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1. Introduction
[bookmark: _Hlk528680199]In the last meeting, RAN4 got some agreements on organization of specification, applicability rule and configuration of HST PUSCH, but there are still some unsettled issues in WF [1]. 
Issue 1: 1T1R requirements for the tunnel scenario - MCS configuration
· Option 1: Only have MCS 2 requirements.
· Option 2: Have MCS 2 and MCS16 requirements.
· Option 3: Define HST Tunnel with only MCS 2 and HST multi-path fading with MCS 16.
Issue 2: Is multi-path fading channel under high Doppler value a common scenario?
· Option 1: Multi-path fading is a typical HST scenario. 
· Option 2: Multi-path fading is not a typical HST scenario
· Proposed WF: Do not further pursue consensus on this issue.
Issue 3: Specification of multi-path fading channel under high Doppler
· 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 600Hz and 1200Hz for 15kHz SCS and 30kHz SCS, respectively.
· Option 4: Define HST Tunnel with MCS 2 and HST multi-path fading with MCS 16.
· Option 5: Define HST multi-path fading with MCS 16 for open space scenario only.
Issue 4: Where to specify multi-path fading channel under high Doppler.
· Discuss after specification of multi-path fading channel under high Doppler is agreed.
Issue 5: Waveform, if multi-path fading channel under high Doppler is specified.
· Discuss after specification of multi-path fading channel under high Doppler is agreed.
Issue 6: Include requirements for DFT-s-OFDM waveform
· Option 1b: Introduce PUSCH HST requirements for DFT-s-OFDM, with the following limited parameters as proposed in issue 1-3-3 and applicability rule to test either DFT-s-OFDM or CP-OFDM for MCS2.
· Antenna configuration: Only 1T2R
· MCS: Only MCS2
· CBW and SCS: Only 5MHz CBW/15kHz SCS and 10MHz CBW/ 30kHz SCS
· Velocity: Only 350km/h
· Applicability rule: 
· If BS that declare to support HST for DFT-s-OFDM, BS vendor can choose either DFT-s-OFDM or CP-OFDM for the test with 1T2R, MCS2, 5MHz CBW/15kHz SCS or 10MHz CBW/30kHz SCS and 350km/h HST scenarios. (The number of tests is kept).
· Option 2: Do not introduce PUSCH HST requirements for DFT-s-OFDM.
· Option 3: If the availability of DFT under HST could be confirmed by testing DFT under normal condition and CP-OFDM under HST, do not introduce PUSCH HST requirements for DFT-s-OFDM.
Proposed WF: Clarify how compromise option 3 can be achieved.
Issue 7: If DFT-s-OFDM waveform is introduced, target speed.
· Discuss after inclusion of requirements for DFT-s-OFDM waveform is agreed
This contribution will discuss these remain issues for HST PUSCH.
[bookmark: _Hlk43884091]
2. Discussion
Issue 1: 1T1R requirements for the tunnel scenario - MCS configuration
As we discussed in the last meeting, both MCS2 and MCS16 are feasible for 1T1R in AWGN channel according to simulation results. But some companies claimed that MCS16 is not feasible in their evaluation. In that case we can compromise to only have MCS 2 for 1T1R test. 
We are still not convinced that multi-path fading channel should be discussed under HST scenario, especially for tunnel scenario. So we don’t think Option 3 is a proper statement for this issue.  
Proposal 1: Only have MCS 2 requirements for 1T1R tunnel scenario.

Issue 2: Is multi-path fading channel under high Doppler value a common scenario?
Issue 3: Specification of multi-path fading channel under high Doppler
Issue 4: Where to specify multi-path fading channel under high Doppler.

There are a lot of discussions in last 2 meetings on multi-path channel with high Doppler in HST.  Companies are hard to get agreement on whether this scenario should be introduced for HST or not. We think it is not a typical HST scenario and should not be introduced in HST scenario. Here we don’t want to repeat the discussion but to provide our opinions for future progress. 

Since the discussion of multi-path fading channel with high Doppler is a common issue not only in HST PUSCH but also in HST PRACH and HST UL TA, companies should get a alignment on this issue at first and then continue further discussions in separate sections. We think those controversial requirements with 350km/h or 500km/h corresponding velocity can be discussed in HST scope. Others should be treated as normal NR enhancement requirements and discussed in other WI scope and introduced in non-HST section.  
  
Proposal 2: Only those requirements with corresponding velocity 350km/h or 500km/h or with agreed Doppler shift in previous meetings can be discussed in HST scope. Otherwise, they should be discussed in other WI scope and introduced in non-HST section.

[bookmark: _GoBack]If RAN4 decide to introduce multi-path fading channel with high doppler into HST scenario, then we can compromise to agree with Option 5 for Issue 3. The basic thinking is the multi-path fading channels only have possibilities to happen in open area scenario but could hardly happen in tunnel scenario. 
Our evaluation for multi-path fading with different Doppler shift results as below figures.
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Observation 1: Both MCS 2 and MCS 16 are feasible at multi-path fading channel with Doppler shift 600Hz and 1200Hz for 15kHz and 30kHz respectively.
Observation 2: Both MCS 2 and MCS 16 are not feasible at multi-path fading channel with Doppler shift 1200Hz and 2400Hz for 15kHz and 30kHz respectively.

Limited test cases for this can be accepted, such as MCS 2 or 16 for open area, 1Tx2Rx, BW=5MHz/10MHz for SCS=15kHz, BW=10MHz/40MHz for SCS=30kHz, Doppler shift is 600kHz for 15kHz SCS and 1200kHz for 30kHz SCS.
Proposal 3: If RAN4 finally decide to introduce requirements of multi-fading channel with high Doppler shift for HST scenario, then only limited test cases for PUSCH can be accepted. 
· Scenario: HST open area
· MCS: 2 or 16
· Waveform: CP-OFDM
· Antenna configuration: 1Tx2Rx
· Bandwidth: 5MHz/10MHz for 15kHz SCS, 10MHz/30MHz for 30kHz SCS
· Doppler shift: 600Hz for 15kHz SCS, 1200Hz for 30kHz SCS

If adding multi-path fading channel with high Doppler shift requirements are agreed to be introduced for HST scenario, it might be better to include them in a separate subsection under HST PUSCH section, or at least separate tables from AWGN channel requirements.  
Proposal 4: Introduce multi-path fading channel requirements in a separate subsection under HST PUSCH section or in separate tables from AWGN channel requirements under HST PUSCH section.

Issue 5: Waveform, if multi-path fading channel under high Doppler is specified.
Issue 6: Include requirements for DFT-s-OFDM waveform
Issue 7: If DFT-s-OFDM waveform is introduced, target speed.

For waveform issue, there is no performance difference observed in non-HST cases during companies’ previous study. Here, we deliver our comparison simulation results for HST test cases.
Table 1. simulation results of different waveform for HST PUSCH 350km/h 
	Tx
	Rx
	SCS [kHz]
	BW [MHz]
	MCS
	DM-RS
	waveform
	SNR @ 70Thp [dB]

	
	
	
	
	
	
	
	Open area
	Tunnel

	

1
	

2
	15
	5
	2
	1+1+1
	CP-OFDM
	-6.38
	-6.26

	
	
	
	
	
	
	DFT-s-OFDM
	-6.38
	-6.26

	
	
	30
	10
	2
	1+1+1
	CP-OFDM
	-6.37
	-6.34

	
	
	
	
	
	
	DFT-s-OFDM
	-6.37
	-6.34



Observation 3: The DFT-s-OFDM and CP-OFDM simulation results are exactly the same in HST scenarios.
DFT-s-OFDM performance also have been showed no difference in non-HST requirements discussion, thus there is no necessary to add more test cases and the current test coverage is sufficient. In summary, we don't think additional test cases and requirements for DFT-s-OFDM is needed.
Proposal 5: Do not introduce DFT-s-OFDM requirement for HST scenario. 

3. Conclusion
Issue 1: 1T1R requirements for the tunnel scenario - MCS configuration
Proposal 1: Only have MCS 2 requirements for 1T1R tunnel scenario.
Issue 2: Is multi-path fading channel under high Doppler value a common scenario?
Issue 3: Specification of multi-path fading channel under high Doppler
Issue 4: Where to specify multi-path fading channel under high Doppler.

Proposal 2: Only those requirements with 350km/h or 500km/h corresponding velocity can be discussed in HST scope. Otherwise, they should be discussed in other WI scope and introduced in non-HST section.

Observation 1: Both MCS 2 and MCS 16 are feasible at multi-path fading channel with Doppler shift 600Hz and 1200Hz for 15kHz and 30kHz respectively.
Observation 2: Both MCS 2 and MCS 16 are not feasible at multi-path fading channel with Doppler shift 1200Hz and 2400Hz for 15kHz and 30kHz respectively.

Proposal 3: If RAN4 decide to introduce requirements of multi-fading channel with high Doppler shift for HST scenario, then only limited test cases for PUSCH can be accepted. 
· Scenario: HST open area
· MCS: 16
· Waveform: CP-OFDM
· Antenna configuration: 1Tx2Rx
· Bandwidth: 5MHz/10MHz for 15kHz SCS, 10MHz/30MHz for 30kHz SCS
· Doppler shift: 600Hz for 15kHz SCS, 1200Hz for 30kHz SCS
Proposal 4: Introduce multi-path fading channel requirements in a separate subsection under HST PUSCH section or in separate tables from AWGN channel requirements under HST PUSCH section. 

Issue 5: Waveform, if multi-path fading channel under high Doppler is specified.
Issue 6: Include requirements for DFT-s-OFDM waveform
Issue 7: If DFT-s-OFDM waveform is introduced, target speed.
Observation 3: The DFT-s-OFDM and CP-OFDM simulation results are exactly the same in HST scenarios.
Proposal 5: Do not introduce DFT-s-OFDM requirements for HST scenarios.
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