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1 Introduction

In the WID of IAB_NR [1], the objective about the routing function in IAB node is described as follows:

· 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 using destination address in the given example, the routing identifier is destination node ID. 
An offline discussion about the IAB routing has been kicked off via email [3] in RAN2. 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 function and the routing address design with the assumption that the routing in adaptation layer is based on destination node ID. 

2 Discussion
2.1
Routing for Uplink transmission
In the uplink transmission, the destination node is IAB-donor. For the case that the IAB-Donor has CU and DU part, the uplink destination can be the IAB donor-DU (for routing across the wireless backhaul links), or the IAB donor-CU (for routing across the RAN part). Therefore, the destination node for UL transmission should be the IAB-donor (or the IAB donor-DU, or IAB donor-CU). 
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Figure 1. Example for spanning tree and directed acyclic graph [2], about the IAB topology
As shown in the section 9.2 of [2], the topology of IAB network can be spanning tree based or DAG based. For the spanning tree based topology, each IAB node only has one parent node, thus the uplink packet can only be forwarded by the IAB node to its parent node, and the destination node address seems useless for uplink routing in wireless backhaul links.

Observation 1 For spanning tree based IAB topology, the destination node address is not needed for routing of uplink transmission.
While for the DAG based topology, the IAB node support BH redundancy, a given IAB node may connect to more than one IAB donor. Even within a same IAB donor, an IAB node may connect to multiple IAB donor-CU-UPs, as well as multiple IAB donor-DUs. Thus, it is necessary to carry address of the IAB donor (or the IAB donor-DU, or the IAB donor-CU) as destination node address in the Adaptation header of uplink packet. 

Observation 2 For DAG based IAB topology, it is necessary to carry address of the IAB donor (or the IAB donor-DU, or the IAB donor-CU) as the destination node address for routing of uplink transmission.

Although the required routing information of UL transmission for spanning tree and DAG are different, it is reasonable to design a unified routing information to support both spanning tree and DAG topology.
Proposal 1 The routing information carried in adaptation layer should be applicable to both spanning tree based and the DAG based topology in IAB uplink routing.

As shown in the Figure 2, the routing in RAN part is segmented into three parts:

-
IP based routing is used in the wired backhaul between the IAB donor-DU and the IAB donor-CU;

-
Adaptation layer based routing is used between IAB node and the IAB donor-DU;

-
The access link between the access IAB node and UE only has one hop, thus routing is unnecessary, UE is identified by C-RNTI allocated by the access IAB node
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Figure 2. Three parts of routing

As a result, we can see that the routing function in adaptation layer will only be useful in one or more wireless backhaul links between the IAB donor-DU and the access IAB node. Thus, for the case that the IAB donor contains DU and CU part, using the address of the IAB donor-DU as UL destination node ID for adaptation layer is more reasonable when compare to using the IAB donor-CU address.
Proposal 2 The address of the IAB donor-DU should be used as uplink routing information in adaptation layer for both user plane packets and control plane packets.
2.2
Routing for Downlink transmission
There are two options about the destination node in downlink, one is IAB node (e.g. UE’s access IAB node), and the other one is UE. For the downlink transmission, the real destination node of user plane packets is UE and the real destination node of control plane packets may be UE (RRC message of UE) or IAB node (F1AP message). However, since the GTP-U is used in F1*-U, the access IAB node can identify which UE the PDCP PDU belongs to from the DL GTP-U Tunnel TEID carried in DL UP packet. For the RRC message transportation, 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 in wireless backhaul links, not for the access link, then it is more reasonable to use IAB node as the destination node.
Besides that, 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. 

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 changing, 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 forwarding table is UE specific. Obviously, the forwarding table size of option 2 will be remarkably larger than option 1, due to that number of UEs in the network is much more than the number of IAB nodes. Moreover, the forwarding table in option 2 needs to be updated more frequently since UE is mobile while IAB nodes are fixed. If the forwarding table is configured by the CU in a centralized way, it means that option 2 requires more routing configuration signalling when 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 for routing of downlink transmission will show more advantages on the forwarding table size and update frequency of forwarding table.
Proposal 3 For downlink packet forwarding of both UP and CP, IAB node address should be used for routing in adaptation layer.

The IAB node’s MT part 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 adaptation layer, because it is only unique in a serving cell of its parent node. To avoid ID confliction, the DL routing address for IAB node, as well as the UL routing address of the IAB donor DU, which are used for routing across wireless backhaul links, should be unique in the serving area of the IAB donor.

In addition, such routing address should be carried in Adaptation layer because support routing is one of the main functionalities of 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 IAB 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 IAB 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.
Proposal 4 The routing address of IAB node and the IAB donor-DU 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 5 The network configures the routing address of each IAB node, after receiving the IAB indication in the process of IAB node integration.

3 Conclusion
This paper mainly discusses the routing address design and configuration, and we propose
Proposal 6 The routing information carried in adaptation layer should be applicable to both spanning tree based and the DAG based topology in IAB uplink routing.
Proposal 7 The address of the IAB donor-DU should be used as uplink routing information in adaptation layer for both user plane packets and control plane packets.
Proposal 8 For downlink packet forwarding of both UP and CP, IAB node address should be used for routing in adaptation layer.

Proposal 9 The routing address of IAB node and the IAB donor-DU 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 10 The network configures the routing address of each IAB node, after receiving the IAB indication in the process of IAB node integration.
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