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1	Introduction
During RAN4#90b meeting, the remained issues for NR BS demodulation performance under high speed scenario are further discussed in WF [1]. 
In this contribution, the view of remained issue for NR HST PUSCH requirements is provided.  Also, the initial simulation results with alignment and impairment are provided. 
2	Discussion
2.1	DMRS configuration
	
	  　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　


	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	






          
              

          

Fig. 1 UL DMRS allocation in NR with 1+1+1 configuration                             	Fig. 2 UL DMRS allocation in LTE
In timing-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. 
[bookmark: _GoBack]As indicted in Figure 2 ,  the two DMRS location in LTE is 3rd and 10th, the time interval between 2 DMRS symbol in one subframe is about 0.5ms, which means the range of Doppler shift can be tracked about ±1 KHz. When the Doppler value is large than this value, the accuracy of Doppler shift value estimation is affected. For NR system, maximum 4 DMRS can be configured in order to support different tracking ability  
Based on current agreement, only 2 DMRS are configured with location 2nd and 11th, the time interval is about 0.64ms under 15KHz SCS which in turn the range of Doppler shift value is about 778Hz.  As indicated in Table1, we provide the DMRS Doppler tracking capability for different SCS and DMRS configuration.
Table 1, DMRS Doppler tracking capability
	DMRS configuration  
	SCS (KHz)
	Interval of RS
	Frequency Offset range

	LTE 1+1 (3,10)
	15 
	0.5ms
	+/- 1000Hz

	NR 1+1 (2,11)
	15
	0.64ms
	+/- 778Hz

	NR 1+1 (3,11)
	15
	0.57ms
	+/- 875Hz

	NR 1+1 (3,11)
	30
	0.285ms
	+/- 1750Hz

	NR 1+1+1 (3,7,11)
	15
	0.285ms
	+/- 1750Hz

	NR 1+1+1 (3,7,11)
	30
	0.1425ms
	+/- 3500Hz



Generally, the Doppler estimation method is processed by the autocorrelation with Maximum likelihood method between two DMRS symbol. Based on the agreement of reusing LTE band1 assumption for NR HST scenario evaluation, in order to support 300km/h velocity, the maximum Doppler value will be 1150Hz.Obviously, 1150Hz is larger than the tracking capability for DMRS with 1+1 configuration.  Meanwhile, the density of DMRS RE is half than LTE. Thus, the accuracy of Doppler shift estimation is less than LTE, Thus, based on the DMRS configuration with 1+1; it will result in the degradation of BS demodulation performance.
In order to guarantee the acceptable performance under high Doppler shift scenario, we prefer to define the performance requirement with DMRS 1+1+1 configuration for 15 KHz and 30KHz SCS. As shown in the simulation results, we can observe that with DMRS 1+1+1 configuration; the better performance can be achieved compared with DMRS 1+1 configuration, especially for DFT-s-OFDM waveform.
Proposal 1:  DMRS with 1+1+1 configuration should be considered for NR HST PUSCH performance requirement with 15 KHz and 30 KHz SCS for CP-OFDM and DFT-s-OFDM.
2.2	Doppler Shift Value
As captured in the WF, for 30 KHz SCS, two maximum Doppler options are listed. Based on the Doppler tracking capacity for different DMRS configuration, 1150Hz is not exceed the limit of DMRS Doppler tracking capacity. In case of 2000Hz, DMRS with 1+1+1 should be configured.
Proposal 2:  DMRS with 1+1+1 configured should be considered to support 2000Hz maximum Doppler shift value for 30 KHz SCS.
3	Simulation Results
In this section, the initial simulation results are provided. 
Table 2: Ideal result and impairment results for NR HST PUSCH
	Waveform
	SCS&BW
	DMRS configuration
	Channel
	SNR (@70%)
ideal
	SNR (@70%)
impairment

	CP-OFDM
	30KHz, 40MHz
	1+1 (3,11)
	AWGN 1150Hz
	-4.00
	-2.00

	
	
	1+1+1(3,11)
	AWGN 1150Hz
	-3.99
	-1.99

	
	
	(1+1+1)(3,7,11)
	AWGN  2000Hz
	-3.98
	-1.98

	DFT-s-OFDM
	30KHz, 10MHz
	1+1 (3,11)
	AWGN 1150Hz
	-2.07
	-0.07

	
	
	1+1+1(3,11)
	AWGN 1150Hz
	-5.10
	-3.10

	
	
	(1+1+1)(3,7,11)
	AWGN  2000Hz
	-4.67
	-2.67



As observed from the table 2, with 1150Hz Doppler shift value, DMRS with 1+1 configuration and 1+1+1 configuration, the target SNR with 70% of maximum throughput are similar for CP -OFDM. For DFT-s-OFDM, about 3dB performance gain is achieved with 1+1+1 DMRS configuration under 1150Hz. Meanwhile, there is about 0.5dB performance loss due to Doppler shift value increasing under 1+1+1 DMRS configuration. 
3	Conclusion
In this contribution, the view of remained issue for NR HST requirement was provided. Also, the initial ideal and impairment simulation results are provided for alignment.
Proposal 1:  DMRS with 1+1+1 configuration should be considered for NR HST PUSCH performance requirement with 15 KHz and 30 KHz SCS for CP-OFDM and DFT-s-OFDM.
Proposal 2:  DMRS with 1+1+1 configuration should be considered to support 2000Hz maximum Doppler shift value for 30 KHz SCS.
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