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1      Introduction
A new Study Item on Integrated Access and Backhaul for NR was approved in RAN #75 [1] and updated in RAN #78 [2]. According to the SID, the objectives of the study item include:

· Topology management for single-hop/multi-hop and redundant connectivity [RAN2, RAN3]
· Route selection and optimization [RAN2, RAN1, RAN3]
· Dynamic resource allocation between the backhaul and access links [RAN1, RAN2]
· High spectral efficiency while also supporting reliable transmission [RAN1]

In last RAN1 meeting, companies’ views were summarized in [3]. In this contribution, we present our views on enhancements for IAB.
2      Discussion
One of the target scenarios of this SI is ultra-dense deployment of NR cells. The motivation of this SI is to provide the potential technologies targeted to such scenarios with wireless backhaul. The backhaul technology can be classified into two categories, i.e., wired backhaul and wireless backhaul. Operators usually select a backhaul technology according to their needs in terms of system capacity, reliability, cost and deployment period. Although fiber-based wired backhaul is better than wireless backhaul on capacity and latency, wireless backhaul will be valuable for ultra-dense networks, due to its moderate installation cost and relatively short deployment period. With densification, the goal of operators is to deliver additional capacity and coverage with sufficient backhaul capacity and low latency without recurring extra OPEX, with solutions that range from fiber to wireless. Taking the advantages of both wired backhaul and wireless backhaul, a hybrid backhaul architecture, which includes wired and wireless backhaul, should be considered.
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Figure 1 The hierarchical backhaul architecture.
The hybrid backhaul architecture, aims to construct a high-speed, highly efficient, self-optimizing and self-maintenance wireless transmission network between base stations so as to fulfill the demands for high data-transmission rates and traffic-volume density. Figure 1 shows the hierarchical backhaul architecture, where different base stations are marked by layers. The first backhaul layer includes macro cells and other small cells that have wired backhaul. The small cells belonging to the second backhaul layer are connected to the base stations in the first backhaul layer with one-hop wireless transmission. Likewise, the small cells belonging to the third and subsequent layers are connected to the upper layer with one-hop wireless transmission. This architecture combines wired and wireless backhaul together with a fixed or adaptive structure, which can provide a plug-and-play networking mode.
Proposal 1: The hybrid backhaul architecture, which includes wired and wireless backhaul should be considered for IAB.
The operation of the different links may be on the same or different frequencies (also termed ‘in-band’ and ‘out-band’ relays). For out-band relay, access link and backhaul link have separate frequency carriers. While for in-band relay, access link and backhaul link should share the same frequency carrier in a time, frequency or spatial domain.

While the efficient support of out-band relays is important for some NR deployment scenarios, which can be realized through implementation methods, it is critically important to understand the requirements of in-band operation which imply tighter interworking with the access links operating on the same frequency to accommodate duplex constraints and avoid/mitigate interference. Moreover, one of the main objectives of this SI is to provide mechanisms to efficiently multiplex the access and backhaul links in time, frequency, or space for the in-band relay. Therefore, in-band operation between access link and backhaul link for IAB should be prioritized in this SI.
Proposal 2: In-band operation between access link and backhaul link for IAB should be prioritized.
For multiplexing of access and backhaul links, RAN2 has agreed that “In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported.” In addition, in last meeting, RAN1 has agreed that “Mechanisms for efficient TDM/FDM/SDM multiplexing of access/backhaul traffic across multiple hops considering an IAB-node half-duplex constraint should be studied.”
Different multiplexing options for access and backhaul links are analysed in detail in [4]. Due to transmission and reception in different time slots, multiplexing of access and backhaul links in TDM or combined FDD/TDD manner can be operated without any cross-link interference. While for multiplexing of access and backhaul links in SDM manner, cross-link interference is inevitable. Thus, multiplexing of access and backhaul links in SDM manner should be de-prioritized. 
Proposal 3: Multiplexing of access and backhaul links in SDM manner should be de-prioritized.
One of the objectives of this SI is to identify physical layer solutions to achieve high spectral efficiency. To increase spectral efficiency, the most direct and effective ways are high order MIMO and higher order modulation. One of the target scenarios of this SI to provide wireless backhaul for ultra-dense networks, which has the characteristics of stationary link with much better channel conditions (e.g., higher LoS probability and/or higher SNR), and no mobility or very low mobility. In such scenarios, high order SU-MIMO (>8 layers) and MU-MIMO (>12 orthogonal DMRS ports) can be considered. It is also necessary to introduce higher-order modulation such as 1024QAM, which has already been introduced in LTE.
Proposal 4: For IAB, high order SU-MIMO (>8 layers) and MU-MIMO (>12 orthogonal DMRS ports) can be considered. 
Proposal 5: It is necessary to introduce higher-order modulation such as 1024QAM.
3      Conclusion
In this contribution, we discuss the potential enhancements for IAB. Based on the discussion, we have following proposals:
Proposal 1: The hybrid backhaul architecture, which includes wired and wireless backhaul should be considered for IAB.
Proposal 2: In-band operation between access link and backhaul link for IAB should be prioritized.

Proposal 3: Multiplexing of access and backhaul links in SDM manner should be de-prioritized.
Proposal 4: For IAB, high order SU-MIMO (>8 layers) and MU-MIMO (>12 orthogonal DMRS ports) can be considered. 

Proposal 5: It is necessary to introduce higher-order modulation such as 1024QAM.
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