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1
Introduction
Heterogeneous network has been recently added to the LTE-Advanced as a study item [1]. In a heterogeneous network, different types of cells including pico cells, femto cells, relay cells are existing in the network in addition to the traditional marco eNB cell. In the heterogeneous network, relay node provides an important option for low cost and  flexible cell deployment with the wireless in-band backhaul feature. Relay technology has been proposed as one of the promising techniques to enhance the system capacity and to achieve a unified user experience for cell edge users [2]. Type 1 relay has been adopted in TR 36.814 for LTE-Advanced which is a type of layer 3 relay. 

The main difference between a type 1 relay and a pico cell eNB is that the type 1 relay may use wireless in-band backhaul transmission, which greatly reduces the deployment cost and increases the relay deployment flexibility. However, with the introduction of wireless in-band backhaul, the backhaul link quality would be dependent on the relay nodes placement, backhaul link interference, different relay node (RN) configurations, etc.  It would be difficult to have a guaranteed backhaul link quality for all the relay nodes in the cell compared with the traditional wired backhaul. 

There may be situations where the UE experiences a good radio link quality on the Uu interface while the radio link quality on the Un interface is not sufficiently good. And it may be better for the UE to connect with eNB directly in this scenario even though the UE is close to the relay nodes.  In this contribution, we discuss the serving cell selection in a type 1 relay network considering the wireless in-band backhaul connection on the Un interface.
2 Serving Cell Selection in a Type-I Relay Network
2.1 Backhaul link quality consideration
In the Rel-8 UE procedure, when a UE is powered on, the UE shall select a suitable cell based on the idle mode measurements and cell selection criteria [3]. The UE uses RSRP measurements in cell selection/reselection and connected mode handover process, which indicate the received reference signal strength from the eNBs.
In a type 1 relay network with both macro cell and relay cell, the RSRP measurements will only reflect the link quality between the access link (UE<=>RN) and the direct link (UE<=>eNB). The wireless backhaul link quality is not considered in the cell selection/reselection and handover process. Therefore, the UE will select the serving cell based on solely the link quality comparison between the access link and the direct link. There will be situations that the UE may select the serving cell differently if the UE is aware of the wireless backhaul link between the RN and the donor eNB. 
In figure 1, we show the backhaul link SINR CDF for the type 1 relay network compared with the access link and direct link quality, according to the newly agreed backhaul link channel model [4]. It can be seen that the backhaul link quality could be worse than the access link and is far from ideal assumption. Ignoring the wireless in-band backhaul in the UE serving cell selection may cause the UE select the RN with good access link quality but with poor overall throughput due to the wireless in-band backhaul. Note that in this contribution we assume RN uniformly dropped in the donor cell so it is possible that the backhaul link could have improved quality with optimized RN placement in some other simulation scenarios.
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Figure 1 SINR CDF for wireless in-band backhaul in a type 1 relay network

In figure 2, we also show the combined SINR for the UEs served by the RN in the type 1 relay network. The combined end to end SINR is derived in the principle that the same amount of resources would be taken with the combined SINR in a 1-hop system compared with the total resources taken with 2-hop system to transmit 1bit of information.  Shannon theorem is used for the calculation of needed resources. The combined end to end SINR is derived as follows:
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represents the inverse Shannon capacity formula, i.e., 
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It can be seen with wireless backhaul link in consideration, the combined SINR dropped significantly compared with the SINR on the access link. If only access link quality is considered in the serving cell selection process, it would incur an over-optimistic estimation of RN cell quality.
In summary, it is important to consider the backhaul link quality and to make suitable serving cell selection in a type 1 relay network for the following reasons:

1) The UE will truly benefit from the relay nodes deployment only when the wireless backhaul quality is sufficiently good. Otherwise, even if the UE is having a good radio connection with the RN, the backhaul link would become the bottleneck of the traffic and the target QoS can not be guaranteed.
2) From system point of view, the UE should select the RN as the serving cell only when the system spectral efficiency can be improved, which implies a better utilization of the spectral resources with UE selecting RN as the serving cell. Since it becomes a 2-hop system with the addition of RNs, the wireless in-band backhaul link will also take the radio resources for data transmission. This resource should be also taken into account when determining the radio resources to be taken for the UE data transmission as well as the overall donor cell spectral efficiency. 
3) Furthermore, if we consider the mobile relay in the relay network, the relay to donor eNB link quality could be time variant in a large scale. There could be times when a RN is experiencing a poor radio condition to eNB and is not appropriate to serve any UE at that time. If we do not consider the backhaul link at this time, there may be significant user/system throughput loss.
Proposal: Wireless in-band backhaul link quality should be considered for the serving cell selection in a type 1 relay network.
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Figure 2 SINR CDF for 2-hop link

2.2 Cell selection incorporating the backhaul link

There are several options to incorporate the wireless in-band backhaul into the UE serving cell selection process. For example, the RN could broadcast its backhaul link quality to all the UEs camped onto it. Then the UE could take the backhaul link quality into account. Alternatively the donor eNB could broadcast the backhaul link quality for all the RNs so that the UE that is camped on the donor eNB can take the backhaul link quality into consideration when making mobility related decisions or triggering the measurement report. As one example, we can also capture the RN(eNB link quality in parameter Qoffset.  For the type 1 relay cell, the RN may use an updated Qoffset value, which is a summation of the original Qoffsets,n and the Qoffsetbackhaul. 
3
Conclusion 

In this contribution we investigated the impact of wireless in-band backhaul to the UE cell serving cell selection in a type 1 relay network. It was found important to include the backhaul link quality to the serving cell selection in order to achieve the potential throughput/spectral efficiency gain brought by the deployment of relay nodes. 
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