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1   Introduction

In this tdoc we look at some key design considerations, namely the topology aspects of the IAB design. We make a number of proposals to guide the work so that the WI completion deadline can be met while taking into account all agreed aspects of IAB topology for Rel-16, including issues raised in more recent discussions contained in post-RAN2#105 email discussion [105#45] (R2+R3: IAB Misc). We additionally make a couple of key clarifications to do with Dual Connectivity and its use in IAB systems.
2   Topology considerations
While the WID itself does not predicate any specific topology type, the conclusion of the SI was that we should support Spanning Tree (ST) and directed acyclic graph (DAG) topologies. Both of these are hierarchical design solutions, with a clear parent/child relationship and the possibility to reuse the NR-Uu interface (with some changes e.g. increase of LCID space). Essentially, STs are DAGs with the restriction that a child can only have one parent. This can be contrasted with a full-mesh solution, which is more akin to the D2D framework, and was ruled out of the SI. We think it is worth agreeing this (confirming it) in the WI phase, as a start, and propose the following:
Proposal 1: RAN2 agrees that topology designs based on / incorporating mesh networking are excluded from Rel-16 IAB work.

We further feel we should go one step further and prioritize Tree topology for Rel-16 IAB work. DAG has certain benefits: it supports fast route adaptation (e.g. per-packet path selection), and has the potential for more efficient usage of radio resource. It additionally inherently (by design) allows route switching without changing the DU, since there are multiple paths from the donor DU to a UE. 

However, we do not think the resulting complexity arising from DAG is justifiable. First of all, we expect IAB nodes to generally be in spots with good coverage and offer reliable support for high throughput. If links between IAB nodes are expected to fail with a frequency of seconds, minutes or even hours, then they are probably not suitable for relaying anyway. Secondly, we do not see the need for per-packet path selection – from the proposals we have seen so far, packets of a single UE DRB follow the same path from source to destination. Looking at multiple paths from a more general angle, they have the disadvantage that control plane connectivity is simultaneously maintained on all such paths. And finally, ST topology also offers multi-connectivity through the use of DC.
Additionally, we are concerned about the impact of deploying DAG on routing complexity and length of various identifiers. Both main options (dest address + UE DRB ID vs. route ID) for the routing info become increasingly complex in the case of DAG, as will be shown here. For instance, and focusing on routing which relies on a route/path ID, if we assume M layers in an ST, and N descendants of each node, the total number of routes is ~N^(M+1). So e.g. for 4 hops and 3 descendants we are looking at ~250 routes. For any increase in number of layers (less likely as 4 seems to be an absolute maximum for practical deployments) or descendants of a node (more likely) this can increase exponentially. For DAG this is even higher – it might not exactly double the number of bits compared to the ST calculation, but it would add a couple of bits.

And finally, given the tight deadline for Rel-16, the reduction of TUs, and the vast number of issues to be covered, we feel that focus on ST is essential in finalizing the WI within the deadline. The email discussion [105#45] has revealed a lack of common understanding on what a DAG is, as well as a lack of common understanding on some very basic concepts such as upstream&downstream, which in a full DAG become ambiguous / open to interpretation.
Before we get to our proposal on prioritizing ST for Rel-16 IAB design, we would like to address an issue that may be pure semantics, but we feel is worth clarifying. In the ST topology, every node has only one parent node; one could therefore argue that any form of dual connectivity is therefore incompatible with the Tree structure. However, our view is that only one of the DC nodes is the actual parent, thereby allowing us to keep the Tree framework. We therefore propose the following (which should be just a confirmation of a widely held view):
Proposal 2: RAN2 assumes (for the ST case) that even if DC is used (an IAB node is connecting to an MCG and an SCG), only one of the DC nodes is considered the sole parent node of the IAB node in question, meaning that this is still a Tree topology.

Taking the Proposal 2 one step further, we feel that it should be the secondary node which is considered the sole parent for the NSA case. The reason behind this is that currently there is only SCGFailure handling procedure and no functioning MCG failure case currently, so for utilizing that handling procedure, the SCG link should be used as the main data path, and this can be easily done by the network. MCG link would then only be used for redundancy and control plane path for SCGFailure case.
Using this reasoning, we propose the following:

Proposal 3: For the NSA case, the secondary node is considered as parent node of the node connecting to the Donor/upstream nodes using DC.

Coming back to the topology design prioritization and taking into account Proposals 2 and 3, we further propose the following:
Proposal 4: RAN2 agrees that Rel-16 IAB work will prioritise the topology design (and subsequent routing solutions) based on the Spanning Tree. Work on IAB deployments which employ DAG will only start once normative work on ST-based design is completed.

Since for the ST case at any point there is only one active path to the destination, the following is a natural consequence:
Proposal 5: Redundancy (multi-connectivity) is achieved through the use of Dual Connectivity.
3   Conclusions
Based on [105#45] and our concerns about the apparent lack of common understanding of DAG and the increased complexity and route ID space compared to the Tree topology, coupled with the need to meet the WI deadline, we proposed the following:
Proposal 6: RAN2 agrees that topology designs based on / incorporating mesh networking are excluded from Rel-16 IAB work.

Proposal 7: RAN2 assumes (for the ST case) that even if DC is used (an IAB node is connecting to an MCG and an SCG), only one of the DC nodes is considered the sole parent node of the IAB node in question, meaning that this is still a Tree topology.

Proposal 8: For the NSA case, the secondary node is considered as parent node of the node connecting to the Donor/upstream nodes using DC.

Proposal 9: RAN2 agrees that Rel-16 IAB work will prioritise the topology design (and subsequent routing solutions) based on the Spanning Tree. Work on IAB deployments which employ DAG will only start once normative work on ST-based design is completed.

Proposal 10: Redundancy (multi-connectivity) is achieved through the use of Dual Connectivity.
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