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1. Introduction
The issue for one of the high speed train environment was raised in [1] and the receiver performance of the UE and BS in high speed train environment were extensively discussed during the RAN4#39 meeting [2]

 REF _Ref143687541 \n \h 
[3][4]. This document briefly summarizes our first analysis on a receiver performance for high peed train train environment.
2. Receiver performance analysis for high speed train environment
To review basic performance of UE receivers, one of the typical but essential implementation of channel estimator and demodulator for UMTS are modelled and its performance degradation caused by the Doppler shift is estimated. Figure-1 shows the typical behaviour of Bit Error Ratio of the UE receiver when it receives the signal with a certain frequency offset. Without frequency offset compensation by AFC (Automatic Frequency Control) in the UE, the BER of the receiver degrades enormously when the frequency offset becomes larger than 1000Hz. Since it is a fundamental model of the QPSK receiver, similar behaviour can be expected for BS receivers in UL. As a result, it would be fair to say that frequency offset for the UE (or BS) receivers should not exceed 1000Hz and AFC in the receivers should compensate such a frequency offset. It should be noted that depending on the implementation or parameters applied, the break point (where BER degradation starts) may shift to lower offset frequency range.

[image: image1]
Fig. 1 BER vs. Frequency offset performance example
A typical and basic AFC implementation is modelled as well to look at the AFC trancking performance under the scenario for high speed train. As discussed in [5], Doppler shift caused by high speed train environment with line of sight condition can be given in the following equation:
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where:



fc is the carrier frequency



v is the UE speed



α is the angle between railway track and the BS for the location considered



c is the speed of light.

To get instantaneous angle α(t), we would further need to assume the following parameters:



r: cell radius

dmin: minimum distance between the railway track and BSs.
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Fig. 2 High speed train environment
Table 1 shows the parameter set used in our simulation, which is in line with what was proposed in [5] and a subset of the parameters there. Figure-3 represents the UE AFC tracking behaviour as an example. Solid line in figure-3 represents the frequency offset caused by the Doppler shift. When UE is approaching to BS1, Doppler shift is at its highest level of 700Hz and at the time when UE passes the point A in figure-2, the frequency shift switched to its lowest level of -700Hz within a few seconds. At pint B where the railway the crosses cell boundary, the frequency offsets suddenly jumps up to its highest level again and the same fluctuation will be repeated. The red dashed line in figure-3 shows AFC tracking performance in the UE as an example. Even when the UE crosses cell border, the maximum residual frequency error is less than 304Hz and it converges within 2 seconds. Compared with the BER performance degradation behaviour in figure-1, the AFC tracking performance shown in figure 3 demonstrates good enough tracking behaviour under the high speed train environment. For the further investigation, DL receiver performance example for high speed (and also for lower speed) train environment are shown in figure 4. As can be seen from the figures, BER degradation for the high speed environment compared with the static AWGN case (0km/h case) is reasonably small.
Table 1 Simulation assumptions

	#
	Parameters
	Value
	Remarks

	1
	Cell Radius
	1000 m
	Omni-cell

	2
	BS-track distance
	50m
	

	3
	Carrier frequency
	2GHz band
	FDD Band I

	4
	MS speed
	350km/h
	

	5
	Maximum Doppler shift
	700 Hz (DL)
1340Hz (UL)
	At 2GHz band



[image: image4]
Fig. 3 Example of AFC tracking behaviour in UE

[image: image5]
Fig. 4 DL receiver performance example under high speed train environment
To investigate effect of erroneous TPC command detection in BS receivers for the high speed train scenario, simple analysis using Markov chain model is carried out. It is assumed that erroneous TPC command detection probability in UL is caused by Doppler shift and has a value of Perr. Once the erroneous detection happens, DL power is controlled erroneous way and it is further assumed that when the DL power erroneously controlled down to 15dB lower than its nominal level, DL will fail to keep its link. Based on these assumptions, average expected period before the link failure is estimated. Assumed TPC model is summarized in Table -2 and the Markov chain representing the TPC state transition is shown in figure 5.

Table 2 TPC model

	#
	Parameters
	Value
	Remarks

	1
	DL TPC command detection error
	Perr
	Caused by UL frequency offset. Constant for all range

	2
	DL TPC range
	-15 - +4dB
	0dB: Nominal point

-15dB: DL link failar

	3
	TPC 
	±1dB/slot
	1 slot = 10ms/15



[image: image6]
5Fig.  Markov chain for TPC command det. Error
By carrying out some matrix calculations, average expected period before the DL failure can be derived. The results are plotted in figure 6. The figure shows that if the TPC detection error probability (Perr) is less than 0.3, the link is expected more than 1000 seconds. On the other hand however, if Perr is beyond 0.4, only a few seconds or less than several 100ms would be the time before the link failure. It could be said that erroneous TPC command detection probability should be less than 0.3 for the steady state and when an instantaneous error occurs, the period for the state should not be longer than the time shown in figure 6. Taking into account the BER vs. frequency offset behaviour in Figure-1, it would be fair to say once frequency offset at the demodulator input becomes larger than 1000Hz, TPC command detection performance would be deteriorated extremely and link failure would happen within less than few seconds.

[image: image7]
Fig. 6 Expected link maintained period vs. erroneous TPC command detection ratio
3. Conclusion

Based on the analysis above, we could conclude that:
· Frequency offset for the UE (or BS) receivers should not exceed 1000Hz and AFC in the receivers should compensate the frequency offset.

· Basic or typical AFC in UE may be able to compliant to the requirement above.

· Erroneous TPC command detection probability in UL should be less than 30% for the steady state and with respect to the possible instantaneous error period, it should not be longer than the certain period shown in figure 6 according to the TPC command detection ratio.

It should also be noted if an AFC tracking range in the receivers is limited to the range narrower than the maximum Doppler shift frequency in Table 1, there would be fatal error in the link and may cause link failure observed in [1].
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