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Introduction
The work item (WI) “LTE high speed” was approved in RAN #80 meeting [1]. One of the objectives of this WI is to identify downlink demodulation requirements under the identified high speed scenarios. In the previous meeting several options for candidate scenarios were identified in a WF [2]:
	· HST-SFN scenario to be specified
· Option 1: Bidirectional HST SFN with limited max Doppler shift
· Option 2: Unidirectional HST SFN 
· Option 3: Bidirectional HST SFN 
· If single-tap HST and multipath scenario are considered or not
· Option 1: Specify HST, multipath and HST SFN scenario
· Option 2: Specify only HST SFN scenario


Companies were encouraged to provide performance evaluations and analysis of the candidate scenarios, in order to down select options. In this contribution we provide the simulation results and analysis for unidirectional “4-path” HST SFN scenario.
Unidirectional “4-path” HST SFN scenario
Channel model
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Figure 1. Unidirectional channel model
In unidirectional channel models (illustrated in 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 causing 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 showed that the better performance had observed for the 45 degree of main lobe direction compared 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, 6] were used in simulations.

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

	Scenario A
	1000 m
	50 m
	45

	Scenario B
	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



Rel. 16 HST requirements aim to guarantee performance for up to 500km/h deployments. In Table 3 we show the max Doppler shift values for 500 km/h for different LTE bands which are expected to be used in the HST deployments based on companies’ comments in RAN4 #90 [1].
Table 3. Doppler shift on 500km/h
	LTE Band
	Doppler shift, Hz

	Band 1 (2.1 GHz)
	972

	Band 7 (2.7 GHz)
	1250



Simulation results
[bookmark: _GoBack]In Figures 2 to 5 we provide the simulation results for the considered unidirectional channel model and deployment scenario A and B. 
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	Figure 2. Max Doppler shift is 972 Hz
	Figure 3. Max Doppler shift is 1250 Hz
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	Figure 4. Max Doppler shift is 972 Hz
	Figure 5. Max Doppler shift is 1250 Hz



Observation #1: For the unidirectional “4-tap” HST SFN channel model
· In scenario with deployment A, UE with practical channel estimation cannot reach max throughput for both Doppler shift values 972 and 1250 Hz; 
· In scenario with deployment B, UE with practical channel estimation can achieve max throughput for Doppler shift 972 Hz, and there is some degradation compare to perfect channel estimation for 1250 Hz. 

Conclusion
In this contribution we provided simulation results to show the throughput performance under the uni-directional “4-path” HST SFN channel for different deployment. Following observations were made:
Observation #1: For the unidirectional “4-tap” HST SFN channel model
· In scenario with deployment A, UE with practical channel estimation cannot reach max throughput for both Doppler shift values 972 and 1250 Hz; 
· In scenario with deployment B, UE with practical channel estimation can achieve max throughput for Doppler shift 972 Hz, and there is some degradation compare to perfect channel estimation for 1250 Hz. 
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