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1 Introduction
In RAN4 meeting #76bis, in order to overcome the downlink performance degradation due to positive/negative high Doppler shifts, the unidirectional RRH arrangement in SFN scenarios was proposed and the related topics were extensively discussed, including RRH arrangement, handover, performance evaluation and performance comparison, high FBR/FSR (font-to-back radio/font-to-side ratio) antenna, power control, and the impact of unidirectional deployment on the uplink performance in [1~11]. According to the proponent and our understanding, the main attractive advantages are that the unidirectional deployment can enhance the downlink performance without the change on the legacy UE and that it could be applicable to the scenario with the train velocity even higher than 350km/h.
In this contribution, we would like to further evaluate the downlink and uplink performance of the unidirectional deployment to fully understand the performance gain and the impact on the deployment of it.
2 Assumptions for evaluation
2.1 Channel model
2.1.1 Antenna pattern
In the last meeting, the channel model for unidirectional RRH arrangement in HST SFN was endorsed [7]. We would like to develop the channel model starting from the endorsed channel model.
The first parameter is the antenna pattern, because the utilization of high gain antenna is very important to avoid the impact of leakage from the side-lobe and to ensure the single Doppler shift in the downlink. In [7] one set of coefficients for modelling beam shape characteristics was provided based on an equal-ripple low pass filter. And the corresponding equation for the antenna radiation pattern was given as below:
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But we have two questions for this equation. Firstly, there are some mistakes/typos in this equation, because 
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,
which means that the given antenna pattern in TP is actually with the equal radiation gains in all the directions. Secondly, we are not sure whether such antenna pattern is physically realisable, because in our knowledge the antenna pattern should be the function of the wavenumber, which is the function of cos(φ) or sin(φ), rather than φ.
For the first one, we use the following modified equation to obtain the similar antenna pattern as given in [7]:
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The obtained antenna pattern and the proposed antenna pattern in [7] are shown in Figure 2.1.1-1 for the comparison. The mainlobe width, FBR (front-to-back ratio), and FSR (front-to-side ratio) of the antenna pattern according to the modified equation are quite similar to those given in [7] except for the sidelobe widths, especially for the sidelobe pointing at 180°.
For the second one, we also take the realistic antenna pattern into account. For the convenience of the comparison of evaluation, we try to use the antenna pattern provided in [5]. In Figure 2.1.1-2, we copy the reference antenna pattern and our equivalent numerical model. 
We call the antenna pattern given in Figure 2.1.1-1 as Pattern A and one in Figure 2.1.1-2 as Pattern B.
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(a) Antenna pattern in [7]
(b) Antenna pattern according to modified equation: Pattern A
Figure 2.1.1-1: Antenna pattern with 30dB FBR/FSR
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(a) Antenna pattern in [5]
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(b) Equivalent numerical model approaching (a): Pattern B

Figure 2.1.1-2: One realistic antenna pattern given in [5]

2.1.2 Path loss, Doppler shift and time delay
Unlike the agreed SFN (so-called bidirectional deployment), where two RRHs connected to one BBU are used to generate the channel model, we would like to use a more complicated and more realistic scenario, where four RRHs connected to one BBU like what is given in [7]. The purpose is to better understand the performance in the real life. The scenarios are shown in Figure 2.1.2-1. And we would like to focus the investigation on the performance when the UE is within a cell which is comprised by multiple RRHs. In Figure 2.1.2-1, we want to analyze the performance in the region from Ds/2 to 5Ds/2.
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(a) Bidirectional RRH arrangement
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(b) Unidirectional RRH arrangement

Figure 2.1.2-1: Deployment scenario for bidirectional arrangement and unidirectional arrangement

In Figure 2.1.2-2 and Figure 2.1.2-3, we provide the relative power profiles using antenna radiation Pattern A and Pattern B, Doppler shift profiles, and delay profiles for the unidirectional and bidirectional RRH arrangements. For this evaluation, the assumed parameters are given in Table 2.1.2-1. The purpose is to provide a clearer idea on the channel models for both unidirectional and bidirectional RRH arrangement scenarios.
Table 2.1.2-1: Parameters for generation of channel model
	Parameter
	Value

	Transmit power per RRH
	Unidirectional: 46dBm/20MHz
Bidirectional: 43dBm/20MHz

	Max Antenna gain Gmax
	20dBi

	Assumed bandwidth
	20MHz

	Path loss
	Free space model:
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	Ds (inter-site distance)
	1000m

	Dmin (site to track min distance)
	30m

	Velocity of train
	350km/h

	Carrier frequency: fc
	2.7GHz

	Angle between main beam and track
	5°

	Penetration loss of the train
	29dB

	Antenna beam pattern
	Pattern A and Pattern B
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(a) Relative power profile for unidirectional arrangement: Pattern A
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(b) Relative power profile for unidirectional arrangement: Pattern B
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(c) Doppler shift profile for unidirectional arrangement
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(d) Absolute delay profile for unidirectional arrangement

Figure 2.1.2-2: Relative power profile, Doppler shift profile and absolute delay profile for unidirectional RRH arrangement
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(a) Relative power profile for bidirectional arrangement: Pattern A
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(b) Relative power profile for bidirectional arrangement: Pattern B
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(c) Doppler shift profile for bidirectional arrangement
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(d) Absolute delay profile for bidirectional arrangement

Figure 2.1.2-3: Relative power profile, Doppler shift profile and absolute delay profile for bidirectional RRH arrangement
3 Downlink performance evaluation
3.1 Simulation assumptions
The simulation assumptions follow the endorsed TP in [7] and some modifications are made. Table 3.1-1 provides the simulation assumptions.
Table 3.1-1: General parameters for evaluation
	Parameter
	Value

	Transmit power per RRH
	Unidirectional: 46dBm/20MHz

Bidirectional: 43dBm/20MHz

	Max Antenna gain
	20dB

	Assumed bandwidth
	20MHz

	Path loss
	Free space model:
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	Carrier frequency: fc
	2.7GHz

	Angle between main beam and track
	5°

	Penetration loss of the train
	29dB

	Antenna configuration
	2×2

	Channel matrix
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Table 3.1-2: Evaluation case and parameters
	Parameter
	Values

	
	Case 1
	Case 2

	Ds (inter-site distance)
	1000m
	500m

	Dmin (site to track min distance)
	30m
	15m

	Velocity of train
	350km/h
	350km/h

	Antenna beam pattern
	Pattern A
	Pattern A


3.2 Simulation results
4 Conclusions and proposals
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