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1
Introduction
 To maintain the speed of mobility across the cellular network, mobility up to 500 km/h has been included in the scope of E-UTRA in [1]. In the current standard specification of UE demodulation performance in [2], the performance such as channel/noise estimation and Doppler spread estimation under moving speed around 150km/h in band 1, calculated using maximum Doppler frequency equals to 300Hz, is guaranteed in the multipath fading propagation conditions. In addition, the necessity of higher speed, up to 300km/h, assuming the same band, is now under discussion in RAN4. On the other hand, in addition to multipath fading propagation conditions, it is also specified non-fading propagation channel with one tap for the HST scenario, where the performance such as frequency shift estimation and compensation under moving speed up to 300km/h is guaranteed. However, in the reality, since there are several vehicles, such as train, appearing with speed over or around 400km/h, the opportunity for user to use LTE in such an environment is gradually increasing. And in the near future, since the new high-speed train peaks at 500 km/h, known as linear motor car, will be introduced in Japan, the use case under such an environment will also be expected in the future. 
In this paper, as a first step, we focus on clarifying the guaranteed conditions of the high speed environment in the current specification, as well as the needs in the future based on the UE demodulation point of view. Based on the above clarification, it will be discussed in inclusive how to proceed this issue, in some other points of view, such as UE RRM and BS demodulation, in the future. 
2
Discussion
Figure 1 shows the maximum UE speed corresponding to a certain frequency band, where the performance of UE characteristic is guaranteed, based on the discussion at the RAN4 meeting and the provisions of the current specifications. The curves of Df1 and Df2 show the maximum UE speed ensured in the multipath fading propagation condition cases with 300 and 600Hz of Doppler frequency, respectively, and the line of Shst shows the performance of UE ensured in non-fading propagation channel with one tap case, where the maximum speed is 300 km/h.
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Figure 1: UE performance with maximum speed guaranteed in multipath fanding propagation conditions and non-fading propagation channel
The results of Df1 and Df2 represent the speed versus changes in frequency in the multi-path fading propagation conditions. It can be seen that when the Doppler frequency is getting larger, the moving speed based on a certain frequency is also getting faster. Thus, in order to guarantee the performance of good channel/noise estimation and Doppler spread estimation in environment of higher speed, Doppler frequency always needs to be increased. The result of Shst represents the constant speed in HST condition where the 300 km/h of fixed velocity parameter is assumed. Thus, in order to guarantee the performance of good frequency shift estimation and compensation in higher speed environment, the assumption of velocity and Doppler frequency always need to be increased.
As mentioned above, in terms of both channel/noise and Doppler spread estimation, and frequency shift estimation and compensation, the performance of UE will be guaranteed with the maximum speed up to 300 km/h (if the carrier frequency is approximately below 2.1GHz) if the necessity of 600Hz is approved in the next few meetings. However, since in the real environment, such as in Europe and Shanghai, some exiting trains, e.g., AGV Italo and Shanghai Maglev, move around or even faster than 400km/h, the performance of UE can be guaranteed only with the very low carrier frequency in the multi-path fading propagation conditions, while it is impossible in the case of non-fading propagation channel. Therefore, the existing performance requirement in the current specification may be not enough to keep up with such a very high speed of moving train.
Observation 1: some exiting trains, e.g., AGV Italo and Shanghai Maglev, move around or even faster than 400km/h.

Observation 2: It is not possible to keep up with the high speed vehicles having speed approximate to 400 km/h by the existing requirements in the specification.
In addition, since the UE characteristics under high speed environment can be only guaranteed when both channel/noise and Doppler spread estimation, and frequency shift estimation and compensation are fully taken into account, and to avoid considering only each of them, the specification with fully support of performance requirements under the multipath fading propagation conditions and non-fading propagation channel with one tap at the approximate level of moving speed is desirable. It is quite clear that the current HST model, specified in [2], is needed to be expanded to support the higher moving speed of train.
Observation 3: The specification with fully support of multipath fading propagation conditions and non-fading propagation channel with one tap at the approximate level of moving speed is desirable.
Proposal 1: we encourage interested companies to discuss the scalability of the existing HST model.

Moreover, since the above discussion focused on only the current performance requirement of UE demodulation, and as the same situation may also happen in RRM and BS parts, it is recommend considering about this issue based on the two points of view as well.
Proposal 2: it is recommended that RAN4 should discuss this topic not only in terms of UE demodulation aspects but also of that RRM and BS parts.  
3
Conclusion

In this contribution, we discussed the conditions of the high-speed environment in the current specification, as well as the needs in the future based on the UE demodulation point of view. The observations and proposals are summarized as the following,

Observation 1: some exiting trains, e.g., AGV Italo and Shanghai Maglev, move around or even faster than 400km/h.

Observation 2: It is not possible to keep up with the high speed vehicles having speed approximate to 400 km/h by the existing requirements in the specification.

Observation 3: The specification with fully support of multipath fading propagation conditions and non-fading propagation channel with one tap at the approximate level of moving speed is desirable.

Proposal 1: we encourage interested companies to discuss the scalability of the existing HST model.

Proposal 2: it is recommended that both RRM and BS parts also discuss the necessity of the scalability of HST model.
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