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1.0
INTRODUCTION

At RAN4 #38 a discussion paper was presented regarding a possible AFC problem in a high speed train environment due to the rapid change in received frequency because of the Doppler shift [1]. At RAN #39 documents [2] and [3] were contributed by Seimens and Motorola, respectively, on the UE performance associated with Doppler shift. These documents indicated that under the assumed simulation conditions there was negligible degradation of data demodulation.  However, Motorola indicated that there could be non-negligible degradation of decoding the TPC symbols, which could affect the UE performance and this would require further investigation. This document provide results for this aspect of TPC performance in the case of high Doppler shift

Results are also presented for data demodulation for the scenario of a Node-B at a distance of 2 meters from the railroad track as requested by some operators. This distance is based on concerns related to trains moving through tunnels.
2.0 DISCUSSION
The simulation model, which was presented in [3], is included in ANNEX A.  
Based on the referenced model and simulation assumptions of ANNEX B, including a train speed of 360 km/h, simulation results indicate that the TPC decoding degradation is similar to data demodulation for the cases where the Node-B distance from the railroad track was 20 or 100 meters. Only when the Node-B / railroad track distance is decreased to 2 meters AND the initial distance of the train is set at 20 meters, the degradation for TPC decoding increased to approximately 0.75 dB. However this extreme condition is physically unrealistic and represents a UE continuously cycling through a frequency shift of 1240 Hz at a rate of one cycle every 0.8 seconds. (Compare this to Figure 2 in ANNEX A where the duration per cycle is about 8 seconds.) When the initial distance of the train was increased to 200 meters, the degradation was similar to the data demodulation, less than 0.3 dB.
3.0 CONCLUSION
Based on these simulation results Motorola does not believe there is sufficient evidence that the high Doppler shift in a train environment would impact the UE TPC and data demodulation and therefore does not warrant a performance requirement. We would welcome the view of other companies in this area and would continue to support such an investigation if there is a consensus to progress this issue from a UE perspective.
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ANNEX A SIMULATION MODEL

The model is based on the physical parameters of a) initial distance that the train (UE) is from the Node-B crossing, b) the distance the Node-B is from the railway track, and c) the velocity of the train approaching the Node-B.  Figures 1 and 2 show the Doppler “trajectories” experienced by a UE for the cases listed in the captions. In both cases the train velocity is 360 km/h (100 m/s). 

Doppler Trajectory – A, compared to B, represents a more realistic situation in terms of approach time and distances and demonstrates relatively long durations of tracking large Doppler shift. Trajectory – B is an extreme case of Node-B placement near the railway, with a very rapid rate of Doppler-shift change. These two waveforms are presented as examples of what could be used for a test; or perhaps some similar waveform with modified parameters.

The equation for the Doppler shift is given by
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where 
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is the initial distance of the train from the Node-B crossing, and 
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is the distance of the Node-B from the railway track, both in meters; 
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is time in seconds.  

Note: a physical interpretation of the curves represents an unrealistic case since (for Trajectory-A) for 0 < t < 10 seconds the train is approaching the Node-B (Doppler shift > 0), while for 10 < t < 20 the train is leaving the Node-B. However, for 20 < t < 40, a similar physical meaning is not possible, yet this waveform is convenient for simulation purposes, and avoids subjecting the UE to an instantaneous shift. 
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Figure 1. Node-B distance from railway track is 100 m; initial distance of train from crossing is 1000 m.
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Figure 2. Node-B distance from railway track is 20 m; initial distance of train from crossing is 200 m.
Annex B 
Simulation assumptions

Simulation assumptions are presented in Table 1.
Table 1. Simulation assumptions

	Parameter
	Explanation/Assumption

	Chip Rate
	3.84 Mcps

	Closed loop Power Control
	Both inner and outer loop on

	AFC
	ON and OFF for comparison purposes

	AGC
	OFF

	Channel Estimation
	Real

	Number of samples per chip
	2

	Propagation Conditions
	AWGN

	Number of bits in AD converter
	Floating point simulations

	Number of Rake Fingers 
	Equals to number of taps in propagation condition models

	Downlink Physical Channels and Power Levels
	CPICHP_Ec/Ior 
	= -10 dB

	
	PCCPCH_Ec/Ior 
	= -12 dB

	
	SCH_Ec/Ior 
	= -12 dB 

(Combined energy of Primary and Secondary SCH)

	
	PICH_Ec/Ior 
	= -15 dB

	
	OCNS_Ec/Ior.
	= Power needed to get total power spectral density (Ior) to 1.

	
	DPCH_Ec/Ior 
	= power needed to get meet the required BLER target

	BLER target
	0.01

	BLER calculation
	BLER has been calculated by comparing with transmitted and received bits. 

	PCCPCH model
	Random symbols transmitted, ignored in a receiver

	PICH model
	Random symbols transmitted, ignored in a receiver

	DCCH model
	Random symbols transmitted, ignored in a receiver

	TFCI model
	Random symbols, ignored in a receiver but it is assumed that receiver gets error free reception of TFCI information. 

	OCNS codes
	As specified in Annex C.5.2 of TS 25.101 v6.8.0

	SCH position
	Offset between SCH and DPCH is zero chips meaning that SCH is overlapping with the first symbols in DPCH in the beginning of DPCH slot structure

	Measurement Channels 
	As specified in Annex A.3.1 of TS 25.101 v6.8.0
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