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Introduction
The IAB SI phase concluded in December 2018 with several decisions regarding IAB architecture and protocol stack details. Some of the objectives listed in the IAB WID for Release 16 [1] include:
· Specification of procedures for IAB-node integration and topology adaptation, including [RAN3-led, RAN2]:
· Procedures for IAB-node integration for SA and NSA modes, including enhancements needed to E-UTRAN for NSA mode. 
· Specification of IAB-node migration underneath the same IAB-donor (with or without a change of IAB-donor DU), and between different IAB-donors. Migration of IAB-node could be network-controlled or could be due to BH RLF. 
Support for route redundancy and route selection based on multi-connectivity (e.g. TR 38.874 clause 9.7), leveraging existing NR solutions as well as NR-NR DC, without additional RAN1 work. (see NOTE1).

In this contribution we discuss issues related to providing route redundancy for IAB nodes that are operating in NSA mode. 
 
Route Redundancy in NSA Mode
Route redundancy in an IAB network requires setting up a redundant route that could be used in case the current route is not suitable. Based on discussion in the IAB SI [2], redundant routes can be set up by configuring dual connectivity at the MT of IAB nodes. As shown in Figure 1 from [2], in step a), first an SCG link to the MT of the green IAB node is established followed by addition of the redundant route in step b). It is clear from this discussion and figure that establishing a redundant route requires utilizing the second DC leg of the MT of the IAB node. 
When IAB is deployed in a non-standalone (NSA) architecture, the MT’s control plane anchor is at the LTE eNB while the user plane is delivered by the NR gNB via a multi-hop IAB network. This is depicted in Figure 2 below. Since the MT operates in EN-DC mode with the LTE eNB as MCG and NR gNB as SCG, both DC legs at the MT are already utilized. This leaves no DC leg available to provide route redundancy for the IAB node, in the way it could be provided for an IAB node deployed in SA mode as shown in Figure 1. In this contribution we discuss issues related to solving this problem. 
Observation 1: IAB nodes operating in NSA mode cannot utilize dual connectivity to provide route redundancy.
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Figure 1: Procedure for adding SCG link and redundant route to a descendent IAB node [2]
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Figure 2: IAB NSA Architecture
There are three possible solutions to the problem of providing route redundancy to IAB nodes operating in NSA mode. These are discussed further below:
· MT-based multi-connectivity
· Fast SCG change
· Extending DC to more than 2 legs

MT-based multi-connectivity
During the IAB SI phase there was some discussion related to providing route redundancy using a solution that utilizes more than one MT function at the IAB node. This is depicted below in Figures 3 c) and 3 d) copied from the IAB SI TR [2]. In this solution since there are multiple MTs per IAB node, each MT node can be in EN-DC mode and still be able to provide redundant routes to the IAB node. This solution may create some inter-MT coordination requirements for the IAB node. Further details of such coordination, and implications to standardization should be assessed.



Figure 3: Route redundancy using single or multiple MT functions [2]
Proposal 1: 3GPP should consider the use of MT-based multiconnectivity solutions to provide route redundancy for NSA-mode IAB nodes.
Fast SCG change
As part of the WI on mobility enhancements [3], RAN2 is working on the solutions to reduce interruption time during HO/SCG change as described in the WI objectives below: 
· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
Since multiconnectivity at the MT cannot be utilized to provide route redundancy for NSA-based IAB nodes, the solutions being explored by RAN2 to minimize or eliminate interruption time during SCG change could be considered. With such solutions, the MT’s user plane could be fast-switched from the SCG corresponding to one route, to the SCG corresponding to an already identified alternate route. So even though two redundant routes cannot be simultaneously be configured for NSA-mode IAB nodes, it may still be possible to switch quickly from one route to another route without interruption.  
Proposal 2: 3GPP should consider the use of fast SCG change solutions to provide rapid path switching between redundant routes preconfigured for NSA-mode IAB nodes.
Extend dual connectivity to more than 2 legs
The third possible solution to provide route redundancy to IAB nodes operating in NSA mode is to remove the restriction of 2 DC legs. This would solve the underlying problem that an NSA-mode IAB node does not have another leg available for configuring a redundant route. If a third multiconnectivity leg is available, it could be easily set up to provide a redundant route in exactly the same manner as route redundancy may be configured for SA-based IAB nodes. This would ensure consistently of route redundancy procedures between SA and NSA based deployments. Enabling more than 2 multiconnectivity legs has come up in the past during, for example, discussions related to CA and DC enhancements, mobility enhancements and related to data duplication for IIoT. However, in the past there wasn’t sufficient consensus among 3GPP companies to move forward on this feature. 3GPP should continue to consider this possibility since it could be beneficial to not only for this scenario but also other features, such as IIoT. 
Proposal 3: 3GPP should continue to consider extension of dual connectivity to more than 2 legs to enable a consistent route redundancy solution across SA-mode and NSA-mode IAB nodes.
 
Conclusion
In this contribution we discussed the issue of providing route redundancy for NSA-mode IAB nodes. The following observation and proposals were offered for consideration:
Observation 1: IAB nodes operating in NSA mode cannot utilize dual connectivity to provide route redundancy.
Proposal 1: 3GPP should consider the use of MT-based multiconnectivity solutions to provide route redundancy for NSA-mode IAB nodes.
Proposal 2: 3GPP should consider the use of fast SCG change solutions to provide rapid path switching between redundant routes preconfigured for NSA-mode IAB nodes.
Proposal 3: 3GPP should continue to consider extension of dual connectivity to more than 2 legs to enable a consistent route redundancy solution across SA-mode and NSA-mode IAB nodes.
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