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1. Introduction
The IAB study item aims to define integrated access and backhauling (IAB) solutions for NR [1]. It has been agreed that IAB supports topology adaptation [2]. Further, two architecture groups have been defined and included in the study [2]. 
In RAN-3 #100, a text proposal defined the spanning-tree and the directed-acyclic-graph topologies to be supported by IAB [3]. 

This paper discusses procectures for topology adaptation of architecture 1a, which belongs to architecture group 1.  

2. Discussion
2.1 Goals of IAB Topology Adaptation
Topology adaptation has the goal to change the IAB-topology without disrupting ongoing UE-sessions. 
It would further be desirable to minimize service disruption and packet loss.
2.2 Tasks pertaining to IAB Topology Adaptation

Topology adaptation includes the following three tasks:

· Information collection
· Information includes, e.g., backhaul link quality, link- and node-load, neighbor-node signal strength.
· Collection applies to sufficiently large area of the IAB topology.

· Topology determination
· Deciding best topology based on the collected info and following a performance objective. 

· Topology reconfiguration
· Adjusting topology based on topology determination, through e.g. establishing new connections, releasing other connections, changing routes, etc. 

The following discussion focuses on topology reconfiguration only. It is further assumed that the existing Rel-15 procedures for handover, dual-connectivity and F1-interface management are baseline for topology reconfiguration in architecture 1.
Proposal 1: Rel-15 procedures for handover, dual-connectivity and F1-interface management are baseline for topology reconfiguration of architecture 1a.
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Figure 1: Examples for spanning tree and directed acyclic graph. The array indicates the directionality of the graph edge.
2.3 Topologies considered

TR 38.874 section 9.2 considers two topologies (Figure 1):

· Spanning tree (ST) topology
· Directed acyclic graph (DAG) topology
In ST-topologies, there is only one route between each IAB-node and the IAB-donor.  In architecture group 1, where the IAB-donor may hold a CU with multiple DUs, the graph underneath each IAB-donor DU represents a separate ST. 

In DAG-topologies, redundant routes are supported between each IAB-node and the CU. In architecture group 1, such route redundancy may involve multiple IAB-donor-DUs. Topologically redundant routes may simultaneously run traffic. It is also possible to keep one route active and assign a redundant route backup status.
The initial IAB-node integration procedure only leads to a ST topology. To generate DAG-topologies, at least one IAB-node MT has to become dual-connected to two parent-node DUs and establish a second route via the new parent node. This already involves a topology reconfiguration procedure. 
Observation 1: To create a DAG, at least one IAB-node-MT must be dual-connected, which requires topology adaptation.

Since backhauling can only occur via NR, NR+NR DC is imperative to support DAG-topologies. 
Observation 2: For DAG-topologies, the support of NR+NR DC is imperative. IAB-nodes operating in EN-DC NSA mode can only support ST-topologies.

Finally, for the support of DAG-topologies with same frequency, the support of co-channel NR+NR DC is imperative.

Observation 3: For DAG-topologies with same frequency, co-channel NR+NR DC is imperative.

2.4 Principal steps of topology adaptation in architecture group 1

The atomic event of topology adaptation is the migration or the addition of a backhaul link:
· Migration of backhaul link: The IAB-node-MT releases a BH radio link to a serving parent node and establishes a new BH radio link with a target parent node. This IAB-node is referred to as the migrant IAB-node
The route between the CU to this IAB-node via the serving parent node is released and a new route via the target parent node is established. 
Also, all the routes to southbound descendants of this IAB-node via the serving parent node are released and new routes via the parent node are established.

F1-AP connections and F1-U GTP-U tunnels between CU and the DUs of the IAB-node and its southbound descendants are switched between the old and the new routes. 
It is assumed that the access link of the IAB-node and its southbound descendants are migrated together with the backhaul link.
· Addition of backhaul link: The IAB-node-MT has a BH radio link with a serving parent node and adds a new BH radio link with a target parent node. 
A new route between the CU and this IAB-node via the target parent node is added. 
Also, new routes via the target parent node are added for the southbound descendants of this IAB-node.

F1-AP connections and F1-U GTP-U tunnels can be switched between the redundant routes via the old and the new target node. 
The IAB-node’s access traffic can also select one of the routes.
In both of these scenarios, the parent node can refer to an IAB-node or an IAB-donor-DU. 
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Figure 2: Scenarios a – d for topology adaptation
The detailed steps of these two atomic topology adaptation procedures depend on the topological separation between the IAB-node’s serving and target parent nodes. Text proposal R3-183577 considers four scenarios, a – d, (Figure 2), where service and target parent node use:
a) Same IAB-donor DU, CU-UP, CU-CP

b) Different IAB-donor DU, same CU-UP, CU-CP

c) Different IAB-donor DU, different CU-UP, same CU-CP

d) Different IAB-donor DU, different CU-UP, different CU-CP
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Figure 3: Link and route switching for scenarios a – d. Top: Route and F1 changes for the IAB-node that migrates radio link (green). Bottom: Route and F1 changes for south-stream descendant (orange)
2.5 Detailed steps for link and route migration 

For the above four scenarios (a – d), they comprise the following steps (Figure 3):

a) Same IAB-donor DU, CU-UP, CU-CP: 

· Radio link migration:
· The RLC-channels of an IAB-node MT are migrated from an old to a new parent node using inter-gNB-DU mobility procedures. This applies to RLC-channels used for backhauling and those used by the IAB-node for its own traffic.
· Route update: 
· Forwarding entries are configured on the wireless backhaul to establish a route via the new parent node between the IAB-donor-DU and the migrant IAB-node. The forwarding entries for the route via the old parent node is removed.
· The route migration is also conducted for the south-stream descendant IAB-nodes (orange in Figure 3) of the migrant IAB-node (green in Figure 3).
· There is no route change on the fronthaul since the IAB-donor DU has not changed.
· F1 update: 
· F1-AP and F1-U GTP-U tunnels of the migrant IAB-node-DU as well as all the south-stream descendant IAB-node-DUs are not affected.
The migration may cause limited-time service disruption and potential data loss. 

b) Different IAB-donor DU, same CU-UP, CU-CP: 

· Radio link migration:
· Same as a).
· Route update: 
· Route updates on the wireless backhaul are configured as described under a). Further, fronthaul routing has to be reconfigured.

· In case fronthaul and adapt use independent routing mechanism, the F1-U tunnel on the fronthaul are redirected from the old IAB-donor-DU’s IP address to the new IAB-donor-DU’s IP address. Further, forwarding entries for the F1-U tunnels between the fronthaul and the new route on adapt are configured on the new IAB-donor DU. 

· For CP alternatives 1-3, SRB tunneling on the fronthaul is switched from the old F1-C interface between the old IAB-donor-DU and the CU-CP to the F1-C interface between the new IAB-donor-DU and the CU-CP. Further, on the new IAB-donor-DU, forwarding entries between F1-C on the fronthaul and adapt on the wireless backhaul are configured for the SRBs.

· In case fronthaul and adapt use a common IP-routing layer, the migrant IAB-node obtains a new IP-address that pertains to the new IAB-donor-DU’s IP-prefix. Further, F1-U tunnels are redirected to the IAB-node’s new IP address.

· For CP alternatives 4, the new IAB-donor’s IP-address can be configured as an alternative SCTP end point.
· The fronthaul reconfiguration is repeated for all south-stream descendant IAB-nodes of the migrant IAB-node.

· F1 update: 

· Same as a).

The migration may cause limited-time service disruption and potential data loss. 

c) Different IAB-donor DU, different CU-UP, same CU-CP: 

· Radio link migration:
· Same as a).
· Route update: 
· Same as b). The new fronthaul routes interconnect the new IAB-donor-DU and the new CU-UP.
· F1 update: 

· F1-AP is not affected. 

· New F1-U GTP-U tunnels are established between the new CU-UP and the new IAB-donor DU using standard CU/DU procedures. This includes path switch on the CN for UE- and MT-bearers.

· The southbound IP-end-point addresses of the new F1-U tunnels are configured as defined under b).
· The F1 update is repeated for all south-stream descendant IAB-nodes of the migrant IAB-node.
The migration may cause limited-time service disruption and potential data loss. 

d) Different IAB-donor DU, different CU-UP, different CU-CP: 

· Radio link migration:
· The IAB-node-MT’s RLC-channels are migrated via inter-gNB-DU mobility

· The IAB-node-MT’s SRBs and DRBs are migrated to the new CU-CP/UP using standard inter-gNB mobility or DC procedures.

· Route update: 
· Same as a).

· F1 update: 

· The F1-AP connection between the old CU-CP and the migrant IAB-node-DU is disrupted. Therefore, a new SCTP and F1-AP association is established between each of these IAB-node DUs and the new CU-CP. This follows initial DU setup procedure on each of these nodes.

· After a new F1-AP has been established, new F1-U associations are set up between CU-UP and each IAB-node. This follows initial DU setup procedure.
· The F1 update is repeated for all south-stream descendant IAB-nodes of the migrant IAB-node.
The migrant IAB-node’s DU as well as all the south-stream descendant IAB-node DUs discontinue service to UEs when releasing F1-AP to the old CU-CP. For UEs in SA mode, the old CU-CP can forward context to the new CU-CP prior to service discontinuation. When service is re-established, the UE can undergo an RRC-Connection-Reestablishment procedure at the new CU-CP. For UEs in NSA-mode, the UE-session can fall back to LTE until the DU has reestablished service.
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Figure 4: Link and route addition for scenarios a – d. Top: Route addition for the IAB-node that migrates radio link (green). Bottom: Route addition for south-stream descendant (orange)

2.6 Detailed steps for link and route addition 

The addition of radio links is based on NR+NR DC. The scenarios (a – d) comprise the following steps (Figure 4):
a) Same IAB-donor DU, CU-UP, CU-CP: 
· Radio link addition:
· RLC-channels are configured between an IAB-node MT and its new parent node using DC procedures. These RLC-channels are used for backhauling and the IAB-node-MT’s RRC, and they may also be used by the IAB-node for its own traffic. For the IAB-node’s own traffic, the new parent node represents an SCG while the old parent node represents the MCG. In this scenario, MCG and SCG belong to the same CU. Prospective DC procedures for CU/DU split architecture can be applied.
· Route addition: 
· Forwarding entries are configured on the wireless backhaul to establish a route between the IAB-donor-DU and each of these IAB-node via the new parent node. 

· The route addition is also conducted for the south-stream descendant IAB-nodes (orange in Figure 4) of the migrant IAB-node (green in Figure 4).
· The establishment of redundant routes has no impact on the fronthaul since the IAB-donor DU is the same for the new routes. 

· F1 update: 
· The route redundancy is transparent to the DUs of migrant IAB-node and its south-stream descendant IAB-nodes. The F1-associations of these DUs are therefore not affected.
The link and route addition should not cause service disruption or data loss. 
b) Different IAB-donor DU, same CU-UP, CU-CP: 

· Radio connectivity addition:
· Same as a).
· Route addition: 
· Route updates on the wireless backhaul are configured as described under a). 

· On the fronthaul, the CU-UP can connect each F1-U tunnel to solely one IAB-donor-DU at a time. Therefore, route redundancy on the UP cannot be supported end-to-end. In other words, the UE-bearer cannot be split between both routes. Instead, F1-U tunnels on the fronthaul can only be switched as described for link-migration scenario b) above. It is further possible, however, to have F1-U tunnels for a subset of UEs use one end-to-end route and the complement subset use the other end-to-end route. In this manner, load-balancing can be supported.
· For CP-alternatives 1-3, SRBs to IAB-nodes are tunneled via F1-C of the IAB-donor-DUs. Since this is a new transport mechanism it can be designed to support multi-homing. For this purpose, SRB tunneling on the fronthaul is switched from the old F1-C interface between the old IAB-donor-DU and the CU-CP to the F1-C interface between the new IAB-donor-DU and the CU-CP. Further, on the new IAB-donor-DU, forwarding entries between F1-C on the fronthaul and adapt on the wireless backhaul are configured for the SRBs.

· For CP-alternative 4, SCTP is used end-to-end between CU-CP and IAB-node-DU. Since SCTP supports multi-homing, CP diversity along different routing paths should be feasible. For this purpose, the new IAB-donor’s IP-address is configured as an alternative SCTP end point.
· The route updates are also conducted for the south-stream descendant IAB-nodes (orange in Figure 3) of the migrant IAB-node (green in Figure 3).
· F1 update: 

· Route redundancy (to the extend it is available) is transparent to the DUs of migrant IAB-node and its south-stream descendant IAB-nodes. The F1-associations of these DUs are therefore not affected.
The link and route addition should not cause service disruption or data loss. 

c) Different IAB-donor DU, different CU-UP, same CU-CP: 

For UP, route redundancy cannot be supported end-to-end. The same procedures apply as discussed under b). On the CP, end-to-end route redundancy may be supported as described under b).   

d) Different IAB-donor DU, different CU-UP, different CU-CP: 

As for b) and c) redundant routes can be established on the wireless backhaul, but this redundancy cannot be extended to the fronthaul or to F1-connections. Further, the F1-U GTP-U tunnels of all UEs have to use one common CU-UP and route. Load-balancing is therefore not supported. Switching between both routes has similar implications as discussed in section 2.5 for link- and route migration.  

Observation 4: Support of route redundancy has only benefits when it occurs underneath the same CU-CP.
3. Conclusions

This contribution discusses topology adaptation for architecture 1a. The following observations and proposals have been made:
Observation 1: To create a DAG, at least one IAB-node-MT must be dual-connected, which requires topology adaptation.

Observation 2: For DAG-topologies, the support of NR+NR DC is imperative. IAB-nodes operating in EN-DC NSA mode can only support ST-topologies.

Observation 3: For DAG-topologies with same frequency, co-channel NR+NR DC is imperative.

Observation 4: Support of route redundancy has only benefits when it occurs underneath the same CU-CP.

Proposal 1: Rel-15 procedures for handover, dual-connectivity and F1-interface management are baseline for topology reconfiguration in architecture 1a.
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