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1 Introduction
At the last RAN4#35 meeting, a proposal for the channel model was proposed in [1]. The discussion ended on the agreement that deployment Scenarios should be provided at a first stage, to share the same understanding about High Speed Train SI. The second stage would be to agree on a channel model to be used to simulate the performance expected for the agreed scenarios.
In this document, we give the result of a measurement campaign, performed on a real life network, of one of the most important parameter and we describe what could be a worst case scenario.
2 In-Train Penetration factor
Covering an High Speed Train line introduces specific technical constraints. The high speed of the train (350 km/h assumed) has an impact on the design through the delay for making a hand-off and the cell size / overlapping zone. Moreover, the in-train penetration factor is a key parameter for the associated link budget.
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Figure 1: Standard rural coverage issues
The field strength in the train is a function of the incidence angle, as shown on following figures. This value is highly impacted by the curve of the railway line, but also the site location. It should also be noted that for high speed train, usually, the curvature radius is always important.
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Figure 2: Definition of the incidence angle
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Figure 3 : In-Train Penetration (ITP) loss as a function of the incidence angle

Simplex and duplex stand respectively for one-storey and two-storey trains.  
This measurement was performed for GSM 900, without any Doppler effect. The applicability of this measurement to UMTS should be confirmed but seems to be inline.

This figure should be considered also having in mind the usual In-Car Penetration factor which is 5 dB (rural environment). 
Usually, the distance between BTSs and the railway gives the trade off between the best incidence angle and the signal strength attenuation.  

For link budget calculations, we will assume an incidence angle of 10°, corresponding to a penetration loss of 20.5dB. This is a worst-case assumption for one-storey trains proper to link budget calculations. It is based on the assumption that the BTS will be located at around 250 meters from the railway line (it should not be at less than 100 m because of the incidence angle then becoming very small and not at more than 800 m because of the signal strength attenuation due to propagation phenomenon). Then, the link budget calculations will give radius values around 1500 m that give Θ = arcsin(250/1500) approximately 10°.
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Figure 4: Incidence Angle – Worst Case scenario for Link Budget calculations

Figure 5 represents the worst-case scenario if we consider that in situations when the railway line encounters a curve, as often as possible, the location of the BTS will be chosen in the concave part of the curve (and not in the convex part). Thus the incidence angle encountered will be higher than the one presented for a flat line at the edge of the cell – and the associated penetration loss lower. However, site location will also be based on nature of the terrain (forest, protected areas…).
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Figure 5: Optimal site location for penetration losses issues

The following figure 6 shows the in-train penetration loss and relative propagation loss variation with the time elapsed from the point of the line where the train is the closest to the BTS. Speed is still assumed 300 km/h and the BTS location is at 250 m from the railway line, which is straight. We assume that this gives a worst-case situation - for the previous hypothesis - if in case of a bend in the line, the BTS is located inside the concavity of this line.
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Figure 6 : Losses evolution with time (see hypothesis)

If we focus on the interval of time between 6 and 24 s (i.e. for a cell radius between 560 and 2016 m), the decrease of the field strength received inside the train can be approximated by 0.9 dB/s for the in-train penetration loss and 0.93 dB/s for the propagation loss (rural environment assumed with attenuation factor equal to 3.52 for antenna height of 30 m). 

Consequently, we will assume here that as a worst-case situation, the decrease – train leaving a cell - or increase - train entering a new cell – of the field strength received inside the train is around 1.8 dB/s. 

Note that this value is highly dependent of all the previous assumptions made (speed of the train, location of the BTS, curve of the railway line).

3 Conclusion

In this document, we have presented a first set of parameter  ( Railway line straight, Distance BTS-Railways : 250 m, In-Train penetration factor : 25 dB, Antenna height : 30 m) which might be considered to set up the scenarios for High Speed Train. Measurements for in-train penetration factor are also included.
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