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1 Introduction
At the RAN1 #56 meeting, it was decided that type 1 relays will be standardized. In this contribution, simulation results are shown for this type of relays on the downlink with in-band backhauling. 
2 Assumptions

The network deployment is a classical 57 cells network with wrap-around. The number of relays in each cell is 10. We consider two different configurations:

· Random: in that case, the relays are randomly placed within the cell.

· Systematic: In that case, the relays are regularly placed within the cell. Figures 1 illustrates the relay deployment per cell for the systematic configuration. Relays are placed on the circle which is centred on the centre of the hexagon with 1/9 ISD radius in order to give priority to cell edge users. Site optimization is performed in the following way: 10 random sites are selected around each relay location. The site with best quality of backhaul link will be the optimal choice [1].
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Figure 1. relay systematic deployment

 The other assumptions are given in the Appendix.
Also, two antenna configurations are considered;

· Antenna2: for this configuration, both the backhaul and the access links use a 2x2 antenna configuration.
· Antenna4: the backhaul link is 4x4 and the access link is 4x2.
3 Results for the Random Configuration
Figure 2 shows the average cell throughput and Figure 3 the cell edge throughput for the random configuration with antenna2 configuration. Three MBSFN subframes are allocated to backhaul downlink transmission.
As it can be seen, there is a small gain in cell average throughput. This gain is quite limited however (<5%). More curiously, there is no gain in cell edge throughput. There is even a loss　larger than 30%. This can be explained by the following:

· Very few UEs are being relayed

· The non-relayed UEs are being interfered by the relays
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Figure 2. cell average throughput for antenna2 and random configuration
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Figure 3. cell-edge throughput for antenna2 and random configuration
Figure 4 and Figure 5 are the same as Figure 2 and Figure 3 but for the antenna4 configuration and six subframes configured as MBSFN. 
Results for the average cell throughput are drastically different: there is now a significant gain, more than 18%. This implies that the backhaul link capacity was the limiting factor for the antenna2 configuration. Further improving the backhaul link capacity would result in even higher capacity gains. As expected, there is no gain in cell edge throughput.
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Figure 4. cell average throughput for antenna4 and random configuration
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Figure 5. cell-edge throughput for antenna4 and random configuration

4 Results for the Systematic Configuration
Simulations are now run for the systematic configuration and shown in Figures 6-9. 

Figure 6 shows the average cell throughput and Figure 7 the cell edge throughput for the systematic configuration with antenna2 configuration. And as random configuration case, three MBSFN subframes are allocated to backhaul downlink transmission.
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Figure 6. cell average throughput for antenna2 and systematic configuration
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Figure 7. cell average throughput for antenna2 and systematic configuration

From Figures 6 and 7, we can see that the systematic configuration has more gain than the random configuration, especially for the cell-edge throughput performance. When relays are placed near the cell-edge, more UEs, especially those UEs at the cell-edge, will be served by relays. 
In Figures 8 and 9, antenna4 configuration is used, and 6 subframes are configured as MBSFN. Results are not surprising: there is a big gain in average cell throughput, much higher than the random configuration. The gain of cell edge throughput is negative, just similarly to what happened for the random configuration. However, the loss is very small.
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Figure 8. cell average throughput for antenna4 and systematic configuration
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Figure 9. cell-edge throughput for antenna4 and systematic configuration
5 Conclusion
System-level results were presented for type 1 relays with in-band backhauling. This study shows that the backhaul link has to be optimized in order to achieve some average cell capacity gains. When relays are placed near the edge of cell, the cell average throughput can be improved and the cell-edge throughput performance loss can almost be removed. 
There is no gain or even a small loss in cell edge throughput. This can be explained by the following:

· Very few UEs are being relayed

· The non-relayed UEs are being interfered by the relays

Some measures are needed in order to improve the capacity of backhaul link and to mitigate the interference between the relays and their donor eNB, such as CoMP.
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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; 

	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=140.7 + 36.7log10(R), 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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