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Introduction
SA1 has defined the following requirements for self-backhauling [1]:
· [bookmark: _Hlk502996877]The 5G network shall enable operators to support wireless self-backhaul using NR and E-UTRA.
· The 5G network shall support flexible and efficient wireless self-backhaul for both indoor and outdoor scenarios.
· The 5G network shall support flexible partitioning of radio resources between access and backhaul functions
· The 5G network shall support autonomous configuration of access and wireless self-backhaul functions.
· The 5G network shall support multi-hop wireless self-backhauling.
· The 5G network shall support autonomous adaptation on wireless self-backhaul network topologies to minimize service disruptions.
· The 5G network shall support topologically redundant connectivity on the wireless self-backhaul.

The Integrated Access and Backhaul Study Item Document further defines the following requirements [2]:
· 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 document, we discuss deployment considerations for the IAB study.
The following terminology is used in this document:
IAB-node: A RAN-node that provides IAB functionality, i.e. access for UEs combined with wireless self-backhauling capabilities.
Donor: A RAN-node that terminates Ng interface with core network.
Path: A transport connection consistent of a sequence of physical links.


Discussion
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Figure 1: In-band vs. Out-of-band IAB at sub-6 and mmWave frequencies

In-band vs. out-of-band IAB
Based on available spectrum and deployment scenario, access and backhaul may share the same frequency bands (in-band IAB) or they may use different frequency bands (out-of-band IAB). These frequency bands further may be allocated in sub-6- or mmWave spectrum or in both. 

Observation 1: Based on available spectrum and deployment scenario, in-band and out-of-band IAB may be useful in sub-6- and in mmWave spectrum.

Proposal 1: IAB should allow for in-band and out-of-band IAB in sub-6 and mmWave spectrum.


Sub-6 vs. mmWave IAB

Opposed to sub-6, mmWave access cannot be deployed as a macro-cellular solution due to its inherently small cell size. mmWave access therefore relies on a densified small-cell deployment to achieve area coverage. IAB is therefore crucial for mmWave access to mitigate the backhaul problem of such densified access network.

Observation 2: IAB is a crucial feature for the deployment of mmWave access.

The large bandwidth available at mmWave frequencies motivates in-band IAB deployments. Also, high inter-link interference suppression resulting from beam-forming available at mmWave frequencies allows to achieve in-band solutions with high spectral efficiency. 

Observation 3: mmWave frequencies provide inherent advantages for in-band IAB. 

Proposal 2: The study should focus on in-band IAB at mmWave frequencies.


Support of LTE-based access
Self-backhauling may be beneficial for LTE-based access traffic as well as NR-based access traffic. Since LTE is a sub-6 technology and can be deployed via macro-cells, it does not rely on densified small-cell network to achieve area coverage. Also, TS 36.300 already defines a relaying solution for LTE. 

Observation 4: LTE does not rely on densified small-cell deployment for area coverage.

Proposal 3: IAB for LTE access should be deprioritized in this study.


Full- vs. half-duplexing
Duplexing applies to IAB-nodes that interconnect access- and backhaul links or multiple backhaul links. It therefore applies to in-band- as well as out-of-band IAB. While half-duplexing results in lower spectral efficiency than full duplexing, it usually tends to have lower complexity. Study of half-duplexing constraint has been captured as a requirement in the SID.

Observation 5: Half-duplexing can typically be realized with lower complexity than full-duplexing.

Proposal 4: The study should focus on half-duplexing solutions for IAB and deprioritize full-duplexing solutions.
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Figure 2: IAB with single- vs. Multi-hop backhauling

Multi-hop backhauling
Both, SA1 requirements for self-backhauling [1] as well as the SID requirements for IAB [2] include support of multi-hop connectivity on the backhaul. Obviously, larger hop count enables more range extension, which is especially beneficial at mmWaves due to the inherently high propagation loss. Larger hop count obviously implies higher latency. At mmWave frequencies, the increased latency due to higher hop count may be compensated in part by the substantially shorter TTI. The best hop-count vs. latency tradeoff may depend on the deployment environment and the services rendered.

Observation 6: Multi-hop is beneficial to provide sufficient range extension especially at mmWave frequencies.

Observation 7: At mmWave frequencies, increased latency due to multi-hop backhauling may be compensated in part by the substantially shorter TTI.

Observation 8: The hop-count vs. latency tradeoff may depend on deployment environment and the services rendered.

Proposal 5: The IAB architecture should support multi-hop backhauling without inherent limit to the hop count.


IAB-node mobility
The following IAB deployment scenarios can be considered:
· IAB-node is stationary. Topology adaption may occur infrequently, e.g. due to integration of new IAB nodes or to account for dynamics in channel and load as well as IAB-node failure.

· IAB-node can move within a locally confined area, e.g., such as a drone hovering over stadium. The confinement is assumed such that topology adaptation occurs sufficiently infrequently similar to the stationary IAB-node deployment.

· IAB-node undergoes deterministic mobility, e.g. residing on a train. Topology adaptation may occur rather frequently but in a predicable manner due to deterministic nature of motion. Train-based relays have already been studied in 3GPP TR 36.836. No work item was generated based on this study.

· IAB-node undergoes non-deterministic mobility over extended environment (e.g. on taxi or bus). Topology adaptation may occur frequently and in unpredictable manner. Supporting multi-hop topology with frequent topology adaptation poses high complexity on IAB architecture and design.

Observation 9: The high-speed train scenario has already been studied in 3GPP TR 36.836.

Observation 10: Non-deterministic IAB-node mobility poses high complexity on IAB architecture and design, especially if multi-hop is included.

Proposal 6: The study should focus on physically stationary IAB-node with support of topology adaptation to IAB-node integration, IAB-node failure as well as channel variations in channel conditions. 
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Figure 3: Robustness via topology adaptation vs. redundant connectivity

Robustness to IAB-node or backhaul-link failure
Robustness to IAB-node or backhaul-link failure can be provided via dynamic topology reconfiguration procedures, also referred to as topology adaptation, or via topological redundancy, e.g., by establishing a hot backup link. Topological redundancy may provide shorter service interruption time in case of IAB-node- or backhaul-link failure at the price of higher complexity.

Observation 11: Topological redundancy may provide shorter service interruption time in case of IAB-node- or backhaul-link failure at the price of higher complexity.

Proposal 7: The study should establish requirements to service interruption due to topology adaptation.

Backward compatibility with Rel-15 UEs
IAB should be backward compatible with Rel-15 UEs.

Proposal 8: IAB should be backward compatible with Rel-15 UEs.
Conclusion
In this document, we discuss deployment aspects that should be addressed in the IAB study. The following aspects should be considered in the study:

Observation 1: Based on available spectrum and deployment scenario, in-band and out-of-band IAB may be useful in sub-6- and in mmWave spectrum.

Proposal 1: IAB should allow for in-band and out-of-band IAB in sub-6 and mmWave spectrum.

Observation 2: IAB is a crucial feature for the deployment of mmWave access.

Observation 3: mmWave frequencies provide inherent advantages for in-band IAB. 

Proposal 2: The study should focus on in-band IAB at mmWave frequencies.

Observation 4: Since LTE does not rely on densified small-cell deployment for area coverage.

Proposal 3: IAB for LTE access should be deprioritized in this study.

Observation 5: Half-duplexing can typically be realized with lower complexity than full-duplexing.

Proposal 4: The study should focus on half-duplexing solutions for IAB and deprioritize full-duplexing solutions.

Observation 6: Multi-hop is beneficial to provide sufficient range extension especially at mmWave frequencies.

Observation 7: At mmWave frequencies, increased latency due to multi-hop backhauling may be compensated in part by the substantially shorter TTI.

Observation 8: The hop-count vs. latency tradeoff may depend on deployment environment and the services rendered.

Proposal 5: The IAB architecture should support multi-hop backhauling without inherent limit to the hop count.

Observation 9: The high-speed train scenario has already been studied in 3GPP TR 36.836.

Observation 10: Non-deterministic IAB-node mobility poses high complexity on IAB architecture and design, especially if multi-hop is included.

Proposal 6: The study should focus on physically stationary IAB-node with support of topology adaptation to IAB-node integration, IAB-node failure as well as channel variations in channel conditions. 

Observation 11: Topological redundancy may provide shorter service interruption time in case of IAB-node- or backhaul-link failure at the price of higher complexity.

Proposal 7: The study should establish requirements to service interruption due to topology adaptation.

Proposal 8: IAB should be backward compatible with Rel-15 UEs.
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