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Discussion
1 Introduction
In the RAN4 meeting #74bis, the way forward on high speed scenarios was agreed [1]. Based on the agreed scenarios, a channel model was proposed [2]. Five scenarios featuring a leaky cable were captured on the document, and they are:
1)  Repeaters are installed on the carriage and distribute signal inside through leaky cables (Scenario2a, 2b, 3)
2)  Leaky cables are used to extend the signal through the tunnel environment (Scenario 2g).
3)  Both of the above (Scenario 2c).
In the summary of the WF [1], it was stated that the Scenario 2g can be specified as a legacy model of TS36.104 and TS25.104. There were then two new channel models featuring leaky cables that need to be researched 

· Leaky cable outside carriage to Repeater in tunnel scenario

· Leaky cable inside carriage to UE in tunnel scenario
In this contribution, we discuss the factors affecting Doppler shift distribution in a practical leaky cable in a tunnel.
2 Considerations on leaky cable for tunnel
2.1 Radiation Angle
When using LCX, the radiation angle should be considered because each slot radiates an omni-directional beam. The vector summation of these waves creates directionality.  The equation describing the radiation angles for LCX are given by [4]
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where m is the m-th harmonic, 
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is the wavelength and P is the pitch or period of slots, 
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 is the relative dielectric constant.. 
The radiation angle is determined almost at zero degrees in the normal case.  In the case of LCX MIMO application, a non-zero degree main-beam radiation angle is additionally used.   For example the radiation patterns at 3.26 GHz and 2.45 GHz are shown in the Appendix.  The radiation patterns of MIMO capable LCX are also in the Appendix.  
In the non-directional model shown in document [3], the waves from far points will have an impact on the Doppler power profile.  In the directional model a simplification is made as shown in Figure 1. 
In the typical use the insertion loss is greater than 50 dB.  In addition, cable attenuation is also present.  Due to the large losses and restricted radiation angle we believe that the contribution from waves from tens of metres away from the receiving point should be negligible.  The number of taps can be reduced when using the tap-delay model proposed in document [2].
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Figure 1 – Proposed direction of propagation angles from LCX slot
2.2 Doppler Shift
The Doppler shift 
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at time t can be expressed as: 
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where 
[image: image7.wmf]c

f

is the carrier frequency, v is the train velocity, c is the speed of light in vacuum, 
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 is the angle of arrival relative to the train direction, k is the velocity ratio of light-speed in a material and a function of the electric permittivity.  
The distribution of received RF power, when the signals approach the antenna from all directions long before and after the receiving point was shown in [3]. The Doppler shift will depend on the propagation speed of RF signals in the LCX as determined by the cable properties.  
3 Conclusion

In this contribution we have the following comments:
· The radiation angle from the Leaky cable is principally in the directions 50-70 degrees rather than 90 degrees.  The Doppler spread will be reduced and received RF power at maximum Doppler will be small .
· In a practical implementation of MIMO using LCX, there will be additional radiation directionality for optimum performance. 
· The energy due to reflections from more than tens of meters away could be assumed to be negligible and together with the high insertion loss means the number of taps in a tap-delay model can be reduced.
Proposal:  The Doppler shift range is limited in the directional radiation model.  The number of taps for the Doppler model can be made small due to radiation directionality and high attenuation.  The radiation pattern is also dependent on whether MIMO-LCX is used.  
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APPENDIX

Figure 1 shows example radiation patterns of experimental LCXs for (a) cellular systems measured at 3.26 GHz with maximum radiation at about -28 deg. and (b) WLAN systems measured at 2.45 GHz with maximum radiation about -25 deg.  Figure 2 shows the radiation patterns for MIMO-LCX cable at the centre frequency of 5.15 GHz with maximum radiation at (a) about -22 deg. and (b) about -57 deg.  The red line indicates vertical polarization. The LCX lengths are 3m.  
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Figure 1 –Vertical polarization radiation patterns of LCXs for (a) cellular 3.26GHz, (b) WLAN 2.45GHz.
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Figure 2- Radiation patterns of LCXs for MIMO at 5.15GHz (a) first cable, (b) second cable.
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