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1 Introduction
In the RAN4 meeting #74, the way forward on the scenarios for high speed train enhancement was agreed [1]. Based on the agreed scenarios, an email discussion was triggered and the detailed parameters were provided and discussed. After the email discussion, there were totally ten scenarios identified and among them three scenarios had been discussed for LTE in the long time ago as shown in [2]. According to summary in [2], there were seven scenarios which may need further study. And we categorize them into two classes:
· One hop channels:

· Open space, multiple RRH with the same Cell ID (SFN) → UE;

· Tunnel, multiple RRH with the same Cell ID (SFN) → UE, CPE;
· Two hop channels

· Open space, multiple RRH with the same Cell ID (SFN) → Repeater; Leaky cable in the carriage → UE;
· Tunnel, multiple RRH (SFN) → Repeater; Leaky cable in the carriage → UE;

· Tunnel, leaky cable → Repeater; Leaky cable in the carriage → UE;

· Open space, multiple antennas with different cell IDs → Repeater; Leaky cable in the carriage → UE.

The two hop channel model is the convolution of the response functions for each hop [3]. So in our views, we need considering the three types of new channel models for the following high speed train scenarios:
· Multiple RRH with the same Cell ID in open space and tunnel (SFN);

· Leaky cable to repeater in Tunnel;

· Leaky cable to UE inside the carriage (which may be different from Tunnel with leaky cable due to low speed).
In this contribution, we will focus on the channel model for use case with leaky cable.
2 Channel model for Tunnel with leaky cable: leaky cable to repeater
2.1 Multi-tap model with the different Doppler shift per tap
Figure 1 shows the scenarios of Tunnel with leaky cable. The signal was injected into the cable at one end. Along the cable there are numerous slots or holes where the electromagnetic wave can be radiated. At the Repeater, the combination of a large number of overlapped signals will be received. And because there is the propagation loss along the cable, there are the amplifiers mounted along the cable (also see in [4]). The propagation delay should include the delay within cable and the delay over the air. There is a repeater on top of the train, which can receive the signals from a wide range of directions, e.g., from 0° to 180°. So the received signal at repeater is the combination of many signals transmitted from many different slots with different delays.
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Figure 1: Scenario for Tunnel, leaky cable → Repeater; Leaky cable in the carriage → UE

Accordingly, the received signal can be denoted as
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Where k stands for the k-th slot and the parameter with k as the subscript corresponds to propagation path from k-th slot to repeater, ak represents the propagation gain (amplitude of the received signal from k-th slot), fC is the centre frequency of carrier, τk is the propagation delay including the delay within the cable (=lk/C) and the delay over the air (=dk/C), and fD,k is the Doppler shift for k-th path. And k=0, 1, …, K, where K is the number of slots in the leaky cable. At the receiver, after the mixer, the signal is denoted as
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The channel baseband impulse response can be denoted by
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We can group the slots, which are closed to each other and whose signals are linked to approximately the same Doppler shift, into one cluster. For example, the signals transmitted from the multiple slots within a few of meters along the leaky cable can be viewed as one signal. Thus K slots can be grouped into M clusters. And given that the fC is much larger than fD,k, the above response can be simplified as
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Where the Am can be denoted as the sum of a number of transmitted signals from different slots, i.e.,
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And the small change of delay τn may lead the significant change of phase of the n-th signal, so it would be difficult to model the channel with the leaky cable by using the fixed model, and it would be reasonable to apply the statistical model for it. And we could view Am as the sum of the independent and identically distributed random variables, which can be modelled by a complex normal distribution according to the central limit theorem.
Therefore the channel model from leaky cable to UE can be denoted by a multiple tap model with the different Doppler shift per path, i.e.,

[image: image7.wmf](

)

(

)

(

)

(

)

2

,

,

0

~

,

2

exp

s

t

d

p

CN

A

t

t

f

j

A

t

h

m

m

m

m

D

m

B

å

-

´

´

»

, (6)
where CN(() stands for the complex normal distribution and σm2 stands for the relative power for m-th tap. The reason why the different Doppler shift is linked to each tap is as follows. Firstly, the signal is injected from one end of the cable. Secondly the propagation delay should include the delay within cable and the delay over the air. And one arrival angle of signal from the leaky cable to the repeater corresponds to one Doppler shift value. As shown in Figure 1, the propagation delay will change significantly with the arrival angle of signal.
In Figure 2, we provide a diagram to show how the power delay profile and Doppler spread/shift should be modelled. In sum the model is characterized by

· Multi-tap power delay profile with peak in the centre of profile;
· Different Doppler shift associated with each tap, and Doppler shift is equal to 0 for the peak tap;
· Rayleigh model can be used for each tap.
In [5] it is shown that Rayleigh model matches the field data very well. So we have the following observation:
· Observation 1: the channel model of leaky cable to receiver is characterized by
·  Multi-tap power delay profile with peak in the centre of profile;

·  Different Doppler shift associated with each tap, and Doppler shift is equal to 0 for the peak tap;

·  Rayleigh model is used for each tap
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Figure 2: Channel model for scenario for Tunnel, leaky cable → Repeater; Leaky cable in the carriage → UE

In our view, the channel model is use for link level simulation and to evaluate the link level performance of receiver. The key to design the channel model is to reflect the characteristics of the practical propagation condition. The numerical analyses above justify the Observation 1. Based on that, we propose to have the following table to define the channel model for leaky cable to repeater. Table 1 provide the channel model as an example.
Table 1: Channel model of Tunnel with leaky cable: leaky cable to repeater

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

	0
	A
	

	xx
	0
	


3 Channel model for leaky cable: inside the carriage

When the leaky cable is used inside the carriage, the channel model would be similar to that for leaky cable to repeater in tunnel except that the Doppler shift is zero for each tap. And the similar study was conduct in [5] in a corridor. The conclusion is that the Rayleigh model can be used for leaky cable.
Table 2: Channel model: leaky cable to user within the carriage
	Excess tap delay (ns)
	Relative power (dB)
	Doppler shift (Hz)

	0
	A
	0

	xx
	0
	0


4 Channel model for two hop transmission
In [3] it was approved that the two hop channel model can be calculated as convolution of the channel models for each hop. But we need more study how to generate a two-hop channel model given the channel model for each hop.
5 Conclusions

In this paper, we provide the analysis for the channel model from leaky cable to repeater in the tunnel and from the leaky cable to the UE in the carriage. Based on the analysis we propose that
· Proposal: the channel model related to leaky cable could be modelled in the following way

· The channel model from leaky cable outside carriage to repeater in the tunnel can be modeled by using multi-tap power delay profile: 

·  Each tap can be modeled by complex Gaussian variable, thus the amplitude of tap is Rayleigh-distributed. 

· Each tap is associated with different frequency shift. 

· The channel model from leaky cable in the carriage to UE can be modeled by using multi-tap power delay profile: 

· Each tap can be modeled by complex Gaussian variable, thus the amplitude of tap is Rayleigh-distributed. 

· Doppler shift is zero for each tap. 
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