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Introduction
In a network with relay nodes as well as “normal” base stations one question that has to be answered is which node a UE should be connected to. There are many factors with relative merits for both the RN and eNB which makes finding the answer difficult.
To be able to perform co-existence studies the method for selecting serving node has to be defined. The method chosen should preferably resemble the methods used in practical networks, but there are also some specific factors that need to be considered for coexistence studies.

Discussion

One observation is that the eNB has higher EIRP than the RN. The eNB has higher transmit power, tens of watts compared to single digit transmit power for the RN. The eNB most likely will also have an antenna with higher gain. It is easier to fit a (physically) large antenna at the eNB than for the RN. This means that it is only close to the RN that the received power from the RN will be larger than the received power from the eNB.

Resource allocation is a complex problem that several theses have been written about. But using an overly simplistic rule of thumb it is usually best to select the strongest signal for serving the UE.
In the uplink the situation is slightly different. The eNB still has an advantage in higher gain antenna, but since the UE has the same maximum transmit power regardless of where it is connected (trivial) there is no power advantage for the eNB. Selecting the node resulting in the highest throughput in the uplink is not trivial either, but as a rule of thumb the highest received power is a good choice. This can be achieved by using the DL received power and applying an offset.
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Figure 1: Received powers from eNB and RN in the DL (green) and the UE in the UL (red).

In figure 1 this is exemplified. The UE would probably achieve the highest throughput in the DL if the eNB is selected as the serving node and if the RN is selected it would achieve the highest throughput in the UL.

We have seen that selecting the strongest signal in the downlink results in a large advantage for the eNB. One effect of this is that the area where the RN is strongest is small. For coexistence studies in particular this is a problem since the fraction of users that are in the serving area of the RN is small. This means that the traffic in the RN will be small and thus the effect on overall system performance will not be really noticeable. For coexistence studies it is desirable to a larger portion of the traffic in the relays so that the effect on the network can easily be seen.
There are also other things that need to be considered in a system when deciding whether a UE should be served by either a RN or eNB. If the UE is served by the RN the traffic will have to be transmitted twice, once from the UE to the RN and once from the RN to the eNB. If the RN uses the same channel for access and backhaul there will be higher resource usage in the system.
Finally there are limitations in the implementation of the receiver. For example if the UL is used as the main selection criteria there will be regions where the UE is served by the RN, but where the received power from the eNB is larger than the received power from the RN. This may cause problems for the UE receiver which will see a large amount of interference from the eNB. Thus the offset that can be used in practice is limited.
Summary

In this contribution we have discussed the problem of selecting the serving node for a UE in a network consisting of both eNB and RN. There is no clear best method; rather the best node depends on what is desired.
For coexistence studies there is an additional factor to consider which is that the amount of traffic carried by the RN should large enough to clearly show the impact of relays.

Received power





Location





eNB





RN





DL





UE





UL








