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1	Introduction
During the last RAN4#95-e meeting, the remain issues about NR HST BS PUSCH demodulation requirement were discussed and test parameters were captured in the WF [1]
In this contribution, the review on remaining issues for HST PUSCH requirements are provided, and the updated simulation results are provided for performance requirement derived.
2	Discussion 
In this section, the view on remain issue of NR HST PUSCH requirements is presented.
1T1R requirements for the tunnel scenario
In existing 1T2R requirement, both MCS2 and MCS16 are introduced. Regarding the requirement for MCS configuration under 1T1R, there is no consensus about whether to define requirement with both MCS2 and MCS 16.
Generally, it would be relatively easy for uplink to use more than 2Rx for better tracking and channel estimation performance. Without Rx diversity, the targeting SNR is high with considering additional margin, it may has some test limitation. Since the MCS 16 is already covered in the tunnel scenario, only MCS2 requirement is preferred to introduce for 1T1R in tunnel scenario for tradeoff test coverage and throughput. Other test parameters can be reused from 1x2 requirement. 
Meanwhile, since the channel condition for HST tunnel scenario and fading channel with high Doppler is different, it is not proper to combine them for MCS configuration discussion.
Proposal 1: only MCS 2 requirement is preferred to introduce for 1T1R requirement. 
PUSCH HST with DFT-s-OFDM waveform
In the Rel-15 NR BS demodulation requirement, the minimum channel bandwidth per SCS is defined for DFT-OFDM waveform. The performance difference is minor, compared with CP-OFDM waveform. 
As agreed in last meeting, the additional SCS/BW requirements for 5MHz CBW/15KHz, and 10MHz CBW/30KHz SCS for CP-OFDM waveform is introduced for both 350km/h and 500km/h under open space scenario and tunnel scenario.  Therefore, the test coverage of HST PUSCH requirement should be fulfilled.  Thus, we prefer not to define the HST PUSCH requirement with DFT-s-OFDM waveform.
Proposal 2: No HST PUSCH requirement with DFT-s-OFDM waveform.
Multi-path fading channel under high Doppler 
Regarding the fading channel environment, as for the high Doppler value with multipath fading channel, the requirement with high Doppler value about 600Hz, was specified in LTE, which is related with UE 300km/h velocity at Band 1(2.1GHz) carrier frequency. The requirements are only applicable for BS supporting ETU600. Different HST scenario, BS should overcome the impact of multi-path fading, excepting for high Doppler Shift. The performance loss suffered more seriously in multi-path fading channel.
For UE side, it is agreed to define the 600Hz and 1200 Hz for requirement with fading environment under 15KHz and 30KHz SCS, separately. To align with UE side, 600Hz and 1200Hz can be considered PUSCH requirement under high Doppler 
Regarding with number of DMRS symbol, in existing Rel-15 NR BS demodulation requirement, 2 DMRS is considered with TDL300-400 fading channel is considered. Considering with large Doppler value, it is reasonable for 3 DMRS symbols should be considered.
Regarding the MCS configuration, as indicated by our initial simulation, MCS 16 with fading channel with large Doppler value suffers large degradation. MCS2 is feasible with configured 3 DMRS symbols. Thus, we prefer to define fading channel with high Doppler with MCS2.
Regarding the waveform for fading channel with higher Doppler, as indicated in our initial simulation, PUSCH with CP-OFDM waveform and DFT-s-OFDM waveform under fading channel with high Doppler value have the similar results. Hence, to reduce the test, if agreed to introduce PUSCH requirement with multi-path fading under high Doppler value, focus on the requirements with CP-OFDM waveform.
Proposal 3: If agreed to introduce PUSCH requirement with multi-path fading under high Doppler value, focus on the requirements with CP-OFDM waveform with test configuration
· Doppler: 15KHz for 600Hz, and 30KHz for 1200Hz
· DMRS with 1+1+1 configuration
· MCS 2
3 Simulation results for HST
3. 1 Initial results for fading channel 
In this subsection, the initial investigation for the performance impact on multi-path fading channel with high Doppler scenario. The simulation assumption is provided as follows:
	Parameter
	value

	
	FR1

	Transform precoding
	CP-OFDM 

	Number of Tx
	1

	Number of Rx
	2

	Number of layers
	1

	Transmission scheme
	Identity matrix (TPMI index 0)

	DMRS type
	type 1

	Number of DMRS symbols
	1+1+1 (2, 7,11)

	symbols length
	14

	Start symbol index
	0

	Time domain resource allocation type
	type A

	Frequency domain resource
	Full RB allocation of the applicable BW

	MCS index
	MCS =2,16

	Carrier frequency (GHz)
	4GHz

	Propagation channel
	MCS 12 TDLA 30 ns, [600,700,800]Hz for 15KHz SCS
MCS 16 TDLA 30 ns, [600, 700,800]Hz for 15KHz SCS

	SCS and BW
	15KHz, 10MHz

	Timing offset
	0

	Frequency offset
	0

	PTRS
	Without PT-RS configuration

	Code block group
	Disabled

	Frequency hopping
	Disabled

	Limited buffer rate matching
	Disabled

	Number of HARQ transmission
	4
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Figure 1: Initial BLER of multi-path fading with high Doppler value for PUSCH CP-OFDM waveform 
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Figure 2:  Initial TP of multi-path fading with high Doppler value for PUSCH CP-OFDM waveform 
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Figure 3:  Initial BLER of multi-path fading with high Doppler value for PUSCH DFT-s-OFDM waveform 
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Figure 4:  Initial TP of multi-path fading with high Doppler value for PUSCH DFT-s-OFDM waveform 

Observation 1:  The fading channel with high Doppler 600Hz is feasible for MCS2 with configured 3 DMRS symbols. 
Observation 2: The performance of MCS 16 under fading channel with large Doppler value suffers large degradation as Doppler increasing.
Observation 3: PUSCH with CP-OFDM waveform and DFT-s-OFDM waveform under fading channel high Doppler value have the similar results.
3. 2 Result for additional SCS/BW 
During the last meeting, it was agreed that RAN4 will introduce additional SCS/BW, such as 15 KHz/5MHz, and 30 KHz/10MHz for PUSCH requirement. In this section, the ideal results are provided for alignment. The simulation assumption is illustrated as in table 1. 
Table 1: Simulation assumption for NR HST PUSCH requirement 
	Parameter
	Value

	
	v = 350km/h
	v = 500km/h

	Transform precoding
	Disabled 
FFS: Enabled
	Disabled
FFS: Enabled

	Number of Tx
	1
	1

	Number of Rx
	Tunnel: 2, 1, Open space: 2, 8
	Tunnel: 2, 1,Open space: 2, 8

	Number of layers
	1
	1

	SCS
	15kHz, 30kHz
	15kHz, 30kHz

	Reference signal
	DMRS type 1 with 1+1+1
	DMRS type 1 with 1+1+1

	 l0 
	l0 = 2 or 3
	l0 = 2 or 3

	symbols length
	14
	14

	start symbol index
	0
	0

	Time domain resource allocation type
	type A
	type A

	Frequency domain resource
	Full applicable test bandwidth
	Full applicable test bandwidth

	MCS index
	Tunnel: MCS 2 and MCS 16
Open space: MCS 2 and MCS 16
MCS2 and [16] for 1T1R
	Tunnel: MCS 2 and MCS 16
Open space: MCS 2 and MCS 16
MCS2 and [16] for 1T1R

	Maximum Doppler shift
	15kHz SCS: 1340Hz
	30kHz SCS: 2334Hz
	15kHz SCS: 1740Hz
	30kHz SCS: 3334Hz

	Carrier frequency (GHz)
	15kHz SCS: 2.1GHz
30kHz SCS: 3.6GHz
	15kHz SCS: 1.8GHz (Band n3)
30kHz SCS: 3.6GHz

	Propagation condition
	HST single-tap channel model:
Tunnel: Ds=300m, Dmin=2m
Open space: Ds=700m, Dmin=150m

	SCS and BW
	15kHz: 10MHz/5MHz; 30kHz: 40MHz/10MHz

	Number of HARQ transmissions 
	4
	4

	Testing metric
	SNR @70% of maximum throughput
	SNR @70% of maximum throughput



Table 2: Ideal results for NR HST PUSCH with CP-OFDM for open scenario with 350km/h 
	SCS& BW
	MCS
	Tx/Rx
	DMRS configuration
	Channel
	SNR(@70%)
(ideal )
	SNR(@70%)
(impair )

	15KHz, 5MHz
	2
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 1340Hz
	-5.87 
	-3.87 

	15KHz, 5MHz
	16
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 1340Hz
	6.96 
	8.96 

	15KHz, 5MHz
	2
	1T8R
	1+1+1(2 or 3,7,11)
	AWGN 1340Hz
	-11.18 
	-9.18 

	15KHz, 5MHz
	16
	1T8R
	1+1+1(2 or 3,7,11)
	AWGN 1340Hz
	1.14 
	3.14 

	30KHz,10MHz
	2
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 2334Hz
	-5.92 
	-3.92 

	30KHz,10MHz
	16
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 2334Hz
	6.62 
	8.62 

	30KHz,10MHz
	2
	1T8R
	1+1+1(2 or 3,7,11)
	AWGN 2334Hz
	-11.18 
	-9.18 

	30KHz,10MHz
	16
	1T8R
	1+1+1(2 or 3,7,11)
	AWGN 2334Hz
	0.87 
	-3.87 



Table 3: Ideal and impairment results for NR HST PUSCH with CP-OFDM for tunnel scenario with 350km/h 
	SCS& BW
	MCS
	Tx/Rx
	DMRS configuration
	Channel
	SNR(@70%)
(ideal)
	SNR(@70%)
(impair)

	15KHz, 5MHz
	2
	1T1R
	1+1+1(2 or 3,7,11)
	AWGN 1340Hz
	-2.81 
	-0.81 

	15KHz, 5MHz
	16
	1T1R
	1+1+1(2 or 3,7,11)
	AWGN 1340Hz
	10.64 
	12.64 

	15KHz, 5MHz
	2
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 1340Hz
	-5.80 
	-3.80 

	15KHz, 5MHz
	16
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 1340Hz
	7.53 
	9.53 

	30KHz,10MHz
	2
	1T1R
	1+1+1(2 or 3,7,11)
	AWGN 2334Hz
	-2.88 
	-0.88 

	30KHz, 10MHz
	16
	1T1R
	1+1+1(2 or 3,7,11)
	AWGN 2334Hz
	10.13 
	12.13 

	30KHz, 10MHz
	2
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 2334Hz
	-5.87 
	-3.87 

	30KHz, 10MHz
	16
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 2334Hz
	7.00 
	9.00 



Table 4: Ideal results and impairment results for NR HST PUSCH with CP-OFDM for open scenario with 500km/h 
	SCS& BW
	MCS
	Tx/Rx
	DMRS configuration
	Channel
	SNR(@70%)
(ideal)
	SNR(@70%)
(impairment)

	15KHz, 5MHz
	2
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 1740Hz
	-5.83 
	-3.83 

	15KHz,5MHz
	16
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 1740Hz
	7.33 
	9.33 

	15KHz, 5MHz
	2
	1T8R
	1+1+1(2 or 3,7,11)
	AWGN 1740Hz
	-11.11 
	-9.11 

	15KHz,5MHz
	16
	1T8R
	1+1+1(2 or 3,7,11)
	AWGN 1740Hz
	1.44 
	3.44 

	30KHz, 10MHz
	2
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 3334Hz
	-5.87 
	-3.87 

	30KHz, 10MHz
	16
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 3334Hz
	7.01 
	9.01 

	30KHz, 10MHz
	2
	1T8R
	1+1+1(2 or 3,7,11)
	AWGN 3334Hz
	-11.14 
	-9.14 

	30KHz, 10MHz
	16
	1T8R
	1+1+1(2 or 3,7,11)
	AWGN 3334Hz
	1.18 
	3.18 



Table 5: Ideal and impairment results for NR HST PUSCH with CP-OFDM for tunnel scenario with 500km/h 
	SCS& BW
	MCS
	Tx/Rx
	DMRS configuration
	Channel
	SNR(@70%)
(ideal)
	SNR(@70%)
(impairment)

	15KHz, 5MHz
	2
	1T1R
	1+1+1(2 or 3,7,11)
	AWGN 1740Hz
	-2.68 
	-0.68 

	15KHz,5MHz
	16
	1T1R
	1+1+1(2 or 3,7,11)
	AWGN 1740Hz
	11.58 
	13.58 

	15KHz, 5MHz
	2
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 1740Hz
	-5.68 
	-3.68 

	15KHz, 5MHz
	16
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 1740Hz
	8.53 
	10.53 

	30KHz,10MHz
	2
	1T1R
	1+1+1(2 or 3,7,11)
	AWGN 3334Hz
	-2.77 
	-0.77 

	30KHz,10MHz
	16
	1T1R
	1+1+1(2 or 3,7,11)
	AWGN 3334Hz
	11.11 
	13.11 

	30KHz, 10MHz
	2
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 3334Hz
	-5.76 
	-3.76 

	30KHz,10MHz
	16
	1T2R
	1+1+1(2 or 3,7,11)
	AWGN 3334Hz
	8.01 
	10.01 



4	Conclusion
In this contribution, the view of simulation assumption for NR HST requirement was provided. Also, the initial ideal simulation results are provided to check the feasibility of high Doppler.
Proposal 1: only MCS 2 requirement is preferred to introduce for 1T1R requirement.
Proposal 2: No HST PUSCH requirement with DFT-s-OFDM waveform.
Proposal 3: If agreed to introduce PUSCH requirement with multi-path fading under high Doppler value, focus on the requirements with CP-OFDM waveform with test configuration
· Doppler: 15KHz for 600Hz, and 30KHz for 1200Hz
· DMRS with 1+1+1 configuration
· MCS 2

Observation 1:  The fading channel with high Doppler 600Hz is feasible for MCS2 with configured 3 DMRS symbols. 
Observation 2: The performance of MCS 16 under fading channel with large Doppler value suffers large degradation as Doppler increasing.
Observation 3: PUSCH with CP-OFDM waveform and DFT-s-OFDM waveform under fading channel high Doppler value have the similar results.
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