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1. Introduction

At RAN meeting #27 the new study item “Performance Evaluation of the UE behaviour in high speed trains with speeds up to 350kmph” [1] was approved. The aim of this study item is to:

1. identify realistic propagation conditions and multi-path models for high speed train environments

2. decide on the need to perform simulations of the UE behaviour for speeds up to 350kmph in high speed train environments including HSDPA

3. decide on the need to define minimum performance requirements for the UE and the network assuming high speed train environments with speeds up to 350kmph

4. identify impact to other groups 

This document presents DCH performance simulation results in 120, 180, 250 and 350kmph, using the existing case 3 fading channel model. It is intended to continue the discussion if the existing 250kmph DCH demodulation requirements (which are based on simulations performed at 120kmph, with 3dB additional margin for the higher speed) are realistic. The impact of different realistic channel estimation methods was also investigated. The DCH performance simulations were performed for uplink 12.2kbps and 64kbps channels.
2. Simulation results

Figure 1 and Figure 2 present Siemens’s and other companies’ [2, 3] ideal channel estimation results in fading channel at 120kmph for 12.2kbps and 64kbps channels respectively. Simulation assumptions are specified in [4] and presented in Table 1 (Annex A). The multi-path fading propagation condition (Case 3) and UL reference measurement channels for 12.2kbps and 64kbps are specified in [5].
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Figure 1: UL ideal channel estimation results for 12.2kbps in fading channel at 120kmph
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Figure 2: UL ideal channel estimation results for 64kbps in fading channel at 120kmph
Figure 3 and Figure 4 depict Siemens’s ideal channel estimation results at various velocity fading channels (at 120, 180, 250 and 350kmph) for 12.2kbps and 64kbps channels respectively. At 180kmph and 350kmph the Case 3 (Case 4) tap profile [5] was used.
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Figure 3: Siemens’s UL ideal channel estimation results for 12.2kbps in fading channel at 120, 180, 250 and 350kmph
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Figure 4: Siemens’s UL ideal channel estimation results for 64kbps in fading channel at 120, 180, 250 and 350kmph

Figure 5 and Figure 6 show Siemens’s ideal and imperfect channel estimation results at various velocity fading channels (at 120, 180, 250 and 350kmph) for 12.2kbps and 64kbps channels respectively. Imperfect channel estimations were based on:

· tap magnitude and phase estimation from DPCCH pilot bits in one timeslot using a moving average filter (eC1)

· tap magnitude and phase estimation from DPCCH pilot bits in two timeslots (current and previous), updated every timeslot, using a moving average filter (eC2)
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Figure 5: Siemens’s UL ideal and imperfect channel estimation results for 12.2kbps in fading channel at 120, 180, 250 and 350kmph
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Figure 6: Siemens’s UL ideal and imperfect channel estimation results for 64 kbps in fading channel at 120, 180, 250 and 350kmph
3. Conclusions

· Ideal channel estimation results for 12.2kbps and 64kbps in fading channel at 120kmph are close to other companies’ results. In case of 12.2kbps the difference between Siemens results and RAN4 average results is approximately 0.2dB. In the event of 64kbps the difference is approximately 0.4dB.

· Ideal channel estimation results for 12.2kbps and 64kbps at 180, 250 and 350kmph in fading channels with case 3 tap profile are close to the 120kmph results (the statement of the ideal simulations).

· The loss due to imperfect channel estimation (eC1) at 120kmph is approximately 3dB and 2.3dB for 12.2kbps and 64kbps respectively. Other companies have reported loss at 120kmph of 1.9dB [6] to 2dB [7].

· Losses due to imperfect channel estimation at higher speeds than 120kmph are highly dependent of the speed. Imperfect channel estimation eC2 performs much worse than eC1 the higher the speed is.

· In case of 12.2kbps, the losses due to imperfect channel estimation eC1 at 180, 250 and 350kmph are approximately 3.2, 3.5 and 4.5dB respectively. Comparing to 120kmph case, the losses are worse only of about 0.2, 0.5 and 1.5dB respectively.

· In the event of 64kbps, the losses due to imperfect channel estimation eC1 at 180, 250 and 350kmph are approximately 2.4, 2.9 and 3.9dB respectively. Comparing to 120kmph case, the losses are worse only of about 0.1, 0.6 and 1.6dB respectively.
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Annex A. Simulation assumptions

Table 1: Simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2GHz

	Chip rate
	3.84Mcps

	Inner loop power control
	Off

	Outer loop power control
	Off

	Path searcher
	Ideal, tap positions known

	Channel estimation
	Ideal, magnitude and phase known

	SRRC pulse shaping 
	Off

	Propagation conditions
	Case 3 and Case 4 [5]

	Number of samples per chip (P) for channel synthesis
	P=1 – i.e. 1 sample per chip at input to receiver

	Channel ray mapping
	Nearest Tc/P -spaced delay (1/Tc is chip rate) – P specified above

	RX diversity
	On, two antennas

	Number of bits in A/D converter
	Floating point

	Turbo decoding
	MaxLogMap - 8 iterations


