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1. Introduction
Relay provides an attractive means of augmenting network for coverage extension and throughput enhancement. Support of Type I relaying in LTE-A has been agreed in [1]. In this contribution, we focus on system level evaluations for relay performance. The large scaling fading distributions on the backhaul, direct, and access link [2] are provided, for purpose of calibrating the simulation results. Further, the throughput results are presented, with the channel models in [3].

2. Simulation Setup
The position of the RNs greatly affects the system performance. The RN location shall be carefully chosen, such that it can effectively provide coverage for cell edge UEs with a backhaul link of sufficient quality. Moreover, the distance among RNs shall be large enough to avoid significant interference. In our simulations, the deployment of RNs is shown in Figure1. For 1, 2, 4 RNs per sector, the RNs are placed on the circle centered at eNB with a radius of 1/2 ISD. 
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(a)   1 RN/cell                                                                      (b): 2 RNs/cell

[image: image3.emf]24°

0

.

5

*

I

S

D


                                                (c): 4 RNs/cell

Figure 1：RN deployment patterns
In order to improve the backhaul link quality, both directional antennas (DA) and RN site planning (SP) are employed in the simulations. For example, a 70-degree directional receive antenna is applied at the RN side. The modeling of RN site planning follows Alternative 1 (Table A.2.1.1.4-2) in [2], i.e. with a bonus on pathloss and increased LOS probability. Other detailed simulation assumptions are listed in the Appendix.
3. Evaluation Results
3.1. RN Coverage
In this contribution, the unbiased RSRP cell selection rule determines the association of a UE with eNB or RN. Table 1 shows the percentage of UEs served by RNs (i.e. R-UEs) for different simulation cases and eNB antenna models. Clearly, with more RNs per cell, more UEs are connected to RNs. The percentage of R-UEs with 3D eNB antenna pattern is higher than 2D eNB antenna pattern, due to the additional attenuation caused by the eNB vertical antenna pattern. On the other hand, the eNB antenna pattern has less impact on the percentage of R-UEs in Case 3 (Suburban and Rural/Suburban) than in Case 1, due to the fact that the different electrical antenna downtilt 
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= 15 degrees for 3GPP Case 1 and 
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= 6 degrees for 3GPP Case 3.
Compared with Case 3 Suburban, less percentage of R-UEs is observed in Case 3 Rural/Suburban. The main reason is that the LOS probability between eNB and UE for Case 3 Rural/Suburban is very high, e.g. approximately 40% LOS probability for a cell edge UE in Case 3 Rural/Suburban. Figure 2 shows the LOS probability for Case 1 and Case 3 (Suburban and Rural/Suburban).
Table 1: Percentage of R-UEs in Case 1 (Typical Urban) and Case 3 (Suburban and Rural/Suburban)
	eNB Antenna Pattern
	Scenario
	1 RN/cell
	2 RNs/cell
	4 RNs/cell

	2D
	Case 1
	12.41%
	21.59%
	30.82%

	
	Case 3 (Suburban)
	17.73%
	30.57%
	45.02%

	
	Case 3 (Rural/Suburban)
	7.36%
	12.5%
	20.16%

	3D
	Case 1
	19.43%
	30.91%
	41.29%

	
	Case 3 (Suburban)
	18.60%
	32.06%
	46.15%

	
	Case 3 (Rural/Suburban)
	8.55%
	14.65%
	22.82%
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Figure 2: LOS probability for Case 1 and Case 3

3.2. Coupling Loss and Geometry CDF
Figures 3 – 8 are shown the couple loss and geometry distribution for the backhaul, access, and direct links, which are for calibration purpose. It is assumed eNB employs the 3D antenna pattern. Note that the turn point on the backhaul geometry CDF for 4 RNs per cell is caused by the particular RN placement assumed in Figure 1-c.
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Figure 3: Coupling loss for Case 1 (left) and Case 3 Rural/Suburban (right)
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Figure 4: Coupling loss Case 3 Suburban 
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Figure 5: Backhaul link geometry CDF for Case 1 (left) and Case 3 Rural/Suburban (right)
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Figure 6: Backhaul link geometry CDF for Case 3 Suburban
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Figure 7: Direct and access link geometry CDF for Case 1 (left) and Case 3 Rural/Suburban (right)
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Figure 8: Direct and access link geometry CDF for Case 3 Suburban

3.3. Further Considerations on Backhaul Geometry

For the backhaul geometry of Case 1 shown in Figure 5 (left) with 3D eNB antenna pattern, the backhaul geometry is limited by 12.2 dB with 1 RN per cell. In our simulation setup, the RN is located 1/2 ISD (i.e. 250m for Case 1) away from eNB. The vertical angel from eNB to RN is 
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, where 32 and 5 are the eNB and RN antenna height respectively. Hence, the vertical antenna gain from donor eNB to RN is about -10 dB. Further, the combined 3D antenna gain in [2] is 
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. Therefore, the antenna gain from the other cells of the donor eNB to the RN is -25 dB, which leads to the upper bound on the backhaul geometry of 12.2 dB.
In case the value of 
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 can be reduced, e.g.
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, then the backhaul geometry can be further improved, as shown in Figure 9. It is proposed that the value of 
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 shall be re-examined.
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Figure 9: Backhaul geometry with 
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Other factors that impact the backhaul geometry include the employment of directional antennas (DA) at RN and RN site planning (SP). Figure 10 compares the backhaul geometry with and without DA/SP, for 2 RNs per cell. It can be observed that with 70-degree directional receive antenna, the backhaul geometry can be improved by 7 dB in Case 1 and 10 dB in Case 3 Suburban and Rural/Suburban at the 50% CDF point. After relay site planning, the geometry can be further increased by 1 dB and 3~4 dB for Case 1 and Case 3 respectively, at 50% CDF point. Hence, directional receive antennas at RN seem to be an effective means to improve the backhaul link quality.
[image: image25.emf]-15 -10 -5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Backhaul Geometry(dB)

CDF

2RNs/cell

 

 

Case1-withoutDA-withoutSP

Case1-withDA-withoutSP

Case1-withDA-withSP

Case3(Suburban)-withoutDA-withoutSP

Case3(Suburban)-withDA-withoutSP

Case3(Suburban)-withDA-withSP

Case3(Rural/Suburban)-withoutDA-withoutSP

Case3(Rural/Suburban)-withDA-withoutSP

Case3(Rural/Suburban)-withDA-withSP


Figure 10: Backhaul geometry with and without 70-degree directional antennas and RN site planning
3.4. Throughput Evaluations

In this section, we present our system throughput results with relays. In-band half duplex is assumed, where the resources in a backhaul DL subframe is exclusively used by backhaul DL transmissions. In non-backhaul DL subframes, eNB and RN schedule transmission for their serving UEs (i.e. macro UEs and R-UEs) respectively, with channel dependent proportional fairness scheduler. 
Tables 2 – 4 show the throughput results for Case 1 and Case 3 (Suburban and Rural/Suburban) respectively, without considering the backhaul overhead. In other words, the eNB and RN performs independent scheduling to their serving UEs in all subframes. The results in Tables 2 – 4 indicate that significant gains can be achieved for both cell average and cell edge throughput. On the other hand, it shall be noted that these are the upper bound on throughputs since backhaul overhead is not considered.

Table 2: Throughput results for Case 1 without backhaul overhead

	
	BS Throughput (bps/Hz)
	RN Throughput (bps/Hz)
	SUM Throughput (bps/Hz)
	SUM
Throughput Gain
	Cell  edge
Throughput
(bps/Hz)
	Cell   edge
Throughput Gain

	No Relay
	1.9521
	/
	1.9521
	0%
	0.0326
	0%

	1 RN/cell
	1.9439
	1.8073
	3.7511
	92.16%
	0.0425
	30.35%

	2 RNs/cell
	2.1115
	1.7842
	5.6801
	190.97%
	0.0579
	77.59%

	4 RNs/cell
	1.9886
	1.2329
	6.9203
	254.50%
	0.0644
	97.45%


Table 3: Throughput results for Case 3 Rural/Suburban without backhaul overhead
	
	BS Throughput (bps/Hz)
	RN Throughput (bps/Hz)
	SUM Throughput (bps/Hz)
	SUM
Throughput Gain
	Cell  edge
Throughput
(bps/Hz)
	Cell   edge
Throughput Gain

	No Relay
	1.9602
	/
	1.9602
	0%
	0.0383
	0%

	1RN/cell
	2.0459
	1.4882
	3.5341
	80.29%
	0.0419
	9.30%

	2RNs/cell
	1.9959
	1.2450
	4.4859
	128.85%
	0.0431
	12.44%

	4RNs/cell
	1.9955
	0.9250
	5.6953
	190.55%
	0.0557
	45.53%


Table 4: Throughput results for Case 3 Suburban without backhaul overhead
	
	BS Throughput (bps/Hz)
	RN Throughput (bps/Hz)
	SUM Throughput (bps/Hz)
	SUM
Throughput Gain
	Cell  edge
Throughput
(bps/Hz)
	Cell   edge
Throughput Gain

	No Relay
	1.6067
	/
	1.6067
	0%
	0.0152
	0%

	1 RN/cell
	1.6138
	2.2951
	3.9089
	143.29%
	0.0213
	40.13%

	2 RNs/cell
	1.8720
	2.0920
	6.0562
	276.93%
	0.0363
	138.82%

	4 RNs/cell
	1.8662
	1.5861
	8.2109
	411.04%
	0.0546
	259.21%


Tables 5 – 7 show the throughput results considering the backhaul transmission overhead. While the backhaul transmission is not explicitly modeled in the simulations, the amount of required backhaul resources is estimated using the spectral efficiency obtained from Figure 13 with the mean backhaul geometry value. With this approximation on the backhaul overhead calculation, it shall be noted that the results in Tables 5 – 7 are also approximate. The results in Tables 5 – 7 indicate that with backhaul overhead, there are still significant gains in terms of sum throughput with relay deployment. On the other hand, the cell edge throughput with a small number of RNs (e.g. 1 or 2 RNs per cell) reduces compared to the case of no relays. Figures 11 – 12 are shown the UE spectral efficiency CDF with backhaul overhead considered, for Case 1 and Case 3 (Suburban and Rural/Suburban) respectively. 
Table 5: Throughput results for Case 1 with backhaul overhead
	
	BS Throughput (bps/Hz)
	RN Throughput (bps/Hz)
	SUM Throughput (bps/Hz)
	SUM
Throughput Gain
	Cell  edge
Throughput
(bps/Hz)
	Cell   edge
Throughput Gain

	No Relay
	1.9521
	/
	1.9521
	0%
	0.0326
	0%

	1 RN/cell
	1.0869
	1.0105
	2.0973
	7.44%
	0.0238
	-26.99%

	2 RNs/cell
	1.1398
	0.9631
	3.0660
	57.06%
	0.0313
	-3.99%

	4 RNs/cell
	1.2170
	0.7545
	4.2350
	116.95%
	0.0394
	20.86%


Table 6: Throughput results for Case 3 Rural/Suburban with backhaul overhead

	
	BS Throughput (bps/Hz)
	RN Throughput (bps/Hz)
	SUM Throughput (bps/Hz)
	SUM
Throughput Gain
	Cell  edge
Throughput
(bps/Hz)
	Cell   edge
Throughput Gain

	No Relay
	1.9602
	/
	1.9602
	0%
	0.0383
	0%

	1 RN/cell
	1.3867
	1.0087
	2.3954
	22.20%
	0.0284
	-25.85%

	2 RNs/cell
	1.3903
	0.8672
	3.1247
	59.41%
	0.0300
	-21.67%

	4 RNs/cell
	1.4498
	0.6721
	4.1380
	111.10%
	0.0405
	5.74%


Table 7: Throughput results for Case 3 Suburban with backhaul overhead
	
	BS Throughput (bps/Hz)
	RN Throughput (bps/Hz)
	SUM Throughput (bps/Hz)
	SUM
Throughput Gain
	Cell  edge
Throughput
(bps/Hz)
	Cell   edge
Throughput Gain

	No Relay
	1.6067
	/
	1.6067
	0%
	0.0152
	0%

	1 RN/cell
	0.9188
	1.3067
	2.2255
	38.51%
	0.0121
	-20.39%

	2 RNs/cell
	1.0680
	1.1935
	3.4552
	115.05%
	0.0207
	36.18%

	4 RNs/cell
	1.1272
	0.9580
	4.9595
	208.68%
	0.0330
	117.11%
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Figure 11: UE throughput CDF with backhaul overhead, Case 1 (left) and Case 3 Rural/Suburban(right)
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Figure 12: UE throughput CDF with backhaul overhead, Case 3 Suburban

4. Conclusions

In this contribution, we show our system evaluations with relay deployment. Detailed geometry and throughput results are presented, for better understandings of RN performance as well as calibration of the results. From the throughput results, we note that backhaul overhead significantly impacts the RN performance. Therefore, it is critical to obtain a reliable backhaul link. Directional antennas and RN site planning improves the backhaul link geometry. On the other hand, it is noted that the current 3D eNB antenna pattern may introduce an upper bound on the backhaul geometry, e.g. about 12 dB in the RN deployment assumed in this contribution. 
Therefore, we propose to re-examine the parameters for the 3D eNB antenna patterns.
5. References

[1]. R1-091098, “WF on relaying operation for LTE-A,” CEWiT, Ericsson, Huawei, Motorola, Nokia, Nokia Siemens Networks, Panasonic, Philips, Qualcomm Europe, Samsung, Texas Instruments, Research in Motion, Sharp
[2]. 3GPP TR 36.814 v1.5.1
[3]. R1-093726, “Text Proposal for Channel Model and Evaluation Methodology,” China Mobile
[4]. 3GPP TS 36.213 v9.0.1
6. Appendix 

Table 8: Detailed system simulation assumptions
	Parameter
	Assumption/Value

	Simulation case
	3GPP Case 1, Case3 

	Channel model
	Typical Urban and rural/Suburban channel model

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

	Relay deployment
	1, 2, 4 relays per sector, no wrap‑around

	UE number
	15 UEs per sector

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	30dBm 

	Inter-site distance (ISD)
	Case 1
	500 m 

	
	Case 3
	1732 m 

	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.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

Case 3 Suburban: Prob(R)=exp(-(R-0.01)/0.2)
Case 3 Rural/Suburban: Prob(R)=exp(-(R-0.01)/1.0)

	
	eNB-RN


	PLLOS(R) = 100.7+23.5log10(R)

PLNLOS(R) = 125.2+36.3log10(R) For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

Case 3 Suburban: Prob(R)=exp(-(R-0.01)/0.23)
Case 3 Rural/Suburban: Prob(R)=exp(-(R-0.01)/1.15)

	
	RN-UE
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

	Shadowing standard deviation


	macro to relay
	6dB

	
	macro to UE
	8 dB

	
	relay to UE
	10 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss 


	macro to relay
	0 dB

	
	macro to UE
	20 dB

	
	relay to UE
	20 dB

	Fast fading model
	eNB-UE, Relay-UE
	SCME

	
	eNB-Relay
	N/A

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14 (11 used for data)

	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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 = 70 degrees, Am = 25 dB (70 degree horizontal beamwidth)

	Antenna pattern for macro eNBs to Relays/UEs (vertical)
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	Antenna pattern for Relays
	At the transmitter
	Omni-directional

	
	Directional at the receiver
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 = 70 degrees, Am = 20 dB (70 degree horizontal beamwidth)

	BS antenna gain (incl. cable loss)
	14 dBi 

	Relay antenna gain (incl. cable loss)
	Rx/Tx with eNB
	7dBi

	
	Rx/Tx with UE
	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

	MCS
	29 levels according to [4]

	HARQ

	Chase combining HARQ

maximum retransmission times: 4

	CQI feedback delay
	5ms

	Traffic Model

	Full buffer

	Scheduling algorithm 
	PF

	Link to system level interface


	eNB->UE
	EESM 

	
	RN->UE
	EESM

	
	eNB->RN
	N/A


Figure 13 shows the interface between link level and system level evaluation, where SNR is mapped to spectral efficiency. Fast fading is disabled in system simulations for backhaul link. The DL 2x2 MIMO spectral efficiency in Figure 13 is obtained using link level simulations with wideband RI and frequency selective CQI/PMI report with 10ms periodicity. The system bandwidth is assumed 10MHz in the link simulations and channel estimation is ideal. 
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Figure 13: SNR to spectral efficiency mapping for backhaul link
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