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1 Introduction

R2-2200023 [1] summarizes the remaining open issues on BAP routing for Rel-17 IAB. This contribution aims to address these issues. 
2 Discussion
2.1 Ambiguity in BAP configurations at boundary node 

The boundary node receives various configurations containing BAP addresses, BAP routing IDs, and BH RLC Channels. Since the same type of configurations are received for both topologies as well as for different inter-topology transport directions, potential ambiguities may occur on how to differentiate and use each configuration. The following subsections discuss these ambiguities for each type of configuration and propose solutions on how to resolve them. 

Issue 1: Boundary-node’s BAP address configuration
The IAB-node’s BAP address is used to identify DL packets to be delivered to upper layers. The boundary node receives a separate BAP address for each topology. To determine if a DL packet needs to be delivered to upper layers, the boundary node should use the BAP address configured for the topology, where the DL packet arrives. The boundary node must therefore know to which topology each BAP address belongs.
The BAP address is configured via RRC, and the boundary node can derive which CU inserted the BAP address configuration into the RRC message. The boundary node can therefore infer that the BAP address configuration applies to the topology of the CU that inserted the BAP address configuration into the RRC message received.
Proposal 1: The BAP address configuration applies to the topology of the CU that inserted the configuration into the RRC message to the boundary node.
Issue 2: Next-hop BAP address configuration
The boundary node receives a separate next-hop BAP address configuration for each egress link. This next-hop BAP address applies to the topology of the egress link. For upstream egress links, the next-hop BAP address is configured by RRC. As discussed for Issue 1, the boundary node can derive the topology of the egress link based on the CU that inserted the egress-link configuration into the RRC message it received.

For downstream egress links, the egress link is configured by F1AP. It therefore belongs to the topology of the F1-terminating CU.

Proposal 2a: For upstream links, the next-hop-BAP-address configuration applies to the topology of the CU that inserted the configuration into the RRC message, while for downstream links, it belongs to the topology of the F1-terminating CU. 

Issue 3: BAP routing configuration
BAP routing entries contain a BAP routing ID and a next-hop BAP address. The boundary node needs to know if the BAP parameters contained in this configuration belongs to either topology 1 or topology 2. 
We should rule out that the BAP routing ID and next-hop BAP address of a routing entry belong to different topologies. They should further always belong to the egress topology. 
Proposal 3a: The BAP routing ID and next-hop BAP address contained in a BAP routing configuration refer to the egress topology.

Since the boundary node may receive routing configurations for both topologies, it needs to know to which egress topology each routing configuration applies. 
	Example on routing ambiguity: The boundary node receives two routing entries

RT entry 1: 
BAP routing ID 1 ( Next-hop BAP address A (applies to egress topology 1)

RT entry 2:
BAP routing ID 1 ( Next-hop BAP address B (applies to egress topology 2)

At this point, the boundary node does not know, where to route a packet with BAP routing ID 1 unless it is told to which topology each routing entry applies.


To resolve this ambiguity, the routing configuration needs to indicate the egress topology it refers to. However, it is sufficient to include an indicator into the routing configuration if the configuration applies to the non-F1-terminating CU’s topology. This optimization has the advantage that it defaults to Rel-16 behavior for non-boundary nodes and for all traffic forwarded within the F1-terminating CU’s topology. 

Proposal 3b: The BAP routing configuration to indicate if it applies to the non-F1-terminting CU’s topology.
Issue 4: BAP header rewriting configuration
RAN3 made the working assumption that F1AP is used to configure BAP header rewriting entries. RAN2 may want to confirm this assumption. 
Proposal 4a: RAN2 confirms that F1AP is used for BAP header rewriting configuration.

Each BAP header rewriting configuration contains an ingress BAP routing ID and an egress BAP routing ID.
The header rewriting configuration may refer to inter- or intra-topology rewriting. Inter-topology header rewriting configurations may further refer to different flow directions (UL vs. DL). Intra-topology header rewriting configurations only apply to UL. Ambiguities may occur which header-rewriting configuration is applied.
	Example on header rewriting ambiguity: The boundary node receives the following header rewriting configurations:

Header rewriting entry 1: 
BAP routing ID 1 ( BAP routing ID 2 (applies to topology 1 ( topology 2)

Header rewriting entry 2: 
BAP routing ID 1 ( BAP routing ID 3 (applies to topology 2 ( topology 1)

Header rewriting entry 3: 
BAP routing ID 1 ( BAP routing ID 4 (applies to topology 1 ( topology 1)

At this point, the boundary node does not know how to rewrite a packet with BAP routing ID 1 unless it is provided with more information, e.g., on the transport direction.


These ambiguities can be avoided by including information into the header rewriting configuration about the flow direction (UL vs. DL) and if the configuration refers to intra- vs. inter-topology transport. However, it is sufficient to only include an indicator into the header rewriting configuration if the egress topology belongs to the non-F1-terminating CU:
	Header-rewriting scenarios:
	Indicator: “Egress topology belongs to non-F1-terminating CU”

	DL inter-topology
	Not included

	DL intra-topology
	N/A

	UL inter-topology
	Included

	UL intra-topology
	Not included


Since for DL inter-topology and UL intra-topology configurations, the egress topology always belongs to the F1-terminating CU, the boundary node can differentiate these configurations based on the next-hop BAP address in the routing configurations for the F1-terminating CU’s topology.

This optimization has the advantage that it keeps BAP processing independent of the flow direction and that it defaults to Rel-16 behaviour for intra-topology scenarios.

Proposal 4b: The BAP header rewriting configuration to indicate if the egress topology belongs to the non-F1-terminating CU.
Another ambiguity arises from inter-donor-DU rerouting at the boundary node. The following scenarios can be considered:

Scenario 1: The inter-topology path is the main path. 
If the main-path parent link is not available, the traffic is re-routed to an intra-topology backup path. This requires two header rewriting configurations for the ingress BAP routing ID arriving from topology 1:

Header rewriting entry 1: Ingress BAP routing ID (topology 1) ( Egress BAP routing ID 1 in topology 2
Header rewriting entry 2: Ingress BAP routing ID (topology 1) ( Egress BAP routing ID 2 in topology 1
If both parent links are available, the boundary node gives priority to header rewriting entry 1 since header rewriting entry 2 clearly refers to a inter-donor-DU re-routing since ingress and egress topology are the same.

Scenario 2: The intra-topology path is the main path. 

If the main-path parent link is not available, the traffic is re-routed to an inter-topology backup path. This requires only one header rewriting configuration for the ingress BAP routing ID arriving from topology 1:

Header rewriting entry 1: Ingress BAP routing ID (topology 1) ( Egress BAP routing ID 1 in topology 2

If both parent links are available, the boundary node will also forward the packet to the other topology since the header rewriting entry is available. This is incorrect behaviour!

To avoid such incorrect behaviour, the header-rewriting configuration needs to indicate if it refers to the main path or a backup path. However, it is sufficient to only indicate if the BAP header rewriting configuration is used for inter-donor-DU re-routing. 

Proposal 4c: The BAP header rewriting configuration to indicate if it is used for inter-donor-DU rerouting.
Issue 5: BH RLC CH mapping configuration
The BH RLC CH mapping configuration at the boundary node contains (ingress BH RLC CH ID, prior-hop BAP address of ingress topology, egress BH RLC CH ID, next-hop BAP address of egress topology). The next-hop BAP addresses are included since the BH RLC CH IDs only have link-level scope. 

The boundary node needs to be able to differentiate BH RLC CH mapping configurations for inter-topology DL vs. inter-topology UL vs. intra-topology DL vs. intra-topology UL. 
To differentiate between inter- and intra-topology BH RLC CH mapping configurations, it is sufficient to include an indicate if the configuration refers to inter-topology transport. This has the advantage that the BH RLC CH mapping configurations remain the same as in Rel-16 for intra-topology transport. 

To differentiate between UL and DL for inter-topology transport, it is sufficient to indicate if the egress topology belongs to the non-F1-terminating CU. This has the advantage that BAP modeling can remain transparent to the flow direction. 
This results in the following indications:

	BH RLC CH mapping scenarios:
	Indicator: “Inter-topology”
	Indicator: “Egress topology belongs to non-F1-terminating CU”

	DL inter-topology
	Included
	Not included

	DL intra-topology
	Not included
	Not included

	UL inter-topology
	Included
	Included

	UL intra-topology
	Not included
	Not included


Proposal 5: The BH RLC CH mapping configuration to indicate if it refers to inter-topology traffic and if the egress topology belongs to the non-F1-terminating CU.

Issue 6: UL mapping configuration

The inter-donor dual-connected boundary node may hold UL mappings for each topology. The UL mappings are configured via F1AP. Each UL mapping includes a BAP routing ID and a list of pairs of (BH RLC CH IDs, next-hop BAP address). The inter-donor dual-connected boundary node needs to know to which topology an UL mapping configuration refers. It is sufficient for the UL mapping configuration to indicate if it refers to the non-F1-terminating CU’s topology. In this manner, all UL mapping configurations for non-boundary nodes remain compliant with Rel-16 IAB.
Proposal 6: The UL mapping configuration to indicate if it refers to the non-F1-terminating CU’s topology.

2.2 BAP modelling 

We introduced two new BAP processing steps at the boundary node: (1) determining whether descendant traffic is intra- or inter-topology traffic, and (2) execution of BAP header-rewriting.

The following issues need to be addressed:

·  Should these steps (1) and (2) be performed by the BAP TX entity or the BAP RX entity? Should they be different for UL and DL (note: This would break with Rel-16 principles). 

·  Is this different for inter-topology routing vs. (intra/inter-topology) inter-donor-DU re-routing?

In Rel-16, one common BAP modeling was used to handle the packet forwarding in both flow directions. It would be beneficial to have one common BAP modelling to describe the forwarding at the boundary node for both flow directions.  

Proposal 7a: One common modeling is used to describe the BAP forwarding at the boundary node for both flow directions.
The BAP modeling needs to capture the interrelation between header rewriting and routing. These two steps may be intertwined, e.g., in the scenario where an inter-topology UL packet needs to be intra-topology rerouted. The steps for such a procedure are:

·  Header rewriting: Match for inter-topology transport is found.

·  Routing: Route in egress topology of non-F1-termination CU is found but egress link has RLF; and no other route is available in this egress topology.

·  Header rewriting: Match for intra-topology rerouting is found.

·  Routing: Route in egress topology of F1-termination CU is found and egress link is available.

For this reason, header re-writing and routing need to be conducted by the same part of the BAP entity. This can only the Tx part of the BAP entity. 
Proposal 7b: All header rewriting and routing tasks to be handled by the TX part of the BAP entity. 
3 Conclusion
This contribution discussed the remaining open issues to BAP routing for Rel-17 IAB. The following observations and proposals have been made: 

Proposal 1: The BAP address configuration applies to the topology of the CU that inserted the configuration into the RRC message to the boundary node.
Proposal 2a: For upstream links, the next-hop-BAP-address configuration applies to the topology of the CU that inserted the configuration into the RRC message, while for downstream links, it belongs to the topology of the F1-terminating CU. 

Proposal 3a: The BAP routing ID and next-hop BAP address contained in a BAP routing configuration refer to the egress topology.

Proposal 3b: The BAP routing configuration to indicate if it applies to the non-F1-terminting CU’s topology.
Proposal 4a: RAN2 confirms that F1AP is used for BAP header rewriting configuration.

Proposal 4b: The BAP header rewriting configuration to indicate if the egress topology belongs to the non-F1-terminating CU.
Proposal 4c: The BAP header rewriting configuration to indicate if it is used for inter-donor-DU rerouting.
Proposal 5: The BH RLC CH mapping configuration to indicate if it refers to inter-topology traffic and if the egress topology belongs to the non-F1-terminating CU.

Proposal 6: The UL mapping configuration to indicate if it refers to the non-F1-terminating CU’s topology.
Proposal 7a: One common modeling is used to describe the BAP forwarding at the boundary node for both flow directions.
Proposal 7b: All header rewriting and routing tasks to be handled by the TX part of the BAP entity. 
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