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1	Introduction
During RAN2#106 meeting the following agreements with respect to routing using the adaptation layer (BAP) were made: 
	The BAP routing id (carried in the BAP header) consists of BAP address and BAP path ID. Encoding of the path ID in the header is FFS.
Each BAP address defines a unique destination (unique for IAB network of one Donor , either an IAB access node, or the IAB donor)
Each BAP address can have one or multiple entries in the routing table to enable local route selection. Multiple entries is for load balancing, re-routing at RLF. For load balancing still FFS what is decided locally and/or decided by the Donor.
Each BAP routing id has only one entry in the routing table.
The routing table can hold other information, e.g. priority level for entries with same BAP address, to support local selection. Configuration of this information is optional.



RAN3#104 meeting agreed “F1AP signaling is used to configure DL forwarding; FFS whether UE-associated or non-UE-associated. ”
In this paper, we focus on what ID is used to identify the egress link (next hop link) in routing table, and how to configure the forwarding table.  
2	Discussion
The basic routing operation which needs to be performed by each IAB node is to be able to determine to which of the connected IAB node to forward the received BAP PDU. In DL direction, this means that an IAB node needs to identify which of the MTs connected to it should receive the packet, i.e. destination / path identifier contained in the BAP header needs to be mapped to a certain MT. In UL direction on the other hand, IAB node needs to be able to identify which of IAB DUs it is connected to should receive the packet. The question on how to identify the proper MT / DU has been already asked during the e-mail on routing and, as can be seen from the summary in [1], most of the companies preferred to use C-RNTI to identify the backhaul link related to the next IAB node. However, C-RNTI is only cell specific while a single IAB node can provide multiple cells and it may happen that the same C-RNTI is used for different IAB node MTs. That is why RAN2 excluded at least usage of C-RNTI alone. Therefore, either using C-RNTI in combination with another identifier or a different identifier may be considered, e.g. (as per options mentioned in [1]):
1. C-RNTI + cell ID
2. gNB-DU UE F1AP ID and/or gNB-CU UE F1AP ID
3. New identifier, e.g. IAB node ID
We will first discuss the second option, i.e. using gNB-DU UE F1AP ID and/or gNB-CU UE F1AP ID. As per the definition in [2]:
	gNB-CU UE F1AP ID:
A gNB-CU UE F1AP ID shall be allocated so as to uniquely identify the UE over the F1 interface within a gNB-CU. When a gNB-DU receives a gNB-CU UE F1AP ID it shall store it for the duration of the UE-associated logical F1-connection for this UE. The gNB-CU UE F1AP ID shall be unique within the gNB-CU logical node.
gNB-DU UE F1AP ID:
A gNB-DU UE F1AP ID shall be allocated so as to uniquely identify the UE over the F1 interface within a gNB-DU. When a gNB-CU receives a gNB-DU UE F1AP ID it shall store it for the duration of the UE-associated logical F1-connection for this UE. The gNB-DU UE F1AP ID shall be unique within the gNB-DU logical node.



Based on this description, it can be seen that the gNB-DU uses gNB-DU UE F1AP ID to uniquely identify UEs connected to it. This identifier is assigned by the gNB-DU and informed to the gNB-CU, which associates it to the gNB-CU UE F1AP ID provided to the gNB-DU. It should be however noted that those identifiers are stored by the gNB-DU only for the UEs, which have a connection with it. Thus, gNB-DU UE F1AP ID could be used to identify the UE in the DL direction, but since the IAB node DU does not know gNB-CU UE F1AP ID of its parents’ MT, it cannot be used for UL link identification.
Observation 1: gNB-DU UE F1AP ID can be used for next hop identification in DL direction, but neither gNB-DU UE F1AP ID nor gNB-CU UE F1AP ID are useful for next hop identification in UL direction.
The first option, i.e. C-RNTI + cell ID (PCI) seems to be a viable option for both UL and DL directions. In DL direction, IAB node would first determine to which cell the MT, where the packet is supposed to be forwarded, is connected to and then based on C-RNTI it would choose the proper MT. In UL direction, the MT would determine where to send the packet based on the indicated PCI.
Observation 2: C-RNTI + PCI can be used to identify the backhaul link in both UL and DL directions.
One problem of using C-RNTI+PCI mentioned in [1] is that when the topology is updated and IAB node connects to a new parent, the routing tables would have to be modified for practically all the entries in the migrating IAB node and also in the CU before providing them to a new parent node. To avoid this issue, it would be beneficial to make the next hop identifier transparent for the routing configuration. This can be achieved by using an IAB node ID, similar to the one proposed for destination IAB node address in [3], to identify the next hop / backhaul link to forward the packet to. Donor-CU would have to only provide the mapping of C-RNTI+PCI to IAB node ID to IAB nodes while configuring routing. In case the IAB node migrates to another parent node, the same routing entries can be configured to the new parent with just an update of C-RNTI+PCI to IAB node ID mapping. 
Observation 3: Usage of IAB node ID with Donor-CU configuring IAB node ID to C-RNTI+PCI mapping can be used for next hop / backhaul link identification without the issue of routing tables update during IAB node migration to a new parent node.
We therefore propose the following:
Proposal 1: IAB node identifier is used to identify the next hop / backhaul link for packet routing for both UL and DL directions.
Proposal 2: Mapping of IAB node identifier to C-RNTI+PCI is configured in IAB node by Donor CU together with routing configuration.
Regrading on how to configure the forwarding table in the Donor-DU and IAB node, there may be two options. Let’s consider following IAB, 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-MT’s serving DU
For example, the forwarding table using IAB21 as the next node is considering as the context of IAB21-MT’s serving DU (i.e. 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 can use the non-UE-associated F1AP procedure to manage the forwarding table. 

· 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. 

Both options work for DL. But in some scenarios, e.g. with redundant path, the Donor-CU may need to initiate 1 more additional procedures in Option 2 than Option 1. For example, when configure the dest=IAB31 in IAB11, CU initiates one UE-associated procedure to configure the forwarding table {[dest=IAB31, next hop=IAB21]}for IAB21-MT’s context. The CU initiates another UE-associated procedure to configure the forwarding table [dest=IAB31, next hop=IAB22] for IAB22-MT’s context. 
We also need to consider the UL routing. For example, with redundant route, the UL forwarding table also need to be configured. For example, when IAB31 sends an UL F1-U data packet to DU1, Donor-CU need to configure IAB31 on which UL path should be used. The UL forward table can only be considered as IAB-DU’s context. In the UL direction, the forwarding table can only be configured via non-UE-associated signalling. 
In a summary, using non-UE-associated F1AP signalling can configure both UL and DL, while using the UE-associated signalling F1AP can only configure DL. So we prefer to use non-UE-associated signalling. 
Observation 4: using non-UE-associated F1AP signalling can configure both UL and DL, while using the UE-associated F1AP signalling can only configure DL.
Proposal 3: use non-UE-associated F1AP signalling to configure the forwarding table. 
3	Summary
The following is observed in the paper with respect to different ways of identifying next hop / backhaul link for routing using BAP:
Observation 1: gNB-DU UE F1AP ID can be used for next hop identification in DL direction, but neither gNB-DU UE F1AP ID nor gNB-CU UE F1AP ID are useful for next hop identification in UL direction.
Observation 2: C-RNTI + PCI can be used to identify the backhaul link in both UL and DL directions.
Observation 3: Usage of IAB node ID with Donor-CU configuring IAB node ID to C-RNTI+PCI mapping can be used for next hop / backhaul link identification without the issue of routing tables update during IAB node migration to a new parent node.
Observation 4: using non-UE-associated F1AP signalling can configure both UL and DL, while using the UE-associated F1AP signalling can only configure DL.
Based on the observations it is proposed to agree on the following:
Proposal 1: IAB node identifier is used to identify the next hop / backhaul link for packet routing for both UL and DL directions.
Proposal 2: Mapping of IAB node identifier to C-RNTI+PCI is configured in IAB node by Donor CU together with routing configuration.
Proposal 3: use non-UE-associated F1AP signalling to configure the forwarding table. 
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