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1. Introduction
In RAN4#94bis-e, a WF was agreed on Rel-16 NR HST PUSCH BS demodulation requirements [1]. Main open issues are listed below:
	· High speed support declaration for HST PUSCH
· Option 1: 
Declare category of supported maximum speed. This can be either 350 or 500kph (or no HST support).
Which tests need to be passed, if 500kph is declared, is discussed separately under “High speed implicit test passing”
· Option 2:
Declare category of supported design target speed(s). This can be 350 or 500 or 350&500kph (or no HST support). 
Only the corresponding requirements are tested (only 350&500kph tests both).
· Companies are encouraged to bring specific manufacturer declaration proposals in a form that could be included in the manufacturer declaration table, i.e., all declaration groups, all choices per group, and explanation of each choice.
· Dft-s-OFDM waveform
· Option 1: Introduce PUSCH HST requirements for DFT-s-OFDM.
· Option 2: Do not introduce PUSCH HST requirements for DFT-s-OFDM
· Option 3: Define DFT-s-OFDM only for 350km/h scenario, 1T2R and minimum channel bandwidth
· If Dft-s-OFDM is introduced: Configuration
· Option 1 Configuration as follows.
500kph only, MCS2, RB allocation:  24 RB for 5MHz CBW/15KHz SCS, TDRA: type A, DMRS position: 1+1+1, L0: 3.
· Option 2: Minimum channel bandwidth (i.e., 5MHz for 15 kHz SCS, 10MHz for 30 kHz SCS)
· Option 3: Define HST requirements with DFT-s-OFDM for both 350 km/h and 500 km/h.
· Option 4: TBD after Dft-s-OFDM decision.
· Multi-path fading channel under high Doppler value
· Option 1: Do not specify requirements for multi-path fading channel models with high Doppler values.
· Option 2: Specify PUSCH requirements for multi-path fading channel with maximum doppler shift of 1200Hz and 2400Hz for 15kHz SCS and 30kHz SCS, respectively.
· Option 3: Specify PUSCH requirements for multi-path fading channel with maximum doppler shift of 600Hz and 1200Hz for 15kHz SCS and 30kHz SCS, respectively.
· Is multi-path fading channel under high Doppler value a common scenario?
· Option 1: Multi-path fading channel is very rare in HST scenarios (open area or tunnel).
· Option 2: Fading channel is also typical condition in the real propagation under high speed.



In this contribution, we share our views on these open issues. 
2. Discussion
As discussed in our companion paper on UL TA [3], the declaration of 500 kmph support may override the support of 350 kmph. It is out of imaginary that a BS declaring support of 500kmph does not support 350kmph. And as a complete function, it is also irrational that a BS declaring support of HST PUSCH does not support HST UL, or HST PRACH. Therefore, a new declaration item “Maximum supported speed for HST” should be introduced and cover HST PUSCH, UL TA and HST PRACH. A detailed example is shown below:
Table – 1 Declaration of maximum supported speed for HST
	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	BS type 1-C
	BS type 1-H

	D.108
	Maximum supported speed for High Speed Train
	Declaration of the maximum supported speed for High Speed Train scenarios. The declaration is chosen from the set {No HST support, 350 km/h, 500 km/h} and applicable to HST PUSCH, UL TA and HST PRACH. Speed(s) less than the declaration shall also be supported under this declaration.  
	x
	x



Proposal 1: Introduce a new declaration item (Option 1) shown in Table -1.
For the new proposal to introduce DFT-s-OFDM, similarly the main concern is timeline and work load. Completing the current assignments should have higher priority than introducing new requirements, therefore we propose to focus on completion of Rel-16 performance requirements at this stage.
Proposal 2: Focus on completion of Rel-16 performance requirements at this stage and do not introduce DFT-s-OFDM requirements for HST PUSCH (Option 2).
Currently only two channel models are considered for HST PUSCH performance requirements: tunnel and open space. In a tunnel, radio signals experience different paths from the transmitter to the receiver in a narrow space. And in an open space, lack of scattering objects between the transmitter and receiver does not lead to Doppler spectrum spread. In both models, Doppler Effect is mainly shown as a frequency offset instead of spread spectrum. However, if we consider multi-path fading channel in high speed train scenarios, it implies that the coherence time is reduced due to spread spectrum of Doppler Effect. For 500 kph at around 4GHz, the coherence time becomes 1/(2*1.85*500)=0.5 ms. This means that received signals may become non-coherent even within the same slot, which is not assumed in 5G system design. Therefore, support of HST scenarios requires a non-multi-path fading deployment. In this sense, multi-path fading channel is not necessary in HST PUSCH performance requirements.
Proposal 3: Multi-path fading in high speed train may lead to non-coherence within the same slot, therefore support of HST scenarios requires a non-multi-path fading deployment, and no requirement should be introduced for multi-path fading channel under high Doppler value (Option 1). 
3. Conclusion
In this paper, we have the following proposals for HST PUSCH performance requirements:
Proposal 1: Introduce a new declaration item (Option 1) shown in Table -1.
Proposal 2: Focus on completion of Rel-16 performance requirements at this stage and do not introduce DFT-s-OFDM requirements for HST PUSCH (Option 2)
Proposal 3: Multi-path fading in high speed train may lead to non-coherence within the same slot, therefore support of HST scenarios requires a non-multi-path fading deployment, and no requirement should be introduced for multi-path fading channel under high Doppler value (Option 1). 
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