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Introduction
In the RAN4#9be meeting, all of the remaining Rel-16 HST BS PUSCH and UL TA demodulation performance requirements (limited to pre-March 2020 plan) were agreed upon. Agreements and the remaining steps were captured in WF [1].
In this contribution, we provide the remaining results of our simulation campaign taking into account the latest agreements.
Additional simulation results, including full TPUT vs. SNR curves, can be found in our earlier contributions [2] and [3].


PUSCH Simulation results
Parameters
Unless stated explicitly otherwise in any of the result tables, the simulation setup follows the HST PUSCH baseline as captured in [1]:
[bookmark: _GoBack]Table 1: Simulation parameters.
	Parameter
	Value

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

	Transform precoding
	Disabled
	Disabled

	Number of Tx
	1
	1

	Number of Rx
	Tunnel: 2, FFS on 1
Open space: 2, 8
	Tunnel: 2, FFS on 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
	Tunnel: MCS 2 and MCS 16
Open space: MCS 2 and MCS 16

	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; 30kHz: 40MHz

	Timing offset
	0
	0

	Frequency offset
	0
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	Disabled
	Disabled

	Number of HARQ transmissions 
	4
	4

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





Results 350 kph

Table 2: PUSCH, 350kph, CP-OFDM, AWGN single tap, Type A TDRA: simulation setup and results 
	Propagation condition
	Carrier frequency (GHz)
	SCS
	CBW
	Maximum Doppler shift
	Tx/Rx
	DMRS
	l0
	MCS
	Nokia SNR

	
	
	
	
	
	
	
	
	
	Ideal
	Impairment

	Tunnel
	2.1
	15KHz
	10MHz
	1340Hz
	1T1R
	1+1+1
	2 or 3
	2
	-3.19
	-0.69

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	8.75
	11.25

	
	
	
	
	
	1T2R
	1+1+1
	2 or 3
	2
	-5.93
	-3.43

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	5.75
	8.25

	
	3.6
	30KHz
	40MHz
	2334Hz
	1T1R
	1+1+1
	2 or 3
	2
	-3.2
	-0.7

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	8.74
	11.24

	
	
	
	
	
	1T2R
	1+1+1
	2 or 3
	2
	-5.97
	-3.47

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	5.74
	8.24

	Open space
	2.1
	15KHz
	10MHz
	1340Hz
	1T2R
	1+1+1
	2 or 3
	2
	-6
	-3.5

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	5.73
	8.23

	
	
	
	
	
	1T8R
	1+1+1
	2 or 3
	2
	-11.27
	-8.77

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	-0.25
	2.25

	
	3.6
	30KHz
	40MHz
	2334Hz
	1T2R
	1+1+1
	2 or 3
	2
	-6.01
	-3.51

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	5.72
	8.22

	
	
	
	
	
	1T8R
	1+1+1
	2 or 3
	2
	-11.27
	-8.77

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	-0.26
	2.24




Results 500 kph

Table 3: PUSCH, 500kph, CP-OFDM, AWGN single tap, Type A TDRA: simulation setup and results 
	Propagation condition
	Carrier frequency (GHz)
	SCS
	CBW
	Maximum Doppler shift
	Tx/Rx
	DMRS
	l0
	MCS
	Nokia SNR

	
	
	
	
	
	
	
	
	
	Ideal
	Impairment

	Tunnel
	1.8
	15KHz
	10MHz
	1740Hz
	1T1R
	1+1+1
	2 or 3
	2
	-3.05
	-0.55

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	9.26
	11.76

	
	
	
	
	
	1T2R
	1+1+1
	2 or 3
	2
	-5.8
	-3.3

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	6.46
	8.96

	
	3.6
	30KHz
	40MHz
	3334Hz
	1T1R
	1+1+1
	2 or 3
	2
	-3.17
	-0.67

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	8.8
	11.3

	
	
	
	
	
	1T2R
	1+1+1
	2 or 3
	2
	-5.91
	-3.41

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	5.81
	8.31

	Open space
	1.8
	15KHz
	10MHz
	1740Hz
	1T2R
	1+1+1
	2 or 3
	2
	-5.97
	-3.47

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	5.75
	8.25

	
	
	
	
	
	1T8R
	1+1+1
	2 or 3
	2
	-11.26
	-8.76

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	-0.22
	2.28

	
	3.6
	30KHz
	40MHz
	3334Hz
	1T2R
	1+1+1
	2 or 3
	2
	-5.98
	-3.48

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	5.74
	8.24

	
	
	
	
	
	1T8R
	1+1+1
	2 or 3
	2
	-11.26
	-8.76

	
	
	
	
	
	
	1+1+1
	2 or 3
	16
	-0.23
	2.27






PUSCH UL TA Simulation results
Parameters
Unless otherwise stated in the following tables, the simulation setup follows the HST PUSCH UL TA baseline as captured in [1].

Table 1: PUSCH HST UL TA baseline configuration
	Parameter
	Value

	TDD configuration
	· 15 kHz SCS: 3D1S1U, S=10D:2G:2U
· 30 kHz SCS: 7D1S2U, S=6D:4G:4U

	PUSCH transmission
	· FDD
· Slots #0, #2, #4, #6, and #8 in radio frames
· TDD
· 15 kHz SCS: slots #4 and #9 in radio frames
· 30 kHz SCS: slots #8, #9, #18 and #19 in radio frames

	SRS transmission (optional)
	· FDD 
· Slot #1 in radio frames
· TDD
· The last symbol in the special slot [FFS]
· 15kHz SCS: last symbol in slot #3 in radio frames
· 30kHz SCS: last symbol in slot #7 in radio frames

	Transform precoding
	Disabled

	Number of Tx
	1

	Number of Rx
	2

	Number of layers
	1

	SCS
	15kHz and 30kHz

	Reference signal
	DMRS type 1 with 1+1+1 and l0=2

	PUSCH TDRA length
	Not discussed.

	PUSCH TDRA start symbol index
	Not discussed.

	PUSCH TDRA type
	Type A and type B

	MCS index
	16

	Frequency domain resource allocation for PUSCH
	· 10 MHz CBW / 15 kHz SCS: 25 continuously allocated RBs for each UE
· Starting PRB index
·  Moving UE: 0 
· Stationary UE: 25
· 40MHz CBW / 30 KHz SCS: 50 RBs continuously allocated for each UE
· Starting PRB index
· Moving UE: 0
· Stationary UE: 50

	Frequency domain resource allocation for SRS
	· 10 MHz CBW / 15 kHz SCS: 40 contiguously allocated RBs starting from RPB index 0
· 40 MHz CBW / 30 KHz SCS: 80 contiguously allocated RBs starting from PRB index 0

	Maximum Doppler shift
	[0]

	Carrier frequency
	FR1

	Propagation condition
	See Scenario

	SCS and BW
	10MHz / 15kHz
40MHz / 30kHz

	Timing offset
	Scenario Y

	Number of HARQ transmissions 
	Not discussed

	Testing metric
	SNR@70% of maximum throughput for the moving UE




Table 1: PUSCH HST UL TA baseline scenarios
	Parameter
	Scenario X
	Scenario Y
	Scenario Z

	Channel model
	Stationary UE: AWGN
Moving UE: TDLC300-400
	Stationary UE: AWGN
Moving UE: AWGN
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	120 km/h
	350 km/h
	500 km/h

	CP length
	Normal

	A
	
	15kHz: 10 µs
30kHz: 5 µs
	

	Δω
	
	15kHz: 0.13 s-1
30kHz: 0.26 s-1
	




Results

Table 2: PUSCH UL TA, 350kph, CP-OFDM, 1T2R, Scenario Y: simulation results summary
	PUSCH transmission
	SRS transmission
	CBW
	SCS
	DMRS
	l0
	MCS
	A
	Δω
	PUSCH mapping type
	SNR (dB)

	
	
	
	
	
	
	
	
	
	
	Ideal, 70% TPUT
	Ideal, 95% TPUT

	FDD
	Enabled
	10MHz
	15KHz
	1+1+1
	2
	16
	10us
	0.13s-1
	Type A
	5.74
	6

	
	
	10MHz
	15KHz
	1+1+1
	2
	16
	10us
	0.13s-1
	Type B
	5.74
	6

	
	Disabled
	10MHz
	15KHz
	1+1+1
	2
	16
	10us
	0.13s-1
	Type A
	5.74
	6

	
	
	10MHz
	15KHz
	1+1+1
	2
	16
	10us
	0.13s-1
	Type B
	5.74
	6

	TDD
	Enabled
	10MHz
	15KHz
	1+1+1
	2
	16
	10us
	0.13s-1
	Type A
	5.71
	6.08

	
	
	10MHz
	15KHz
	1+1+1
	2
	16
	10us
	0.13s-1
	Type B
	5.71
	6.08

	
	Disabled
	10MHz
	15KHz
	1+1+1
	2
	16
	10us
	0.13s-1
	Type A
	5.71
	6.08

	
	
	10MHz
	15KHz
	1+1+1
	2
	16
	10us
	0.13s-1
	Type B
	5.71
	6.08

	FDD
	Enabled
	40MHz
	30KHz
	1+1+1
	2
	16
	5us
	0.26s-1
	Type A
	5.69
	6.01

	
	
	40MHz
	30KHz
	1+1+1
	2
	16
	5us
	0.26s-1
	Type B
	5.7
	6.03

	
	Disabled
	40MHz
	30KHz
	1+1+1
	2
	16
	5us
	0.26s-1
	Type A
	5.7
	6.03

	
	
	40MHz
	30KHz
	1+1+1
	2
	16
	5us
	0.26s-1
	Type B
	5.69
	6.01

	TDD
	Enabled
	40MHz
	30KHz
	1+1+1
	2
	16
	5us
	0.26s-1
	Type A
	5.67
	5.99

	
	
	40MHz
	30KHz
	1+1+1
	2
	16
	5us
	0.26s-1
	Type B
	5.67
	5.99

	
	Disabled
	40MHz
	30KHz
	1+1+1
	2
	16
	5us
	0.26s-1
	Type A
	5.67
	5.99

	
	
	40MHz
	30KHz
	1+1+1
	2
	16
	5us
	0.26s-1
	Type B
	5.67
	6





Conclusion
In this contribution we provided further results of our simulation campaign on PUSCH and UL TA baseline simulations for NR_HST Rel-16 BS demodulation performance requirements. This concludes all the test cases that were supposed to be finished before March 2020.
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