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Introduction
At the RAN meeting #75, it was agreed to start a study item on Integrated Access and Backhaul (IAB) for NR. The IAB architecture includes IAB nodes as the intermediate TRPs to improve network coverage. The differentiation between IAB access link and IAB backhaul link introduces new interference forms, which are discussed in this contribution. The candidate schemes to manage those interferences are proposed in this paper.  
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[image: ]
[bookmark: _Ref503454077]Figure 1  Scenario illustration of different interference sources in an IAB architecture. Nodes with the same color code belong to the same IAB chain. 
In this paper, the following terminology is used, also exemplified in Figure 1:
IAB donor node (IAB-DN): The gNB or part of the gNB, that is using NR to backhaul other NR nodes, but is backhauled by traditional backhaul (like fiber) and not NR.
IAB node (IAB-N): The NR node being backhauled using NR radio from another NR node (either an IAB node, or an IAB donor node)
IAB backhaul link: The NR link between the IAB node and another IAB nodes or IAB donor node for the purpose of providing a backhaul connection.
Access link: The link between an IAB donor node and a directly connected UE that is not used for backhaul.
IAB access link: The link between an IAB node and a directly connected UE that is not used for backhaul.
Cluster: The geographical area that is covered by an IAB-DN or IAB-N is called a cluster (denoted as a dashed circle in Figure 1).
IAB chain: The IAB-DN, IAB-Ns and UEs that are managed by the same IAB donor node are said to be in the same IAB chain.
Cross-link interference (CLI): The interference between the IAB donor node, IAB node(s), and UEs that belong to the same IAB chain. 
Cross-chain interference (CCI): The interference between the IAB donor node, IAB node(s), and UEs that belong to different IAB chains.
[bookmark: _Ref503518655]Interference types and solutions
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Cross-link interference between IAB node and terminal
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Figure 2  CLI between an IAB-N and a terminal that are in different clusters.

The CLI may occur when the (IAB) access and backhaul links share the same time, frequency and spatial resources.  It can be avoided by scheduling, or treated as a MU-MIMO scenario, where the mutual interference is reduced by MU-MIMO techniques. 
Cross-link interference between access links
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[bookmark: _Ref503455531]Figure 3  CLI between terminals that are served by different IAB-Ns.
CLI can happen between two terminals that are resource controlled by different IAB-Ns, or one by an IAB-N and the other by the IAB-DN. It is similar to the TDD interference between cells not operating with aligned DL/UL configurations. Figure 3 depicts an example. Terminal 1 is served by IAB-N1 and terminal 2 is served by IAB-N2. When terminal 2 is in UL and terminal 1 is in DL using the same time/frequency radio resource, interference may occur in two ways:
1) The transmit signal of terminal 2 may leak into the receive signal of terminal 1.
2) The transmit signal from IAB-N1 may leak into the receive signal at IAB-N2.
The interference strength level in case 1) may be weaker than that of case 2), since in case 1) the terminal 2 transmission direction is aiming at IAB-N2, the power leakage in the direction of terminal 1 may be moderate by having directive terminals. But in case 2), IAB-N1 may see terminal 1 and IAB-N2 in a quite similar angle and the interference may transmit along the same channel path as used for the backhaul link (which is assumed to be in good transmission conditions); therefore, in case 2), interference from IAB-N1 to IAB-N2 can be strong . 
For case 1), the side-lobe level and the front-back ratio of the antennas at the terminal should be studied. Both, interference source and sink, are under network control, which allows to use proper scheduling and coordination duplexing. For case 2), two mechanisms are proposed:
[bookmark: _Toc512588800][bookmark: _Toc512610517]In order to reduce cross-link interference, UL and DL transmission in all IAB access links of an IAB chain should not overlap. 
Agree to study how to arrange and configure UL and DL transmission in all IAB links of an IAB chain in order to not overlap.
[bookmark: _Toc503517255][bookmark: _Toc503518632][bookmark: _Toc503525666][bookmark: _Toc503797385]Agree to study how to make IAB-(D)Ns aware of terminals at the edge of neighboring clusters, so that to perform interference (pre/post) cancellation or interference avoidance at the IAB-(D)N; e.g. Release 15 Beam Management.
Cross-link interference between backhaul links
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[bookmark: _Ref503512386]Figure 4  CLI between IAB-Ns or between an IAB-N and the IAB-DN that are within the same IAB chain.
Consider that the backhaul links are subject to half-duplex constraint at the IAB nodes, i.e., transmission and reception period are strictly non-overlapping across an entire IAB-N [1]. Figure 4 indicates one transmission scenario when interference may occur between IAB-nodes:
1) If the number of IAB-nodes in an IAB chain is larger than 2, the interference may occur between every third IAB-N, including the IAB-DN, e.g., the interference between IAB-N3 and the IAB-DN in Figure 4. 
The case 1) interference should be suppressed by proper antenna techniques or by scheduling. The case 2) interference is related to the geographical locations of the IAB-Ns, therefore should be managed by site planning. 
[bookmark: _Toc503517256][bookmark: _Toc503518633][bookmark: _Toc503525667][bookmark: _Toc503797386]If the number of IAB-Ns in an IAB chain is larger than 2, the site planning should ensure high path loss between every third IAB-Ns (including the IAB-DN) in the same IAB chain. 

Cross-chain interference
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[bookmark: _Ref503516270]Figure 5  CCI examples that occur between the IAB-Ns and between terminals that belong to different IAB chains. 
In general, the CCI is due to the same principle mechanisms as the CLI described in section 3.1. Since the interfering source and victim belong to different IAB chains, the available information and coordination between the involved nodes and terminals are different from the case for CLI. To summarize, the CCI may occur:
1) The CCI may happen between the IAB-Ns that belong to different IAB chains. Especially when the two IAB chains are geographically aligned, as exemplified in Figure 5, the CCI may happen between many nodes in the two IAB chains.
2) Since the access link and backhaul link that belong to different IAB chains are not necessarily separated in time/frequency/space, the CCI may also happen between the terminal and IAB-N that belong to different IAB chains.
3) Like the CLI between terminals at the edges of different clusters, there may also be CCI between terminals at the edges.
4) Because operation requirements of different IAB-chains may differ (e.g. resource allocation between UL and DL depending on the number of IAB-Ns), it is difficult to avoid CCI by means of (TDM/FDM/SDM) only.

The cross-chain interference (CCI) may be treated as inter-cell interference (ICI), and therefore should be processed by interference cancellation techniques, e.g., MMSE-IRC, at the receiver side of the victim IAB-(DN)/terminal. 

Conclusion

Observation 1	In order to reduce cross-link interference, UL and DL transmission in all IAB access links of an IAB chain should not overlap.
Observation 2	If the number of IAB-Ns in an IAB chain is larger than 2, the site planning should ensure high path loss between every third IAB-Ns (including the IAB-DN) in the same IAB chain.
Observation 3	The cross-chain interference (CCI) may be treated as inter-cell interference (ICI), and therefore should be processed by interference cancellation techniques, e.g., MMSE-IRC, at the receiver side of the victim IAB-(DN)/terminal.

Based on the discussion we propose the following:
Proposal 1	Agree to study how to arrange and configure UL and DL transmission in all IAB links of an IAB chain in order to not overlap.
Proposal 2	Agree to study how to make IAB-(D)Ns aware of terminals at the edge of neighboring clusters, so that to perform interference (pre/post) cancellation or interference avoidance at the IAB-(D)N; e.g. Release 15 Beam Management .
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