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1   Background
As per the approved WF [1], the following new scenarios for Rel-16 LTE HST are introduced:
	Parameter
	Value

		Open space
	Tunnel for multi-antennas

		Bi-directional
	Bi-directional

	Ds
	1000 m
	300 m

	Dmin
	50 m
	2 m

	v
	500 km/h
	500 km/h

	fd
	1944 Hz, 1894 Hz, 1844 Hz, 1794 Hz, 1744 Hz, 1694 Hz


	Simulation assumptions for HST:

Parameter
Value
Bandwidth

10MHz
MCS for PUSCH

QPSK 1/3
Antenna configuration

1x2
Reference receiver

MRC

Noise estimation

Practical
Time and frequency track

Practical




In this contribution, we share our views about the BS demodulation requirements for NR Rel-16 HST.
2   Discussion
2.1   Open issues
Maximum Doppler shift:

 As per the approved WF [1], the following options for maximum Doppler shift are listed:

	fd
	1944 Hz, 1894 Hz, 1844 Hz, 1794 Hz, 1744 Hz, 1694 Hz


For the different velocity and supported carrier frequency, by assuming the UL Doppler shift is twice of the DL Doppler shift, we derive the corresponding maximum Doppler shift as shown below in Table 2-1:
Table 2.1-1: Maximum Doppler frequency for high speed train conditions

	Velocity
	Band
	DL: Max Doppler shift (Hz)
	UL: Max Doppler shift (Hz)

	350km/h
	Band 1 (2.1GHz)
	681
	1361

	450km/h
	Band 1 (2.1GHz)
	875
	1750

	500km/h
	Band 1 (2.1GHz)
	972
	1944


As per Table 2.1-1, we can get observation and proposal below:
Observation 1: Maximum Doppler shift 1944Hz is derived to support velocity 500km/h for Band 1.

As per TS 36.104[2], DMRS for PUSCH or PUSCH+PUCCH (format 2 for optional to improve performance) can be used for Doppler frequency tracking. For comparison, we add PUCCH (format 1a) to evaluate performance for different DMRS configuration.
The DMRS patterns for PUSCH and PUCCH (format1a and format2) are shown below.
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Figure 2.1-1: DMRS for PUSCH
	[image: image2.png]13

12

11

10





Figure 2.1-2: DMRS for PUCCH(format 2)
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Figure 2.1-3: DMRS for PUCCH(format 1a)


In timing-varying channel as in HST case, the accuracy of the channel estimation depends on the number of DMRS symbols distribution in the time domain for PUSCH or PUCCH. As in Table 2.1-2, we give the Doppler frequency tracking capability for different DMRS configurations as shown in figures 2.1-1 ~ 2.1-3:

Table 2.1-2: LTE PUSCH DMRS frequency tracking
	DMRS configuration
	Interval of DMRS
	The smallest interval of DMRS (ms)
	Max Doppler frequency tracking (Hz)

	PUSCH
	7
	0.5
	1000Hz

	PUSCH+PUCCH(format2)
	4
	0.285
	1752Hz

	PUSCH+PUCCH(format1a)
	1
	0.007
	7007Hz

	
	2
	0.143
	3504Hz


As per Table 2.1-2, we can get observation below: 
Observation 2: Neither PUSCH nor PUSCH+PUCCH (format2) for PUSCH demodulation can be used to support maximum Doppler shift greater than 1752Hz. PUSCH+PUCCH(format1a) for PUSCH demodulation can be used to support maximum Doppler shift 1944Hz or higher.
For PUSCH+PUCCH (format 1a), we give the sub-frames configuration design below:
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Figure 2.1-4: sub-frames configuration

Proposal: To support maximum Doppler shift greater than 1750Hz, PUSCH+PUCCH (format 1a) with sub-frames configuration in Figure 2.1-4 can be used for PUSCH demodulation requirements, otherwise the advanced receiver, such as single symbol based frequency tracking receiver, need to be considered. To support maximum Doppler shift less than 1750Hz, PUSCH+PUCCH (format2) can be used for PUSCH demodulation requirements.
2.2   Simulation
The simulation results for HST tunnel and open space scenario under bi-directional channel model using single symbol based frequency tracking receiver are shown in Figure 2.2-1 and Table 2.2-1 below.
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Figure 2.2-1: Simulation results for HST tunnel and open space scenario
Table 2.2-1 Simulation results summary for LTE Rel-16 HST enhancements PUSCH performance requirements
	Scenario
	SNR@70% max Throughput and fd

	
	1944 Hz
	1894 Hz
	1844 Hz
	1794 Hz
	1744 Hz
	1694 Hz

	Open space
	-3.9dB
	-3.9dB
	-3.9dB
	-3.9dB
	-3.9dB
	-3.9dB

	Tunnel
	-3.9dB
	-3.9dB
	-3.9dB
	-3.9dB
	-3.9dB
	-3.9dB


3   Proposals
In this contribution, we analyzed and shared our views on those open issues, provides our simulation results for alignment and discussions, our observations and proposals are:

Observation 1: Maximum Doppler shift 1944Hz is derived to support velocity 500km/h for Band 1.

Observation 2: Neither PUSCH nor PUSCH+PUCCH (format2) for PUSCH demodulation can be used to support maximum Doppler shift greater than 1752Hz. PUSCH+PUCCH(format1) for PUSCH demodulation can be used to support maximum Doppler shift 1944Hz or higher.

Proposal: To support maximum Doppler greater shift greater than 1750Hz, PUSCH+PUCCH (format 1a) with sub-frames configuration in Figure 2.1-4 can be used for PUSCH demodulation requirements, otherwise the advanced receiver, such as single symbol based frequency tracking receiver, need to be considered. To support maximum Doppler shift less than 1750Hz, PUSCH+PUCCH (format2) can be used for PUSCH demodulation requirements.
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