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1 Introduction

In this contribution we show via link simulations that the Unidirectional RRH arrangement for SFN can be realized with commercially available narrow-beam antennas with mainstream specifications. 
2 Antenna characteristics
For the set of simulation presented in this document the antenna was modelled by using the antenna radiation pattern from a typical 1.3m commercial base station antenna used in deployment of WCDMA and LTE and operating in the 2GHz band. The antenna radiation pattern and resulting coverage of mainlobe and sidelobes are shown in Figure 1. The front-to-back ratio (FBR) exceeds 30dB, and the front-to-sidelobe ratio (FSR)  is 18dB. It is expected that when installing the antenna at a site the FBR and FSR will be reduced by 1 dB. It shall be noted that the significant sidelobes are pointing in the forward direction, meaning that they will have a Doppler shift with the same sign as for the mainlobe. 
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Figure 1: Antenna radiation pattern [dB] (blue) and Coverage [m] (red) for a typical 1.3m commercial BS antenna operating in the 2GHz band. FSR 18dB and FBR > 30dB.
As discussed in [1] the FSR dictates which geometries can be supported with respect to the ratio between inter-site distance Ds and track-to-RRH distance Dmin. In this case FSR is 18dB meaning that Ds can only be about 3∙Dmin. Hence for an inter-site distance of 1000m one should place the antenna some 3-400m away from the track. When rotating the antenna towards the track one will change the direction of the sidelobe. Particularly, the sidelobe will interfere with the desirable signal from the adjacent RRH at a point where said signal is stronger than had the antenna not been rotated. As a result one can move the antenna closer to the track. An example configuration used for the simulations is shown in Figure 2, with Ds 1000m, Dmin 300m, and antenna rotation of 20º towards the track.
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Figure 2: Deployment scenario #1 with commercially available antenna with FSR 18dB, Ds 1000m, Dmin 300m, and antenna rotation 20º.

The fact that the significant sidelobe is pointing in the forward direction (Figure 1) means that there will not be any sign shift of the Doppler when the UE passes through the sidelobe, hence there is no risk that the frequency offset estimation will result in wrap-around (aliasing) with lost sync as the result. If one is willing to take the penalty of a slight performance loss due to the interference caused when the UE passing through the strong sidelobe, one can deploy the RRHs close to the track, as illustrated in Figure 3.

Simulation results for deployment scenarios are provided below. 
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Figure 3: Deployment scenario #2 with the same antenna. 

3 Link simulations
The setups used for the link simulations are summarized in 
Table 1
.
Table 1: Simulation parameters
	Parameter
	Value

	Deployment scenario
	#1
	#2
	#1
	#2

	Ds [m]
	1000

	Dmin [m]
	300
	30
	300
	30

	SFN configuration
	Unidirectional

	Beam rotation towards track
	20º
	5º
	20º
	5º

	Time skewing
	3µs

	UE velocity [km/h]
	350
	500

	Max Doppler [Hz] 
	875
	1250

	UE Receiver
	Realistic receiver, 2RX

	DL bandwidth [MHz]
	20

	DL TX ports
	1 TX

	Outer loop link adaptation
	On


4 Simulation results
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Figure 4: Link simulation results for deployment option #1 with Ds 1000m, Dmin 300m, antenna rotation 20º and bandwidth 20MHz.
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Figure 5: Link simulation results for deployment option #2 with Ds 1000m, Dmin 30m, antenna rotation 0º and bandwidth 20MHz.
The simulation results for deployment options 1 and 2 are shown in Figure 4 and Figure 5, respectively. 
For option 1 it is observed that at high SNR the throughput becomes about 90% of the maximum theoretical throughput (about 75 Mbps) for UE speed 350km/h, and about 80% of the maximum throughput for UE speed 500km/h. This shows that unidirectional RRH arrangement can be deployed with mainstream antenna specifications as long as the Ds and Dmin are selected properly.
For option 2 it is observed that at 350km/h the UE reaches about the same performance as for option 1 in the unidirectional SFN configuration. For 500km/h there is a performance loss, but still about 85% of maximum throughput is reached.
Observation 1: Unidirectional RRH arrangement can be deployed with commercially available antennas having mainstream specifications as long as Ds and Dmin are selected accordingly.
5 Conclusion

We have carried out link simulations using the antenna radiation pattern of a commercially available 1.3m base station antenna having mainstream specifications. The following observation was made:

Observation 1: Unidirectional RRH arrangement can be deployed with commercially available antennas with mainstream specifications as long as Ds and Dmin are selected accordingly.
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