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1	Introduction
According to the WID [1], the target speed for HST is 500 km/h. One of the WI objectives is to evaluate the BS demodulation performance for the target HST speed using the existing LTE DM-RS and study possible enhancements to the uplink demodulation requirements by taking the following into account:
· new or modified physical layer reference signals shall not be considered
· changes to PRACH shall not be considered

This document discusses channel estimation capability of the legacy uplink LTE DM-RS of PUSCH, which directly affects the maximum Doppler shift. The document concludes with our observations. 
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2.1 Channel and Doppler shift estimation 
From Rel-13 TR 36.878, the Doppler shift for the unidirectional HST-SFN scenario at 500 km/h is given in Table 1; the carrier frequency is 2.7 GHz.  
								Table 1: Parameters for Unidirectional SFN scenarios 500 km/h
	Parameter
	Value

	Ds
	1000 m

	Dmin
	30 m

	v
	500 km/h

	fd
	1250 Hz

	γ
	5º



In LTE, DM-RS of PUSCH appears in the fourth SC-FDMA symbol of every subcarrier transmitted in a PRB for normal CP as shown Figure 1. DM-RS is used by base station receivers for channel estimation as well as for coherent demodulation. Further, the base station receiver can determine the Doppler shift from the DM-RS-based channel estimation.   
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Figure 1: DM-RS of PUSCH for normal CP
For time-varying channel as in the HST case, the accuracy of channel estimation depends on the number of DM-RS symbols distributed in the time domain. The time interval  between 2 DM-RS symbols in one subframe sets the upper limit of Doppler shift  that can be accurately estimated. The range of Doppler shift can be calculated as the phase difference between 2 DM-RS symbols, which can be expressed as    
 
Thus, the range of Doppler shift that can be accurately tracked by DM-RS is -1.0 ≤  ≤ +1.0 kHz. For Doppler shift greater than such a limit (in the case of higher carrier frequencies), the accuracy of channel estimation will deteriorate which in turn affects the Doppler shift estimation. The base station receive can employ advanced techniques (such as level crossing rate, autocorrelation, maximum likelihood schemes, etc.) and utilize a large number of RX antennas to improve the accuracy of the Doppler shift estimation. However, it is important to note that there is a trade-off between channel estimation accuracy and computation complexity. For example, an estimator based on the maximum likelihood scheme will give the highest accuracy of channel estimation, but it also has the highest computation complexity that cannot be practically realized in a cost-effective system.    
Observation 1: There is a trade-off between channel estimation accuracy and computation complexity of base station receiver techniques.
Channel estimation techniques are not standardized, which gives complete freedom in implementation. Thus, care should be exercised to avoid high computation complexity and making cost-prohibitive implementation choices when RAN4 decides on what the maximum Doppler shift is.      
Observation 2: Care should be exercised to avoid high computation complexity and making cost-prohibitive implementation choices when RAN4 decides on what the maximum Doppler shift is.
The above observations are key to prevent endless discussions (about implementation variants) that usually do not lead to any conclusions. 
3	Conclusions
The document has discussed the channel estimation capability of the legacy DM-RS associated with uplink PUSCH for target HST speed at 500 km/h. As HST channels are time varying, the accuracy of channel estimation depends on the distribution of DM-RS symbols in the time domain. Thus, the time interval between 2 DM-RS symbols for PUSCH will limit the channel estimation capability and, thus, the maximum Doppler shift that can be accurately determined. For Doppler shift greater than this limit, base station receivers can employ advanced (or non-linear) techniques, which is discussed in detail. Based our discussions, we can make the following observations:     

Observation 1: There is a trade-off between channel estimation accuracy and computation complexity of base station receiver techniques.

Observation 2: Care should be exercised to avoid high computation complexity and making cost-prohibitive implementation choices when RAN4 decides on what the maximum Doppler shift is.

In short, the above observations are key to prevent endless discussions (about implementation variants) that usually do not lead to any conclusions.
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