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1. Introduction
The introduction of a RN (Relay-Node) has been proposed to enhance the performance of LTE-A. In the RAN2#65bis meeting, we agreed that the Un should be a standardized interface (i.e. open interface). The objective of this contribution is to study and discuss the structure of the Un interface considering potential RN deployment.
2. Discussions

2.1.  Discussion Points
So far, RAN2 has discussed basic RN deployment and the related interface for the introduction of a RN into a LTE-A system rather than considering various minor details. Thus, most related contributions, have discussed RN deployment and its related interface with the assumption that RN will be connected to only one DeNB [1]. Fig.1 shows an example for the basic RN deployment. As illustrated in Fig.1, the RN is physically connected to only one DeNB and the interface is defined as Un as has already been agreed.
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Fig.1: Example for basic RN deployment.
So far, we believe that the above deployment is most basic deployment among other possible deployments. Amongst them, some contributions in RAN1 have discussed a possible deployment where a RN is directly connected to multiple neighboring DeNBs over each wireless interface so that the RN has multiple Un interfaces. With multiple Un interfaces, it has been proposed that we can introduce interference coordination for ICIC in a short-time granularity manner that could improve system performance [2]. In terms of system performance, however, we think that RAN2 has to investigate the effectiveness of introducing multiple Un interfaces in terms of protocol or procedural point of view. So, the next section gives the analyses the affect of having multiple Un interfaces in a RN.
2.2. Analysis on multiple Un interfaces
Based on Fig.1, Fig.2 shows an example figure for the case where the RN has multiple Un interfaces to neighbor DeNBs. The technical aspects to be considered will be described in the following:
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Fig.2: Example for possible RN deployment
Point 1: Resource configuration in the Un interfaces
If different frequencies are allocated to each Un interface in the RN, i.e. an out-band deployment, we can say that this deployment is not more complex than one allocated an in-band frequency. So we think that deploying multiple Un interfaces in the RN is possible. However, for the in-band frequency deployment case, we see some deployment difficulties because of the self-interference caused by each Un interface.

For example, if the DL transmission opportunity over the Un interface is configured separately and independently by each DeNB, it can cause self-interference in the RN because the transmission over the Uu interface and the reception over Un interface happens simultaneously. To avoid this situation, it is essential to introduce the mechanism to avoid such configurations of backhaul data transmission timing among DeNBs. This would increase the system complexity.
Point 2: Load Balancing
Deploying only one Un interface might cause throughput degradation because RAN1 assumes the data transmission opportunity on Un interface is at least every 10 ms due to the MBSFN subframe [3]. We think such a transmission link might affect the throughput performance. In addition, we have to think about the transmission-error rate because the Un interface is wireless link.
Deploying multiple Un interfaces might bring throughput improvements in high load situation by introducing the possibility to perform load balancing over multiple Un interfaces. However, we think that it is enough for LTE-A to execute load balancing between the DeNB and the RN over a single Un interface by restricting the number of UEs connected to the RN. If we introduce the load balancing by using multiple Un interfaces, the system complexity should be carefully considered.
Point 3: Handover
Considering the case where the UE that is connected to the RN moves to DeNB_2. In Fig.1, all the handover-related signaling is transferred from the RN to the target eNB through the source DeNB. On the other hand, in Fig.2, the handover-related signaling is able to be directly transferred from the RN to the target DeNB_2. This might contribute to a reduction of the HO delay reduction because RRC-related signaling is not needed to be exchanged between the source eNB (DeNB_1) and the target eNB (DeNB_2) over the X2 interface.
However, we think the X2 transmission delay is not so long compared to that in Un interface so that the reduction of signaling delay seems to be small. In addition, regarding the HO interruption time requirement [4], we think the time is not significantly improved by deploying multiple Un interfaces because the time is measured by the delay between HO command reception from the source DeNB and the first data transmission/reception from the target DeNB at the UE.
Point 4: Un interface setup/release
The last point is related to the setup of multiple Un interfaces. Even if the RN would have multiple connections to the neighboring DeNBs, some criteria for setting up the connection would be needed. For example, the RN would not be connected to a DeNB which is in high load or cannot provide adequate QoS. In addition, if the RN is considered as a UE, then the multiple attach or service request procedures would be needed, but executing such multiple procedures seems to be impossible in the LTE standards. Furthermore, if the RN is a mobile relay and would have multiple Un connections to the neighboring DeNBs, the Un release procedure is also important because of the mobility. We think that the setup procedure or release procedure of the Un interface is needed, but it would increase protocol overhead in the case of multiple Un interfaces.
With these points, we can see that deploying multiple Un interfaces brings some benefits from system point of view but we think the benefit is limited. So we propose that deploying only single Un interface is sufficient for LTE-A.
Proposal 1: The RN should be physically connected to the network over only one Un interface in LTE-A.
3. Conclusions
In this contribution, we studied and discussed the structure of Un interface considering potential RN deployment. Although we can see some benefits to deploy multiple Un interfaces, they seem to be limited and increase system complexity. So, at least for LTE-A, we propose that the RN should not use multiple Un interfaces to neighboring DeNBs.
Proposal 1: The RN should be physically connected to the network over only one Un interface in LTE-A.
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