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1. Introduction
During RAN4 meeting #40, it has discussed propagation model on high speed train for open space scenario [1]. In this paper, the tunnel model for multi-antennas solution and the overall propagation model for high speed train is proposed.
2. Propagation model in tunnel
An example of the configuration for multi-antennas solution in a tunnel and the Doppler shift variation is shown in figure 1. In a tunnel, the max train speed may slow down due to high air resistance between the train and the tunnel. Therefore the valid train max speed may be 300 km/h in the tunnel. In this scenario, we propose the following parameters;
Max train speed: 300km/h
ISD (the distance between antennas): 300m

dmin (BS-track distance): 2m
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Figure 1: An example of the configuration for multi-antennas solution in a tunnel

and Doppler shift variation
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Figure 2: Propagation model in a tunnel 

(Doppler shift variation)

As shown in figure 1, at t1, Doppler shift changes rapidly from the maximum value to the minimum one. On the other hand, at t2, Doppler shift changes rapidly from the minimum to the maximum or the receiver may be able to observe two paths consisting from a path with minimum shift and another path with maximum shift during short time around t2. However, since it is very complex to model this situation, the following modeling should be efficient for testing as shown in figure 2. In this model, the number of multipaths is one all the time and Doppler shift changes continuously in order to make it easier for testing.
3. Overall propagation model for high speed train 
In section 2, we proposed the propagation model in the tunnel. We have at least 2 models for high speed train. One is for the open space scenario and the other is for the tunnel scenario. 
(1) However, it is undesirable to specify the receiver performance under many scenarios since it takes much time for testing. In order to solve this situation, we propose the combined model for open space and tunnel scenarios for high speed train as one of solutions. 
Our proposed parameters are as follows;

Max train speed: 350km/h

ISD: 300m

dmin: 2m

(2) But if we can not approve the above model (1), we propose the following alternative one.

(a)BS

Operators can select the required models among several ones (open space model, tunnel model for multi-antenna solution, and so on) as optional, since the required performance is different according to operators [2].
(b)UE

UE must have the capability for all the scenarios.
4. Conclusion
This document has described the tunnel scenario with multi-antenna solution for high speed train. Furthermore we proposed the overall propagation model. We would like to have comments from other companies and decide the appropriate model for this issue.
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