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1 Introduction
As part of the Study Item on Integrated Access and Backhaul for NR [1], 3GPP has agreed to identify and evaluate potential solutions for following requirements and aspects associated with the efficient operation of integrated access and wireless backhaul for NR:
· Efficient and flexible operation for both inband and outband relaying in indoor and outdoor scenarios 
· Multi-hop and redundant connectivity
· End-to-end route selection and optimization
· Support of backhaul links with high spectral efficiency
· Support of legacy NR UEs
In this paper, we provide initial system simulation results for key IAB deployment scenarios. 
2 System level simulation results for IAB
IAB may be used for both coverage and capacity improvement for 5G networks without needing to deploy fiber to every node. In this section we provide system level results based on a heterogeneous network deployment with the following parameters:

· Network dropping: Hexagonal grid dropping as donor gNBs (Macro layer) with 25m height, then randomly or planned dropping Micro layer as relay node (Micro layer) with 10m height and UEs dropped randomly in the area. 
· Frequency: 39GHz
· Bandwidth: 200MHz
· SCS: 120kHz
· Tx power: 44dBm (macro), 30dBm (small cell)
· Antenna element gain: 8 dB
· Channel model according to 38.802.
· Max number of hops: 2
· IAB node association: Max RSRP

Based on this scenario, Figure 1 illustrates the RSRP distribution for different backhaul links between the donor (macro) nodes and associated IAB nodes of hop order 1 and between IAB nodes of hop order 1 and associated IAB hop order nodes of hop order 2.
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Figure 1. RSRP distribution for access and multi-hop backhaul links

Figure 1 clearly illustrates the improved link quality of backhaul links compared to the access links due to the height advantage and larger antenna array size. For example, the 10% and 50% values of the backhaul link distributions experience roughly 20dB gains over the access links in the case of the first hop (macro to small cell) and 10dB gains in the case of the second hop (small cell to small cell). While these gains may vary depending on the deployment (e.g. homogeneous vs. HetNet and FR1 vs. FR2), the general trend is expected to remain and motivates spectral efficiency and MIMO transmission enhancements for IAB links compared to regular access links taking into account the increased capability of IAB nodes as well [2].
Observation 1: Multi-hop backhaul links experience significant gains in RSRP compared to access links.

Comparing the signal-to-interference ratio (SIR) of an IAB topology may also give insights into the system design. Figure 2 illustrates two cases: 1) all IAB nodes are assumed to transmit simultaneously in the DL without restriction and 2) hop orders utilize orthogonal resources for their transmissions. 
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Figure 2. SIR distribution for multi-hop backhaul links

The following set of results compare the performance of different topology methodologies:
· RSRP-only (NR baseline)
· Limit of 3 directly connected child IAB nodes
· Max SIR
· Max SIR + Limit of 3 directly connected child IAB nodes
The benefit of limiting the number of connected child IAB nodes is to alleviated congestion, by more equitably distributing nodes across candidate parent nodes, while the max SIR-based approach takes into account potential cross-link interference across hops due to the half-duplex constraint at each IAB node.
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Figure 4. DL thpt distributions for different numbers of donor nodes and topology formation methodologies
As can be seen in Figure 4, the performance of the different topology formation methodologies is impacted by the number of donor nodes which influences the underlying topology as well as supported traffic load. For example, in case of only 1 donor site, limiting the number of child nodes has the largest performance gain since it helps to alleviate the severe congestion which can be experienced at the donor (or nodes 1 hop from the donor) when a large number of IAB nodes are directly connected. However, in case of 7 donors sites out of 19, the SIR-based methods provide the greatest performance gain, since 1) congestion alleviation is less important as there are less bottlenecks at the donors and 2) the impact of cross-link interference is more noticeable since the backhaul links are more frequently active due to the increased backhaul link throughput and decreased number of hops required.
Observation 2: System performance for IAB networks can be improved by considering the number of directly connected child nodes and/or cross-link interference in the topology formation methodology.

3 Conclusion
In this contribution, we provide system-level simulation results for multi-hop IAB networks in a heterogeneous deployment of macro and small cells in FR2. The following observations are made: 
Observation 1: Multi-hop backhaul links experience significant gains in RSRP compared to access links.
Observation 2: System performance for IAB networks can be improved by considering the number of directly connected child nodes and/or cross-link interference in the topology formation methodology.
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Based on these observations the following proposal is made:
Proposal 1: Capture the observations in this contribution in TR 38.874. RAN1 should further study potential gains and techniques for resource allocation and interference mitigation across multiple backhaul hops.
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