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1	Introduction
In this contribution we discuss configuration of IAB nodes, especially the configuration of BAP layer. 
The following was agreed in RAN2#107:
	BAP modelling configuration and Control
· Confirm that the earlier agreed functions F1-F7 are applicable 
· BAP has a DU part configured by F1-AP and a MT part configured by RRC
· BAP specification should focus on describing the interaction on Uu (mindset)
· A BAP DU part and MT part each has one transmitter and one receiver (detail naming TBD)
· The BAP address of the IAB node is used to differentiate traffic to be delivered to upper layers from traffic to be delivered to egress RLC layer (FFS for the Donor node). 
· For routing and bearer mapping of a packet retrieved from RLC layer, the IAB-node needs to be configurable with the following mappings:
	BAP routing ID in BAP header  Egress link (routing table)
	Ingress RLC channel Egress RLC channel (bearer mapping)
· For the selection/addition of a BAP routing ID as well as routing and bearer mapping for a packet retrieved from upper layers, the IAB-node and IAB donor needs to be configurable with the following mappings:
	(FFS) Upper layer information  BAP Routing ID to be added in BAP header
	BAP routing ID in BAP header  Egress link
	Upper layer information (FFS)   Egress RLC channel



During RAN2#107bis, the configuration details of BAP were further discussed with following agreements being reached:
	· For BAP routing Next Hop ID, The BAP address of the next hop node to be used as the next hop identifier for the downstream
· For BAP routing Next Hop ID, The BAP address of the next hop node also to be used as the next hop identifier for the upstream 
· Confirm that BAP address for a IAB node (e.g. to differentiate the data delivered to higher layer in BAP) is configured via RRC 
· To configure the association between child IAB-node and Next Hop ID, RAN2 assumes that the CU includes the BAP address of the child IAB-node in a F1AP configuration (e.g. F1AP UE CONTEXT SETUP/MODIFICTION REQUEST message) for the child IAB-node MT. Details up to R3.
· To configure the association between parent IAB-node and Next Hop ID (i.e. BAP address of next hop), the CU includes the BAP address of the parent IAB-node together with the cell group ID of the parent node in the RRCReconfiguration message (details FFS).
· Observation: Upstream and downstream bearer mapping tables can use either the BH RLC CH ID or the LCID (they are mapped 1-to-1 always) for BAP ingress and egress RLCchannelIDs.
· The BH RLC CH ID is used for ingress / egress RLCchannelID in the BAP bearer mapping configuration. 




One more aspect which was discussed during RAN2#107bis was which protocol should be used for configuration of upstream routing and upstream bearer mapping in access IAB nodes and intermediate IAB nodes. In this contribution, usage of F1AP for configuration of upstream routing and bearer mapping configuration is proposed preceded by the summary of the current status of related work/agreements and rationale for choosing F1AP and not RRC. This contribution focuses on handling of user plane traffic while control plane is discussed in separate papers.
2	Current status of BAP configuration agreements
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 IP address, Flow Label or DSCP.
For UL, the routing ID is generated in the access IAB node. In case the IAB node is connected by multiple paths the CU will configure different UL routing IDs for each path. Which path (and associated UL Routing ID) to use in the UL for user plane can be determined based on DRB id or GTP-U FTEID for F1-U packets.
Proposal 1: In UL the UL Routing ID is determined in access IAB node based on DRB ID/GTP-U TEID for F1-U traffic. 
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 for user plane traffic
	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
	DRB ID/GTP-U TEID  UL Routing ID (not agreed yet, see Proposal 1)
	Determine which UL path/routing ID should be used for a given UE bearer
	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: All the identifiers used for both DL and UL routing configuration belong to network layer or to BAP layer.
2.2	Bearer mapping related configuration
It was agreed by RAN3 that the bearer mapping in the Donor DU will be configured by F1AP signalling (UE-associated most likely, but that is still to be confirmed by RAN3). The bearer mapping maps the IP packets received from the Donor CU to BH RLC channels based on the IP address, IPv6 Flow Label and/or DSCP. In the Donor CU the different GTP tunnels can be associated with different IPv6 Flow Labels and/or DSCP, making it possible for the Donor CU to control the mapping from one UE bearer to a BH RLC channel. 
In the access IAB node, the mapping needs to consider similar upper layer information as that mentioned for BAP Routing ID generation above, i.e. GTP-U TEID (or UE DRB ID) is mapped to BH RLC channel ID for F1-U packets (agreed by RAN3).
[bookmark: _Ref23406986]Table 2 Bearer mapping related configuration summary for user plane traffic
	Node
	Configuration item
	Purpose
	Configuration means

	Donor DU
	IP header (IP address and/or Flow Label and/or DSCP)  BH RLC channel ID
	Egress BH RLC channel ID determination for DL IP packet
	F1AP protocol

	Access IAB Node
	UP: GTP-U TEID or DRB ID  BH RLC channel ID
	Egress BH RLC channel ID determination for UL IP packet
	To be decided

	Intermediate IAB node
	Downlink: Prior Hop ID + Ingress BH RLC channel ID + Next Hop ID  Egress BH RLC channel ID
	Bearer mapping table for DL
	F1AP protocol

	
	Uplink: Prior Hop ID + Ingress BH RLC channel ID + Next Hop ID  Egress BH RLC channel ID
	Bearer mapping table for UL
	To be decided



The following observations are made based on the bearer mapping configuration summary above:
Observation 3: It was already agreed to perform all the configuration items related to bearer mapping for downlink direction using F1AP protocol.
Observation 4: All the configuration items needed for UL bearer mapping configuration utilize similar or the same identifiers, which are used for DL bearer mapping, i.e. GTP-U TEID, BH RLC channel ID.
Observation 5: Most of the identifiers used for both DL and UL bearer mapping configuration belong to network layer (GTP, IP) with BH RLC Channel ID tying together lower and higher layers.
The details of bearer mapping configuration using F1AP should be decided by RAN3. What is important to note here is that it can be designed in the same way for configuration of uplink and downlink bearer mapping information, so using F1AP for uplink bearer mapping configuration does not incur any additional work on RAN3. 
2.3	Remaining configuration related decisions
As mentioned previously, what has to be still decided is the protocol to be used for bearer mapping in Access IAB node and intermediate IAB nodes in UL and which protocol to use for routing configuration in UL for Access IAB nodes (i.e. UE bearer -> Routing ID and Routing ID -> Next hop) and Intermediate IAB nodes (Routing ID -> Next hop). In our view it should in addition to the DL routing and mapping be possible to use F1-AP to configure the following:
- The UL bearer mapping from UE bearer / GTP-TEID to BH RLC channel in the access IAB node.
- The UL bearer mapping from Ingress to egress BH RLC channel in the intermediate IAB nodes.
- The UL routing from UE bearer / GTP-TEID to UL BAP Routing ID and Next Hop ID.
- The UL routing from UL BAP Routing IDs (received from children nodes) to Next Hop ID.
If this solution is agreed then all DL/UL routing and bearer mapping is configured by F1 signalling, which has the following advantages:
- It harmonizes the behaviour in UL/DL, which simplifies the specifications and implementation by keeping all the related tasks in the same protocol. 
- It avoids the need to send RRC signalling when a new UE bearer is added, which is important for the performance when for instance using N:1 bearer mapping.
- It avoids sending both RRC and F1-AP signalling when a route changes for a child node, since both the UL and DL routing configuration can be done by F1-AP.
Observation 6: Using F1-AP signalling to configure both UL and DL bearer mapping and routing simplifies the specifications and reduces signalling when a new UE bearer is added, or when the route to a child node changes. 
Observation 7: Using RRC to configure the UL bearer mapping and routing would increase complexity and decrease efficiency since then both F1-AP and RRC signalling is needed every time a new UE bearer is added, or when the route to a child node changes. 
An argument mentioned by the companies speaking in favour of using RRC to configure the mapping was that the IAB-MT can directly use the configured mapping to determine the BH RLC channels. However, there is a major issue with this approach as in case encryption is enabled, it will be impossible for IAB-MT to determine GTP TEID of the packet and perform the mapping. 
Observation 8: Using RRC to configure bearer mapping would impose a requirement on IAB-MT to inspect network layer packet’s headers, which would be impossible in case encryption of traffic is enabled.
Based on this, the bearer mapping has to be performed by the Donor DU and in order to be compatible with previous RAN2 agreement that the DU part of BAP should be configured with F1AP, RRC cannot be used for UL bearer mapping.
Observation 9: Since bearer mapping has to be performed by the Donor DU, using RRC to configure it would violate previous RAN2 agreement that DU part of BAP entity should be configured with F1AP.
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 should be noted however that the configuration of IAB node prior to activating F1-AP is most likely simple and it should be possible to use other mechanism to configure this initial routing and bearer mapping (e.g. use RRC, OAM or some default mapping, which is outside the scope of this paper). Furthermore, the BH RLC channel mapping and routing for UE bearers and traffic from children nodes can be quite dynamic and preferably should be controlled with a single protocol (i.e. F1-AP). 
Observation 10: The configuration of the bearer mapping and routing prior to activating the IAB node DU function is expected to be rather simple and does not need to be optimized (e.g. since it only happens once), which is different from the upstream end user traffic which would be much more dynamic and need frequent updates to routing and mapping. 
Proposal 2: 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) for the UL traffic related to UEs connected to the IAB node, and UL traffic from child IAB nodes.
Proposal 3: Bearer mapping for upstream traffic for the IAB nodes own UE bearers, and UL traffic from child IAB nodes is configured in IAB nodes by F1AP signalling.
4	Conclusion
In this contribution configuration of IAB node routing and bearer mapping was discussed and the following observations 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: All the identifiers used for both DL and UL routing configuration belong to network layer or to BAP layer.
Observation 3: It was already agreed to perform all the configuration items related to bearer mapping for downlink direction using F1AP protocol.
Observation 4: All the configuration items needed for UL bearer mapping configuration utilize similar or the same identifiers, which are used for DL bearer mapping, i.e. GTP-U TEID, BH RLC channel ID.
Observation 5: Most of the identifiers used for both DL and UL bearer mapping configuration belong to network layer (GTP, IP) with BH RLC Channel ID tying together lower and higher layers.
Observation 6: Using F1-AP signalling to configure both UL and DL bearer mapping and routing simplifies the specifications and reduces signalling when a new UE bearer is added, or when the route to a child node changes. 
Observation 7: Using RRC to configure the UL bearer mapping and routing would increase complexity and decrease efficiency since then both F1-AP and RRC signalling is needed every time a new UE bearer is added, or when the route to a child node changes. 
Observation 8: Using RRC to configure bearer mapping would impose a requirement on IAB-MT to inspect network layer packet’s headers, which would be impossible in case encryption of traffic is enabled.
Observation 9: Since bearer mapping has to be performed by the Donor DU, using RRC to configure it would violate previous RAN2 agreement that DU part of BAP entity should be configured with F1AP.
Observation 10: The configuration of the bearer mapping and routing prior to activating the IAB node DU function is expected to be rather simple and does not need to be optimized (e.g. since it only happens once), which is different from the upstream end user traffic which would be much more dynamic and need frequent updates to routing and mapping. 
Based on the discussion it is proven there are no technical issue for adopting F1AP to configure routing and bearer mapping in uplink direction, similarly as agreed currently for downlink. The following proposals are made:
Proposal 1: In UL the UL Routing ID is determined in access IAB node based on DRB ID/GTP-U TEID for F1-U traffic. 
Proposal 2: 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) for the UL traffic related to UEs connected to the IAB node, and UL traffic from child IAB nodes
Proposal 3: Bearer mapping for upstream traffic for the IAB nodes own UE bearers, and UL traffic from child IAB nodes is configured in IAB nodes by F1AP signalling.




