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1 Introduction
In [1] a proposal of Leaky Channel propagation conditions was given. It was also discussed in the WF in [2]. In this contribution this proposal of a leaku channel model is discussed.
2 Background

  In [1] a model of the leaky channel in a tunnel was proposed. The propagation channel has 7 paths, one with Doppler shift -870 Hz, one path with Doppler shift 0 Hz and 5 paths with Doppler shift between 600 and 870 Hz as shown in the table below.
Each of these paths are Rayleigh fading with a one-sided Doppler spread of 870 Hz. 

Table 1: Channel model of Tunnel with leaky cable: leaky cable to repeater (example)

	Excess tap delay (ns)
	Relative power (dB)
	Doppler shift (Hz)

	0
	-10
	-870

	20
	0
	0

	52.5
	-2
	600

	85
	-8
	800

	117.5
	-11
	820

	150
	-13
	870

	182.5
	-15
	870


3 Discussion
In the proposa in [1] there are paths which have Doppler shifts corresponding to the speed of the train, +/-870 Hz. This Doppler shift corresponds to a direct path from one slot in the cable to the train. 
The paths are collected in clusters so each path is a combination of the signal from several slots in the cable. The received path is thereby a combination of several signals with almost identical Doppler frequency but random phases. Thereby the signal in one path is received with an amplitude that may be Rayleigh distributed but without any Doppler spread since the change of the difference in propagation distance from the different slots in the sam path is very small. Thus there is no Rayleigh fading, it is a constant amplitude that the repeater will see. 
Observation 1: There is no Rayleigh fading on each tap when evaluating the received signals just as direct paths from the slots in the cable. 
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Figure 1: Direct paths form the leaky cable to the UE. There is no Reayleigh fading in these paths. 
The tunnel has walls which the signal will be reflected in, causing more received paths. The signals that are repeated one or several times will be received later than the direct path transmitted from the actual slot. It will also be received from another direction leading to a different received Doppler frequency. Therefore, at a certain time the signals from different slots in the cable and with different Doppler frequencies will be received. This will add fading. If we assume that there will be reflections received from all directions to the repeater, there will be Rayleigh fading with the same Doppler frequency spread as the speed of the train. In this paths there will not be any Doppler frequency shift. 
In case it can be assumed that the reflections are not coming from all directions, just from a sector, there will some Doppler shift on the received signal and a Rayleigh fading of each tap with a Doppler spread which is lower than the speed of the train. The highest observed frequency adding the Doppler frequency shift and the Doppler frequency spread of the Rayleigh fading should correspond to the speed of the train. 
Observation 2: Reflections in the tunnel will cause fading with some frequency spread, and simultaneously it will cause that the Doppler frequency shift of each tap is decreasing with about the same amount as the frequency spread. Reflections are not modelled in the evaluations in [1]
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Figure 2: An example of reflected paths from the slots that are transmitting the direct wave “1”. The combination of reflections will cause Rayleigh fading with a frequency spread but without frequency shift.
Based on the discussion above, the propagation condition in a tunnel is extremely complicated with signals direct paths from many directions and added on that reflected signals from the tunnel. Therefore, based on previous efforts in the area, the leaky cable propagation condition can not be calculated by a simple paper and pen evaluation. Ericsson view is that different tunnels will give different propagation conditions. Therefore a lot of measurements in tunnels are required in order to evaluate a better model of the propagation conditions of leaky cables.  

To use simple models as in [1] for RAN4 tests will not reflect a practical channel model affecting the receiver of a high speed train in a tunnel.
Proposal 1: In order to create a High Speed Train model for Leaky Cables, measurements and evaluations of real scenarios are needed. 

4 Conclusion
Observation 1: There is no Rayleigh fading on each tap when evaluating the received signals just as direct paths from the slots in the cable. 

Observation 2: Reflections in the tunnel will cause fading with some frequency spread, and simultaneously it will cause that the Doppler frequency shift of each tap is decreasing with about the same amount as the frequency spread. Reflections are not modelled in the evaluations in [1]

Proposal 1: In order to create a High Speed Train model for Leaky Cables, measurements and evaluations of real scenarios are needed. 
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