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1. Introduction

Relay provides an attractive means of coverage extension and throughput enhancement. Support of Type I relaying in LTE-A has been agreed and the performance evaluation of Type I relay has been proposed or/and discussed in some of the previous meetings [1][2][3]. In this contribution, we provide detailed simulation setting and results on system level evaluations for relay performance. Some results such as the percentage of the UEs associated with RNs are provided for purpose of calibrating the simulation results. Further, the throughput results are presented with the latest channel models in [4].

2. Simulation Assumptions
We simulated downlink in-band Type I relay. The simulated scenario is 3GPP case 1 (ISD = 500m). The subframes for backhaul transmission are fixed and are the same for all the cells. During the backhaul subframes, the eNB also schedule data for MUEs (Macro UE). The interference in these backhaul subframes are from eNBs. During the access subframes, eNBs transmit to MUEs and RNs transmit to RUEs (Relay UE). The interference in these access subframes are from both eNBs and RNs. The interference model is better illustrated in Fig.1. The desired links and interference links are depicted for during backhaul and access subframes respectively. The traffic model at RN is assumed to be full buffer, which means that the limit of backhaul bottleneck effect is not considered.
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Fig. 1. Interference model for backhaul and access subframes
The duplex method in simulation is TDD with configuration 1. Subframe #0 and #5 are used for downlink backhaul transmission. 
2.1 RN deployment scenario
In contributions from previous meetings, most companies use one of the two kinds of RN deployment for random UE distribution case: 
Method 1: equidistantly RN placement;

Method 2: close to eNB antenna main lobe RN placement. 
These two placement methods are shown in Fig.2 assuming there are 4 RNs in each sector. Note there is another cell-sector layout assumption in which a hexagonal sector is used. These 2 RN placement methods are independent of the cell-sector layout assumption.
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Fig. 2. Two RN placement methods

We simulated both RN deployment methods and compared the results. Different values on number of RNs per cell, distance between eNB and RN are simulated for giving in sights on RN deployment.
2.2 UE cell association
The unbiased RSRP cell selection rule is used as the baseline for comparison. The handoff bias in RSRP is used for range expansion and expected to provide capacity gain. 

3. Performance Evaluation
3.1 RN coverage
With random UE drop, the percentage of UEs associated by RNs is affected by the number of RNs in a cell and the handoff bias. Table 1 shows the percentage of UEs served by RNs in different setting.

Table 1: Percentage of RUEs

	Handoff bias
	1 RN/cell
	2 RNs/cell
	4 RNs/cell

	0
	16.25%
	29.65%
	38.79%

	5dB
	21.84%
	37.52%
	45.59%

	10dB
	29.52%
	41.46%
	47.87%

	15dB
	34.92%
	49.78%
	55.68%


3.2 Throughput performance

3.2.1 Impact of RN placement

Sector throughput and cell-edge throughput of different RN deployment scenarios are listed in Table 2. The eNB to relay distance is fixed to 0.45 ISD for all the simulation runs.
Table 2: Throughput results for different RN placement scenarios

	　
	RN

Placement

Method
	Sector Throughput (bps/Hz)
	Sector

Throughput Gain　
	Cell  edge

Throughput

(bps/Hz)
	Cell   edge

Throughput Gain　

	No Relay
	/
	1.9009
	0%
	0.04958
	0%

	　1 RN/cell　
	1
	2.0301
	6.80%
	0.07326
	47.76%

	
	2
	2.1175
	11.39%
	0.05903
	19.06%

	　2 RNs/cell　
	1
	2.0317
	6.88%
	0.08263
	66.66%

	
	2
	2.1282
	11.96%
	0.06901
	39.19%

	　4 RNs/cell　
	1
	2.00977
	5.73%
	0.098695
	99.06%

	
	2
	2.0773
	9.28%
	0.1144
	130.74%


The sector throughput gain and the cell-edge throughput gains for different RN placement are shown in Fig.3. Generally Placement Method 2 has better performance gain, in terms of average user throughput. It has better performance on cell-edge throughput when number of RN/cell is as large as 4. The reason that Placement Method 2 achieves better performance is that the equidistantly RN placement may result in higher interference due to the close distance between RNs from neighboring cells, shown in Fig.1(1).
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Fig. 3. Sector throughput and cell-edge throughput gain for different RN placement methods
When the eNB to relay distance varies from 0.3 ISD to 0.5 ISD, the performance results are shown in Table 3. The RN Placement Method 2 is used.
Table 3: Throughput results for different eNB-RN distance

	　
	eNB-RN

Distance
	Sector Throughput (bps/Hz)
	Sector

Throughput Gain　
	Cell  edge

Throughput

(bps/Hz)
	Cell   edge

Throughput Gain　

	No Relay
	/
	1.9009
	0%
	0.04958
	0%

	1 RN/cell　
	0.3 ISD
	1.9981
	5.11%
	0.06007
	21.16%

	
	0.4 ISD
	2.0289
	6.73%
	0.05736
	15.69%

	
	0.45 ISD
	2.1175
	11.39%
	0.05903
	19.06%

	
	0.5 ISD
	2.1173
	11.38%
	0.06642
	33.97%

	2 RNs/cell
	0.3 ISD
	2.0622
	8.49%
	0.05089
	2.64%

	
	0.4 ISD
	2.1165
	11.34%
	0.06824
	37.64%

	
	0.45 ISD
	2.1282
	11.96%
	0.06901
	39.19%

	
	0.5 ISD
	2.0214
	6.34%
	0.06548
	32.07%

	4 RNs/cell
	0.3 ISD
	2.0415
	7.40%
	0.05277
	6.43%

	
	0.4 ISD
	2.0984
	10.39%
	0.08578
	73.01%

	
	0.45 ISD
	2.0773
	9.28%
	0.1144
	130.74%

	
	0.5 ISD
	2.02326
	6.44%
	0.0859
	73.26%


The sector and cell-edge throughput gains for different values on eNB to RN distance are shown in Fig.4. The results show that under current channel model and random UE distribution assumptions, eNB-RN distance should be about 0.45 ISD which is near cell boundary. Putting relays near cell boundary can significantly increase the cell-edge user throughput.
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Fig. 4. Sector throughput and cell-edge throughput gains for different eNB-RN distances
3.2.2 Impact of UE cell selection

Sector throughput and cell-edge throughput of different bias on UE cell selection are listed in Table 4.

Table 4: Throughput results for UE cell selection bias

	　
	Handoff Bias
	Sector Throughput (bps/Hz)
	Sector Throughput Gain
	Cell-edge Throughput (bps/Hz)
	Cell-edge Throughput Gain

	No Relay
	/
	1.9009
	0%
	0.04958
	0%

	1 RN/cell
	0
	2.1173
	11.38%
	0.06642
	33.97%

	
	5dB
	2.2245
	17.02%
	0.04389
	-11.48%

	
	10dB
	2.211
	16.31%
	0.02248
	-54.66%

	
	15dB
	2.2903
	20.49%
	0.00543
	-89.05%

	2 RN/cell
	0
	2.0214
	6.34%
	0.06548
	32.07%

	
	5dB
	2.1936
	15.40%
	0.07068
	42.56%

	
	10dB
	2.1113
	11.07%
	0.02136
	-56.92%

	
	15dB
	2.2243
	17.01%
	0.01115
	-77.51%

	4 RN/cell
	0
	2.02326
	6.44%
	0.0859
	73.26%

	
	5dB
	2.071
	8.95%
	0.06616
	33.44%

	
	10dB
	2.2276
	17.19%
	0.04461
	-10.02%

	
	15dB
	2.1795
	14.66%
	0.02306
	-53.49%


The sector and cell-edge throughput gains for different values on UE cell selection bias are shown in Fig.5. Results indicate that UE cell selection bias towards RN can increase the number of UEs associated to RN thus increase the average sector throughput, yet large bias leads to decreased cell-edge user throughput. The decreased cell-edge user throughput for biased UE cell selection is due to the fact that some UEs have chosen RN as the serving cell while they actually experience more interference this way. Further techniques are needed to enhance the cell-edge user throughput if we want the RNs to unload the traffic from eNBs.
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Fig. 5. Sector throughput and cell-edge throughput gains for different handoff bias
4. Conclusions
In this contribution we provide performance evaluation results for system level simulations on Type 1 relays. Some basic yet important factors are considered to understand the impact on the performance results. It will give some hints on the design and the implementation of relay deployment.

Generally Placement Method 2 (close to eNB antenna main lobe RN placement) has better performance gain than the equidistantly RN placement, in terms of average user throughput. It has better performance on cell-edge throughput when number of RN/cell is as large as 4. 

Under current channel model and random UE distribution assumptions, eNB-RN distance should be around 0.45 ISD which is near cell boundary. Putting relays near cell boundary can significantly increase the cell-edge user throughput, specifically 131% gain with 4RNs/cell.
UE cell selection bias towards RN can increase the number of UEs associated to RN thus increase the average sector throughput, yet large bias leads to decreased cell-edge user throughput. Further techniques are needed to enhance the cell-edge user throughput if we want the RNs to unload the traffic from eNBs.
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APPENDIX: simulation assumptions
	Parameter
	Assumption/Value

	Simulation case
	3GPP Case 1

	Channel model
	SCM

	Cellular layout
	Hexagonal grid, 7 sites, 3 sectors per site, wrap‑around

	Relay deployment
	1, 2, 4 relays per sector

	UE number
	15 UEs per sector

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	30dBm 

	Distance-dependent

Path loss(dB)
	eNB-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)

	
	eNB-RN


	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)

	
	RN-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))

	Shadowing standard deviation


	macro to relay
	6dB

	
	macro to UE
	8 dB

	
	relay to UE
	10 dB

	Penetration loss 


	macro to relay
	0 dB

	
	macro to UE
	20 dB

	
	relay to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Minimum distance between UE and BS
	35 m

	Minimum distance between UE and Relay
	10 m

	Frequency reuse factor
	1

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs to Relays/UEs (horizontal)
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	Antenna pattern for macro eNBs to Relays/UEs (vertical)
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	Antenna pattern for Relays
	Omni-directional

	BS antenna gain 
	14 dBi 

	Relay antenna gain 
	5 dBi

	UE antenna gain
	0 dBi

	BS and relay transmitter to UEs
	2 antennas

	Relay receiver
	2 antennas

	UE receiver
	2 antennas

	UE speed
	3 km/h

	Relay noise figure
	5 dB

	UE noise figure
	9 dB

	Control channel model
	Ideal

	Channel Estimation
	Ideal

	Control channel overhead
	L=3 symbols

	HARQ

	IR
maximum retransmission times: 6

	CQI feedback delay
	6ms

	Traffic Model

	Full buffer

	Scheduling algorithm 
	PF

	Link to system level interface
	MIESM
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Desired signal during backhaul sub-frames
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