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1
Introduction

After the RAN#75 meeting, a new SI was agreed [1] main objective of which is to study relaying technologies for NR. Since the NR radio access technology will exploit availability of higher frequencies spectrum, it is anticipated that more NR base station will be needed to achieve the same coverage as with low frequencies. Thus, relay networks will help operators to deploy and connect more base stations in a simple and the cost efficient way.

One of the technical topics considered for this SI is which topologies we should account for while developing the NR relay functionality. The latest version of TR 38.874 [2] captures two main approaches – spanning tree (ST) and directed acyclic graph (DAG) – which have been also assumed in a number of contributions from other companies. However, as will be presented later in this discussion paper, DAG topology can be perceived in two different ways: a topology in which multiple paths exist but only a single path is "active" at a particular moment of time; or a topology in which multiple paths are active for a particular IAB node.  
As we elaborate later in this discussion paper, DAG topology in which multiple paths exist and are configured for a particular node does not come free as it requires certain functional blocks which are not available in NR Rel-15 and which are not even planned for NR Rel-16. As it is not clear whether the corresponding functionality will be available at all, we suggest concentrating 3GPP efforts on the ST topology and related solutions. 
2
ST and DAG topology
As already mentioned in the Introduction part, there are two main topologies already mention in TR 38.874: spanning tree (ST) and directed acyclic graph (DAG). As presented below in Figure 1, the ST topology is characterized by the fact that each IAB node has only one upstream node through which data is exchanged. On the contrary to it, DAG assumes that a particular IAB node may several upstream nodes. 
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Figure 1: Examples for spanning tree and directed acyclic graph (from TR 38.874).
At this point it is worth noting that DAG topology can be viewed in two different ways:

-
One way to view DAG is that an IAB node may have several (potential) upstream nodes but it is logically associated with one particular node through which all the data is exchanged. As an example, the IAB node may detect several potential IAB node by means through the corresponding measurements, but only particular node is selected as the outcome of the initial cell (re-)selection procedures and subsequent re-configurations.

-
Another view is that an IAB node may have several upstream node and connections are established to more than one upstream node. As the outcome, multiple transmission paths may exist to a particular IAB node, which is referred to as "IAB multi-connectivity" in some technical papers.  

With regards to the IAB multi-connectivity, it is very essential to emphasize that it requires functionality, which is not available yet in Rel-15 and which is not even planned for Rel-16. In short, to enable IAB node connection to more than one upstream nodes running on the same frequency, one requires some form of the intra-frequency NR+NR DC. Referring to TSG RAN#80 discussions and decisions, Rel-15 late drop will contain only synchronous inter-frequency NR+NR DC, and the asynchronous inter-frequency NR+NR DC will be introduced only in Rel-16. As can be seen, synchronous/asynchronous intra-frequency NR+NR DC has not been planned yet for NR future releases; neither is it clear whether the corresponding functionality will be introduced at all. Of course, one can assume using inter-frequency NR+NR DC with IAB nodes, but then other questions arise on the benefits and performance of such deployment, and whether it would really address reliability issues because one link would be connected to a parent node on F1, while another link would be connected to another parent node on F2.
Observation 1:
Synchronous/asynchronous intra-frequency NR+NR DC will not be available for NR Rel-15 and Rel-16, neither has it been planned yet for NR future releases.

Referring back to the reliability aspects, it is worth noting that even though the IAB multi-connectivity with the DAG topology can in principle achieve 0ms interruption time when one of the links fail, a similar performance can be achieved with the ST topology with the corresponding mobility enhancements. LTE Rel-14 introduced a set of mobility enhancements allowing to reduce the re-configuration interruption time down to 5ms, and the similar enhancements are being considered now also for the NR technology.

Observation 2:
Switching the parent node in the ST topology can have performance close to 0ms interruption time if the corresponding NR mobility enhancements are applied, which will be standardized in Rel-16.
Accounting for the fact that there are only three meetings left till the completion of the IAB SI in December 2018, it is extremely crucial to focus on those topics that are essential to the IAB functionality. Other enhancements, such as multi-connectivity based DAG topologies, can be handled if time allows and/or if the basic functionality is completed.  
Observation 3:
As the planned IAB SI completion date is December 2018, the most essential and key functional aspects should be tackled first.
3 Conclusion
In this discussion paper we have provided our further considerations for the ST and DAG topologies for NR. As we explained in the discussion paper, a particular IAB node can measure and detect multiple IAB nodes (which in turn can be connected to other IAB nodes) forming effectively DAG topology. However, the actual data transmission path could follow the ST like topology where any given IAB node has only one connection to the parent node. Multiple transmission paths require IAB multi-connectivity feature, which as explained in the paper does not come for free and is not even considered now by TSG RAN.

Proposal:
To ensure timely completion of the IAB SI, we kindly ask RAN WG to concentrate on the ST topology and related solutions.  
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