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1. Introduction

In this informative contribution, the discussion is focused on the link from eNode-B to RN, and the main intention is to clarify the behaviors in that link, such as achievable channel capacity. For this purpose, we evaluate the performance of that link by means of a system level simulation, and justify that the system performance is not acceptable if only employing an omni-directional antenna installed on RN.
2. Network Layout
Without loss of generality, as illustrated in Figure 1, we simply assume that the relay network contains a certain number of eNode-Bs and RNs, and each eNode-B links three RNs which are located in the central direction between two neighbour sectors. We think that it is a better position for RN that could significantly reduce the interference if an omni-directional antenna is installed on RN. 
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Figure 1: Network topology with eNode-B and relay node separated by relay zone and cell zone.
3. System Level Simulation Evaluation

We assume that as a baseline, the antenna installed on the receiver of RN/UE utilizes omni-directional pattern. However, in order to mitigate the interference from other cell directions, we consider a beamformed antenna pattern at RN as well.
Firstly, we attempt to figure out the inter-site distance range where a relay system is generally required. Relying on the system level assumptions discussed in Appendix, we compute the geometry for the link from eNode-B to UE without involving relay node. Figure 2 shows the CDF of geometry for various specified values of ISD from 0.5km to 5km. 
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Figure 2: CDF of geometry for various specified values of inter-site distance (ISD).

From Figure 2, the observation can be made that when ISD exceeds 3km, the link may be accounted for a noise dominant link, where a proper RN should be involved. Therefore, our discussion will be limited beyond 3km.

Secondly, we investigate the impact of system performance for the link from eNode-B to RN if an omni-directional antenna is equipped at RN. As illustrated in Figure 1, we consider the best cell selection for each RN. Due to the specific eNode-B antenna orientation and line of side (LoS) signal, naturally, eNB0 serves RN00, RN01, and RN02, while eNB1 serves RN10 and RN11, and so on. In addition, a beamformed antenna can be installed on RN as well. In that case, the beamformed antenna on RN is orientated to serving eNode-B directly.

Figure 3 shows the computed geometry CDF with omni and 70( beam. Several observations can be made as follows:

· The system performance between 3km ISD and 5km ISD is almost the same.
· With omni-directional antenna on RN, the system performance is quite poor due to the strong interference received from other cells caused by LoS signal.

· With 70( beam directional antenna on RN, the system performance can be significantly improved, and the gain could be around 10dB as opposed to omni-directional antenna.
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Figure 3: CDF of geometry for the link from e-Node-B to RN with either omni-directional or beamformed antenna pattern (70( beam).
4. Conclusions

Finally, the conclusions are:
· With omni-directional antenna at RN, the transmittable traffic is extremely limited.

· With beamformed antenna at RN, the transmittable traffic is able to be significantly relaxed but still not fat enough due to the maximum geometry of 16dB.
· Therefore, we cannot optimistically consider the link from eNode-B to RN which has fat enough deliverable knowledge.

· We think either fractional frequency reuse (FFR) or Tx/Rx beamforming may be the potential solutions.
5. Appendix - Simulation Assumptions
The system level simulation is implemented in a cell network formed with 7 clusters; each cluster consists of 19 hexagonal cells and each cell contains 3 sectors. Each RN is located in the boundary of the sector, and thus, three RNs in total work for one cell or one RN works for one sector. The antenna of the sector is orientated with bore-sight point to the side of hexagon, and each RN with omni/beamfored direction receive antenna is located in the central direction of each sector. The correspondence of those eNode-B and RNs is illustrated in Figure 1, with the system parameters listed in Table 1.
Table 1: System parameters for cell and network structure.

	Parameter
	Value

	Number of Clusters
	7

	Number of Cells in each Cluster
	19

	Number of RNs in each cell
	3

	Inter-site Distance
	3 (or 5) km

	Distance between BS and RN
	1.5 (or 2.5) km


To accurately model interferences incident from outer-cells, a wrap around network structure with 7 copies of the centre hexagonal cluster is employed, where the original cluster is placed in the middle and 6 copies are attached on the side symmetrically. The detailed description of the wrap around network structure can be referred to [2].

Figure 4 illustrates the cell and relay node layout with ISD of 5km.
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Figure 4: Cell and relay node layout with ISD of 5km.
With this network structure, we attempt to calculate the link budget so called geometry on the down-link direction. Table 2 and Table 3 give detailed system level assumptions.

Table 2: System level assumptions.
	Parameter
	Value

	Carrier Frequency
	2.0 GHz

	Frequency Bandwidth
	10 MHz

	BS Transmission Power
	46 dBm

	BS Antenna Gain
	14 dBi

	BS Antenna Pattern
	70( beam-width

	RN Antenna Gain
	5 dBi

	RN Noise Figure
	7 dB

	RN Thermal Noise Density
	-174 dBm/Hz

	RN Other Loss
	5 dB

	RN Antenna Pattern
	Omni-Directional/70( beam-width

	Minimum Distance between BS/UE
	35 meters

	UE Antenna Gain
	0 dBi

	UE Noise Figure
	9 dB

	UE Thermal Noise Density
	-174 dBm/Hz

	UE Other Loss
	10 dB

	UE Antenna Pattern
	Omni-Directional


Table 3: Pathloss and shadowing for links of eNB -UE, eNB -RN, and RN-UE.
	Parameter
	Value
	Discription

	Pathloss for eNB-UE
	128.1+37.6log10(R)
	d in km, defined in LTE [3]

	Standard Deviation for eNB-UE
	8 dB
	Defined in LTE [3]

	Pathloss for eNB-RN
	105.1+40.7log10(d)
	d in km, 15 meters for Antenna Height


	Standard Deviation for eNB-RN
	3.4 dB
	Defined in IEEE802.16j [1]
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� For the path-loss model used from eNode-B to RN, a type D with line-of-side (LOS) is exploited, where eNode-B and RN antennas are all located above roof top � REF _Ref188962836 \n \h � \* MERGEFORMAT �[1]�.
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