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Introduction
This contribution relates to section 7.2.3.4 of the agenda. It provides a summary of the envisioned IAB system behaviour for sharing/multiplexing of resources among backhaul and access links based on the SI agreements [1], followed by the description of a proposed framework consistent with such behaviour.
The objective of this contribution is to provide a baseline on the IAB resource management aspects pertinent to the physical layer, in an effort to drive alignment among companies’ understanding and to facilitate the specification work.
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The framework for IAB resource management [1] has been agreed to consist of a semi-static configuration, set via the CU, and of a dynamic component managed at a distributed level by IAB nodes.
There are two aspects of dynamic resource control:
1. Determination of usage of ‘flexible’ resources for either downlink or uplink. This is a legacy aspect common to a non-IAB DU or gNB.
2. Determination of usage of constrained resources across the upstream link (link towards the parent node) and the downstream link (link towards the children nodes). This aspect is specific to IAB.
The constrained resources referred at point b) above stem from the so called “half-duplex constraint of an IAB node”. It refers to the inability to support time concurrent upstream communication with the parent IAB node and downstream communication with the children IAB nodes and/or UEs, i.e. upstream communication and downstream communication cannot occur in the same time slots. This reflects the baseline scenario of an IAB node where there needs to be TDM separation between downstream and upstream communications to avoid self-interference (e.g. MT reception interfered by DU transmission). In that context, the concept of ‘not available’ resources is introduced to indicate resources that are not available for use over child links of an IAB-donor or an IAB-node.  
Further to that, the semi-statically configured resources include ‘hard resources’ explicitly assigned to DUs, and ‘soft resources’ whose use is subject to dynamic distributed adjustments at the DU level. The amount of allowed soft resource management is configurable and hence the framework is flexible in regard to the split between centralized vs. distributed resource management.
Soft resources (applicable to slots and symbols) are defined so that for a given IAB node such soft resources are not available for use unless a) there is an explicit resource release indication by the parent IAB node or, b) possibly, under certain assumptions, via an implicit determination by the IAB node monitoring the scheduling assignments for the link towards the parent IAB node. This reflects a hierarchical relationship by which the soft resources in a link between two nodes are dynamically controlled by the parent node. 
While the scope of the specification work in the WI is confined to the TDM case, the objective is to define a framework that could be extendable in the future to include these additional node capabilities without causing a major redesign, in accordance with a forward compatibility principle.
Since any link between two IAB nodes can be shared with UEs connected to the parent IAB node, the resource management framework needs to be compatible with Rel 15 UEs.
Resource management framework description
This section provides a comprehensive description of a proposed framework consistent with the guidelines and principles from the SI as summarized in section 2. First, the Rel 15 Resource Management framework under gNB CU-DU architecture is reviewed at section 3.1. Secondly, a baseline framework under assumptions of in-band relaying with TDM operation is described in section 3.2 to facilitate understanding. Thirdly, the extension of the baseline framework to cover the full scope of the IAB feature, such as FDM/SDM operation, out-of-band relaying, FR1 and FR2 etc., is discussed in section3.3.
Rel 15 resource management under gNB CU-DU architecture
Resource management in Rel 15 consists of two aspects: the first aspect is to specify the TDD slot configuration [2,4], where OFDM symbols can be classified as “DL/UL/Flexible”. Rel 15 NR supports:
· Semi-static slot configuration (via cell-specific and UE-specific RRC messages) 
· Dynamic slot configuration (via SFI carried by L1-signaling GC-PDCCH). 
The second aspect of resource management is support of resource allocation for physical layer channels/signals [2,3,4], which includes: 
· Semi-static resource allocation through RRC signalling, which includes both cell-specific allocation (e.g. SSB) and UE-specific allocation. 
· The UE-specific allocation can be periodic or semi-persistent. For semi-persistent resource allocation, activation/deactivation is done through MAC CE or DCI grant.
· Dynamic resource allocation through DCI grant. 
Note that resource allocation for a physical layer channel/signal already implies either a DL or UL direction on allocated resources depending on the channel/signal type. Thus, a number of interaction rules between slot configuration and resource allocation are also defined in the specifications [2]. For example, the DL or UL resources implied by cell-specific RRC configuration (e.g. SSB) cannot be overwritten. For example, a DL or UL resource allocated by UE-specific RRC configuration (e.g. periodic/semi-persistent CSI-RS) can be cancelled by UE except for a few corner cases if this resource is indicated as flexible by SFI.
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[bookmark: _Ref534931814]Figure 1 - An illustration of NR Rel 15 Resource Management under gNB CU-DU architecture
An illustration of Rel 15 resource management under gNB CU-DU architecture [5] is shown in Figure 1. With CU-DU split architecture, RRC and PDCP layer functions of a gNB are handled by a CU, RLC layer and below functions of a gNB are handled by a DU, and a F1-AP interface is defined between CU and DU [6]. A CU can control multiple DUs, and a DU can support one or multiple cells. Note that RRC messages are defined between gNB and UE. With CU-DU split, though RRC layer is handled at CU, F1-AP protocol [6] defines a number of F1-AP IEs to support the following two functions regarding RRC messages: 
· One function of transporting all RRC messages between CU and UE without interpretation of DU.  
· Another function of exchanging a subset of RRC messages between CU and DU, so that both CU and DU has sufficient information for semi-static resource management (that is semi-static slot configuration and resource allocation). Note that most of RRC messages are initially generated by CU, but a few RRC messages (such as MIB, SIB1, cellGroupInfo, and MeasGapConfig) are initially generated at DU [6].  
Since DU holds the RLC layer and below, the dynamic resource management via L1-signaling (such as SFI/DCI grant etc.) is controlled by DU.
Baseline resource management for IAB-network
The fundamental assumptions for the baseline framework are the following:
· Backhaul and access operation in single channel (i.e. in-band relaying)
· IAB node with single MT and single DU
· TDM operation for handling half-duplex constraint at IAB node 
For IAB-network, a L2 relay-based architecture was adopted for an IAB-node, where an IAB node holds two functions: MT and DU. In regard to resource management, the hierarchical paradigm by which the DU controls the downstream link for communication to UEs and/or other child IAB nodes applies. In this section the Rel 15 framework for resource management under CU-DU architecture is extended for IAB.
At high level, it is envisioned that the baseline resource management framework for IAB consists of a semi-static configuration of “hard/soft/not-available” patterns for each IAB-node DU via the CU and dynamic distributed adjustments between parent and child IAB-nodes over soft resources. A description of a baseline resource management for IAB-network is shown in Figure 2, where two main enhancements on top of the Rel 15 framework are required:
· Configuration by CU to support “hard/soft/not-available” attribute for DU resources over its child links. DU’s resource types are derived based on indication of “hard/soft/not-available” attribute together with existing slot configuration signalling for “DL/Flexible/UL”.   
· L1-signaling (such as SFI and/or DCI grant) to support explicit control of soft resources of child IAB-nodes. 
Detailed discussions and proposals on supporting “hard/soft/not-available” attribute for DU resources and interaction rules are elaborated further in subsequent subsections.
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Supporting hard/soft/not-available attribute for DU
Regarding resource management for IAB-network, it has been agreed [7] that: 
· from an MT point of view, a time-domain resource for the parent link can be indicated as “DL/Flexible/UL” as in Rel 15, 
· and from a DU point of view, the child link has following resource types: hard-DL, hard-flexible, hard-UL, soft-DL, soft-flexible, soft-UL, and not-available.  
For DU, equivalently, it can be viewed that a resource can be associated with two kinds of attributes:
· One attribute is transmission direction “DL/UL/Flexible”, which is same as MT/UE. The configuration of this attribute is already supported by existing Rel 15 slot configuration framework [2] and F1-AP interface [6]. 
· Another attribute is “Hard/soft/not-available”, which is a new attribute applicable for DU.   

For the baseline framework with focus on TDM operation, a resource here refers to a time resource (i.e. an OFDM symbol or slot). For forward compatibility to potential support of FDM/SDM, a resource can be extended to frequency domain.    
It can be seen that a semi-static configuration of “hard/soft/not-available” resource pattern shall be at least supported for DU by CU. DU can derive its resource types by combining this new configuration on “hard/soft/not-available” attribute together with existing slot configuration messages carried by F1-AP interface. For example, for a resource indicated as “not-available”, DU will ignore the corresponding “DL/Flexible/UL” attribute indicated by existing slot configuration messages; for a resource indicated as “hard”, depending on the corresponding “DL/Flexible/UL” attribute indicated by existing slot configuration signalling messages, this resource is marked as “hard-DL or hard-flexible or hard-UL”; similar procedure applies for “soft” attribute.
     
Proposal 1: Semi-static configuration of “hard/soft/not-available” resource pattern to DU shall be supported by the CU.

Note that a Rel 15 UE has no notion of “hard/soft/not-available” attribute on its communication link with a IAB-node. To minimize specification work in Rel 16, it is proposed that semi-static configuration of “hard/soft/not-available” resource pattern shall be transparent to child MT.

Proposal 2: Semi-static configuration of “hard/soft/not-available” resource pattern shall be transparent to child MT to minimize specification work in Rel 16. 

Resource utilization of an IAB network can be greatly improved if the indication of attribute “hard/soft/not-available” can be specific to each link to a child IAB node. As shown in Figure 3, two approaches are considered for indication of “hard/soft/not-available” to the DU:
· Approach1: a single pattern of “hard/soft/not-available” per DU, which is applicable to all child links of DU. In this approach, it is up to the DU’s scheduler to allocate hard resources among its child links. In this approach, all child nodes of an IAB-node cannot use any hard resource of this IAB-node.  
· Approach2: multiple patterns of “hard/soft/not-available” per DU, each over a subset of child links. In this approach, CU can split hard resources for an IAB-node DU among its child backhaul links, so its child IAB-nodes can reuse some of hard resources of this IAB-node to achieve a higher resource utilization than approach1.
[image: ]
[bookmark: _Ref534932218]Figure 3 - Comparing per-DU resource pattern versus link-specific resource patterns

For the simple example IAB-network shown in Figure 3, it can be seen that approach2 can achieve a double resource utilization than approach1. Note that approach1 can be viewed as a special case of approach2. Therefore, it is proposed that the CU shall be able to configure DU with semi-static “hard/soft/not-available” resource patterns specific to each link to a child IAB node.

Observation 1: Higher resource utilization can be achieved if “hard/soft/not-available” resource patterns specific to each link to a child IAB node can be configured for a DU. 

Proposal 3: CU shall be able to configure the DU with semi-static “hard/soft/not-available” resource patterns specific to each link to a child IAB node.

Interaction rules
Similarly to Rel 15, where interaction rules are defined between slot configuration framework and resource allocation for physical channels/signals, interaction rules specific to the new attribute “hard/soft/not-available” shall be defined for IAB-node to handle potential conflicting allocations. 
Note that the MT is not aware of “not-available” resources and it only follows resource allocation from RRC and DCI grant. For a periodic or semi-persistent resource allocation, CU may not always have a configuration such that none of allocated resources fall into “not-available” resources. If an allocated resource happens to fall into a “not-available” resource, while the DU (with awareness of “not-available” resources) does not transmit or receive, the MT (unaware of “not-available” resources) may still transmit or receive by following the allocation, which causes unnecessary interference and power consumption.
 
Proposal 4: Interaction rules between new attribute “hard/soft/not-available” and other specifications shall be defined for an IAB-node to handle potential conflicting allocation.

Framework extension
The baseline framework has been focused on in-band relaying with TDM operation, and it eventually needs to be extended to accommodate the full scope of IAB [8]. 
The extension boils down to additional rules related to when resources are marked as ‘not-available’ and/or as ‘soft’. As an example, if an IAB node has additional capabilities and can handle in some circumstances SDM separation between upstream and downstream communication, then there will be no ‘not available’ resources marked for the DU of that IAB node.
The half-duplex constraint is primarily relevant in the context of co-channel IAB whereby both upstream and downstream links share the same channel, and it applies to both unpaired spectrum (with TDD) as well as paired spectrum (with FDD). In case of different channels used for upstream and downstream communication the constraint may still apply depending on the separation between the channels.

Observation 2: The proposed framework is envisioned to be extendable to encompass the full scope of IAB as defined in [8].
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Conclusion
This contribution provided a baseline on the IAB resource management aspects pertinent to the physical layer. The following observations and proposals have been made:
 
Proposal 1: Semi-static configuration of “hard/soft/not-available” resource pattern to DU shall be supported by the CU.

Proposal 2: Semi-static configuration of “hard/soft/not-available” resource pattern shall be transparent to child MT to minimize specification work in Rel 16. 

Observation 1: Higher resource utilization can be achieved if “hard/soft/not-available” resource patterns specific to each link to a child IAB node can be configured for a DU. 

Proposal 3: CU shall be able to configure the DU with semi-static “hard/soft/not-available” resource patterns specific to each link to a child IAB node.

Proposal 4: Interaction rules between new attribute “hard/soft/not-available” and other specifications shall be defined for an IAB-node to handle potential conflicting allocation.

Observation 2: The proposed framework is envisioned to be extendable to encompass the full scope of IAB as defined in [8].
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In this example, approach1 only achieves 50% resource utilization,
while approach2 achieves 100% resource utilization.





