Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting # 101



   R2-1801986
Athens, Greece, 26 February – 2 March, 2018
Agenda Item:
11.1
Source: 
Potevio
Title:
Discussion on IAB topologies
Document for:
Discussion and Decision
1 Introduction
In RAN#75 meeting, a new study item on ‘Integrated Access and Backhaul for NR was approved [1]. One of the objectives of this study item is shown below: 
· Topology management for single-hop/multi-hop and redundant connectivity [RAN2, RAN3], e.g.

· Protocol stack and network architecture design (including interfaces between rTRPs) considering operation of multiple relay hops between the anchor node (e.g. connection to core) and UE

· Control plan and User plan procedures, including handling of QoS, for supporting forwarding of traffic across one or multiple wireless backhaul links 

In this contribution, we discuss several types of IAB topology and give a comparison among them.
2 Discussion
Compared to LTE, the expected available bandwidth would be larger in NR, due to the deployment of massive MIMO and multi-beam systems. This creates an opportunity to develop and deploy integrated access and backhaul (IAB) links. A key objective of IAB study is to improve capacity and coverage without the need to densify the transport network proportionately. In this document, we will give an introduction of four types of IAB topology and their advantages and disadvantages.
2.1 Tree-based hierarchical topology
A tree network topology is the one in which there is a main functioning root node that is then connected to other nodes via point to point topology in the levels of hierarchy. In other words, this topology is connected as a branching network of nodes. Each level of nodes has a specific number of nodes that is can connect, and this topology works in hierarchy fashion. An example of tree-based hierarchical topology is shown below.
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Figure 1 An example of tree-based hierarchical topology
This kind of topology has a simple architecture, which leads to simple routing. But the simple architecture also results in less route diversity, and it would be lack of robustness to radio link failures and blockages.

Observation 1: A tree-based hierarchical topology has a simple structure, which leads to simple routing in IAB, but it would be lack of robustness to link failures and blockages.
2.2 Mesh-based topology

An example of mesh-based topology is shown below. In mesh-based topology, all nodes are connected to each other and that the data transferred from one system is sent and received by all the other systems. In this way, the data is transferred in not a one-way route but in a multiple access pathway. This topology is difficult to build because a lot of data sending capacity is wasted as well as the capacity needed to connect all the system is huge. But it provides maximum reliability in the areas of data transit as well as fault tolerance. 
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Figure 2 An example of mesh-based hierarchical topology
Observation 2: A mesh-based topology could provide maximum reliability in data transmission, and it has strong fault tolerance, however, it has a high requirement on capacity.
2.3 Extended star-based topology

Extended star-based topology is based upon physical star topology, which has one or more repeaters between the central node and peripheral nodes. An example of extended star-based topology is shown below.
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Figure 3 An example of extended star-based topology
Such topology has an advantage that if one IAB node or its connection breaks, it doesn’t affect other nodes and their connections, also, each IAB node can be added or removed without disturbing the network. However, it also suffer from the weakness that the central node is a single point of failure for the network, i.e. if the central node fails, the whole network fails.

Observation 3: An extended star-based topology has high flexibility, except for the reliability on central node, i.e. donor node.
2.4 Partially connected topology

In a partially connected network, certain nodes are connected to exactly one other node; but some nodes are connected to two or more other nodes with point-to-point link. The following graph shows one of the cases of partially connected topology. This makes it possible to make use of some of the redundancy of mesh topology that is physical fully connected, without the expense and complexity required for a connection between every node in IAB.
[image: image4.png]. Donor Node
. IAB RN




Figure 4 An example of partially connected topology
Observation 4: A partially connected topology has possibility to use some of the redundancy of mesh that is physical fully connected, without the expense and complexity required for a connection between every node in IAB.
Based on the discussion and analysis, partially connected topology seems to be a better choice, RAN 2 should discuss and choose a kind of partially connected topology as a baseline in IAB.

Proposal 1: In IAB, partially topology could be a reasonable choice, and RAN 2 could discuss and choose a kind of partially connected topology as a baseline.
3 Conclusion
Based on above discussion, we have the following observation and proposal:
Observation 1: A tree-based hierarchical topology has a simple structure, which leads to simple routing in IAB, but it would be lack of robustness to link failures and blockages.
Observation 2: A mesh-based topology could provide maximum reliability in data transmission, and it has strong fault tolerance, however, it has a high requirement on capacity.
Observation 3: An extended star-based topology has high flexibility, except for the reliability on central node, i.e. donor node.
Observation 4: A partially connected topology has possibility to use some of the redundancy of mesh that is physical fully connected, without the expense and complexity required for a connection between every node in IAB.

Proposal 1: In IAB, partially topology could be a reasonable choice, and RAN 2 could discuss and choose a kind of partially connected topology as a baseline.
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