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1. Introduction

In TR36.814 [1], it is proposed that the backhaul link between eNB and relay node (RN) shall be modeled in evaluation. In this contribution, we show simulation results indicating that the backhaul link may achieve low geometry distribution with omni-directional Rx antennas at RN. Hence, it is likely that the backhaul link shall be the bottleneck. Directional antennas may help to improve the backhaul spectrum efficiency. 

2. Discussion and Simulation
2.1. RN geometry distribution with omni-directional antenna
To evaluate the RN-eNB link performance based on omni-directional Rx antennas, we assume two relay nodes per cell, as shown in Figure 1. 


[image: image1.emf]0.5*ISD



40


Figure1: RN deployment

In order to model the effects of RN site planning, we adopt the criterion of minimal coupling loss (including pathloss, shadowing, and antenna gain). In essence, a relay node will be re-dropped in a circle of 10m radius, until the RN’s coupling loss to its donor eNB is the smallest among all eNBs. The geometry distribution with and without planning is shown in Figure 2. Detailed simulation assumptions are listed in the Appendix.
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Figure2: Backhaul link geometry distribution

Simulation results show that even with RN site planning, about 30% of the RN geometry is below 0dB. This is due to the fact that RNs are typically deployed near cell edges where strong inter-cell interference exists. It can be expected that the backhaul spectral efficiency may not be sufficient.
2.2.  RN geometry distribution with directional antenna
In order to improve the spectral efficiency for the backhaul link, directional Rx antennas at RN can be helpful. For simplicity, the RN antenna gain pattern can be similar to the 3-sector gain pattern as:


[image: image3.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

H

A

A

,

12

min

2

3

j

j

j


Figure 3 and Figure 4 show the RN geometry distribution with and without RN site planning, respectively, both with directional Rx antennas. The value of 
[image: image4.wmf]dB

3

j

 varies from 10 – 70 degrees and Am is assumed to be 20 dB. Detailed simulation assumptions are listed in the Appendix. The simulation results show that inter-cell interference is significantly reduced with directional antennas. The RN geometry with 15 degrees beamwidth can reach 17 dB on average and the 95-percentile is about 14 dB. 
3. Conclusions
The backhaul link spectral efficiency is expected to be low with omni-directional Rx antennas at RN. Simulations show that directional Rx antennas at RN can significantly improve the backhaul link quality. Whether directional antennas shall be employed at RN also depends on its corresponding cost. 
4. References:
[1] 3GPP TR36.814, Relaying functionality
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Figure 3: Backhaul link geometry distribution without site planning
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Figure 4: Backhaul link geometry distribution with site planning

5. Appendix: simulation assumptions

	Parameter
	Assumption

	Simulation case
	3GPP case 3, ISD=1732,19-site,57-sector wraparound

	CF
	2GHz

	Bandwidth
	10MHz

	Total eNB TX power (Ptotal)
	46 dBm

	# RN per macro-cell
	2

	RN location
	0.5*ISD to the NodeB, see Figure1.

	Distance-dependent path loss
	Macro to relay:
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R in km for backhaul to macro

	Shadowing standard deviation
	Macro to relay: 6dB

	Shadowing correlation
	Between cells: 0.5

	Penetration Loss
	Macro to relay: 0 dB

	Antenna pattern  (horizontal)
	eNB-to-RN: 
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= 70 degrees, Am = 25 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
	eNB-to-RN:
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Antenna configuration
	2tx × 2 rx antenna ports

	Antenna gain
	eNB: 14dBi
RN: 7dBi(RN-eNB)

	RN noise figure
	7dB
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