from different channel types. One mechanism to cancel both TX/RX operations at UE is to set SFI as flexible at this resource. Note that SFI can be set as flexible at a symbol only if the corresponding semi-static slot configuration is also indicated as flexible.

Observation5: If “NA/Soft” resources are indicated as “flexible” in semi-static TDD config, existing SFI framework can be used to cancel (most of) UE/MT’s TX/RX at “NA/Soft” resources.

Based on above analysis, it is proposed that different types of channel allocations shall be divided into two sets: 
· one set with higher priority than “Hard/Soft/NA” configuration. For a channel type within this set, the allocated symbols shall not be indicated as “NA/Soft” for DU over its child links with this channel allocation; 
· another set with lower priority than “Hard/Soft/NA” configuration. For a channel type within this set, the allocated symbols are allowed to fall into any “Hard/Soft/NA” resource types and it is up to CU’s implementation to use other mechanisms to minimize or resolve potential confliction. 
· One mechanism to minimize the potential confliction is to constrain the semi-static TDD configuration corresponding to “NA/Soft” resources as “Flexible”, then SFI framework can be used by DU to cancel child UE/MT’s TX/RX on “NA/Soft” resources, as shown in Figure 7.
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[bookmark: _Ref1150631]Figure 7 – Restricting “NA/Soft” resources with “flexible” attribute

Proposal2: The following cases shall be considered for a channel type
· Case1: higher priority than “Hard/Soft/NA”: allocated symbols shall not be indicated as “NA/Soft” for an IAB-node DU over its child links with this channel allocation.
· The higher priority channel type shall include SSB used for initial access.
· FFS: other channel types. 
· Case2: lower priority than “Hard/Soft/NA”: allocated symbols are allowed to fall into any “Hard/Soft/NA” resource types.
· FFS: Constrain the semi-static TDD-config corresponding to “NA/Soft” resources as “Flexible”
Type2 Rules between Parent and Child DUs
The type2 interaction rules are regarding “Hard||Hard” and “Soft||Hard” pattern alignments between parent and child DUs that may cause potential confliction. Different options can be considered, one option is to disallow “Hard||Hard” and “Soft||Hard” pattern alignments. Note that if IAB-node supports simultaneous FDM/SDM TX or RX, the “Hard||Hard” and “Soft||Hard” alignments refer to the alignments associated with same DL or UL directions across parent and child nodes or at least one of nodes with flexible direction. This option can be too restrictive.  
[bookmark: _GoBack]One use case for Hard||Hard alignment is shown in Figure 8, where there are overlapping PRACH occasions between parent and child backhaul links. As illustrated, the parent backhaul link is configured with PRACH configuration index 4 and child backhaul link is configured with PRACH configuration index 5. Among all PRACH occasions, there are a few overlapping occasions across parent and child links. Since PRACH does not happen frequently, confliction at overlapping PRACH occasions may only occur occasionally. For the occasional confliction cases, type3 interaction rules can be used to determine whether MT or DU at the child IAB-node shall cancel the operation. In addition, if there are multiple TDMed PRACH occasions associated with one SSB, the cancelled PRACH can be tried at other non-overlapping occasions. Therefore, if these overlapping resources are dedicated for PRACH, assigning them as “Hard-UL” or “Hard-Flexible” across both parent and child DUs can be one acceptable option.    
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[bookmark: _Ref1150663]Figure 8 – One use case for “Hard||Hard” alignment with overlapping PRACH occasions
Similarly, there are also use cases for Soft||Hard alignment. If Soft||Hard alignment is not allowed, a soft resource can only be aligned with another soft resource or NA resource. Then for an IAB-network with multi-hops, the resource utilization of aligned soft resources is low at default mode before any coordination. On the other hand, if a feedback message for coordination can be supported from child IAB-node, potential confliction can be avoided for Soft||Hard alignment. Therefore, it is proposed to allow “Hard||Hard” and “Soft||Hard” pattern alignment across parent and child node. It is up to CU’s implementation to minimize potential confliction and/or resolve confliction when occurs, e.g. using conflicting resolution rules between co-located DU and MT.

Proposal3: The “Hard||Hard” and/or “Soft||Hard” pattern alignment across parent and child nodes shall be allowed by the spec, and conflicting resolution rules between co-located DU and MT shall be considered.
· FFS: support of feedback coordination message from child IAB-node.

Type3 Rules between Co-located MT and DU
The type3 interaction rules are for an IAB-node between co-located MT and DU on potential conflicting TX/RX operations. The TR-38.874 [4] section 7.3.3 provides tables that summarize expected behaviours of co-located MT and DU under various combinations of (DU’s resource type, MT’s resource type) for TDM operation and SDM operation, respectively. These tables can be used as starting points for type3 interaction rules. The underlining principle followed by these tables is that DU has higher priority over co-located MT if the resource type at DU is Hard or is Soft with explicit or implicit indication of availability, otherwise, DU has lower priority than co-located MT. In general, this principle is desirable. But there can be some exception cases that a different behaviour might be desirable. For example, for cases with overlapping PRACH occasions across parent and child backhaul links shown at Fig.7, because the reception of PRACH is random, when the co-located MT wants to transmit a PRACH, it is desirable to give this MT a higher priority to transmit the PRACH than the co-located DU to monitor this PRACH occasion.

Proposal4: Expected behaviour of co-located DU and MT summarized by TR 38-874 under all combinations of (DU’s resource type, MT’s resource type) shall be captured in the spec.
· FFS: exception cases with different behaviors, e.g. co-located MT shall have a higher priority to transmit PRACH than DU to receive PRACH over overlapping PRACH occasions
Conclusions
This contribution provided following observations and proposals for IAB resource management framework. 

Observation1: For semi-static channel allocation or dynamic multi-slot allocation, some of channel allocations may fall into “NA/Soft” resources if no restrictions are imposed, which may cause in-consistent behaviour between DU and child UE/MT.

  Observation2: Depending on channel type, the performance loss of having some allocation falling into “NA/Soft” resources may or may not be acceptable.

Observation3: The “Hard||Hard” and “Soft||Hard” alignments between parent and child DUs may violate capability of child IAB-node on half-duplex constraint and/or supporting simultaneous FDM/SDM TX or RX.

Observation4: An IAB-node may have conflicting TX/RX operation between co-located MT/DU that violates half-duplex constraint and/or simultaneous SDM/FDM TX or RX capability of the IAB-node.
 
Proposal1: All or part of following types of interaction rules shall be considered in the spec:
· Type1: interaction rules for a DU between configuration of “Hard/Soft/NA” and other configurations (e.g. TDD slot configuration and physical channel allocation)
· Type2: interaction rules between parent and child DUs regarding pattern alignments.
· Type3: interaction rules between co-located MT/DU to handle potential conflicting TX/RX operations

Observation5: If “NA/Soft” resources are indicated as “flexible” in semi-static TDD config, existing SFI framework can be used to cancel (most of) UE/MT’s TX/RX at “NA/Soft” resources.

Proposal2: The following cases shall be considered for a channel type
· Case1: higher priority than “Hard/Soft/NA”: allocated symbols shall not be indicated as “NA/Soft” for DU over its child links with this channel allocation.
· The higher priority channel type shall include SSB used for initial access.
· FFS: other channel types. 
· Case2: lower priority than “Hard/Soft/NA”: allocated symbols are allowed to fall into any “Hard/NA/Soft” resource types.
· FFS: Constrain the semi-static TDD-config corresponding to “NA/Soft” resources as “Flexible”

Proposal3: The “Hard||Hard” and/or “Soft||Hard” pattern alignment across parent and child nodes shall be allowed by the spec, and conflicting resolution rules between co-located DU and MT shall be considered. 
· FFS: support of feedback coordination message from child IAB-node.

Proposal4: Expected behaviour of co-located DU and MT summarized by TR 38-874 under all combinations of (DU’s resource type, MT’s resource type) shall be captured in the spec.
· FFS: exception cases with different behaviors, e.g. co-located MT shall have a higher priority to transmit PRACH than DU to receive PRACH over overlapping PRACH occasions.
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