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1. Introduction
During the RAN4#38 meeting, the UE and the base station receiver performance measurements in high speed train environment were presented. Some network problems (BLER degradations) were highlighted when the UE is passing the base station with the high velocity [1]. This document is intended to describe simulation assumptions Siemens would like to perform for high speed train environment.

2. Simulation assumptions
In order to start simulations concerning network problems in high speed train environment, we propose the following simulation assumptions:
· In order to simulate the problem mentioned above, it is proposed to use simulation scenario presented in  Figure 1. The Doppler shift can be described by the following formula:
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where:



f is the carrier frequency (2,17GHz)




v is the velocity (350km/h)




alfa is the instantaneous angle between the railway track and the base station




c is the speed of light (
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For above mentioned assumptions, the maximum Doppler shift is in the order of 703Hz.

· Distance from the base station to the railway. In order to have realistic scenario for typical motorway or railway, we propose to use distance in the order of d = 50m.
· It is assumed that UE ideally tracks the real Doppler shift when the base station receiver performance is taken into account.
· It is assumed Doppler shift of the base station is always as twice as that of the UE.
· RABs to be considered for initial results: DCH 12.2kb/s and 64kb/s measurement channels.
· Propagation channel assumptions: one path, AWGN propagation conditions, no fading
· We propose to consider Rx diversity for the base station, and non-Rx diversity for the UE.
· Initial distance from the UE to the base station (x). We propose to use x=100m for initial results. In this case the maximum and minimum Doppler shift of the base station will be in the order of 1218Hz and -1218Hz, respectively. For larger distances the situation would not change significantly. For example, if x=1000m, the maximum and minimum Doppler shift of the base station will be in the order of 1405Hz and -1405Hz, respectively.
· We propose to switch PC on during simulations. Some problems with PC bits were presented in [1].
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Figure 1 - Simulation scenario for high speed train environment
Assuming the initial distance from the UE to the base station is equal to 100m, the train needs 1,78s (2·y = 173,2m) to move from the location with the maximum Doppler shift (1218Hz) to the location with the minimum Doppler shift       (-1218Hz). After this period of time, when repeating the same scenario, the Doppler shift would jump from the minimum value to the maximum value. In order to prevent the Doppler shift discontinuity, we propose to use the following formula describing the Doppler shift in this scenario:
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where:
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 is the maximum Doppler shift in this scenario (1218Hz)




t is the time from the simulation starting point



T is the time required for the 350kmph train to pass the road of 2·y 
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For the above mentioned scenario, the comparison of the Doppler shift calculated by the formula (1) and the formula (2), is depicted in Figure 2. The time domain is described by number of slots.
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Figure 2 - Comparison of the Doppler shifts calculated by different formulas

3. Conclusion

This document presents simulation assumptions Siemens would like to perform for high speed train environment, comparing BLER values in a network with and without Doppler effect.
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