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1. Introduction 

L2 relay is a suitable candidate that offers reasonable trade-off between the network cost and potential performance improvement. The choice of L0/L1/L2/L3 relays also depends on the relay scenarios [1] where L2 relay shows wide deployment possibilities. Various simulation evaluations of relays [2-7] were provided in the last several meetings. However, most simulations are of downlink and with the assumption of small coverage area of each relay node (RN). In this contribution we discuss in more detail of the evaluation study presented in [8].
2.  Directional antenna at RN and coverage
Motivations of directional antenna at RN have been discussed in [9]. Here we just like to emphasize its importance to the uplink reception at RN.  
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Figure 1. Potential uplink inter-cell interference at RN
Figure 1 shows the potential uplink inter-cell interference at RN. UE1 is attached to RN1 whose donor cell is eNB1. Relay nodes are generally placed at cell edges. Therefore, UE1, UE2 and RN1 are all close to the cell boundary. UE2 is served by eNB2. Usually the uplink power control would drive UE2 transmit power, or more precisely the power spectral density (PSD), to be relatively high in order to compensate bigger pathloss to its serving eNB. Since UE2 is not far away from RN1, its high transmit PSD would contribute significant interference to RN1 uplink receiver. Even if UE2 is attached to another relay node, its transmit PSD is not necessarily reduced.

Such inter-cell interference may not be problematic if the pathloss of the access link (UE-RN) is so severe that RN can only see the signals from very close-by UEs and any interference beyond that small range is significantly attenuated. But such case may be rare in real deployment since

· Coverage areas of adjacent RNs would be isolated, causing RN coverage holes
· Shadow fading, rather than the distance, would ultimately determine the coverage area in such small region 

3.  Simulation study
Simulation assumptions and parameters are listed in Table 1. Note that several parameters are different from those in [10], including pathloss equations, transmit power of RN, directional antenna of RN. Reasons for those changes are explained in [9]. Locations of RNs are illustrated in Figure 2.
Table 1. Simulation parameters
	Parameters
	Values

	Inter-site distance
	500 m, 1732 m

	Distance-dependent path loss
	eNB-UE: L=128.1 + 37.6 log10(R) 

eNB-RN: L=103.2 + 37.6 log10(R) 
RN-UE: L=132.3 + 39.6 log10(R), R in km 

	Shadowing standard deviation
	8 dB (UE), 4 dB (RN)

	Shadowing correlation
	Between cells
	0.5

	
	Between eNB and RN
	0.4

	Building penetration Loss  
	20 dB (eNB/RN-UE),  0 dB (eNB-RN) 

	RN antenna beamwidth (horizontal), gain
	70 degree, 15 dBi (including 2 dB cable loss)

	Number of antennas in each RN 
	2 for DL receive and 1 for DL transmit

	Carrier Frequency
	2 GHz

	Channel model
	eNB/RN-UE: Typical Urban (TU), 3kmph

eNB-RN: AWGN

	UE Max Tx power – operating BW
	24 dBm – 10 MHz 

	Noise figure (eNB and RN)
	5 dB

	Average number of UEs per cell
	20

	RN and UE pairing
	Based on downlink measurement

	L2 relay transmission mode
	Mixed: half-duplex and cooperative
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Figure 2. Locations and antenna directions of RNs

Throughput results are compared in Table 2. It is seen that average cell throughput is improved by 26% for ISD = 0.5 km and by 21% for ISD = 1.7 km. In terms of 5% cell edge throughput, the relay gain is 33% for ISD = 0.5 km, and 170% for ISD = 1.7 km. It is observed that the relay can improve cell edge UEs quite significantly in larger cells when the system runs at power limited situation especially for the uplink.
Table 2. Throughput gains from relay
	
	Cell throughput (Mbps)
	5% edge throughput (kbps)

	
	ISD = 0.5km
	ISD = 1.73km
	ISD = 0.5km
	ISD = 1.73km

	0 (No relay)
	8.04
	6.68
	176
	50

	L2 realy
	10.15
	8.07
	234
	135

	Gain
	26%
	21%
	33%
	170%


Figures 3-4 provide more details of user throughput in terms of cumulative distribution function (CDF) plot, one for ISD = 0.5 km and the other for ISD = 1.73 km. It is seen that in the case of small cell size, most users benefit from the relay. Such observation is different from that in downlink situation. One of reasons is due to the uplink power control. As cell size increases, only low to medium geometry users can get the benefit where user throughput fairness is improved.     
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Figure 3. User throughput CDFs, ISD=0.5km
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Figure 4. User throughput CDFs, ISD=1.73km
3.  Conclusions

An uplink simulation study was carried out for a relay scenario with two RNs placed at two vertices of a cell. Significant gains were observed in average cell throughput and edge throughput.
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