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1   Introduction
The study item [1] on integrated access and backhaul (IAB) for NR was approved. The objectives are:

· Topology management for single-hop/multi-hop and redundant connectivity [RAN2, RAN3], e.g.

· Protocol stack and network architecture design (including interfaces between rTRPs) considering operation of multiple relay hops between the anchor node (e.g. connection to core) and UE 

· Control and User plane procedures, including handling of QoS, for supporting forwarding of traffic across one or multiple wireless backhaul links

· Route selection and optimization [RAN2, RAN1, RAN3], e.g.

· Mechanisms for discovery and management of backhaul links for TRPs with integrated backhaul and access functionalities
· RAN-based mechanisms to support dynamic route selection (potentially without core network involvement) to accommodate short-term blocking and transmission of latency-sensitive traffic across backhaul links
· Evaluate the benefit of resource allocation/route management coordination across multiple nodes, for end-to-end route selection and optimization.

· Dynamic resource allocation between the backhaul and access links [RAN1, RAN2], e.g., 

· Mechanisms to efficiently multiplex access and backhaul links (for both DL and UL directions) in time, frequency, or space under a per-link half-duplex constraint across one or multiple backhaul link hops for both TDD and FDD operation 

· Cross-link interference (CLI) measurement, coordination and mitigation between rTRPs and UEs
· High spectral efficiency while also supporting reliable transmission [RAN1]
· Identification of physical layer solutions or enhancements to support wireless backhaul links with high spectral efficiency
· Note: support of these functionalities should consider existing mechanisms for access links as a starting point
In this contribution we discuss potential RAN architecture options for IAB relaying. 
2   RAN architecture
The RAN topology with IAB relay nodes can generally be described as in Figure 1, where the donor nodes have wired connection to the 5GC and the IAB relay nodes (RN) have wireless backhaul link with donor nodes or other IAB relay nodes. Note that Figure 1 only shows an example of tree topology. There are other topologies such as mesh. However, we believe tree architecture should be the focus of the IAB study. 

An IAB RN carries two functions: UE function and base station function. An IAB RN communicates with its parent node (can be a donor node or another IAB RN) via its UE function, and communicates with its child node (can be a UE or another IAB RN) via its BS function. 
For the sake of progressing the discussion, it may be beneficial to start by agreeing on a common terminology. We propose to agree the terms “IAB RN” and “IAB DN” as follows:

IAB Donor Node (DN): a network node in an IAB deployment terminating NG interfaces via wired connection.
IAB Relay Node (RN): a network node in an IAB deployment having UE and (at least part of) gNB functions.
Proposal 1: To agree on the above definitions of IAB RN and IAB DN.
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Figure 1 Example of RAN topology with IAB RNs
Depending on the relaying schemes, the IAB relay architecture can be categorized into three alternatives, as described in the following.
Alternative 1: NG terminates at IAB RNs
In this alternative, the IAB donor and the intermediate IAB RNs serve as proxy of core network to provide NG interface to the subsequent IAB RNs. The functional description of this architecture alternative and the protocol stack are shown in figure 2 and figure 3, respectively. Each IAB RN acts as a full gNB to the end UEs (or a UE function to the next IAB RN). Backhaul transportation is over L3 relaying. The SMF and UPF will need to be involved in session management for IAB RN’s UE function. Relay routing update will also require SMF and UPF involvement. For UEs that are moving between IAB RNs that connect to a same donor node, reconfiguration in AMF in CN will be needed.
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 Figure 2 Functional description of alternative 1
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 Figure 3 Example of user plane protocol stack of alternative 1
Alternative 2: NG terminates at donor node, backhaul transportation via layer 3 relaying

In this alternative, the NG interface terminates at donor node. The donor node and its serving IAB RNs appear as a single gNB to the core network. CU/DU split option 2 can be applied. The UE radio bearers are carried over F1 interface between the intermediate IAB RNs. Backhaul transportation is over L3 relaying with either IP routing or Tunnel-over-Tunnel. The functional description of this architecture alternative and the protocol stack are showed in figure 4 and figure 5, respectively. In Figure 5, we only show the option of L3 relaying with Tunnel-over-Tunnel. The SMF and UPF will need to be involved in session management for IAB RN’s UE function. Relay routing update will also require SMF and UPF involvement. UE mobility between IAB RNs that connect to a same donor only RRC configuration is needed. 
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Figure 4 Functional description of alternative 2
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 Figure 5 Example of user plane protocol stack of alternative 2
Alternative 3: NG terminates at donor node, backhaul transportation via layer 2 relaying

In this alternative, the NG interface terminates at donor node. The donor node and its serving IAB RNs appear as a single gNB to the core network. CU/DU split option 2 can be applied. Backhaul transportation is over L2 relaying. An adaption layer is added on top of RLC layer in CU and UE’s serving IAB RN. Adaption layer header could carry information such as UE ID, UE’s IAB node ID, and DRB ID (for routing and forwarding at the intermediate IAB RNs). The UE’s PDCP PDU can be carried directly over the adaption layer between CU and the UE’s serving IAB RN (as illustrated in Figure 6 and Figure 7), or can be carried over GTP-u on top of the adaption layer between CU and the UE’s serving IAB RN (as illustrated in Figure 8 and Figure 9). When over GTP-u, the interface between CU and the UE’s serving IAB RN essentially become F1-U. To distinguish from the current defined F1-U, we term the interface as F1-U-m (m standards for modified). 
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Figure 6  Functional description of alternative 3 with UE's PDCP PDU can be carried over the adaption layer 
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 Figure 7 Example of user plane protocol stack of alternative 3 with UE's PDCP PDU can be carried over the adaption layer
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 Figure 8 Functional description of alternative 3 with UE's PDCP PDU can be carried over F1-U-m 
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Figure 9 Example of user plane protocol stack of alternative 3 with UE's PDCP PDU can be carried over F1-U-m
Observation 1: For backhaul transportation over layer 3 relaying (alternative 1), the relay link set up and relaying routing topology update require configuration in core network functions 
Observation 2: For NG terminates at IAB RN (alternative 2 and 3), UE mobility between IAB RNs requires AMF function in 5GC to be involved 
Observation 3: For NG terminates at donor node and backhaul transportation over layer 2 relaying (alternative 3), no additional signalling in 5GC is needed for relay link setup, relaying topology update and UE mobility between IAB RNs
Proposal 2: To adopt alternative 3 (NG interface terminates at IAB DN; backhaul transportation over layer 2 relaying between IAB DN and IAB RNs).
3   Conclusion
In this contribution, we discussed different architectures for IAB relaying. From the discussion, we have the following observations and proposals
Observation 1: For backhaul transportation over layer 3 relaying, the relay link set up and relaying routing topology update requires configuration in core network functions 

Observation 2: For NG terminates at IAB RN, UE mobility between IAB RNs requires AMF function in 5GC to be involved 
Observation 3: For NG terminates at donor node and backhaul transportation over layer 2 relaying, no additional signalling in 5GC is needed for relay link setup, relaying topology update and UE mobility between IAB RNs
Proposal 1: To agree on the following definitions of IAB RN and IAB DN.
· IAB Donor Node (DN): a network node in an IAB deployment terminating NG interfaces via wired connection.

· IAB Relay Node (RN): a network node in an IAB deployment having UE and (at least part of) gNB functions.
Proposal 2: To adopt alternative 3 (NG interface terminates at IAB DN; backhaul transportation over layer 2 relaying between IAB DN and IAB RNs).
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