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1 Introduction
Two main deployment scenarios related to high speed train inside the tunnel have been discussed and proposed. In one tunnel scenario the coverage is provided by the multi-antennas generally placed at a distance of 2 m from the railway track. In the second case the coverage is provided through a leaky cable, also installed at a distance of around 2 m from the railway track. In this contribution we propose channel model for leaky cable scenario. We suggest RAN4 adapts this channel in case performance requirements are specified for leaky cable scenario. 
2 Description of Channel Model
A leaky cable is a cable that radiates along its length from regularly placed slots in the outer conductor. These slots are typically closely spaced such that the cable can be considered as a distributed line source. However, the amplitude and phase of the radiating slots may vary along the cable.
The cable itself will have a loss that can be significant especially for long cables. One solution is to have amplifiers along the cable, giving a saw-tooth power curve as shown in figure 1. Terminating a leaky cable in a directive antenna has also been considered. An overview of leaky cable installations is given in ‎[1]
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Figure 1: Practical leaky cable installation and related power curve.

Let us consider the case of a user in a high-speed train that passes through a tunnel in which a leaky cable has been deployed. Due to the propagation loss associated with over the air-transmission the main part of the energy that reaches a terminal inside the train at a certain time instant will have originated from a limited section of the cable. Considering that most trains have metallic hulls and also tinted (metallized) windows, the penetration loss of waves with grazing incidence angles will be very high ‎[3]
. It is probably reasonable to consider only the part of the leaky cable that is visible through the windows to be radiating as illustrated in figure 2. 

[image: image2]
Figure 2: Apparent strength of radiated power along a short section of the cable.
For the direct path, a simple geometrical model based on the above observations seems sufficient. This model is obtained by considering a moving transmitter location along a finite line (the cable) where the position of the transmitter is always taken as the point on the line closest to the receiver. The principle is shown in figure 3. 
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Figure 3: Simple geometrical direct path model with transmitter position taken as the closest point on a finite line.

The effect of the finite length of the cable or of amplifiers along the cable is captured by the rapid variation in apparent direction to the transmitter, such as at time t1. Thus, at this time the Doppler frequency of the direct path is rapidly shifting. In contrast, at example time t2 the apparent direction of the transmitter is constant and perpendicular to the direction of travel and hence the Doppler frequency of the direct path is 0. 
This simple model needs to be enhanced by considering two additional properties of the propagation channel:
· Multi-path scattering from the train and the tunnel walls.

· Varying phase of the radiating slots along the transmitting leaky cable

For the first part, we can actually neglect the multi-path scattering that occurs inside the train carriage since this is moving with the same speed as the user. Assuming that the cable is deployed such that it is visible through the train windows, reflections from the tunnel walls will likely be quite weak compared to the direct path. A Rician factor (K-factor), which is the ratio of signal power of the direct path to that of the reflector paths, between 1 and 10 seems appropriate. The delay spread is expected to be very small due to the confined environment. The second factor that is the influence of the varying phase is to be studied further.

Radio channel measurements in rail tunnels with leaky cables ‎[2] support the Ricean assumption with experimentally observed Rice factors in the range from 0 dB to 20 dB. (Measurements are done at 900 MHz but the conclusions should be equally valid at 2 GHz). Also, no delay spread is detected with the 1.4 s resolution of the measurement equipment. However, it is not from this reference clear if the direct component has a constant Doppler shift or if it is time-varying.

3 Proposal

The Rural Area type of model with a direct path according to the description above and K-factor (Rician factor) of 10 should capture some of the main properties of the propagation characteristics for a leaky cable inside a tunnel.
4 Summary
In this contribution we have described a channel model that can be used for high speed train scenario inside the tunnel with leaky cable. The proposed model is based on Rural Area type mode with a Rician factor of 10. We suggest RAN4 considers this channel model in case it is decided to specify the performance requirements for leaky cable scenario. 
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� Such loss can be avoided by using a repeater solution with an external antenna to pick up energy e.g. on the roof of the train. This solution will not be considered here.





