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1 Introduction
In [1], when deploying 3 relays randomly per cell, the average throughput gain was about 10% and the cell-edge gain was about 19%. In [2], LTE relay work item was agreed and relays should be specified at least for the coverage-improvement scenario. In this contribution, to show the cell edge performance gain of type 1 relays, we analyze the distribution of cell-edge UE and give some directions on how to deploy relay nodes. With this deployment method, the simulation results show that type 1 relays can improve the cell edge performance obviously.
2 Network Deployment
The distribution of the cell-edge UE is depicted in Figure 1. Here the cell-edge UE refers to the UE with 5%-tail throughput. 
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Figure 1: Cell-edge UE distribution
In order to analyze the distribution characteristic of the cell-edge UE, three 120o-sectors per cell are shown as blue part in Figure 2, which centres are three far corner points of hexagonal, and which radius range from 80 to 140-meter. The 120o-sectors are the statistic space for cell-edge UE. From table 1, we can see that almost 90% of total cell-edge UEs are located in the region with 140-meter radius.
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Figure 2: Statistic space of cell-edge UE
Table 1: Ratio of cell-edge UEs
	Radius for statistic space (m)
	Ratio of the cell-edge UEs (%)

	80
	53.09

	90
	66.57

	100
	73.60

	110
	79.21

	120
	83.15

	130
	86.52

	140
	88.76


There are some optimal methods to find proper deployment place for RN. Here, for simplicity, three relay nodes will be placed at the line between the centre of hexagon and the three far hexagonal corner points, as depicted in Figure 2. Here X means the distance between the far hexagonal corner point and the relay site.
3 Performance Results 

In our simulation, eNB can schedule RN at 6 subframes and schedule UE at 10 subframes, while RN can schedule UE at 4 subframes. From the analysis in section 2, we select X to be half of the search radius. Here three values e.g. X=60m, X=65m, and X=70m are simulated. The other simulation parameter configuration is given in Appendix based on [3]. 
The throughput CDF curves are shown in Figure 3. From the figure, we can see that there is obvious cell-edge gain thanks to the relay deployment which is closer to the cell edge user and the enhanced backhaul link quality compared to the random deployment relays. The detailed gain compared to the case without relays are given in Table 2.
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Figure 3: Throughput CDF
Table 2: Overall performance gain from RN deployment
	Case 1, 2×2 MIMO, 3 RN per cell, 25 UE per cell

	
	X = 60m
	X = 65m
	X = 70m

	Cell average throughput gain
	15.62%
	16.08%
	16.57%

	Cell edge throughput gain
	39.02%
	40.92%
	44.13%


4 Conclusion

System-level simulation results were presented for type 1 relays with one deployment method by considering cell-edge UE distribution. It is shown that the cell edge gain with relays can reach 40% and average gain can reach 16%.
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Appendix 

	Parameter
	Assumption

	Scenario
	Case 1: 2G CF, 500mISD, 10M BW, speed 3km/h

	Cellular layout
	Hexagonal grid, 19 sites, 3 cells per site, wrap‑around

	Relay layout
	3 relays per cell

	Load
	Average 25 UE per cell

	UE distribution
	Users dropped uniformly in entire cell

	Minimum distance between any two relays
	100m

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	30dBm

	BS antenna gain plus cable loss
	14 dBi

	Relay antenna gain plus connector loss
	5dBi for relay to UE

	
	7dBi for relay donor antenna to macro

	UE antenna gain
	0dBi

	Noise figure at relay
	5dB

	Noise figure at UE
	9dB

	Noise power spectral density of Relay/UE
	-174 dBm/Hz

	Distance-dependent path loss for macro to UE
	PLLOS(R)=103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)

For 2GHz, R in km.
Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	Distance-dependent path loss for macro to relay
	PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

For 2GHz, R in km.

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
Note1: For LOS: PLLOS(R) For NLOS: PLNLOS(R)-B

Where B=5dB, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment B=0dB.
Note2: LOS probability: 1-(1- Prob(R))^N

Where N=3, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment N=1.
Note3: If link from donor Macro to optimized relay site is LOS, the links from other macros to optimized relay site could be LOS or NLOS, else all interference links from other macros are NLOS.

	Distance-dependent path loss for relay to UE
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)

For 2GHz, R in km

Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Antenna pattern for macro eNBs to Relays/UEs (horizontal)
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 = 70 degrees, Am = 25 dB (70 degree horizontal beamwidth)

	Antenna pattern for macro eNBs to Relays/UEs (vertical)
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 = 15 degrees,  SLAv = 20 dB

	Antenna pattern for Relays 
	At the transmitter
	Omni-directional

	
	Directional at the receiver

	Horizontal:  
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 = 70 degrees, Am = 20 dB (70 degree horizontal beamwidth)

	
	
	Vertical: 
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 = 10 degrees, SLAv = 20 dB,  for donor eNB, 
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	Shadowing correlation
	Between sites/eNB
	0

	
	Between cells/sectors
	1.0

	Shadowing correlation distance
	50m

	Penetration Loss  
	0dB for macro to relay; 20dB for relay to UE and macro to UE

	Inter-cell interference modelling
	cell: 7 explicit modelling else cell power = Ptotal;

relay: 1 explicit modelling else relay power

	Channel model
	ITU-UMa model for both the backhaul link and the direct link; ITU-UMi model for access link

	Number of antenna elements (BS, Relay, UE)
	2*2 for three links: BS-Relay, BS-UE, and Relay-UE

	Antenna separation (BS, Relay, UE) [times of wavelength]
	(0.5,0.5,0.5) 

	Traffic model
	Full buffer

	Scheduler
	PF

	Number of MCS candidates for link adaptation
	30

	HARQ
	HARQ-CC; Maximum 3 transmission times

	Channel estimation error
	Ideal estimation

	Receiver algorithm
	MMSE
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