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1 Introduction

In this contribution we provide a text proposal for inclusion in TR 36.878 [6] of an informative appendix on simulation results for Unidirectional SFN using legacy antennas. In [1] it was found that for UE speed of 350km/h one can get a performance using the legacy antenna that is on par with the performance one gets when using an antenna with tighter specifications on FSR and FBR.
The text proposal follows below.

Note: A symbolic section numbering is used. The intention is that the final section numbering is to be captured in the chairman’s notes.
2 Text proposal for 36.878

unchanged sections omitted

Appendix X: Unidirectional SFN with legacy antennas
This clause is informative and does not mandate any particular network implementation. The information is provided purely to show that Unidirectional SFN can be implemented with commercially available base station antennas that have been used over the years in 3G and 4G deployments. Further information can be found in R4-157807.

X.1 Antenna characteristics

A 1.3m commercial base station antenna which has been extensively used in WCDMA and LTE deployments operating in the 2 GHz band has been selected for the evaluation. This antenna has looser specifications with respect to FSR than the exemplary antenna assumed in Section 6.1.x.y.; FSR is 18dB whereas in Section 6.1.x.y FSR is 30dB. The FBR is however on par with the assumptions for the exemplary antenna (FBR > 30dB).  
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Figure X.1-1: Antenna characteristics. (blue) antenna radiation pattern, (red) resulting lobes.

The antenna characteristics is illustrated in Figure X.1-1 where it can be observed that there are two dominant sidelobes pointing slightly in the same direction as the mainlobe. When the antenna is deployed close to the railway tracks the UE will pass through those sidelobes, which will result in additional interference. However since the sidelobes are oriented slightly in the same direction of the mainlobe it will not result in that the UE experiences an alternation of sign of the Doppler shift.

X.2 Network arrangement

For the evaluation the same assumption on network arrangement as in Section 6.1.x.y is used, i.e., inter-site distance Ds 1000m and 500m, respectively, and minimum track-to-RRH distance Dmin 30 and 15m, respectively. The arrangement is illustrated in Figure X.1-2.
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Figure X.1-2: Unidirectional RRH arrangement alongside the railway tracks.
X.3 Simulation results

The parameters used for simulations are given in Table X.3-1. The channel model used is the one in Section 6.1.x.y but with the antenna radiation pattern replaced by a pattern provided by the antenna manufacturer.

Table X.3-1: Parameters used for simulations

	Parameter
	Value

	Ds [m]
	1000
	500

	Dmin [m]
	30
	15

	SFN configuration
	Unidirectional

	Beam rotation towards track
	5º

	Time skewing
	3.2µs
	1.6µs

	UE velocity [km/h]
	350

	Max Doppler [Hz] 
	875

	UE Receiver
	Realistic receiver, 2RX

	DL bandwidth [MHz]
	10

	DL TX ports
	2 TX

	Outer loop link adaptation
	On
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Figure X.3-1: Simulation results for PDSCH throughput for parameter set 1 (Ds 1000m, Dmin 30m).
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Figure X.3-2: Simulation results for PDSCH throughput for parameter set 2 (Ds 500m, Dmin 15m).

The simulation results for each of the parameter sets are provided in Figure X.3-1 and Figure X.3-2. A comparison with the simulation results when using the exemplary antenna with higher sidelobe suppression, Section 6.x.y.z, shows that the performance achieved with the legacy antenna is on par with the performance achieved by the exemplary antenna.
X.4 Conclusion
It can be concluded that at least for the studied UE velocity (350km/h) a Unidirectional SFN deployment can be based on commercial base station antennas that have been used extensively in 3G and 4G deployments. One side condition is that dominant sidelobes shall point in the same direction as the mainlobe to prevent that the UE loses AFC synchronization.

Performance at higher UE speeds is to be investigated.

unchanged sections omitted
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