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Introduction

The work item (WI) “Further performance enhancement for LTE in high speed scenario” was approved in RAN #80 meeting [1]. One of the objectives of this WI is to specify downlink demodulation requirements under the identified high speed scenarios. In RAN4 #90bis meeting there were several candidate scenario options captured in a WF [2]:
	· Option 1: HST-SFN bi-directional scenario (Huawei, CMCC, Intel, NTT DOCOMO, Qualcomm, MTK)
· The following maximum Doppler shifts supported for downlink will be further evaluated considering the uplink and downlink channels together to decide a pair of maximum Doppler shift for downlink and uplink
· Agreement: companies can bring results for the following two options of maximum Doppler with MCS sweep from 12 to 16:
· Option 1: 1100Hz
· Option 2: 972Hz
· Option 2: HST-SFN uni-directional scenario (Ericsson, Qualcomm)
· Maximum Doppler shift for downlink for uni-directional
· Option 1: 1250Hz (Qualcomm)
· Other options with lower values compared to above not precluded


Companies were encouraged to provide performance evaluations and analysis of the candidate scenarios, in order to down select options. In this contribution we provide simulation results for the Option 2: HST-SFN uni-directional scenario.
Unidirectional “4-path” HST SFN scenario
Channel model
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Figure 1. Unidirectional channel model
In unidirectional channel models (illustrated in the Figure 1) RRHs with directional antennas are deployed along the railway. In an ideal case, the antenna side-lobe’s impact is assumed to be negligible for the unidirectional deployment and the channel model is expected to be quite similar to the single tap HST channel. However, taking into account practical design aspects directional antenna has some side lobes, which still result in the presence of 2 equally strong taps and cause throughput degradation when a train is approaching a RRH as shown in [3]. 
The directional antenna radiation pattern, provided in [4] was used for performance evaluation. Also, besides the radiation pattern, the antenna main lobe direction has a significant impact on demodulation performance and should be optimized to provide a better coverage of the antenna main lobe. In [5] it was shown that the better performance had been observed for the 45 degree of main lobe direction with regard to railway track. Based on this observation we used the same approach on antenna tilt angle. 
Given different RRH to RRH distances (Ds) and RRH to railway track distances (Dmin) we can consider different deployment scenarios. The following parameters of deployment provided in [5] were used in simulations.

Table 1. Parameters for unidirectional deployment
	Ds
	Dmin
	Tilt, °

	1000 m
	300 m
	45



Simulation assumptions 
For performance alignment at the first stage it is most reasonable to reuse the simulation assumptions which were used in Rel. 14 HST WI [3]. The key parameters are summarized in Table 2. 
 
Table 2. Simulation assumptions
	Parameter
	Value

	Bandwidth
	10 MHz

	MCS
	MCS#17

	Antenna configuration
	2x2

	Transmission mode
	TM3

	EVM
	6 %

	Channel estimation
	MMSE



Simulation results
In Figures 2 we provide the simulation results for the considered unidirectional channel model and for different Doppler shifts and for different MCS values.
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	Figure 2. Normalized throughput for different Doppler shifts 



Observation #1: For the unidirectional “4-tap” HST SFN channel model
· For MCS 12-17 there is no impact on demodulation performance for all considered Doppler shift values from 800 to 1300 Hz
Conclusion
In this contribution we provided simulation results to show the throughput performance under the uni-directional “4-path” HST SFN channel model. Following observation was made:
Observation #1: For the unidirectional “4-tap” HST SFN channel model
· For MCS 12-17 there is no impact on demodulation performance for all considered Doppler shift values from 800 to 1300 Hz.
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