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1	Introduction
Various contributions have been made that discuss IAB topology, including options to support tree, mesh and directed acyclic graph topology structures. For all these options a topology management function will be needed. In this contribution we discuss an approach to topology management, and propose a structure for the initial release of IAB.  The proposal is intended to maximize use of existing functionality.
2	Discussion
2.1	Topology Management vs Forwarding / Routing 
Topology Management and routing/forwarding have not been clearly defined, leading to some confusion when discussing IAB architecture. For clarity, we can separate these as follows:
Topology Management determines the tree/mesh/graph structure by altering connectivity between IAB Node UEs and upstream radios. To alter the topology, Topology Management uses control plane of the IAB node as will be described in the next section. Topology management has the following characteristics:
· It may change the topology at any time by triggering an IAB node handover, establishing new IAB node connectivity (e.g.: IAB node dual connectivity), or by admitting a new IAB node or Donor.
· Topology changes are based on aggregate IAB Node considerations such as IAB node and donor congestion or IAB node hop distance from a donor, not per-subscriber UE considerations. Many subscriber-UEs may be served by each IAB node and it would be impractical to alter IAB node connectivity based on a request or conditions encountered by just one of these UEs.
· Topology management may provide only one, or more than one connectivity options to connect an IAB node with the network. 
Routing/Forwarding in contrast determines the path or route through the IAB tree/mesh/graph over which packets are forwarded. Routing/forwarding has the following characteristics:
· It determines the path used to forward a flow. The granularity may be as low as per-subscriber UE Flow.
· Paths are between the UE-serving IAB node and a network end-point.
· Topology is a constraint on the choice of possible routes, and at a given point in time there may be only one route available.
· When there is a topology change, routes may require updating to ensure that packets are forwarded on the correct path between the UE serving IAB node and the network.
Proposal 1:  Topology Management, which controls the connectivity of IAB nodes should be considered separately from Routing which determines the path through the topology over which a packet is forwarded.

2.2	IAB model and IAB Node Control Plane
The complexity of IAB becomes easier to address when there is a clear model for IAB components and delineation between control and user planes for various aspects.   For the former, each IAB node may be modelled as containing at least a logical UE component responsible for communication with the next-hop upstream node, and a radio component responsible for downstream transmissions.   The donor may be modelled as containing only the radio component.  This structure, shown in figure 1 is applicable for the different approaches (Layer 2 and 3) being discussed for IAB, with variations that involve having a full gNB, a DU/CU split or a modified F1 interface for IAB nodes.  
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Figure 1: IAB Node Components

Observation 1:  IAB nodes contain a logical radio component, and a logical UE component (IAB-Node UE) while Donors have only a radio component.  The UE component of an IAB node connects to an upstream radio component.
There has been much discussion of the subscriber user plane, which carries PDUs from the UE to the NGC, and some discussion of the subscriber control plane which supports RRC and F1-C to the UE and UE serving DU respectively.  While the UE control plane determines connectivity between the UE and the immediate upstream IAB node, it does not affect connectivity between an IAB node and the upstream radio to which the IAB node is directly connected.   When an IAB node is relaying UE traffic, its UE component remains in the RRC Connected State, and there must be a Control Plane between the IAB node UE and the upstream radio to manage IAB node connectivity.
The IAB Node Control Plane has its own RRC signalling and RRM, as the air-interface characteristics that may warrant a change in IAB node connectivity to a new upstream node are independent of those between the subscriber UE and the radio component with which it directly communicates. The IAB Node Control Plane is depicted in figure 2 for the case where RRC/RRM is in the CU of the Donor gNB.  For each IAB Node UE, an RRC instance conveys messages (e.g.: radio measurements, HO messages, etc.) between the IAB Node UE and the upstream radio, while RRM performs functions such as Radio Admission Control and Connection Mobility Control for the subtending connected IAB Nodes.
Observation 2: Each IAB node UE must have a control plane that supports RRC.  RRC between an IAB node UE and an upstream radio can convey messages that determine IAB node connectivity. A separate control plane instance is required for each IAB node. 
[image: ]
Figure 2: IAB node Control Plane
Proposal 2: Topology Management of the IAB Tree/Mesh/Graph structure should be based on RRC Signaling between IAB Node UEs and upstream radios. RRM enhancements for Topology Management should be studied.
It would be expected that multiple donors are needed within a topology area, as shown in figure 2. For most deployments it would be inadvisable to rely on a single donor to provide the only possible point of connection to the network for an IAB node, its entire subtending structure of IAB nodes, and all the UEs to which they provide service. Even in the absence of IAB node mobility, varying radio conditions at mmwave make it likely that the IAB node directly connected to a donor will need to move to an alternative donor (or an IAB node served by an alternative donor) to maintain service.  Similarly, it must be possible to alter the point of connection of a downstream IAB node, either by switching to a different upstream IAB node, or by directly connecting to a donor.
Observation 3: It must be possible to alter the point of connection of an IAB node to the network by switching to a different upstream IAB node, or a different donor, hence IAB Node Topology must be managed over more than one Donor.  
Proposal 3: Because relying on a single, fixed connection to a Donor can lead to unreliable service, particularly at mmwave frequencies, the Topology Management function should be able to consider multiple Donors.
It is not acceptable for Topology management to blindly reconfigure IAB node connectivity without considering the number of hops between UEs and the Donor. While the algorithms for Topology Management need not be standardized, each Topology Management Function instance must know the hop positions of IAB nodes that are affected by its control.
Proposal 4: It should be possible to provide Topology Management function with the knowledge of IAB node hop position.
Proposal 5: The primary mechanism for controlling the topology will be based on RRC, including Handover of IAB nodes to different upstream nodes. It is FFS whether other mechanisms (e.g.: IAB Node Dual Connectivity) should be supported in the first release.
3	Proposals
We make the following observations and proposals:
Proposal 1:  Topology Management, which controls the connectivity of IAB nodes should be considered separately from Routing which determines the path through the topology over which a packet is forwarded.
Observation 1:  IAB nodes contain a logical radio component, and a logical UE component (IAB-Node UE) while Donors have only a radio component.  The UE component of an IAB node connects to an upstream radio component.
Observation 2: Each IAB node UE must have a control plane that supports RRC.  RRC between an IAB node UE and an upstream radio can convey messages that determine IAB node connectivity. A separate control plane instance is required for each IAB node. 
Proposal 2: Topology Management of the IAB Tree/Mesh/Graph structure should be based on RRC Signaling between IAB Node UEs and upstream radios. RRM enhancements for Topology Management should be studied.
Observation 3: It must be possible to alter the point of connection of an IAB node to the network by switching to a different upstream IAB node, or a different donor, hence IAB Node Topology must be managed over more than one Donor.  
Proposal 3: Because relying on a single, fixed connection to a Donor can lead to unreliable service, particularly at mmwave frequencies, the Topology Management function should be able to consider multiple Donors.
Proposal 4: It should be possible to provide Topology Management function with the knowledge of IAB node hop position.
Proposal 5: The primary mechanism for controlling the topology will be based on RRC, including Handover of IAB nodes to different upstream nodes. It is FFS whether other mechanisms (e.g.: IAB Node Dual Connectivity) should be supported in the first release.
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