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1	Introduction
The previous meeting did not conclude on whether uses UE-Associated signalling, or non-UE-Associated signalling to configure the DL Forwarding table. This contribution provides the further analysis.
2	Discussion
2.1	Routing related configuration
When an IAB node connects to network, IAB MT first connects as normal UE and there is not yet any IAB DU. Thus, at the beginning F1AP is not available for IAB node configuration and therefore, RRC was agreed to be used for configuring the BAP address for the IAB node address. BAP address can be included into the first RRC Reconfiguration message sent to the IAB MT after the Security Mode Command.
For the DL, the generation of the routing ID, i.e., the destination IAB node BAP address and the path ID happens in the Donor DU and is configured by F1AP. For the DL, it was agreed that IP address of the packet is mapped to the BAP address and the path ID can be derived from Flow Label (and the IP address since the Flow Label is defined per IP address) or DSCP.
For UL, the routing ID is generated in the access IAB node. BAP address is determined based on the IP address (same as for DL) which is typically the IP address of the Donor CU. The UL path ID can be determined based on:
-	DRB id or GTP-U FTEID for F1-U packets
-	SCTP stream ID or F1AP message type for F1-C packets
-	non-F1 packets (e.g. SCTP keep-alive messages) may always be mapped to the default path (e.g. Path ID=0), so the Path ID does not have to be configured explicitly
Proposal 1: UL Path ID is determined in access IAB node based on DRB ID/GTP-U TEID for F1-U and SCTP stream ID or F1AP message type for F1-C. 
Except for mapping described above, which allows generation of BAP header by the Donor DU and Access IAB node, routing table needs to be configured. The routing table maps the Routing ID (Destination BAP address + path ID) to Next Hop ID (BAP address). For DL, it was agreed to configure the routing tables in IAB node DUs and Donor DU by F1AP. The Next Hop ID mapping to a specific IAB-MT of a child node is configured once when the IAB MT context is created/modified in the parent node, i.e. the BAP address of the IAB node becomes part of the IAB MT context (also already agreed). For UL, it was agreed to use RRC signalling to map Next Hop ID to parent cell group (MCG or SCG).
The agreements reached so far on routing configuration, together with proposal 1 above, are summarized in the table below to present the overall picture.
[bookmark: _Ref23406985]Table 1 Routing related configuration summary
	Node
	Configuration item
	Purpose
	Configuration means

	Donor DU
	IP address  BAP address
	BAP address determination of DL IP packet (to construct BAP header)
	F1AP protocol

	
	IP header (IP address and/or Flow Label and/or DSCP)  Path ID 
	Path ID determination of DL IP packet (to construct BAP header)
	F1AP protocol

	
	Downlink: Routing ID  Next Hop ID (BAP address of next hop)
	Routing table for downlink
	F1AP protocol

	
	Downlink: Next Hop ID  Connected IAB-MT of a child node
	Mapping of identified Next Hop (BAP address) to a connected IAB-MT of a child
	F1AP protocol (implicitly via UE-associated F1AP message used to establish IAB-MT context in Donor DU)

	Access IAB Node
	IP address  BAP address
	BAP address determination of UL IP packet (to construct BAP header)
	To be decided

	
	UP: DRB ID/GTP-U TEID  Path ID (not agreed yet, see Proposal 1)
CP: SCTP stream ID or F1AP message type for F1-C  Path ID (not agreed yet, see Proposal 1)
	Path ID determination of UL IP packet (to construct BAP header)
	To be decided

	
	Uplink: Routing ID  Next Hop ID (BAP address of next hop)
	Routing table for uplink
	To be decided

	
	Uplink: Next Hop ID  Cell Group ID
	Mapping of identified next hop (BAP address) to one of two parent nodes
	RRC

	Intermediate IAB node
	Downlink: Routing ID  Next Hop ID (BAP address of next hop)
	Routing table for downlink
	F1AP protocol

	
	Downlink: Next Hop ID  Connected IAB-MT of a child node
	Mapping of identified Next Hop (BAP address) to a connected IAB-MT of a child
	F1AP protocol (implicitly via UE-associated F1AP message used to establish IAB-MT context in Donor DU)

	
	Uplink: Routing ID  Next Hop ID (BAP address of next hop)
	Routing table for uplink
	To be decided

	
	Uplink: Next Hop ID  Cell Group ID
	Mapping of identified next hop (BAP address) to one of two parent nodes
	RRC



The following observations are made based on the routing configuration summary above:
Observation 1: It was already agreed to perform all the configuration items related to BAP routing for downlink direction using F1AP protocol.
Observation 2: Except for Next Hop ID to CG ID mapping, all the configuration items needed for UL routing configuration utilize similar or the same identifiers, which are used for DL routing, i.e. IP header fields, GTP-U TEID, SCTP stream identification, BAP address and Path ID.
Observation 3: All the identifiers used for both DL and UL routing configuration belong either to network layer (GTP, SCTP, IP) or to BAP layer.

2.2	Routing configuration via F1AP or RRC
As mentioned previously, what has to be still decided is the protocol to use for routing configuration in UL for Access IAB nodes and Intermediate IAB nodes. As can be seen in Table 1 observed by Observation 1-3, the way the routing is designed at the moment, the configuration in UL and DL needs to contain basically the same kind of identifiers (most of them belonging to RAN network domain or BAP), it would be a natural thing to choose F1AP to configure it in both directions. It has an additional advantage of simplifying specifications and implementation by keeping all the related tasks in the same protocol. Therefore, unless there are any technical issues preventing usage of F1AP, it should be the protocol of choice.
Observation 4: F1AP is a natural candidate for performing routing configurations in UL, unless there are any technical show stoppers.
One of the main arguments against using F1AP to configure bearer mapping and routing is that before IAB node integration F1AP connection is not yet available. It has been already agreed by RAN3 that OAM connection is done via PDU session (or PDN connection for EN-DC), and it is up to implementation to use BH RLC channel for OAM traffic. Thus, for OAM connection no BAP layer is needed. OAM is assumed to give the IP address of the Donor CU where the IAB node DU is supposed to be connected. Furthermore, the IP address of the IAB node can be obtained through RRC signalling. Once the IAB node has IP address, it can start setting up the F1 connection. First SCTP connection is established (SCTP INIT) and after that IAB DU can send F1 Setup Request to Donor CU. SCTP connection establishment as well as F1 Setup are assumed to be done on top of the BAP layer. The question then arises how to provide initial signalling, i.e., SCTP INIT procedure as well as F1 Setup related messages. Since the BAP address of the IAB node is received via RRC, then also BAP address of the Donor DU/CU could be received via RRC and be included in the BAP header by the IAB node for UL packets. Alternatively, a default BAP address could be used before the Donor address is configured via F1AP. For the path ID, a default path can be used for these initial packets, e.g., path 0.
Proposal 2: Donor BAP address to be used for UL BAP PDUs to be sent to Donor CU is either:
· configured in IAB node with RRC signalling
· configured in IAB node with F1AP signalling; before F1 is established, default BAP address is used.
In summary, as shown above, there are no technical obstacles preventing usage of F1AP to provide routing configuration for uplink direction, similarly as is agreed for downlink. Therefore, we propose:
Proposal 3: For UL, F1AP signalling is used to provide IAB nodes with the UL routing table (i.e. mapping between Routing ID and Next Hop ID).

2.3	UE Associated F1AP or Non-UE Associated F1AP
In last RAN3 meeting ([1]), there are two options on the F1AP procedure to configure the routing table. Let’s consider following IAB deployment, and consider the DL forwarding table in IAB11 as an example, 


[bookmark: _Hlk7539041]Figure 1: multiple-hop example
· Option 1: the forwarding table is considered as part the context of the IAB-DU
For example, the forwarding table using IAB11’s child IAB nodes is considering as the context of IAB11-DU. IAB11-DU maintains one forwarding table with entries using its child IABs as next node, e.g. {[dest=IAB31, next hop=IAB21]; [dest=IAB32, next hop=IAB21], [dest=IAB31, next hop=IAB22]}. 

In this option, Donor-CU uses the non-UE-associated F1AP procedure to manage the forwarding table. 

· When there are multiple paths to the destination node, Donor-CU only need to initiate one F1AP procedure. For example, only one F1AP procedure to IAB11 to configure all routing to IAB31, i.e. covering all routing via IAB21 or IAB22. 
· During the topology adaptation, Donor-CU may only need to initiate one F1AP procedure to update the routing table. For example, when IAB32 switches the connection from IAB21 to IAB22, Donor-CU initiate one F1AP procedure to IAB11 to change [dest=IAB32, next hop=IAB21] to [dest=IAB32, next hop=IAB22].


· Option 2: the forwarding table is considered as part of the IAB-MT’s context in its serving DU, i.e. IAB-DU or Donor-DU
For example, in IAB11-DU, the IAB21-MT’s context has a forwarding table {[dest=IAB31, next hop=IAB21]; [dest=IAB32, next hop=IAB21]}. This means any forwarding using IAB21 as the next node will be part of IAB21-MT’s context in the IAB21-MT’s serving DU (i.e. IAB11-DU). In IAB11-DU, there are multiple forwarding tables, i.e. one per child IAB node. 

In this option, Donor-CU uses UE-associated F1AP procedure, e.g. F1AP UE Context management procedure, to manage the forwarding table. 

· When there are multiple paths to the destination node, Donor-CU need to initiate separate F1AP procedure per child IAB node. For example, one F1AP procedure to IAB11 to configure the routing using IAB21, and another F1AP procedure to configure the routing using IAB22. 

· [bookmark: _GoBack]During the topology adaptation, Donor-CU may need to initiate multiple F1AP procedure to update the routing table. For example, when IAB32 switches the connection from IAB21 to IAB22, Donor-CU initiate one F1AP procedure to IAB11 to del [dest=IAB32, next hop=IAB21] that is part of IAB21-MT’s context, and another F1AP procedure to add [dest=IAB32, next hop=IAB22] that is part of IAB22-MT’s context. 

In a summary, both options work. Option 1 can save some signalling, and efficient in some scenarios. So we prefer to use non-UE-associated signalling. 
Proposal 4: use non-UE-associated F1AP signalling to configure the DL forwarding table. 
Proposal 5: use same procedure for both UL and DL routing configuration. 

4	Conclusion
In this contribution configuration of DL forwarding table. The following proposals are made:
Observation 1: It was already agreed to perform all the configuration items related to BAP routing for downlink direction using F1AP protocol.
Observation 2: Except for Next Hop ID to CG ID mapping, all the configuration items needed for UL routing configuration utilize similar or the same identifiers, which are used for DL routing, i.e. IP header fields, GTP-U TEID, SCTP stream identification, BAP address and Path ID.
Observation 3: All the identifiers used for both DL and UL routing configuration belong either to network layer (GTP, SCTP, IP) or to BAP layer.
Observation 4: F1AP is a natural candidate for performing routing configurations in UL, unless there are any technical show stoppers.

Proposal 1: UL Path ID is determined in access IAB node based on DRB ID/GTP-U TEID for F1-U and SCTP stream ID or F1AP message type for F1-C. 
Proposal 2: Donor BAP address to be used for UL BAP PDUs to be sent to Donor CU is either:
· configured in IAB node with RRC signalling
· configured in IAB node with F1AP signalling; before F1 is established, default BAP address is used.
Proposal 3: For UL, F1AP signalling is used to provide IAB nodes with the UL routing table (i.e. mapping between Routing ID and Next Hop ID).
Proposal 4: use non-UE-associated F1AP signalling to configure the DL forwarding table. 
Proposal 5: use same procedure for both UL and DL routing configuration. 
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