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1 Introduction

A Unidirectional RRH arrangement for HST SFN where RRHs are transmitting in the same direction along the high-speed track has been proposed in [2] and analyzed in [3]. Transmission in a single direction results in a stationary Doppler shift for the UE, and hence puts less stress on UE functionality such as AFC. It also reduces inter-carrier interference and fading.
In this contribution we report about link simulations that have been carried out to verify the analysis in [3].
2 Background
In [3] we analyzed the inter-carrier interference (ICI) and fading of the Bidirectional SFN model in [1] (Figure 1) and the proposed Unidirectional SFN model in [2] (Figure 2) by means of principal component analysis. 
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Figure 1: Bidirectional SFN model. RRHs are transmitting towards each other hence the UE is receiving the signal from two directions.
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Figure 2: Unidirectional SFN model. RRHs are transmitting in the same direction along the high-speed track, and the UE is mainly receiving from one RRH at a time.
The analysis indicated that the Unidirectional SFN model is less impacted by Doppler-induced ICI, and less impacted by fading. Moreover, the analysis indicated that although the Unidirectional SFN model uses one instead of two TX sites, the same inter-site distance (ISD) can be used. This is attributed to that there is less fading than for the Bidirectional SFN model, hence a lower margin is needed to the noise floor.
Moreover, lower ICI leads to a higher SIR and thus should lead to that a higher throughput can be achieved for the Unidirectional SFN model.
3 Link simulations
A set of link simulations where carried out to validate the analysis in [3]. A short ISD was used for the purpose of shortening the simulation time, and the length of each simulation was selected such that the UE passed several RRHs. The simulation parameters are summarized in Table 1.
Table 1: Simulation parameters
	Parameter
	Value

	Ds [m]
	300

	Dmin [m]
	10

	UE velocity [km/h]
	350
	500
	600

	Max Doppler [Hz] 
	875
	1250
	1500

	UE Receiver
	Realistic receiver, 2RX

	DL bandwidth
	5 MHz

	DL TX ports
	1 TX

	Outer loop link adaptation
	On

	SFN scenario
	Bidirectional, Unidirectional


4 Simulation results
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Figure 3: Simulation results for Bidirectional and Unidirectional SFN models in a 5 MHz cell with 1 TX port.
Simulation results for Bidirectional and Unidirectional models, respectively, and for UE velocities 350, 500 and 600km/h are shown in Figure 3, where it can be observed that the throughput achieved with the Unidirectional SFN model is insensitive to the Doppler shift; performance is similar for all three UE velocities, reaching about 17Mbps at an SNR of 25dB. This is not the case for the Bidirectional model, where increasing UE velocity results in significant reduction of throughput. 

5 Conclusion

The link simulations confirm the analysis in [3] and particularly that the Unidirectional RRH arrangement is insensitive to Doppler within the studied range of UE velocities. Since there are large gains on the system throughput it is proposed that the Unidirectional SFN model is included in [1] as one of the scenarios to evaluate.

A TP for inclusion in 3GPP TR 36.878 is provided in [4].
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