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1. Introduction

The IAB study item aims to define integrated access and backhauling (IAB) solutions for NR. The following agreements were made in RAN-2 NR Ad hoc 1801 [1]: 

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.

In RAN-3 #99, a multi-company proposal established five generic IAB architectures for L2- and L3-relaying in compliance with the above agreements [2]. This document explores further design details for L2-relaying architectures presented in [2] with focus on the transport of C-plane protocols across the wireless backhaul. The discussion emphasizes on SA-mode with NGC. Operation in NSA-mode and with EPC is also possible as discussed in [3].

2. Discussion

2.1 L2-relaying architectures

Two IAB reference architectures using L2 relaying have been introduced in [2]. These architectures are referred as Architecture 1a and 1b.

Architecture 1a:
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Figure 1a: Reference diagram of Architecture 1a
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Figure 1b: Reference diagram of Architecture 1b

Both architectures leverage CU/DU-split with the following features:

· The IAB-node collocates a DU and a Mobile Termination function (MT). Via the MT, the IAB-node connects to an upstream IAB-node or the IAB-donor. Via the DU, the IAB-node establishes RLC-channels to UEs and to MTs of downstream IAB-nodes. 

· The IAB-donor also holds a DU to support UEs and MTs of downstream IAB-nodes. The IAB-donor further holds a CU for the DUs of all IAB-nodes and for its own DU. In architecture 1b, the IAB-donor also supports a UPF for the support of a PDU-session with the MT on each IAB-node. Note that the IAB-donor refers to a logical node, which may be split up into a distributed and centralized entity. The details of such an IAB-donor split are FFS.  

The following protocol modifications have been considered for these two architectures [2]:

· F1 is modified and referred to as F1*:

· In Architecture 1a, the end-to-end UE-bearer association of F1*-U is transported within the L2 stack.

· In Architecture 1b, the end-to-end association of F1*-U is carried over a PDU-session between the MT, that is collocated with the DU, and a UPF residing on the donor. 

· The RLC-channel on backhaul links may be modified and is referred to as RLC*. 

· An adaptation layer is introduced into the layer-2 stack of the backhaul links for routing.

While modifications for U-plane-related transport across the wireless backhaul have been considered, transport of C-plane protocols across the wireless backhaul has not yet been addressed. The following section considers such C-related modifications for architectures 1a and 1b.

2.2 Control-Plane Aspects

2.2.1 C-plane protocols
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Figure 2: C-plane protocols supported in IAB topology (shown for SA mode with NGC)

The following C-plane protocols need to be supported (Figure 2):

· RRC between MT on IAB-node and CU

· Supports signalling between MT on IAB-node and CU.

· Enables configuration of MT via CU.

· NAS between MT on IAB-node and CN (e.g. AMF).

· Supports signalling between MT on IAB-node and CN.

· Enables registration and connection management of IAB-node with CN.

· Transparently transported via MT’s RRC.

· F1-AP between DU on IAB-node and CU

· Supports signalling between DU and CU.

· Enables configuration of DU via CU.

· Carries RRC pertaining to UEs or south-stream MTs attached to DU.

In case the CU is split into CU-UP and CU-CP, RRC and F1-AP need to be terminated at the CU-CP. 

2.2.2 Transport of RRC and NAS across wireless backhaul
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Figure 3: Protocol stack for RRC and NAS in IAB topology (show for SA mode with NGC)

The transport of C-plane protocols across wireless backhaul links needs to be appropriately secured. For RRC and NAS, this security protection is provided by the PDCP layer, which supports the SRB between MT and CU-CP and carries RRC and NAS.

Observation 1: RRC and NAS use secured SRB, which provides protection across all wireless backhaul links. 

2.2.3 Transport of F1-AP across wireless backhaul
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Figure 4: Protocol stacks for multiple options of F1-AP in IAB Architecture 1a

In Architecture 1a, F1-AP could be carried directly over the adaptation/RLC layer (Figure 4a). This solution, however, would not provide any security.

Observation 2: F1-AP has no security protection if carried directly over an unsecured adaptation/RLC layer.  

Alternatively, F1-AP may be carried over a separate SRB between the MT collocated with the DU and the CU-CP (Figure 4b). In this manner, F1-AP is protected by the PCDP-layer supporting the SRB.

In a further variation, F1-AP is carried in an RRC container on the RRC connection between the MT collocated with the DU and the CU-CP (Figure 4b). This approach would also provide sufficient security protection, but it would not require an additional SRB. For the transport of F1-AP over RRC, an RRC container needs to be defined.

Observation 3: Security protection can be provided for F1-AP if it is encapsulated into a separate SRB or into an RRC container. 
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Figure 5: Protocol stacks for multiple options of F1*-C in IAB architecture 1b

In Architecture 1b, the MT collocated with the DU sustains a PDU-session with an UPF on the IAB-donor. This allows running the native F1-C stack over the PDU session (Figure 5). This approach can be used for PDU-session type IP and Ethernet.

Proposal 1: The study should include secure transport of RRC, NAS and F1-AP across the wireless backhaul links. 

2.2.3 CP/UP-Separation

In case the CU is split into CU-UP and CU-CP, all C-plane protocols need to be terminated at the CU-CP rather than the CU-UP. 

In Architecture 1a, this implies that the adaptation layer provides a routing path between IAB-node and CU-UP as well as between IAB-node and CU-CP. 

In Architecture 1b, the MT’s RRC and NAS run over an SRB, which is routed via adaptation layer. Therefore, the adaptation layer must also provide routability to the CU-CP. F1-C is routed via the PDU session, which has its termination point at the UPF. Consequently, a routing path must be configured between the UPF’s N6 interface and the CU-CP. 

Observation 4: In presence of CP/CU-separation, separate routing paths need to be established across the wireless backhaul for C-plane and U-plane protocols. 

Proposal 2: The study should include CP/CU-separation for L2-relaying architectures. 

3. Conclusions

This contribution discusses U-plane aspects of L2-relaying architectures. The following proposals have been made:

Proposal 1: The study should include secure transport of RRC, NAS and F1-AP across the wireless backhaul links. 

Proposal 2: The study should include CP/CU-separation for L2-relaying architectures. 
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