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1. Introduction
During RAN4 meeting #37, it has discussed performance evaluation of the UE behaviour in high speed trains with speeds up to 350 km/h [1]-[5]. This paper describes “what’s going on” in the commercial network under the high speed train environment. Based on the problem above, we would like to specify the receiver performance for both UE and BS under the high speed train with speeds up to 350 km/h scenario.
2. Principle
From geographical relationship between UE in high speed train and BS, propagation condition is close to Rice fading environment since the line-of-sight component is dominant in case that BS is placed near the railway track.
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Fig. 1  Tx and Rx frequency for both UL and DL
Figure 1 shows the difference between Tx and Rx frequency for both UL and DL. In DL, BS Tx frequency (f0) is synchronized to the network. UE demodulates received signals using Rx frequency with Doppler shift (f0 +f) in DL. On the other hand, in UL, UE transmits using Tx frequency (f1 + f). BS demodulates using Rx frequency with Doppler shift (f1 + f + f’) in both UL and DL. Since
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, the receiver performance in BS is influenced by approximately twice the Doppler shift compared to that in UE.
Table 1 Maximum Doppler shift for each frequency band
	Frequency band (in Japan)
	2GHz
	1.7GHz
	800MHz

	Maximum Doppler shift for 350kmph
	650Hz
	550Hz
	260Hz

	Tracking range from current UE Rx frequency*
	1300Hz
	1100Hz
	520Hz

	Tracking range from BS center Rx frequency
	1300Hz
	1100Hz
	520Hz


* the case that UE tracks Rx frequency from (f0 +f) to (f0 -f)
Table 1 shows the maximum Doppler shift and necessary tracking range for each frequency band. If 2GHz carrier frequency is assumed, maximum Doppler frequency becomes 650 Hz at the speed of 350 km/h. Therefore, the Rx frequency needs to be tracked up to +/-1300 Hz offset from the current frequency for UE and the center Rx frequency for BS. Basically, the above Doppler shift is compensated by automatic frequency control (AFC) in the UE and BS receiver. However, if the frequency tracking range is smaller than the above range, the receiver erroneously recognize the Doppler shift as the inverse frequency. For example, when the frequency tracking range is +/- 750 Hz and the real Doppler shift is -800 Hz, the detected Doppler shift becomes +700 Hz (=750+{-800-(-750)}. Therefore, the received signal is inversely compensated by AFC. After that, it is difficult to estimate the phase rotation caused by not only the real Doppler shift but also the erroneously detected Doppler shift in the channel estimation. As a consequence, all the transmitted bits may be inversely decoded (“0”->”1” and “1”->”0”) even if the received SIR is enough high. Furthermore, if the difference between the real Doppler shift and the detected one is so large that the transmitted bits may be inversely decoded as well as the above phenomenon.
We focus on the UE and BS receiver performance in the following chapter.
3. UE and BS receiver performance in the commercial network
(1) UE receiver performance



Fig. 2 Examples of BLER and Doppler shift
We measured the UE receiver performance under the high speed train environment in our commercial network. Average train speed is 220km/h near BS. The corresponding maximum Doppler shift may become up to +/- 820Hz. Since BS are placed 100 m away from the railway track, the Doppler shift changes from the maximum to the minimum value immediately when UE passes by BS.

Measured BLER and Rx Doppler shift for UE are plotted in Fig. 2. UE passes by BS at frame number of about 2000 in Fig. 2 (Point 1). We measured the Doppler shift value by UE in which frequency tracking range is enough large and frequency tracking speed is fast and the BLER value by UE in which frequency tracking range is small and frequency tracking is slow. It is found that BLER is degraded when UE passed by BS. This is because UE receiver performance is decreased since UE frequency tracking range is small and UE frequency tracking speed is slow.
The UE receiver performance for only DCH is shown under high speed train environment in this chapter. We would like to specify the receiver performance under high speed of train environment DCH for DL.
(2) BS receiver performance
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(a) BS #A
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(b) BS #B

Fig. 3 Examples of Rx TPC bits and Doppler shift
We also measured the BS receiver performance under the high speed train environment in our commercial network. Average train speed is 220 km/h and 230 km/h near both BS #A and #B, respectively. The corresponding maximum Doppler shift may become up to +/-820Hz and +/-850Hz. Since BS #A and #B are placed 50 m and 60 m away from the railway track, the Doppler shift changes from the maximum to the minimum value immediately when UE passes by BS. Total TPC bits within a frame which changes within +/-15 are plotted frame by frame.
Measured Rx TPC bits and Rx Doppler shift for BS #A and #B are plotted in Fig. 3(a) and (b), respectively. Figure 3(a) shows the result after UE passes by BS. On the other hand, in Fig. 2(b) UE passes by BS at frame number of about 1500. In Fig.3 (a), it is found that when the frame number is over 2000 (Point 2), decoded TPC bits becomes close to the minimum value of -15. This is because TPC bit is inversely decoded to -15 after UE passes by BS, even though UE Tx TPC bit is +15, since the frequency tracking range is small and frequency compensation is not conducted for TPC bits in BS #A. Consequently, the receiver performance becomes worse not only for UL but also DL. Furthermore, in Fig. 2(b), when frame number is from 1500 to 1600 (Point 3), it is found clearly that TPC bit is inversely decoded when UE passes by BS. This is because appropriate Doppler shift is not compensated for the TPC bit since BS Rx frequency tracking speed is slow.
The receiver performance for only DCH is shown under high speed train environment in this chapter. However, in case of RACH transmission, since AFC may be conducted within a message, the tracking accuracy in AFC may be degraded compared to the case of DCH and result in the receiver performance degradation. In order to solve these problems, we would like to specify the receiver performance under high speed of train environment for not only DCH (DPDCH and DPCCH) but also RACH for UL.
4. Conclusion
This document has described the necessity of the receiver performance under the high speed train environment from the UE and BS points of view.
As the way forward, we would like to specify the receiver performance, such as;
· Doppler shift corresponding to 350 km/h environment for DCH and RACH.
· Doppler shift changes dynamically when UE passes by BS for DCH.
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f0 : BS Tx frequency


f1 : f0 – (Tx-Rx frequency separation)


f : Doppler shift in DL


f’ : Doppler shift in UL
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