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1 Introduction
In RAN1 #92bis meeting, the following agreements were made for enhancements to support NR backhaul links [1]. 

Agreement:

· The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link.
Agreements:

· An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.

· Two cases: (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID can be further studied. 

· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 

· The SSB/CSI-RS based RRM measurement defined in NR R15 are considered as a starting point for IAB node discovery and measurement. 

· How to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.

· RAN1 should further study inter-relay discovery procedure subject to half-duplex constraint and multi-hop topologies.
Agreements:

· Measurements on multiple backhaul links for link management and route selection should be studied. 

· Mechanisms for efficient route switching or transmission/reception on multiple backhaul links simultaneously (e.g. multi-TRP operation and intra-frequency dual connectivity) should be studied.

· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 

· Mechanisms for scheduling coordination, resource allocation, and route selection across IAB nodes/donors and multiple backhaul hops should be studied.

· Mechanisms for efficient TDM/FDM/SDM multiplexing of access/backhaul traffic across multiple hops considering an IAB-node half-duplex constraint should be studied.

· The impact of cross-link interference on access and backhaul links (including across multiple hops) should be studied.

· Interference measurement and management solutions should be studied. 

· 1024QAM for the backhaul link should be studied.

· FFS: whether solutions should be specified as part of an IAB WI or other NR WI 
In this contribution, we discuss the multi-hop scheduling and resource coordination, cross-link interference management and spectrum efficiency enhancement (especially through the use of 1024QAM).
2 Discussion
2.1
Multi-hop scheduling and resource coordination
In the RAN1 #92bis meeting, it was agreed that the Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link. CU/DU splitting can be applied for IAB nodes. The IAB topology is shown in Figure 1 based on the figure shown in [2]. In each IAB-N, both UE and DU functionality are composed. 
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Figure 1

IAB topology
One of the important aspects in IAB is how to mitigate cross-link interference (CLI) among IAB-D, IAB-N and UE. If the resources are well coordinated and orthogonal, CLI can be straightforwardly reduced. Therefore resource coordination mechanisms that can avoid resource conflict should be studied.
For IAB resource coordination, two types of resource coordination can be considered, which are centralized coordination and distributed coordination. IAB-N can use allocated resources for both access and backhaul link.
(1) Centralized coordination

- Resources that are used in IAB-N DU are provided by IAB-D.
(2) Distributed coordination

- Resources that are used in IAB-N DU are provided by a lower hop level IAB-N/IAB-D. 

- Each resource provider provides resources from its own allocated resources.
For centralized coordination, the resources that are used for the DU in the IAB-N can be coordinated and provided by IAB-D. IAB-N uses allocated resource for the access and backhaul link transmission. Since all resources are coordinated in a centralized manner, resource conflicts can be minimized. On the other hand, signalling overhead for resource allocation will be concern. In addition, since IAB should support multi-hop backhaul links, duplicate resource allocation by different IAB-D should be avoided as shown in the Figure 1. 
For distributed coordination, the resources that are used for the DU in the IAB-N can be allocated by a lower hop level IAB-N/IAB-D and each resource provider provides resources from its own allocated resources. Although distributed coordination can reduce signalling overhead, it might lead to inefficient resource utilization. Also duplicate resource allocation should be avoided.
Observation 1:
Both the centralized and distributed schemes have benefits and disadvantages in resource allocation.
Proposal 1: Resource configuration for IAB-N access and backhaul link transmission should be further studied.
2.2
Cross Link Interference management
For efficient and flexible operation in IAB, one important function is resource coordination both (1) between backhaul and access links, (2) amongst backhaul links. Good coordination can result in the allocation of orthogonal resources (in the time, frequency and space axis) for these links and so mitigate inter-link interference. However, as the topology of the IAB scenario is more complex compared to the general cellular link topology, it would be difficult for the resource coordination entity to fully capture all interference conditions for each link properly so orthogonality of link resources is likely to be suboptimal.  This can be mitigated by adopting CLI measurement mechanism whose result can then be used to achieve a more optimal orthogonal resource allocation for all the links. Especially for FDM operation in the access link, in-band emission (IBE) impact needs to be carefully taken into account. 
Assuming semi-static/dynamic resource coordination in the IAB nodes, periodic CLI measurement is necessary. Such periodic CLI measurement can be configured for both IAB-N and UEs. In addition, measurement reporting should be properly delivered to the resource coordinator so that the resource coordinator can allocate proper resources to mitigate interference. It would be also necessary to measure and report SDM related information such as angle of arrival, location of measurement node/UE so that the resource coordinator can properly allocate resources in an SDM manner if needed.
Proposal 2:
CLI measurement components and signalling of measurement reporting should be further studied.
2.3
Spectrum efficiency enhancements
The Un link between an end node and a donor or intermediate hop node is likely to be capacity limited because it is expected to support both Uu links to UEs within the coverage of the donor or intermediate hop node and the traffic being backhauled from end nodes. Some of the UEs within the coverage of the IAB-N may have strict QoS requirements which in turn have an impact on the capacity. It would therefore be beneficial for the backhaul Un link to be as efficient as possible.

According to the agreements above, IAB is focused on physically fixed relays that could in addition employ beam forming thereby leading to high SINR at the IAB backhaul link receiver. This suggests that higher MCS settings that incorporate higher order modulation schemes can be used for such links. It is for this reason that at RAN1#92bis, it was agreed to study 1024QAM for the backhaul link.

Nevertheless, over the last few years, there have been enormous improvements in the capacity of higher modulation schemes that apply some shaping to QAM constellations – the so-called non-uniform QAM and other advanced modulation schemes [3][4]. During the NR SI some contributions, such as [5], showed that there was more than 1dB of shaping gain achievable for 1024-NU-QAM with only a modest increase in complexity at the receiver. NU-QAM has also been adopted recently for ATSC3.0 broadcast PHY [6, 7], DVB-S2x PHY [8] and IEEE 802.11ay [9].
Proposal 3:
Include 1024-NU-QAM and other advanced constellation shaping in the study of 1024QAM for the IAB backhaul link.
3 Summary
In this contribution, the following observation and proposals are made:
Observation 1:
Both the centralized and distributed schemes have benefits and disadvantages in resource allocation.
Proposal 1: Resource configuration for IAB-N access and backhaul link transmission should be further studied.
Proposal 2:
CLI measurement components and signalling of measurement reporting should be further studied.
Proposal 3:
Include 1024-NU-QAM and other advanced constellation shaping in the study of 1024QAM for the IAB backhaul link.
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