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1. Introduction
The IAB study item aims to define integrated access and backhauling (IAB) solutions for NR. RAN-2 NR AH-1801 meeting has established the following agreements: 
Agreements

1: 
The Rel.15 study item focuses on IAB with physically fixed relays. Optimization for mobile relays in future releases is not precluded
2
Common architecture supports both in-band and out-of-band IAB scenarios. 

2i
In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported (This agreement does not exclude full duplex from being studied by RAN1)
2ii
Out-of-band IAB scenarios are also supported using the same set of RAN features designed for in-band scenarios.  Study whether additional RAN features are needed for out-of-band scenarios
3
NR access over NR backhaul is studied with highest priority 

3i
Identify the additional architecture solutions required for LTE access over NR backhaul

3ii
The IAB design shall at least support the following UEs to connect to a node which is backhauled using IAB:


1/
Rel. 15 NR UE


2/
Legacy LTE UE if IAB supports backhauling of LTE access
4i
SA and NSA on the access link will be supported (For NSA on the access the relay is applied to the NR SCG path only)
4ii
Both NSA and SA for the backhaul links will be studied. (For both SA and NSA backhaul, we will not study backhaul traffic over the LTE radio interface). 

4iii
For both 4i and 4ii the priority within the NSA options will be to consider the EN-DC case but this does not preclude study for other NSA options.

4iv Further study of the possible combinations of SA and NSA access and backhaul is needed to fully determine the scope of what will be studied.
Agreements

1: IAB design shall support multiple backhaul hops


-
The architecture should not impose limits on the number of backhaul hops.


-
The study should consider scalability to hop-count an important KPI.


-
Single hop is considered a special case of multiple backhaul hops.
2: Topology adaptation for physically fixed relays is supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links
3: L2 and L3 relay architectures will be studied. Definitions of L2- and L3-relaying in the context of IAB is FFS
4: The IAB design should minimize the impact to core network specifications

5: The study should consider the impact to the core network signalling load as an important KPI
6: Strive to maximize reuse of Rel-15 NR specifications for the design of the backhaul link. Enhancement can also be considered.
This document discusses IAB architectures to be considered in the study. 
2. Discussion
2.1 New RAN nodes

For IAB, two types of RAN nodes are introduced:

· IAB-node: Refers to a RAN node that provides wireless access to UEs and wireless backhaul to other IAB-nodes or IAB-donors.

· IAB-donor: Refers to a RAN node that provides wireless access to UEs, terminates wireless backhaul links from IAB-nodes, and has wireline connectivity with other RAN-nodes or the core network. 

Proposal 1: The IAB-node should be introduced as a new RAN node, which provides wireless access and backhaul capabilities.

Proposal 2: The IAB-donor should be introduced as a new RAN node, which provides wireless access, terminates wireless backhaul links to IAB-nodes, and provides wireline connectivity to other RAN-nodes and core network.

2.2 Network integration of IAB-nodes
While IAB requires new functionality, specification effort and complexity can be reduced if existing 3GPP functions, interfaces and procedures are reused. 

Observation 1: IAB specification effort and complexity can be reduced if existing 3GPP functions, interfaces and procedures are reused. 

Proposal 3: The study should strive to reuse existing 3GPP functions, interfaces and procedures for network-integration of IAB nodes.
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Figure 1: For backhauling, the IAB-node holds a UE-part. The IAB-node and the IAB-donor hold at least a DU function (1a). They may also hold a full-fledged gNB (1b) or a gNB together with a UPF (1c). Arrangements may be different for access and backhaul.
This can be accomplished by allocating a UE-function, referred to as UE-part, to an IAB-node. IAB-node and IAB-donor further hold a gNB-DU in case the gNB-CU is centralized (Figure 1a) or a full-fledged gNB (Figure 1b). The gNB serves for establishment of NR access links with UEs or NR backhaul links with UE-parts of lower-tier IAB-nodes. The IAB-node or IAB-donor may further hold a UPF together with a full-fledged gNB to establish an end-to-end PDU-session across the access link or backhaul link (Figure 1c). For NSA, a LGW may be collocated with IAB-node or IAB-donor to establish an end-to-end PDN-connection across the access or backhaul link. The arrangement of gNB-CU/DU and UPF or L-GW can be different for access and backhaul. The reuse of existing functional blocks for backhauling (UE-part, gNB-CU, gNB-DU, etc.) also allows reusing the corresponding interfaces and procedures.
Proposal 4: The IAB-node shall hold at least a UE-part and a gNB-CU function. Based on architecture considered, it may further hold a gNB-DU function and a collocated UPF or L-GW. 

2.3 Architecture alternatives for backhauling


[image: image2.emf]UE gNB

UPF

NR Uu

NG-U

IAB Node IAB Node IAB Donor

UE 

part

AMF

NG-C

NR Uu NR Uu

UE DU

UPF

NR Uu

NG-U

IAB Node

IAB Node IAB Donor

UE 

part

F1'

AMF

NR Uu

DU

UE 

part

NG-C

NR Uu

F1'/F1

F1

UE DU CU

UPF

NR Uu

NG-U

F1

AMF

NG-C

NG-U

NG-C

Access

Backhaul

Access

Backhaul

Architecture 1

Architecture 2

PDU session

PDU session

F1

CU

SMF

AMF

NG-C

N4

AMF

F1'/F1

F1'

F1 NG-C

UPF

NG-U

DU

F1'/F1

CU

F1

NG-C

N4

UPF

UE 

part

gNB UPF gNB


Figure 2: Functional blocks and interfaces of IAB architectures (SA mode). The backhaul in architecture 1 carries data over a PDN session on each link. In architecture 2, data are directly directly over an RLC-bearer on each link.
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Figure 3: U-plane protocol-stack examples for architecture 1 and architecture 2
IAB introduces multi-hop wireless backhauling with dynamic topology adaptation. There are multiple objectives to be considered for the backhauling architecture such as deployment flexibility, complexity and performance impact of multi-hop. The study should evaluate the trade-off among these objectives. Since IAB is beneficial for early 5G deployments, it is critical that the study completes in timely manner, and therefore the number of architectures considered should remain small. 

Under these constraints, the study may focus on two baseline architectures:  

Architecture 1 strives to improve on deployment flexibility by furnishing the IAB-node with IP connectivity to other RAN-nodes and core network for the transport of access-related interfaces such as Ng, S1, Xn and X2. This allows existing full-fledged gNB- or gNB-DU-implementations to be integrated into IAB-nodes and to transparently connect to other RAN nodes and core network via IP. 

Architecture 2 strives to minimize complexity of the IAB node and to reduce U-plane processing associated with transport across the backhauling plane. 

Proposal 5: The study should focus on two baseline IAB architectures, the first furnishing the IAB-node with IP connectivity to other RAN nodes and CN, and the second striving for low complexity and reduced U-plane processing.

2.4 Architecture 1: IP connectivity to RAN and core network
IP connectivity with RAN and CN is achieved by establishing an end-to-end PDU-session across each backhaul link. For establishment of this PDU-session, the UE-part on the IAB-node connects to a gNB collocated with a UPF in the IAB-node’s parent. To backhaul traffic over multiple hops, the PDU-sessions of adjacent links are interconnected via a forwarding or routing function between UPF and UE-part on the IAB-node. Each IAB-node provides access to UEs via a gNB-DU or a full-fledged gNB and transports the corresponding F1-, NG- or Xn-traffic across the PDU-session of its upstream backhaul link. For NSA-mode, each backhaul link supports a self-contained PDN-connection (instead of the PDU-session) by collocating a L-GW (instead of the UPF) with the gNB.
Figure 2 shows the main functional components and interfaces of this IAB architecture. Figure 3 shows a protocol stack example where PDU-session type (or PDN-connection type) has been chosen to be IP. In this case, each UPF holds a routing function. Alternatively, the PDU-session type (or PDN-connection type) is Ethernet. In this case, each IAB-node holds a switching function and an IP layer needs to be inserted on top of Ethernet.
Proposal 6: The study should consider an architecture where access-related interfaces F1, NG, Xn (or S1 and X2) are transported over a chain of end-to-end PDU-sessions (or PDN-connections).

2.5 Architecture 2: Low complexity and reduced U-plane processing 
Complexity and U-plane processing can be reduced by backhauling traffic directly over the RLC radio bearer on the backhaul link. For establishment of this RLC radio bearer, the UE-part on the IAB-node connects to a gNB-DU on the IAB-node’s parent. To backhaul traffic over multiple hops, the backhauling RLC-bearers of adjacent links are interconnected via a forwarding function. An adaptation layer may be added to the backhauling RLC radio bearer to multiplex backhaul traffic pertaining to different paths. To reduce U-plane packet processing, the F1-U protocol stack can be reduced, e.g. by removing the IP and UDP layer and transporting F1-U directly over the adaptation layer.  Also, optimizations are possible for F1-C. The DU of the IAB-node further connects to a CU and core network.
Figure 2 shows the main functional components and interfaces of this IAB architecture. Figure 3 shows a protocol stack example for this architecture. This example includes on adaptation layer on top of RLC, and F1 has been reduced to GTP-U, which is referred to as F1’.

Proposal 7: The study should consider an architecture where the access-related interface F1 is transported directly over a chain of backhaul RLC radio bearers.

3. Conclusions

This contribution discussed architecture aspects to be considered for IAB study. The following proposals have been made:
Proposal 1: The IAB-node should be introduced as a new RAN node, which provides wireless access and backhaul capabilities.

Proposal 2: The IAB-donor should be introduced as a new RAN node, which provides wireless access, terminates wireless backhaul links to IAB-nodes, and provides wireline connectivity to other RAN-nodes and core network.

Proposal 3: The study should strive to reuse existing 3GPP functions, interfaces and procedures for network-integration of IAB nodes.

Proposal 4: The IAB-node shall hold at least a UE-part and a gNB-CU function. Based on architecture considered, it may further hold a gNB-DU function and a collocated UPF or L-GW. 

Proposal 5: The study should focus on two baseline IAB architectures, the first furnishing the IAB-node with IP connectivity to other RAN nodes and CN, and the second striving for low complexity and reduced U-plane processing.

Proposal 6: The study should consider an architecture where access-related interfaces F1, NG, Xn (or S1 and X2) are transported over a chain of end-to-end PDU-sessions (or PDN-connections).

Proposal 7: The study should consider an architecture where the access-related interface F1 is transported directly over a chain of backhaul RLC radio bearers.
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