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1
Introduction
In [1] it was agreed to consider various IAB topology options including Directed Acyclic Graph and Spanning Tree.   Independent of the type of topology and the architecture group, it will be necessary to manage the topology and construct paths for forwarding packets between the Donor and a UE Serving IAB node.  To do this a mechanism is needed to discover the topology, including the number of hops between each IAB node and the Donor.  Without this intelligent IAB node connectivity and routing decisions are not possible.  In this document we propose an approach whereby a CU may discover the topology.  The proposal is intended to maximize use of existing functionality. TP capturing the proposal into the TR 38.874 is also provided.
2
Discussion
2.1
Topology Discovery 
In [2] the need for both Topology Management, which controls the connectivity of IAB nodes and Routing (eg: by the Adaptation or higher Layer), which determines the path through the topology over which a packet is forwarded was discussed.  It was also noted, as depicted in Figure 1, that each IAB node MT has a control plane that carries RRC signaling between the MT and the CU, as would be the case for a normal 5G subscriber UE.  The signaling may be carried over multiple IAB hops for IAB nodes that are not directly connected to the Donor.   
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Figure 1: IAB Node Control Plane

As with 5G subscriber UEs, use of radio resources by the IAB node MT should be determined by RRM in the CU (for example in the Donor for architecture group 1).  Procedures and signaling to convey radio measurements (eg: signal strength), and to control IAB Node MT connectivity, including establishing connections and supporting IAB Node handover, can be supported by RRC with little change.

A prerequisite for both topology management and routing is an awareness of the topology structure, so that hop count and link status can be weighed (eg: by RRM).  Based on the prior discussion, we propose that RRC signaling, in addition to supporting current functions (establishment, configuration, maintenance and release of Radio Bearers; UE measurement reporting and control of the reporting to support mobility; handover signaling and UE cell selection) also be used for discovery of the IAB topology, specifically to provide IAB node connectivity and hop count information.  This allows for example, enforcement of connectivity restrictions so that Directed Acyclic Graph or Spanning Tree topology constraints, and maximum hop count restrictions are not violated.2.2
Discovery Procedure

The procedure is based on each IAB node determining a one-hop hierarchy, linking the IAB node cell ID with the cell ID of the upstream node.  The process is summarized as follows:
1. Internally, an IAB Node MT obtains the Cell ID(s) of its own DU(s) 
2. The IAB node MT obtains the DU Cell ID(s) of the upstream IAB Node or Donor cell it is accessing (eg. from cell broadcast).
3. The IAB node then associates the Cell IDs of the upstream cells with the Cell IDs of its own DUs (obtained in step 1).   This creates one or more (Upstream-Node-ID, Downstream-Node-ID) associated cell pair.
These first 3 steps are illustrated in figure 2, where NGCI is shown as the Cell ID.  PCI and/or other identifiers may additionally be included.
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Figure 2: IAB Node Discovery Steps 1-3
4. New Cell ID Pairs are sent by the IAB node MT to the IAB Node’s CU via RRC messaging.  
5. For the 2a architecture, the IAB node may contain the CU (gNB) serving one or more downstream IAB nodes.  In this case the IAB Node MT additionally forwards to its CU, any Cell ID pairs received from a downstream node.
6. If the IAB Node CU receiving the cell pair information is different from the Donor CU (architecture variants 1b and 2a), then the IAB Node CU sends the received (Upstream-Node-ID, Downstream-Node-ID) pairs to the Donor Node CU (eg: via Xn messaging).
When this process is repeated at each IAB node, and the cell pairs recorded for RRC Connected IAB nodes, the result is an IAB node topology table as shown in figure 3, illustrated with NGCI as the cell identifier.
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Figure 3: Topology Tables for Architecture Group 1 and 2.
For Architecture Group 1, the cell pairs are sent by subtending IAB nodes to the CU / Donor which may create a topology table for use by RRM to control connectivity and to support routing in the Adaptation layer.  

For Architecture Group 2, each self-backhaul hop is an end-to-end connectivity service between an IAB Node MT and an upstream UPF (with minimal functionality).   In a multi-hop topology, RRM/RRC for the IAB Node control plane is therefore distributed in the IAB nodes.  Hence each IAB node discovers its subtending topology and can forward the cell pairs to the next upstream node until the Donor is reached. 
In both cases the Donor CU receives and can maintain a complete view of the subtending IAB node topology.
Summary

The paper proposes an approach for IAB topology discovery. The related TP for TR 38.874 is also provided in the Annex.

Proposal 1: Adopt the TP on IAB topology discovery provided in the Annex.
Annex

Text Proposal for TR 38.874
********* Start of Change **********
8
Radio protocol aspects
Editor’s note:
Primary responsible WG for this clause is RAN2.

8.1   Packet Processing

…
8.2   User-plane considerations for architecture group 1
….

8.x   IAB Topology Discovery
As depicted in figure 8.x1, each IAB node MT has a control plane that carries RRC signaling between the MT and the CU, as would be the case for a normal 5G subscriber UE.  The signaling may be carried over multiple IAB hops for IAB nodes that are not directly connected to the Donor.   
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Figure 8.x.1: IAB Node Control Plane

As with 5G subscriber UEs, use of radio resources by the IAB node MT should be determined by RRM in the CU (for example in the Donor for architecture group 1).  Procedures and Signaling to convey radio measurements (eg: signal strength), and to control IAB Node MT connectivity, including establishing connections and supporting IAB Node handover, can be supported by RRC with little change.

A prerequisite for both topology management and routing is an awareness of the topology structure, so that hop count and link status can be weighed (eg: by RRM).  RRC signaling, in addition to supporting current functions (establishment, configuration, maintenance and release of Radio Bearers; UE measurement reporting and control of the reporting to support mobility; handover signaling and UE cell selection) may also be used for discovery of the IAB topology, specifically to provide IAB node connectivity and hop count information.  This allows for example, enforcement of connectivity restrictions so that Directed Acyclic Graph or Spanning Tree topology constraints, and maximum hop count restrictions are not violated when an IAB Node MT establishes connectivity with an upstream node.

2.2
Discovery Procedure
The procedure to discover the IAB Topology is based on each IAB node determining a one-hop hierarchy, linking the IAB node cell ID(s) with a cell ID of the serving upstream node.  The process is summarized as follows:

1. Internally, an IAB Node MT obtains the Cell ID(s) of its own DU(s)
2. The IAB node MT obtains the DU Cell ID(s) of the upstream IAB Node or Donor cell it is accessing (eg. from cell broadcast).  
3. The IAB node then associates the Cell IDs of the upstream cells with the Cell IDs of its own DUs (obtained in step 1).   This creates one or more (Upstream-Node-ID, Downstream-Node-ID) associated cell pair.

These first 3 steps are illustrated in figure 8.x.2, where NGCI is shown as the Cell ID.   PCI and/or other identifiers may additionally be included.   The specific identifiers to be relayed are FFS.
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Figure 8.x.2: IAB Node Discovery Steps 1-3
4. New Cell ID Pairs are sent by the IAB node MT to the IAB Node’s CU via RRC messaging.  
5. For the 2a architecture, the IAB node may contain the CU (gNB) serving one or more downstream IAB nodes.  In this case the IAB Node MT additionally forwards to its CU, any Cell ID pairs received from a downstream node.

6. If the IAB Node CU receiving the cell pair information is different form the Donor CU (architecture variants 1b and 2a), then the IAB Node CU sends the received (Upstream-Node-ID, Downstream-Node-ID) pairs to the Donor Node CU (eg: via Xn messaging).
When this process is repeated at each IAB node, and the cell pairs recorded for RRC Connected IAB nodes, the result is an IAB node topology table as shown in figure 8.x.3.
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Figure 3: Topology Tables for Architecture Group 1 and 2.

For Architecture Group 1, the cell pairs are sent by subtending IAB nodes to the CU / Donor which may create a topology table for use by RRM to control connectivity and to support routing in the Adaptation layer.  

For Architecture Group 2, each self-backhaul hop is an end-to-end connectivity service between an IAB Node MT and an upstream UPF (with minimal functionality).   In a multi-hop topology, RRM/RRC for the IAB Node control plane is therefore distributed in the IAB nodes.  Hence each IAB node discovers its subtending topology and can forward the cell pairs to the next upstream node until the Donor is reached. 

In both cases the Donor CU receives and can maintain a complete view of the subtending IAB node topology.
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