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1 Introduction

At the last RAN3 meeting, the topic of resource state measurement and reporting when relays are involved was discussed [1]. When a RN reports its resource status to its neighbors, this measurement is transported by its DeNB, so it was proposed the DeNB should look into this measurement report and modify it in order to take into account the fact that the Uu interface (as reported by the RN) and the Un interface (whose load is known by the DeNB) may be differently loaded.
It is worth noting that this issue had already been discussed in the Rel-10 time frame. No agreement could be reached on whether load reporting when RNs are involved should be handled differently, so it was decided to stay with the status quo: since a RN is a “specially-flavored” eNB, neither the RN nor its DeNB are expected to behave any differently when reporting load to neighbor eNBs. In this contribution we will briefly summarize why we believe this approach is still valid.
2 Load Reporting in General
PRB usage reporting to neighbors is specified in X2AP [2], and how it is calculated is specified in [3]. It is worth noticing that neither [2] nor [3] assume anything specific with respect to the “flavor” of the eNB, i.e. whether it is a DeNB, a RN, or an eNB, and that neither [2] nor [3] mandate the internal behavior of the eNB providing the measurement report.

Observation 1: When signaled by a neighbor, a RN will report its PRB usage in the same way as any eNB does.
When reporting its PRB usage, an eNB might or might not consider other factors when calculating it, depending on its implementation (as allowed by [3], see Secs. 4.1.1.1 and 4.1.1.2). In fact, it could even be argued that if a single eNB was able to estimate the load on its backhaul connection (“regular” backhaul for eNBs and DeNBs, Un for RNs), it might want to “scale” its PRB usage measurement according to the estimated backhaul load, applying some sort of weighing factor. This would be a completely “legitimate”, allowed, and in fact, desirable, situation. The reported PRB usage in this case would already contain the backhaul load estimate for that eNB. Such a report would steer even more the neighbor eNBs’ handover decisions, for example, toward an unloaded neighbor, and/or away from a loaded neighbor, than a report that was not “weighed” against backhaul load.
One could think that in deployments where backhaul capacity can vary greatly (e.g. HetNet deployments), this way of calculating PRB usage might be beneficial. On the other hand, if backhaul capacity is more or less uniform, a simpler approach to PRB calculation might be preferable as it can be less demanding on eNBs and could possibly lead to faster measurements and shorter response times. So, we see a benefit in having this flexibility.
Observation 2: The flexibility currently allowed by the standard on how to calculate PRB usage, is beneficial.
2.1 Interaction between RN and DeNB
As far as measurement reporting is concerned, the interaction between RN and its DeNB does not require any specific optimization. In this context, DeNB is a network node part of the network physically transporting the logical X2 between its RN and its neighbor eNBs, in the same way that the same transport network will physically transport the logical X2 between two neighbor eNBs. It is not reasonable to assume that the transport network can modify traffic measurements exchanged by access network nodes, unless we assume it has a good knowledge of how those traffic measurements were made, and/or a very tight integration between access and transport network. Such a scenario, we believe, goes outside the scope of standardization. It is worth noticing that the observation that “a DeNB using separate Un and Uu load measurements will estimate the load condition of its relay cells more accurately” [1] also makes an assumption on how the RN might calculate its load, and there might be cases (see above) where such an assumption is not valid.
Observation 3: It is not reasonable to assume that the DeNB can modify the PRB usage measurements by its connected RNs, unless the RN implementation is known and/or the two are tightly integrated.
As shown above, if the DeNB does not know how the RN calculates its PRB usage and yet tries to modify it before forwarding it to the RN’s neighbors, the results could be unpredictable. For example, the neighbors could be made to overestimate the load on the RN (if for some reason the RN is able to estimate its backhaul capacity and has included this in the measurements).

Observation 4: If the DeNB modifies the PRB usage measurements by its connected RNs without knowing anything about the RN implementation, this might cause unpredictable behavior by the neighbor eNBs receiving the measurement reports.
3 Conclusions and Proposal
In this document we have briefly reviewed some general concepts about PRB load reporting, its interaction with the transport network, and what we believe are the main points of interaction with respect to the relaying architecture in Rel-10. Following from the observations above we would like to propose the following:
Proposal 1: The DeNB shall not change the load reports by its connected RNs before forwarding them to neighbor eNBs.
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