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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

Initial NR network deployments based on Phase 1 Release 15 3GPP specifications will be based on non-standalone (NSA) scenario (Option 3x), using existing EPC deployments for the core network. Additionally, some other NR network deployments based on the full Release 15 3GPP specifications may be based on standalone (SA) scenario (Option 2). Furthermore, in subsequent 3GPP Releases, as support for more deployment scenarios is developed, some networks deployed in Option 3x scenario using EPC could migrate to Option 7x or 4 using NGC. Hence, it is very conceivable that any IAB solutions potentially standardized in Release 16 specifications, may need to operate with either EPC or NGC as the core network, and may also need to continue to operate efficiently in the event of a core network transition from EPC to NGC.

This contribution discusses operation of IAB in standalone (SA) and non-standalone (NSA) deployments.
NSA and SA support for IAB Nodes
If the designed IAB solution has very significant core network dependencies, this would put an operator’s IAB deployment at significant risk when migrating the core network from EPC to NGC after deployment of IAB. Furthermore, if the designed IAB solution has very significant core network dependencies, 3GPP would need to develop different solutions that work with EPC vs. NGC. In this case, there may be significant impacts to EPC specifications as well. Hence, IAB solutions with significant core network dependencies have the potential to cause significant complications for an operator and for standardization, as a result the IAB SI TR [2] has captured as a requirement that the designed IAB solution should strive to have minimal core network dependencies and specification impact:
Requirements:
1:	The IAB design shall strive to minimize the impact to core network specifications.
2:	The study should consider the impact to the core network signalling load as an important KPI.
In addition to the requirement for IAB to support both NSA and SA deployments, 3GPP NR-based 5G mobile networks will be deployed using a split RAN protocol architecture such that on the user plane the PDCP sublayers reside at a centralized unit (CU), while the RLC, MAC, and PHY layers reside at the distributed unit (DU) [3]. User plane data is carried on Data Radio Bearers (DRBs) that traverse the above described user plane RAN protocol architecture. On the control plane, signalling radio bearers (SRBs) are set up that carry control messages from the RRC layer also utilize the PDCP layer at the CU, and are further carried down through the RLC, MAC, and PHY layers at the DU to be delivered to the UE over the air interface. An example of a network with such IAB link links is shown in Figure 2, where the relay node (Relay DU) can multiplex access and backhaul links in time, frequency, or space (e.g. beam-based operation).
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Figure 2: IAB operation under in a SA deployment
The IAB deployment in Figure 2 illustrates a SA deployment of IAB where the access UEs and IAB DUs receive both control and data bearers on NR. However it is also possible to support IAB operation (UEs and IAB nodes) under a NSA architecture as shown in Figure 3, where the control plane signalling for both access UEs and IAB nodes are provided over LTE.
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Figure 3: IAB operation in a NSA deployment
The remaining sections of this document discuss various benefits of NSA support for IAB nodes.
Initial Access and Relay Configuration
Under NSA operation, access UEs are connected to the network by performing initial access procedures (e.g. synchronization signal detection and random access procedure) via LTE and then are able to access one or more NR cells via dual connectivity procedures such as secondary node addition.
IAB nodes also need a mechanism for performing initial access in order to set up connectivity between nodes depending on the relay topology.  This means that the IAB nodes must have UE functionality and can perform synchronization/random access using the same signals and channels with a common framework [4]. 
In the case of IAB operation under an NSA architecture, initial access and mobility are provided by the LTE MCG in case of EN-DC, so the IAB UE node must also have LTE receiver functionality. In addition, there is no need to support IDLE mode operation in the relay UE part of the IAB nodes. This can be much more efficient than if a SA architecture is required for IAB nodes where system information broadcast, paging, and other IDLE mode transmissions are required, thus reducing the overall overhead required to support multiplexing of access and backhaul traffic.
Given the potentially enhanced processing and hardware capabilities of IAB nodes, as part of the study item, potential enhancements to the IAB UE-functionality and requirements for IAB nodes can be considered. For example the configuration of physical and higher layer parameters may be optimized as well as introducing the configuration of parameters related to initial access and resource allocation. 
Observation 1: NSA support for IAB nodes can provide benefits of efficient and robust initial access and relay configuration.

Topology Management
In order to support multi-hop relaying between one or more IAB nodes as well as multi-connectivity and redundant connectivity the IAB nodes need to exchange routing information/tables indicating routes for access/backhaul traffic across one or more relay link hops. If this is performed on the NR backhaul links, there will be latency in exchanging messages across multiple hops. This is both due to the need to multiplex control transmissions (providing topology management related messaged) with access traffic as well as the latency incurred in sending out these messages which need to propagate over multiple hops before it can be confirmed. 
Instead, in the case of NSA IAB node operation, if topology adaptation messages can be provided over the LTE MCG link, they can be quickly aggregated by a centralized entity since they are only need to traverse a single hop (e.g. the MCG link). The topology management signaling may include initial topology setup as well as subsequent changes.
Observation 2: NSA support for IAB nodes can provide the benefit of efficient topology setup and adaptation with lower latency via the LTE MCG link than if the signaling is carried over multiple-hop backhaul links.

Route Selection
In addition, in order to perform route selection, it may be beneficial that measurements of NR backhaul link quality along with other metrics (e.g. traffic load, latency, etc.) are exchanged across the backhaul network topology. However, under a NSA architecture, the configuration, triggering, and exchange of CSI/RRM measurements for route selection can be provided over the LTE MCG link instead of over the NR backhaul links. This can reduce the overhead of such signaling, as well as enable global aggregation of measurements across multiple hop orders at a centralized entity. These measurement exchanges may be part of the normal access UE measurement and reporting framework or may involve new and optimized procedures solely for IAB nodes with independent configuration of measurement and reporting parameters to support multi-hop measurement aggregation and events which also support mechanisms for fast reconfiguration of routes in case of blockage events or load fluctuations.
Observation 3: NSA support for IAB nodes can provide the benefit of efficient configuration, triggering, and exchange of CSI/RRM measurements and other metrics as well as aggregation of such measurements for optimized route selection mechanisms.
Conclusion
In this contribution, we identify some key aspects of IAB operation in NSA and SA deployments. In addition we identify benefits of NSA support for both access UEs and IAB nodes such as seamless integration of IAB nodes in early NR deployments, along with increased robustness, reduced overhead, and global topology management functionalities:
Observation 1: NSA support for IAB nodes can provide benefits of efficient and robust initial access and relay configuration.

Observation 2: NSA support for IAB nodes can provide the benefit of efficient topology setup and adaptation with lower latency than if the signaling is carried over multiple-hop backhaul links.

Observation 3: NSA support for IAB nodes can provide the benefit of efficient configuration, triggering, and exchange of CSI/RRM measurements and other metrics as well as aggregation of such measurements for optimized route selection mechanisms.

As a result of the above observations the following proposal is made:
Proposal 1: The IAB design shall support both SA and NSA operation of IAB nodes. Further study signaling optimizations for NSA IAB nodes to enable efficient IAB node discovery and configuration, topology management, route selection, and resource allocation.
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