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1 Introduction
At the RAN1 #56b meeting, system-level evaluation results were presented for type 1 relays [1]. It was shown that the backhaul link should be optimized and/or enhanced to achieve more average and/or cell-edge throughput gains. In this contribution, we first update the RN-UE channel model [2] which was approved in RAN1 #56b meeting, and adopt the RN site planning method proposed in [3]. Then, to enhance the throughput of the backhaul link, two features, directional receive antenna and four transmit antenna at both eNB and RN, are used. With those changes, the performances are updated correspondingly for type 1 relays.
2 Assumptions

The network deployment is a classical 57 cells network with wrap-around. The maximum number of relay per cell is 10. The relays are randomly placed within a cell. The latest RN-UE channel model is used. The relay site planning method mentioned in [3], which means 5 random site candidates are used to select one optimal site, is considered. Two important assumptions are given as following:
One is that directional receive antennas are considered at relays, including:

· With no directional receive antennas: receive antennas have 360 degree beam width and 0 dBi antenna gain.

· With directional receive antennas:  receive antennas have 70 degree beam width and 7 dBi antenna gain [2].
The other one is that two antenna configurations are considered, including:
· Antenna2: both the backhaul and the access links use a 2 × 2 antenna configuration.
· Antenna4: the backhaul link is 4 × 4 and the access link is 4 × 2.
The simulation parameters are given in the Appendix.
3 Results for the Type 1 Relays
Firstly, simulation results for Antenna2 configuration are shown after considering three different cases: without relay, with no directional receive antenna at the relay and with directional receive antenna at the relay. 6 out of 10 subframes, the maximum number, are allocated to the backhaul downlink transmission and they are MBSFN subframes for UEs served by relays. We assume the UEs served by eNB directly can be scheduled on all of 10 subframes.

Figure 1 shows the CDF of UE throughput. It can be seen that compared with the two cases: without relay and with no directional receive antenna the relay, there is significant throughput performance improvement after introducing the directional receive antenna at the relay. 
Figure 2 shows the average throughput performance gain and Figure 3 shows the cell edge throughput performance gain. We can see that the average throughput performance gain for no directional receive antenna case is only about 14% and there is big loss in cell-edge throughput performance. After introducing directional receive antenna at relays, the average throughput performance gain is about 30% and there is a slight loss in cell-edge throughput performance gain. Those gains result from directional receive antenna at relays leading to enhancement of the backhaul link throughput. 
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Figure 1. UE throughput CDF comparison for antenna2 configuration
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Figure 2. cell average throughput for antenna2 configuration
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Figure 3. cell-edge throughput for antenna2 configuration
The cell-edge throughput for no directional receives antennas case degrades because:
· When 6 MBSFN subframes are considered, the resources allocated to UEs served by eNB and UEs served by relays are reduced. This leads to lower throughput for those UEs.
· The backhaul link is not good enough to offer sufficient date rate for the UEs served by relays.
The average throughput for no directional receives antennas case is improved because:
· Since the updated RN-UE channel model is used, the number of active relays increases which can obtain more cell-splitting benefits and the average number of UE served by relay also increases.
Secondly, simulation results for Antenna4 configuration. Other configurations, assumptions, and so on are same as Antenna2 configuration.

Figure 4 shows the CDF of UE throughput for antenna4 configuration. It is not surprising that there is much bigger gain after introducing the antenna4 configuration at the relay since it further improves the backhaul link throughput performance significantly.
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Figure 4. UE throughput CDF comparison for antenna4 configuration
Figure 5 shows the average throughput performance gain and Figure 6 shows the cell edge throughput performance gain. We can see that the average throughput performance gain for no directional receive antenna case is about 34% and there is some cell-edge throughput performance loss, about 13%. After introducing directional receive antenna at relays, the average throughput performance gain is about 66%, which is much higher than the no directional receive antenna case, and there is also a very big cell-edge throughput performance gain, about 41%. Those gains result from directional receive antenna at relays and Antenna4 configuration. Both of them are the positive factors to lead to backhaul link throughput enhancement. 
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Figure 5. cell average throughput for antenna4 configuration
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Figure 6. cell edge throughput for antenna4 configuration

4 Conclusion
System-level simulation results were presented for type 1 relays equipped with directional receive antenna and multiple transmit antennas at the eNB and relay which can improve the backhaul link throughput significantly. This performance evaluation work shows that the backhaul link should and can be optimized to achieve significant throughput performance gain. 
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Appendix
Table 1 presents the baseline parameters for evaluations of relays.
Table 1: Simulation parameters for type 1 relaying

	Parameter
	Assumption

	Scenario
	Case 3: 2G CF, 1732m ISD, 10M BW, speed 3km/h

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

	Relay layout
	10 relays per cell

	Load
	Average 10 UE per cell

	UE distribution
	Users dropped uniformly in entire cell

	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
	0 dBi

	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
	L=128.1 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for macro to relay
	L=124.5 + 37.6log10(R), R in kilometers 

	Distance-dependent path loss for relay to UE
	L=Prob(R) PLLOS(R)+[1-Prob(R)]PLNLOS(R), where
PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095)),  R in kilometers

	Minimum distance between UE/relay and cell
	>= 35 meters

	Minimum distance between UE and relay
	>= 10 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell to UE; 6 dB for macro to relay; 10dB for relay to UE

	Shadowing correlation
	Between sites/eNB
	0.5

	
	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

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Inter-cell interference modelling
	cell: 7 explicit modelling else cell power = Ptotal;
relay: 1 explicit modelling else relay power

	Channel model
	backhaul link: SCM, access link: SCM-E

	Number of antenna elements (BS, Relay, UE)
	(2, 2, 2)/(4,4,2)

	Antenna separation (BS, Relay, UE) [times of wavelength]
	(4, 4, 0.5) 

	Polarization
	No

	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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