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1 Introduction
In the WID of IAB[1], the objective about the two functionalities in IAB node is described as follows:
· [bookmark: _Hlk531191940]Specification of an IAB-node following architecture 1a including [RAN2-led, RAN3]: 
· Routing function on IAB-node to support forwarding across the multi-hop topology based on routing identifier. 
As shown in section 9.7.11 of TR 38.874 [2], the routing across wireless backhaul links may use a destination address. In the given example, the routing identifier is the destination node ID. 
An offline discussion about the IAB routing has been kicked off via email [4]. Two options are being considered for the route identifier needs to be carried in the adaptation layer. The first option for the route identifier is destination node ID, e.g. destination IAB node for the downlink transmission or the  IAB donor-DU address for the uplink transmission, while the second option for the route identifier is some specific path identifier.
In this contribution, we are going to discuss the routing configuration and update mechanisms for wireless backhaul links in an IAB network, based on the assumption that the routing in adaptation layer is based on destination node ID. 
2 [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Discussion
What kind of destination node addressing is suitable for wireless backhaul routing?
For the downlink transmission, the real destination of the user plane packet is the UE, and the real destination node of a control plane packet may be the UE/MT (RRC message) or IAB node (F1AP message). However, since the GTP is used in F1*-U, the UE’s access IAB node can identify to which UE the PDCP PDU belongs from the DL GTP TEID carried in the DL UP packet. For the RRC message transport, the UE’s access IAB node can identify the UE from the DU F1AP UE ID allocated by the IAB-DU for the UE. Consequently, the destination node ID is only useful for routing over the wireless backhaul links, not for the access link.
Observation 1: The destination node ID is only useful for routing in wireless backhaul links, not for the access link.
Observation 2: Information in F1* packet (e.g. GTP TEID for F1*-U, DU F1AP UE ID for F1*-C) can be used by access IAB node to identify UE.
There are two options for the destination node in the DL direction: one is the IAB node (e.g. UE’s access IAB node), and the other is UE. As shown in Table 1, the two options are compared for further steps from the forwarding table size, and the frequency to update the forwarding table. 
[bookmark: _Ref536103502]Table 1. Comparison between the two options of destination node for adaptation layer routing
	Destination node type
	Option 1. IAB node 
	Option 2. UE

	Forwarding table size and complexity
	Proportional to the number of IAB nodes.
Lower complexity.
	Proportional to the number of connected UEs.
Higher complexity.

	Forwarding table update frequency
	In accordance with the IAB network topology changes, may be not so frequent since IAB node is fixed.
	Forwarding table may need to be updated frequently and more signalling needs to be involved, since UE is mobile.


In option 1, each forwarding item in forwarding table is IAB node specific. In option 2, each forwarding item in the forwarding table is UE specific. Obviously, the forwarding table size for option 2 will be remarkably larger than option 1, since the number of UEs in the network is typically much larger than the number of IAB nodes. Moreover, the forwarding table in option 2 needs to be updated more frequently since the UE is mobile, while IAB nodes are fixed. If the forwarding table is configured by the CU in a centralized way, this means that option 2 requires more routing configuration signalling when the UE moves. Comprehensively, option 1 outperforms option 2 from the perspective of forwarding table size and signalling overhead for forwarding table updating. 
Observation 3: Using IAB node as destination node will show more advantages when we consider the forwarding table size and update frequency of forwarding table when compared to the option using UE as destination node.
[bookmark: OLE_LINK20]Proposal 1: For downlink packet forwarding of both UP and CP, IAB node address should be considered for route selection in adaptation layer as baseline.
For the uplink transmission, the destination node in wireless backhaul link is donor DU. If the IAB topology is modelled as spanning tree, each IAB node only connects to one parent node, thus uplink routing is simple since the only choice for next hop node is the parent node. However, for a DAG (directed acyclic graph) topology, considering that backhaul connectivity redundancy is supported, an IAB node may connect to the CU via multiple donor DUs. Then it is necessary to carry IAB donor’s address as the destination node address in the Adaptation header of an uplink packet. We believe that a unified solution should be designed to support both the spanning tree topology and the DAG topology. Consequently, carrying the IAB donor address in the adaptation layer as destination node ID for uplink transmission is recommended. More discussion is needed to decide whether the donor DU or the CU is the destination node for the uplink transmission routing in the backhaul links.
Proposal 2: For uplink packet forwarding of both UP and CP, the IAB donor address should be used for route selection in the adaptation layer. 
[bookmark: _Ref4332073]Routing address for IAB node 
As described in the IAB WID [1], the adaptation layer is used to support routing across the wireless backhaul, whereas the IP layer is just a higher protocol layer in he UP stack. We may deduce that the IP layer is not use for routing within the RAN part.
· Specification of enhancements to L2 wireless transport [RAN2-led, RAN3]:
· [bookmark: OLE_LINK59]Specification of an adaptation layer above RLC layer. The adaptation layer supports routing across the wireless backhaul and IP as next protocol layer. 
· …
Consequently, the IP address in the IP layer header is not suitable for performing the routing function in the adaptation layer. 
The IAB node’s MT part also has an identifier, i.e. the C-RNTI which is allocated by its parent node. But the C-RNTI of IAB node’s MT part can’t be used for routing in the adaptation layer, because it is only unique in a serving cell of its parent node. To avoid ID confliction, the routing address for the IAB node, which is used for routing across wireless backhaul links, should be unique in the serving area of the IAB donor.
Observation 4: C-RNTI of IAB node’s MT part is not suitable for routing in the RAN part of the IAB network. 
In fact, routing in the RAN part across multiple wireless backhaul links only requires the routing address of the IAB node to be unique in the serving area of IAB donor. This routing address should be carried in the Adaptation layer as support for routing is one of the main functionalities of the adaptation layer. Many kinds of address can be used as routing address as long as it meets such requirement.
For example, such a routing address can be allocated by OAM, e.g. the cell ID (or the NCGI) of DU (either the IAB-DU or the donor DU), can be reused to support routing across the wireless backhaul links.  In another example, a more concise identifier can be allocated by the IAB donor to the IAB node for routing in the RAN part. We can refer to such an identifier as Adapt ID for short. Since the number of IAB node under the same IAB donor is not expected to be very large, the Adapt ID can be much shorter than the NCI(36bits), NCGI(60bits), and the IP address( 32bits for IPv4 or 128bits for IPv6). The Donor CU should be responsible for the allocation and management of Adapt IDs, which can be assigned during the integration of the IAB node. If an IAB node connects to another CU, its Adapt ID can be updated accordingly by the new CU.
[bookmark: OLE_LINK19]Proposal 3: The routing address of IAB node for routing across wireless backhaul links shall be unique in the serving area of the IAB donor. A newly defined Adapt ID is recommended to identify the IAB node in adaptation layer routing across backhaul links.
Proposal 4: The network configures the Adapt ID for each IAB node, after receiving the IAB indication in the process of IAB node integration.
Forwarding table configuration and update
 Forwarding table format
Based on the routing address carried in adaptation layer, each IAB node, as well as the donor DU, can perform route selection based on a forwarding table. The forwarding table should be pre-configured in the IAB node and the donor DU. 
Figure 1 provides an example about the possible format of the forwarding table for IAB network. The destination node address and the next hop node are the basic components of the forwarding table. The destination node address is the identifier of the destination node carried in adaptation layer, and the next hop node is the chosen node towards which the UL/DL packets should be forwarded. As discussed in the section 2.2, a new defined Adapt ID is recommended to identify the IAB node in backhaul link. Thus, it is straightforward to use such Adapt ID to identify the next hop node in the forwarding table also. Alternatively, some other kinds of address information which is unique within the serving area of the current node (the current node can be any IAB node or the donor DU) should be used, e.g. for the downlink, using C-RNTI of next hop node+ the NCI/NCGI of the current node is enough to identify the next hop node. Such addressing information is relatively too long when compared to the new defined Adapt ID which is only approximate10 bits, and may result in a large size of the forwarding table. In fact, for the current node, it the forwarding table may maintain multiple entries for the child node, e.g. the DU/CU F1AP UE ID allocated for the child node, the C-RNTI of child node+NCI/NCGI of the current node, the Adapt ID of the child node, etc. Then, the current node can forward the packets to the right next hop node according to the forwarding table and the mapping relationship to the child node’s identifiers using the appropriate entry of the forwarding table.
Proposal 5: The destination node address and the next hop node are the basic components for design the forwarding table.
Proposal 6: Use Adapt ID to identify the destination node and the next hop node in the forwarding table.
There is one FFS left from last meeting: “FFS the detail routing functionality, e.g. what is configured vs. what is decided locally”. For the case of single connectivity, The IAB node should perform the routing based on the configured routing table and routing information carried in the adaptation PDU. There is no routing to be decided locally. 
Considering that backhaul connectivity redundancy can be supported, more than one next hop node can be configured in the forwarding table. In such a case, the current node (IAB node or donor DU) may decide which next hop to choose among the multiple candidate next hop nodes according to its routing selection algorithms. For example, it may choose an optimum next hop node considering the radio link status, congestion status, etc. However, such local decisions related to routing selection algorithms should rely on the network implementation (e.g. based on some thresholds or rules to select route configured by the donor). 
In addition to the destination node ID, other information, as shown in Figure 1-(b) may also be configured as optional input in the forwarding table. For example, different routes towards the same IAB node may provide different QoS guarantees. Alternatively, a UE bearer ID may also be used as an input in the forwarding table. As an example, IAB 1 may forward packets of UE 2 bearer 1 to the next hop node IAB 3, and forward packets of UE 2 bearer 2 to the next hop node IAB 2.
Proposal 7: Other possible info (e.g. UE context related info) can also be included as input in forwarding table, if multiple routing paths to a same destination node are possible.
Proposal 8: Forwarding table is configured by donor CU. Any local decision on routing selection in case of redundant configured routes can be evaluated by the IAB node/donor DU by implementation, which has no standard impacts.



(a) Topology of an IAB network
	Destination node address
	Other possible info. (optional)
	Next hop node address

	IAB 4
	Other info ID 1
	IAB 3

	IAB 5
	Other info ID 2
	IAB 2, IAB 3

	…
	…
	


(b) Forwarding table maintained at IAB 1
[bookmark: _Ref536867958]Figure 1. Example about the forwarding table for routing across wireless backhaul links.
Forwarding table configuration
Based on the knowledge of the whole IAB topology, the CU can configure the forwarding table for each IAB node and the donor DU in a centralized way. For example, as shown in Figure 2, IAB node 3 is a new node integrating to the network. The donor CU can allocate an Adapt ID to this new integrated IAB node 3 if the donor CU knows the new node is an IAB node, and provides the newly allocated Adapt ID to IAB node 3. The donor CU may also inform IAB node 3’s parent node, i.e. IAB node 2, about the allocated Adapt ID for the IAB node 3. Then, the donor CU will configure the forwarding table including the downstream routing entry related to the new destination node (i.e. the IAB node 3) to all the intermediate IAB nodes and the donor DU, and may also configure the uplink forwarding table for IAB node 3 if necessary. After the configuring the routing information related to the newly integrated IAB node 3, IAB node 3 can setup its F1 connection via F1AP message towards the donor CU. An example of the procedure is shown in Figure 3
As described in our adaptation layer modelling paper [1], the downlink route selection is performed by DU part, and the uplink routing selection is performed by MT part. Thus, as shown in Figure 2, the donor CU will configure downlink forwarding information about IAB node 3 to the donor DU, as well as the DU part of IAB node 1 and IAB node 2. The donor CU will also configure the uplink forwarding information about the donor DU to the MT part of IAB node 3. 



[bookmark: _Ref536107798]Figure 2. CU configure UL and DL forwarding table for IAB node.


[bookmark: _Ref4335014]Figure 3. Example procedure about the routing management
Proposal 9: The CU configures the downlink forwarding table to DU (incl. IAB-DU and donor DU), and configures the uplink forwarding table to MT part of IAB node.
3 Conclusion
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]This paper mainly discusses the management of routing configuration and update for IAB networks, then we draw the following observations and proposals:
Observation 1: The destination node ID is only useful for routing in wireless backhaul links, not for the access link.
Observation 2: Information in F1* packet (e.g. GTP TEID for F1*-U, DU F1AP UE ID for F1*-C) can be used by access IAB node to identify UE.
Observation 3: Using IAB node as destination node will show more advantages when we consider the forwarding table size and update frequency of forwarding table when compared to the option using UE as destination node.
Observation 4: C-RNTI of IAB node’s MT part is not suitable for routing in the RAN part of the IAB network.
Proposal 1: For downlink packet forwarding of both UP and CP, IAB node address should be considered for route selection in adaptation layer as baseline.
Proposal 2: For uplink packet forwarding of both UP and CP, the IAB donor address should be used for route selection in the adaptation layer. 
Proposal 3: The routing address of IAB node for routing across wireless backhaul links shall be unique in the serving area of the IAB donor, a new defined Adapt ID is recommended to identify the IAB node in adaptation layer routing across backhaul links.
Proposal 4: The network configures the Adapt ID for each IAB node, after receiving the IAB indication in the process of IAB node integration.
Proposal 5: The destination node address and the next hop node are the basic components for design the forwarding table.
Proposal 6: Using Adapt ID to identify the destination node and the next hop node in the forwarding table.
Proposal 7: Other possible info (e.g. UE context related info) can also be included as input in forwarding table, if multiple routing paths to a same destination node are possible.
Proposal 8: Forwarding table is configured by donor CU. Any local decision on routing selection in case of redundant configured routes can be evaluated by the IAB node/donor DU by implementation, which has no standard impacts.
Proposal 9: The CU configures the downlink forwarding table to DU (incl. IAB-DU and donor DU), and configures the uplink forwarding table to MT part of IAB node.
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